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Abstract
Purpose  Invasive Escherichia coli disease (IED) encompasses a diverse range of sterile site infections. This study evaluated 
the feasibility of capturing IED among community-dwelling older adults to inform the implementation of a phase 3 efficacy 
trial of a novel vaccine against IED (NCT04899336).
Methods  EXPECT-1 (NCT04087681) was a prospective, multinational, observational study conducted in medically stable 
participants aged ≥ 60 years. At least 50% of participants were selected based on a history of urinary tract infection (UTI) 
in the previous 10 years. The main outcomes were the incidence of IED and the number of hospitalisations reported by the 
site vs participant. The length of follow-up was 12 months. In a US-based substudy, a smartphone-based geofencing was 
evaluated to track hospital entries.
Results  In total, 4470 participants were enrolled (median age, 70.0 years); 59.5% (2657/4469) of participants had a history of 
UTI in the previous 10 years. Four IED events were captured through deployment of different tracking methods: a self-report, 
a general practitioner (GP) report, and a follow-up call. The incidence rate of IED was 98.6 events per 100,000 person-years. 
The number of reported hospitalisations was 2529/4470 (56.6%) by the site and 2177/4470 (48.7%) by participants; 13.8% 
of hospitalisations would have been missed if utilising only site reports. Geofencing detected 72 hospital entries.
Conclusion  Deployment of multiple tracking methods can optimise detection of IED among community-dwelling older 
adults. Older adults with a history of UTI could be feasibly targeted for a phase 3 vaccine efficacy trial through a network 
of GPs.
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Introduction

Extraintestinal pathogenic Escherichia coli (ExPEC) can 
infect sterile sites outside the gastrointestinal tract and cause 
a broad range of invasive diseases [1]. E. coli is the most 
common pathogen causing bloodstream infections (BSIs) in 
population-based studies [2] and is the most frequently iso-
lated pathogen in patients with sepsis in the United States [3, 
4]. Invasive E. coli disease, also known as invasive ExPEC 
disease (IED), can be defined as an acute illness consistent 
with systemic bacterial infection microbiologically con-
firmed by a positive E. coli culture from a normally sterile 
body site (including blood) or from urine in patients with 
urosepsis and no other identifiable source of infection [5].

On a global scale, E. coli was identified as the number 
one pathogen linked to global deaths attributable to and 
associated with antimicrobial resistance [6]. Older adults 
might have an increased risk for developing IED. Esti-
mates from a recent systematic literature review indicate 
a substantially increased incidence of E. coli bacteraemia 
among adults ≥ 60 years of age relative to the population 
average with 110, 154, and 319 episodes per 100,000 
person-years among those aged 60-to-69 years old, 70-to-
79 years old, and 80 years and older, respectively. [7]. 
Furthermore, the highest level of E. coli non-suscepti-
bility to antibiotics in BSIs was reported among adults 
aged ≥ 65 years in a study from England [8].

A novel vaccine to prevent IED in older adults is currently 
being evaluated in a phase 3, double-blind, placebo-con-
trolled, randomised trial [9]. In this trial, community-dwell-
ing older adults are enrolled, and the primary endpoint, IED, 
needs to be captured in a hospital setting. The performance 
of such a trial critically depends on the use of a sufficiently 
large sample size to enable efficient endpoint catchment. A 
placebo-controlled and double-blind design guarantees study 
validity; however, not capturing all endpoints may render a 
trial underpowered when using a fixed follow-up duration 
or prolong the follow-up period when using an endpoint-
based approach. Among the elderly, blunted or non-specific 
presenting symptoms of invasive disease [10] can compli-
cate IED catchment. Additionally, IED catchment in hos-
pitals may be limited by transfer of participants with acute 
disease to sites other than those participating in the trial. 
One data collection solution involves utilising a combina-
tion of conventional data collection approaches (eg, medical 
record review and participant self-report) and novel digital 
technologies. For example, a smartphone-based geofencing 
application leverages Wi-Fi and global positioning system 
capabilities of personal cellular devices to electronically 
detect hospital visits and ascertain hospitalisations [11].

EXPECT-1 was a prospective, multinational, obser-
vational study assessing the feasibility of capturing IED 

events and hospitalisations among community-dwelling 
adults aged ≥ 60 years through deployment of study site 
reports and participants’ self-reports. A US-based sub-
study evaluated the usefulness of geofencing to track 
hospital entries. EXPECT-1 was conducted as part of the 
Combatting Bacterial Resistance in Europe–Networks 
(COMBACTE–NET) project [12]. The findings from this 
study aimed to inform the implementation of an ongo-
ing phase 3 trial of a vaccine against IED in older adults 
with a history of urinary tract infection (UTI) in the past 
2 years [9].

Methods

Design, setting, and recruitment

EXPECT-1 was a prospective, multicentre, observational 
study conducted across networks of 8 hospital sites each 
servicing patients from primary care (PC) centres in Canada, 
France, Germany, Italy, Spain, United States, United King-
dom, and Japan. The study was initiated on 20 September 
2019 and was completed on 31 May 2021 (ie, the date of 
the last participant’s last visit and completion of follow-up). 
Each participating country had a local network of general 
practitioner (GP) and PC centres encompassing a popula-
tion of approximately 40,000 individuals and a single local 
hospital where patients with suspected IED were referred. 
Recruitment was performed through electronic health record 
database screening by GP/PC centres and supported by the 
local research team (LRT; collectively referred to as “the 
site”).

Before enrolment, each participant provided written or 
electronic informed consent authorising access to their med-
ical records in compliance with applicable data privacy laws. 
The study was conducted in compliance with the Declaration 
of Helsinki and Good Clinical Practices. Due to the COVID-
19 pandemic, enrolment and follow-up visits at some sites 
were transitioned from in-person to virtual.

Population

Eligibility criteria included the following: willingness to 
provide written informed consent, age ≥ 60 years, availabil-
ity for contact with the site for the duration of the study, 
ambulatory and living in the community (or with minimal 
assistance in an assisted-living or long-term care residential 
facility) and deemed medically stable by the site. Exclusion 
criteria were serious chronic disorder, history of malignancy 
within 5 years prior to screening, major psychiatric illness 
(and/or substance abuse or substance use disorder), and the 
likelihood of non-adherence (Supplementary Table 1). The 
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sites were instructed to enrol ≥ 50% of participants with a 
history of ≥ 1 UTI in the previous 10 years.

Endpoints

The main endpoints were the incidence of IED; the number 
of hospitalisations and the number of participants with any 
medical encounter, as reported by the site vs participants, in 
all participants and in patients with IED. For the purposes 
of this analysis, only participants that developed an initial 
IED during the 1-year follow-up and were hospitalized are 
reported. Among patients with IED, additional endpoints 
were evaluated: clinical features, diagnostic methods, treat-
ment, and IED risk-related medical history including the 
rate of complicated and uncomplicated UTI, recurrent UTI, 
cardiovascular disease, gastrointestinal disease, stroke, dia-
betes mellitus, urolithiasis, and urological intervention (Sup-
plementary Table 2).

Data sources and endpoint measurement

Baseline demographic and medical history data on all par-
ticipants were collected by the site on the day of enrolment 
(day 1) and entered into the electronic case report form. 
Medical history evaluation included a history of UTI, 
a history of IED, chronic disorders, the use of long-term 
medication at the time of enrolment or recruitment into the 
study, and collection of standard criteria for IED vaccina-
tion based on the criteria for the phase 3 vaccine efficacy 
study (NCT04899336). Among participants with IED, 
medical history included conditions with increased risk for 
IED, other relevant coexisting medical conditions, and any 
relevant treatment received in the 3 months prior to IED 
onset, ie, immunosuppressive therapy (steroids, anti-cancer 
chemotherapy, radiation therapy, or cytotoxic drugs) and 
antibiotics (prophylactic or therapeutic).

Follow-up data were collected through 12 months at study 
sites through medical file review, 4-month phone calls, and 
a study participation card, as well as through participants’ 
self-reports. Follow-up visits were conducted by phone at 
4, 8, and 12 months after enrolment to capture information 
about development of IED and medical resource utilisation 
(MRU; i.e., medical encounters and hospital admissions). 
In addition, participants were provided with a study par-
ticipation card that could have been used by a relative or 
a treating physician to report a hospital admission or IED 
to the site if the participant was unable to do so. In paral-
lel, any referral to the hospital or outpatient clinic during 
follow-up was tracked by the site. Participants were also 
asked to inform the site in case of a hospital admission. To 
collect new information about IED and MRU, participants’ 
medical files were checked at the end of the study. Medi-
cal encounters recorded into the electronic case report form 

could have started before the 12-month follow-up period. 
When reported, IED events were assessed through medical 
record review. Diagnostic criteria for IED were based on a 
combination of medical judgement informed by physicians’ 
notes and International Classification of Diseases codes 
(Supplementary Table 3). IED was classified as bacteraemic 
when E. coli was cultured from blood; otherwise, IED was 
considered non-bacteraemic.

Among identified IED events, the data were collected on 
day 1 (date of diagnosis) and day 28 after IED diagnosis. 
Data collection on day 1 included data on IED signs and 
symptoms, laboratory data, treatment for IED, concomitant 
medication, and MRU (hospital admissions and medical 
encounters). On day 28, additional clinical and laboratory 
data were collected, as well as data on IED treatment, MRU, 
and recovery and discharge from the hospital. All study-
related data and samples were collected as part of standard 
procedures and entered into the electronic case report form.

Geofencing

A geofencing substudy was conducted in a subset of US-
based participants. During the enrolment visit, participants 
were asked whether they would be willing to take part in the 
geofencing substudy. After expressing interest, participants 
completed a separate consent form, and the study coordina-
tor provided instructions for downloading the application on 
their personal cellular device.

The geofencing application detects a participant’s cross-
ing into a pre-programmed healthcare facility location. 
Subsequent to detecting crossing, the geofencing applica-
tion delivers a questionnaire to a participant’s smartphone to 
determine the reason for the visit. Depending on the answer, 
the site may be alerted within minutes of the participant 
entering the location. In case of suspected IED, the applica-
tion alerts the study staff to triage potential cases.

Statistical analyses

Data analysis was descriptive and no formal hypothesis 
testing was performed. The planned sample size was 6,000. 
Participant demographic and clinical characteristics were 
described by frequency distributions (categorical variables) 
and descriptive statistics (continuous variables).

The cumulative incidence was estimated by a ratio of 
the total number of IED events to the total number of par-
ticipants in the full analysis set (FAS). The incidence rate 
was estimated by a ratio of total number of IED events to 
the total length of IED-free follow-up time (ie, the num-
ber of IED events per 100,000 person-years). A partici-
pant was included in the denominator regardless of subse-
quent study discontinuation or unknown IED status. The 
95% CIs of cumulative incidence were based on the exact 
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Clopper-Pearson interval; 95% CI of incidence rate were 
based on the exact Poisson interval.

Results

Baseline characteristics (FAS)

Prior to the COVID-19 pandemic, the planned sample 
size of 6,000 was reduced to 5,500 participants. Due to 
the COVID-19 pandemic, the sample size was decreased 
to 4,500 participants. From 20 September 2019 through 31 
May 2021, 4,479 participants were screened, and 4,470 were 
enrolled (FAS) (Fig. 1). FAS was the primary analysis set 

for all endpoint analyses and included participants fulfilling 
the eligibility criteria.

Baseline characteristics are summarised in Table  1 
(median age, 70.0 years [range, 60–96]; 68.0% female). 
Among participants with a medical comorbidity (94.4%), 
comorbidities reported in ≥ 20% of participants were car-
diovascular (64.9%), endocrine and metabolic (46.8%), 
musculoskeletal (43.4%), genitourinary (31.2%), and gas-
trointestinal disease (26.9%). In the previous 10 years, UTI 
was reported in 59.5% of participants, and IED in 7.2% of 
participants (Supplementary Table 4). Females comprised 
77.5% of participants with a history of UTI and 54.1% 
of participants without a history of UTI (Supplementary 
Table 5). At the time of enrolment or recruitment into the 

Fig. 1   Study flow diagram, Footnote: *One participant was enrolled and withdrew consent on the same day. This subject was classified as non-
IED. IED invasive Escherichia coli disease
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study, 92.1% of participants (4117/4470) used medication; 
6.4% (288/4470) used antibiotics. Through 12-month follow-
up, 24.1% of participants (1077/4470) used antibiotics.

Patients with IED

During 12 months of follow-up, four participants devel-
oped IED. All patients had a history of ≥ 1 IED risk–related 

medical condition and a history of UTI in the previous 
10 years (Supplementary Table 4).

IED events were identified through self-report (n = 2), a 
GP report (n = 1), and a 4-month follow-up phone call by 
the LRT (n = 1) (Table 2). One IED event was reported out-
side the participating hospitals; diagnostic and treatment 
data were not available for this event. All IED events were 
E. coli bacteraemia and occurred in females with a history 
of UTI. E. coli was the only identified pathogen in all IED 
events. Clinical features, laboratory values, and E. coli 
culture results for IED events are summarised in Table 2. 
Additional tests performed in a diagnostic work-up of IED 
included electrocardiography, thoracic and chest x-ray, 
abdominal ultrasonography, computerised tomography of 
urinary tract, cystoscopy, blood culture, and urinalysis. None 
of the patients with IED died during the study period.

Incidence of IED

The cumulative incidence of IED was 0.009% (95% CI, 
0.024%–0.229%). The incidence rate of IED was 98.6 events 
per 100,000 person-years (95% CI, 25.6–248.4). Among par-
ticipants with a history of UTI, the cumulative incidence of 
IED was 0.15% (95% CI, 0.041%–0.385%), and the inci-
dence rate was 164.4 events per 100,000 person-years (95% 
CI, 43.8–420).

Hospitalisations and medical encounters (FAS)

The number of hospitalisations reported during follow-up 
was 2,529 (56.6%) by the site and 2,177 (48.7%) by par-
ticipants. The number of overlapping reports between the 
methods was 1,771 (39.6%) (Table 3). Of the total number 
of reported hospitalisations (n = 2,935), 86.2% would have 
been detected through site reports only. The median dura-
tion of hospitalisation was 1 day (Q1, 1.0; Q3, 15.0) when 
reported by the site (n = 2,230) and 1 day (Q1, 1.0; Q3, 2.0) 
when self-reported by participants (n = 1,661).

The number of participants with any medical encoun-
ter reported during follow-up was 3,759 (84.1%) by the site 
and 3,480 (77.9%) by participants. The number of over-
lapping reports between the methods was 3,323 (74.3%) 
(Table 3). Of the total number of reported medical encoun-
ters (n = 3,916), 96.0% would have been detected through 
site reports only. The total number and the number of over-
lapping reports between the site vs participants for different 
categories of medical encounters are summarised in Table 3. 
Excluding 4 patients with IED, the number of participants 
who underwent any procedure and/or intervention during a 
medical encounter was 1,966 (44.0%) when reported by the 
site and 1,976 (44.2%) when self-reported by participants. 
The number of overlapping reports between the methods 
was 1,493 (33.4%) (Table 3). Of the total number of reported 

Table 1   Summary of key demographic and baseline characteristics 
(FAS)

Percentages are based on n with non-missing values
a Within 12 months prior to enrolment
b Within 6 months prior to enrolment
FAS full analysis set, IED invasive Escherichia coli disease

IED All participants

FAS, n 4 4470
Age, y 4 4469
Mean (SD) 72.0 (12.03) 70.5 (7.10)
Median 70.5 70.0
Range (Min, Max) (60, 87) (60, 96)
60 to 74 2 (50.0%) 3220 (72.1%)
75 to 84 1 (25.0%) 1069 (23.9%)
 ≥ 60 to 84 3 (75.0%) 4289 (96.0%)
 ≥ 85 1 (25.0%) 180 (4.0%)
Sex 4 4469
Female 4 (100.0%) 3040 (68.0%)
Male 0 1429 (32.0%)
Race 2 3703
African 0 175 (4.7%)
Asian 0 761 (20.6%)
Hispanic or Latino 0 7 (0.2%)
Indian 0 0
White 2 (100.0%) 2756 (74.4%)
Body mass index, kg/m2 4 4133
Mean (SD) 26.3 (5.17) 27.5 (5.75)
Median 25.9 26.7
Range (Min, Max) (21, 33) (14, 68)
Underweight < 18.5 0 420 (9.4%)
Normal 18.5 to ≤ 25 2 (50.0%) 1385 (31.1%)
Overweight 25 to ≤ 30 1 (25.0%) 1508 (33.9%)
Obese > 30 1 (25.0%) 1139 (25.6%)
Living statusa 4 4469
At home 4 (100.0%) 4454 (99.7%)
Long-term care facility 0 3 (0.1%)
Assisted-living facility 0 3 (0.1%)
Other 0 9 (0.2%)
Travelled outside home countryb 4 4469
Yes 0 310 (6.9%)
No 4 (100.0%) 3206 (71.7%)
Unknown 0 953 (21.3%)
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procedures/interventions (n = 2,449), 80.3% would have 
been detected through site reports only.

Hospitalisations and other medical encounters 
(patients with IED)

Hospitalisations, medical encounters, and diagnostic pro-
cedures/interventions performed during medical encounter 
were reported for all patients with IED by both methods 
(Table 3). The reported numbers of various types of medical 
encounters and interventional procedures differed depending 
on the method (Table 3).

Treatment (patients with IED)

Antibiotics prescribed for the treatment of IED were intrave-
nous (IV) meropenem followed by oral ciprofloxacin (n = 1); 
IV piperacillin–tazobactam followed by IV amoxicillin–cla-
vulanate and oral amoxicillin–clavulanate (n = 1); and IV 
ceftriaxone followed by oral norfloxacin (n = 1).

Geofencing

Between 23 March 2020 (the date when geofencing became 
available for consent) and 21 May 2021 (the date of the last 
visit), 334 US participants consented to EXPECT-1. Of 
those, 151 (45.2%) consented to the geofencing substudy, 
60 (18.0%) downloaded the application on their personal 
cellular device, and 40 (12.0%) logged into it. Geofenc-
ing detected 72 hospital entries. All events were closed by 
site staff after patient follow-up to confirm the absence of 
infection.

Discussion

This study prospectively identified four IED events 
through 12 months of follow-up in a population of 4,470 
participants through the combined use of self-reports, 
GP reports, and phone-based follow-ups. The estimated 
incidence rate of IED was 98.6 events per 100,000 

Table 2   Catchment process, clinical features, laboratory values, and E. coli culture results of 4 identified patients with IED

a When no prior SOFA score was available, the change in total score of ≥ 2 was calculated assuming the baseline SOFA score of 0
b Includes elevated C-reactive protein level and erythrocyte sedimentation rate
bpm beats per minute, EXPECT-2 a second in the series of COMBACTE-NET studies to collect information about IED (ClinicalTrials.gov 
identifier: NCT04117113), GP general practitioner, IED invasive Escherichia coli disease, LRT local research team, MAP mean arterial pressure, 
PI principal investigator, qSOFA quick sequential organ failure assessment, SIRS systemic inflammatory response syndrome, SOFA sequential 
organ failure assessment, UTI urinary tract infection, WBC white blood cell

IED event catchment details Signs and 
symptoms of 
UTI

Culture result Signs and symptoms of IED SIRS qSOFA SOFAa

IED event 1 (France) NA • Fever
• General symptoms (malaise, fatigue, 

muscle pain, chills)
• Abnormal MAP (mm Hg)
• Laboratory values indicating bacte-

rial infection and/or inflammationb

1 0 1
Catchment process: GP contacted 

LRT (GP was informed via hospital 
discharge letter)

Blood E. coli isolate

IED event 2 (France) NA • Fever
• Tachycardia (heart rate > 90 bpm)
• General symptoms (malaise, fatigue, 

muscle pain, chills)
• Nausea and/or vomiting
• Abnormal MAP (mm Hg)
• Laboratory values indicating bacte-

rial infection and/or inflammationb

2 0 1
Catchment process: Participant 

informed EXPECT-2 PI that he also 
participates in EXPECT-1

Blood E. coli isolate

IED event 3 (Italy) • Dysuria
• Flank pain

• Tachypnoea (respiratory rate > 20 
breaths per minute)

• Leukocytosis (WBC ≥ 12 × 109/L)
• Abnormal MAP (mm Hg)
• Laboratory values indicating bacte-

rial infection and/or inflammationb

2 1 1
Catchment process: Participant 

informed physician in hospital about 
participation in EXPECT-1

Blood E. coli isolate

IED event 4 (Italy) • Flank pain • Leukocytosis (WBC ≥ 12 × 109/L)
• Laboratory values indicating bacte-

rial infection and/or inflammationb

1 0 0
Catchment process: On the follow-

up call on day 240, the LRT was 
informed by the participant that she 
had been admitted for IED

Blood E. coli isolate
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person-years. Among those with a history of UTI in the 
previous 10 years, the incidence rate increased to 164.4 
events per 100,000 person-years.

The performance of a double-blind, placebo-controlled, 
randomised vaccine efficacy trial in enrolling older partici-
pants to detect an IED endpoint depends on utilising suf-
ficiently large sample size as well as optimal detection of 
IED events through efficient tracking of hospitalisations 
and medical encounters. In this study, we estimated the per-
centage of reported healthcare events that would have been 
missed by utilising only one tracking method. For example, 
using only site reports would have missed approximately 
4.0%–20.0% of hospitalisations, medical encounters, and 
procedures/interventions. As noted before, detection of 
IED events relied on a combined use of multiple tracking 
methods, suggesting an added benefit of combining site and 

participants’ reports in capturing healthcare data and IED 
events among older adults living in the community.

Certain discrepancies did arise from GP/PC reports 
compared to patient only reports. For example, hospital 
admissions were reported for all 4 participants by the GP/
PC centers and by the participants, but the number of hos-
pitalizations, duration, and outcome differed depending 
on whether it was reported by the GP/PC centers or by 
the participants. For 3 participants, a hospital admission 
was reported by the participant with IED as reason. For 1 
participant, a hospital admission for cholecystectomy and 
hepatectomy was reported by the GP/PC center, not by 
the participant. The granularity of the data is insufficient 
to reach conclusions on the exact nature of the discrepan-
cies. However, both the figures for the whole cohort, as the 
catchment method for the 4 patients with IED, suggest that 

Table 3   Healthcare data reported by the site vs self-reported by participants and the number of overlapping reports between the two methods 
(FAS)

a Participants are counted only once for any given category but may appear in multiple categories
b Percentages in the specified group are calculated using the total number of participants with non-missing data in the denominator
c Number of participants excluding those with an IED event, n = 4,466
FAS full analysis set, IED invasive Escherichia coli disease

Site report Participant self-report Overlapping reports

Full analysis set, N 4470 4470
Number of participants hospitalised, n (%) 2529 (56.6) 2177 (48.7) 1771 (39.6)
Number of participants with any medical encounter, n (%) 3759 (84.1) 3480 (77.9) 3323 (74.3)
Type of medical encounter, per participanta,b 3759 3480 3323

    General practitioner/family physician 2388 (63.5%) 2661 (76.5%) 2109
    Hospital outpatient department 2189 (58.2%) 1774 (51.0%) 1371
    Para-medical services 760 (20.2%) 840 (24.1%) 345
    Emergency department 593 (15.8%) 618 (17.8%) 402
    Hospital inpatient department 377 (10.0%) 417 (12.0%) 270
    Home care 22 (0.6%) 11 (0.3%) 3
    Intensive care unit 5 (0.1%) 5 (0.1%) 0

Number of participants with any procedure/intervention,c n (%) 1966 (44.0%) 1976 (44.2%) 1493 (33.4%)
    Diagnostic 1598 (81.3%) 1661 (84.1%) 1136
    Interventional 661 (33.6%) 670 (33.9%) 419

Site report Participant self-report Overlapping reports
Patients with an IED event, n (%) 4 (0.1) 4 (0.1) -
Number of patients hospitalised, n (%) 4 (0.1) 4 (0.1) -
Number of patients with any medical encounter, n (%) 4 (100.0) 4 (100.0) -
Type of medical encounter, per patienta,b 4 4 -

    Hospital inpatient department 4 (100.0%) 3 (75.0%) -
    Hospital outpatient department 4 (100.0%) 2 (50.0%) -
    General practitioner/family physician 2 (50.0%) 4 (100.0%) -
    Emergency department 1 (25.0%) 0 -
    Para-medical services 0 (0) 1 (25.0%) -

Number of patients with any procedure/intervention, n (%) 4 (100.0) 4 (100.0) -
    Diagnostic 4 4 -
    Interventional 0 3 -
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a combination of different catchment methods is required 
to maximize the sensitivity of the study and as a conse-
quence limit the number of required inclusions, and costs.

Detection of IED events in the community setting could 
be enhanced by digital technologies such as smartphone-
based geofencing [11]. Although geofencing captured 72 
hospital entries, but the study methods did not allow to 
confirm whether these were hospitalizations. To estab-
lish the utility of the geofencing method, future research 
should be designed to use a larger sample size and incor-
porate a control condition whereby hospitalisations would 
be ascertained through deployment of a reference standard 
(eg, GP reports). The current study identified barriers to 
implementing the geofencing approach in older adults. For 
example, difficulties in downloading the application on 
personal cellular devices, the lack of hands-on support 
from the site due to COVID-19, and participants’ privacy 
concerns likely contributed to the low application uptake. 
Future research could deploy strategies to mitigate these 
difficulties, for instance, by educating staff and partici-
pants that geofencing does not require continuous tracking 
of location, as the location is identified only after the elec-
tronic fence is crossed [11], and by assisting participants 
with installing the application during enrolment.

All participants who developed IED during follow-up were 
females with a history of UTI. Previous UTI treatment within 
a month before bacteraemia onset substantially increases the 
risk for urogenital tract–related bacteraemia [13]. By implica-
tion, E. coli infections localised within the urinary tract may 
progress to bacteraemia if sub-optimally treated. Data from 
epidemiological studies [13, 14] and a systematic review 
[7] identify the urinary tract as the most common source 
of E. coli bacteraemia. The link between UTI and IED, as 
indicated by the present data, might be more pronounced in 
older females, as both female sex and older age are well-
documented risk factors for developing UTI [15, 16].

There are several limitations to this study. Generalisabil-
ity of the findings on IED characterisation and treatment is 
limited due to detection of four IED events. One IED event 
was identified outside the participating hospitals, suggesting 
that restricting event detection within a hospital network 
might have limited the IED catchment efficiency. COVID-
19 impacted enrolment, and less data were available to reach 
the study objectives. Finally, the reported rate of medical 
history of IED in the previous 10 years (7.2%) might have 
resulted from inaccurate assessment of IED, which was 
based on medical history review or the participant’s mem-
ory. The findings from EXPECT-1 provided insight into 
the feasibility of implementing an ongoing phase 3 trial of 
a vaccine against IED in community-dwelling older adults 
with a history of UTI in the past 2 years [9].

Conclusion

This study identified four IED events in the population of 
community-dwelling older adults through the combined 
use of self-reports, GP reports, and phone-based follow-
ups. Both site reports and participant self-reports appeared 
effective in tracking healthcare data among older adults 
living in the community. The addition of multitracking 
methods might enhance IED catchment.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10096-​023-​04738-y.

Acknowledgements  The research leading to these results was con-
ducted as part of the COMBACTE consortium. For further information, 
please refer to www.​COMBA​CTE.​com. Duke Clinical Research Insti-
tute was a subcontracted partner of COMBACTE for the study. Medical 
writing support was provided by Andreja Varjačić, PhD, of Eloquent 
Scientific Solutions, Envision Pharma Group, and was funded by Jans-
sen Global Services, LLC. The data from this study were presented 
at IDWeek Conference, October 19–22, 2022, Washington DC, USA.

Author Contributions  Joachim Doua was the study physician, contrib-
uted to the study conceptualisation, protocol development, medical 
review of data, data analysis, and lead manuscript development. Miquel 
Ekkelenkamp oversaw research activity as principal investigator during 
the second half of the study, contributed to data analysis and co-led 
the manuscript development. Theo Verheij oversaw research activity 
as principal investigator during the first half of the study, contributed 
to study conceptualisation and protocol development, and reviewed the 
manuscript. Oscar Go had a leading role in performing statistical analy-
sis as the study statistician, reviewed study protocol, and contributed to 
manuscript drafting. Stephen Ruhmel coordinated the geofencing sub-
study and reviewed the manuscript. Kimberly Leathers conducted the 
study as a site investigator and reviewed the manuscript. Bart Spiessens 
was a lead statistician, contributed to study conceptualisation, protocol 
drafting, data analysis, and reviewed the manuscript. Sanne van Rooij 
had a leading role in operations as the study manager and reviewed 
the manuscript. Vance G. Fowler Jr contributed to study coordination, 
conducted the study as a site investigator, and reviewed the manuscript. 
Jeroen Geurtsen was the epidemiology liaison of the study, contributed 
to study coordination and data analysis, and reviewed the manuscript. 
Rowena Dolor conducted the study as a site investigator and reviewed 
the manuscript. Michal Sarnecki was a research physician, contrib-
uted to data analysis, and reviewed the manuscript. Ranee Chatterjee 
conducted the study as a principal site investigator and reviewed the 
manuscript. Jan Poolman contributed to study conceptualisation, proto-
col development, and study coordination, and reviewed the manuscript. 
Marc Bonten was the study sponsor and head of the steering committee 
and supervised protocol development, study conduct, and manuscript 
drafting. All named authors have read and agreed to the submitted 
version of the manuscript.

Funding  The University Medical Center Utrecht (UMCU; Nether-
lands) sponsored the study. Janssen Research & Development was the 
European Federation of Pharmaceutical Industries and Associations 
(EFPIA) partner. This research project received support from the Inno-
vative Medicines Initiative Joint Undertaking under grant agreement 
n° 115523 resources of which are composed of financial contribution 
from the European Union Seventh Framework Programme (FP7/2007–
2013), and EFPIA companies in kind contribution.

https://doi.org/10.1007/s10096-023-04738-y
http://www.COMBACTE.com


549European Journal of Clinical Microbiology & Infectious Diseases (2024) 43:541–550	

Data availability  Although these data are not currently publicly avail-
able for sharing, requests for sharing can be sent to the Corresponding 
Author and will be evaluated on an individual basis.

Declarations 

Ethics approval  This study was conducted in accordance with the ethi-
cal principles that have their origin in the Declaration of Helsinki and 
that are consistent with Good Clinical Practices and applicable regula-
tory requirements. 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 approved by the IRB/IEC before the study was initiated.

Consent to participate  Participants or their legally acceptable repre-
sentatives provided their written consent to participate in the study after 
having been informed about the nature and purpose of the study and 
participation/termination conditions. Informed consent was obtained 
before enrollment into the study on the first visit. Personal data from 
participants enrolled in this study (limited to those data necessary to 
address the objectives of the study) were collected and processed with 
adequate precautions to ensure confidentiality and compliance with 
applicable data privacy protection laws and regulations. A copy of 
the ICF(s) was provided to the participant or the participant’s legally 
authorized representative.

Competing interests  Joachim Doua is an employee of Janssen Research 
& Development (a pharmaceutical company of Johnson & Johnson). 
Miquel Ekkelenkamp discloses that this project was funded by Inno-
vative Medicines Initiative (IMI) of European Commission (hours 
declared on this project), COMBACTE-NET (grant agreement number 
115523). Theo Verheij has no conflicts of interest to disclose. Oscar Go 
is an employee of Janssen Research & Development and owns equities. 
Stephen Ruhmel is an employee of Janssen Research & Development 
and owns stock and options in Johnson & Johnson. Kimberly Leathers 
has no conflicts of interest to disclose. Bart Spiessens was an employee 
of Janssen (a pharmaceutical company of Johnson & Johnson) at the 
time of the study and owns shares in Janssen. Sanne van Rooij has 
no conflicts of interest to disclose. Vance G. Fowler Jr discloses sup-
port for the present manuscript from the NIH; grants or contracts to 
his affiliated institution from the NIH, MedImmune, Allergan, Pfizer, 
Advanced Liquid Logics, Theravance, Novartis, Merck, Medical Bio-
surfaces, Locus, Affinergy, Contrafect, Karius, Genentech, Regeneron, 
Basilea, Janssen; royalties and licences from UpToDate; consulting fees 
from Novartis, Debiopharm, Genentech, Achaogen, Affinium, Medi-
cines Co., MedImmune, Bayer, Basilea, Affinergy, Janssen, Contrafect, 
Regeneron, Destiny, Amphliphi Biosciences, Integrated Biotherapeu-
tics, C3J, Armata, Valanbio, Akagera, Aridis, Roche, Pfizer; support 
by Contrafect for presenting phase 2 data at ECCMID 2019; a sepsis 
diagnostics patent; a role as an associate editor for Clinical Infectious 
Diseases between 2017–2022; and stock/stock options in ArcBio and 
ValanBio. Jeroen Geurtsen is an employee of Janssen Vaccines & Pre-
vention (a pharmaceutical company of Johnson & Johnson) and owns 
stock options in Johnson & Johnson. Rowena Dolor discloses payments 
made to Duke University for this research project and a relationship 
with Universitair Medisch Centrum Utrecht. Michal Sarnecki is an 
employee of Janssen Vaccines, Branch of Cilag GmbH International 
Pharmaceutical (a pharmaceutical company of Johnson & Johnson) and 
owns unrestricted shares in Janssen Vaccines. Ranee Chatterjee has no 
conflicts of interest to disclose. Jan Poolman is an employee of Janssen 
Research & Development and owns stock options in Janssen Research 
& Development. Marc Bonten discloses grants or contracts paid to 
the University Medical Centre Utrecht (UMCU) by Janssen Vaccines, 
Novartis, CureVac and Merck; payment or honoraria to MJMB from 
Takeda; and payments to UMCU for participation on a data safety 

monitoring board or advisory board from Sanofi, Spherecydes, Pfizer, 
Merck, Novartis, and AstraZeneca.

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, Sáez-López E, Johnson JR, Römling U, Dobrindt U, Cantón 
R, Giske CG, Naas T, Carattoli A, Martínez-Medina M, Bosch J, 
Retamar P, Rodríguez-Baño J, Baquero F, Soto SM (2016) Escher-
ichia coli: an old friend with new tidings. FEMS Microbiol Rev 
40:437–463. https://​doi.​org/​10.​1093/​femsre/​fuw005

	 2.	 Laupland KB, Church DL (2014) Population-based epidemiol-
ogy and microbiology of community-onset bloodstream infec-
tions. Clin Microbiol Rev 27:647–664. https://​doi.​org/​10.​1128/​
cmr.​00002-​14

	 3.	 Rhee C, Kadri SS, Dekker JP, Danner RL, Chen HC, Fram D, 
Zhang F, Wang R, Klompas M (2020) Prevalence of antibiotic-
resistant pathogens in culture-proven sepsis and outcomes associ-
ated with inadequate and broad-spectrum empiric antibiotic use. 
JAMA Netw Open 3:e202899. https://​doi.​org/​10.​1001/​jaman​etwor​
kopen.​2020.​2899

	 4.	 Fay K, Sapiano MRP, Gokhale R, Dantes R, Thompson N, Katz 
DE, Ray SM, Wilson LE, Perlmutter R, Nadle J, Godine D, Frank 
L, Brousseau G, Johnston H, Bamberg W, Dumyati G, Nelson D, 
Lynfield R, DeSilva M, Kainer M, Zhang A, Ocampo V, Samper M, 
Pierce R, Irizarry L, Sievers M, Maloney M, Fiore A, Magill SS, 
Epstein L (2020) Assessment of health care exposures and outcomes 
in adult patients with sepsis and septic shock. JAMA Netw Open 
3:e206004. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2020.​6004

	 5.	 Geurtsen J, de Been M, Weerdenburg E, Zomer A, McNally A, 
Poolman J (2022) Genomics and pathotypes of the many faces of 
Escherichia coli. FEMS Microbiol Rev 46(6):fuac031. https://​doi.​
org/​10.​1093/​femsre/​fuac0​31

	 6.	 Antimicrobial Resistance Collaborators (2022) Global burden of bacte-
rial antimicrobial resistance in 2019: a systematic analysis. Lancet 
399:629–655. https://​doi.​org/​10.​1016/​s0140-​6736(21)​02724-0

	 7.	 Bonten M, Johnson JR, van den Biggelaar AHJ, Georgalis L, 
Geurtsen J, de Palacios PI, Gravenstein S, Verstraeten T, Hermans 
P, Poolman JT (2021) Epidemiology of Escherichia coli bactere-
mia: A systematic literature review. Clin Infect Dis 72:1211–1219. 
https://​doi.​org/​10.​1093/​cid/​ciaa2​10

	 8.	 Bou-Antoun S, Davies J, Guy R, Johnson AP, Sheridan EA, Hope 
RJ (2016) Descriptive epidemiology of Escherichia coli bacte-
raemia in England, April 2012 to March 2014. Euro Surveill 
21(35):pii=30329. https://​doi.​org/​10.​2807/​1560-​7917.​Es.​2016.​
21.​35.​30329

	 9.	 A study of vaccination with 9-valent extraintestinal pathogenic 
Escherichia coli vaccine (ExPEC9V) in the prevention of invasive 
extraintestinal pathogenic Escherichia coli disease in adults aged 
60 years and older with a history of urinary tract infection in 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/femsre/fuw005
https://doi.org/10.1128/cmr.00002-14
https://doi.org/10.1128/cmr.00002-14
https://doi.org/10.1001/jamanetworkopen.2020.2899
https://doi.org/10.1001/jamanetworkopen.2020.2899
https://doi.org/10.1001/jamanetworkopen.2020.6004
https://doi.org/10.1093/femsre/fuac031
https://doi.org/10.1093/femsre/fuac031
https://doi.org/10.1016/s0140-6736(21)02724-0
https://doi.org/10.1093/cid/ciaa210
https://doi.org/10.2807/1560-7917.Es.2016.21.35.30329
https://doi.org/10.2807/1560-7917.Es.2016.21.35.30329


550	 European Journal of Clinical Microbiology & Infectious Diseases (2024) 43:541–550

the past 2 years. NCT04899336. https://​clini​caltr​ials.​gov/​study/​
NCT04​899336. Accessed 17 Jan 2024

	10.	 Nasa P, Juneja D, Singh O (2012) Severe sepsis and septic shock 
in the elderly: an overview. World J Crit Care Med 1:23–30. 
https://​doi.​org/​10.​5492/​wjccm.​v1.​i1.​23

	11.	 Nguyen KT, Olgin JE, Pletcher MJ, Ng M, Kaye L, Moturu S, 
Gladstone RA, Malladi C, Fann AH, Maguire C, Bettencourt L, 
Christensen MA, Marcus GM (2017) Smartphone-based geofenc-
ing to ascertain hospitalizations. Circ Cardiovasc Qual Outcomes 
10(3):e003326. https://​doi.​org/​10.​1161/​circo​utcom​es.​116.​003326

	12.	 COMBACTE-NET (2022) Combatting bacterial resistance in 
Europe-Networks https://​www.​comba​cte.​com/​about/​about-​comba​
cte-​net-​detail/. Accessed 23 March 2022

	13.	 Abernethy J, Guy R, Sheridan EA, Hopkins S, Kiernan M, Wilcox 
MH, Johnson AP, Hope R (2017) Epidemiology of Escherichia coli 
bacteraemia in England: results of an enhanced sentinel surveillance 
programme. J Hosp Infect 95:365–375. https://​doi.​org/​10.​1016/j.​
jhin.​2016.​12.​008

	14.	 Lillie PJ, Johnson G, Ivan M, Barlow GD, Moss PJ (2019) 
Escherichia coli bloodstream infection outcomes and preventa-
bility: a six-month prospective observational study. J Hosp Infect 
103:128–133. https://​doi.​org/​10.​1016/j.​jhin.​2019.​05.​007

	15.	 Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ (2015) 
Urinary tract infections: epidemiology, mechanisms of infection 
and treatment options. Nat Rev Microbiol 13:269–284. https://​doi.​
org/​10.​1038/​nrmic​ro3432

	16.	 Laupland KB, Ross T, Pitout JD, Church DL, Gregson DB 
(2007) Community-onset urinary tract infections: a population-
based assessment. Infection 35:150–153. https://​doi.​org/​10.​1007/​
s15010-​007-​6180-2

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://clinicaltrials.gov/study/NCT04899336
https://clinicaltrials.gov/study/NCT04899336
https://doi.org/10.5492/wjccm.v1.i1.23
https://doi.org/10.1161/circoutcomes.116.003326
https://www.combacte.com/about/about-combacte-net-detail/
https://www.combacte.com/about/about-combacte-net-detail/
https://doi.org/10.1016/j.jhin.2016.12.008
https://doi.org/10.1016/j.jhin.2016.12.008
https://doi.org/10.1016/j.jhin.2019.05.007
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1007/s15010-007-6180-2
https://doi.org/10.1007/s15010-007-6180-2

	Feasibility of tracking invasive Escherichia coli disease among older adults in a community setting: A prospective observational study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Design, setting, and recruitment
	Population
	Endpoints
	Data sources and endpoint measurement
	Geofencing
	Statistical analyses

	Results
	Baseline characteristics (FAS)
	Patients with IED
	Incidence of IED
	Hospitalisations and medical encounters (FAS)
	Hospitalisations and other medical encounters (patients with IED)
	Treatment (patients with IED)
	Geofencing

	Discussion
	Conclusion
	Acknowledgements 
	References


