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Title/acronym Invasive E. coli Disease (IED) Characterisation in France within the PMSI: The EXCEED Study

Context and Invasive Escherichia coli disease (IED) can be defined as a bacterial infection with acute systemic
rationale for consequences, including bacteraemia and sepsis. Classification is based on clinical criteria and
the public microbiological confirmation by the isolation and identification of E. coli from blood or other
interest normally sterile body sites as well as from urine in patients with urosepsis and no other

identifiable source of infection.!

The burden of disease and high prevalence of antimicrobial resistance (AMR) make IED a major
medical challenge; while, there is a critical unmet need for effective prevention and treatment.” In
fact, E. coli is responsible for the high rates of bacteraemia in Europe, the United Kingdom and
the United States.>* E. coli is also a leading cause of community-onset bacteraemia and a
prominent pathogen in community-acquired sepsis in adults in the United States.*”

AMR poses a major challenge in the treatment of IED. IED management relies on the timely use
of effective antibiotics; however, antibiotic-resistant E. coli infections are becoming increasingly
prevalent, leading to increased hospitalisation, mortality rates and healthcare costs.>®

This study, using the French hospital discharge database, “Programme de médicalisation des
systéemes d’information” (PMSI), aimed to provide epidemiological, clinical and economic
evidence for the burden of IED in France, and assess the feasibility of extracting such data given
that there are very limited data for patients with IED available today in France.

Objectives Primary objective:

® To estimate the annual incidence of hospitalisations associated with IED in France from 2015
to 2021 using PMSI data.

Secondary objectives:

e  To describe the demographic and clinical characteristics of patients with IED and their
annual healthcare consumption from 2015 to 2021.

e  To describe associated annual healthcare costs for patients with IED from 2015 to 2021.

e  To estimate in-hospital all-cause death rates of patients with IED in France from 2015 to
2021.

Exploratory objective: To estimate IED incidence in France among patients with hospital stays
for ‘invasive disease without data for a coded pathogen’ from 2015 to 2021.

Methods Study design and study periods

This was a retrospective observational study performed using the hospital discharge database
(PMSI) in France.

Individuals > 18 years of age were included in this study at the time of case identification (either
IED or ‘invasive disease without a coded pathogen’) from 1 January 2015 to 30 November 2021.

The index date was the first day of the first hospital stay for an invasive disease during the study
period. Any hospitalisation for invasive disease that occurred within 28 days of the index date was
considered related to the index invasive disease. After that time, any new invasive disease was
considered as a new event but was not accounted for within the incidence rates.

Individuals were followed from the index date until either the end of the study period (31
December 2021) or in-hospital death, whichever occurred first.
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Incident patients were defined as patients with no IED during the 2-year fixed pre-index date
period.

Data sources

This study was performed using data from the French nationwide hospital discharge database

(PMSI).
Study populations
Study population Description
Population 1 Infectious invasive disease due to E. coli
OR
Infectious invasive disease, unspecified AND
Extraintestinal infection due to E. coli AND
Absence of non—E. coli infection
Population 1A Alternative Population 1 with revised diagnosis codes for infectious
invasive disease, unspecified
Population 1B Alternative Population 1 with revised diagnosis codes for infectious
invasive disease, unspecified
OR
Organ dysfunction requiring intensive care unit admission AND
Extraintestinal infection due to E. coli AND
Absence of non—E. coli infection
Population 2 Infectious invasive disease, unspecified AND
Absence of extraintestinal infection due to E. coli AND
Absence of non—E. coli infection
Each population was defined by a sensitive and a specific algorithm: the sensitive algorithm
used a broader set of codes; the specific algorithm used a narrower set of codes. The sensitive
and specific sets of codes varied for the ‘infectious invasive disease, unspecified’ part of
each algorithm.

To address challenges in the identification of hospitalisations for patients with IED, 2 sets of
International Classification of Diseases, 10th Revision (ICD-10) codes were used to provide a
lower estimate and an upper estimate of hospitalisation rates:

* A sensitive phenotype was defined using a sensitive algorithm.
* A specific phenotype was defined using a specific algorithm.

ICD-10 codes incorporated in the sensitive phenotype but not in the specific phenotype included
pneumonia, cholecystitis, pyelonephritis, and fever codes; this is to reflect that a proportion of
pyelonephritis cases coincide with bacteraemia and most likely qualify as IED.

Study population size
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The PMSI is a population-based data source that includes the entirety of hospitalisations in the
French population, and the primary study objective was descriptive. Therefore, no power or
sample size calculations were required.

Statistical analyses

Descriptive statistics for patient demographics, clinical characteristics and healthcare consumption
were computed.

Primary objective:
e To estimate the number of incident individuals (new patients) and the crude incidence

rates among the French population over the inclusion period, by calendar year, at the
national level.

S i biectives:
e To describe demographic and clinical characteristics

e To describe healthcare consumption for each patient in Population 1 for the index stay, by
calendar year, at the national level.

e To describe healthcare consumption—associated costs for each patient in Population 1,
which were valued in 2022 and described from the National Health Insurance perspective
(total costs and distribution of costs by type of resource use, by calendar year, at the
national level).

e To estimate in-hospital mortality by calculating the number of deaths (any cause of death)
and the mortality rate over the inclusion period, by calendar year, at the national level, for
Population 1.

Exploratory objectives:

® To calculate the number of incident individuals (new patients) with ‘invasive disease
without any coded pathogen’ and incidence rates among the French population over the
inclusion period, by calendar year, at the national level. To compute an adjusted incidence
of IED based on ‘invasive disease without any coded pathogen,” applying the proportion
of IED among invasive diseases found in the review from Bonten et al. 2021 and Abbara
etal. 202271

Results Between 1 January 2015 and 30 November 2021, study Population 1 included 331,313 patients
using the sensitive version of the algorithm defining IED (mean [standard deviation, SD]
follow-up duration of 2.9 [2.1] years), and among them, 99,982 patients were included using the
specific version of the algorithm defining IED (mean [SD] follow-up duration of 2.5 [2.1] years).
Study Population 2 included 2,255,765 patients using the sensitive version of the algorithm
defining IED (mean [SD] follow-up duration of 3.0 [2.2] years), and among them, 897,082
patients were included using the specific version of the algorithm defining IED (mean [SD]
follow-up duration of 2.7 [2.2] years).

In hospitalised patients with IED (Population 1), annual IED rates ranged from 77.0 (95%
confidence interval [CI], 76.2—77.7) to 96.7 (95% CI, 95.8-97.5) per 100,000 individuals with the
sensitive algorithm, and ranged from 24.1 (95% CI, 23.7-24.5) to 29.2 (95% ClI, 28.8-29.7) per
100,000 individuals with the specific algorithm.

When using the sensitive algorithm for Population 1 and stratifying results by age group, IED
rates ranged from 32.9 (95% CI, 31.8-34.1) per 100,000 individuals in the 18-29 years age group
to 533.9 (95% CI, 524.2-543.7) per 100,000 individuals in the 85+ years age group. IED rates
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were 201.1 (95% CI, 199.0-203.3) in the 60+ years age group and 238.9 (95% CI, 236.3-241.6)
in the 65+ years age group.

When using the specific algorithm for Population 1 and stratifying results by age group, IED rates
ranged from 4.1 (95% CI, 3.7-4.5) per 100,000 individuals in the 18-29 years age group to 147.9
(95% CI, 142.8-153.2) per 100,000 individuals in the 85+ years age group. Using this algorithm,
incidence rates were 64.8 (95% CI, 63.6-66.0) in the 60+ years age group and 76.1 (95% CI,
74.6-77.6) in the 65+ years age group.

In Population 1A, 64,626 patients were included in the sensitive version of the algorithm, and
among them 32,834 patients were included in the specific version of the algorithm. In Population
1B, 70,096 patients were included in the sensitive version of the algorithm, and among them
38,672 patients were included in the specific version of the algorithm.

For Populations 1A and 1B, annual IED rates ranged from 15.5 (95% CI, 15.1-15.8) to 20.1 (95%
CI, 19.7-20.5) per 100,000 individuals with the sensitive algorithm, and ranged from 6.7 (95%
Cl, 6.5-6.9) to 11.6 (95% CI, 11.3—11.9) per 100,000 individuals with the specific algorithm.

Assuming the proportion of sepsis cases attributable to E. coli is 27% (as published by Bonten et
al. 2021), the mean incidence rate of IED among Population 2 (without a coded pathogen) was
calculated as 66.5 (95% CI, 65.8-67.2) with the specific algorithm and 168.5 (95% CI,
167.3-169.6) per 100,000 individuals with the sensitive algorithm. Using the 19% proportion of
bacteraemia cases attributable to £. coli (as published by Abbara et al. 2022), the mean incidence
rate was estimated as 47.9 (95% CI, 47.3—48.5) with the specific algorithm and 121.1 (95% CI,
120.2-122.0) per 100,000 individuals with the sensitive algorithm.

Discussion This study was performed using the French nationwide hospital discharge database, PMSI. This
claims database relies on the transposition of medical and healthcare consumption coding into
diagnosis-related groups corresponding to a reimbursement income for the hospital. The algorithm
for case identification that was tested in this study was initially developed within a United States
setting (using International Classification of Diseases, 10th Revision, Clinical Modification
[ICD-10-CM] codes) and validated in the same setting. The essential difference between the
ICD-10-CM and the ICD-10 is that the ICD-10-CM offers more precision compared with the
French ICD-10 (5-character codes in the ICD-10-CM and 4-character codes in the French
ICD-10). The fact that the French database requires the combination of 2 codes instead of 1 for
the same information could have led to an underestimation of IED case identification.

In addition, 2 algorithms, 1A and 1B, adapted from algorithm 1 (algorithm 4 in Fortin et al.
2022'), were assessed. Although the ICD-10 codes used for the transposition of the algorithms
1A and 1B were transposed from the ICD-10-CM to the French ICD-10 by a coding physician,
and results were potentially subject to the same underestimation as described above, such
differences in figures might also be explained by different coding practices between countries.

Pandolfi et al. analysed sepsis incidence for all pathogens overall using this same database and
reported a rate of 403 per 100,000 in 2019, which are the most recent figures in a French setting to
date.'> When considering the proportion of sepsis cases attributable to E. coli that are described by
Abbara et al. (19%)' and Bonten et al. (27%)°, the projected E. coli incidence figures using
Pandolfi et al. are consistent with what was found in the current study."

However, the data reported here are lower than IED rates based on laboratory culture information,
regardless of whether they came from the United States (Kaiser Permanente Northwest - KP) or
the United Kingdom surveillance network (UK Health Security Agency’s Data Capture System -
DCS)." For instance, an IED rate of 154.9 cases per 100,000 individuals in 2016 was reported in
the KP cohort and 143.6 cases per 100,000 individuals were identified from the DCS. Differences
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were even more notable in the 65+ years age group, with incidence rates of 458.4 reported in the
KP cohort and 436.0 identified by the DCS.

Strengths and Limitations

The main strength of the study was that it used the PMSI, a population-based nationwide
hospitalisation database that provides detailed real-world data for all hospitalisations occurring
among individuals who are residents in France. Data were recorded prospectively and there was
an average follow-up duration of 2.9 (range, 0-7.1) years. PMSI is a data source that provides an
efficient way to obtain recent, comprehensive data on a nationwide basis.

One of the limitations of the study is that the case identification algorithm relied only on French
ICD-10 codes, without access to results from laboratory tests in the PMSI. Additionally, the causal
bacteria are not always coded within the PMSI to specify the type of invasive infection. These
factors may have led to an underestimation of the incidence of IED events. Opatowski et al.
2019 suggested reasons for the absence of microorganisms coded within the stay including a
potential lack of microbiological testing, possibly related to an empirical treatment of the
infections by the physician, or a potential negative result of samplings, possibly caused by the
effectiveness of empirical treatment before sampling is performed.

The algorithm’s performance might have been compromised by divergent coding practices and by
less granularity in the French ICD-10 classifications compared with the ICD-10-CM used for the
United States setting.

Another limitation in the interpretation of the results of our study is the absence of data outside of
the hospital setting within the PMSI database.

Also, data collection occurred during the COVID-19 pandemic, which may have had some effect
on data results relevant to case identification and healthcare consumption.

Conclusion This IED feasibility study (2015 to 2021) applied sensitive and specific identification algorithms
to the French nationwide PMSI hospital discharge data and showed a substantial burden of
hospitalised IED, with 27.4-91.2 incident hospitalisations per 100,000 individuals overall.
Incidence rates notably varied across age groups with increased rates observed in older
individuals; these ranged from 64.8 to 201.1 per 100,000 in patients aged 60+ years and from 76.1
to 238.9 per 100,000 in patients aged 65+ years.

The comparison of incidence rates in this study with that in the published literature suggests that
the sole use of French ICD-10 codes, lack of laboratory-confirmed data, and different coding
practices in France may have resulted in an underestimation of IED incidence, possibly leading to
a lower reported extent of medical and economic burden of IED.

A validation study that links the PMSI data to a database that includes laboratory-confirmed data
would allow for validation and improvement of the algorithm used and thus should obtain a more
complete and reliable estimate of the true burden of IED in the French healthcare setting.
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