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Abstract

Background Sepsis is a serious medical condition that causes long-term morbidity and high mortality, annually
affecting millions of people worldwide. The COVID-19 pandemic may have impacted its burden. This study aimed to
estimate the impact of the COVID-19 pandemic on sepsis incidence, etiology and associated hospitalization costs in
metropolitan France.

Methods This retrospective observational study used data drawn from a cohort of hospitalized sepsis patients

in France’s national healthcare database. Sepsis was identified through both explicit International Classification of
Diseases 10th revision (ICD-10) codes (E-sepsis) and implicit codes (I-sepsis). Participants included all patients aged 15
years or older hospitalized with E-sepsis or |-sepsis in metropolitan France between January 1, 2018, and December
31,2022. Patient and hospital stay characteristics were described by sepsis type (E-sepsis, I-sepsis) and overall. The
distribution of sepsis etiology was estimated for each year. Annual incidence rates were estimated overall and by
sepsis type and etiology. Total and median per-stay hospitalization costs were calculated.

Results The total age- and sex-standardized sepsis incidence rate per 100,000 increased slightly from 2018 (446,

95% Cl 444.2 to 447.7) to 2020 (457, 95% Cl 455.1 to 458.6) and then decreased in 2022 (382, 95% CI 380.2 to 383.7)
(p<.0001). Incidence rates decreased for both E-sepsis and bacterial sepsis during the pandemic period, whereas
I-sepsis incidence increased in 2020 and 2021, associated with a marked increase in viral sepsis and co-infections
(p<.0001 for E- and I-sepsis). Viral sepsis represented about 10% of all sepsis cases during the pandemic, but only
about 1% prior to the pandemic. Total sepsis-associated hospitalization costs and extra medication costs increased
during the pandemic. Characteristics of patients and their hospital stays were overall stable over the five-year study
period.

Conclusions The COVID-19 pandemic led to a higher burden of sepsis in French hospitals and an increase in hospital

stay costs. Critically, our study highlights the need for introducing more explicit viral sepsis codes within the ICD
classification system and for achieving a consensus on its definition in order to robustly estimate sepsis incidence.
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Background

Sepsis is a complex condition recognized as a major
global public health problem due to its long-term mor-
bidity and high mortality [1, 2]. It also incurs a high eco-
nomic burden for healthcare systems in many countries
[3, 4]. According to the Third International Consensus
Definitions of Sepsis and Septic Shock (Sepsis-3), sep-
sis is a dysregulated host response to infection, whether
bacterial, viral, fungal or parasitic, resulting in life-threat-
ening organ dysfunction [5]. However, several changes in
diagnosis, documentation and coding practices for sep-
sis and organ dysfunction have occurred over the years
[6]. Although many clinicians associate sepsis with severe
bacterial infection, severe viral infection— including
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection causing coronavirus disease 2019
(COVID-19)- often manifests as respiratory dysfunction
and can directly or indirectly impair other organs [7-9].
This is consistent with viral sepsis according to Sepsis-3
criteria [10, 11].

In France, a nationwide, population-based, retrospec-
tive observational study showed that the annual inci-
dence of bacterial sepsis between 2015 and 2019 was
around 350-400 cases per 100 000 inhabitants [12]. In
this study, the proportion of sepsis of viral or fungal etiol-
ogy, without bacterial coinfection, was estimated at only
1.7% of all sepsis cases.

The COVID-19 pandemic has likely modified the distri-
bution of sepsis etiology, since a substantial proportion of
hospitalized COVID-19 cases are associated with sepsis
[13-15]. There is a lack of data regarding the epidemiol-
ogy of virus-associated sepsis, including COVID-19-as-
sociated sepsis, because of the common misperception
that sepsis can only be caused by bacterial pathogens
[16]. This is reflected by the scarcity of virus-associated
sepsis explicit codes in both the tenth and eleventh revi-
sions of the International Classification of Diseases
(ICD-10 and 11) diagnostic coding system. However,
most COVID-19 related hospitalizations were coded
with a coronavirus infection code and a viral pneumonia
code, even recently a 2025 ICD-10-CM diagnosis code
for “Pneumonia due to coronavirus disease 2019” was
introduced, that potentially allow to identify viral sepsis
related to COVID-19 by implicit coding. A meta-analysis
of 57 studies found that most COVID-19 patients admit-
ted to the intensive care unit (ICU) met Sepsis-3 criteria,
despite a high heterogeneity of sepsis prevalence across
included studies [17].

In this study, we aimed to evaluate the impact of the
COVID-19 pandemic on sepsis incidence, etiology and
associated hospitalization costs in metropolitan France.

We used a national hospitalized patient database to esti-
mate the distribution of different infectious agents (bac-
teria, viruses, fungi and parasites) associated with sepsis
and describe the characteristics of sepsis patients and
their hospital stays before and during the COVID-19
pandemic.

Methods

Data source

This is a retrospective, observational study of hospital-
ized patients with sepsis, regardless of etiology, reg-
istered in the French National Hospital Discharge
Database (Programme de Médicalisation des Systémes
d’'Information, PMSI) issued from the French health-
care database (Systeme National des Données de Santé,
SNDS) (see Additional file 1: Methods). These data cover
all acute care hospitalizations in French public and pri-
vate hospitals. Hospitalization costs and COVID-19 vac-
cination data were also obtained from this same database.
Demographic data for incidence rates estimations were
obtained from the French Census of the National Insti-
tute of Statistics and Economic Studies [18].

Study population

The study included all patients aged 15 years or older
hospitalized with sepsis between 1 January 2018 and 31
December 2022 in metropolitan France (excluding over-
seas French territories). Stays of less than 1 day and dis-
charged alive were excluded. When multiple stays per
year for a patient were observed, only the last one was
included to avoid underestimating in-hospital mortality.
In this article, when mentioned, the pre-pandemic period
refers to 2018-2019 while the pandemic period refers to
2020-2022.

Sepsis was defined as either of two mutually exclusive
types of sepsis, explicit sepsis (hereafter E-sepsis) or
implicit sepsis (I-sepsis), similar to definitions used in
previous studies on the same French healthcare database
and others [1, 12, 19], with some changes to meet new
coding recommendations of the Technical Agency for
Information on Hospital Care in 2021 (ATIH) [20] (see
Additional file 1: Methods).

E-sepsis was defined as a hospital stay with one of the
selected ICD-10 codes for sepsis as primary diagnosis
(PD: condition requiring hospitalization), related diag-
nosis (RD: adds information to PD) or significant asso-
ciated diagnosis (SAD: complications and comorbidities
potentially affecting the course or cost of hospitaliza-
tion). I-sepsis was defined as a hospital stay with one of
the selected ICD-10 codes for infection (other than those
defining E-sepsis) as PD, RD or SAD with two associated
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conditions: intensive care unit (ICU) admission and at
least one of the selected ICD-10 codes for organ dysfunc-
tion or one or more codes for organ support from the
Common Classification of Medical Acts (CCAM) (see
Additional file 1: eTable 1). Etiology of sepsis was clas-
sified by ICD-10 codes (see Additional file 1: eTable 1).
COVID-19 hospitalizations, which fall into the defini-
tion of I-sepsis patients when admitted to ICU and hav-
ing organ dysfunction/support, were defined as a hospital
stay with one of the ICD-10 codes for COVID-109.

Covariates

The socio-demographic and clinical characteristics of
patients and their hospital stay characteristics were
extracted from the data, including sex, age, Charlson
index, detailed comorbidities, infection sites, admission
source, septic shock, ICU admission, length of stay, and
hospital discharge. Using the ICD-10 codes list defined
by Pandolfi et al. [12], a total of 14 infection sites were
identified: lower respiratory tract, blood, urinary and
genital tracts, gastrointestinal and abdomen, heart and
mediastinum, skin and soft tissues, medical devices,
bones and joints, nervous system, ears, nose and throat,
pregnancy, eyes, multiple sites, and unknown.

Statistical analysis

The overall annual incidence rate, expressed as the num-
ber of cases per 100,000 inhabitants relative to the gen-
eral population (crude and sex and age-adjusted based on
2022 population distribution), the incidence rate for each
sex and age category, and their 95% confidence intervals
(CIs) were estimated.

The distributions of presumed causal infectious agents
of sepsis (bacteria, viruses, fungi or parasites, and co-
infections) were estimated in each year. Based on these
estimates, etiology-specific sepsis incidence rates were
also estimated.

The total and median and interquartile range (IQR)
per-stay direct hospital costs from the provider perspec-
tive were calculated, per sepsis type and overall. Supple-
mentary costs for expensive medications not included in
the cost of the hospital stay, like medications subject to
temporary authorization for use and thrombolytic drugs
for the treatment of ischemic stroke, were also calculated
as extra medication costs.

Patient and hospital stay characteristics were described
by sepsis type (E-sepsis or I-sepsis) and overall by year.
The percentage of cases with admission to ICU and sep-
tic shock were described only for E-sepsis, as admis-
sion to ICU was part of the selection criteria for I-sepsis
while septic shock code was only part of the E-sepsis
definition. Number and percentage were reported for
qualitative variables, and median (IQR) for quantitative
variables. No confidence intervals (CI) were calculated
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for percentages as the data cover the national population.
The COVID-19 vaccination coverage rate of the study
population was also estimated for 2021 and 2022.

A Cochran-Armitage test for trend was used to assess
change in incidence rate and in-hospital mortality over
time. Analyses were performed using SAS Enterprise
Guide 8.

Results

Type of sepsis

The majority of sepsis patients (around 90%) had only
one same-year hospital stay related to sepsis, and less
than 2.5% had more than 2 sepsis-related stays in the
same year (see Additional file 1: eTable 2).

Before the COVID-19 pandemic, the annual number
of sepsis patients in metropolitan France was stable at
around 230,000 (Table 1). This number increased slightly
in the first two years of the pandemic (242,175 cases in
2020 and 236,076 in 2021) and then decreased markedly
in 2022 (207,409 cases). This increase in sepsis cases dur-
ing the pandemic was due to increasing I-sepsis cases,
from 58,293 in 2019 to 82,292 in 2021, whereas E-sepsis
decreased continuously from 2019 to 2022 (eTable 3).

Sepsis incidence rates

The total sex- and age-standardized sepsis incidence
rate per 100,000 slightly increased from 2018 (446, 95%
CI 444.2 to 447.7) to 2020 (457, 95% CI 455.1 to 458.6)
and then decreased in 2022 (382, 95% CI 380.2-383.7)
(p<.0001) (Table 2; Fig. 1). Incidence of bacterial sepsis,
including those from respiratory causes, decreased dur-
ing the pandemic [from 410 (95% CI, 408.5-411.9) in
2019 to 323 (95% CI, 321.4-324.4) in 2021] while there
were marked increases in the share of sepsis with viral
etiology [from 6.3 (95% CI, 6.1-6.5) in 2019 to 59.3 (95%
ClI, 58.6-59.9) in 2021] and associated with co-infection
[from 13.5 (95% CI, 13.2-13.8) in 2019 to 51.0 (95% CI,
50.4-51.6%) in 2021] (Table 2 and see Additional file 1:
eFig. 1). The incidence rate of E-sepsis decreased dur-
ing the pandemic period, whereas I-sepsis incidence
increased, especially in 2020 and 2021 (p <.0001 for both
E- and I-sepsis) (Table 2; Fig. 1).

Throughout the study period, annual sepsis incidence
remained higher for males (477, 95% CI 474.4-479.7, in
2022) than females (295, 95% CI 292.7-296.7, in 2022)
and was considerably higher for people aged 55 years and
older.

Sepsis etiology

Bacterial sepsis before the COVID-19 pandemic was
stable (almost 95%), decreased in 2020 and 2021 (80.7%
and 73.9%, respectively) and rose in 2022 (82.7%) (Fig. 2).
Conversely, sepsis of viral etiology increased from 1.5%
in 2018 and 2019 to 9.4% in 2020 and 13.6% in 2021,
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Table 1 Characteristics of all patients and hospital stays with sepsis, metropolitan France 2018-2022

2018 2019 2020 2021 2022

(n=229,668) (n=232,355) (n=242,175) (n=236,076) (n=207,409)
Patient’s characteristics, n (%)
Sex
Male 132,634 (57.8) 134,393 (57.8) 145,487 (60.1) 142,733 (60.5) 123,952 (59.8)
Female 97,034 (42.2) 97,962 (42.2) 96,688 (39.9) 93,343 (39.5) 83,457 (40.2)
Age (years)
15-29 6,733 (2.9) 6,660 (2.9) 6,065 (2.5) 6,025 (2.6) 5,662 (2.7)
30-44 12,655 (5. 5) 12,305 (5.3) 12,692 (5.2) 13,960 (5.9) 01(54)
45-54 18,616 (8.1 18,403 (7.9) 20,015 (8.3) 21,023 (8.9) 15,712 (7.6)
55-64 37,405 (16. 3) 36,963 (15.9) 40,274 (16.6) 40,895 (17.3) 32,942 (15.9)
65-74 56,831 (24.8) 58,653 (25.2) 64,846 (26.8) 65,275 (27.7) 55,946 (27.0)
75-84 55,169 (24.0) 55471 (23.9) 56,757 (234) 52,230 (22.1) 49,863 (24.0)
> 85 42,259 (18.4) 43,900 (18.9) 41,526 (17.2) 36,668 (15.5) 83(17.4)
Median [IQR] 71 [60-82] 72 [61-82] 71[61-81] 70 [60-80] 72 [61 -81]
Charlson index
0 78,016 (34.0) 79,069 (34.0) 87,971 (36.3) 1,391 (38.7) 68,824 (33.2)
1-2 82,087 (35.7) 83,294 (35.9) 85217 (35.2) 80,231 (34.0) 74,978 (36.2)
3-4 34,185 (14.9) 34,477 (14.8) 34,569 (14.3) 33,014 (14.0) 33,201 (16.0)
>5 35,380 (15.4) 35515 (15.3) 34,418 (14.2) 31,440 (13.3) 30,406 (14.7)
Median [IQR] 2[0-3] 2[0-3] 2[0-3] 2[0-3] 2[0-3]
Comorbidities
Cancer 56,189 (24.5) 56,302 (24.2) 54,470 (22.5) 84(20.8) 77 (22.8)
Congestive heart failure 49,777 (21.7) 49,857 (21.5) 50,224 (20.7) 48 874 (20.7) 48 883 (23.6)
Renal disease 30,599 (13.3) 31,718 (13.7) 32,619 (13.5) 1,675 (13.4) 1,341 (15.1)
Chronic pulmonary disease 27,097 (11.8) 27,545 (11.9) 28,358 (11.7) 27,966 (11.9) 28,206 (13.6)
Metastatic carcinoma 23,378 (10.2) 23,676 (10.2) 22,850 (9.4) 20,340 (8.6) 49.2)
Diabetes with chronic complications 13,772 (6.0) 13,825 (5.9) 14,220 (5.9) 13,270 (5.6) 1,925 (5.8)
Paraplegia or hemiplegia 13,270 (5.8) 13,311 (5.7) 13,808 (5.7) 13,343 (5.7) 2,161 (5.9)
Dementia 11,865 (5.2) 11,814 (5.1) 11,305 (4.7) 9,691 (4.1) 9,570 (4.6)
Mild liver disease 12,426 (5.4) 12,779 (5.5) 13,010 (5.4) 12,396 (5.3) 11,863 (5.7)
Moderate or severe liver disease 5,900 (2.6) 5839 (2.5) 5,757 (2.4) 5320(2.3) 5494 (2.7)
Rheumatological disease 2,859 (1.2) 2,943 (1.3) 3,045 (1.3) 2,983 (1.3) 2,775 (1.3)
AIDS 1,113 (0.5) 1,033 (04) 1,028 (0.4) 895 (0.4) 830 (0.4)
Infection sites
Multiple sites 51,079 (22.2) 51,718 (22.3) 49,820 (20.6) 46,671 (19.8) 46,760 (22 5)
Lower respiratory tract 46,192 (20.1) 45,727 (19.7) 70,773 (29.2) 82,166 (34.8) 3(28.0)
Blood 36,533 (15.9) 36,634 (15.8) 33,001 (13.6) 29,611 (12.5) 27,796 (13.4)
Urinary and genital tract 34,945 (15.2) 35,904 (15.5) 33,422 (13.8) 28972 (12.3) 26,743 (12.9)
Gastrointestinal and abdomen 14,232 (6.2) 14,516 (6.3) 13,683 (5.7) 12,296 (5.2) 11,280 (54)
Heart and mediastinum 11,248 (4.9) 11,546 (5.0) 10,592 (4.4) 8,803 (3.7) 8,062 (3.9)
Skin and soft tissues 10,940 (4.8) 11,205 (4.8) 9,923 (4.1) 9,010 (3.8) 8,743 (4.2)
Medical devices 7,865 (3.4) 7,909 (3.4) 7,073 (2.9) 6,171 (2.6) 5409 (2.6)
Bones and joints 4,716 (2.1) 5,005 (2.2) 4,401 (1.8) 4,041 (1.7) 3,925 (1.9)
Nervous system 897 (04) 931 (0.4) 652 (0.3) 605 (0.3) 713(0.3)
Ears, nose and throat 364 (0.2) 365 (0.2) 244 (0.1) 219 (0.1) 223 (0.1)
Pregnancy 314(0.1) 314 (0.1) 283 (0.1) 269 (0.1) 266 (0.1)
Eyes 34 (0.0) 30(0.0) 24(0.0) 28 (0.0) 23 (0.0)
Unknown 10,309 (4.5) 10,551 (4.5) 8,284 (3.4) 7,214 (3.1) 9,313 (4.5)
Hospital stay’s characteristics, n (%)
Admission source
Home 196,327 (85.5) 198,541 (85.5) 203,739 (84.2) 195,690 (82.9) 174,809 (84.3)
Acute care 28,229 (12.3) 28,721 (12.3) 33,501 (13.8) 36,036 (15.3) 28,638 (13.8)

Long-term care 5112(2) 5093 (2.2) 4,935 (2.0) 4,350 (1.8) 3,962 (1.9)
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2018 2019

2020 2021 2022

(n=229,668)

(n=232,355)

(n=242,175) (n=236,076) (n=207,409)

Patient’s characteristics, n (%)

Length of stay (days)

<7 54,997 (24.0) 56,279 (24.2) 56,313 (233) 8(22.5) 50,686 (24.4)
7-14 70,992 (30.9) 72,115 (31.0) 76,096 (31.4) 75, 278 (3W 9) 62,778 (30.3)
15-30 65,753 (28.6) 66,128 (28.5) 70,818 (29.2) 68,004 (28.8) 61(28.0)
>30 37,926 (16.5) 37,833 (16.3) 38,948 (16.1) 39,666 (16.8) 35 784(W73)
Median [IQR] 13 [7-24] 13[7-23 13 [7-23] 13 [7-24] 13 [7-24]

ICU admission?

Yes 130,948 (57.0) 130,540 (56.2) 144,505 (59.7) 149,986 (63.5) 128,587 (62.0)
No 98,720 (43.0) 101,815 (43.8) 97,670 (40.3) 86,090 (36.5) 78,822 (38.0)
Septic shock®

Yes 52,690 (22.9) 53,328 (23.0) 52,467 (21.7) 49,579 (21.0) 49,365 (23.8)
No 176,978 (77.1) 179,027 (77.0) 189,708 (78.3) 186.497 (79.0) 158,044 (76.2)
Hospital discharge

Home 111,786 (48.7) 114,054 (49.1) 116,081 (47.9) 11,303 (47.2) 96,273 (46.4)
Acute care 27,746 (12.1) 27,267 (11.7) 26,633 (11.0) 25,900 (11.0) 22,818 (11.0)
Long-term care 35,903 (15.6) 36,625 (15.8) 39,583 (16.3) 37,252 (15.8) 5(15.0)
Death 54,233 (23.6) 54,409 (234) 59,878 (24.7) 61,621 (26.1) 57 203 (27.6)

IQR, interquartile range; ICU, intensive care unit
20nly among E-sepsis

then decreased to 6.9% in 2022. Similar evolution was
observed for co-infections. Viral sepsis relative increase
during the pandemic was particularly high among I-sep-
sis: from around 5.5% in 2018-2019 to 31.1% in 2020
and 38.9% in 2021, before decreasing to 22.4% in 2022.
Accordingly, bacterial sepsis decreased markedly among
I-sepsis while remaining stable among E-sepsis (Fig. 2).

Costs of sepsis-associated hospital stays

Total sepsis-related hospitalization costs and extra
medication costs increased during the pandemic period
(Fig. 3). While the total costs for hospitalization and extra
medication were higher for E-sepsis than I-sepsis (Fig. 3),
the median cost per hospital stay was higher for I-sepsis
than E-sepsis (in 2022, median (IQR) cost was €13,094
(€7,670-€23,316) for I-sepsis and €8,233 (€4,898-€15,874)
for E-sepsis) (see Additional file 1: eTable 4 and eFig.
2). The higher total costs during the pandemic period
was mainly attributable to the increased total costs for
I-sepsis.

Patient characteristics

Overall, patient characteristics over the five-year study
period were stable apart from a marked increase in
lower respiratory tract infections during the pan-
demic (Table 1). Over the 5 years, in both type of sepsis
patients, about two-thirds were aged between 55 and 85
years, with a consistently higher proportion of males than
females. The most frequent comorbidities recorded were
cancer, chronic heart failure, renal disease and chronic

pulmonary disease, and the most frequent sites of infec-
tion were lower respiratory tract, urinary and genital
tract and multiple sites (Table 1).

Changes in patient characteristics before and during
the pandemic were only noticeable in I-sepsis (see Addi-
tional file: eTable 3). During the pandemic, among I-sep-
sis, there were more males, patients aged 55-85 years,
patients having a Charlson index of 0 and patients with
lower respiratory tract infection, while there were fewer
patients with cancer, congestive heart failure, renal dis-
ease and chronic pulmonary disease and patients with
multiple infection sites, urinary and genital tract and
unknown site of infection, compared to the pre-pan-
demic period, although these trends began to reverse in
2022.

At least two doses of COVID-19 vaccine had been
administered to 59% and 83% of sepsis patients by the
end of 2021 and by the end of 2022, respectively (see
Additional file 1: eTable 5).

Hospital stay characteristics

The median length of stay was stable over the years for
both E-sepsis and I-sepsis cases (around 12 and 14 days
for E- and I-sepsis respectively) (see Additional file 1:
eTable 6). More than 80% of patients were admitted from
home for both types, with a slight decrease for I-sepsis
during the pandemic (from 85.1% in 2018 to 80.4% in
2021), while patients coming from acute care increased
(from 13.4% in 2018 to 18.4% in 2021). Considering
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Table 2 Overall sepsis incidence rates® by sex and age, and according to sepsis type (E-sepsis/I-sepsis)® and etiology, in metropolitan

France, 2018-2022

2018 (n=229,668) 2019 (n=232,355)

2020 (n=242,175) 2021 (n=236,076) 2022 (n=207,409)

Age (years)

Male

15-29 54.9 (53.0-56.8) 53.7(51.8-55.6)

30-44 107.8 (105.2-110.5) 104.7 (102.0-107.3)
45-54 259.8 (255.0-264.6) 253.8 (249.0-258.5)
55-64 609.6 (601.9-617.4) 599.7 (592.1-607.4)
65-74 11453 (1133.6-1157.0) 11504 (1138.8-1162.0)
75-84 1929.3 (1908.2-1950.5)  1915.1 (1894.3-1936.0)
>85 2882.6(2842.0-2923.3) 2940.9 (2900.4-2981.4)
All males 521.5(518.7-524.3) 525.1(522.3-527.9)
Female

15-29 64.0 (61.9-66.1) 63.9 (61.8-66.0)

30-44 101.1 (98.6-103.6) 99.5 (97.0-102.0)
45-54 1673 (163.5-171.1) 167.8 (164.0-171.6)
55-64 323.7(318.3-329.2) 314.9 (309.5-320.2)
65-74 556.2 (548.5-563.9) 556.6 (549.0-564.2)
75-84 1016.2 (1003.1-1029.3)  1009.5 (996.5-1022.6)
> 85 1566.4 (1546.2-1586.7) 1589.6 (1569.3-1609.9)
All females 3494 (347.2-351.6) 350.8 (348.6-353.0)

Total population

51.1 (49.3-53.0)

116.0(113.3-118.8)
294.0 (288.9-299.2)
666.8 (658.8-674.9)

1261.1 (1249.1-1273.1)
1992.0 (1970.9-2013.2)
28009 (2761.9-2839.9)

565.7 (562.8-568.6)

55.9(54.0-57.9)
95.1(92.7-97.5)
168.2 (164.3-172.0)
322.8(317.4-328.2)
5785 (570.9-586.1)
985.3 (972.4-998.1)

1436.9 (1417.8-1456.1)

344.7 (342.6-346.9)

51.1(49.3-53.0)

130.5(127.6-1334)
317.1(311.7-322.4)
665.0 (657.1-673.0)

1229.1 (1217.4-1240.8)
1838.5(1818.4-1858.7)
2471.0 (2434.5-2507.6)

552.3 (549.4-555.1)

54.9 (53.0-56.8)
101.3 (98.8-103.8)
1733 (169.4-177.2)
3326 (327.1-338.0)
5779 (570.4-585.4)
879.3 (867.2-891.5)

1263.1 (1245.2-1281.0)

331.3(329.2-3334)

47.3 (45.5-49.1)
99.5 (97.0-102.0)
233.2(228.6-237.8)
531.6 (524.5-538.7)

1043.4(1032.6-1054.2)
1665.8 (1647.1-1684.5)
2423.8 (2388.0-2459.7)

477.0 (474.4-479.7)

51.7 (49.9-53.6)
84.1 (81.8-86.4)
137.7 (134.2-141.2)
267.3 (262.4-272.2)
501.1 (494.1-508.0)
805.2 (793.8-816.5)

1225.4(1207.8-1243.0)

294.7 (292.7-296.7)

Crude .7 (429.9-433.4) 434.1 (432.4-435.9) 4504 (448.6-452.2) 437.0 (435.3-438.8) 9 (380.3-383.6)
age-sex standardized® 4459 (444.2-447.7) 444 4 (442.7-446.1) 456.8 (455.1-458.6) 440.6 (438.9-442.4) 9 (380.2-383.7)
E-sepsis only 3204 (318.9-321.9) 325.2(323.7-326.8) 314.2 (312.7-315.7) 284.7 (283.3-286.1) 265.2 (263.9-266.6)
l-sepsis only 3(1104-112.1) 108.9 (108.0-109.8) 136.2 (135.2-137.2) 152.3(151.3-1534) 116.7 (115.8-117.6)
Bacterial 406.9 (405.2-408.6) 410.2 (408.5-411.9) 363.6 (362.0-365.2) 322.9(3214-3244) 3159 (3144-317.4)
Bacterial (respiratory only)d 102.0 (101.1-102.9) 101.0 (100.2-101.9) 794 (78.6-80.1) 70.6 (69.8-71.3) 80.0 (79.2-80.8)
Non bacterial® 10.1(9.9-104) 10.5(10.2-10.7) 454 (44.8-46.0) 63.1 (62.4-63.8) 30.2 (29.8-30.7)
Viral 5.8 (5.6-6.0) 6.3 (6.1-6.5) 424 (41.8-42.9) 59.3 (58.6-59.9) 26.2 (25.8-26.7)
Fungal or parasitic 4.3(4.1-45) 4.1(3.9-43) 302932 3.8(3.7-4.0) 4.0(3.8-4.2)
Co-infections 14.7 (144-15.0) 13.5(13.2-13.8) 414 (40.9-42.0) 51.0 (504-51.6) 358(35.3-36.3)

2 Data are shown as number per 100,000 population, with 95% CI

b E-sepsis: Explicit sepsis, I-sepsis: Implicit sepsis

©Based on population distribution by age and sex in 2022

9Includes co-infections

€ Includes viral, fungal or parasitic

E-sepsis only, the share of patient experiencing septic  Discussion

shock and ICU admission remained stable over the years.

Almost half of cases returned home after their hos-
pitalization while almost a quarter died (Table 1). The
percentage of sepsis cases returning home slightly
decreased during the COVID-19 pandemic whereas in-
hospital mortality slightly increased (p<.0001). In-hos-
pital mortality was consistently higher among E-sepsis
than I-sepsis cases, but increased for both types during
the pandemic period (from 18% and 25.2% in 2019 to
20% and 30.9% in 2022, respectively, for I- and E- sep-
sis; p<.0001 for both) (see Additional file 1: e€Table 6).
Patients with I-sepsis were more frequently transferred
to acute or long-term care after hospitalization than
those with E-sepsis.

Our study has estimated the burden of sepsis before and
during the COVID-19 pandemic in metropolitan France
using a national medical-administrative database. While
before the pandemic sepsis incidence was observed to be
stable with predominantly bacterial etiology, there was a
modest increase in incidence in 2020 and 2021, mainly
due to increased viral I-sepsis associated with SARS-
CoV-2, representing more than 13% of all cases in 2021.
Higher total sepsis-related hospitalization costs were also
observed during the pandemic.

Before the pandemic, non-bacterial sepsis represented
a minor percentage of all cases (2.5% in France, in our
study, which is similar to the results of a previous study
[12]). However, rather than indicating the near absence
of viral sepsis, extremely low rates of non-bacterial sepsis
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reported in most epidemiological studies likely reflects
its lack of recognition, undertesting and diagnostic cod-
ing challenges. Since only two ICD-10 codes for viral-
associated sepsis exist, and none for sepsis associated
with SARS-CoV-2, the total incidence of viral-associated
sepsis must be estimated by an indirect approach [1, 12].

High rates of sepsis in COVID-19 patients have been
widely reported previously. A systematic review and

meta-analysis from early in the pandemic identified rates
close to 30% of SARS-CoV-2-associated sepsis in general
wards, reaching 78% in ICU patients [17]. Despite this
surge in viral sepsis, the increase in overall sepsis inci-
dence that we observed during the pandemic was modest
due to a significant concomitant drop in bacterial sepsis.
This result is consistent with a nationwide study in Eng-
land, which found a decrease in non-COVID-19 sepsis
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incidence during the pandemic followed by a rebound to
pre-pandemic levels after lifting national lockdowns [21],
as well as with surveillance data from 30 countries and
territories (including France) participating in the Invasive
Respiratory Infection Surveillance Consortium, which
showed a sustained decrease in the incidence of inva-
sive diseases caused by respiratory bacteria during the
first two years of the pandemic [22]. In 2022, our study
showed a decrease in the number of sepsis cases due to
a decrease in both bacterial and viral sepsis compared to
previous years. While high COVID-19 vaccination cover-
age in France by 2022 likely contributed to this reduction
in viral sepsis, the marked overall decrease from 2021
to 2022 may also be due to changes in coding practices
in France following recommendations issued in 2021, in
addition to some lasting infection prevention due to pan-
demic restrictions and behavior change. A recent English
study showed that, even before pandemic, there was an
impact of changes in sepsis coding guidance on reported
trends, resulting in a small reduction in sepsis mortality
rates across England [23].

In a previous review of 18 studies, overall per-patient
sepsis hospitalization costs were estimated to be high,
but highly variable between countries [3]. The majority of
studies were performed in the United States of America
(USA) and in Europe. The median (IQR) of the total sep-
sis hospitalization costs per stay was €36,191 (€17,158-
€53,349). A similar range was estimated in our study,
although an important difference between E-sepsis and
I-sepsis cases was observed, with higher median costs for
I-sepsis than E-sepsis, which could be related to its defi-
nition that includes ICU admission and organ dysfunc-
tion/support. In addition, total costs of sepsis hospital

stays including extra medication costs increased during
the pandemic, with a particularly notable increase for
I-sepsis. That finding is in accordance with a study [24],
which found that during the pandemic, sepsis or pneu-
monia patients with COVID-19 had higher costs than
those without COVID-19.

Changes in the characteristics of patients and their
stays during the pandemic were more significant for
I-sepsis than E-sepsis. Compared with the pre-pandemic
period, I-sepsis patients were more often males aged
between 55 and 85 years with Charlson index of 0, and
had fewer comorbidities (especially cancer, congestive
heart failure, renal disease and chronic pulmonary dis-
ease) and more lower respiratory tract infection. These
changes are likely related to SARS-CoV-2-associated sep-
sis, of which the profile might differ from that of the typi-
cal bacterial sepsis [25].

Limitations of the study
Although we used a methodology of identifying sepsis
in medical-administrative databases based on explicit
and implicit diagnostic codes, as considered in previous
studies [1, 12], there are a number of limitations using
this method, particularly the risk of misclassification for
implicit sepsis. Also, the definition of sepsis case var-
ied through the years, with new recommendations and
guidelines for coding practices occurring intermittently
[6]. This can limit comparison between studies on sepsis
and may explain at least in part the large heterogeneity in
sepsis prevalence that the meta-analysis of Karakike et al.
[17] observed.

While the use of medical-administrative databases
to analyze changes in sepsis incidence and mortality is
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debated [26-28], this approach remains the most cost-
effective way to study sepsis at the national level. Our
results suggesting an impact of the COVID-19 pandemic
on the burden of sepsis is in agreement with findings
of a recent study that used validated electronic clinical
data from 5 Massachusetts hospitals to show that SARS-
CoV-2 had a significant contribution to the burden of
sepsis in hospitalized patients [29].

Conclusion

During the COVID-19 pandemic, the overall incidence
and economic burden of sepsis increased in French hos-
pitals despite a significant reduction in bacterial sep-
sis. We identified viral sepsis using implicit diagnostic
codes in a national electronic health records database.
Although this methodology has been previously validated
and is used, our study nonetheless highlights the lack of
explicit codes for viral sepsis, which poses challenges for
epidemiological analysis and could lead to underestima-
tion of sepsis burden, particularly during pandemics or
outbreaks when diagnostics and pathogen-specific codes
may be unavailable.
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