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ABSTRACT 
Background: The economic consequences of the recent COVID-19 pandemic were substantial. 
However, direct medical costs in France have not been determined.
Objective: To describe patient characteristics, intensity of care, mortality, and direct medical 
costs in patients hospitalised for COVID-19 infections in France.
Study design: A retrospective study of the French national hospital claims database for 2020.
Setting: Hospital care.
Patients or other participants: All patients hospitalised for COVID-19 in 2020 were included and 
classified by hospitalisation duration into acute phase and prolonged COVID-19.
Intervention: Stratification by intensity of care (Level 1: no or low-flow oxygen support; Level 2: 
non-invasive ventilation; Level 3: mechanical ventilation).
Main outcome measure: Cost of hospital care in 2020 Euros from a payer perspective.
Results: 199,455 patients were hospitalised for COVID-19 in France in 2020. 17,824 patients 
(8.9%) received mechanical ventilation and 32,602 patients (16.3%) died. Mean per patient cost 
was €5,510 ± 7,142. This cost was highest in patients receiving Level 3 care, patients aged >80  
years and in those with prolonged COVID.
Conclusion: The economic burden of hospitalisations for COVID-19 infections in France during 
2020 was substantial. The study provides robust baseline data to benchmark advances in the 
standard of care and to nurture epidemiological models.
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Introduction

Coronavirus disease (COVID-19) is an infectious disease 
caused by the SARS-CoV-2 virus. The disease can cause 
symptoms ranging from mild to critical. Patients with 
severe disease may require extended hospitalisation, 
including prolonged intensive care stays, and this has led 
to hospital services being overwhelmed in many countries, 
with demands for beds and care outstripping supply. In 
France, the first documented cases of COVID-19 were 
reported in January 2020. Over the year, the epidemic in 
France developed in two distinct waves, the first from 
February to June inclusive and the second from 
September inclusive, with an estimated 15% of the popula-
tion having been infected with SARS-CoV2 over the course 
of the year [1]. Early estimates indicated that 2.9% of 
infected individuals were hospitalised and 0.5% died [2]. 
Older individuals, men, and patients with metabolic, 

respiratory, or cardiovascular comorbidities appear to be 
at higher risk of requiring hospitalisation or intensive care if 
they have COVID-19, and to be at higher risk of dying.

The availability of a single comprehensive healthcare 
insurance database in France, Programme de 
Médicalisation des Systèmes d’Information (PMSI) offers 
the possibility of identifying all patients in the country 
who were hospitalised with COVID-19 and evaluating 
the healthcare provisionthey received. In the present 
report, we have used the PMSI database to evaluate 
retrospectivelythe burden of COVID-19 in the hospital 
setting for the year 2020. The specific objectives of the 
study were to describe the characteristics of patients 
hospitalised, to describe the level of intensity of care 
that was required for their management, and to esti-
mate the direct medical costs of these hospitalisations 
to the French national health insurance.
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Methods

This was a retrospective study of healthcare resource 
consumption in the hospital setting performed in the 
French national health insurance claims database. The 
study population consisted of all patients hospitalised 
for COVID-19 in 2020. The costing analysis was per-
formed from the payer perspective (national health 
insurance).

Data source

Data were obtained from the PMSI, the unique reposi-
tory of data on all in-hospital resource consumption in 
acute stay hospitals in the public and private sectors. 
Stays in independent rehabilitation units or in long- 
term psychiatric hospitals were not covered.

For each hospital stay, a standardised discharge sum-
mary (SDS) is generated and used for tariffication of the 
stay. The SDS covers the entire stay, regardless of 
whether the patient has been hospitalised in different 
departments. For example, a patient initially hospita-
lised in a chest medicine department, then moved to 
intensive care before returning to the chest medicine 
ward will have a single SDS generated on discharge. 
Stays are identified on the SDS by the reason for hospi-
talisation as a diagnosis-related group (DRG), coded 
using the International Classification of Diseases 10th 

Edition. The DRG is associated with a categorical sever-
ity modifier determined by the intensity of care pro-
vided. Medical procedures and tests are classified by 
procedure codes and entered into the SDS. No informa-
tion is available on the results of clinical examinations 
or tests. The only personal data available for the patient 
is the age, gender, and place of residence. If a patient 
dies, the date of death is documented.

Study population and identification of stays

The study included all patients hospitalised with an 
ICD-10 diagnostic code for COVID-19 documented on 
the SDS between 31st January 2020, the date when 
a DRG for COVID-19 was first introduced, and 31st 

December 2020. Some changes to the DRG codes, to 
allow entry of more precise information, were made 
between 31st January and the end of April. The diag-
nostic codes used are provided in the Supplemental 
Material. Due to overload of certain hospitals at the 
height of the epidemic, certain patients were trans-
ferred immediately after admission between hospitals. 
If this occurred, the stay with the longest duration was 
retained for the analysis.

The study population was initially stratified into four 
subpopulations based on the intensity of care. These 
were hospitalisation with no oxygen support, hospitali-
sation with oxygen support, hospitalisation with non- 
invasive ventilation and hospitalisation with mechanical 
ventilation. The subgroups were identified from the 
relevant procedure codes documented on the SDS. 
These are provided in the Supplemental Material. Due 
to underreporting of medical procedures related to 
oxygen support during the study period, and since 
patient characteristics in the ‘no oxygen’ and ‘oxygen 
support’ subgroups were similar, these two subgroups 
were combined.

Data extraction

Information was extracted from the database on age, 
gender, and place of residence. Risk factors for compli-
cations of COVID-19 infections were identified. The 
choice of risk factors was based on the list defined by 
the French National Health Authority (Haute Autorité de 
la Santé; HAS) for use of neutralising monoclonal anti-
bodies in ambulatory patients with mild or moderate 
COVID-19, as indicated in the French prescribing infor-
mation for these products. These were identified prin-
cipally on the basis of ICD-10 diagnostic codes on the 
SDS and include COPD or respiratory failure, hyperten-
sion, heart failure, diabetes, immunodeficiency, chronic 
renal failure, idiopathic pulmonary fibrosis, amyotrophic 
lateral sclerosis, myopathy, trisomy 21 and obesity. It 
should be noted that comorbidities are only identified 
on the SDS if they influence the cost or course of 
hospitalisation and may thus be under-reported. 
Patients receiving chemotherapy or radiotherapy for 
cancer were identified from the relevant DRG code. 
The diagnostic or DRG codes used to identify patients 
at risk are provided in the Supplemental Material. 
Finally, age >80 years was also considered a risk factor. 
On the basis of these risk factors, patients were divided 
into four groups, namely patients without risk factors, 
patients aged >80 years, patients who were immuno-
suppressed (patients with immunodeficiency syn-
dromes, and patients undergoing chemotherapy) and 
patients with other medical risk factors (all other risk 
factors listed above).

Each hospital stay was identified by date and by 
length of stay. Stays were divided into those lasting 
up to 30 days inclusive and those lasting >30 days. 
Each stay was assigned to one of the three levels of 
intensity of care as described above; in cases where 
more than one level of care was provided during the 
same stay, the stay was defined by the most intense 
level of care provided. Rehospitalisations were defined 
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as a second hospitalisation separated from the first by 
at least 14 days. Patients with either a first hospitalisa-
tion lasting >30 days or who required rehospitalisation 
were considered to have prolonged hospitalisation for 
COVID-19. If the patient died in hospital, this was 
documented.

Cost analysis

Since 2007, health care in France is financed through an 
activity-based tariffication system (tarification à l’acte). 
In this system, each hospital stay is costed upon dis-
charge using fixed tariffs, and the total cost of the stay 
is documented on a Standardised Discharge Summary 
(SDS) which is accounted in the PMSI. For accounting 
purposes, costs for all hospitalisations are aggregated 
annually from data in the PMSI, firstly at the hospital 
level, and secondly at the national level by the Agence 
Technique de l’Information sur l’Hospitalisation (ATIH), 
a government agency in charge of assessment and 
planning of healthcare resources. Aggregated national 
data are used by the health authorities for planning 
resource attribution for future years.

The SDS lists a fixed stay cost based on the reasons 
for hospitalisation (including costs for any procedures 
performed during the stay). This cost is based on 
a specific tariff for the disease, classified according to 
the International Classification of Diseases (10th Edition) 
of the World Health Organization, adjusted for each 
individual stay by a number of modifiers describing 
comorbidities, disease severity, and procedures, such as 
operations, undergone during the hospitalisations. Each 
stay is thus assigned to a diagnosis-related group (DRG), 
which is allocated a daily tariff, which covers the cost of 
physician time, nursing care, board, and overnight stay 
costs and all medication and non-pharmacological treat-
ments that are standard care for the condition. Stays in 
intensive care incur a supplemental cost. Certain expen-
sive medical devices or drugs incur a top-up cost and are 
charged in addition to the stay cost. The most recent 
published DRG tariffs cover 2019, and these were 
updated to 2020 costs in Euros using the hospital con-
sumer price index. Hospitalisations in the private sector 
may incur additional costs related to higher honoraria for 
physicians, and this information is captured in the French 
National Costs Study [3].

The unit daily base tariff for hospitalisation for 
COVID-19 ranged from €2,385 to €8,516 in the public 
sector, depending on severity and other cost modifiers. 
The daily supplemental cost of a stay in an intensive 
care unit was €404.08 (without mechanical ventilation) 
or €807.21 (with mechanical ventilation).

Statistical analysis

Five analytical populations were considered in this 
study. The first consisted of all patients included in 
the study. The second consisted of all patients hospita-
lised for the first time for an acute phase COVID-19 
infection. The third subgroup consists of patients pre-
senting with a prolonged COVID-19 hospitalisation, as 
defined above. The fourth and fifth were subsets of 
the second and third subgroups and consisted of all 
patients with acute-phase COVID-19 or prolonged 
COVID-19 hospitalisation presenting a risk factor as 
defined above. Since there were two waves of the 
COVID-19 epidemic in France in 2020, patients hospita-
lised during each wave were described separately for 
certain analyses. The first wave was arbitrarily defined 
as lasting from 1st January 2020 until 30th June 2020 
and the second wave from 1st July 2020 until 31st 

December 2020. The prolonged COVID-19 hospitalisa-
tion group was only analysed for the first wave due to 
the risk of incomplete data for the second wave, which 
was still in progress at the end of the data collection 
period (31st December 2020).

The study was purely descriptive, and no statistical 
hypotheses were tested. Continuous variables are 
described by mean values with their standard deviation 
(SD) or median values with their interquartile range 
(IQR). Categorical variables are presented as frequency 
counts and percentage.

Ethics

The study was conducted in accordance with all rele-
vant regulatory requirements. Use of the PMSI database 
is regulated by the Health Data Hub (HDH). The study 
was authorised by ATIH (the French agency of hospital 
database) in July 2020 under the MR 006 process.

Results

Study participants

In 2020, 199,455 patients were hospitalised for COVID- 
19 in France, 89,503 during the first wave and 110,527 
during the second (Figure 1). In the majority of cases 
(183,142 patients; 91.8%), patients received the lowest 
intensity of care (Level 1: no or low-flow oxygen sup-
port), 3,420 (1.7%) patients received non-invasive venti-
lation (Level 2) whereas 17,824 patients (8.9%) received 
mechanical ventilation (Level 3). The distribution of 
patients over the three levels of care was similar 
between the two waves, with the exception of a small 
increase in the number of patients receiving non- 
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invasive ventilation during the second wave, and 
a small decrease in those receiving mechanical ventila-
tion. Overall, 193,163 patients were initially hospitalised 
for <30 days (acute phase COVID population) and 
13,317 from the first wave were either initially hospita-
lised for >30 days or were hospitalised more than once 
(prolonged COVID population). The proportion of 
patients with risk factors was 68.0% in the acute 
phase COVID population and 34.9% in the prolonged 
COVID population.

Men were over-represented in the overall population 
hospitalised (Table 1), and the proportion of men 
increased with the intensity of care from 52.6% at Level 
1 to 72.2% at Level 3. The mean age of the patients was 
65.7 years (median: 69 years) and was relatively similar 
across all levels of intensity of care (Table 1).

With regard to risk factors, patients requiring more 
intensive care were more frequently at risk (Table 1). 
The proportion of patients with at least one identified 
risk factor increased from 63.4% at Level 1 to 90.6% at 
Level 3. In contrast, the proportion of patients aged 
>80 years was under-represented in patients receiving 
more intensive care (Table 1). The proportion of 
patients who were immunosuppressed was low (0.4% 
overall) at all care intensity levels.

The distribution by intensity of care level and by age 
in the different analysis subpopulations is provided in 
the Supplemental Material. Patients in the subgroups 
with risk factors were older (43.4% of acute-phase 

patients with risk factors aged >80 years compared to 
29.5% of those without risk factors) and more fre-
quently received more intense care (8.4% receiving 
Level 3 care versus 6.0%, respectively).

Hospitalisations

The 199,455 patients made a total of 238,582 hospital 
stays, with 10,321 patients (13.5%) being hospitalised 
more than once. The mean length of hospital stay was 
8.32 ± 9.95 days (median: 6 days; IQR: 1–12; range: 0– 
360 days). Stay length increased both with the intensity 
of care and with the age of the patient (Figure 2).

For the patients who survived their hospitalisation, 
the hospital stay lasted <30 days in 193,163 cases 
(69.3% of all stays). The proportion of stays lasting 
over 30 days in survivors increased as a function of 
age (26.5% for patients aged <50 years, 30.5% for the 
51–60-year age group, 36.3% for the 61–80-year age 
group and 40.7% for the >80 year age group).

Overall, 32,602 patients (16.3%) died during the hos-
pital stay, with the mortality rate increasing with the 
intensity of care (Table 3); for the patients receiving 
mechanical ventilation (Level 3), 36.3% of patients 
died during their stay. Around two-thirds of patients 
(67.2%) were discharged directly home, with this pro-
portion decreasing with the level of intensity of care 
received (Table 2). The remaining patients were 

Figure 1. Distribution of patients and stays by wave and intensity of hospitalisation.
Note: AP: acute phase; COVID: coronavirus disease. 
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transferred to another care facility at the end of their 
hospitalisation.

Of the 76,282 patients hospitalised during the first 
wave who survived, 10,321 (13.5%) were subsequently 
rehospitalized for a COVID-19-related reason later in 
2020. Rehospitalisation was most frequent in patients 
who had received mechanical ventilation during their 
first stay (Table 2).

Overall mortality was 16.3% in the overall popula-
tion, 14.4% in the acute-phase analysis population and 
20.3% in the acute phase with risk factors analysis 
population. Mortality rose as a function of both age 
and the level of intensity of care (Figure 3). In the 
subgroup of acute-phase patients aged >80 years, the 
mortality rate in patients who required Level 3 intensity 
care rose to 69.0% (N = 671). For the patients who died, 
the mean duration of hospitalisation between admis-
sion and death was 9.96 ± 10.15 days (median [IQR]: 7 [3 
to 13]). The mean stay length prior to death increased 
with the level of care from 7.97 ± 7.28 days at Level 1 to 
17.9 ± 15.0 days at Level 3.

Costs

In the overall population, the mean per patient cost of 
hospitalisation for COVID-19 was €5,510 ± 7,142, corre-
sponding to a total cost for all patients of €1.1 billion. 
Median (with IQR and range) and mean (± SD) costs accord-
ing to the intensity of care provision are presented in 
Table 3. The spread of hospitalisation costs was very 
broad, reaching €219,661 in one patient. The mean cost 
increased six-fold between Level 1 and Level 3 care inten-
sities, and was almost doubled in the >80-year age group 
compared to the group of patients aged ≤50 years 
(although the mean cost was in fact highest in the 60-80- 
year age group).

In the different subpopulations, the cost also gener-
ally increased with intensity of care and with age 
(Table 4). The prolonged COVID hospitalisation subpo-
pulation generated mean per patient costs that were 
nearly three times higher than those in the acute-phase 
COVID-19 subpopulation, even when restricting to 
patients with risk factors (€13,648 versus €4,753 for the 

Table 1. Patient characteristics by level of respiratory support.
Level 1 

(N = 183,142)
Level 2 

(N = 3,420)
Level 3 

(N = 17,824)
TOTAL 

(N = 199,455)

Gender
Women (n, %) 86,858 (47.4%) 1,171 (34.2%) 4,957 (27.8%) 91,604 (45.9%)
Age (years)
Mean ± SD 66.7 ± 20.2 68.7 ± 14.0 65.1 ± 12.1 65.7 ± 19.8
Median [IQR] 70 [54 – 83] 70 [60 – 79] 67 [58 –73] 69 [53 – 82]
Risk factors
Any risk factor 117,267 (64.0%) 3,225 (94.3%) 15,815 (88.7%) 131,740 (66.0%)
Immunosuppressed status 721 (0.4%) 10 (0.3%) 125 (0.7%) 838 (0.4%)
Other medical risk factors 116,055 (63.4%) 3,158 (92.3%) 16,140 (90.6%) 122,858 (61.6%)
Age >80 (years) 60,703 (33.1%) 843 (24.6%) 1,599 (9.0%) 62,702 (31.4%)

SD: standard deviation; IQR: interquartile range. 

Figure 2. Length of stay.
Note: Data are presented as box plots. The filled symbols represent the mean value, the horizontal line the median value and the boxes the upper 
and lower limits of the interquartile range. 
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whole subpopulations, €16,915 versus €5,954 for the 
subpopulations with risk factors).

Discussion

This study in a national insurance claims database has 
demonstrated the high economic cost of hospitalisa-
tions for COVID-19 in France, with a mean per capita 
cost of €5,510. For the population of 199,455 patients 
hospitalised in 2020, this amounts to a total cost to 
national health insurance of over one billion euros. 
Although patients with prolonged COVID accounted 
for less than one-quarter of all patients hospitalised 
with COVID-19 during the first wave, on a per capita 
basis, the cost of their management was nearly three- 
fold higher than for patients with acute-phase COVID- 
19. The study documents all hospitalised patients with 
COVID-19 in France and yields a precise estimate of in- 
hospital mortality (16.3%) and the proportion of 
patients hospitalised for COVID-19 who require inten-
sive care (10.9% received mechanical ventilation).

The total number of hospital stays in 2020 
(15.9 million) was similar to the number in 2019, 
the year before the pandemic (15.7 million) [8]. As 
a result, the care of patients hospitalised for COVID-19 
could only be managed at the expense of a reduction in 
hospitalisations for other pathologies. It has been esti-
mated that the number of these other hospitalisations 
fell by 13% between 2019 and 2020 [8]. With respect to 
cost, the total cost of hospitalisations in 2020 was 
somewhat lower than the cost in 2019 (€71.3 billion 
versus €74.1 million), due to economies gained from 
cancelled hospitalisations, and in particular for elective 
procedures [6,9]. In 2020, the cost of hospitalisations for 
COVID-19 represented 0.1% of the total national health-
care expenditure and 2.2% of all expenditure on hospi-
talisation [9]. It should, however, be noted that only 
hospitalization costs of COVID-19 are considered in 
this study, and community costs, notably those related 
to diagnostic tests (and, from 2021, vaccination) have 
been considerable [7].

The cost incurred by national health insurance can 
be compared to the cost of hospitalisations for other 

Table 2. Discharge and in-hospital mortality.
Level 1 

(N = 183,142)
Level 2 

(N = 3,420)
Level 3 

(N = 17,824)
TOTAL 

(N = 199,455)

Discharge to home 128,121 (70.0%) 1,620 (47.4%) 4,620 (25.9%) 134,133 (67.2%)
Transfer to another hospital 32,265 (17.6%) 882 (25.8%) 6,935 (38.9%) 38,277 (19.2%)
Transfer to another unit within the hospital 9,777 (5.3%) 81 (2.4%) 719 (4.0%) 10,573 (5.3%)
Died in hospital 25,277 (13.8%) 852 (24.9%) 6,474 (36.3%) 32,602 (16.3%)

N = 69,897 N = 562 N = 5,823 N = 76,282
Rehospitalisations 8,342 (11.9%) 78 (13.9%) 1,901 (32.7%) 10,321 (13.5%)

Figure 3. Mortality rates. 

Note: white columns: acute-phase COVID-19 (AP); light-grey columns: AP with risk factors; dark grey colummns: prolonged COVID-19 (PC);black 
columns: PC with risk factors.  
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diseases. For example, in 2016, the total costs of hospi-
talisation to French national health insurance were 
€0.6 billion for acute myocardial infarction, €1.3 billion 
for acute stroke and €1.0 billion for acute heart failure 
[10]. Per capita hospitalisation costs are in the same 
range as those for other infectious diseases which can 
require critical care, but the total cost of COVID-19 
infections is high due to the large number of patients 
concerned. In comparison, around 180,000 patients are 
hospitalised annually for the community acquired 
pneumonia [11] and between 8,000 and 30,000 are 
hospitalised for influenza each year [12]. However, the 
number of patients admitted to intensive care for 
COVID-19 (58,000 in 2020) was much higher than for 
influenza (19,000 patients between 2014 and 2019) [5].

The mortality rate documented in this study under-
estimates the total COVID-related mortality in France 
since only in-hospital deaths are captured. Notably, 
deaths of residents in nursing homes are not included 
in the mortality rate. In 2020, the national strategy was 

not to hospitalise nursing home residents unless there 
was an imperative medical reason for providing respira-
tory support. Exactly how these patients were managed 
is not known, but it is probable that only low-intensity 
care, such as oxygen therapy, could be offered in the 
nursing home setting. This level of care would not be 
expected to have a major cost impact. It has been 
estimated that 145,914 residents had a symptomatic 
or virologically confirmed SARS-CoV2 infection in 
2020, of whom 19,780 died [13].

With respect to costs, only direct medical costs 
incurred in hospitals are documented. However, in 
2020, community medical costs related to COVID-19 
were likely to be principally limited to GP consultations, 
nurse visits, and diagnostic tests, since vaccines and 
treatment were not yet available. The present study 
was performed from a payer perspective and for this 
reason the high indirect costs of the COVID-19 epi-
demic in terms of sick leave, and of the general eco-
nomic downturn associated with government measures 

Table 3. Per patient costs of hospitalisation in the overall population.

Intensity of care Number of stays
Median cost [IQR] 

[Min – Max] Mean cost ± SD

Level 1 215,292 3,830 [679 – 4,942, 
[0–90,673]

3,989 ± 3,061

Level 2 3,448 10,143 5,235 – [4], 207] 
[0–59,582]

10,577 ± 5,534

Level 3 19,842 17,574 [5], 924–26,454] 
[0–219,661]

21,133 ± 15,343

Age
≤50 years 51,720 679 [679 – [3], 830] 

[0–147,510]
3,005 ± 5,192

51–60 years 34,547 3,830 [679 – [6], 942] 
[0–216,661]

5,518 ± 8,164

61–80 years 86,621 5,241 [3], 290 – [7;] 888] 
[0–210,639]

7,171 ± 9,118

>80 years 65,694 5,942 [3], 830 – [6], 942] 
[0–73.161]

5,288 ± 3,280

TOTAL 238,582 3,830 [747 – [6], 942] 
[0–219,661]

5,510 ± 7,142

Table 4. Mean per capita costs of hospitalisation in analysis subpopulations.
AP AP + RF PC PC+ RF

Intensity of care
Level 1 4,019 ± 2,812 4,670 ± 2,277 6,380 ± 8,727 7,459 ± 9,596
Level 2 9,952 ± 4,636 10,090 ± 4,587 15,095 ± 13,422 12,682 ± 12,840
Level 3 14,896 ± 7,074 14,997 ± 7,001 36,628 ± 23,991 33,917 ± 25,116
Age
≤50 years 2,837 ± 3,557 6,276 ± 4,864 7,381 ± 15,009 18,109 ± 22,609
51–60 years 4,556 ± 4,615 6,684 ± 5,235 15,569 ± 21,222 21,247 ± 23,198
61–80 years 5,651 ± 4,925 6,659 ± 5,196 19,264 ± 23,117 21,386 ± 23,963
>80 years 5,095 ± 2,769 5,095 ± 2,769 7,317 ± 6,970 7,317 ± 6,970
TOTAL 4,753 ± 4,200 5,954 ± 4,355 13,648 ± 19,598 16,915 ± 21,069

AP: acute phase COVID-19; AP + RF: acute phase COVID-19 with risk factors; PC: prolonged COVID-19 hospitalisation; PC + RF: prolonged COVID-19 
hospitalisation with risk factors. 
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to contain the epidemic are not considered. Indirect 
medical costs generated by pathologies that could not 
be managed optimally due to a switch of resources to 
COVID-19 management are also not considered, and 
estimating these costs would require a different meth-
odological approach.

The data obtained come from the first year of the 
epidemic, and costs and outcomes in patients currently 
hospitalised for COVID-19 infections may have evolved. 
In particular, vaccination, which was introduced in 
January 2021, after the end of our study, has had 
a major impact on the hospital burden of COVID-19, 
notably with a major reduction on bed occupation in 
intensive care facilities [4]. In addition, progress has been 
made over the past two years in improving standards of 
care. Current care involves prophylactic anticoagulation 
[14,15], use of glucocorticoids [16,17], and when appro-
priate, immunotherapeutic agents, such as tocilizumab 
[18,19] and neutralising monoclonal antibodies [20,21]. 
Systematic implementation of these therapeutic tools 
has improved patient outcomes, especially with regard 
to reducing the need for mechanical ventilation, and led 
to a decrease in mortality and more rapid hospital dis-
charge. Even in 2020, we observed a reduction in the use 
of mechanical ventilation (Level 3 care) between the first 
and second waves. Repeating the analyses in the context 
of the more recent waves, such as those associated with 
the delta and omicron variants in 2022, will be of interest 
to assess formally the cost benefits of implementing 
these therapeutic strategies.

The study has a number of limitations. Firstly, assess-
ment of risk factors is incomplete, with a number of 
known risk factors inadequately documented in the 
PMSI. For example, smoking status is not mentioned on 
the SDS, and obesity is likely to be under-reported, as it is 
only mentioned if it generates additional cost or complex-
ity to the hospital stay. In addition, since healthcare pro-
fessionals were under great pressure due to work 
overload during this crisis, information on comorbidities 
may not have been recorded as rigorously as usual. Also, 
oxygen support with low-flow oxygen, particularly when 
of short duration (for a few hours or days) may not have 
been documented on the SDS because this would not 
have added extra cost to the hospital stay. Notably, cer-
tain patients might have been hospitalised, particularly at 
the beginning of the first wave for moderate covid-19, 
who did not require oxygen support or specific isolation 
measures. Since, in a preliminary analysis, patients in 
these two categories (no oxygen support at all and low- 
flow oxygen support) had similar characteristics, stay 
durations and outcomes, we decided to group them. In 
contrast, information on use of high flow oxygen, non- 
invasive ventilation, and mechanical ventilation is more 

reliable as these procedures are coded as complexity or 
severity factors on the SDS. Another limitation is that the 
distinction between acute-phase COVID-19 and pro-
longed COVID-19 that was used in the study was an 
arbitrary one (30-day stay duration). Finally, all cases of 
COVID-19 may not have been captured. The diagnostic 
code for COVID-19 was created on 31st January 2020, and 
the coding conventions were subsequently enriched over 
the following weeks. It is therefore possible that some 
early cases were missed through miscoding, or because 
a confirmed diagnosis was not made. However, it should 
be noted that less than ten cases of COVID-19 were 
notified prior to the middle of February. Similarly, patients 
who are treated with oxygen therapy in emergency 
departments without overnight hospitalisation are not 
captured in our study.

The possibility of other emerging diseases causing 
major epidemics in the coming years is not to be under-
estimated [22,23]. Data such as those collected in the pre-
sent study of COVID-19 will be important in planning 
hospital resource provision and organisation for future 
epidemics. In particular, the economic data collected may 
be useful for modelling studies assessing the impact and 
cost-effectiveness of prevention and treatment strategies.

In conclusion, this study quantifies for the first time 
the medical and economic burden of hospitalisations for 
COVID-19 infections in France during the first year of the 
pandemic and provides robust baseline data to bench-
mark advances in the standard of care and to nurture 
epidemiological models of future COVID-19 outbreaks.
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