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ABSTRACT

Background: Quantification of COVID-19 burden may be useful to support the future allocation
of resources.

Objective: To evaluate the public health impact of COVID-19 in French ambulatory patients with
at least one risk factor for severe disease.

Study design: A Markov model was used to estimate life years, costs, number of hospitalisations,
number of deaths and long/prolonged COVID forms over a time horizon of 2 years. The
hospitalisation probabilities were derived from an early access cohort, and the hospitalisation
stay characteristics were derived from the French national hospital discharge database. Several
scenario analyses were conducted.

Results: The number of hospitalisations reached 256 per 1,000 patients over the acute phase
(first month of simulation), and 382 per 1,000 patients over 2 years. The number of deaths was
37 per 1,000 patients, and the number of long/prolonged COVID forms reached 407 per 1,000
patients. These translated into a reduction of 0.7 days of life per patient in the first month, with
an associated cost of €1,578, and a reduction of 27 days of life over the time horizon, with an
associated cost of €4,280. The highest burden was observed for patients over 80 years old, and
those not vaccinated. The scenarios with a less severe situation or new treatments available
showed a non-negligible burden reduction.

Conclusion: This study allowed us to quantify the considerable burden related to COVID-19 in
infected patients, with at least one risk factor for severe form. Strategies with the ability to
substantially reduce this burden in France are urgently required.

KEYWORDS

COVID-19; model;
simulation; public health
impact

the application of other measures aiming to reduce the
spreading of the disease.
‘Several measures have been

Introduction

The pandemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), as declared a pandemic
by WHO in March 2020, has resulted in approximately

in force since

26 November 2021 to slow down the new wave of

410 million confirmed cases and 5.8 million deaths
globally until mid-February 2022[1].

Much like the rest of Europe, France has been hit
hard by the pandemic and went into lockdown on
17 March 2020, until 11 May 2020, at the end of the
first wave. Since then, several additional waves have hit
France, and by mid-February 2022, more than
21.8 million infections have been confirmed, with
more than 135000 deaths[1]. Unprecedented responses
have been put in place, such as national lockdown
resulting in a wide stay-at-home policy, curfews, closure
of the non-essential shops, closure of the borders and

the epidemic, including tightened protective measures’.
Some of those measures are compulsory: mask wearing
in all indoor public spaces, including those where the
COVID-19 certificate is required and in busy or crowded
outdoor spaces while other measures are recom-
mended: hand washing, regular airing, coughing and
sneezing into elbow and using single-use tissues[2].

In France, the first COVID-19 vaccine injection took
place in December 2020, and by mid-February 2022,
five vaccines are available[3] (mRNA-1273/Spikevax®
commercialised by Moderna, BNT162b2/Comirnaty® by
Pfizer/BioNTech, Ad26.COV2.S/ by Janssen, Nuvaxovid
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by Novavax and AZD1222 by Oxford/AstraZeneca). In
December 2021, the vaccination was open to children
5-11 years old. By mid-February 2022, more than
53 million persons, i.e., almost 93% of the adult popula-
tion, have received the two first doses[4]. A booster has
recently been proposed to reinforce vaccine protection.

In addition to prevention, several treatments have
received a marketing authorisation or were available
through a temporary use authorisation in France. These
included four monoclonal antibody treatments (casirivimab
& imdevimab by Roche, bamlanivimab & etesevimab by
Lilly, tixagevimab & cilgavimab by AstraZeneca, and sotro-
vimab by GSK), two antivirals (remdesivir by Gilead and PF-
07321332/ritonavir by Pfizer), one anti-inflammatory (ana-
kinra by Sobi), one interleukin-6 neutralising antibody (toci-
lizumab by Roche), and dexamethasone.

Most of these treatments are not available for the
general population, as their indication is restricted to
hospitalised patients with severe forms of the disease or
to ambulatory mild or moderate COVID-19 in patients at
risk to develop a severe form. Risk factors for a severe form
are numerous, and these patients may include older
patients, patients with obesity, cardiovascular disease,
hypertension, chronic lung disease including asthma,
type 1 or 2 diabetes mellitus, chronic kidney disease, or
immunosuppressed patients. Also, because of a lack of
neutralizing effect on the increasingly dominant Omicron
variant, national recommendations recently changed,
with no more use of bamlanivimab and etesevimab com-
bination, restriction of use of casirivimab & imdevimab
combination to patients excluding variants where it lost
efficacy, e.g., Omicron, and use of sotrovimab in situations
due to Omicron variant or to unknown variant.

Globally, the sanitary situation is highly dynamic, with
new variants, increased protection of severe forms by
vaccines and changes on treatment positioning.
Therefore, calculations of the disease burden of COVID-
19, in terms of hospitalisations, death and costs, may be
useful in several dimensions: supporting the future alloca-
tion of resources, comparing COVID-19 with other dis-
eases in the population and across populations.

We aimed to provide the first elements of the answers by
presenting the results of a simple but flexible model to
evaluate the public health impact of COVID-19 in French
ambulatory patients with at least one risk factor for severe
disease.

Methods
Model structure

To ensure an appropriate simulation of patient path-
ways, the model contains two parts: the first one

models the acute phase of the COVID-19 infection
through a decision tree and the second one models
the remaining simulation duration of the patient
through a Markov model (see Figure 1).

This approach is in line with the one used by the
Institute for Clinical and Economic Review’s (ICER) for
the remdesivir model, focusing on hospitalised patients
[5,6]; it allows the use of treatment and its associated
outcomes over a short-term period, 1 month in this
case, while still allowing the model to consider the
long-term consequences of COVID-19 on healthcare
costs. The decision tree consists of two treatment set-
tings (outpatient and hospital settings) and four out-
comes. The Markov model consists of four health states
that mirror the four outcomes that patients can achieve
in the decision tree.

Patients enter the model with a COVID-19 infection
and at least one risk factor for severe disease. In the first
month, they may be hospitalised or remain in outpati-
ent settings. The hospital setting distinguishes patients
who require or not limited to low-flow oxygen, those
with non-invasive ventilation and those with mechan-
ical ventilation; each status has an impact on hospital
costs and mortality. At the end of this acute phase, the
patient can recover without any health issues (‘alive, no
long COVID'), with moderate long-term health issues
(‘alive, long COVID, ambulatory’), severe health issues
(‘alive, long/prolonged COVID, hospital’), or die. Of note,
it is assumed that patients cannot die in the outpatient
health state as evidence shows that most patients die
during a hospital stay.

Patients who leave the acute phase alive enter the
Markov model in the corresponding health state. While
a clear definition of long COVID does not exist yet, it
appears to refer to long-term symptoms and/or organ
damage experienced by patients, post-infection [7-9].
This notion of long-term symptoms is here combined
with prolonged COVID in this model, which consists of
patients for whom the COVID hospitalisation lasted
more than 1 month.

Death is an absorbing health state in which patients
remain until the end of the model’s time horizon.

Time horizon, cycle length and discounting

It is assumed that the acute phase has a duration of
1 month (30.44 days). As the effects of the treatment
and long-term consequences go beyond this phase, the
model assumes that costs may be cumulated until the
end of year two.

The Markov model considers a cycle length of 1 year.
Given the lack of evidence on long-term outcomes,
a more granular cycle is not necessary. The model applies
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Figure 1. Model structure.

half-cycle corrections, resulting in transitions occurring in
the middle of a cycle rather than at the end of a cycle.

The model discounts costs and benefits across time
at 2,5%, in alignment with the French health authori-
ties’ guidelines [10].

Population characteristics at model entry

This model attempts to simulate the trajectory of
patients who, at model entry, are infected, at risk of
a severe form of COVID-19, and not treated.

Evidence suggests that patients’ age may affect the
risk of hospitalisation and the risk of death while one is
in hospital [11,12] and is the main factor in the devel-
opment of a severe form [13]. Therefore, the model is
stratified by age, considering the following subgroups:
less than 50 years old, between 51 and 60 years old,
between 61 and 80 years old, and over 80 years old.
The baseline distribution of patients in age groups, as
well as the gender, is derived from an early access
cohort of patients treated with Ronapreve® (casirivimab
& imdevimab), to be as close as possible to real life [14].
This cohort was put in place in March 2021 in France,
for infected patients at risk for a severe COVID-19 form
to benefit from a single dose of treatment before the
EU marketing authorisation was given (TUA, Temporary
Use Authorisation cohort). The follow-up of this cohort
resulted in the collection of precious data on patients’
characteristics as well as hospitalisation rates, by age
group. By mid-2 December 2021, 118 exposed patients
were included in the cohort. The mean age was 62,7
(median 65) years, ranging from 12 to 104 years, as
shown in Table 1.
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Event and transition probabilities

Acute phase - hospitalisation rate

Age-specific hospitalisation rates for the first month
were derived from the same cohort of patients, to
inform the probability of hospitalisation for outpatients
treated with Ronapreve® monoclonal antibody. The
results show that, on average, 7.93% of patients who
received Ronapreve® were hospitalised at least 1 day
during the first month, ranging from 3.43% for the
youngest group, to 15.25% for the oldest group. In
the Ronapreve® clinical trial [15], the proportion of
patients with one or more than one hospitalisation or
all-cause death through day 29 was 1.0% in the active
group (Ronapreve® 1200 mg) vs 3.2% in the placebo
group, resulting in a risk ratio of 0.31. This ratio was
applied to the hospitalisation rate found in patients
treated with Ronapreve® in real life; the estimated hos-
pitalisation rate was 25.59% for patients with no treat-
ment, ranging from 11.23% to 49.20% depending on
the age group.

Acute phase - oxygen support in hospital

The model sources age-specific information on the pro-
portion of patients who require standard or no oxygen
support, non-invasive ventilation, or mechanical venti-
lation from the French National Hospital Discharge
Database (PMSI; Programme de Médicalisation des
Systémes d’Information), considering a National Health
Insurance (NHI) perspective. The PMSI hospital dis-
charge database covers all hospitalisations in the public
and private sectors involving short-term stays in medi-
cal, surgical or obstetric facilities, representing more
than 95% of all hospitalisations in France [16]. Patients
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Table 1. Model inputs

Value for each age group Source
<50 51-60 61-80 >80
years years years years
Baseline characteristics
Age group (%) 25.78 17.09 35.46 21.67 TUA
Male (%) 44.00 50.30 55.70 47.10 TUA
Mean age at the start of the simulation (years) 36.70 55.10 70.20 86.90 TUA
Clinical outcomes in the acute phase (decision tree)
Hospitalisation probability (%) 11.23 15.15 26.63 49.20 TUA
Type of hospitalisation (%)
Standard or no oxygen 84.34 81.98 84.01 97.16 PMSI
Non-invasive ventilation 2.88 3.13 2.72 1.13
Mechanical ventilation 12.78 14.90 13.27 1.71
Mortality (%)
Standard or no oxygen 1.28 2.59 11.79 29.71 PMSI
Non-invasive ventilation 2.40 3.46 22.30 64.40
Mechanical ventilation 11.49 19.09 42.62 69.03
Long term phase (Markov model) — per cycle
After an infection treated in outpatient settings (%)
No long COVID 70.00 65.00 60.00 50.00 Based on expert opinion
Long COVID in outpatient settings 25.00 25.00 30.00 30.00
Long/prolonged COVID in hospital settings 5.00 10.00 10.00 20.00 Calculation
After an infection treated in hospital (%)
No long COVID 60.00 50.00 40.00 35.00 Based on expert opinion
Long COVID in outpatient settings 22.81 28.37 35.71 47.87 Calculation
Long/prolonged COVID in hospital settings 17.19 21.63 24.29 17.13 PMSI
Costs
Hospitalisation in acute phase (mean, €)
Standard or no oxygen 4 948 5036 5118 4932 PMSI
Non-invasive ventilation 9 808 10 995 10763 8181
Mechanical ventilation 14245 14 848 15571 12373
Long/prolonged COVID treated in hospital (mean, € 18 609 21 247 21 386 7 317 PMSI
Long/prolonged COVID treated in outpatient settings 902.81 Calculated based on expert opinion (see supplemental
(mean, €) appendix)

were tracked across multiple hospitalisations through
a unique anonymous patient identifier, which is
retained until the patient dies. The analysis included
all patients with a documented ICD-10 code for any
form of COVID-19, with at least one risk factor, and all
hospital admissions from the PMSI MCO 2020 database
with a principal or associated diagnosis of COVID-19
were extracted. More details on the methodology of
this analysis are presented in the Supplemental
Appendix.

Based on the results of this analysis, the model con-
siders that 89.5% of the patients hospitalised receive
standard oxygen or no oxygen support, while 2.1%
receive non-invasive ventilation, and 8.4% receive
mechanical ventilation.

Acute phase - distribution of health states
The age-specific distributions of health states in
which patients leave this acute phase, hospitalised
or not during the acute phase, were derived from
the PMSI study or based on expert opinion.

Similar to the calculation of the length of hospitalisa-
tion, the model allows the probability of hospital death
to be conditional to oxygen support.

Rest of life - Markov model

The model uses French life table statistics [17] to inform the
probability of natural death by age and gender, for patients
in the Markov model. Although patients who become
infected may be a subpopulation of the population with
a greater number of comorbidities or may leave the acute
phase with health issues, no additional decrease in survival
was accounted for in the Markov model, conservatively.

Costs

Acute phase

The model does not consider any cost for patients treated
in outpatient settings, but hospitalised patients incur
hospital costs, stratified by the level of oxygen support
and age group. These are sourced from the PMSI study,
considering all hospital stays that lasted less than 30 days.

Rest of life — Markov model

No costs are accounted for healthcare in patients who
are alive with no long COVID after the acute phase.
Patients with long or prolonged COVID will require
additional healthcare resources; the model



conservatively assumes a duration of 2 years for these
costs, in the absence of any longer-term information.

The cost of long COVID treatment in outpatient set-
tings was based on literature review and clinical expert
opinion [18]. It was assumed that patients could experi-
ence several types of symptoms (pulmonary, cardiolo-
gic, neurologic, mental health, digestive, dermatologic,
ear nose and throat disorder symptoms, and other
symptoms), leading to specialist referrals, investiga-
tions, and delay in return to work in a certain propor-
tion as described in Supplemental Appendix.

The cost for long/prolonged COVID treated in hospi-
tal was based on the PMSI study (Supplemental
Appendix).

Model outcomes

The outcomes calculated by the model include life
years, costs, number of hospitalisations, number of
deaths and long/prolonged COVID forms.

Model scenarios

In addition to the base case analysis, several scenarios
were run, to explore the impact of the model results.

Age is a major determinant of the burden, as
observed in the hospitalisation rates, the death rates,
or the associated costs. Therefore, it was important to
present the scenario ‘AGE’ with results for each age
group separately.

The scenario ‘CARE IMPROVEMENT’ considers the
improvement of care between 2020 and 2022. Indeed,
the hospital mortality rate is based on data from 2020,
when the clinicians first met this virus and when hospi-
tals were not fully equipped or organised to best treat
their patients, and where no therapies had yet proven
to improve outcome; it is likely that the substantial
changes in supportive care and management, and the
use, or the arrival of treatments have led to a reduction
of hospital mortality. Therefore, this scenario considers
a 20% decrease in-hospital mortality.

It was also considered important to explore the impact
of treatment of mild-to-moderate COVID-19 in ambula-
tory patients with at least one risk factor. The model
allows to consider hospitalisation reductions as well as
long/prolonged COVID occurrence reduction by applying
a risk ratio (RR) and to consider administration costs for
any treatment. Therefore, in the scenario TREATMENTS',
several RR were tested, including RR = 0.1, RR = 0.3 and
RR = 0.5, assuming that some patients would receive the
treatment in the ‘hospital at home’ settings, while others
go to hospital as part of day care treatments without
incurring a hospitalisation.

JOURNAL OF MARKET ACCESS & HEALTH POLICY e 5

The hospitalisation rates were based on a cohort of
patients mostly infected with the delta variant (the year
2021), and the inputs from the claims database analysis
are mainly derived from data of patients infected with
the alpha variant (the year 2020). Therefore, it was
considered important to explore the impact of a less
severe variant, by attempting to replicate the reduction
in the severity of the Omicron variant as an example.
Therefore, a scenario ‘OMICRON’ was run, with a 50%
reduction in hospitalisation rates and associated mor-
tality rates, as well as a 50% reduction of long/pro-
longed COVID after a hospitalisation, and a reduction
of 100% of long/prolonged COVID after an infection
treated in ambulatory settings.

Although the proportion of vaccinated patients in the
TUA cohort is not known, it is very likely that the majority
had received a complete immunisation schedule. Indeed,
this cohort was put in place for patients at risk of a severe
form of COVID-19, i.e., immunocompromised patients,
those with a chronic debilitating condition, or aged
more than 80 years. Therefore, the scenario ‘NON-
VACCINATED’ attempts to evaluate the burden of the
non-vaccinated patients, by increasing the hospitalisation
rates and the associated mortality rates by 50%. This
could also apply to the unresponsive fully vaccinated
patients, i.e., those severely immunocompromised.

A last scenario considers that the model entry popu-
lation is the general population, not limited to patients
at risk of severe form. In the scenario ‘GENERAL
POPULATION’, all inputs based on PSMI analysis are
updated with results considering all hospital stays in
France (not only those of patients at risk) and
a reduction of 60% of the hospitalisation rates and the
associated mortality rates.

Results

All base case results are presented in Table 2.

Over the model time horizon, the number of hospi-
talisations reached 256 per 1,000 patients in the acute
phase and 382 per 1,000 patients overall. The number
of deaths in the acute phase was 37 per 1,000 patients,
and the number of long/prolonged COVID forms
reached 407 per 1,000 patients. These translated into
a reduction of 0.7 days of life per patient in the acute
phase, with an average cost of €1,578, and a reduction
of 27 days of life over the time horizon, with an average
cost of €4,280.

The scenario ‘AGE’ illustrates how group age impacts
these results. The hospitalisation rate in the youngest
group (<50 years) was 112 per 1,000 patients and
increased to 492 per 1,000 patients for the oldest
group (>80 years). A similar tendency, yet much more
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pronounced, was observed for mortality rates, with
numbers below 10 per 1,000 patients for the youngest
groups, increasing to more than 150 per 1,000 patients
for the oldest groups, reflecting the higher hospitalisa-
tion and mortality rates for oldest patients. These
results are reflected in the estimated average acute
costs over the first month of simulation, ranging from
€705 to €2,507. In contrast, the impact of age on the
number of long/prolonged COVID forms was limited.
The impact of age on costs was important in the acute
phase, but the oldest group incurred fewer costs when
the full-time horizon was considered. This is explained
by three reasons. First, patients above 80 years old have
a much higher death rate and die earlier than younger
patients in the model, providing less opportunity to
accumulate costs. Second, their cost per hospital stay
in the acute phase is smaller, and their probability to
experience a long/prolonged COVID form is smaller,
when compared to younger patients. The results on
life duration show how COVID-19 impact is large in
the oldest group, with almost 3 months and a half of
life lost due to COVID-19 including almost 3 days over
the first month, and on the 61-80 group, with more
than 1 month of life lost due to COVID-19 including
almost 1 day over the first month.

The scenario ‘CARE IMPROVEMENT' results in
a reduction of the number of deaths per 1,000 patients
from 37 to 29, and a similar number of hospitalisations,
long/prolonged COVID forms, and costs. Of note, the
number of total hospitalisations per 1,000 patients is
higher by 1 (383 vs. 382 in the base case), as more
patients alive also means more long-term complications
and/or sequelae. The reduction in life duration lost is
0.1 days in the acute phase, accumulating to 21.7 days
over the full-time horizon, leading to an additional
1 week of life gained, thanks to the care improvement.

The scenarios 'TREATMENTS' show the potential ben-
efits of treatments arriving on the market at risk popu-
lation with mild or moderate COVID-19. As expected,
these benefits increase when RR is smaller, i.e., when
the treatment effect is higher. An RR of 0.5 automati-
cally reduces the number of hospitalisations by 50%,
while an RR of 0.1 reduces this number by 90%. As no
treatment effect is considered on mortality, the reduc-
tion in the number of deaths is similar to the reduction
in hospitalisations. The impact on costs is similar to the
impact on clinical outcomes and so is the impact on life
duration lost due to COVID-19.

The scenario ‘OMICRON’, based on a 50% reduction
in the hospitalisation and mortality rate in the acute
phase, leads to a reduction in the number of deaths per
1,000 patients by more than 75%; the impact of long/
prolonged COVID forms is even more pronounced, with
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a more than 90% reduction. The life duration lost due
to COVID-19 is also reduced to 0.2 days in the first
month and to 6.8 days over the time horizon. This
translates into cost important reductions.

The scenario 'NON VACCINATED' illustrates an oppo-
site case, with an increase in the number of hospitalisa-
tion per 1,000 patients by 50% in the acute phase and by
34% in total, with a number of deaths multiplied by 2.24.
The impact on number of long/prolonged COVID forms is
limited, because of diminution of survivors. The life dura-
tion lost due to COVID-19 is increased, to 1.6 days in the
first months and to 2 months over the time horizon. This
translates into cost important increases.

The scenario ‘GENERAL POPULATION' results in
a reduction of the clinical and economic burden, with
fewer hospitalisations and deaths per 1,000 patients,
and fewer costs. Here again, the impact on the number
of long/prolonged COVID forms is limited. The costs are
reduced to €470 per patient in the acute phase, and
€2,463 in over the full-time horizon, and the life dura-
tion lost due to COVID-19 to 0.1 days in the acute phase
and 3.6 days over the full-time horizon.

Discussion

Assessing the public health impact of COVID-19 in
French hospitalised patients with at least one risk factor
for severe disease is important to help health policy-
makers in evaluating and making decisions about pre-
ventive programmes, especially in the context of this
pandemic, with limited healthcare resources.

One of the main inputs of this model is the hospita-
lisation rate, which is derived from an existing cohort of
patients at risk for a severe form. First, it is worth
mentioning that those hospitalisation rates were esti-
mated at a certain point in time of the pandemic.
Hence, they are related to a specific situation in time
where several parameters such as the vaccination sta-
tus, the proportion of variants circulating, and the
health policies were not completely comparable to
what they are today. This may have a considerable
impact on hospitalisation rates. Also, this cohort allows
the results to reflect as closely as possible real-life rates,
although limitations should be acknowledged. It is pos-
sible that the proportion of immunocompromised
patients is higher than in real life, as the clinicians
may have prioritized these patients at the beginning
of the recruitment, which was mainly done through
hospital networking. This could lead to a possible over-
estimation of the hospitalization rate. On the other
hand, the hospitalisation status was not known for
a non-negligible proportion of patients. Therefore, to
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compensate for missing data, it was considered appro-
priate to assume these patients were not hospitalised.

Despite the dynamic health context, this public health
impact model allows us to inform on this burden. The
results suggest that this burden is considerable, with
more than 380 hospitalisations and more than 400 long/
prolonged COVID forms per 1,000 patients after the infec-
tion. This translates into a reduction of life years by almost
1 month over the model time horizon (2 years and
1 month) on average, and costs exceeding €1,500 per
patient in the acute phase, and €4,200 per patient over
the full-time horizon.

This burden is considerable for this at-risk popula-
tion, especially for the oldest patients, for whom the
reduction of life duration reaches almost 3 days of life
in the first month, as per the high hospitalisation and
death rates in this population. Indeed, almost 500 hos-
pitalisations are simulated in the first month per 1,000
patients infected. Moreover, the failure to account for
deaths in residential care facilities for the elderly
(French EHPAD) may underestimate this burden. The
total reduction of life duration is even more dramatic,
as the model shows that these infected patients over
80 years old would live 3 months less than patients
without COVID-19. Also, as no increase in the death
rate was accounted for patients suffering from long-
term health issues, this reduction might be
underestimated.

In 2 years, improvements have been observed in
hospitals, in terms of management, care, availability of
treatments, etc. Although the PMSI data are not yet
available, it was relevant to consider that these actions
resulted in a decrease in the mortality rate. And as
shown in the corresponding scenario, the impact is
important in terms of survival, and reduction of life
duration lost due to COVID-19. However, further
research is needed to assess the impact on survival in
critical care patients with COVID-19. For example, it is
imperative to investigate how requirement for intensive
care units may negatively affect the outcomes and to
identify strategies to prevent healthcare system to be
overloaded in the following waves.

Another way to improve survival in this at-risk popu-
lation is to introduce early treatments in ambulatory
mild and moderate COVID-19. The model allows the
presentation of several scenarios in which a treatment
is used in these patients. Although these scenarios do
not consider any adverse event of the treatments, con-
sidered to be negligible for most of them, the results
provide a good opportunity for decision makers to
appreciate the impact of a treatment reducing the
number of hospitalisations on the overall burden. The
results showed treatments would significantly reduce

the number of hospitalisations and survival, as well as
healthcare costs during the acute phase. Of note, inputs
related to clinical outcomes after hospitalisation (oxy-
gen support type in hospital) may depend on the pre-
sence of treatment or not. However, the model assumes
that the values of clinical inputs after hospitalisation are
not conditional on treatment presence, due to a lack of
precise evidence to inform the matter. As it is likely that
such treatments are associated with benefits in terms of
the severity of the disease, reflected in less and shorter
hospitalisations with less invasive treatments, this
assumption is likely to be conservative. Importantly, it
is not clear whether the efficacy of these treatments will
be as high on reduction on hospitalisation with newly
identified variants.

The model does not distinguish any input between
variants of the disease, while they differ in terms of
transmissibility, aggressivity, vaccine escape, ability to
evade diagnostic detection or ability to cause more
severe disease. However, it should be reminded that
the model considers two main sources for inputs. On
one hand, all inputs derived from the PMSI study were
based on the year 2020, where the variant Alpha was
predominant. On the other hand, the aged-based hos-
pitalisation rates are sourced from a cohort of patients
treated with Ronapreve® between March and
December 2021; these rates were therefore mainly dri-
ven by the Delta variant. Therefore, it is expected that
the base case results presented in this analysis are
reflecting a situation with the main variants that
France faced in 2020 and 2021. The scenario
‘OMICRON’ attempts to evaluate the impact of
a variant causing less severe disease than these pre-
vious strains, as it was shown to be the case for the
Omicron variant, even in those who are unvaccinated or
who have not had a prior COVID-19 infection [19]. The
results show how important the impact might be on
the disease burden, assuming the considered assump-
tions are realistic.

Also, it should be noted that the model does not
distinguish any input between the vaccination status of
the patients at model entry. While it is clear that most
inputs derived from the PMSI study reflect a population
without any vaccination, this is not known for the hos-
pitalisation rates. Indeed, the vaccination status was not
collected during the Ronapreve® TUA cohort. However,
as these patients were at risk for severe form, it could
be assumed that most of them had received at least
two doses of vaccine. A scenario was run to evaluate
the impact of the disease on a population with more
risks of hospitalisation and mortality at the hospital. As
expected, the burden is even more considerable espe-
cially when it comes to survival.



Also, the model is stratified by age but is not strati-
fied by comorbidity or immunodepression status,
although these are well-identified severity risk factors.
Authors from the Mayo Clinic developed the monoclo-
nal antibody screening score, a weighted score reflect-
ing the relative risk by comorbidity and by cumulative
comorbidities, to stratify patients’ risk profiles and iden-
tify eligible patients who can best benefit from early
outpatients treatment [20,21]. Nevertheless, it was con-
sidered that this would add a lot of complexity to the
model, with too many assumptions required, and too
various at risk conditions, in contrast to the limited
benefits in terms of the precision of the results. It was
then considered not reasonable to introduce more
uncertainty in the model, especially since the age
group is the most important risk factor.

Of note, the model structure assumes that patients
cannot contract COVID-19 again, while recurrent
COVID-19 infections occur through the reduction of
immunity over time, lack of immune response or the
emergence of new variants. However, a proportion of
the costs of reinfections is reflected in the costing of the
long/prolonged COVID. Indeed, some stays related to
a second (or more) infection may be considered as stays
due to long COVID, in the PMSI database. On one hand,
this may slightly overestimate the cost of long/pro-
longed COVID. But on the other hand, the cost of
long/prolonged COVID is assumed to last no more
than 2 years in the model.

In addition, the model does not allow patients to
transition across health states in the Markov model due
to a lack of evidence on the issue. Moreover, the model
separates patients with long COVID after the acute
phase into two health states, based on the setting (out-
patient or hospital). The continuum of severity and
duration of long COVID may suggest the presence of
additional health states. These simplifications may lead
to incorrect calculation of healthcare costs for patients
who leave the acute phase with a long COVID.
However, it is unclear how this would affect the results
of the model.

Finally, the last presented scenario illustrates the
burden of COVID-19 in infected patients, but indepen-
dently of their risk factors. As expected, the burden per
patient is reduced, but it is unclear how this would
affect the total burden for the entire French population,
in a context where the number of persons infected, and
the proportion of those at risk within this population,
are not well known. However, these are important
results for health policymakers in evaluating and mak-
ing decisions about preventive and treatment pro-
grammes, and in view of the ecosystem and the
current health context, it seems appropriate to shed
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light on and gain a better understanding of the
resources committed during this pandemic.

In conclusion, this study details the considerable bur-
den related to COVID-19 in infected patients, with at least
one risk factor for severe form of the disease. Strategies
with the ability to substantially reduce this burden in
France are urgently required, especially in the elderly.
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