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ABSTRACT

Background: The clinical and economic burden of long COVID is poorly understood. We aim to assess
all-cause healthcare resource utilization (HCRU) and costs in the primary care setting among adults
with long COVID in France.

Methods: A retrospective cohort study using the electronic healthcare records (EHRs) of confirmed and/
or probable COVID-19 patients from The Health Improvement Network (THIN) data between March 2020
and December 2022 was conducted. Long COVID was identified per World Health Organization (WHO)
definition as suggestive symptoms present >3 months following acute SARS-CoV-2 infection. Patients’
characteristics, HCRU, direct healthcare and indirect costs (National Health Insurance-based prices) were
summarized. Costs between patients with previous SARS-CoV-2 infection who developed long COVID,
patients with previous SARS-CoV-2 infection who did not develop long COVID (COVID only), and contem-
poraneous controls without SARS-CoV-2 infection were compared (Non-COVID).

Results: Long COVID developed among 30,122 (11.6%) adults; mean (SD) age was 50 (17) years,
63.6% were female and 27.5% had a Charlson Comorbidity Index score >2. During the post-infection
follow-up (mean = 13 months), 97.3% of patients had general practitioner consultations (GP) and
62.4% had nursing care. Costs were highest during the first post-diagnosis year with per patient per
year costs of €2,443 (total cost of €52 million), including costs for GP (€208) and specialist (€170) con-
sultations, outpatient procedures (€413), retail pharmacy use (€595), biological testing (€147), and
medical device usage (€172). Patients with long COVID had additional costs of €163 and €176 when
compared to patients in the COVID only and Non-COVID cohorts, respectively.

Limitations: Since the THIN database is generated from GP EHRs, there is the possibility of measure-
ment/documentation errors and missing values which could compromise the validity and accuracy of
certain results.

Conclusion: Long COVID was associated with non-negligible HCRU, direct and indirect costs to the
French healthcare system. These findings reinforce the importance of optimizing long-term resource
allocation for patients infected with SARS-CoV-2.
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headache'?. Although several independent health authorities
have developed long COVID guidelines, there is no univer-
sally accepted definition of long COVID**. The National
Institute for Health and Care Excellence (NICE) defined long
COVID as “new or ongoing symptoms four weeks or more
after the start of acute COVID-19,” with signs and symptoms
of COVID-19 from 4-12weeks and for >12weeks with no
alternative diagnostic explanation®. The World Health
Organization (WHO) defined it as a condition characterized
by symptoms impacting everyday life, which occur after a
history of probable or confirmed SARS-CoV-2 infection;

Introduction

Long COVID, also referred to as post-COVID-19 condition,
post-acute COVID-19 syndrome, and post-acute sequelae of
COVID-19, is a multisystemic condition comprising a wide
range of symptoms that follow an acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection. The most fre-
quent symptoms include: shortness of breath, fatigue,
muscle weakness or joint stiffness, sleep disturbances,
decreased mental and cognitive status, olfactory dysfunction,
cough, mood changes, chest pain, stomach pain, and
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symptoms occur three months from the onset of acute ill-
ness, last for >2months, and cannot be explained by an
alternative diagnosis®.

The prevalence of long COVID varies widely depending
on the definition of long COVID, study design/setting and
geographic location’. In 2022, Santé publique France
reported a 4% prevalence of long COVID among the adult
general population and 8% for adults with a SARS-CoV-2
infection >3 months earlier®. Among a longitudinal prospect-
ive French cohort of patients hospitalized with COVID-19,
42% had 1-2 persistent symptoms three months post-dis-
charge and 27% had >3 persistent symptoms®. Moreover,
two prospective cohort studies of 311 and 429 adults in
France with mild outpatient-treated COVID-19 reported that
46.3% and 43.7% had persistent symptoms at six weeks and
thirty days following an acute SARS-CoV-2 infection, respect-
ively'®"", Although most of the existing studies assessing the
burden of long COVID have focused on hospitalized patients,
mild-moderate infections that are managed in primary care
settings account for more than 80% of COVID cases.
Therefore, it is important to understand both the clinical and
economic burden of longer-term health outcomes of COVID-
19 infection in this population' '3,

Prior studies assessing healthcare resource utilization
(HCRU) and costs in long COVID patients have shown a sig-
nificant burden to the healthcare system'*?*. However,
these studies utilized a wide range of clinical definitions,
time frames, patient populations, and data sources. In add-
ition, while these studies included several European coun-
tries, the economic burden of long COVID in France remains
unclear'*'®, Furthermore, the majority of long COVID
patients in France are managed by general practitioners
(GPs) in primary care settings, and therefore the present
study aimed to quantify all-cause HCRU and costs among
community-managed long COVID patients aged >18years in
France from 2020 to 2023%.

Methods
Data source

The Health Improvement Network (THIN®) database, a large
standardized European database, contains anonymized EHR
collected from about 2,000 GPs in retail practice in France
participating the THIN network®®. The database included
physician-collected patient demographic characteristics, med-
ical and prescription information from more than 14 million
visits from >4.5 million active patients and the patient his-
tory of 40 million patients. The THIN GP database is repre-
sentative of the total National Institute of Statistics and
Economic Studies (INSEE) population of France based on
gender, age and region?®?’.

Study design and population

This retrospective cohort study identified adults (age
>18years) diagnosed with COVID-19 during March 2020 to
December 2022 from the THIN GP EHR database using

International Classification of Diseases, Tenth Revision (ICD-
10) diagnosis code U07.1. The index date was the first con-
firmed or probable diagnosis of COVID-19. Long COVID was
identified per the WHO definition®. The symptoms
(Supplementary Table 1) were new-onset or persisting fol-
lowing initial acute infection, could fluctuate or relapse over
time, and were not explained by an alternative diagnosis
(Supplementary Appendix 1). The follow-up period began
three months post-index and continued for <21 months (two
years following the acute infection) or was censored at
patient death, reinfection (defined as a new COVID-19 diag-
nosis that occurred between 3-21months after the index
date), last recorded contact with a THIN physician (loss to
follow-up), or end of the study period, whichever occurred
first. Sensitivity analyses on NICE-defined long COVID were
also performed, beginning one month following the acute
infection. These patients were also required to meet the
aforementioned inclusion and exclusion criteria.

Covariates

Patient demographics were evaluated at the index date.
Quan-Charlson Comorbidity index (CCl) scores were based
on the last known CCl score prior to the index date. Clinical
characteristics were determined using the most recent
data available prior to and including the index date.
Community-managed long COVID-associated HCRU and costs
were evaluated among patients with >1 any-cause health-
care reimbursement >3 months after the index date.

All-cause HCRU and costs

All-cause HCRU and costs were evaluated among commu-
nity-managed long COVID patients with >1 any-cause
healthcare reimbursement starting at 3 months following the
acute infection per WHO definition (starting at 1 month per
NICE definition in the sensitivity analyses) during both the
total and first 12 months of the follow-up period. Burden was
estimated and reported as the number and percentage of
patients with the HCRU, mean cost per patient, percentage
of the total cost, and cost per patient per year (PPPY). The
mean cost per patient was calculated as the total cost during
the study time period, divided by the total number of
patients included in the cost analysis. The percentage of the
total corresponds to the portion of HCRU-related costs out of
the total cost. PPPY corresponds to the total costs divided by
the number of months of follow-up, multiplied by 12. To
determine the costs associated with the consumption of
care, total HCRU and costs associated with healthcare
received after a diagnosis of long COVID were stratified into
seven areas of care: healthcare encounters, medical proce-
dures, retail pharmacy usage, biological testing procedures,
sick leave, medical transport, and medical device usage
(Supplementary Appendix 2). In France, sick leave and med-
ical transport services (e.g. ambulance, taxi) are covered by
social security for insured individuals, and the associated
reimbursement data were collected in the THIN database.
For sick leave, the daily allowance provided by social security
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is as follows: only 50% of the salary is covered by health
insurance, up to a maximum of €52 per day’®*®°. In our
study, we applied an average daily reimbursement of €41 for
sick leaves. Similarly, medical transportation is based on an
average reimbursement amount of €58 per trip>®3'.

Statistical analysis

Descriptive statistics were used to summarize baseline char-
acteristics, HCRU and costs. Counts and percentages were
reported for categorical variables. Continuous variables were
summarized using means and standard deviations (SD) for
normally distributed variables and medians and interquartile
range (IQR) for variables with skewed distribution. Analyses
of reimbursement data were performed on patients with a
recorded reimbursement history. The specialist-related
healthcare encounters, medical procedure classifications, and
retail pharmacy treatment types that accounted for the ten
highest proportions of healthcare costs for the associated
care areas were reported. In addition, we compared the dir-
ect healthcare costs of patients who developed long COVID
(Long COVID cohort) with that of patients previously infected
with SARS-CoV-2 who did not develop long COVID (COVID
Only cohort) and contemporaneous uninfected controls
(Non-COVID cohort) using multivariate regression models.
Non-COVID cohort patients were randomly selected from
among a population of 4.5 million patients who were not
diagnosed with a SARS-CoV-2 infection using a stratification
method and assigned an index date based on the first
healthcare encounter that occurred between 1 March 2020
and 31 December 2022. Stratification was performed based
on the following criteria: age at the index date (in 10-year
age groups), available follow-up time (0 to 5 months, then in
10-month periods from the index date), health seeking
behaviour prior to the index date (GP interaction history
within a 2-year period prior to the index date), and gender.
All analyses were performed using R software.

Results

Among the 259,184 patients with a confirmed and/or prob-
able COVID-19 diagnosis between March 2020 and
December 2022, the prevalence of WHO-defined long COVID
was 11.6% (n=30,120, Supplementary Figure 1). Among
patients initially identified with at least one WHO-defined
long COVID symptom, 49.2% were subsequently excluded
when their symptoms were explained by alternative diagno-
ses other than COVID infection (e.g. existing chronic condi-
tions). Patients with long COVID had a mean (SD) age of 50
(17) years; the majority were female (Table 1). Patients on
average had a mild comorbidity burden and tended to be
overweight. Among WHO-defined long COVID patients,
34.3% of patients were lost to follow-up and 33.9% were fol-
lowed until the end of the study period. Most patients were
not reinfected with COVID-19 during the post-long COVID
follow-up period (n= 25,989, 86.3%). Assessment of the inci-
dence of long COVID according to the SARS-CoV-2 variant
predominant at the time of acute infection revealed that the
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Table 1. Patient demographic and clinical characteristics.
Adults with WHO-defined
long COVID (n=30,120)

Age (years) at index date

Mean (SD) 50 (17)

Median (IQR) 50 (25)
Age group (years) at index date, n (%)

18-64 23,538 (78.1%)

>65 6,582 (21.9%)
Sex, n (%)

Female 19,161 (63.6%)

Male 10,959 (36.4%)
Charlson comorbidity index (CCl)

Mean (SD) 1.7 (2.0)

Median 1)
CCl per class, n (%)

0 10,244 (34.0%)

1-2 10,772 (35.8%)

3-4 5,099 (16.9%)

>4 2,875 (9.5%)

Missing 1,130 (3.8%)
Body mass index (BMI)?

Mean (SD) 26.9 (6.0)

Median (IQR) 26.1 (7.6)
BMI class, n (%)

<18.5 535 (4.0%)

18.5-<25 5,053 (37.9%)

25-<30 4,189 (31.5%)

>30 3,541 (26.6%)
Follow-up duration, months

Mean (SD) 13 (6)

Median (IQR) 14 (13)
Lost to follow-up, n (%)

Reinfection 895 (3.0%)

Others® 9,426 (31.3%)

Abbreviations. IQR, interquartile range; SD, standard deviation; WHO, World
Health Organization.

BMI was only available in 13,318 individuals per WHO definition.

POther reasons included patients who no longer required medical attention
during the study period, death or consultation with GPs outside the represen-
tative network.

Omicron BA.1 variant led to the highest incidence of long
COVID (Supplementary Figure 2)*>33,

Among patients with WHO-defined long COVID, 83.6% had
a reimbursement history and were included in the HCRU and
cost analysis. The total all-cause cost after a diagnosis of long
COVID over the follow-up period was €66.6 million, with mean
total costs per patient of €2,645 (Table 2). The majority of the
healthcare services were consumed during the first year fol-
lowing SARS-CoV-2 infection. Sick leave accounted for the
largest proportion of long COVID costs, followed by retail
pharmacy use, medical procedures and healthcare encounters;
76.5% to 78.9% of these costs were incurred within the first
year of follow-up. Nearly all patients (97.8%) had a healthcare
encounter within the first 12months. GP-related care
accounted for 55% of the total cost of healthcare encounters
and was received by approximately 94% of patients during
both the overall follow-up period and the first year following
the initial infection (Table 3). Non-nursing specialists
accounted for approximately 38% of the total cost of health-
care encounters during the overall and first year of follow-up.
Lastly, approximately 60% of patients were treated by a nurse
during the overall and first year of follow-up, which accounted
for 6.7% of healthcare encounter-related costs.

Among long COVID patients included in the cost analysis,
86.0% and 84.4% had a medical procedure during the overall
and first year of follow-up, respectively. Dental surgery and
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Table 2. Healthcare resource utilization and costs of adults with WHO-defined long COVID during the total and first year of the follow-up period.

Treatment type Total follow-up (n = 25,187)

First year of follow-up (n=24,730)

HCRU Cost, € HCRU Cost, €
N (%) Mean per person % of total cost PPPY N (%) Mean per person % of total cost PPPY
Total 25,187 (100.0%) 2,645 100.0% 2,302 24,730 (100.0%) 2,061 100.0% 2,443
Healthcare encounters 24,514 (97.3%) 404 15.3% 352 24,175 (97.8%) 325 15.5% 378
Medical procedures 21,656 (86.0%) 443 16.7% 385 20,861 (84.4%) 355 16.9% 413
Pharmacy use 24,241 (96.2%) 647 24.4% 563 23,857 (96.5%) 511 24.4% 595
Biological testing procedures 20,095 (79.8%) 156 5.9% 136 19,328 (78.2%) 126 6.0% 147
Sick leave 6,922 (27.5%) 777 29.4% 677 6,238 (25.2%) 606 28.9% 705
Medical transport 2,840 (11.3%) 34 1.3% 29 2,468 (10.0%) 27 1.3% 31
Medical device use 15,061 (59.8%) 184 7.0% 160 13,785 (55.7%) 148 7.1% 172
Abbreviations. HCRU, healthcare resource utilization; PPPY, per patient per year; WHO, World Health Organization.
Table 3. Top 10 healthcare encounter utilization and costs during the total and first year of the follow-up period of adults with WHO-defined long COVID.
Physician specialty Total follow-up (n=25,187) First year of follow-up (n=24,730)
HCRU Cost, € HCRU Cost, €
N (%) Mean per person % of total cost PPPY N (%) Mean per person % of total cost PPPY
Any healthcare encounter 24,514 (97.3%) 404 100.0% 352 24,175 (97.8%) 325 100.0% 378
General medicine 23,695 (94.1%) 222 54.8% 193 23,284 (94.2%) 179 55.1% 208
Nurse 15,716 (62.4%) 27 6.7% 23 14,696 (59.4%) 22 6.7% 25
Physiotherapist 7,906 (31.4%) 18 4.4% 15 7,196 (29.1%) 14 4.4% 17
Inpatient psychiatry 1,312 (5.2%) 17 4.3% 15 1,196 (4.8%) 14 4.3% 16
Inpatient cardiology 3,268 (13.0%) 10 2.5% 9 2,804 (11.3%) 8 2.5% 9
Osteopathy 2,971 (11.8%) 9 2.3% 8 2,537 (10.3%) 7 2.3% 9
Gynaecology-obstetrics 3,986 (15.8%) 8 2.0% 7 3,455 (14.0%) 7 2.0% 8
Dental surgery 5,880 (23.3%) 8 2.0% 7 4,957 (20.0%) 7 2.0% 8
Dermatology 3,688 (14.6%) 8 2.0% 7 3,120 (12.6%) 6 2.0% 7
Anesthesia resuscitation 3,920 (15.6%) 7 1.8% 6 3,217 (13.0%) 6 1.8% 7
Abbreviations. HCRU, healthcare resource utilization; PPPY, per patient per year; WHO, World Health Organization.
Table 4. Top 10 medical procedure utilization and costs during the total and first year of the follow-up period of adults with WHO-defined long COVID.
Medical procedures? Total follow-up (n = 25,187) First year of follow-up (n=24,730)
HCRU Cost, € HCRU Cost, €
N (%) Mean per person % of total cost PPPY N (%) Mean per person % of total cost PPPY
Any medical procedure 21,656 (86.0%) 443 100.0% 385 20,861 (84.4%) 355 100.0% 413
Other not applicable or <100 patients 18,705 (74.3%) 184 41.5% 160 17,658 (71.4%) 148 41.7% 172
Dental surgery 12,212 (48.5%) 102 23.1% 89 10,816 (43.7%) 82 23.0% 95
Ophthalmology 8,903 (35.3%) 41 9.2% 36 7,602 (30.7%) 33 9.2% 38
Inpatient cardiology 3,789 (15.0%) 14 3.2% 12 3,257 (13.2%) 12 3.3% 14
Anatomical and cytopathology 4,276 (17.0%) 12 2.8% 11 3,536 (14.3%) 10 2.7% 1
Pneumology 1,861 (7.4%) 1 2.5% 10 1,609 (6.5%) 9 2.6% 1
Otorhinolaryngology (E.N.T.) 2,617 (10.4%) 1 2.5% 10 2,239 (9.1%) 9 2.6% I}
General medicine 3,708 (14.7%) 10 2.2% 9 3,123 (12.6%) 8 2.3% 9
Osteopathy 910 (3.6%) 9 2.1% 8 722 (2.9%) 7 2.0% 8
Hepato-gastroenterology 1,404 (5.6%) 9 2.0% 8 1,134 (4.6%) 7 2.0% 8

Abbreviations. HCRU, healthcare resource utilization; PPPY, per patient per year; WHO, World Health Organization.
*Medical procedures were categorized using Classification Commune des Actes Médicaux (CCAM) classifications, a French clinical procedure coding system.

ophthalmology accounted for the highest proportion of total
medical procedure-related costs and were the most com-
monly performed procedures (Table 4). Few patients had a
pneumology-related procedure during the follow-up period
and only approximately 3% of annual medical procedure
costs were pneumology-related. In addition, more than 96%
of patients had retail pharmacy use during both the overall
and first year of follow-up. Antineoplastics and immunomo-
dulating agents, digestive system and metabolic treatments,
nervous system-related treatment classes accounted for the
highest proportions of retail pharmacy costs (Table 5).
Although antineoplastics and immunomodulating agents
accounted for the largest proportion of pharmacy costs, only
4.1% of patients received these treatments during follow-up;
digestive system and metabolic treatments and nervous sys-
tem-related treatments were received by the vast majority of

patients. Respiratory system-related pharmacological treat-
ments were received by approximately 60% of patients dur-
ing the overall and first year of follow-up but represented
only 7.4% of total retail pharmacy costs during both periods.

In the sensitivity analyses, evaluation of long COVID using
NICE criteria resulted in a prevalence of 14.4% (n=37,446).
Aside from the follow-up duration, the distribution of patient
demographics and clinical characteristics were similar to that
of WHO-defined long COVID patients (Supplementary Table 2).
Furthermore, the relative proportions of HCRU and costs
attributed to the studied areas of care were also similar to that
of patients with WHO-defined long COVID (Supplementary
Tables 3-6).

In the multivariate analysis, patients with long COVID had
additional costs of €163 compared to patients in the COVID
Only cohort (p <0.05), after adjusting for gender, age, CCl,
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Table 5. Top 10 retail pharmacy utilization and costs during the total and first year of the follow-up period of adults with WHO-defined long COVID.

Retail pharmacy®

Total follow-up (n = 25,187)

First year of follow-up (n=24,730)

HCRU Cost, € HCRU Cost, €
N (%) Mean per % of total PPPY N (%) Mean per % of total PPPY

person cost person cost
Any pharmacy use 24,241 (96.2%) 647 100.0% 563 23,857 (96.5%) 511 100.0% 595
Antineoplastics and immunomodulating agents 1,087 (4.3%) 183 28.3% 159 1,013 (4.1%) 145 28.3% 169
Digestive system and metabolism 19,830 (78.7%) 78 12.1% 68 19,018 (76.9%) 60 11.8% 70
Nervous system 21,363 (84.8%) 73 11.2% 63 20,634 (83.4%) 58 11.3% 67
Systemic anti-infectives 16,003 (63.5%) 60 9.3% 52 14,802 (59.9%) 47 9.2% 55
Blood and blood-forming organs 8,030 (31.9%) 55 8.5% 48 7,376 (29.8%) 45 8.7% 52
Cardiovascular system 10,264 (40.8%) 51 7.8% 44 9,918 (40.1%) 40 7.7% 46
Respiratory system 15,509 (61.6%) 48 7.4% 42 14,393 (58.2%) 38 7.4% 44
Sensory organs 8,977 (35.6%) 28 4.4% 25 8,007 (32.4%) 23 4.5% 27
Dermatology 12,214 (48.5%) 16 2.5% 14 11,003 (44.5%) 12 2.3% 14
Genitourinary system and sex hormones 7,408 (29.4%) 16 2.5% 14 6,832 (27.6%) 13 2.6% 15

Abbreviations. HCRU, healthcare resource utilization; PPPY, per patient per year; WHO, World Health Organization.

“Retail pharmacy use was categorized by treatment type.

body mass index (BMI) and prior health seeking behaviour
(Supplementary Table 7). The adjusted comparison of the
total healthcare costs of the Long COVID and Non-COVID
cohorts revealed increased costs of €176 among patients
with long COVID (p < 0.05) (Supplementary Table 8).

Discussion

Our study has shown that the clinical and economic burden
of patients with long COVID managed in the community in
France was non-negligible, particularly within the first year
following SARS-CoV-2 infection, as more than 97% of the
patients had an all-cause healthcare encounter. Comparison
of total healthcare costs across three cohorts revealed that
patients with long COVID had higher costs compared to
patients who did not develop long COVID or were not
infected with COVID, which further demonstrated that long
COVID poses an additional economic burden to the health-
care system. Sick leave, pharmacy use, and medical proce-
dures accounted for more than 70% of all costs, resulting in
a total cost of €66.6 and €51.9 million to the French health-
care system during the 2-year span and first year following
acute SARS-CoV-2 infection, respectively. Our findings dem-
onstrated the importance of long COVID management, which
is vital to mitigate its clinical and economic burdens from a
national payer perspective.

The prevalence of long COVID in adults has been exten-
sively reviewed and synthesized in the literature, but the
reported estimation has a large variation depending on the
population of interest, study setting, diagnostic criteria used
to identify acute infection, definition of long COVID, and meth-
ods of data collection and interpretation’**~, It was reported
that in autumn 2022, the prevalence of long COVID in French
adult population ranged from 1.2% to 13.4%, depending on
the definition®”. A cross-sectional survey in France using ran-
dom sampling from August to November 2022 found that,
among participants reporting probable or confirmed infection,
8.0% met the WHO definition of long COVID; Delta variant and
Omicron BA.1 waves represented the highest infections®.
However, symptoms were self-reported, and data were col-
lected in autumn 2022, potentially introducing recall bias for
infections from earlier waves, which may explain the slightly

lower prevalences observed in their study and the govern-
ment report compared to our estimates®. Although we were
not able to compare the prevalence of NICE-defined long
COVID in our study with the estimate presented in Coste
et al8, given that it was reported only in participants with per-
ceived long COVID, a similar agreement between the two defi-
nitions has been observed.

In the present study, primary care providers are the first
point of contact for patients experiencing persistent symp-
toms. Prior studies conducted in Europe generally supported
our findings'>™". For instance, a retrospective case series
study that consisted of 267 adult patients managed in the pri-
mary care setting in Spain has shown that 98.4% of long
COVID patients required at least one contact with a primary
care provider, with an average of 6.7 contacts’'®. Notably,
nurses and physiotherapists also play crucial roles in the man-
agement of long COVID patients in our analyses, which is con-
sistent with a retrospective study from 30 European countries
indicating that nurses provided medical care alongside GPs*°.
In particular, nurses in France and ltaly were responsible for
performing antigenic tests and delivering the results along
with retail pharmacists. Also, it has been well acknowledged
that long COVID patients are not only experiencing physical
conditions but also mental health symptoms and condi-
tions*®*!, requiring a holistic approach to rehabilitation to
ensure a gradual return to normal function where physiothera-
pists can monitor progress and adjust treatment as needed*?.
However, according to a focus group study conducted in
Germany in 2022, patients who had a primary care encounter
due to long COVID did not perceive it as helpful due to the
lack of support received to improve their symptoms, citing fac-
tors such as a low awareness of long COVID and poor access
to specialists®>. Although some studies have proposed evi-
dence-based primary care guidelines for the management of
long COVID patients, it is vital to formalize an international
framework to facilitate long COVID diagnosis and identifica-
tion, provide symptom-based treatment, and coordinate
multidisciplinary care in this endemic phase*>**™¢,

Since long COVID is recognized as a clinical syndrome
with a spectrum of manifestations, often presenting as symp-
tom clusters that indicate interconnected pathophysiological
mechanisms, we reported the all-cause HCRU of long COVID
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patients to holistically quantify clinical and economic burden
instead of aiming to establish any causality between the
diagnosis and resource utilized”’. We have observed high
demands for dental surgery, followed by ophthalmology in
the present study. Rafalowicz et al.*® reported oral cavity
symptoms among long COVID patients in a longitudinal
study in Poland, which included discoloration, ulceration,
and haemorrhagic changes on the oral mucosa, although the
exact mechanism of SARS-CoV-2 infection in the develop-
ment of oral conditions remains unclear®. Interestingly,
Chakraborty et al.>® conducted a review of long COVID and
its implications on dental management, revealing that there
might be a delayed delivery of oral surgeries due to pro-
longed symptoms in long COVID patients which may par-
tially explain the “rebound effect” observed in the present
study. Similarly, evidence of long COVID-associated ophthal-
mic complications is emerging®', and the high usage of oph-
thalmology among long COVID patients indicates a call for
longer-term surveillance, as the eye could be subject to sec-
ondary infection®?.

It is worth mentioning that over 95% of the long COVID
patients in our study had pharmacy use, with medications
for the nervous, digestive, metabolic, and respiratory systems
and systemic anti-infectives ranked among the top five; such
usage could be explained by the symptoms most frequently
observed among long COVID patients. According to a sys-
tematic review of the symptoms among long COVID patients,
fatigue and shortness of breath were the most frequent
symptoms>>, which is supported by a similar review of
patients with mild SARS-CoV-2 infections® In a retrospective
cohort study comprised of non-hospitalized COVID patients
from the Netherlands and Belgium, over 90% of the partici-
pants reported fatigue approximately 3 months after infec-
tion'>. Aside from neurological and cardiopulmonary
symptoms, gastrointestinal symptoms are also prevalent,
highlighting the importance of providing personalized, symp-
tom-specific care®”.

Regarding the cost of community-managed long COVID
patients, the data are sparse. To the best of our knowledge,
this is the first study quantifying the economic burden of long
COVID in France. Among 536 adults with long COVID (13.4%)
from a statutory health insurance company in Germany, mean
(SD) healthcare costs within the first year after SARS-CoV-2
infection were €1,074 (€1,057) for outpatient medical care and
€480 (€1,519) for drug costs'®. In Israel, patients with diag-
nosed or probable long COVID had mean (SD) monthly costs
at 12months of $1,284 ($8,031) for physician visits, $20 ($280)
for dispensed medications, and $699 ($1,070) for lab tests and
imaging, with a total cost of $3,989 ($14,984)°°. A UK study of
472,173 non-hospitalized adults with a diagnosis of long
COVID and those with long COVID symptoms reported mean
PPPY costs for PC consultations of £94 and £130, respect-
ively'®. Our estimates are within the range of the aforemen-
tioned studies. However, it is difficult to directly compare the
costs across studies, as the healthcare system and reimburse-
ment methodology are country-dependent and ways of man-
aging long COVID are heterogeneous. While we found that
diagnosis of long COVID triggered incremental costs

compared to COVID only or non-COVID patients, there is a
gap in the literature to help us further evaluate our estimates.
Future studies are needed to quantify the magnitude of the
economic burden that is attributed to long COVID.

Notably, sick leave due to long COVID underscores a sig-
nificant indirect cost in the current study, which has been
observed in prior studies'>'®'?*%%¢ The symptoms of long
COVID often impact daily functioning, interfering with the
ability to work. In an online survey of people with suspected
and confirmed COVID-19 from 56 countries, 45.2% had
reduced work schedules and another 22.3% were no longer
working or on sick/disability leave'®. When referred to a
dedicated post-COVID-19 clinical service in the UK, 25% to
36% of patients had not returned to work'>. Another study
of 222 patients who received care at the University Hospital
of Cologne’s post-COVID outpatient clinic reported that, at
15 months post-infection, 24.8% of patients had not returned
to work; 14.9% were on sick leave®>. In the case series of 122
adults with long COVID from Spain, 41.8% required work
leave during the follow-up period'®. Gandjour Afschin esti-
mated a production loss of €3.4 billion and nearly 0.4% of
employees were expected to be either fully or partially with-
drawn from the labour market per 2020-2021 data from
Germany’®. Hence, future studies are needed to better cap-
ture the monetary costs of long COVD on labour supply, pro-
duction and incomes.

Limitations

The findings of this study should be interpreted in the con-
text of several limitations. First, since the THIN database is
generated from GP EHRs, there is the possibility of measure-
ment/documentation errors, missing values, data gaps, or
variable physician coding which could compromise the valid-
ity and accuracy of certain results. However, quality controls
are employed throughout the data collection process to min-
imize such errors. In France, the “Assurance Maladie” entails
a physician/GP who coordinates and centralizes all patient
care and information. Patient information from partially reim-
bursed hospitalizations, consultations with other private or
THIN observatory physicians or non-referred specialists may
not be captured, resulting in potential underestimation of
long COVID-associated conditions. Second, identification of
clinical conditions relied on adapting definitions established
by health authorities to the database; there may be discrep-
ancies between medical assessment and algorithm coding.
Third, patients with undiagnosed asymptomatic COVID-19
were not included in the study. The estimated risk of devel-
oping long COVID after an asymptomatic/mild vs asymptom-
atic infection is 80% lower®’. While the milder long COVID
symptoms of asymptomatic patients are less costly to treat,
asymptomatic cases account for a significant proportion of
SARS-CoV-2 infections®®. Consequently, our study likely pro-
vides a conservative estimate of the economic burden of
long COVID. Fourth, this study set COVID episode durations
at 12 weeks, which may fail to differentiate between ongoing
infection and possible reinfection. However, this should
affect few individuals as most persons without severe



immunocompromising conditions are not expected to experi-
ence a single episode of ongoing infection beyond 12 weeks.
Fifth, since we reported all-cause HCRU and costs in long
COVID, some of the healthcare services received may not be
long COVID-related. For example, the most expensive drug
costs are antineoplastic and immunomodulating agents
which may be explained by patients with underlying condi-
tions, e.g. cancer, and are unlikely to be the consequence of
long COVID. However, it has been reported that cancer survi-
vors have higher odds of developing long COVID when com-
pared with non-cancer individuals from a U.S. study and
cancer is one of the important predictors of long COVID fol-
lowing mild SARS-CoV-2 infection®®°. Future studies are
needed with defined methodology to better capture long-
COVID-specific costs. Moreover, the lack of a control arm and
baseline data in the current study may prevent us from
uncovering the true incremental burden of long COVID, and
our results therefore should be interpreted with caution.
Sixth, it is worth noting that 34% of patients were consid-
ered to be lost to follow-up, which could be attributed to
one of the following reasons: (1) patients no longer needed
medical attention during the study period of interest; (2)
death; and (3) patients consulted GPs outside the representa-
tive network. Since we were not able to identify those who
had recovered and patient vital status was not captured in
the database, the loss to follow-up rate was amplified. As a
result, our estimate of HCRU is likely conservative and poten-
tial selection bias can be introduced, limiting the generaliz-
ability of our findings. Lastly, the perspective of our cost
analysis is the healthcare system in France. However, the
true cost of medical consultations is likely underestimated
given the extra charges commonly invoiced by GPs and spe-
cialists were not captured. Also, other indirect costs, such as
informal caregiving, are not taken into consideration.

Conclusion

Long COVID is associated with non-negligible HCRU, direct
medical costs, and indirect costs to the French healthcare
system. Our results reinforce the importance of optimizing
long-term resource allocation for patients previously infected
with SARS-CoV-2.
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