N

N

Quantifying all-cause healthcare resource utilization and
costs of children with mild-to-moderate long COVID in
France
Jingyan Yang, Cheikh Tamberou, Elise Arnee, Pierre-Alexandre Squara, Ayoub
Boukhlal, Jennifer Nguyen, Hannah Volkman, Stephane Fievez, Marina

Lepoutre-Bourguet, Haifa Ben-Romdhane, et al.

» To cite this version:

Jingyan Yang, Cheikh Tamberou, Elise Arnee, Pierre-Alexandre Squara, Ayoub Boukhlal, et al.. Quantifying
all-cause healthcare resource utilization and costs of children with mild-to-moderate long COVID in France.
Journal of Medical Economics, 2025, 28 (1), pp.1002-1013. {10.1080/13696998.2025.2525002). <hal-05148803)

HAL Id: hal-05148803
https://ehesp.hal.science/hal-05148803v1

Submitted on 7 Jul 2025

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Qoo

Distributed under a Creative Commons CC BY-NC-ND 4.0 - Attribution - Non-commercial use - No
Derivative Works - International License


https://ehesp.hal.science/hal-05148803v1
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Taylor & Francis
Taylor & Francis Group

Journal of Medical Economics

ISSN: 1369-6998 (Print) 1941-837X (Online) Journal homepage: www.tandfonline.com/journals/ijme20

Quantifying all-cause healthcare resource
utilization and costs of children with mild-to-
moderate long COVID in France

Jingyan Yang, Cheikh Tamberou, Elise Arnee , Pierre-Alexandre Squara,
Ayoub Boukhlal, Jennifer L. Nguyen , Hannah R. Volkman , Stephane Fievez,
Marina Lepoutre-Bourguet , Haifa Ben Romdhane , Charlotte Renaudat,
Pascal Crépey & Olivier Robineau

To cite this article: Jingyan Yang, Cheikh Tamberou, Elise Arnee, Pierre-Alexandre Squara,
Ayoub Boukhlal, Jennifer L. Nguyen , Hannah R. Volkman , Stephane Fievez , Marina Lepoutre-
Bourguet , Haifa Ben Romdhane , Charlotte Renaudat, Pascal Crépey & Olivier Robineau
(2025) Quantifying all-cause healthcare resource utilization and costs of children with mild-
to-moderate long COVID in France, Journal of Medical Economics, 28:1, 1002-1013, DOI:
10.1080/13696998.2025.2525002

To link to this article: https://doi.org/10.1080/13696998.2025.2525002

A
© 2025 The Author(s). Published by Informa h View supp|ementary material &
UK Limited, trading as Taylor & Francis

Group
@ Published online: 03 Jul 2025. Submit your article to this journal &
. . A
||I| Article views: 416 & View related articles &'

PN

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ijme20


https://www.tandfonline.com/journals/ijme20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13696998.2025.2525002
https://doi.org/10.1080/13696998.2025.2525002
https://www.tandfonline.com/doi/suppl/10.1080/13696998.2025.2525002
https://www.tandfonline.com/doi/suppl/10.1080/13696998.2025.2525002
https://www.tandfonline.com/action/authorSubmission?journalCode=ijme20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ijme20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13696998.2025.2525002?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13696998.2025.2525002?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/13696998.2025.2525002&domain=pdf&date_stamp=03%20Jul%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/13696998.2025.2525002&domain=pdf&date_stamp=03%20Jul%202025
https://www.tandfonline.com/action/journalInformation?journalCode=ijme20

JOURNAL OF MEDICAL ECONOMICS

2025, VOL. 28, NO. 1, 1002-1013
https://doi.org/10.1080/13696998.2025.2525002
Article /2525002

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ (] Checkforupdates‘

ORIGINAL RESEARCH

Quantifying all-cause healthcare resource utilization and costs of children
with mild-to-moderate long COVID in France

Jingyan Yang®® (), Cheikh Tamberou®, Elise Arnee®, Pierre-Alexandre Squara®, Ayoub Boukhlal®,
Jennifer L. Nguyen?, Hannah R. Volkman?, Stephane Fievez®, Marina Lepoutre-Bourguet?,
Haifa Ben Romdhane®, Charlotte Renaudat®, Pascal Crépey’ and Olivier Robineau?"

3Global Access and Value, Pfizer Inc, New York, NY, USA; PInstitute for Social and Economic Research and Policy, Columbia University,
New York, NY, USA; “Real-world Evidence, GERS DATA, Paris, France; “Medical Affairs, Pfizer Ltd, Paris, France; *Health & Value, Pfizer
Ltd, Paris, France; 'EHESP, CNRS, Inserm, University of Rennes, Rennes, France; 9Inserm, Institut Pierre Louis d’Epidémiologie et de
Santé Publique, Sorbonne Université, Paris, France; "Centre Hospitalier Gustave Dron, EA2694, Centre Hospitalier de Tourcoing,
University Lille, Tourcoing, France

ABSTRACT

Background: Although children are known to be at risk of developing long COVID, its economic
burden is poorly described. We aimed to assess the all-cause healthcare resource utilization
(HCRU) and associated direct medical costs of children with mild-to-moderate long COVID in
France.

Methods: This retrospective cohort study utilized The Health Improvement Network (THIN) pri-
mary care electronic health records to identify children aged <18years with confirmed/probable
COVID-19 diagnoses during March 2020 to December 2022 who developed long COVID, identi-
fied per the World Health Organization as suggestive symptoms present >3 months following
SARS-CoV-2 infection. Patient characteristics, all-cause HCRU and direct healthcare costs from a
national health insurance perspective were summarized. HCRU and costs were stratified into
healthcare encounters, medical procedures, retail pharmacy usage, testing, caregiver sick leave,
medical transport, and medical device usage.

Results: Of 27,537 children diagnosed with acute COVID-19, 3,888 (14.1%) developed long COVID;
mean age was 8.9years, 49.2% were female and, among those with comorbidity, 24.5% had a
Charlson Comorbidity Index score >1. During a mean post-diagnosis follow-up of 12.6 months,
93.6% of children had general practitioner consultations, 93.5% had pharmacy usage, and 61.0%
had medical procedures. First-year costs were highest at €823 per patient per year; 4.3% of chil-
dren required caregiver-related work absenteeism. Compared to children who did not develop
long COVID, a long COVID diagnosis was associated with an incremental cost increase of €98 per
patient per year.

Limitations: Our findings only represent a national payer perspective. The true societal burden
of long COVID in children is likely underestimated since long COVID-related indirect costs are
not fully captured and access to care varies.

Conclusion: Children living with long COVID managed in the community pose a non-
neglectable burden on French health insurance, reinforcing the importance of managing long
COVID with a multidisciplinary approach and optimizing resource allocation.
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Introduction or “long COVID,” with reported prevalence rates rang-
ing from 3.67% to 66.49%, depending on the study

design, follow-up duration, population characteristics

Children infected with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) are often asymp-

tomatic or have mild symptoms'. Despite this, children
can also develop long-term sequelae, so called “post
coronavirus disease 2019 (COVID-19) condition (PCC)”

and other factors®. Long COVID encompasses a wide
range of symptoms and sequelae that develop, persist,
or reappear after a previous infection with SARS-CoV-2.

CONTACT Jingyan Yang @ Jingyan.yang@pfizer.com @ Global Value and Access, Pfizer Inc., 66 Hudson Blvd E, New York, NY 10001, USA
@ Supplemental data for this article is available online at https://doi.org/10.1080/13696998.2025.2525002.

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed,
or built upon in any way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their

consent.
www.tandfonline.com/ijme


http://crossmark.crossref.org/dialog/?doi=10.1080/13696998.2025.2525002&domain=pdf&date_stamp=2025-07-02
http://orcid.org/0000-0001-5523-649X
https://doi.org/10.1080/13696998.2025.2525002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandfonline.com

The most frequently reported symptoms among chil-
dren include fatigue, dyspnea, headache, anosmia/
ageusia, myalgia/arthralgia, sleep disorders, decreased
mental and cognitive status, rhinitis, cough, fever, loss
of appetite, and mood symptoms®™,

There is no universally accepted definition of long
COVID>®. The National Institute for Health and Care
Excellence (NICE) in the United Kingdom (UK) has
defined long COVID as “new or ongoing symptoms
4 weeks or more after the start of acute COVID-19,”
with signs and symptoms of COVID-19 from 4 to
12 weeks and those continuing for >12 weeks with no
alternative  diagnostic  explanation classified as
ongoing symptomatic COVID-19 and post-COVID-19
syndrome, respectively. Using a Delphi consensus-
based methodology, the World Health Organization
(WHO) led the development of a clinical definition of
long COVID, which was defined as a condition that
occurs after a history of probable or confirmed SARS-
CoV-2 infection; symptoms occur 3 months from the
onset of acute illness, last for >2 months, and cannot
be explained by an alternative diagnosis’. These symp-
toms may be new onset following the initial illness,
and they generally have an impact on everyday
functioning.

While data on the clinical presentation, risk factors
and prevalence of long COVID in children is available,
less is known regarding the associated economic bur-
den®*®° A study from lIsrael assessing the additive
cost of healthcare utilization for long COVID has
shown that among those aged 0-19years, the mean
net excess cost in cases was $3.17 and $54.45 per
patient per month in outpatients and inpatients,
respectively'®. A study of commercially insured chil-
dren in the United States with a COVID-19 diagnosis
during April-August 2020 found that excess long
COVID-associated costs were observed during one-,
three-, and six-month periods following acute infec-
tion''. Although these studies provide some insight
into the longer-term economic burden associated with
a SARS-CoV-2 infection, the findings used data from
the early phase of the pandemic which may not gen-
eralize well to the post-pandemic period. Furthermore,
to the best of our knowledge, no studies have eval-
uated the economic burden of mild-to-moderate
COVID-19 patients with long COVID from primary care
settings. The present study leveraged French national
electronic health records (EHR) to assess the all-cause
healthcare resource utilization (HCRU) and associated
costs of children aged <18years with mild-to-moder-
ate long COVID in primary care settings in France
from March 2020 through December 2022.
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Methods
Study design and data source

This retrospective cohort study evaluated the all-cause
HCRU and costs of children with long COVID following
a confirmed and/or probable diagnosis of COVID-19
between March 2020 and December 2022 utilizing
data from The Health Improvement Network (THIN®)
general practitioner (GP) EHR database. THIN® is a
large standardized European database containing ano-
nymized EHR collected from about 2,000 GPs in retail
practice’*'®. In 2020, the database included more
than 14 million visits from >4.5 million active patients
and the patient history of 40 million patients. The
physician-collected patient data include demographic
characteristics and medical information such as phys-
ical examination data, diagnoses, drug, procedure or
test prescriptions, blood tests results, as well as
medical or paramedical act reimbursement data. The
THIN GP database is representative of the total
National Institute of Statistics and Economic Studies
(INSEE) population of France based on gender, age
group and region'®>'®. The study design is outlined in
Supplementary Figure 1.

Study population

Children aged <18years diagnosed with confirmed
and/or probable COVID-19 during 1 March 2020-31
December 2022 were identified using International
Classification of Diseases, Tenth Revision (ICD-10) diag-
nosis code U07.1. The first confirmed or probable
diagnosis of COVID-19 was defined as the index date.
The period beginning 3-12months after the index
date was evaluated for the presence of WHO-defined
long COVID?. The symptoms (listed in Table 1) were
new-onset or persisting following initial acute infec-
tion, could fluctuate or relapse over time, and were
not explained by an alternative diagnosis. Symptoms
explained by alternative diagnoses were identified by
associated pathologies per categories. The follow-up
period began 3 months after the acute SARS-CoV-2
infection and continued for up to 21 months (two-year
period following the acute infection) or was censored
at death, reinfection, the last recorded contact with a
THIN® physician (loss to follow-up), or the end of the
study period, whichever occurred first. In alignment
with the WHO long COVID definition, reinfection was
defined as a new COVID-19 diagnosis that occurred
>3 months after the index date. Children who had a
COVID-19 reinfection prior to their long COVID diagno-
sis were excluded from the study.

We also performed a sensitivity analysis using the
definition of long COVID from the UK's NICE,
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Table 1. List of world health organization-defined long COVID symptom:s.

Domain Symptom ICD-10 codes
Breathing
Shortness of breath R06.0, R06.3, R06.6, R06.8
Pain
Chest pain R07.1, R07.2, R07.3, R07.4
Circulation
Palpitations R00.2
Fatigue
Fatigue R53
Post exertional fatigue R53
Cognitive health
Amnesia F06.7, R41.1, R41.2, R41.3, R41.8
Brain fog R41.0, R42
Sleep
Excessive sleep G47.1
Insomnia G47.0
Ear, nose and throat
Anosmia R43.0, R43.1, R43.2, R43.8
Cough RO5
Dysgeusia R43.1, R43.2, R43.8
Hearing loss H91.2, H91.9
Hyperacusis H93.2

Stomach and digestion
Abdominal pain
Constipation
Diarrhea
Gastric reflux
Gastritis
Muscles and joints
Joint pain
Muscle cramping
Muscle pain
Paresthesia
Mental health
Anxiety and depression
Depression

Eyes

Diplopia
Reproductive health

Menorrhagia

Menstrual changes

Premenstrual syndrome
Other symptoms

Allergies

Dizziness

Fever

Headache

R10.3, R10.4, R19.0, R19.3
R19.4, R19.8, K59.0
R19.5, K58, K59.1, K52.9
R12

K29.6, K29.7, K29.9

M13.8, M25.5, R07.3
R25.2

M79.1, M79.7
R20.1, R20.2, R20.8

F41.2, F41.3, F41.9
F32.0, F32.1, F32.2, F32.3, F32.8, F32.9, F33.0, F33.1, F33.2,
F33.3, F33.4, F33.8, F33.9, F41.2

H53.2
N92.6

N91.0, N91.2, N91.3, N91.5, N92.0, N92.1, N92.2, N92.5, N92.6
N94.3

J30.2, J30.3, J30.4, J45.0, T78.2

R42, R55, H81.1, H81.3
R50.1, R50.9
R51, G44.0, G44.1, G44.2, G44.8

beginning one month after the acute infection and
continuing up to one year. Children with NICE-defined
long COVID were also required to meet the inclusion
and exclusion criteria as described above.

Covariates

Demographic characteristics were evaluated as of the
index  SARS-CoV-2 infection  date.  Charlson
Comorbidity Index (CCl) scores were based on the last
known CCl score recorded prior to the index SARS-
CoV-2 infection, which was calculated based on
patient information in the GPs' medical records'’.
Clinical characteristics were determined using the
most recent data available prior to and including the
index date. The incidence of long COVID was

summarized according to the SARS-CoV-2 variant pre-
dominant at the time of acute infection using France’s
COVID-19 epidemiological data'®'®.

All-cause HCRU and costs

The all-cause HCRU and the national health insurance
costs of children with community-managed long
COVID were evaluated among children with at least
one healthcare reimbursement for any reason
>3 months after the index date. HCRU and costs were
assessed during both the total and first 12 months of
the follow-up period, and reported as the number and
percentage of children with the HCRU, mean cost per
child, percentage of the total cost, follow-up duration,
and cost per patient per year (PPPY). The mean cost



per child was calculated as the total cost during the
study time period, divided by the total number of chil-
dren included in the cost analysis. The percentage of
the total corresponds to the portion of HCRU-related
costs out of the total cost. PPPY costs were calculated
using an aggregated approach by dividing the total
cost for all patients by the total follow-up time in
years. To determine the costs associated with the con-
sumption of care, total HCRU and costs associated
with healthcare received after a diagnosis of long
COVID were stratified into seven areas of care: health-
care encounters, medical procedures, retail pharmacy
usage, biological testing procedures, sick leave, med-
ical transport, and medical device usage.

Healthcare encounters included all-cause GP and
specialist encounters, with costs representing the
health care tariffs (standard rates) in France?®; encoun-
ters with missing or unknown specialty were assigned
a tariff of €26.5?". Healthcare encounter-related HCRU
and costs were further stratified by physician specialty.
Medical procedures included all outpatient paramed-
ical procedures performed after a long COVID diagno-
sis; costs were determined using the French national
health insurance system’s Classification Commune Des
Actes Medicaux (CCAM) procedure pricing system??,
These medical procedures were further stratified using
the CCAM classification system. Retail pharmacy usage
included prescriptions and reimbursement medication
purchases; treatment rates corresponded to the
national pricing reference table basic rates in 2023.
Retail pharmacy-related HCRU and costs were further
stratified by medication type. The pricing of biological
testing was set by the health insurance system. Sick
leaves taken by caregivers were recorded in the THIN®
database and included any leaves occurring after the
child’s diagnosis of long COVID. However, given that
caregiver sick leave is not reimbursed by the national
health insurance, the associated economic implications
were not presented. Medical transport included all
healthcare-related transportation (ambulance, taxi,
Véhicule de Tourisme avec Chauffeur, etc.) and was
assigned a uniform rate of €58.53 corresponding to
the average rate observed for each type of trans-
port*>2?*. Medical devices included products or services
registered on the list of products and services covered
by the Health Insurance Fund.

Statistical analysis

Descriptive statistics were used to summarize baseline
characteristics, HCRU and the associated costs. Counts
and percentages were reported for categorical
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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
children with a recorded reimbursement history. The
specialist-related healthcare encounters, medical pro-
cedure classifications, and retail pharmacy treatment
types that accounted for up to the ten highest propor-
tions of healthcare costs for the associated care areas
were reported. In addition, a comparison of the direct
healthcare costs of patients who developed long
COVID with that of patients previously infected with
SARS-CoV-2 who did not develop long COVID using
multivariate regression models was performed, with
adjustment for demographics, clinical characteristics,
and health seeking behavior prior to the index date
(GP interaction history two-year prior to the index
date). All the analyses were performed using R
Statistical Software (v4.3.2; R Core Team 2021).

Results

Among the 27,537 children diagnosed with COVID-19
between March 2020 and December 2022, 14.1%
(n=3,888) had WHO-defined long COVID (Figure 1).

27,537 Children with a COVID-19 diagnosis
between March 1, 2020 and December 31,
2022

\ 4

20,617 with >3 months of follow-up after
COVID-19 diagnosis

A\ 4

5,432 meeting World Health Organization
definition of long COVID

A\ 4

4,026 with at least one relevant long COVID
symptom not explained by another diagnosis

\ 4

3,888 Long COVID Pediatric Patients
without COVID reinfection prior to long
COVID diagnosis

Figure 1. Study population flowchart.



1006 J. YANG ET AL.

These children had a mean (SD) age of 8.9 (5.2) years,
49.2% were female, and, among those with a calcul-
able CCl score, 75.5% had no comorbidities (Table 2).
During a mean follow-up of 13 months, 10% of the
children were reinfected with SARS-CoV-2 (n=389).
Evaluation of the incidence of long COVID according
to the SARS-CoV-2 variant predominant at the time of
acute infection revealed that the Omicron BA.1 variant
led to the highest incidence of long COVID among all
long COVID patients (20.7%), followed by the Omicron
BA.2 (4.9%) and Omicron BA.5 (4.2%) variants (Figure
2). Evaluation of long COVID using the NICE definition
resulted in a prevalence of 17.4% (n=4,779). The dis-
tribution of patient demographics and clinical charac-
teristics was similar to that observed with WHO-
defined long COVID (Table 2).

Among children with WHO-defined long COVID,
80.0% had a reimbursement history and were included
in the HCRU and cost analysis. During the first year
following SARS-CoV-2 infection, mean per patient per
year costs were €823 (Table 3). With mean costs of
€860 per patient over the entire follow-up period, the
total national health insurance cost of children with
long COVID was €2.67 million. The majority of health-
care services were consumed during the first year after
acute infection. Healthcare encounters accounted for
the largest proportion of the healthcare costs of chil-
dren with long COVID (31.9%), followed by retail phar-
macy use (26.2%) and medical procedures (14.8%);
82.2% to 85.1% of these costs were incurred within
the first year of follow-up. Nearly all patients had a
healthcare encounter within the first 12 months. GP-
related care accounted for 70.3% of the total cost of
healthcare encounters and was received by approxi-
mately 94% of patients during both the overall and
first year of initial infection (Table 4). While the next
most frequent healthcare encounter was for nursing
care, this specialty only accounted for 2.3% of the
total healthcare encounter-related costs.

During the first year of follow-up, 57.4% of the chil-
dren included in the cost analysis had a medical pro-
cedure (Table 5). Otorhinolaryngology-related
procedures were received by 6.8% of children during
the follow-up period, accounting for 5.0% of annual
medical procedure costs.

Most patients (93.5%) had retail pharmacy use during
both the overall and first year of follow-up. Medications
for the respiratory system were the received by 2,163
(69.5%) of children and accounted for the largest pro-
portion of costs (Table 6). Prescribed to a large propor-
tion of children, systemic anti-infectives (66.1%),
nervous system (82.3%), and digestive system/

Table 2. Patient demographic and clinical characteristics of
children with long COVID.

WHO definition

NICE definition

(n=3,888) (n=4,779)

Age (years) at index date

Mean (SD) 8.9 (5.2) 9.0 (5.2)

Median (IQR) 9 (10) 9 (10)
Sex, n (%)

Female 1,914 (49.2%) 2,357 (49.3%)

Male 1,974 (50.8%) 2,422 (50.7%)
Charlson comorbidity index (CCl)?

Mean (SD) 0.27 (0.53) 0.27 (0.53)

Median 0 0
CCl per class, n (%)*

0 2,783 (75.5%) 3,394 (75.0%)

1-2 878 (23.8%) 1,098 (24.3%)

3-4 23 (0.6%) 29 (0.6%)

>4 3 (0.1%) 3 (0.1%)
Body mass index (BMI)°

Mean (SD) 17.9 (3.9) 17.9 (3.9)

Median (IQR) 17 (4) 17 (4)
BMI class, n (%)°

<185 1,907 (67.5%) 2,354 (68.0%)

18.5 to <25.0 752 (26.6%) 910 (26.3%)

25.0 to <30.0 121 (4.3%) 142 (4.1%)

>30.0 46 (1.6%) 58 (1.7%)
Follow-up duration, months

Mean (SD) 12.6 (6.1) 14.1 (6.5)

Median (IQR) 13 (9) 15 (10)

Abbreviations. IQR, interquartile range; NICE, National Institute for Health
and Care Excellence; SD, standard deviation; WHO, World Health
Organization.

2CCl scores were assessed among children with reported comorbidities
(WHO: n=3,687, 94.8%; NICE: n=4,524, 94.7%).

PAlthough BMI is not an optimal measure of overweight and obesity in
children without adjustment for sex and age, elevated BMI has been
associated with an increased risk of long COVID among children and
young adults. BMI was assessed among children with reported BMI values
(WHO: n=2,826, 72.7%; NICE: n=3,463, 72.5%).

metabolism-related treatments (66.2%) represented
16.7%, 11.4%, and 7.8% of retail pharmacy costs,
respectively. Although dermatological treatments, mus-
culoskeletal treatments, medications for the sensory
organs, and systemic hormones were received by 33.3%
to 38.9% of children during the overall follow-up period,
none of these medication types accounted for more
than 2.8% of the total pharmacy costs.

In the sensitivity analyses, the relative proportions
of HCRU and costs attributed to the studied areas of
care for children with NICE-defined long COVID were
similar to that of children with WHO-defined long
COVID (Tables 3-6). However, 2.7% and 2.1% of chil-
dren with NICE-defined long COVID received inpatient
psychiatric care during the entire and first year of
follow-up, respectively, which accounted for approxi-
mately 2% of total healthcare encounter costs (Table
4). Similarly, medical procedures related to pediatrics
and inpatient cardiology each accounted for 2% of the
procedure-related costs of children with NICE-defined
long COVID, whereas neither of these medical proce-
dures was present in children with WHO-defined long
COVID (Table 5).
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Figure 2. Incidence of long COVID by SARS-CoV-2 variant predominance in France. The number of children diagnosed with
COVID-19 who developed long COVID was stratified by the predominant SARS-CoV-2 variant at the time of acute infection. SARS-
CoV-2 variant predominance in France during the index SARS-CoV-2 infection identification period was determined using the
Santé publique France’s national COVID-19 epidemiological data. The SARS-CoV-2 variant that accounted for more than 50% of
the test samples sequenced during the week was designated as the predominant variant for that week. The predominant SARS-
CoV-2 variants were Delta from 28 June 2021 to 20 December 2021, Omicron BA.1 from 27 December 2021 to 21 February 2022,
Omicron BA.2 from 28 February 2022 to 6 June 2022, and Omicron BA.5 from 13 June 2022 to 6 February 2023.

When children who developed long COVID were
compared with those previously infected with SARS-
CoV-2 who did not develop long COVID, a diagnosis
of long COVID was associated with an incremental
PPPY cost increase of €98.03. Specifically, we have
observed PPPY cost increases for GP consultations
(€36.42), medical procedures (€8.54) and retail phar-
macy usage (€54.63) among children with long COVID.

Discussion

To the best of our knowledge, this is the first study
assessing the economic burden of children with mild-
to-moderate long COVID in primary care settings. In
the present study of 27,573 children diagnosed with
COVID-19, 14.1% and 17.4% had long COVID per the
WHO and NICE definitions, respectively. Evaluation of
the all-cause HCRU and costs of these children dem-
onstrated that pediatric long COVID managed in the
community imposes a non-neglectable clinical and
economic burden to the French healthcare system,
particularly in the first year following SARS-CoV-2

infection, which resulted in total healthcare costs of
€2.2 million.

Nearly a third of the total costs of children with
long COVID were due to healthcare encounters. While
most children received care from a GP, only 15% vis-
ited a pediatrician during the follow-up period. This
distribution of care corresponds to a report on the
structure of pediatric health care in France prepared
by the General Inspectorate for Social Affairs in 2020,
which revealed a significant decline in the number of
pediatric practices. More than 85% of community care
consultations for children <16years of age were pro-
vided by GPs, who also manage the majority of long
COVID cases®?°. Furthermore, the report proposed a
new pediatric care model that recommended
increased utilization of community care pediatric
nurses, which may be reflected in the finding that
healthcare encounters with nurses were the second
most frequent type of care.

Retail pharmacy use, the second highest HCRU cat-
egory, accounted for a quarter of the total healthcare
costs. In our study, the most frequently prescribed
medications were for the nervous system, respiratory
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system, digestive system and metabolism, systemic
anti-infectives, and dermatological agents, which is
supported by the prevalence and clinical presentation
of long COVID in children®’. According to a systematic
review of 22 studies, the most frequently reported
symptoms were fatigue (2-87%), headache (3.5-80%),
arthro-myalgias (5.4-66%), chest tightness or pain
(1.4-51%), and dyspnea (2-57.1%)3. A study of the
prevalence of pediatric outpatient prescriptions in
France between 2010 and 2019 reported that a sub-
stantial proportion of nervous system-related drug use
was due to a single drug, paracetamol; its use for the
treatment of common long COVID symptoms such as
fever and joint/muscle pain may account for a portion
of its usage in our study as well?®, However, other
long COVID symptoms such as anxiety and depression,
which may have begun during the acute phase of
infection, are also treated with medications within the
same therapeutic class**°.

Over 60% of children with long COVID had medical
procedures accounting for 15% of the total healthcare
costs. While the distribution of the procedure classes
was similar between WHO-defined and NICE-defined
long COVID episodes, pediatric and inpatient
cardiology-related procedures were present with the
application of NICE criteria. The difference in the tim-
ing of NICE- and WHO-defined long COVID (4 vs
12 weeks following an acute infection) is likely respon-
sible for the absence of these procedures in the main
analysis. It has been acknowledged that there are
increased long-term cardiovascular risks in children
and adolescents following acute COVID-19 infec-
tion®"*? and most of the cardiovascular cases require
emergency care or urgent care within 24-48 hours or
days to a few weeks, respectively®*>*. However, it is
worth noting that, since all-cause HCRU was reported,
some of the procedures received may not be directly
related to long COVID.

As previously mentioned, data on the cost of
community-managed long COVID among children and
adolescents remain sparse. A study of commercially
insured children in the United States without COVID-
19 who were exact matched 4:1 to children with a
COVID-19 diagnosis and assigned the same “diagnosis”
date assessed healthcare expenditures one-, three-,
and six-months post-infection, with cost analyses
beginning 31days post-COVID-19 diagnosis, and
reported mean costs of $434, $1,252, and $2,398,
respectively'', which is higher than our estimates at
oneyear following an acute infection. However, it is
extremely difficult to compare cost estimates across
countries due to differences between healthcare

systems and reimbursement methods per care set-
tings. Future studies in France are needed to further
validate our findings and better understand the cost
trajectory over time in long COVID patients.

When our study compared children with COVID-19
who did not develop long COVID to those that did, a
diagnosis of long COVID was associated with an incre-
mental cost increase. While this finding is supported
by prior studies, pediatric data are sparse'®''>®. For
example, a U.S. study reported a 1.75-fold increase in
direct medical costs two to seven months after infec-
tion for commercially insured children with a diagnosis
of COVID-19 during April-August 2020 when com-
pared to children without COVID-19''. A matched
cohort study using primary and secondary care EHRs
in the UK has shown that individuals with long COVID
had 44% higher costs than individuals without long
COVID, with PPPY costs of approximately £2500 for
those with long COVID versus £1500 for those without
long COVID*°. However, since this study was con-
ducted among the adult population, this finding may
not be comparable to that of children. Therefore, it is
important to continue monitoring long COVID burden
as the SARS-CoV-2 virus evolves.

Limitations

Study findings should be interpreted in the context of
several limitations. Patient identification relied on
adapting definitions established by health authorities
to the database; there may be discrepancies between
medical assessment and algorithm coding. In addition,
since the THIN database is generated from EHRs, there
is the possibility of measurement or documentation
errors which could compromise result validity and
accuracy. However, quality controls are employed
throughout the data collection process to minimize
such errors. In addition, although BMl is not an opti-
mal measure of overweight and obesity in children
due to a need for further adjustment by sex and age,
it has been included in this study as a descriptive vari-
able based on a retrospective study that reported an
increased risk of long COVID with elevated BMI*"38,

In France, a primary care physician/GP coordinates
care, centralizing patient information. While most pri-
mary and specialist care for children is reimbursed by
the national health insurance, reimbursement is typic-
ally limited to 70% of official tariffs, and only 30% for
non-referred consultations outside the coordinated
care pathway. The remaining costs—whether out-of-
pocket, covered by supplementary private insurance
(mutuelle), or for over-the-counter medications—are



not captured in the GPs’ EHRs nor in our database. As
a result, both the healthcare utilization and associated
costs of children with long COVID may be underesti-
mated in EHR-based analyses.

The study was also limited by the inability to
include children with undiagnosed asymptomatic/mild
COVID-19 in the study. While asymptomatic/mild infec-
tions have a lower risk of developing long COVID and
generally have less severe long COVID symptoms,
asymptomatic children account for 43% to 68% of
pediatric COVID-19 cases®*°. In addition, the economic
implications due to caregiver-associated work absen-
teeism were not presented in the current study as
they are not reimbursed by the national health insur-
ance. However, a qualitative study from UK demon-
strated that long COVID affects the school experiences
of children and young people®®. Additional studies to
quantify the societal burden and indirect costs of long
COVID are needed. Since the perspective of our cost
analysis is the national payer in France, the true cost
of medical consultations is likely underestimated given
that the extra charges commonly seen with GP and
specialist consultations may not be well captured and
access to care varies depending on the patient’s geo-
graphic location in France®'. Consequently, our study
likely provides a conservative estimate of the eco-
nomic burden of children with long COVID.

Last but not least, like many other prior stud-
ies*>™°, we were only able to present the lump-sum
medical costs of children with long COVID. We
acknowledge that for children with underlying condi-
tions prior to SARS-CoV-2 infection, who are at an
increased risk of developing long COVID, it is challeng-
ing to differentiate long COVID-specific care from rou-
tine care for existing chronic conditions. The
differentiation of such long COVID-specific care would
largely depend on whether GPs are able to clearly
code those consultations and prescriptions that are
attributable to long COVID. Future studies are needed
to better understand the specific clinical pathway of
long-COVID patients to better quantify the burden.

Conclusion

Pediatric patients with long COVID have considerable
HCRU, direct medical costs, and potential indirect
costs, imposing an additional burden to the French
healthcare system. A multidisciplinary approach is
needed to address the unique challenges of long
COVID each child faces.
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