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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 <18 years 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 8.9 years, 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 e823 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 e98 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

Children infected with severe acute respiratory syn
drome coronavirus 2 (SARS-CoV-2) are often asymp
tomatic or have mild symptoms1. Despite this, children 
can also develop long-term sequelae, so called “post 
coronavirus disease 2019 (COVID-19) condition (PCC)” 

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 

and other factors2. Long COVID encompasses a wide 

range of symptoms and sequelae that develop, persist, 

or reappear after a previous infection with SARS-CoV-2. 
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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 symptoms2–4.

There is no universally accepted definition of long 
COVID5,6. 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 diagnosis7. 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
den2,4,8,9. A study from Israel assessing the additive 
cost of healthcare utilization for long COVID has 
shown that among those aged 0–19 years, the mean 
net excess cost in cases was $3.17 and $54.45 per 
patient per month in outpatients and inpatients, 
respectively10. 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
tion11. 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 <18 years with mild-to-moder
ate long COVID in primary care settings in France 
from March 2020 through December 2022.

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 (THINVR ) 
general practitioner (GP) EHR database. THINVR is a 
large standardized European database containing ano
nymized EHR collected from about 2,000 GPs in retail 
practice12,13. 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 region13–16. The study design is outlined in 
Supplementary Figure 1.

Study population

Children aged <18 years 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 3–12 months after the index 
date was evaluated for the presence of WHO-defined 
long COVID7. 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 
THINVR 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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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 (CCI) scores were based on the last 
known CCI score recorded prior to the index SARS- 
CoV-2 infection, which was calculated based on 
patient information in the GPs’ medical records17. 
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 data18,19.

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 

Table 1. List of world health organization-defined long COVID symptoms.
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 R05
Dysgeusia R43.1, R43.2, R43.8
Hearing loss H91.2, H91.9
Hyperacusis H93.2

Stomach and digestion
Abdominal pain R10.3, R10.4, R19.0, R19.3
Constipation R19.4, R19.8, K59.0
Diarrhea R19.5, K58, K59.1, K52.9
Gastric reflux R12
Gastritis K29.6, K29.7, K29.9

Muscles and joints
Joint pain M13.8, M25.5, R07.3
Muscle cramping R25.2
Muscle pain M79.1, M79.7
Paresthesia R20.1, R20.2, R20.8

Mental health
Anxiety and depression F41.2, F41.3, F41.9
Depression 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
Eyes

Diplopia H53.2
Reproductive health

Menorrhagia N92.6
Menstrual changes N91.0, N91.2, N91.3, N91.5, N92.0, N92.1, N92.2, N92.5, N92.6
Premenstrual syndrome N94.3

Other symptoms
Allergies J30.2, J30.3, J30.4, J45.0, T78.2
Dizziness R42, R55, H81.1, H81.3
Fever R50.1, R50.9
Headache R51, G44.0, G44.1, G44.2, G44.8
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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 France20; encoun
ters with missing or unknown specialty were assigned 
a tariff of e26.521. 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 system22. 
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 THINVR 

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, 
V�ehicule de Tourisme avec Chauffeur, etc.) and was 
assigned a uniform rate of e58.53 corresponding to 
the average rate observed for each type of trans
port23,24. 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 

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% 
(n¼ 3,888) had WHO-defined long COVID (Figure 1). 

Figure 1. Study population flowchart.
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These children had a mean (SD) age of 8.9 (5.2) years, 
49.2% were female, and, among those with a calcul
able CCI 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 (n¼ 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% (n¼ 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 e823 (Table 3). With mean costs of 
e860 per patient over the entire follow-up period, the 
total national health insurance cost of children with 
long COVID was e2.67 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/ 

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).

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

WHO definition 
(n¼ 3,888)

NICE definition 
(n¼ 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 (CCI)a

Mean (SD) 0.27 (0.53) 0.27 (0.53)
Median 0 0

CCI per class, n (%)a

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)b

Mean (SD) 17.9 (3.9) 17.9 (3.9)
Median (IQR) 17 (4) 17 (4)

BMI class, n (%)b

<18.5 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.
aCCI scores were assessed among children with reported comorbidities 
(WHO: n¼ 3,687, 94.8%; NICE: n¼ 4,524, 94.7%).
bAlthough 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: n¼ 2,826, 72.7%; NICE: n¼ 3,463, 72.5%).
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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 e98.03. Specifically, we have 
observed PPPY cost increases for GP consultations 
(e36.42), medical procedures (e8.54) and retail phar
macy usage (e54.63) 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 
e2.2 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 <16 years of age were pro
vided by GPs, who also manage the majority of long 
COVID cases25,26. 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 

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 
Sant�e 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.
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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 children27. 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 well28. 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 class29,30.

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
tion31,32 and most of the cardiovascular cases require 
emergency care or urgent care within 24–48 hours or 
days to a few weeks, respectively33,34. 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 31 days post-COVID-19 diagnosis, and 
reported mean costs of $434, $1,252, and $2,398, 
respectively11, which is higher than our estimates at 
one year 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 sparse10,11,35. 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-1911. 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 COVID36. 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 BMI 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 BMI37,38.

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 
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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 cases9,39. 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 people40. 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 France41. 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
ies42–45, 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.

Transparency 

Declaration of funding 

This work was supported by Pfizer. 

Declaration of financial/other relationships

JY, PAS, AB, JLN, HRV, SF, MLB and HBR are Pfizer employees 
and may hold Pfizer stock. The remaining authors have no 
declarations. Peer reviewers on this manuscript have 
received an honorarium from JME for their review work but 
have no other relevant financial relationships to disclose.

Author contributions

The study design was developed by JY, CT and EA. CT and 
EA collected and analyzed the data. JY, CT, EA, PAS, AB, JLN, 
HRV, SF, MLB, HBR, CR, PC and OR participated in the inter
pretation of data and critical review of the manuscript for 
important intellectual content. All authors had full access to 
all the data in the study and decided to submit the paper 
for publication.

Acknowledgements

Grace Lin, an employee of Novosys Health, provided editorial 
support in the drafting of this manuscript, which was funded 
by Pfizer, Inc.

Data availability

Access to anonymized patient data from THIN is subject to a 
data-sharing agreement containing detailed terms and con
ditions of use following protocol approval from THIN. All 
data relevant to the study are included in the article or 
uploaded as supplementary information. Further queries can 
be directed to the corresponding author at Jingyan.yang@ 
pfizer.com.

ORCID

Jingyan Yang http://orcid.org/0000-0001-5523-649X 

References

0[1] Zimmermann P, Curtis N. Why is COVID-19 less severe 
in children? A review of the proposed mechanisms 
underlying the age-related difference in severity of 
SARS-CoV-2 infections. Arch Dis Child. 2021;106(5): 
429–439. doi: 10.1136/archdischild-2020-320338.

0[2] Zheng YB, Zeng N, Yuan K, et al. Prevalence and risk 
factor for long COVID in children and adolescents: a 
meta-analysis and systematic review. J Infect Public 
Health. 2023;16(5):660–672. doi: 10.1016/j.jiph.2023.03. 
005.

0[3] Pellegrino R, Chiappini E, Licari A, et al. Prevalence 
and clinical presentation of long COVID in children: a 

JOURNAL OF MEDICAL ECONOMICS 1011

https://doi.org/10.1080/13696998.2025.2525002
mailto:Jingyan.yang@pfizer.com
mailto:Jingyan.yang@pfizer.com
https://doi.org/10.1136/archdischild-2020-320338
https://doi.org/10.1016/j.jiph.2023.03.005
https://doi.org/10.1016/j.jiph.2023.03.005


systematic review. Eur J Pediatr. 2022;181(12):3995– 
4009. doi: 10.1007/s00431-022-04600-x.

0[4] Lopez-Leon S, Wegman-Ostrosky T, Ayuzo Del Valle 
NC, et al. Long-COVID in children and adolescents: a 
systematic review and meta-analyses. Sci Rep. 2022; 
12(1):9950. doi: 10.1038/s41598-022-13495-5.

0[5] Yang J, Markus K, Andersen KM, et al. Definition and 
measurement of post-COVID-19 conditions in real- 
world practice: a global systematic literature review. 
BMJ Open. 2024;14(1):e077886. doi: 10.1136/bmjopen- 
2023-077886.

0[6] Munblit D, O’Hara ME, Akrami A, et al. Long COVID: 
aiming for a consensus. Lancet Respir Med. 2022; 
10(7):632–634. doi: 10.1016/S2213-2600(22)00135-7.

0[7] Soriano JB, Murthy S, Marshall JC, et al. A clinical case 
definition of post-COVID-19 condition by a Delphi 
consensus. Lancet Infect Dis. 2022;22(4):e102–e107. 
doi: 10.1016/S1473-3099(21)00703-9.

0[8] Brackel CLH, Noij LCE, Vijverberg SJH, et al. International 
care programs for pediatric post-COVID condition (long 
COVID) and the way forward. Pediatr Res. 2024;96(2): 
319–324. doi: 10.1038/s41390-023-03015-0.

0[9] Gupta M, Gupta N, Esang M. Long COVID in children 
and adolescents. Prim Care Companion CNS Disord. 
2022;24(2):21r03218. doi: 10.4088/PCC.21r03218.

[10] Wolff Sagy Y, Feldhamer I, Brammli-Greenberg S, 
et al. Estimating the economic burden of long-Covid: 
the additive cost of healthcare utilisation among 
COVID-19 recoverees in Israel. BMJ Glob Health. 2023; 
8(7):e012588. doi: 10.1136/bmjgh-2023-012588.

[11] Pike J, Kompaniyets L, Lindley MC, et al. Direct med
ical costs associated with post-COVID-19 conditions 
among privately insured children and adults. Prev 
Chronic Dis. 2023;20: e 06. doi: 10.5888/pcd20.220292.

[12] Blak BT, Thompson M, Dattani H, et al. 
Generalisability of The Health Improvement Network 
(THIN) database: demographics, chronic disease 
prevalence and mortality rates. Inform Prim Care. 
2011;19(4):251–255. doi: 10.14236/jhi.v19i4.820.

[13] Iordache L, Strazzulla A, Lekens B, et al. �Evaluation du 
suivi des recommandations de prise en charge des 
infections urinaires en m�edecine de ville en France. 
M�edecine et Maladies Infectieuses. 2018;48(4):S101– 
S102. doi: 10.1016/j.medmal.2018.04.253.

[14] Autorit�e de Sant�e H. Syst�emes de mesure du glucose 
interstitiel, coupl�es ou non �a une pompe �a insuline, 
et syst�emes de boucle semi-ferm�ee pour la gestion 
automatis�ee du diab�ete; 2024 [cited 2025 Feb 4]. 
Available from: https://www.has-sante.fr/upload/docs/ 
application/pdf/2024-09/rapport.pdf

[15] Lewis JD, Schinnar R, Bilker WB, et al. Validation studies 
of the health improvement network (THIN) database for 
pharmacoepidemiology research. Pharmacoepidemiol 
Drug Saf. 2007;16(4):393–401. doi: 10.1002/pds.1335.

[16] Deslee G, Fabry-Vendrand C, Poccardi N, et al. Use 
and persistence of single and multiple inhaler triple 
therapy prescribed for patients with COPD in France: 
a retrospective study on THIN database (OPTI study). 
BMJ Open Respir Res. 2023;10(1):e001585.

[17] Bannay A, Chaignot C, Bloti�ere P-O, et al. The best use of 
the Charlson Comorbidity Index with electronic health 

care database to predict mortality. Med Care. 2016;54(2): 
188–194. doi: 10.1097/MLR.0000000000000471.

[18] Sant�e publique France. InfoCOVIDFrance: key num
bers and evolution of COVID-19 in France and world
wide - variants; 2023 [cited 2025 Feb 4]. Available 
from: https://www.santepubliquefrance.fr/dossiers/cor
onavirus-covid-19/coronavirus-chiffres-cles-et-evolu
tion-de-la-covid-19-en-france-et-dans-le-monde

[19] Sant�e publique France. Acute respiratory infections 
(influenza, bronchiolitis, COVID-19). February 7, 2024 
Bulletin; 2024 [cited 2025 Feb 4]. Available from: https:// 
www.santepubliquefrance.fr/maladies-et-traumatismes/ 
maladies-et-infections-respiratoires/grippe/documents/ 
bulletin-national/infections-respiratoires-aigues-grippe- 
bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024

[20] l’Assurance Maladie. Tableaux r�ecapitulatifs des taux de 
remboursement; 2025 [cited 2025 May 27]. Available 
from: https://www.ameli.fr/assure/remboursements/ 
rembourse/tableau-recapitulatif-taux-remboursement

[21] l’Assurance Maladie. M�edecins g�en�eralistes et 
sp�ecialistes: ce qui change pour les assur�es en 2025; 
2024 [cited 2025 Apr 30]. Available from: https:// 
www.assurance-maladie.ameli.fr/presse/2024-12-17-cp- 
convention-medicale-ce-qui-change-en-2025

[22] l’Assurance Maladie. T�el�echargement de la CCAM; 
2025 [cited 2025 Apr 30]. Available from: https:// 
www.ameli.fr/accueil-de-la-ccam/index.php

[23] l’Assurance Maladie. Le remboursement des frais de 
transport; 2025 [cited 2025 Apr 30]. Available from: 
https://www.ameli.fr/ain/taxi-conventionne/exercice-pro
fessionnel/prise-charge-transport/taux-remboursement

[24] La S�ecurit�e Sociale. Les d�epenses de transport et leurs 
disparit�es r�egionales; 2016 [cited 2025 Apr 30]. Available 
from: https://www.securite-sociale.fr/files/live/sites/SSFR/ 
files/medias/CCSS/2016/FICHE_ECLAIRAGE/JUIN/CCSS- 
FICHE_ECLAIRAGE-SEPTEMBRE_2016-LES_DEPENSES_DE_ 
TRANSPORT_ET_LEURS_DISPARITES_REGIONALES.pdf

[25] General Inspectorate for Social Affairs. Pediatrics and 
the organization of child health care in France; 2020 
[cited 2025 Feb 4]. Available from: https://www.igas. 
gouv.fr/Pediatrics-and-the-organization-of-child- 
health-care-in-France.html

[26] Davin-Casalena B, Lutaud R, Scronias D, et al. French 
general practitioners frequently see patients with 
long-COVID. J Am Board Fam Med. 2021;34(5):1010– 
1013. doi: 10.3122/jabfm.2021.05.210142.

[27] Giussani G, Westenberg E, Garcia-Azorin D, et al. 
Prevalence and trajectories of post-COVID-19 neuro
logical manifestations: a systematic review and meta- 
analysis. Neuroepidemiology. 2024;58(2):120–133. doi: 
10.1159/000536352.

[28] Taine M, Offredo L, Dray-Spira R, et al. Paediatric out
patient prescriptions in France between 2010 and 
2019: a nationwide population-based study: paediatric 
outpatient prescriptions in France, 2010 to 2019. 
Lancet Reg Health Eur. 2021;7:100129. doi: 10.1016/j. 
lanepe.2021.100129.

[29] Miao R, Liu C, Zhang J, et al. Impact of the COVID-19 
pandemic on the mental health of children and ado
lescents: a systematic review and meta-analysis of 
longitudinal studies. J Affect Disord. 2023;340:914– 
922. doi: 10.1016/j.jad.2023.08.070.

1012 J. YANG ET AL.

https://doi.org/10.1007/s00431-022-04600-x
https://doi.org/10.1038/s41598-022-13495-5
https://doi.org/10.1136/bmjopen-2023-077886
https://doi.org/10.1136/bmjopen-2023-077886
https://doi.org/10.1016/S2213-2600(22)00135-7
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.1038/s41390-023-03015-0
https://doi.org/10.4088/PCC.21r03218
https://doi.org/10.1136/bmjgh-2023-012588
https://doi.org/10.5888/pcd20.220292
https://doi.org/10.14236/jhi.v19i4.820
https://doi.org/10.1016/j.medmal.2018.04.253
https://www.has-sante.fr/upload/docs/application/pdf/2024-09/rapport.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2024-09/rapport.pdf
https://doi.org/10.1002/pds.1335
https://doi.org/10.1097/MLR.0000000000000471
https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-7-fevrier-2024
https://www.ameli.fr/assure/remboursements/rembourse/tableau-recapitulatif-taux-remboursement
https://www.ameli.fr/assure/remboursements/rembourse/tableau-recapitulatif-taux-remboursement
https://www.assurance-maladie.ameli.fr/presse/2024-12-17-cp-convention-medicale-ce-qui-change-en-2025
https://www.assurance-maladie.ameli.fr/presse/2024-12-17-cp-convention-medicale-ce-qui-change-en-2025
https://www.assurance-maladie.ameli.fr/presse/2024-12-17-cp-convention-medicale-ce-qui-change-en-2025
https://www.ameli.fr/accueil-de-la-ccam/index.php
https://www.ameli.fr/accueil-de-la-ccam/index.php
https://www.ameli.fr/ain/taxi-conventionne/exercice-professionnel/prise-charge-transport/taux-remboursement
https://www.ameli.fr/ain/taxi-conventionne/exercice-professionnel/prise-charge-transport/taux-remboursement
https://www.securite-sociale.fr/files/live/sites/SSFR/files/medias/CCSS/2016/FICHE_ECLAIRAGE/JUIN/CCSS-FICHE_ECLAIRAGE-SEPTEMBRE_2016-LES_DEPENSES_DE_TRANSPORT_ET_LEURS_DISPARITES_REGIONALES.pdf
https://www.securite-sociale.fr/files/live/sites/SSFR/files/medias/CCSS/2016/FICHE_ECLAIRAGE/JUIN/CCSS-FICHE_ECLAIRAGE-SEPTEMBRE_2016-LES_DEPENSES_DE_TRANSPORT_ET_LEURS_DISPARITES_REGIONALES.pdf
https://www.securite-sociale.fr/files/live/sites/SSFR/files/medias/CCSS/2016/FICHE_ECLAIRAGE/JUIN/CCSS-FICHE_ECLAIRAGE-SEPTEMBRE_2016-LES_DEPENSES_DE_TRANSPORT_ET_LEURS_DISPARITES_REGIONALES.pdf
https://www.securite-sociale.fr/files/live/sites/SSFR/files/medias/CCSS/2016/FICHE_ECLAIRAGE/JUIN/CCSS-FICHE_ECLAIRAGE-SEPTEMBRE_2016-LES_DEPENSES_DE_TRANSPORT_ET_LEURS_DISPARITES_REGIONALES.pdf
https://www.igas.gouv.fr/Pediatrics-and-the-organization-of-child-health-care-in-France.html
https://www.igas.gouv.fr/Pediatrics-and-the-organization-of-child-health-care-in-France.html
https://www.igas.gouv.fr/Pediatrics-and-the-organization-of-child-health-care-in-France.html
https://doi.org/10.3122/jabfm.2021.05.210142
https://doi.org/10.1159/000536352
https://doi.org/10.1016/j.lanepe.2021.100129
https://doi.org/10.1016/j.lanepe.2021.100129
https://doi.org/10.1016/j.jad.2023.08.070


[30] Racine N, McArthur BA, Cooke JE, et al. Global preva
lence of depressive and anxiety symptoms in children 
and adolescents during COVID-19: a meta-analysis. 
JAMA Pediatr. 2021;175(11):1142–1150. doi: 10.1001/ 
jamapediatrics.2021.2482.

[31] Chakraborty A, Johnson JN, Spagnoli J, et al. Long-term 
cardiovascular outcomes of multisystem inflammatory 
syndrome in children associated with COVID-19 using 
an institution based algorithm. Pediatr Cardiol. 2023; 
44(2):367–380. doi: 10.1007/s00246-022-03020-w.

[32] Abi Nassif T, Fakhri G, Younis NK, et al. Cardiac mani
festations in COVID-19 patients: a focus on the pedi
atric population. Can J Infect Dis Med Microbiol. 2021; 
2021:5518979–5518912. doi: 10.1155/2021/5518979.

[33] Tsampasian V, B€ack M, Bernardi M, et al. 
Cardiovascular disease as part of long COVID: a sys
tematic review. Eur J Prev Cardiol. 2025;32(6):485– 
498. doi: 10.1093/eurjpc/zwae070.

[34] Rodriguez-Gonzalez M, Castellano-Martinez A, 
Cascales-Poyatos HM, et al. Cardiovascular impact of 
COVID-19 with a focus on children: a systematic 
review. World J Clin Cases. 2020;8(21):5250–5283. doi: 
10.12998/wjcc.v8.i21.5250.

[35] Łukomska E, Kloc K, Kowalska M, et al. Healthcare 
resource utilization (HCRU) and direct medical costs asso
ciated with long COVID or post-COVID-19 conditions: 
findings from a literature review. J Mark Access Health 
Policy. 2025;13(1):7. doi: 10.3390/jmahp13010007.

[36] Lin LY, Henderson AD, Carlile O, et al. Healthcare util
isation in people with long COVID: an OpenSAFELY 
cohort study. BMC Med. 2024;22(1):255. doi: 10.1186/ 
s12916-024-03477-x.

[37] Zhou T, Zhang B, Zhang D, et al. Body mass index 
and postacute sequelae of SARS-CoV-2 infection in 
children and young adults. JAMA Netw Open. 2024; 

7(10):e2441970. doi: 10.1001/jamanetworkopen.2024. 
41970.

[38] Jebeile H, Kelly AS, O’Malley G, et al. Obesity in children 
and adolescents: epidemiology, causes, assessment, and 
management. Lancet Diabetes Endocrinol. 2022;10(5): 
351–365. doi: 10.1016/S2213-8587(22)00047-X.

[39] Ma Y, Deng J, Liu Q, et al. Long-term consequences 
of asymptomatic SARS-CoV-2 infection: a systematic 
review and meta-analysis. Int J Environ Res Public 
Health. 2023;20(2):1613. doi: 10.3390/ijerph20021613.

[40] MacLean A, Wild C, Hunt K, et al. Impact of long 
Covid on the school experiences of children and 
young people: a qualitative study. BMJ Open. 2023; 
13(9):e075756. doi: 10.1136/bmjopen-2023-075756.

[41] European Social Policy Network. ESPN thematic report 
on inequalities in access to healthcare: France; 2018 
[cited 2025 May 27]. Available from: https://ec.europa. 
eu/social/BlobServlet?docId=20366&langId=en

[42] Tartof SY, Malden DE, Liu IA, et al. Health care utiliza
tion in the 6 months following SARS-CoV-2 infection. 
JAMA Netw Open. 2022;5(8):e2225657. doi: 10.1001/ 
jamanetworkopen.2022.25657.

[43] McNaughton CD, Austin PC, Sivaswamy A, et al. Post- 
acute health care burden after SARS-CoV-2 infection: 
a retrospective cohort study. CMAJ. 2022;194(40): 
E1368–E1376. doi: 10.1503/cmaj.220728.

[44] Mu Y, Dashtban A, Mizani MA, et al. Healthcare util
isation of 282,080 individuals with long COVID over 
two years: a multiple matched control, longitudinal 
cohort analysis. J R Soc Med. 2024;117(11):369–381. 
doi: 10.1177/01410768241288345.

[45] Debski M, Tsampasian V, Haney S, et al. Post-COVID-19 
syndrome risk factors and further use of health services 
in East England. PLOS Glob Public Health. 2022;2(11): 
e0001188. doi: 10.1371/journal.pgph.0001188.

JOURNAL OF MEDICAL ECONOMICS 1013

https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1007/s00246-022-03020-w
https://doi.org/10.1155/2021/5518979
https://doi.org/10.1093/eurjpc/zwae070
https://doi.org/10.12998/wjcc.v8.i21.5250
https://doi.org/10.3390/jmahp13010007
https://doi.org/10.1186/s12916-024-03477-x
https://doi.org/10.1186/s12916-024-03477-x
https://doi.org/10.1001/jamanetworkopen.2024.41970
https://doi.org/10.1001/jamanetworkopen.2024.41970
https://doi.org/10.1016/S2213-8587(22)00047-X
https://doi.org/10.3390/ijerph20021613
https://doi.org/10.1136/bmjopen-2023-075756
https://ec.europa.eu/social/BlobServlet?docId=20366&langId=en
https://ec.europa.eu/social/BlobServlet?docId=20366&langId=en
https://doi.org/10.1001/jamanetworkopen.2022.25657
https://doi.org/10.1001/jamanetworkopen.2022.25657
https://doi.org/10.1503/cmaj.220728
https://doi.org/10.1177/01410768241288345
https://doi.org/10.1371/journal.pgph.0001188

	Quantifying all-cause healthcare resource utilization and costs of children with mild-to-moderate long COVID in France
	Abstract
	Introduction
	Methods
	Study design and data source
	Study population
	Covariates
	All-cause HCRU and costs
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Transparency
	Declaration of financial/other relationships

	Author contributions
	Acknowledgements
	Data availability
	Orcid
	References


