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1 | INTRODUCTION

The post-acute sequelae of COVID-19, now recognized as long-
COVID, post-COVID-19 syndrome, or post-acute sequelae of SARS-

CoV-2 (PASC), have been well documented as a multisystem disease

Abstract

Background: Long-COVID is a well-documented multisystem disease in adults. Far
less is known about long-term sequelae of COVID in children. Here, we report on
the occurrence of long-COVID in Dutch children.

Patients and Methods: We conducted a national survey asking Dutch pediatricians
to share their experiences on long-COVID in children. We furthermore describe a
case series of six children with long-COVID to explore the clinical features in
greater detail.

Results: With a response rate of 78% of Dutch pediatric departments, we identified
89 children, aged 2-18 years, suspected of long-COVID with various complaints. Of
these children, 36% experienced severe limitations in daily function. The most
common complaints were fatigue, dyspnea, and concentration difficulties with 87%,
55%, and 45% respectively. Our case series emphasizes the nonspecific and broad
clinical manifestations seen in post-COVID complaints.

Conclusion: Our study shows that long-COVID is also present in the pediatric po-
pulation. The main symptoms resemble those previously described in adults. This
novel condition demands a multidisciplinary approach with international awareness

and consensus to aid early detection and effective management.
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in adults. It is defined by the signs and symptoms that develop during
or after an infection consistent with COVID-19 that continue for
more than 12 weeks, and cannot be explained by an alternative di-
agnosis.’ No correlation has been shown between disease severity at

primary infection and post-acute disease.”* Yet, in adults

Abbreviations: CPET, cardiopulmonary exercise testing; ECG, electrocardiogram; MIS-C, multisystem inflammatory syndrome in children.
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hospitalized at the time of acute infection, the percentage of post-
COVID sequelae can be as high as 87.4%.2* The acute phase of
COVID-19 in children is commonly less severe than in adults.”
However, although not extensively investigated, long-term effects of
COVID, including school absenteeism, have also been shown in
children.”””

Recent reports from Italy and the United Kingdom suggest long-
COVID also occurs in children. Nevertheless, there remains a lack of
information and consensus regarding the incidence and risk factors
of long-term effects of COVID in children.®? Ludvigsson published a
five-patient case series identifying that children display long-COVID
symptoms similar to those in adults: persistent fatigue, headache,
and concentration difficulties.’***

Conversely, a small group of hospitalized children with
COVID-19, described by Denina et al.,” were found not to display
long-term sequelae 19-46 days after admittance.

The primary aim of this observational study was to determine
how large the pediatric population is with long-COVID that has al-
ready been referred to a specialist by a family doctor.

In addition to this, we illustrate and identify specific disease
characteristics through the use of a detailed case series. We con-
clude that long-COVID is not limited to adults, and is an overlooked

phenomenon in children.

2 | MATERIALS AND METHODS

2.1 | Study design and subjects

Between December 18, 2020 and February 6, 2021, we performed a
cross-sectional observational study using a survey to investigate
Dutch pediatricians' experience with long-COVID in children.

In the Netherlands, when a child is sick, unless their condition is
acutely life-threatening, they are seen by their family doctor. Here,
the decision is made if a referral to a pediatrician is necessary since
the symptoms or consequences are sufficiently serious, or the pre-
sentation not fully understood. Pediatricians work in secondary and
tertiary care hospitals. The survey targeted all pediatricians. It used
an online survey platform (LimeSurvey), compliant with general data
protection regulation & European Union law. The survey was dis-
tributed with the help of the Dutch Pediatric Society (Nederlandse
Vereniging van Kindergeneeskunde, NVK).

The survey aimed to achieve a representative distribution of at
least 70% of the 73 hospitals across the Netherlands with pediatric
departments. It was designed by a team of pediatricians with input
from medical ethics officers and privacy advisors. All patient data
were anonymized and handled in accordance with the General Data
Protection Regulation. The survey, consisting of five questions with
sub-questions, focused on four key areas: (1) the occurrence of
Pediatric Long-COVID, (2) the clinical manifestation, (3) the severity
of disease and impact on daily activity, and (4) the wider multi-
disciplinary team involvement. Additional information, including pa-

tient age, the investigation used to diagnose COVID and whether

hospital admission was required were also collected. The re-
spondents were given a definition of long-COVID as well as a list of
predominant symptoms in adults, and were able to consult their
patient records to accurately describe relevant patient cases. It was
defined as cases, similar to those in adults, where symptoms such as
persistent tiredness, headaches, dyspnea, concentration problems,
depression, skin lesions, and gastro-intestinal complaints persisted
months after initial COVID-19 infection. They were also able to fill in
“other complaints.”

Survey responses were excluded from the study if data regard-
ing the number of patients, mode of diagnosis, disease course, and
hospital admission were incomplete.

2.2 | Description of illustrative cases

All patients herein, during the study period, were under the care of
the Pediatric Department at the Emma Children's Hospital,
Amsterdam University Medical Center, Tergooi Hospital, and the
Catharina Hospital. Information regarding patient characteristics,
medical history, diagnostics, and clinical course were retrieved from
patient files. For the patient case series patients and parents pro-
vided consent and assent. Patient data in the survey was collected by
treating physicians and was completely anonymized for the

study team.

3 | RESULTS

3.1 | Survey among pediatricians

Surveys from 57 hospitals were completed, covering 78% of hospi-
tals with a pediatric department across the Netherlands. A total
number of 89 children suspected of long-COVID were described
with a median age of 13 years (IQR: 9-15). Of these 89, 47 (52.8%) of
the reported children had a positive PCR test, 31 (34.8%) positive
serology tests, and 34 (38.2%) could be diagnosed clinically. It is
important to note that there is a certain overlap in these groups, a
number of patients were reported to have both positive PCR and
serology, and/or medical history fitting a previous COVID-19 infec-
tion. In eight (9.0%) children it was unknown how COVID-19 had
been diagnosed.

The most common long-term complaint was fatigue (87%),
followed by dyspnea in more than half of the children (Table 1).
Many patients reported some degree of cognitive dysfunction,
with 45% reporting concentrating difficulties, 13% reporting
memory loss, and a further 2% describing brain fog. A further
38% suffered from headaches. Only two children presented with
persistent fever, and only one had a loss of smell and taste.
Table 1 gives a summary of these results. It is important to note
that 18% of all children were admitted to the hospital due to
their long-COVID disease presentation, of which the exact rea-

sons are unknown to us.
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TABLE 1 Results - Patient characteristics, survey

Total number of children 89

The median age of children 13 (IQR: 9-15)

Age range 2-18

Positive PCR tests 47 52.8%

Positive serology tests 31 34.8%

Positive medical histories 34 38.2%

Unknown 8 9.0%

Complaints
Fatigue 77 87%
Dyspnea 49 55%
Concentration difficulties 40 45%
Headaches 34 38%
Thoracic pain complaints 31 35%
Stomach ache 29 33%
Myalgia 25 28%
Diarrhea 21 24%
Memory loss 12 13%
Cardiac palpitations 16 18%
Skin irritation/lesions 6 7%
Dizziness 3 3%
Brain fog 2 2%
Weight loss 2 2%
Loss of appetite 2 2%
Persistent fever 2 2%
Other*® 8 9%
Total admitted to the hospital because of 16 18%

long-COVID

Limitations in daily functioning
No limitations 7 8%
Mild limitations in daily functioning® 43 48%
Severe limitations in daily functioning® 32 36%

Like coughing (1%), myocarditis (1%), and anosmia (1%).
PFor unknown reasons.

“For example, can go to school but excessively tired.
9For example, less or no school possible.

At the time of Long-COVID diagnosis, 48% reported mild lim-
itations (e.g., can go to school but excessively tired), with 36% ex-
periencing severe limitations demonstrated by limited or no school
attendance, while only 8% of the reported patients had no disruption
to their life due to their symptoms, as is shown in Table 1. 29% pa-
tients required active input from the wider multidisciplinary team:
25% required physical therapy, and 16% were seen by a psychologist.

| 2497
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TABLE 2 Additional referrals

Involved medical disciplines

Required additional treatment by (para)medical 26 29%
disciplines

Physiotherapy 22 25%

Psychologist 14  16%

Rehabilitation specialist 10 11%

tertiary care pediatrician 8 9%

Other
Pediatric cardiologist 3 3%
Dietician 2 2%
Sports doctor 2 2%
Pediatric pulmonologist 1 1%
Pediatric nephrologist® 1 1%
Ear, nose, and throat specialist 1 1%
Occupational therapist 1 1%
School doctor 1 1%

?Due to kidney failure.

Three patients required a referral to a pediatric cardiologist for
unspecified reasons (Table 2). One patient had kidney failure and was
subsequently seen by a pediatric nephrologist. It is unclear if there is
a causal link with the diagnosis of long-COVID.

3.2 | Case series

This illustrative case series consists of six children (four males), re-
ferred by general practitioners to pediatricians (Table 3). All patients
fulfilled the described criteria for long-COVID in adults, with symp-
toms still present 12 weeks after the acute phase, a positive diag-
nosis of COVID-19 (either by laboratory testing or positive family
history, combined with complaints fitting COVID-19).*

3.3 | Course of disease

Shortness of breath was the most common symptom reported by all
patients during the acute COVID-19 illness. Three patients (patients
1, 2, and 5) were initially treated for a suspected asthma exacerba-
tion with little effect seen in patients 2 and 5. Patient 1 had a history
of asthma and reported an acute worsening of his pre-existing
asthma symptoms, in addition to other complaints, after the acute
viral infection, experienced in March 2020. He benefited from short-
acting beta-agonists but still experienced many complaints. Patient 4
was treated unsuccessfully with a course of azithromycin following
continued complaints and persisting fever, three months after acute
COVID-19. Patients 3, 5, and 6 are still experiencing extreme fatigue,
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(Continued)

TABLE 3

Patient 6

Patient 3 Patient 4 Patient 5

Patient 2

Patient 1

TLC 88%; RV 86%

Not done Normal

TLC 76%, RV 74%

Not done

Not done

Body plethysmography

Normal (111%)

Normal

Not done

Normal

Not done

Not done

CO diffusion capacity

Treadmill test: Anxiety during Not done

Not done

CPET: VO, max: 24 ml/

Treadmill test:

Not done

Exercise testing

testing with
hyperventilation

min kg (51%),
HF max: 163/min. RER

e maximum heart

frequency 173/min

e O,

BRACKEL ET AL.

due to exhaustion.

1.18: conclusion:
dysfunctional breathing

No signs of exercised induced
bronchoconstriction, SaO,

saturation: 97%-99%.

e Dyspnea in line with

and reduced physical

fitness,
no circulatory nor

reduced to 90% while

exercising.

dysfunctional
breathing

ventilator

abnormalities.

Abbreviations: ALP, alkaline phosphatase; CMV, cytomegalovirus; CPET, cardiopulmonary exercise testing; EBV, Ebstein Barr Virus; ECG, electrocardiogram; ESR, erythrocyte sedimentation rate; FEV1,

forced expiratory volume in 1s; FT4, free thyroxin fraction; FVC, forced vital capacity; HF, heart frequency; INR, International Normalized Ratio; N/a, not applicable; O,, oxygen; RER, respiratory exchange

rate; RV, residual volume; SSYC, Shigella, Salmonella, Yersinia, Campylobacter; TFT, triple feces test; TLC, total lung capacity; TSH, thyroid stimulation hormone; VO, max, maximum oxygen absorption.

resulting in school absence. Patients 3 and 6 are treated by a spe-
cialist in pediatric rehabilitation, while patients 2 and 5 are treated
by a physical therapist. Patient 6 was living independently before
COVID-19 diagnosis, but had to move back in with her parents due
to her long-lasting symptoms.

4 | DISCUSSION

Our study shows that long-COVID is also present in children and
that the main symptoms resemble those previously described in
adults.> * It is one of the first studies to provide nationwide data on
the extent of long-COVID as a new disease entity in children and
highlights that long-COVID can seriously affect children of all ages.
Long-COVID leads to limitations in daily functioning in the majority
of children reported here.

In a single-center study from Italy by Buonsenso et al.® persistent
symptoms in children previously diagnosed with COVID-19 were also
reported in 42.6% of children that had been presented with COVID-19
to that hospital. The reported long-COVID symptoms in this Italian study
showed resemblance to the symptoms reported in our study, although
the prevalence differed. A possible explanation could be that the children
described in our study were all identified by Dutch pediatricians. Con-
sequently, these children had severe enough complaints to get referred
to the pediatrician by the general practitioner, which may also explain the
higher percentage of children with limitations in daily functioning in our
study compared to the Italian group.

Ludvigsson et al., reported in November 2020 a five-patient case
series on long-COVID in children, where none of the children were
able to attend school 6-8 months after the acute-COVID.'® These
cases resemble the findings in our study.

The varying presentation of pediatric long-COVID, will, without
a standardized diagnostic plan, result in a varying diagnostic ap-
proach, as shown by our patient case series.

Our study has several strengths. First, the survey response rate was
high, including 78% of all hospitals, providing a national, pediatric, re-
presentative sample. Second, we were able to assess the most common
symptoms directly from the treating physicians. Third, our cases highlight
the challenges faced by health care professionals taking care of these
children. This study clearly identifies the need for an international con-
sensus and guideline on long-COVID in children.

Our study also has some limitations. We only collected data from
pediatricians working in general and university hospitals, and not from
family doctors. We expect that the more severe cases of long-COVID will
be referred to the pediatrician and that milder cases may be under-
represented in our study. The type of symptom may also prompt referral,
which could be a reason for the high percentage of patients suffering
from fatigue and breathlessness. Second, due to privacy considerations,
limited clinical data was collected in the questionnaire.

Therefore, data on comorbidities, pre-existing disease, height,
weight, psychological status, and diagnostic workup are missing.
Third, only retrospective data were obtained from pediatricians.
While they were able to consult their records, this may still have led
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to a recall bias, and thus an underestimation of total cases, and po-
tentially an overrepresentation of severe cases.

What are the clinical implications of our study? In the Nether-
lands 139,221 children have tested positive for SARS-CoV-2, since
the beginning of the outbreak in the Netherlands on February 27,
2020 (as published February 9, 2021).*? In relation to the total
number of children tested positive for SARS-CoV-2 in the Nether-
lands, the number of 89 patients reported in our survey seems small.
However, we suspect that these children represent the tip of the
iceberg since some children with long-COVID may only be treated by
the general practitioner. Furthermore, long-COVID is still an un-
known phenomenon to many pediatricians, likely resulting in un-
derdiagnosing. Nevertheless, we can conclude that long-COVID is a
disease entity in children. This study does not yet inform us about
the incidence and risk factors of long-COVID in children, but it seems
to be relatively rare. Severe acute COVID-19 in children leading to
hospital presentation and/or admission is also infrequent, as de-
monstrated in our national cohort study, the COPP study."® Children
in general experience additional impact on mental and social health
due to governmental restrictions, and this might also influence oc-
currence and course of long-COVID in children.'*

Long-term sequelae of COVID-19 in children have been less well
described than in adults and data on possible long-term sequelae of
COVID-19 in children needs to be collected and shared on a national
and international level. Not only severe acute COVID cases but also
mild acute COVID cases with long-COVID need our attention. Long-
COVID in children exists and leads to high morbidity and limitations
in daily functioning. Increased awareness is needed to perform pro-
spective follow-up studies and multidisciplinary, evidence-based

guidelines for diagnosis and treatment.
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SUMMARY
Long-COVID in children is a new phenomenon that calls for a multi-

disciplinary approach and (inter)national collaboration.

ORCID

Caroline L. H. Brackel
Marielle W. H. Pijnenburg
Suzanne W. J. Terheggen-Lagro
3305-3745

https://orcid.org/0000-0002-6495-9259
https://orcid.org/0000-0003-4291-468X
https://orcid.org/0000-0002-

REFERENCES

1. National Institute for Health and Care Excellence, Practitioners RC
of G, Scotland HI. COVID-19 rapid guideline: managing the long-
term effects of COVID-19. NICE Guidelines; 2020:1-35.

2. Greenhalgh T, Knight M, A'Court C, Buxton M, Husain L. Manage-
ment of post-acute covid-19 in primary care. BMJ. 2020;370:370.
https://doi.org/10.1136/bmj.m3026

3. Tenforde MW, Kim SS, Lindsell CJ, et al. Symptom duration and risk
factors for delayed return to usual health among outpatients with
COVID-19 in a multistate health care systems network - United
States, March-June 2020. Morb Mortal Wkly Rep. 2020;69(30):
993-998. https://doi.org/10.15585/mmwr.mmé6930e1

4. Carfi A, Bernabei R, Landi F. Persistent symptoms in patients after
acute COVID-19. J Am Med Assoc. 2020;324(6):603-605. https://doi.
org/10.1001/jama.2020.12603

5. Ludvigsson JF. Systematic review of COVID-19 in children shows
milder cases and a better prognosis than adults. Acta
Paediatr Int J Paediatr. 2020;109(6):1088-1095. https://doi.org/10.
1111/apa.15270

6. Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N,
Theocharis P. Hyperinflammatory shock in children during COVID-
19 pandemic. Lancet. 2020;395(10237):1607-1608. https://doi.org/
10.1016/50140-6736(20)31094-1

7. Denina M, Pruccoli G, Scolfaro C, et al. Sequelae of COVID-19 in hos-
pitalized children: a 4 months follow-up. Pediatr Infect Dis J. 2020;39(12):
E458-E459. https://doi.org/10.1097/INF.0000000000002937

8. Buonsenso D, Munblit D, de Rose C, et al. Preliminary evidence on
long COVID in children [published online ahead of print April 9,
2021]. Acta Paediatr. 2021. https://doi.org/10.1101/2021.01.23.
21250375


https://orcid.org/0000-0002-6495-9259
https://orcid.org/0000-0003-4291-468X
https://orcid.org/0000-0002-3305-3745
https://orcid.org/0000-0002-3305-3745
https://doi.org/10.1136/bmj.m3026
https://doi.org/10.15585/mmwr.mm6930e1
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1111/apa.15270
https://doi.org/10.1111/apa.15270
https://doi.org/10.1016/S0140-6736(20)31094-1
https://doi.org/10.1016/S0140-6736(20)31094-1
https://doi.org/10.1097/INF.0000000000002937
https://doi.org/10.1101/2021.01.23.21250375
https://doi.org/10.1101/2021.01.23.21250375

22 | \wi LEY—=5

9.
10.
11.

12.

BRACKEL ET AL.

Office of National Statistics. Updated estimates of the prevalence of
long COVID symptoms. 2021. https://www.ons.gov.uk/peoplepop
ulationandcommunity/healthandsocialcare/healthandlifeexpectancies/
adhocs/12788updatedestimatesoftheprevalenceoflongcovidsymptoms
Ludvigsson JF. Case report and systematic review suggest that
children may experience similar long-term effects to adults after
clinical COVID-19. Acta Paediatr Int J Paediatr. 2020:1-8. https://doi.
org/10.1111/apa.15673

Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More than 50
long-term effects of COVID-19: a systematic review and meta-
analysis [published online ahead of print March 1, 2021]. Res Sq.
2021. https://doi.org/10.1101/2021.01.27.21250617

RIVM. Actuele informatie over het nieuwe coronavirus (COVID-19).
Actuele informative over het nieuwe coronavirus (COVID-19).
RIVM. 2020:1-1. https://www.rivm.nl/coronavirus-covid-19/actueel
%0Ahttps://www.rivm.nl/nieuws/actuele-informatie-over-
coronavirus. Accessed January 31, 2021.

13.

14.

COPP. COPP Dashboard. 2021. https://www.covidkids.nl/da
shboard/

Luijten MAJ, van Muilekom MM, Teela L, et al. The impact of
lockdown during the COVID-19 pandemic on mental and social
health of children and adolescents [published online ahead of print
May 1, 2021]. Qual Life Res. 2021. https://doi.org/10.1101/2020.11.
02.20224667

How to cite this article: Brackel CLH, Lap CR, Buddingh EP,
et al. Pediatric long-COVID: An overlooked phenomenon?
Pediatric Pulmonology. 2021;56:2495-2502.
https://doi.org/10.1002/ppul.25521


https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healtha
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healtha
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healtha
https://doi.org/10.1111/apa.15673
https://doi.org/10.1111/apa.15673
https://doi.org/10.1101/2021.01.27.21250617
https://www.rivm.nl/coronavirus-covid-19/actueel%0Ahttps://www.rivm.nl/nieuws/actuele-informatie-over-coronavirus
https://www.rivm.nl/coronavirus-covid-19/actueel%0Ahttps://www.rivm.nl/nieuws/actuele-informatie-over-coronavirus
https://www.rivm.nl/coronavirus-covid-19/actueel%0Ahttps://www.rivm.nl/nieuws/actuele-informatie-over-coronavirus
https://www.covidkids.nl/dashboard/
https://www.covidkids.nl/dashboard/
https://doi.org/10.1101/2020.11.02.20224667
https://doi.org/10.1101/2020.11.02.20224667
https://doi.org/10.1002/ppul.25521



