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Abstract

IMPORTANCE Little is known about the risk factors for, and the risk of, developing post–COVID-19
conditions (PCCs) among children.

OBJECTIVES To estimate the proportion of SARS-CoV-2–positive children with PCCs 90 days after a
positive test result, to compare this proportion with SARS-CoV-2–negative children, and to assess
factors associated with PCCs.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study, conducted in 36
emergency departments (EDs) in 8 countries between March 7, 2020, and January 20, 2021,
included 1884 SARS-CoV-2–positive children who completed 90-day follow-up; 1686 of these
children were frequency matched by hospitalization status, country, and recruitment date with 1701
SARS-CoV-2–negative controls.

EXPOSURE SARS-CoV-2 detected via nucleic acid testing.

MAIN OUTCOMES AND MEASURES Post–COVID-19 conditions, defined as any persistent, new, or
recurrent health problems reported in the 90-day follow-up survey.

RESULTS Of 8642 enrolled children, 2368 (27.4%) were SARS-CoV-2 positive, among whom 2365
(99.9%) had index ED visit disposition data available; among the 1884 children (79.7%) who
completed follow-up, the median age was 3 years (IQR, 0-10 years) and 994 (52.8%) were boys. A
total of 110 SARS-CoV-2–positive children (5.8%; 95% CI, 4.8%-7.0%) reported PCCs, including 44 of
447 children (9.8%; 95% CI, 7.4%-13.0%) hospitalized during the acute illness and 66 of 1437
children (4.6%; 95% CI, 3.6%-5.8%) not hospitalized during the acute illness (difference, 5.3%; 95%
CI, 2.5%-8.5%). Among SARS-CoV-2–positive children, the most common symptom was fatigue or
weakness (21 [1.1%]). Characteristics associated with reporting at least 1 PCC at 90 days included
being hospitalized 48 hours or more compared with no hospitalization (adjusted odds ratio [aOR],
2.67 [95% CI, 1.63-4.38]); having 4 or more symptoms reported at the index ED visit compared with
1 to 3 symptoms (4-6 symptoms: aOR, 2.35 [95% CI, 1.28-4.31]; �7 symptoms: aOR, 4.59 [95% CI,
2.50-8.44]); and being 14 years of age or older compared with younger than 1 year (aOR, 2.67 [95%
CI, 1.43-4.99]). SARS-CoV-2–positive children were more likely to report PCCs at 90 days compared
with those who tested negative, both among those who were not hospitalized (55 of 1295 [4.2%;
95% CI, 3.2%-5.5%] vs 35 of 1321 [2.7%; 95% CI, 1.9%-3.7%]; difference, 1.6% [95% CI, 0.2%-3.0%])
and those who were hospitalized (40 of 391 [10.2%; 95% CI, 7.4%-13.7%] vs 19 of 380 [5.0%; 95%
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Key Points
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Abstract (continued)

CI, 3.0%-7.7%]; difference, 5.2% [95% CI, 1.5%-9.1%]). In addition, SARS-CoV-2 positivity was
associated with reporting PCCs 90 days after the index ED visit (aOR, 1.63 [95% CI, 1.14-2.35]),
specifically systemic health problems (eg, fatigue, weakness, fever; aOR, 2.44 [95% CI, 1.19-5.00]).

CONCLUSIONS AND RELEVANCE In this cohort study, SARS-CoV-2 infection was associated with
reporting PCCs at 90 days in children. Guidance and follow-up are particularly necessary for
hospitalized children who have numerous acute symptoms and are older.

JAMA Network Open. 2022;5(7):e2223253.

Corrected on August 18, 2022. doi:10.1001/jamanetworkopen.2022.23253

Introduction

Persistent, new, or returning health problems (post–COVID-19 conditions [PCCs]) may occur after
SARS-CoV-2 infections.1,2 Although PCCs have been described primarily in adults,3,4 concern
regarding PCCs in children has been growing.5 Even among adults, clinicians must be cautious when
attributing PCCs after COVID-19 to SARS-CoV-2, as research has more strongly associated persistent
physical symptoms with self-reported, but serology-negative, COVID-19 infection rather than
laboratory-confirmed infection.6

Post–COVID-19 conditions among children remain poorly described. Early reports estimated
that 25% to 58% of children experienced PCCs months after their acute illnesses and occurrence was
not associated with disease severity.7-9 However, a subsequent study that included primarily
nonhospitalized, SARS-CoV-2–positive children reported that only 4% were symptomatic 28 days
after being tested and 2% were symptomatic 56 days after being tested.10 Although these risks were
higher than reported among noninfected participants, other reports11,12 described no difference in
the frequency of PCCs among pediatric COVID-19 patients and controls. Limitations of these reports
include testing criteria that relied on typical adult symptoms, low follow-up rates,10 reliance on health
care encounter information,11 small sample sizes, and antibody-based exposure classification.12

A comprehensive understanding of pediatric PCCs is required to inform public health policies
and guide the care of high-risk children.13 Therefore, we identified the proportion of children with
PCCs 90 days after SARS-CoV-2 testing, stratified by hospitalization status, in a prospective
multinational pediatric cohort. We identified risk factors for PCCs among SARS-CoV-2–positive
children and compared the prevalence of PCCs among this group with a matched cohort of SARS-
CoV-2–negative children.

Methods

Design
Participants were recruited in 39 pediatric emergency departments (EDs) in the Pediatric Emergency
Research Network14–COVID-19 Study between March 7, 2020, and January 20, 2021. The final cohort
comprised children from 36 of the 39 EDs. Participants were enrolled in 8 countries (Argentina,
Canada, Costa Rica, Italy, Paraguay, Singapore, Spain, and the United States).15 Participating sites had
local ethics review board approval or established a reliance agreement with the Cincinnati Children’s
Hospital Medical Center institutional review board. Legal guardians of all participants provided
informed consent (written or verbal based on local ethics requirements) and children provided
assent, as appropriate. This study followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline.16
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Participants
Children younger than 18 years who underwent testing for SARS-CoV-2 at participating EDs because
of symptoms or epidemiologic risk factors (eg, close contact of a case) were eligible. Initially,
participants were enrolled consecutively, based on timing of test performance, regardless of SARS-
CoV-2 test result, up to a maximum of 5 enrollments per day per site. In regions with low positivity
rates, this led to overenrollment of SARS-CoV-2–negative participants. Therefore, after September
2020, sites consecutively enrolled as many SARS-CoV-2–positive participants as possible, along with
2 consecutive participants who tested negative for every participant enrolled who tested positive.

Objective
The primary objective was to assess the proportion of SARS-CoV-2–positive participants with PCCs,
stratified by hospitalization status, 90 days after the index ED visit. We sought to identify risk factors
for PCCs among SARS-CoV-2–positive children. To better understand the association between PCCs
and SARS-CoV-2 infection, we compared PCCs between infected children and matched children who
tested negative.

Data Collection
Demographic and medical information was collected via caregiver interviews. Follow-up telephone
(or email or text, depending on site) surveys were completed 14 days after the index ED visit to
classify outcomes. Medical record reviews were performed to confirm caregiver-reported index ED
visit disposition and 14-day outcome data. Between 90 and 120 days after the index ED visit,
caregivers were contacted and asked if their child had any persistent, new, or returning symptoms or
health problems that may have been associated with the illness prompting the initial ED evaluation.

Definitions
SARS-CoV-2 status was classified as positive if a nucleic acid test performed on a swab sample
obtained from the nares, nasopharynx, or oral cavity was positive at the index ED visit or during the
subsequent 14 days. Participants with negative nucleic acid tests constituted the comparison group.
Acute symptoms were those present between symptom onset and the time of the index ED visit.
Acute SARS-CoV-2 illness hospitalization and illness severity status incorporated events occurring
until 14 days after the index ED visit. Illness severity was classified as severe or not severe based on
specific interventions (eg, positive pressure ventilation, inotropic support), the occurrence of specific
complications, organ dysfunction, or death (eAppendix in Supplement 1). Participants were
considered lost to follow-up if 5 follow-up attempts were unsuccessful.

Post–COVID-19 conditions were present if the caregiver indicated at the 90-day interview that
the participant had any persistent, new, or returning symptoms or health problems.2 Post–COVID-19
conditions were not present if the caregiver indicated that these symptoms were neither persistent
(ie, recovered completely prior to 90 days) nor novel (ie, underlying condition without
exacerbation). Post–COVID-19 conditions were classified as cardiovascular, dermatologic,
ophthalmologic or otolaryngologic, gastrointestinal, neurologic, psychological, respiratory, systemic
(eg, fatigue, weakness, fever, anorexia), or other. Caregivers could indicate the presence of PCCs
using check boxes or free text. For the latter, 1 author (A.L.F.) blinded to SARS-CoV-2 test status
performed narrative review and grouping. The PCC term also reflected health problems reported by
children who tested negative, to permit comparisons.

Sample Size
Specification for the Pediatric Emergency Research Network–COVID-19 prospective cohort study
included the recruitment of up to 12 500 participants to enroll the 50 or more COVID-19–positive
children who experienced the study’s primary objective of a severe outcome.15 When the parent
study achieved the desired number of children,17 recruitment was terminated. During the planning
of the parent study, we anticipated that our reporting of the proportion of SARS-CoV-2–positive
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participants with PCCs would have sufficient precision using the achieved cohort, as reflected by
95% CIs.18

Statistical Analysis
Data are presented as counts and percentages, mean (SD) values, and median (IQR) values.
Categorical variables were compared using the Fisher exact test or the χ2 test, as appropriate. Median
values were compared using the Wilcoxon rank-sum test. The Cochran-Armitage test was used to
assess the linear trend in PCCs associated with the number of symptoms at the index ED visit.

The primary outcome, PCCs, was stratified by hospitalization status. Owing to the small
numbers of SARS-CoV-2–positive participants in some countries, to permit analyses to incorporate a
variable to represent a participant’s country, those recruited in Argentina (n = 13), Italy (n = 1),
Paraguay (n = 28), and Singapore (n = 2) were combined into a single grouping; all other countries
were analyzed independently. We used multiple logistic regression to identify factors associated with
PCCs among SARS-CoV-2–positive patients. Variables included in the model were country of
enrollment, sex, age, chronic underlying condition (excluding asthma), number of symptoms at the
index ED visit (categorized as 0, 1-3, 4-6, or �7, with cut points selected to evenly distribute
participants across categories), hospitalization as a 3-level categorical variable incorporating length
of stay (none, <48 hours, or �48 hours), and month of enrollment. We used least absolute shrinkage
and selection operator via 10-fold cross-validation with 100 lambdas for variable selection. We then
fit a multiple logistic regression model with the variables selected by least absolute shrinkage and
selection operator to obtain the adjusted odds ratio (aOR) associated with PCCs.

In unadjusted analyses, we frequency-matched SARS-CoV-2–positive and SARS-CoV-2–negative
participants by randomly selecting an equal number of SARS-CoV-2–positive and SARS-CoV-2–
negative participants enrolled within each country within 1 calendar month. We used multiple logistic
regression to identify factors associated with PCCs in the frequency-matched subsample, following
the same model selection strategy as described for the SARS-CoV-2–positive children, but with the
inclusion of an indicator for SARS-CoV-2 positivity as a covariate. For each specific persistent
symptom present among 20 or more members of the frequency-matched subsample, a separate
multiple logistic regression model was fit to obtain the aOR associated with SARS-CoV-2 positivity. All
models included country and hospitalization as 5-level and 3-level categorical variables, respectively.

We report the number of missing data values for key variables. When computing symptom
counts as independent variables, missing values were treated as absent.19 When PCCs were the
dependent variable, we did not impute missing values, as the missing-at-random assumption was not
thought to be met in this scenario. All statistical analyses were 2-sided and performed using Stata,
version 16 (StataCorp LLC), with significance defined by a P < .05, with adjustment for multiplicity of
comparisons performed using the Benjamini-Hochberg approach.20

Results

A total of 8642 children were enrolled, of whom 2368 (27.4%) were SARS-CoV-2 positive; 2365 of
these 2368 children (99.9%) had disposition data available. A total of 1884 of 2365 children (79.7%)
completed 90-day follow-up (Figure 1). The median age of the 1884 participants was 3 years (IQR,
0-10 years), 994 (52.8%) were boys, and the most common ED index visit symptoms were fever
(1241 [65.9%]), cough (917 [48.7%]), and rhinorrhea or congestion (893 [47.4%]) (Table 1). Children
lost to follow-up differed from those with complete follow-up in terms of country and number of
index ED visit symptoms (eTable 1 in Supplement 1).

Outcomes for SARS-CoV-2–Positive Participants
A total of 110 SARS-CoV-2–positive children (5.8% [95% CI, 4.8%-7.0%]) reported 90-day PCCs
(eTable 2 in Supplement 1). This rate was higher among hospitalized children (44 of 447 [9.8%; 95%
CI, 7.2%-13.0%]), regardless of symptom severity, compared with those discharged from the ED (66
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of 1437 [4.6%; 95% CI, 3.6%-5.8%]; difference, 5.3% [95% CI, 2.5%-8.5%]). Among hospitalized
children, those who experienced severe outcomes within 14 days were more likely to report 90-day
PCCs than those who did not (13 of 70 [18.6%; 95% CI, 10.3%-29.7%] vs 31 of 377 [8.2%; 95% CI,
5.7%-11.5%]; difference, 10.4% [95% CI, 2.3%-21.3%]).

Most children reporting PCCs at 90 days had 1 persistent, new, or recurring health problem
(59.1% [65 of 110]) (eTable 3 in Supplement 1). The most common PCC symptoms were respiratory
(38 of 1884 [2.0%; 95% CI, 1.4%-2.8%]) and systemic (33 of 1884 [1.8%; 95% CI, 1.2%-2.5%]).
Fatigue or weakness was the most reported individual symptom (21 of 1884 [1.1%]). A total of 24 of
45 participants (53.3%) reported more than 1 new PCC, including at least 1 systemic symptom
(eFigure 1 in Supplement 1). Among hospitalized and nonhospitalized children, the proportion of
children reporting PCCs was higher among children with a greater number of index ED visit
symptoms (hospitalized children: no symptoms, 3 of 33 [9.1%]; 1-3 symptoms, 8 of 169 [4.7%]; 4-6
symptoms, 11 of 148 [7.4%]; and �7 symptoms, 22 of 97 [22.7%]; and nonhospitalized children: no
symptoms, 1 of 80 [1.3%]; 1-3 symptoms, 9 of 585 [1.5%]; 4-6 symptoms, 23 of 478 [4.8%]; and �7
symptoms, 33 of 294 [11.2%]; Cochran-Armitage test: P < .001 for trend) (eTable 2 in Supplement 1).

Adjusted Analysis of SARS-CoV-2–Positive Participants
Characteristics associated with PCCs at 90-day follow-up included being hospitalized 48 hours or
more compared with no hospitalization (aOR, 2.67 [95% CI, 1.63-4.38]), having 4 or more symptoms
reported at the index ED visit compared with 1 to 3 symptoms (4-6 symptoms: aOR, 2.35 [95% CI,
1.28-4.31]; �7 symptoms: aOR, 4.59 [95% CI, 2.50-8.44]), and being 14 years of age or older
compared with younger than 1 year (aOR, 2.67 [95% CI, 1.43-4.99]) (Table 2).

Comparisons With SARS-CoV-2–Negative Participants
Frequency matching was possible for 474 hospitalized and 1626 nonhospitalized pairs of SARS-CoV-
2–positive and SARS-CoV-2–negative children (eFigures 2 and 3 and eTable 4 in Supplement 1).
Among children discharged from the ED, PCCs were reported by 55 of 1295 SARS-CoV-2–positive
children (4.2% [95% CI, 3.2%-5.5%]) and 35 of 1321 SARS-CoV-2–negative children (2.7% [95% CI,
1.9%-3.7%]; difference, 1.6% [95% CI, 0.2%-3.0%]) (Table 3). Among hospitalized children, PCCs
were reported at 90 days in 40 of 391 SARS-CoV-2–positive children (10.2% [95% CI, 7.4%-13.7%])
and 19 of 380 SARS-CoV-2–negative children (5.0% [95% CI, 3.0%-7.7%]; difference, 5.2% [95% CI,
1.5%-9.1%]). Rates of PCCs were greater among SARS-CoV-2–positive children in several
demographic and clinical strata (eTable 5 in Supplement 1).

Among children not hospitalized, systemic (primarily fatigue or weakness) symptoms (21 of
1295 [1.6%] vs 6 of 1321 [0.5%]; difference, 1.2% [95% CI, 0.4%-2.1%]), psychological symptoms (9
of 1295 [0.7%] vs 2 of 1321 [0.2%]; difference, 0.5% [95% CI, 0.03%-1.2%]), and anosmia or ageusia
(6 of 1295 [0.5%] vs 0 of 1321; difference, 0.5% [95% CI, 0.08%-1.0%]) were reported more

Figure 1. Flowchart of SARS-CoV-2–Positive Participants, Including Follow-up

2368 SARS-CoV-2–positive children tested at EDs by January 20, 2021

1801 Not hospitalized 564 Hospitalized

1437 Completed 90-d follow-up 447 Completed 90-d follow-up

117 Excluded
59 Lost to follow-up
58 Follow-up not attempteda

364 Excluded
230 Lost to follow-up
134 Follow-up not attempteda

3 Acute outcome unknown

Da
ys

 0
-1

4
Da

y 
90 ED indicates emergency department.

a In a few sites, consistent 90-day follow-up was not
feasible amid human resource constraints during the
COVID-19 pandemic.
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Table 1. Baseline Characteristics of 1884 SARS-CoV-2–Positive Children With Complete Follow-up Based
on Hospitalization Status

Characteristic

Children, No. (%)

All
(N = 1884)

Acute (days 0-14) SARS-CoV-2 outcome
Not hospitalized
(n = 1437)

Hospitalized
(n = 447)

Region

United States 1204 (63.9) 927 (64.5) 277 (62.0)

Costa Rica 331 (17.6) 232 (16.1) 99 (22.2)

Canada 172 (9.1) 158 (11.0) 14 (3.1)

Spain 133 (7.1) 101 (7.0) 32 (7.2)

Othera 44 (2.3) 19 (1.3) 25 (5.6)

Sex

Male 994 (52.8) 748 (52.1) 246 (55.0)

Female 890 (47.2) 689 (48.0) 201 (45.0)

Age, y

Median (IQR) 3 (0-10) 3 (0-10) 4 (0-12)

<1.0 490 (26.0) 373 (26.0) 117 (26.2)

1.0 to <2.0 232 (12.3) 191 (13.3) 41 (9.2)

2.0 to <5.0 295 (15.7) 221 (15.4) 74 (16.6)

5.0 to <10.0 364 (19.3) 289 (20.1) 75 (16.8)

10.0 to <14.0 240 (12.7) 181 (12.6) 59 (13.2)

14.0 to <18.0 263 (14.0) 182 (12.7) 81 (18.1)

Chronic underlying conditionb 270 (14.3) 155 (10.8) 115 (25.7)

History of asthmab 260 (13.8) 194 (13.5) 66 (14.8)

No. of symptoms at ED presentation

Median (IQR) 4 (2-6) 4 (2-6) 4 (2-6)

None 113 (6.0) 80 (5.6) 33 (7.4)

1-3 754 (40.0) 585 (40.7) 169 (37.8)

4-6 626 (33.2) 478 (33.3) 148 (33.1)

≥7 391 (20.8) 294 (20.5) 97 (21.7)

Types of symptomsc

Any systemic symptom 1519 (80.6) 1153 (80.2) 366 (81.9)

Fever 1241 (65.9) 950 (66.1) 291 (65.1)

Drowsy or lethargic 624 (33.1) 479 (33.3) 145 (32.4)

Irritability 526 (27.9) 405 (28.2) 121 (27.1)

Anorexia 492 (26.1) 363 (25.3) 129 (28.9)

Myalgia 290 (15.4) 225 (15.7) 65 (14.5)

Arthralgia 185 (9.8) 137 (9.5) 48 (10.7)

Edema of extremitiesd 34 (1.8) 19 (1.3) 15 (3.4)

Any respiratory symptom 1328 (70.5) 1073 (74.7) 255 (57.1)

Cough 917 (48.7) 758 (52.8) 159 (35.6)

Runny nose or congestion 893 (47.4) 735 (51.2) 158 (35.4)

Sore throat 341 (18.1) 291 (20.3) 50 (11.2)

Difficulty breathing 311 (16.5) 216 (15.0) 95 (21.3)

Chest paine 126 (6.7) 95 (6.6) 31 (6.9)

Wheezing 122 (6.5) 85 (5.9) 37 (8.3)

Other respiratory symptomsf 35 (1.9) 21 (1.5) 14 (3.1)

Any gastrointestinal symptom 749 (39.8) 545 (37.9) 204 (45.6)

Diarrhea 393 (20.9) 291 (20.3) 102 (22.8)

Vomiting 359 (19.1) 236 (16.4) 123 (27.5)

Abdominal paing 343 (18.2) 225 (15.7) 118 (26.4)

Any neurologic symptom 538 (28.6) 415 (28.9) 123 (27.5)

Headache 461 (24.5) 371 (25.8) 90 (20.1)

(continued)
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frequently by SARS-CoV-2–positive vs SARS-CoV-2–negative children (Figure 2A; eTable 5 in
Supplement 1). Among hospitalized children, only cardiovascular PCCs (6 of 391 [1.5%] vs 0 of 380;
difference, 1.5% [95% CI, 0.2%-3.3%]) were more common among SARS-CoV-2–positive children
(Figure 2B; eTable 5 in Supplement 1). In adjusted analysis, any PCC reported at 90 days (aOR, 1.63
[95% CI, 1.14-2.35]), and specifically systemic health problems (eg, fatigue, weakness, fever; aOR,
2.44 [95% CI, 1.19-5.00]), were associated with SARS-CoV-2 infection (eTable 6 in Supplement 1).

Discussion

This study found that 9.8% of hospitalized children with SARS-CoV-2 infections and 4.6% of
nonhospitalized children with SARS-CoV-2 infections reported PCCs at 90 days; similar symptoms
were reported by 5.0% of matched hospitalized children without SARS-CoV-2 infections and 2.7% of
matched nonhospitalized children without SARS-CoV-2 infections. The most common PCC
symptoms among SARS-CoV-2–infected children were respiratory (eg, cough, difficulty breathing, or
shortness of breath; 2.0%) and systemic (eg, fatigue or weakness; 1.8%). Risk factors associated with
PCCs included length of hospitalization, higher number of symptoms at the index ED visit, and older
age. The most common PCCs were fatigue and weakness.

Our estimated 90-day PCC prevalence among children infected with SARS-CoV-2 is lower than
in earlier reports describing small cohorts of hospitalized children.9,21,22 The largest early report was
a prospective study that included 518 Russian children, among whom 25% reported PCCs after more
than 5 months.9 In our study, only 9.8% of hospitalized children (44 of 447) experienced PCCs at 90
days. The lower PCC prevalence in our study may reflect a higher follow-up rate and thus lower risk of
bias and our use of different approaches to eliciting PCCs.

Early pediatric outpatient studies also reported a high PCC prevalence,23 including a cohort
study of primarily asymptomatic children that described PCCs at 3 months in 66% of SARS-CoV-2–
positive participants and 53% of SARS-CoV-2–negative participants.24 These estimates are likely
inflated by self-selection bias, as the follow-up rate was only 13%. Subsequent studies reported lower

Table 1. Baseline Characteristics of 1884 SARS-CoV-2–Positive Children With Complete Follow-up Based
on Hospitalization Status (continued)

Characteristic

Children, No. (%)

All
(N = 1884)

Acute (days 0-14) SARS-CoV-2 outcome
Not hospitalized
(n = 1437)

Hospitalized
(n = 447)

Loss of smell or tasteh 111 (5.9) 91 (6.3) 20 (4.5)

Seizures 53 (2.8) 19 (1.3) 34 (7.6)

Rash (general, hand, or foot) 204 (10.8) 148 (10.3) 56 (12.5)

Conjunctivitis 121 (6.4) 85 (5.9) 36 (8.1)

Oral symptomsd 83 (4.4) 60 (4.2) 23 (5.2)

Abbreviation: ED, emergency department.
a Participants from Argentina (n = 13), Italy (n = 1), Paraguay (n = 28), and Singapore (n = 2) were combined owing to the

small numbers of SARS-CoV-2–positive participants from each country.
b Information was missing for 1 child who was not hospitalized during the acute phase of illness.
c Information was missing for a maximum of 3 children for each specific symptom type, unless otherwise noted; those with

greater amounts of missing data are due to database modifications that occurred on August 20, 2020, to capture
symptoms associated with multisystem inflammatory syndrome of children.

d Including redness or sores in the mouth; information missing for 557 participants (406 not hospitalized, 151 hospitalized).
e Information missing for 603 participants (468 not hospitalized, 135 hospitalized).
f Includes apnea and sputum production; information missing for 126 participants (88 not hospitalized, 38 hospitalized).
g Among the children with abdominal pain, 24 (7.0%) had multisystem inflammatory syndrome of children; 7 of 31 children

(22.6%) with multisystem inflammatory syndrome of children did not have abdominal pain.
h Information missing for 558 participants (406 not hospitalized, 152 hospitalized).

JAMA Network Open | Pediatrics Post–COVID-19 Conditions Among Children 90 Days After SARS-CoV-2 Infection

JAMA Network Open. 2022;5(7):e2223253. doi:10.1001/jamanetworkopen.2022.23253 (Reprinted) July 22, 2022 7/15

Downloaded From: https://jamanetwork.com/ on 02/17/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23253&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23253
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23253&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23253
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23253&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23253


frequencies of PCCs in children.25-27 Among 97 symptomatic infected children in Australia, 12%
reported PCCs at 3- to 6-month follow-up25; among 175 children who completed a weekly symptom
diary in the United Kingdom, 5% reported persistent symptoms.26 Last, among 1734 SARS-CoV-2–
positive children in the United Kingdom who completed a symptom diary, only 4% had an illness
duration of 28 days or longer.10 The latter study included control children with negative SARS-CoV-2
test results, of whom 0.9% reported ongoing symptoms at 28 days. The differing estimates provided
by the aforementioned studies likely reflect variations in response rates, PCC definitions, and
approaches to identifying PCCs.10 Nonetheless, they all suggest an increased prevalence of PCCs
among SARS-CoV-2–infected children compared with uninfected children.

The most commonly reported persistent symptom in our SARS-CoV-2–positive participants was
fatigue. Although other studies have identified that fatigue, headache, and anosmia are common
PCCs in children,10,26 fatigue is the most common PCC symptom reported in adults.28-30 Anosmia,
which was uncommon in our cohort, was a predominant symptom among children in a large UK
study, where it was a core symptom determining access to testing during the study period.10 Thus,
local testing criteria can influence PCC symptoms.

Table 2. Multiple Logistic Regression Model Demonstrating Factors Associated With Reporting of Persistent,
New, or Recurring Health Problem in 1875 SARS-CoV-2–Positive Children With Complete Dataa

Factor No./total No. aOR (95% CI) P value
Region

United States 79/1200 1 [Reference] NA

Costa Rica 10/329 0.70 (0.33-1.46) .34

Canada 16/170 1.61 (0.87-2.98) .13

Spain 3/133 0.60 (0.18-2.01) .41

Otherb 0/43 Excluded NA

Sex

Male 51/987 1 [Reference] NA

Female 57/888 1.38 (0.92-2.08) .12

Age, y

<1.0 19/488 1 [Reference] NA

1.0 to <2.0 7/231 0.84 (0.34-2.06) .71

2.0 to <5.0 9/291 0.84 (0.37-1.92) .68

5.0 to <10.0 19/364 1.40 (0.71-2.75) .33

10.0 to <14.0 20/238 1.91 (0.97-3.76) .06

14.0 to <18.0 34/263 2.67 (1.43-4.99) .002

Chronic condition (other than asthma)

No 85 1065 1 [Reference] NA

Yes 23/269 1.04 (0.62-1.76) .88

No. of symptoms at ED presentation

Asymptomatic 4/111 1.35 (0.44-4.19) .60

1-3 17/752 1 [Reference] NA

4-6 34/624 2.35 (1.28-4.31) .006

≥7 55/388 4.59 (2.50-8.44) <.001

Hospitalized for acute illness

No 66/1437 1 [Reference] NA

Yes, <48 h 10/148 2.07 (0.99-4.32) .05

Yes, ≥48 h 32/290 2.67 (1.63-4.38) <.001

Season of infection

Spring 2020 (Mar-May) 6/186 0.47 (0.19-1.18) .11

Summer 2020 (Jun-Aug) 30/696 1 [Reference] NA

Fall 2020 (Sep-Nov) 41/616 1.25 (0.74-2.09) .41

Winter 2020-2021 (Dec-Jan) 31/377 1.22 (0.69-2.14) .50

Abbreviations: aOR, adjusted odds ratio; ED,
emergency department; NA, not applicable.
a Covariates included in the final model were selected

using least absolute shrinkage and selection operator
for assessment.

b Participants from Argentina (n = 13), Italy (n = 1),
Paraguay (n = 28), and Singapore (n = 2) were
combined owing to the small numbers of SARS-CoV-
2–positive participants from each country.
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Our finding of an increased risk of PCCs among SARS-CoV-2–positive children compared with
SARS-CoV-2–negative children provides important and generalizable evidence. This finding
contradicts those provided by a matched administrative database analysis,11 likely reflecting
differences in outcome measures (ie, self-reported symptoms vs diagnosed conditions) and data
ascertainment methods. Moreover, the administrative database study included few children and
SARS-CoV-2 test results were not accessed to classify disease status.

Previously identified pediatric PCC risk factors include hospitalization,9 female sex,26 and a
history of allergic9 and underlying chronic diseases.26 In keeping with earlier reports,9,10 we
identified that older age was associated with reporting of PCCs. This finding may reflect the fact that
younger, less-verbal children are less likely to report specific symptoms, compared with verbal
teenagers. In addition, we identified hospitalization and 4 or more acute symptoms as risk factors
associated with 90-day PCCs. Although the latter finding may reflect the possibility that individuals
reporting more symptoms at baseline are inherently more likely to report symptoms in general, it is
consistent with research in adults that found that the presence of 5 or more symptoms during the
acute illness was associated with PCCs.28

Strengths and Limitations
To our knowledge, this large cohort study is the first to explore PCCs among children seeking ED care.
Strengths include a SARS-CoV-2–negative control group, prospective data collection, and consistent
and identical follow-up for all participants. Our PCC assessment approach, which clarifies the
presence of the reported symptoms prior to the index ED visit, represents a methodological advance
compared with prior assessments that focused on the presence or absence of symptoms in the
preceding 7 days.12 We recruited children in numerous countries and captured repeated SARS-CoV-2
test results within 14 days to appropriately classify children with false-negative index test results.31

Thus, our evaluation provides a realistic estimate of PCC prevalence along with a comparator group.

Table 3. Comparison of Any Reported Persistent, New, or Recurring Health Problems 90 Days After the Index Visit Among Frequency Matched SARS-CoV-2–Positive
and SARS-CoV-2–Negative Children Who Were Symptomatic at the Time of Testing

Factor

Not hospitalized (days 0-14) Hospitalized (days 0-14)

SARS-CoV-2 positive SARS-CoV-2 negative Adjusted P valuea SARS-CoV-2 positive SARS-CoV-2 negative Adjusted P valuea

All children, No./total No. (%) [95% CI] 55/1295 (4.2)
[3.2-5.5]

35/1321 (2.7)
[1.9-3.7]

.14 40/391 (10.2)
[7.4-13.7]

19/380 (5.0)
[3.0-7.7]

.03

Age group, No./total No. (%)

<1.0 y 8/338 (2.4) 6/258 (2.3) >.99 6/99 (6.1) 4/84 (4.8) .96

1.0 to <2.0 y 4/173 (2.3) 8/265 (3.0) >.99 1/34 (2.9) 0/41 (0) .67

2.0 to <5.0 y 3/198 (1.5) 6/312 (1.9) >.99 4/60 (6.7) 2/73 (2.7) .67

5.0 to <10.0 y 16/260 (6.2) 6/246 (2.4) .14 3/69 (4.4) 4/70 (5.7) >.99

10.0 to <14.0 y 10/164 (6.1) 2/133 (1.5) .14 8/49 (16.3) 5/62 (8.1) .47

14.0 to <18.0 y 14/162 (8.6) 7/107 (6.5) .97 18/80 (22.5) 4/50 (8.0) .09

Chronic condition, No./total No. (%)

Yes 8/131 (6.1) 8/215 (3.7) .53 11/104 (10.6) 9/103 (8.7) .96

No 47/1163 (4.0) 27/1106 (2.4) .14 29/287 (10.1) 10/277 (3.6) .01

No. of acute symptoms, No./total No. (%)b

1-3 7/513 (1.4) 6/472 (1.3) >.99 7/149 (4.7) 7/153 (4.6) >.99

4-6 20/442 (4.5) 11/475 (2.3) .14 11/128 (8.6) 8/139 (5.8) .67

≥7 27/267 (10.1) 16/277 (5.8) .14 21/90 (23.3) 3/64 (4.7) .01

Severe acute illness, No./total No. (%)

Yes NA NA NA 12/67 (17.9) 1/50 (2.0) .03

No NA NA NA 28/324 (8.6) 18/330 (5.5) .26

Abbreviation: NA, not applicable.
a Reported P values have been converted within groups (ie, not hospitalized or

hospitalized) to adjusted P values (q values), using the Benjamini-Hochberg method to
account for multiple comparisons.

b Cochran-Armitage test for trend among nonhospitalized, SARS-CoV-2–positive and
SARS-CoV-2–negative children was less than .001 and .003, respectively. Among
hospitalized, SARS-CoV-2–positive and SARS-CoV-2–negative children, the Cochran-
Armitage test for trend was less than .001 and .98, respectively.
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Although a nonnegligible proportion of SARS-CoV-2–negative children reported symptoms that met
our definition of PCCs, persistent, new, or recurring health problems were more common among
SARS-CoV-2–positive children. In adjusted analyses, reporting PCCs was associated with a positive
SARS-CoV-2 test result. Nonetheless, we cannot exclude the possibility that this association is not
specific to SARS-CoV-2 infection and may reflect the association that infection has with perception of
symptoms.6

This study also has some limitations. We defined the presence of PCCs through the use of an
open-ended questionnaire administered to caregivers. This approach may underestimate the
presence of PCCs compared with detailed report forms, such as those used in a Russian pediatric
study9 and several adult-focused studies.32,33 However, the latter approach may overestimate
symptom prevalence, especially when control group comparisons are not used to contextualize the
findings. Also, we cannot exclude the possibility that our findings are associated with unmeasured
and residual confounding, or that the small number of events for some outcomes limited our ability
to detect some associations with SARS-CoV-2 test result status. Third, although approximately 20%

Figure 2. Percentage of Frequency-Matched Nonhospitalized and Hospitalized Children
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of participants were lost to follow-up, this is lower than earlier reports and any differences between
those who were and were not lost to follow-up were unlikely to be substantially associated with our
findings or conclusions. We also could not match SARS-CoV-2–positive and SARS-CoV-2–negative
children by study site, as some sites enrolled too few children; thus, country was used to perform
matching. Additionally, we cannot exclude the possibility that biases may have influenced our
findings. Knowledge of a prior infection could account for the small differences detected between
SARS-CoV-2–positive and SARS-CoV-2–negative children.6,27 In addition, the symptoms that led to
SARS-CoV-2 testing, our matching of SARS-CoV-2–positive and SARS-CoV-2–negative participants,
and our losses to follow-up may have influenced our findings.

We did not perform antibody testing at 90 days to confirm the absence of SARS-CoV-2
infections in control participants. However, control group contamination during the 3-month
follow-up would have been minimal, as seroprevalence studies in the United States and Canada
indicate that, through the middle of 2021, few children had serologic evidence of prior SARS-CoV-2
infection.10,34,35 Furthermore, control group contamination would have biased the results toward a
smaller difference in PCCs between groups. Finally, as participants were enrolled prior to January 20,
2021, our findings cannot be extrapolated to emerging SARS-CoV-2 variants of concern and to
children who do not seek ED care, as prior suspicion of infection that was sufficient to bring the child
to the ED could limit the generalizability of our findings to the latter population.

Conclusions

This cohort study found that, although 10% of children hospitalized with acute SARS-CoV-2
infections and 5% of those discharged from the ED reported PCCs at 90 days, these rates were only
slightly higher than the rates among SARS-CoV-2–negative controls. Risk factors for reporting PCCs
included the number of acute symptoms, length of hospitalization, and older age. These findings can
inform public health policy decisions regarding COVID-19 mitigation strategies for children and
screening approaches for PCCs among those with severe infections.
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