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Artic{e history: Objectives: Although long COVID-19 is widely recognized in adults, less information is available about
Received 9 September 2022 this condition in children, especially in developing countries. Here, we studied the long-term symptoms
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of SARS-CoV-2 infection beyond 3 months and the associated risk factors in a pediatric population.
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Methods: This observational study included 639 Argentinian children and adolescents with previously
confirmed COVID-19 from June 2020-June 2021 and 577 children without previous COVID-19. Parents

Keywords: completed a survey about symptoms that their child had for >3 months after the diagnosis of SARS-CoV-
Child 2 infection.

SARS-CoV-2 Results: At least one persistent symptom was observed more frequently in children with previous COVID-
]&‘:r‘fogg\gg]g 19 than in the non-COVID-19 group (34% vs 13%, P <0.0001). SARS-CoV-2 infection increased the risk

of headache, dizziness, loss of taste, dyspnea, cough, fatigue, muscle pain, and loss of weight by three-
to seven-fold. The loss of smell was only reported in infected children. After controlling for the other
variables, older age, symptomatic COVID-19, and comorbidities were independent predictors of long-term
symptoms.
Conclusions: One-third of children experienced persistent symptoms after COVID-19. Older age, symp-
tomatic infection, and comorbidities were shown to be risk factors for long COVID-19. Pediatric long
COVID-19 is a new condition that requires further investigation.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

INTRODUCTION 7% of the total confirmed cases [1,2]. Based on the prevalence re-
ported thus far, there could be 100 million people now living with

Almost 600 million people have been infected with SARS-CoV-2 persistent symptoms after COVID-19 [3-5].
since March 2020 worldwide. Pediatric COVID-19 accounts for 2- During the 15 year of the pandemic, the focus was primarily
aimed at the acute phase of infection with SARS-CoV-2. Then, there
was growing recognition that the COVID-19 pandemic has left a
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the Middle East respiratory syndrome coronavirus outbreak of 2012
have already demonstrated a constellation of persistent symptoms,
reinforcing the concerns for the significant sequelae of COVID-19
[6,7].

Most of our current insights into long COVID-19 come from
adults who have recovered from symptomatic SARS-CoV-2 infec-
tion [8-13]. However, long-term consequences can occur after
SARS-CoV-2 infection in children, even in previously asymptomatic
patients [14]. Long COVID-19 is a heterogeneous syndrome for
which a precise definition remains lacking. The underlying mecha-
nisms remain to be clearly established [12,15]. Post-COVID-19 con-
dition or long COVID-19 occurs in children and young people with
a history of SARS-CoV-2 infection, with one or more persistent
physical symptoms for a minimum duration of 12 weeks after
acute infection that cannot be explained by an alternative diagno-
sis. The symptoms impact everyday functioning and may fluctuate
or relapse over time [16]. The CLoCk study suggests that, in the
United Kingdom alone, tens of thousands of children and young
people might have long COVID-19 [17]. A recent meta-analysis
[18] including 21 studies of long COVID-19 in children reported a
prevalence of long COVID-19 in 25% of the study population. Most
of these studies were carried out in high-income countries (18 of
21 were from Europe), and only one study was performed in Latin
America, which included 53 Brazilian children [19].

This study aimed to determine the long-term symptoms of
SARS-CoV-2 infection beyond 3 months and the associated risk
factors in 639 children and adolescents (COVID-19 group) in Ar-
gentina. The non-COVID-19 group included 577 children without a
history of SARS-CoV-2 infection. We also focused on the differences
between subgroups defined by age, sex, presence of underlying dis-
eases, presence of symptoms, and severity during acute COVID-19.

METHODS
Study population

Children and adolescents with or without a history of SARS-
CoV-2 infection admitted to the Hospital General de Niflos Pe-
dro de Elizalde, Hospital Universitario Austral, Hospital Dr. Sal-
vador Mazza, Hospital Pediatrico Juan Pablo II, and Policlinico Re-
gional Juan Domingo Perén between June 2020 and June 2021
were invited to participate. Two pediatric cohorts were enrolled
in this observational study. The first cohort (“COVID-19”) consisted
of 664 children with polymerase chain reaction-confirmed SARS-
CoV-2 infection, aged between 1 and 17 years. A total of 639 chil-
dren were finally included in the analysis. They were initially ad-
mitted to the previously mentioned hospitals during the course
of acute infection and enrolled 6 months later. The severity of
acute COVID-19 was assessed according to the World Health Or-
ganization (WHO) criteria. Asymptomatic patients were those who
remained without symptoms throughout the infection. Mild pa-
tients showed only nonspecific symptoms (fever, fatigue, headache,
myalgia, cough, and diarrhea) with no evidence of pneumonia or
hypoxia. Moderate patients presented with nonsevere pneumonia
(cough or fast breathing and/or chest indrawing). Severe children
had severe pneumonia (difficulty breathing and respiratory dis-
tress) and/or lethargy and convulsions. Children with multisystem
inflammatory syndrome in children (MIS-C) diagnosis and those
with incomplete data were excluded. The second cohort (“non-
COVID-19”) consisted of 751 children without a history of COVID-
19 disease who were age- and sex-matched and enrolled in the
same participant hospitals. A total of 577 children were finally in-
cluded in the analysis. Children with the following criteria were
included in the non-COVID-19 group: (i) children who tested neg-
ative for SARS-CoV-2, presented with acute symptoms, and/or were
in close contact with a COVID-19 case; (ii) nontested children re-
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porting neither symptoms nor history of school or household close
contact assisted for well-child visits in some of the participat-
ing hospitals. Lockdown measures were implemented in Argentina
from March 2020 until December 2020, including school closure.
All children from both cohorts were unvaccinated because pedi-
atric COVID-19 vaccines were not approved in our country at the
time of the survey. Parental perception of changes in children’s
emotional, behavioral, and health status in the 6 months after di-
agnosis in the COVID-19 group or in the 6 months before the sur-
vey in the non-COVID-19 group was assessed between January and
June 2021. The children’s evaluations were carried out on a single
occasion.

Questionnaire

The questionnaire was adapted from the WHO case report form
for post-COVID-19 conditions for adults [20]. Participating parents
completed online surveys. The questionnaire consisted of several
questions with mandatory responses (Supplementary Table 1). The
first part of the survey included demographic data, date of COVID-
19 diagnostic confirmation, acute COVID-19 symptoms and sever-
ity, and comorbidities. The last part of the survey asked for per-
sistent or newly developed symptoms that lasted for more than
3 months after COVID-19 diagnosis and were not explained by
other reasons. Considering that the young age of patients could af-
fect the parental perception of some symptoms, such as anxiety,
mood swings, depression, headache, dizziness, loss of smell, loss
of taste, forgetfulness, and concentration difficulties, only children
aged >5 years were screened for these symptoms. Parents or legal
guardians of children gave full written informed consent to partic-
ipate in the study. This study was conducted in accordance with
the Declaration of Helsinki and the institutional review board ap-
proved the study.

Statistical analysis

Descriptive statistics were calculated for baseline characteris-
tics. Continuous variables are summarized as medians (with in-
terquartile ranges), and categorical variables are summarized as
frequencies (with percentages). Two groups were compared using
Fisher's exact test. The data were further analyzed by fitting lo-
gistic regression models for persistent symptoms that were sta-
tistically significant in the univariate analysis comparing patients
with COVID-19 and non-COVID-19 after adjusting for age, sex, pres-
ence of comorbidities, and presence of symptoms during the acute
phase of COVID-19. The results are reported as unadjusted odds
ratios (ORs) and adjusted ORs (aORs) with 95% confidence inter-
vals. An upset plot was used to present the coexistence of per-
sistent symptom categories. To identify children at higher risk of
long COVID-19, a logistic regression was conducted considering
age, sex, categories of disease severity, presence of symptoms at
acute COVID-19, and different comorbidities as predictor variables.
A P-value <0.05 was considered statistically significant. The statis-
tical analyses were performed with GraphPad Prism v.8 (GraphPad
Software) and R (version R-3.6.1) using the packages ggplot2 and
UpSetR.

RESULTS
Characteristics of the study cohorts

A total of 1415 children and adolescents with and without pre-
vious COVID-19 agreed to participate in this study. The flowchart
of enrollment is shown in Supplementary Figure 1. A total of
639 children with COVID-19 were finally included in the analysis.
The median age and interquartile range of the COVID-19 cohort
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Characteristics of the children with or without COVID-19 included in the study.

COVID-19 (N = 639)  Non-COVID-19 (N = 577)

Age (median, interquartile range)
Female, n (%)
Comorbidities, n (%)
None
Prematurity
Respiratory disease
Heart disease
Renal disease
Neurological disease
Obesity
Undernutrition
Cancer
Diabetes
Genetic disorder
Immunodeficiency
Other?
Acute COVID-19 severity, n (%)®
Asymptomatic
Mild
Moderate
Severe
Pneumonia, n (%)
0, requirement, n (%)
Pediatric intensive care unit admission, n (%)
Persistence of COVID-19 symptoms, n (%)
None or symptoms <3 months
Symptoms >3 months

7 (3-12) 8 (5-12)
298 (47) 277 (48)
454 (71) 495 (86)
34 (5) 18 (3)
80 (13) 45 (8)
20 (3) 9 (2)
12 (2) 2 (0.3)
42 (7) 10 (2)
23 (4) 8 (1)
10 (2) 0

13 (2) 1(0.2)

9 (1) 2 (0.3)

8 (1) 1(02)
10 (2) 3 (0.5)
4(0.6) 4(0.7)
127 (20) -
447 (70) -

49 (8) -

16 (2) -

32 (5) 0

50 (8) 0

8 (1) 0
420 (66) 503 (87)
219 (34) 74 (13)

3 Other comorbidities included autoimmunity and tuberculosis.
b Disease severity of COVID-19 was assessed according to the criteria from World Health Organization.

was 7 years (3-12), and 47% (n = 298) were girls. All had poly-
merase chain reaction-confirmed SARS-CoV-2 infection. A total of
80% were tested because they had COVID-19 symptoms (n = 512),
whereas 20% were tested because they were identified having been
in close contact with someone who had COVID-19 (n = 127). A to-
tal of 71% of children (n = 454) had no comorbidities, with res-
piratory disease (mainly asthma) being the most prevalent under-
lying problem (13%, n = 80). The cohort included patients with
asymptomatic (20%, n = 127), mild (70%, n = 447), moderate (8%,
n = 49), and severe (2%, n = 16) disease. Eight of the 639 pre-
viously infected children required pediatric intensive care unit ad-
mission during acute COVID-19.

The non-COVID-19 group included 577 children. The median
age and interquartile range was 8 years (5-12), and 48% (n = 277)
were girls. A total of 86% percent of the patients in the non-COVID-
19 cohort (n = 495) had no comorbidities, with respiratory disease
(again, mainly asthma) being the most prevalent underlying condi-
tion (8%, n = 45). The characteristics of both cohorts are summa-
rized in Table 1.

Evaluation of persistent symptoms after COVID-19

A higher proportion of the parents of children with previ-
ous COVID-19 (34%, n 219) reported that their children re-
mained unwell and had at least one persistent symptom for more
than 3 months, unlike the perception of parents of the non-
COVID-19 cohort (13%, n = 74, P <0.0001; Table 1). Symptoms
were grouped into different categories, such as mental, neurologi-
cal, sensory, cognition, gastrointestinal, respiratory, cardiologic, and
others, as described elsewhere [21]. Anxiety, mood swings, depres-
sion, headache, dizziness, loss of smell, loss of taste, forgetfulness,
and concentration difficulties were screened only in children aged
>5 years (COVID-19, n = 388 and non-COVID-19, n = 477). A total
of 13 of the 19 symptoms analyzed were significantly more preva-
lent in the COVID-19 group (n = 639) than in the non-COVID-
19 group (n = 577, Table 2). Neurological symptoms were more
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common in the COVID-19 group than in the non-COVID-19 group:
headache (59/388 vs 10/477, P <0.001), seizures (11/639 vs 1/577,
P <0.007), and dizziness (19/388 vs 2/477, P <0.001). The differ-
ences in sensory problems between the COVID-19 and non-COVID-
19 groups involved loss of taste (30/388 vs 1/477, P <0.001) and
loss of appetite (41/639 vs 12/577, P <0.001). Persistent loss of
smell was only reported in the COVID-19 group (33/388 vs 0/477, P
<0.001). The differences in gastrointestinal conditions between the
COVID-19 and non-COVID-19 groups involved diarrhea or constipa-
tion (26/639 vs 12/577, P <0.049) and nausea or vomiting (12/639
vs 3/577, P <0.038). The differences in respiratory conditions be-
tween the COVID-19 and non-COVID-19 groups included dyspnea
(26/639 vs 5/577, P <0.001) and cough (71/639 vs 8/577, P <0.001).
Finally, the differences in fatigue (56/639 vs 5/577, P <0.001), mus-
cle pain (49/639 vs 8/577, P <0.001), and loss of weight (51/639
vs 7/577, P <0.001) between the COVID-19 and the non-COVID-19
groups were also found. In short, we found that 13 of the 19 symp-
toms analyzed were significantly more prevalent in the COVID-
19 group, including neurological, sensorial, and respiratory symp-
toms, as well as fatigue, muscle pain, and weight loss (Table 2).
To further analyze the relationship between persistent symptoms
and different variables, such as age, sex, comorbidities, and symp-
tomatic COVID-19, we conducted an adjusted logistic regression
model for the 13 persistent symptoms that were significantly dif-
ferent between COVID-19 and non-COVID-19 patients. This anal-
ysis included group, age, sex, presence of any comorbidity, and
presence of symptoms at the acute phase of infection as predic-
tor variables. We observed that eight persistent symptoms were
independently associated with previous COVID-19. The differences
in neurological symptoms included headache (aOR 3.74 [1.81-8.46],
P <0.001) and dizziness (aOR 5.50 [1.36-38.25], P <0.037). The
differences in sensory problems included loss of taste (aOR 3.23
[2.31-16.24], P <0.019). Logistic regression analysis regarding loss
of smell was not possible because it was only reported among
children with COVID-19. The differences in respiratory symptoms
included dyspnea (aOR 6.53 [2.70-19.60], P <0.001) and cough
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Persistent symptoms lasting at least 3 months reported in children with or without previous

SARS-CoV-2 infection.

COVID-19 (N = 639)  Non-COVID-19 (N = 577)  P-value®

Mental health

Anxiety? 34 (9) 54 (12) 0.142

Mood swings® 29 (7) 50 (11) 0.076

Depression? 26 (7) 32 (7) 0.999
Neurological

Headache? 59 (15) 10 (2) <0.001

Seizures 11 (2) 1(0.2) 0.007

Dizziness? 19 (5) 2 (0.4) <0.001
Sensory problems

Loss of smell® 33 (9) 0 <0.001

Loss of taste? 30 (8) 1(0.2) <0.001

Loss of appetite 41 (6) 12 (2) <0.001
Cognition

Forgetfulness?® 17 (4) 20 (4) 0.999

Difficulty concentration? 29 (7) 38 (9) 0.612
Gastrointestinal

Diarrhea or constipation 26 (4) 12 (2) 0.049

Nausea or vomiting 12 (2) 3(0.5) 0.038
Respiratory

Dyspnea 26 (4) 5(1) <0.001

Cough 71 (11) 8 (1) <0.001
Cardiologic

Palpitations 18 (3) 13 (2) 0.588
Fatigue 56 (9) 5(1) <0.001
Muscle pain 49 (8) 8 (1) <0.001
Loss of weight 51 (8) 7 (1) <0.001

2 Anxiety, mood swings, depression, headache, dizziness, loss of smell, loss of taste, forgetful-
ness, and difficulty concentrating were requested only in children >5 years (cases, n = 388 and

controls, n = 447).
b Fisher's exact test. N (%) are shown.
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Figure 1. Forest plots showing the unadjusted and adjusted ORs of symptoms lasting at least 3 months. Unadjusted (a) and adjusted ORs (b) for cohort, age, sex, presence
of any comorbidity, and presence of symptoms among COVID-19 and non-COVID-19 (n = 1216) is shown.

Abbreviation: OR, odds ratio.

Cohorts were coded as follows: 0 = non-COVID-19, 1 = COVID-19. The dots indicate the OR and the horizontal lines indicate the lower and upper limits of the 95% confidence

interval.

aHeadache, dizziness, loss of smell, and loss of taste were requested only in children >5 years (n = 835).
bLogistic regression analysis was not possible for loss of smell, which was only reported among COVID-19 children.

(aOR 3.52 [1.67-8.42], P <0.002). The differences in fatigue (aOR
5.72 [2.32-17.46], P <0.001), muscle pain (aOR 3.05 [1.34-7.78], P
<0.012) and loss of weight (aOR 5.09 [2.31-12.96], P <0.001) were
also found as shown in Figure 1 and Supplementary Table 2.
Subsequently, we studied the coexistence of different categories
of persistent symptoms in children aged >5 years with COVID-
19, who were able to report all the studied symptoms. A total of
61% (n = 83) of these children reported persistent symptoms from
more than one category. The most commonly co-occurring cate-
gories were loss of weight and sensory symptoms in 5% (n = 7)
of children, whereas respiratory and neurological symptoms were
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present in 4% (n = 6) of children. A total of 35% (n = 48) of chil-
dren had persistent symptoms from three or more different cat-
egories. The coexistence of persistent symptom categories is pre-
sented in Figure 2.

Identification of children at higher risk of persistent symptoms after
CovID-19

To identify potential risk factors for developing persistent
symptoms in the COVID-19 group, we performed a logistic regres-
sion analysis focused on age, sex, categories of disease severity;
presence of symptoms in the course of acute COVID-19; respira-
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Figure 2. Upset plot showing the coexistence of symptoms categories lasting at least 3 months in children with previous COVID-19 >5 years. Each bar (intersection size)
shows the number of children who reported some particular category symptom or combination of categories (neurological, respiratory, sensory, fatigue, muscle pain, and
loss of weight). Underneath it is a graphical table showing what those combinations are. The black dots and lines show the combination of symptoms that make up each
cluster or subset of symptoms. The smaller bar chart (set size) to the left of the graphical table shows the overall size of each category. The top 20 intersections are shown.

tory, heart, renal, or neurologic disease; prematurity; cancer; dia-
betes; immunodeficiency; obesity; undernutrition and genetic dis-
orders as predictor variables. This logistic regression model showed
that older age (B = 0.102, P <0.001); presence of symptoms in the
course of acute infection (B = 1.591, P <0.013); and underlying dis-
eases, such as respiratory (B = 0.847, P <0.005) or renal diseases
(B = 1.366, P <0.043) and diabetes (B = 2.034, P <0.031), were
significantly associated with the persistence of symptoms lasting
at least 3 months after COVID-19. Disease severity was not a sig-
nificant predictor variable of persistent symptoms. In fact, we did
not find differences between asymptomatic vs mild (P = 0.663), vs
moderate (P = 0.930), or vs severe disease (P = 0.859), as shown
in Table 3.

DISCUSSION

Although long COVID-19 is widely recognized in adults
[8,9,12,13], its relevance in children remains to be established.
Early reports from Buosenso (Italy) [14] and Say (Australia)
[22] suggested that children with asymptomatic or mild COVID-
19 could develop persisting symptoms; although, these children
were followed up for a relatively short time after diagnosis. Lud-
vigsson et al. (Sweden) [2]| published a systematic review indi-
cating that children display long COVID-19 symptoms similar to
those reported in adults. Conversely, Denina et al. (Italy) [23], de-
scribed a small group of hospitalized children with COVID-19 dis-
playing no long-term sequelae. In addition, six [17,19,24-27] of
eight previous studies on long COVID-19 in children and adoles-
cents that included a control group performed in Brazil, Denmark,
and the United Kingdom found a higher frequency and persistence
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of symptoms in previously SARS-CoV-2 infected children than in
the control group, whereas another two studies from Germany and
Switzerland reported no differences between groups [28,29]. A re-
cent review by Lopez-Leon et al. [18] showed that the prevalence
of long COVID-19 in children was 25%, revealing important differ-
ences between the studies. The most prevalent clinical manifes-
tations reported were mood symptoms, fatigue, and sleeping dis-
orders. Compared with uninfected children, SARS-CoV-2-infected
children had a higher risk of persistent dyspnea, anosmia, ageusia,
and fever. Conversely, Buonsenso et al. [30], analyzed long COVID-
19 in adults and children living in the same household in Italy.
With a median follow-up post-SARS-CoV-2 acute infection of 77
days, the authors reported that 67% of adults and 32% of children
showed at least one persistent symptom, concluding that children
can experience long COVID-19, although less frequently than co-
habitant adults. Notably, most of the previous studies focused on
pediatric long COVID-19 were carried out in high-income countries
(18 of 21 were from Europe), but only one study, which included
53 symptomatic Brazilian children, was performed in Latin America
[19]. This prospective study found that 23% of children had at least
one symptom lasting >12 weeks. The most frequently reported
symptoms at the longitudinal follow-up visit were headache (19%),
tiredness (9%), dyspnea (8%), and concentration difficulty (4%).

In this study, we found that ~30% of the children from our co-
hort of children with COVID-19 had persistent symptoms for more
than 3 months after their initial illness, with headache, cough, and
fatigue being the most common symptoms in comparison with
children in the non-COVID-19 cohort. These observations are in
agreement with those described by other reports in children and
adults [5,13,25-27,31]. Our study showed that a previous SARS-
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Predictor variables for developing persistent symptoms lasting at least 3 months in children

with COVID-19.

B coefficient ~ Standard error ~ z-value  P-value
Intercept -2.157 0.322 -6.702 <0.001
Age (years) 0.102 0.019 5.468 <0.001
Gender (female/male) -0.351 0.196 -1.797 0.072
Severity?
Mild (no/yes) -0.262 0.601 -0.436 0.663
Moderate (no/yes) -0.060 0.682 -0.088 0.930
Severe (no/yes) 0.145 0.812 0.178 0.858
Presence of symptoms (no/yes) 1.591 0.642 2.475 0.013
Comorbidities (no/yes)
Prematurity 0.305 0.415 0.734 0.463
Respiratory disease 0.847 0.300 2.826 0.005
Heart disease 0.858 0.547 1.568 0.117
Renal disease 1.366 0.675 2.025 0.043
Neurological disease 0.313 0.396 0.790 0.430
Obesity 0.420 0.493 0.853 0.394
Undernutrition -2.298 1.198 -1.918 0.055
Cancer -0.117 0.880 -0.189 0.850
Diabetes 2.034 0.945 2.152 0.031
Genetic disorder 0.769 0.894 0.869 0.390
Immunodeficiency 0.349 0.874 0.399 0.690

Logistic regression test using different predictor variables in children with COVID-19. Data
were coded as follows: age (as numeric variable, grand mean-centered), sex (0 = female,
1 = male), mild (0 = no, 1 = yes), moderate (0 = no, 1 = yes), severe (0 = no, 1 = yes),
presence of symptoms at acute COVID-19 (0 = no, 1 = yes), presence of prematurity (0 = no,
1 = yes), respiratory disease (0 = no, 1 = yes), heart disease (0 = no, 1 = yes), renal disease
(0 = no, 1 = yes), neurological disease (0 = no, 1 = yes), obesity (0 = no, 1 = yes), undernu-
trition (0 = no, 1 = yes), cancer (0 = no, 1 = yes), diabetes (0 = no, 1 = yes), genetic disorder
(0 = no, 1 = yes), immunodeficiency (0 = no, 1 = yes). Estimated coefficients (B) and their
standard errors, z-value and P-value are listed. @ Asymptomatic category was used as reference

variable.

CoV-2 infection increased the risk of nine persistent symptoms
lasting more than 3 months by three- to seven-fold, specifically,
neurological (headache and dizziness) and sensory conditions (loss
of smell and loss of taste), respiratory symptoms (dyspnea and
cough), fatigue, muscle pain, and loss of weight. Sensory symp-
toms affecting smell were reported exclusively in children with
COVID-19. Moreover, we found that more than 50% of the chil-
dren with long COVID-19 showed two or more categories of per-
sistent symptoms at the time of enrollment. In line with our re-
sults, Zavala et al. [27] also identified nine prevalent symptoms in
children with long COVID-19 that clustered into three categories:
mental health, neurologic, and sensory conditions. Similarly, Os-
manov et al. [21] showed that almost one in ten children had mul-
tiple symptoms, with two or more categories of persistent symp-
toms present at the time of the follow-up. Moreover, a recent ret-
rospective study highlighted that chronic anosmia after COVID-19
can significantly affect children’s eating habits and everyday activ-
ities [32]. Finally, although no substantial differences were identi-
fied between results reported in low- and high-income countries,
the obtained results do provide a sense of the scale of the prob-
lem. The long-term impact of this pandemic will especially affect
the quality of life of children from low-income countries, children
from minorities, and children living with disabilities who will re-
quire an additional support.

We analyzed not only physical symptoms but also emotional
or behavioral changes. No differences were observed between the
COVID-19 and non-COVID-19 groups for any mental health symp-
tom. The symptoms included anxiety, mood swings, and depres-
sion. Approximately one in ten parents noticed changes in the
mental health of their children in both cohorts, which could be
attributed, at least in part, to the prolonged period of isolation im-
posed in our country. The lockdown measures were implemented
in Argentina from March 2020 until December 2020.

Older age and male sex are well-established risk factors for se-
vere COVID-19 outcomes in adults. Various pre-existing conditions
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have also been associated with an increased risk of severe disease
[11,33]. Looking at risk factors for long COVID-19 in children, we
observed that the risk of developing persistent symptoms increases
with age. Our multivariate logistic regression analysis also showed
that both the presence of symptoms at the acute phase of the in-
fection and comorbidities, such as respiratory or renal diseases and
diabetes, were also predictor variables significantly associated with
a higher risk of developing long-term symptoms. Our results are
in line with a previous report showing that being older than 6
years and presenting with allergic diseases are risk factors for long
COVID-19 [21]. The mechanistic basis for long COVID-19 in children
and adults remain to be elucidated, but the presence of minus-
cule clots, viral reservoirs, or dysregulated immune responses have
been proposed as possible contributors [15,34]. Moreover, our re-
sults suggest that a subgroup of children who experienced SARS-
CoV-2 infection should be specifically monitored after diagnosis.
In agreement with Buosenso et al. and Erol et al. [14,35], we also
found that the severity of acute infection was not associated with
a higher risk of long-term COVID-19.

Most long COVID-19 studies have focused on clinical manifes-
tations, some of which are difficult to standardize. Therefore, re-
search needs to be expanded to characterize the underlying mech-
anisms responsible for this condition. In this regard, evidence of
lung perfusion defects and ongoing inflammation [36], as well as
evidence of orbitofrontal cortex hypometabolism associated with
persistent neuropsychiatric symptoms after SARS-CoV-2 infection,
have been reported [37]. Likewise, the presence of perinuclear an-
tineutrophil cytoplasmic antibodies and abnormal D-dimer levels
have been associated with long COVID-19 [38,39].

Our study has several limitations. Different symptoms appear
to be related to pediatric long COVID-19 [40]. We included symp-
toms listed in the validated case report form for adult post-COVID-
19 conditions from the WHO. However, the list of symptoms we
used was not complete. Moreover, all enrolled children were in-
terviewed just once, and the retrospective recall up to 6 months
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might have caused recall bias. As expected, parents showed im-
precision in answering some questions, such as those related to
changes in sensory symptoms in very young children and those re-
lated to some neurological symptoms. In addition, we did not per-
form serological studies in the children included in the non-COVID-
19 group; therefore, we cannot rule out that some have experi-
enced asymptomatic SARS-CoV-2 infection. Although our adjusted
logistic regression model included the presence of comorbidities as
a predictor variable, it did not evaluate the influence of each par-
ticular comorbidity. The incidence of certain comorbidities, such
as immunodeficiencies, cancer, and obesity, was markedly higher
in the COVID-19 cohort, whereas the incidence of other comor-
bidities showed more modest differences. This issue, together with
the complexity of the epidemiological scenario, could have intro-
duced some undetected bias that may not have been controlled
in our model. Finally, all the participants in our cohorts were re-
cruited and followed up before the emergence of the Omicron vari-
ant, which is widely circulating today. The frequency and severity
of long COVID-19 associated with Omicron infection remain to be
analyzed.

Tens of millions of children have been infected with SARS-CoV-
2. Even considering the low incidence of long COVID-19 in chil-
dren, millions of children experience and will experience its conse-
quences. This situation should be considered, particularly in devel-
oping countries with strong disparities in access to effective health
care. A clear definition and accurate data on the long-term effects
associated with COVID-19 in children and adolescents are urgently
needed to ensure an adequate diagnosis, treatment, and follow-
up for a multiplicity of clinical manifestations associated with this
new disease.
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