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Abstract: Background: The SARS-CoV-2 pandemic has significantly affected the pediatric population.
Long-term sequelae (Long COVID-19) may particularly involve the central nervous system, with
possible effects on psychological well-being and quality of life (QoL), aspects that were already
influenced by the restrictive measures and general social impact of the pandemic. Methods: We
conducted a cross-sectional survey that aims at investigating the neuropsychological effects and
the QoL impairment of SARS-CoV-2 on a cohort of children and adolescents in the Abruzzo region
(Italy). A questionnaire was submitted to caregivers with the help of the PEDIATOTEM platform. A
control group of healthy subjects was also included to distinguish between the effects of infection
from the general influence of the pandemic. Results: A total of 569 subjects responded: 396 COVID-19
patients (99 of whom had Long COVID-19) and 111 controls. After the pandemic, when compared
with the COVID-19 group, the controls reported significantly increased appetite, sleeping habits, and
time spent remotely with friends and a reduction in physical activity and time spent in person with
friends. A significant higher rate of controls asked for psychological /medical support for emotional
problems. On the other hand, the Long COVID-19 group showed more fatigue and emotional
instability with respect to non-Long-COVID-19 subjects. No differences in QoL results (EuroQOL)
were found between the COVID-19 patients and controls, while the Long-COVID-19 subgroup
showed significantly higher rates of pain/discomfort and mood instability, as confirmed by the
analysis of variation of responses from the pre-COVID-19 to the post-COVID-19 period. Conclusions:
Among COVID-19 patients, neuropsychological and QoL impairment was more evident in the Long
COVID-19 subgroup, although emotional and relational issues were also reported by uninfected
patients, with a growing request for specialist support as a possible consequence of social restriction.

Keywords: COVID-19; long COVID; neuropsychology; emotional well-being; social habits; quality
of life

1. Introduction

The Coronavirus disease 2019 (COVID-19) pandemic, caused by Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2), continues to spread, causing significant
mortality and morbidity worldwide [1-3].

In children, acute SARS-CoV-2 infection is often mildly symptomatic or asymptomatic,
and more serious and potentially life-threatening complications are rare [3,4].
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However, despite the low risk of severe acute COVID-19 in the pediatric population, it
has been widely demonstrated that SARS-CoV-2 infection can lead to the onset of long-term
multisystem sequelae, currently referred to as Long COVID-19 [1,5,6].

The World Health Organization (WHO) proposed a consensus defining Long COVID-
19 as a condition typically occurring three months after the onset of a probable or confirmed
SARS-CoV-2 infection, with symptoms lasting at least two months and unable to be ex-
plained by an alternative diagnosis [7].

Most published epidemiological studies and reviews focus primarily on Long COVID-
19 among adult populations, while data regarding the long-term effects of COVID-19 in the
pediatric population are still limited [8].

As in adults, studies conducted on the pediatric population identified having a female
gender, severe forms of COVID-19, obesity, allergic diseases, and other comorbidities as
risk factors for the development of Long COVID-19 [5,9].

In a recent meta-analysis, combining data from 21 studies with over 80 thousand chil-
dren and adolescents, Lopez et al. [5] found that the prevalence of Long COVID-19 among
the pediatric population was 25.24%. The most common symptoms were mood symp-
toms (16.50%), fatigue (9.66%), sleep disorders (8.42%), headaches (7.84%), and respiratory
symptoms (7.62%) [5].

Other studies confirmed that most of the Long COVID-19 symptoms are neurological
and neuropsychiatric, such as headaches, altered cognition (‘brain fog’), joint and muscle
pain, anxiety, depression, and sleep disorders [10-12].

The prevalence of neuropsychiatric symptoms has led to the question of whether they
were related to a direct action of the SARS-CoV-2 infection or determined by the stressors
of the pandemic.

Several studies suggest that neurological and neuropsychiatric symptoms may differ
in the underlying pathophysiology. SARS-CoV-2 infection seems to have a key role in
the development of neurological symptoms, while social isolation and pandemic-related
restrictions seem to play a relevant role in neuropsychiatric manifestations, such as mood
problems [6,13-15].

Understanding the problem of neuropsychiatric manifestations of Long COVID-19 is
essential to allow for the timely recognition of affected children and to implement adequate
support through pediatric-healthcare resources.

However, the absence of a control group in most studies regarding the neuropsychi-
atric manifestations of Long COVID-19 in children and adolescents makes it difficult to
distinguish between symptoms directly attributable to the infection and those related to
the pandemic.

For this reason, in our study, we aimed to compare, in a pediatric population from
Abruzzo (Italy), the neuropsychological effects and the impact on quality of life and social
habits among children with a recent SARS-CoV-2 infection and a group of healthy controls,
to distinguish the direct effects of COVID-19 from pandemic-related symptoms.

2. Materials and Methods

A cross-sectional survey was addressed to patients aged 6-18 with a previously
documented SARS-CoV-2 infection and a group of healthy controls of the same age without
a previous COVID-19 diagnosis. Data were collected in Abruzzo, an Italian region, from
September 2022 to January 2023.

The survey was developed using the “International Severe Acute Respiratory and
Emerging Infection Consortium” (ISARIC) Global Paediatric Follow-up questionnaire of
Oxford University [16], of which we promptly received the Italian version 1.4
(https:/ /isaric.org/.../ paediatric-follow-up, accessed on 6 February 2022). The ISARIC sur-
vey has been validated and has already been used by other research groups on a population
of adult and pediatric COVID-19 patients [17].

This questionnaire investigates the prevalence and risk factors of post-COVID-19
conditions in children. It is subdivided into different sections concerning patients’ char-
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acteristics and COVID-19 infection, from the acute phase to the persistent symptoms,
analyzing physical and mental health. Comorbidities, vaccination status, and psychological
and relational well-being data were also collected (Table 1).

Table 1. Questions related to social relationships and emotional well-being.

Compared to before your illness/pandemic onset, how much are you now doing/experiencing
the following:

Eating
Sleeping
Physical activity
Fatigue
Spending time with friends in person
Spending time with friends remotely
Spending time watching TV, playing video/computer games, or using social media for
educational purposes, including school /nursery work
Spending time watching TV, playing video/computer games, or using social media for
non-educational purposes
Spending time outside
Attending nursery/school/university /work

Compared to before your illness/pandemic onset: Have there been changes in your...

Connections with others
Emotions

Compared to before your illness/pandemic onset: Have there been changes in your...

Behavior
Relationships, in how they get on with others

The questionnaire also included the quality-of-life test of the EuroQoL group asso-
ciation, an international network of multidisciplinary researchers, for whom a regular
license to use the EQ-5D-Y-3L version for non-commercial projects was obtained (© 2024
EuroQoL Research Foundation). The EuroQoL test analyzes five dimensions (i.e., mobil-
ity, looking after myself, doing my usual activities, feeling pain/discomfort, and feeling
worried/sad /unhappy) and a visual analogue scale, which examines the general health
condition [18]. Each dimension had three possible responses, indicating the presence of
problems and their intensity level. Caregivers were asked to respond to the perceptions of
these five dimensions before and after the COVID-19 infection (or pandemic, for the control
group) (Table 2). The visual analogue scale was not included in our analysis for practical
reasons, since it was by phone call that we administered the questionnaire. To compare the
psychological wellness and quality of life of COVID-19 patients with a group of subjects
without a history of SARS-CoV-2 infection, the questionnaire was properly modified for
the control group.

For the recruitment, local primary care pediatricians (PCPs) were enrolled in a phase
lasting 3 weeks with the support of PEDIATOTEM, an innovative multi-media system
designed to create a network between pediatricians and parents to monitor children’s health,
promote communication, and contribute to medical research (https:/ /www.pediatotem.it/
PediaTotem_sito/index.html, accessed on 20 November 2023). PCPs were contacted with a
notification and a one-week reminder for non-responders. After obtaining PCPs’ consent,
responders sent their patients an electronic version of the questionnaire via PEDIATOTEM.
The survey included a cover letter and an informed consent that parents had to accept
before participation.

The LVIIIER agency contributed to this study free of charge. The agency collected and
returned the anonymous data (names were visible only to their PCP). An alpha-numerical
code was used to identify each patient.

The study was conducted in accordance with the Declaration of Helsinki and received
approval from the Regional Ethics Committee of Abruzzo (C.Et.R.A.).
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Table 2. Questions related to quality of life from EuroQoL EQ-5D-Y-3L version. (*) The answer
included three possible choices: no problems (level 1), some problems (level 2), or a lot of problems
(level 3).

Under each heading, please tick the ONE box that describes your health TODAY *
Mobility (walking about)
Looking after myself
Doing my usual activities
Having pain or discomfort
Feeling worried, sad, or unhappy

Under each heading, please tick the ONE box that describes your health BEFORE the onset of
your illness/pandemic outbreak *
Mobility (walking about)
Looking after myself
Doing my usual activities
Having pain or discomfort
Feeling worried, sad, or unhappy

Three authors (MC, MS, and AV) contacted the parents by telephone twice to adminis-
ter the EuroQoL test.

Within the COVID group, the Long COVID-19 subgroup was further identified using
the WHO definition as a temporal criterion (i.e., persistent symptoms that lasted at least
four weeks after the acute COVID-19 infection) [19].

Patients were divided into two age-range subgroups: 6-12 (group 1) and 13-18
(group 2). From the collected data, the first study, aimed at investigating symptoms
of acute COVID-19 and Long COVID-19 with its predictive factors, was developed and
published [20,21].

Statistical Analysis

The data were analyzed using descriptive statistics appropriate for the nature of
the variables. Continuous variables were presented with means + standard deviations.
Categorical data were presented as absolute frequencies (n) and percentages (%). Pearson’s
Chi-squared test was used to investigate the associations between categorical variables. For
continuous variables, differences between groups were assessed using the Student’s ¢-test.
The normality assumption was assessed using the Shapiro-Wilk test. All p-values were
two-tailed, and a p-value of <0.05 indicated a statistically significant relationship.

All statistical analyses were performed using the R statistical environment (version 4.3
R Foundation for Statistical Computing, Vienna, Austria) [22].

3. Results
3.1. General Characteristics of the Study Population

The questionnaire was sent to 4823 patients, followed by 10 PCPs, and 600 (12.4%)
responded. Of them, 31 were excluded from the analysis because of incomplete data. Thus,
a final set of 569 patients was evaluated (396 COVID-19 patients and 111 controls). For
further details and the flow chart of the study, please refer to Schiavo et al. [20].

In the COVID group, 194 patients (49%) were males and 202 were females (51%), with
a mean age of 9.32 £ 2.55 years, and with 87.9% belonging to the 6-to-12-years age range;
48 (12.1%) declared an ethnicity other than Caucasian. At least one dose of the COVID-19
vaccine was administered to 138 (55.9%) patients.

The control group was represented by 61 (55.0%) males and 50 females (45.0%) with
a mean age of 9.41 + 2.74 years; 75 (91.5%). Most patients were Caucasian, and seven
(6.3%) came from other ethnic groups. Eighty-one (72.9%) were vaccinated for COVID-19
(Table 3).
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Table 3. Demographic characteristics of the population included in the analysis by COVID-19 status.

COVID-19 Controls Val
n =396 n=111 p-vatue

Gender, n (%): 0.316
Male 194 (49.0) 61 (55.0)
Female 202 (51.0) 50 (45.0)

Ethnicity, n(%): 0.129
Caucasian 253 (64.1) 75 (67.6)

Other 48 (12.0) 7 (6.3)

Not specified 95 (23.9) 29 (26.1)

Age, years 9.32 + 2.55 941 +2.74 0.747

Class of Age, n (%): 0.224
6-12 years old 348 (87.9) 92 (82.9)
13-18 years old 48 (12.1) 19 (17.1)

Vaccination , n (%): 0.003
Yes 138 (55.9) 81 (72.9)
No 109 (44.1) 30 (27.1)

Within the COVID-19 group, 99 patients (25%) fulfilled the Italian National Institute of
Health criteria for Long COVID-19 [23]. Among them, 48 (48.5%) patients were males, and
51 (51.5%) were females, with a mean age of 9.0 & 2.68 years and a prevalence of children
in the age range of 6 to 12 years (84.8%). Seven (7.0%) patients were not Caucasian; 60
(61.9%) were vaccinated for COVID-19. The following persistent neurological symptoms
were reported: tiredness (23.2%), a need for more rest (20.2%), concentration problems
(15.2%), sleepiness (16.2%), decreased muscle strength (14.1%), a lack of energy (13.1%),
weakness (11.1%), difficulty starting activities (11.1%), memory (9.09%), difficulty with
recalling words (9.09%), and lapses/mistakes in speech (8.08%).

3.2. Social Habits and Emotional Well-Being

Concerning emotional well-being and social habits, significant differences were found
in the comparison between the COVID group and the control group in terms of eating
(p < 0.001), sleeping habits (p = 0.013), and physical activity (p < 0.001). In particular, the
control group perceived an increased appetite, sleeping habits, and physical activity (PA)
after the pandemic onset compared to COVID patients. They also noticed a reduction in
time spent with their friends in person (p = 0.001), as opposed to an increased time spent
remotely (p = 0.021) (Figures 1 and 2). No differences between the groups were found for
the use of electronic devices, and time spent outdoors increased in both groups. Similarly,
no significant differences existed in school attendance, fatigue perception, connection, and
emotional lability.

When asked about the need for psychological/medical support for emotional/relational
issues, the controls declared a rise in requests compared to the COVID group (p = 0.018).
In detail, 13 controls (11.7%) versus 23 COVID-19 patients (5.8%) sought help for their
psychological problems after the pandemic outbreak (p = 0.02). Overall, 11 patients (30.5%)
sought help from their PCP, 16 (4.4%) from psychologists, and 9 (25.1%) from other figures.

By analyzing the Long COVID-19-subgroup answers, significant differences compared
to the COVID-19 patients without Long COVID-19 (No-Long COVID-19 group) were
found for fatigue (p = 0.012) and emotions (p < 0.001), with the first group perceiving
more fatigue and emotional instability. No further differences resulted from the remaining
fields explored.

After correcting for age and gender, the above-mentioned differences persisted.
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Figure 1. Pie charts for responses related to social relationships and emotional well-being after
COVID-19 infection or pandemic outbreak (for uninfected controls) compared to the time before

infection/pandemic.
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Fatigue Mood Instability
| Long COVID-19 I Non-Long COVID-19 | | Long COVID-19 i Non-Long COVID-19

p=0.012
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0,

Figure 2. Pie charts for responses related to social relationships and emotional well-being after
COVID-19 infection compared to the time before infection in the Long COVID-19 group versus the
Non-Long COVID-19 group.

3.3. Quality of Life

From the EuroQol test results, no significant variation was found for the five di-
mensions (mobility, self-care, usual activities, pain/discomfort, and feeling worried /sad/
unhappy) between the responses related to the pre-COVID/pandemic and post-COVID-
19/pandemic conditions in both the COVID-19 group and the controls. Within the COVID-
19 group, a mild increase in pain/discomfort (3.6% of responders) and mood disorders
(5.6% of responders) was observed after COVID-19 infection. The controls declared min-
imal changes, mainly for pain/discomfort (4%), when compared to their pre- and post-
pandemic condition. Feeling worried/sad/unhappy was the only dimension that obtained
“level 3” answers (i.e., many problems) in both the control and COVID-19 groups, with a
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higher rate of difficulties reported before (12% vs. 10.7%) and after (13.4% vs. 16.7%) the
pandemic outbreak.

By comparing the Long COVID-19 and Non-Long COVID-19 groups, the former
reported significant differences in their perception of pain/discomfort (14.4% vs. 3.4%,
p = 0.004) and feeling worried /sad /unhappy (24.2% vs. 9.59%, p = 0.005) after COVID-19
infection. They also reported a significantly higher rate of pain/discomfort (7.9% vs. 1.4%,
p = 0.029) and mood disorders (14.6% vs. 6.9%; p = 0.049) before COVID-19 infection
compared to Non-Long COVID-19 patients. When the variation in responses related to the
pre-COVID-19 and post-COVID-19 phases was compared, it was noticed that 6% of Long
COVID-19 patients experienced a worsening in pain/discomfort perception compared to
the 2% of Non-Long COVID-19 patients (p = 0.014). Similarly, 9% of subjects with Long
COVID reported a worsening in mood compared to 3% of Non-Long COVID-19 patients
(p = 0.014) (Figures 3 and 4).

Feeling worried, sad, unhappy
5 -
Trearson(2) =8.505, p =0.014, V¢ ramer = 0.168, Clgsy, [0.000, 1.000], 1 gps = 232

Feeling worried, sad, unhappy . Warsened . Remain Very worried, sad, unhappy . Remain Mot worried, sad, unhappy

100% -

3%

[15% |

90% -

60% -

T0%-

60% -

50% -

40% -

30%-

20% -

10% -

0%-
(n=143) (n=89)

Mo Yes
Long COVID-19

Figure 3. Bar plot and Chi-squared test for changes in responses to the EuroQoL dimension “feeling
worried/sad/unhappy” from the pre-COVID-19 era to the post-COVID-19 condition in Non-Long
COVID-19 patients versus Long COVID-19 patients.
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Pain or Discomfort
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Pain or Discomfort . Worsened . Remain without pain or discomfort . Remain with a lot of pain or discomfort

100% -
90% -
80%-
70%-
60%-
50% -
40% -
30%-
20%-

10% -

0%~

(n=143)

No
Long COVID-19

Figure 4. Bar plot and Chi-squared test for changes in responses to the EuroQoL dimension
“pain/discomfort” from the pre-COVID-19 era to the post-COVID-19 condition in Non-Long COVID-
19 patients versus Long COVID-19 patients.

4. Discussion

The impact of SARS-CoV-2 on social habits was evident in the first phase of the
pandemic, when restrictive measures were established by governments aimed at containing
virus diffusion. Quarantine, social distancing, physical restrictions, school closures, indoor
activities, and sports limitations have certainly provoked abrupt effects on children’s
psychosocial and mental health [24-26]. Evidence from the literature and data from real-
world medicine support the hypothesis that emotional and behavioral symptoms persisted
even after the first phase of the pandemic [27-29]. A remarkable role was played by the
virus, which has been shown to interact with the central nervous system directly and
indirectly, bringing on acute and persistent symptoms that may impair a child’s quality
of life [11,12,30-33]. The symptoms of the nervous system can be divided into specific
and non-specific symptoms [10]. Data from a US registry of 1965 hospitalized children
found that 22% complained of neurological symptoms; of these, 12% had life-threatening
conditions like encephalopathy, stroke, CNS infections, or demyelinating diseases [34].
A multicenter study from the Clinical Characterization Group of the ISARIC Consortium
tested 161 239 patients (of whom 2972 were children) who were admitted to a hospital for
COVID-19 and found that the most common acute neurological symptoms in children were
fatigue, myalgia, seizure, anosmia, and dysgeusia [35]. Another common acute symptom
described is headaches [5,36], which are more frequent in young people and patients with
a previous diagnosis of primary headaches [37]. Indeed, in our previous publication on
this survey, we found that 49.5% of COVID-19 patients complained of headaches in the
acute infection, without a gender or age prevalence [20].

As for adults, CNS dysfunction seems to persist for a long time in a significant portion
of infected pediatric patients, resulting in so-called Long COVID-19 [1,5,6,38,39]. Headache,
fatigue, ‘brain fog” and memory impairment, anosmia or ageusia, and dizziness are the most
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frequent symptoms associated with Long COVID-19, with a highly variable prevalence
among the studies [1,5,6,40].

Neuropsychiatric symptoms are also described in patients with Long COVID-19, espe-
cially mood symptoms and anxiety, affecting their daily functioning and well-being [6,8,41].
The direct effects of the virus are not the sole contributors, as pandemic-related psychosocial
factors have also influenced this group of patients in an unclear manner.

Moreover, the insufficient number of large prospective studies on pediatric popula-
tions, along with the great variability in patients” selection, data collection, and investigation
methods, brought about considerably different results among countries and studies [10,42].
There is a growing demand for controlled studies in the literature to help distinguish
between possible SARS-CoV-2 effects and pure psychosocial factors of the pandemic.

4.1. Social Habits and Emotional Well-Being

In line with these needs, our study involved a relatively large sample of the local
pediatric population. It included a control group with a homogeneous gender distribution
and a prevalence of children below 13 years of age.

Our results revealed that the COVID-19 and control groups perceived the impact of
the SARS-CoV-2 pandemic on their social habits and emotional well-being differently, at
least to some degree.

More in detail, when comparing eating habits, an increase in appetite was more evident
in the control group (38.2% vs. 18.3%), without gender and age differences. The previous
literature has signaled a worsening in eating habits and an increased appetite during the
lockdown in different samples of European children [43-47], especially in females and in
at-risk populations (like obese children). Among the possible explanations, the first role
of outdoor-activity restriction with consequential sedentary behaviors was certainly sub-
stantial. A parental psychosocial factor has also been demonstrated by Varghese et al. [48]:
they found that parenting stress was positively correlated to lower mindful feeding and
children’s obesogenic eating behaviors [48]. A Dutch study documented a similar asso-
ciation with adolescent-parenting practices [49]. Less is known about how these habits
evolved after the first years of the pandemic. A systematic review conducted in 2022 by
an Iranian group concluded that eating-habit changes were controversial in children and
adolescents, with both a decrease and rise in positive and negative behaviors. Our study
lacks a prospective design; however, it seems to suggest a prevalence of increased appetite
perception in non-exposed subjects to COVID-19.

On the other hand, more than 60% of caregivers of COVID-19 patients did not find
remarkable changes in appetite to their pre-COVID-19 state. However, a higher rate
of children complained of reduced appetite than the control group (15.3% vs. 5.6%).
Analogous data was obtained from the Long COVID-19 group. A direct effect of SARS-
CoV-2 on eating habits has not been clarified. However, some authors suggested that the
transient alteration in taste and smell chemosensory receptors might play a role [50] in
altered food intake. This may resolve quickly after acute infection, except for cases with
persistent symptoms, showing a higher risk of eating-disorder development [51]. In the
last two years, due to the fast emergence of new variants showing reduced effects on
chemosensory dysfunction [52], COVID-19’s role in eating habits may be less evident, as
shown in our survey.

Of note, the control group also reported a significantly higher need for sleep than the
COVID-19 group (level 5: 12.5% vs. 3.6%), without differences in age and gender. Con-
versely, no differences were found between the Non-Long COVID-19 and Long COVID-19
groups. However, when asked about last month’s symptoms, caregivers of Long COVID-19
children reported a significantly increased rate of tiredness, the need for rest, and somno-
lence. Previous studies described a general trend towards increased sleep disturbances
that was more evident during the initial lockdown when daily routines were dramatically
interrupted. In that phase, a sleep-quality and -duration impairment was found, with evi-
dence of bedtime and waketime delay, a longer duration of sleep, parasomnias, and daily
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nap reduction [53,54]. The reduction in outdoor activities on one side and the increased
exposure to light from screens and stress on the other may have been crucial [55-57]. In
other studies, no overall change in sleep duration was found, despite a delay in bedtime
and waketime, with a likely protective effect of parental education [58]. By contrast, some
authors highlighted improved sleep quality in adolescents and young adults due to the
more flexible virtual learning programs and remote working [59]. Less is known about the
effects on sleep in the latest pandemic period. Our results suggest that sleep-time disorders
may recur in a subgroup of patients, which needs to be better defined in future studies,
while, in Long COVID-19 cases, sleep-quality problems may be more relevant than total
sleep time.

Concerning PA, the answers provided by the caregivers revealed that about 36% of
the Non-COVID-19 group were more active than in the pre-pandemic era, as opposed
to 17% of the COVID-19 group (rising to 21% in the Long COVID-19 cases). Similarly,
fatigue perception was not increased among the controls, while 21% of COVID-19 patients
and 28% of Long COVID-19 patients reported increased fatigue, without gender or age
effects. A meta-analysis performed on 16 studies extended to pediatric patients found a
predominance in PA decline irrespective of gender (eight studies), with only two studies
clearly showing PA levels comparable to ours [60]. Among contributing factors, a male
gender, online physical education classes, the use of digital platforms, access to parks, prior
healthy habits, and encouraging family contexts were found [61]. The remaining studies
reported mixed results, probably because of several additional influencing factors. These
include different social restrictions and education policies between countries, geo-social and
cultural differences, socio-demographic factors (i.e., population density), and heterogeneity
between studies and data collection. Other possible negative factors reported in a similar
study ranged from the risk of COVID-19 exposure, insufficient instruction, inadequate
access to sports, and poor local climatic conditions [62]. Positive factors included family
facilitation, closeness to outdoor spaces, and perception of mental-health benefits [62]. With
the above-mentioned limitations, the response of our local population to the last phase of
the pandemic appears generally positive, with a predominance of no substantial perception
of PA changes in all groups and even an increase in PA in Non-COVID-19 subjects. Of
note, PA in patients with Long COVID-19 did not seem to be significantly modified by the
disease, despite the increased fatigue reported by almost one-third of the subjects, and the
symptoms were reported to be persistent after acute infection. Persistent fatigue in Long
COVID-19 has already been described in adults and children, with a pediatric prevalence
ranging from 10.8% to 71% [17,63-65]. A possible concurrent effect of neuroinflammation,
psychosocial triggers, and genetic predisposing factors have been hypothesized [66], with
a direct impairment on neural metabolism demonstrated by Sollini et al. [67] through
F-FDG PET alterations in the right parahippocampal gyrus, brain stem, and thalamus [67].
However, it should be noted that the definition of fatigue is highly subjective and difficult
to measure to explain the large variability among studies [6]. For this reason, a study group
from Western countries has proposed a definition for post-COVID-19 fatigue, considering
the persistence of disabling symptoms for three months or more after SARS-CoV-2 infection.
Using a uniform definition in future studies will contribute to a better understanding of
the impact of COVID-19.

Interestingly, the perception of time spent with friends in person and remotely seems
more affected in the control group than in the COVID-19 and Long COVID-19 groups. A
possible psychosocial explanation may be the tendency of unexposed subjects to maintain
adherence to mitigation measures after the lockdown phase in contrast to patients who got
COVID-19, as indicated in other studies [68].

As expected, the time spent on electronic devices for educational and non-educational
purposes was perceived as increased in both COVID-19 and No COVID-19 groups, with
frequencies ranging from 34.6% to 46.4%. Again, a mild but non-significant predominance
of Non-COVID-19 patients was noted.
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Internet overexposure may be explained by the need to interact with peers, find
alternatives for self-realization, and, more generally, occupy themselves in a period of
limited interactions. In this regard, social media has become increasingly influential
in sharing content and connecting people worldwide in real-time. One of the issues
parents should be aware of is the risk of oversharing, which can lead to internet addiction,
information overloading, personal data exposure, attention seeking, recognition problems,
anxiety problems, or cyberbullying.

Thus, families and teachers should carry out appropriate child education for the
safe use of digital devices, in parallel to the close monitoring of children’s activities and
unusual/abnormal behaviors [69].

Regarding school/work attendance, most COVID-19 and control patients did not
report changes compared to the pre-COVID-19 era; this data may be influenced by the
time the survey was performed, since restriction measures were largely reduced in Italy
in late 2022.

Results about emotional and behavioral modifications deserve particular attention.
Despite moderate impairment in both COVID-19 and control groups without significant
differences, when Long COVID-19 patients were evaluated, 42% and 31% of them, respec-
tively, showed an increase in emotional and behavioral instability, regardless of age and
gender and with a significant difference in comparison to Non-Long COVID-19 patients. A
meta-analysis performed by Lopez-Leon et al. [5] showed that mood symptoms were in
first place among the most common manifestations of Long COVID-19 (16.5%), followed
by fatigue, sleep disorders, and headaches [5]. In addition to the expected role of long-term
COVID-19’s neurological symptoms, discussed later, it has been hypothesized that the
presence of prior mental-health difficulties and multiple symptoms in the acute phase of
the disease could be risk factors for symptom persistence [70]. Thus, our results may reflect
a predisposition of the Long COVID-19 group to psychological disorders.

Interestingly, the patients unexposed to SARS-CoV-2 were the ones who asked more
for support for the above-mentioned issues, regardless of a pre-pandemic psychologi-
cal/psychiatric consultation. These results support previous data, showing a trend of
increased mental-health problems in the general population after the SARS-CoV-2 outbreak,
with a peak in adolescence [26,71-73]. Patients with pre-existing psychological distress
or psychiatric illness have a high risk of worsening their symptoms during a pandemic.
Still, our study shows that previously healthy subjects have also been affected in our area.
A rise in anxiety and depression has already been documented, with a trend related to
the different phases of the pandemic (lockdowns and re-openings) [27]. Some authors
also highlighted a correlation between behavioral changes in children during quarantine
and parental sleep problems and stress, with the protective factor of caregivers’ coping
strategies for younger children [74]; parental economic stress and worries about children’s
performances were also proved to be related to emotional /behavioral issues [75].

Therefore, further multicenter studies should focus on the possible long-term effects of
pandemics on pediatric mental health, with special attention given to caregivers’ skills and
predisposing factors. Moreover, local authorities must prioritize and implement mental-
support programs in schools and public health services to identify the most vulnerable
subjects. Several social-intervention strategies have the potential to prevent and support
patients/families in danger: from coping strategies to emotional support, and from family
mediation to crisis intervention. Social work remains essential to connect caregivers,
schools, psychological services, and local institutions. It also guarantees social rehabilitation
when required to remove conditions that threaten a child’s normal biological, social, or
psychological development [76].

4.2. Quality of Life
An impairment of emotional well-being may affect a child’s overall QoL and functioning.

When we tested COVID-19 patients and controls for QoL parameters, our results did
not reveal any statistically significant difference in responses regarding mobility, self-care,
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usual activities, or mood instability before or after the pandemic. This lack of discernible
divergence between the groups suggests a certain level of uniformity in the perceived
quality of life, regardless of whether the children contracted COVID-19. However, an
increased perception of emotional instability can be inferred in a minority of patients from
both groups after the pandemic onset.

Only for the section on pain-related responses, a greater proportion of children and
adolescents within the COVID-19 group reported heightened pain perception and discom-
fort compared to the control group. Although this discrepancy did not reach statistical
significance (7.8% vs. 1.9%, p-value 0.063), it is noteworthy as it suggests a trend toward
increased pain perception among COVID-19-affected individuals. However, upon further
examination within the COVID-19 group, a significant disparity emerged between the Long
COVID-19 and Non-Long COVID-19 groups. Specifically, 14.4% of Long COVID patients
versus 3.4% of those without Long COVID reported pain symptoms after infection, and
these results were statistically significant (p = 0.004). Of note, a significantly higher rate of
Long COVID-19 patients complained of pain before and after the SARS-CoV-2 infection
(8% vs. 1% of Non-Long COVID-19).

Several studies have highlighted the occurrence of pain as a prominent symptom
in individuals who have previously been infected by SARS-CoV-2 [77-79]. While the
prevalence of pain symptoms has varied significantly across these studies due to their
subjective nature and the self-reporting of symptoms, it is important to note that pain,
whether general or specific, has been frequently reported as both a short- and long-term
consequence of COVID-19 infection [36,80,81].

In a meta-analysis encompassing 40 studies involving 12,424 children and adoles-
cents, Zheng et al. [8] revealed a substantial prevalence of various pain symptoms among
children grappling with Long COVID-19 [8]. The analysis reported significant rates of
headaches [15.88% (95% CI 6.85-27.57)], abdominal pain [12.42% (95% CI 2.94-26.81)],
muscle pain [11.42% (95% CI 3.45-22.96)], chest pain [5.88% (95% CI 1.27-13.15)], and joint
pain in adolescents and children with previous SARS-CoV-2 infections [2.74% (95% CI
0.36-6.74)] [8].

The mechanisms underlying the development of short- and long-term pain mani-
festations post-COVID-19 remain incompletely understood. Possible contributors may
include direct viral effects (such as persistent viremia), hyperinflammatory or autoimmune
responses, and neurotropism [10,82-84].

Furthermore, the compounding stressors experienced during the pandemic could sig-
nificantly influence pain perception in children and adolescents. Stress and anxiety, preva-
lent among individuals of various age groups during the pandemic, have been recognized
as significant factors exacerbating the experience and sensitivity to pain [84]. Numerous
studies have shed light on the profound effects of the pandemic on pediatric populations,
highlighting the rise in pain-related complaints and heightened stress levels [26,85,86].

According to a study by Jones et al. [26], the pandemic-induced disruptions in daily
routines, school closures, social isolation, and increased exposure to distressing news have
elevated stress levels among children and adolescents [26]. These stressors have been
linked to amplified reports of headaches, abdominal pain, and musculoskeletal discomfort
in pediatric populations [26].

The psychological impact of prolonged stress has resulted in a heightened sensitivity
to pain among pediatric individuals, potentially exacerbating their discomfort and reducing
their pain threshold [80].

In our study, the pre-existence of a higher perception of pain within the Long COVID-
19 group before infection may reveal a predisposing factor of these subjects to pain or stress,
which should be thoroughly investigated in future studies.

While COVID-19 infection and the pandemic may exacerbate pain perception, there
may be pre-existing emotional vulnerabilities that play a role in the experience of pain in
children and adolescents. For example, prolonged periods of isolation and fears of con-
tagion have had more problematic and long-lasting effects on some age groups, such
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as adolescence, which is already marked by significant challenges and physiological
changes. Furthermore, the social context, economic difficulties, and family history of
neuropsychiatric pathologies may have been an aspect on which the pandemic-related
stress acted [24,87,88].

Regarding mood impairment, our study revealed significant statistical differences
in responses related to concern and depression. The parents of both COVID-19 groups
observed an increase in their children’s levels of worry and anxiety, with a significantly
higher rate in the Long COVID-19 group compared to patients without Long COVID-19.
Of note, 14.6% of patients with Long COVID-19 complained of mood impairment before
SARS-CoV-2 infection, as opposed to the 6.9% of Non-Long COVID-19 subjects. A relevant
rate of patients with worry and anxiety was also signaled among controls (12%) before
the pandemic.

It can be speculated that the pre-existing difference in mood rating within the COVID-19
group could have played a role in the perception of persistent symptoms after acute
infection whilst considering the limits of a small sample and the possible influence of other
undetected variables.

Moreover, our findings align with numerous studies conducted throughout the
COVID-19 pandemic, emphasizing both the negative impact on mental health due to
pandemic-related circumstances (social isolation, worries about personal and family health,
financial challenges, and uncertainties regarding the future) and the triggering role of
prolonged COVID-19 symptoms on worries and anxiety [26,60,71,89-92].

It is crucial to underscore that the connection between the viral threat, imposed
restrictions, and the rise in mental-health issues has been evident across various contexts
and populations, including pediatric groups.

Our study also underscores the need for a comprehensive understanding of young
individuals” psychological and emotional well-being, particularly in relation to their ex-
perience of physical symptoms. Given the remarkable rate of controls with mood impair-
ment looking for psychological support during pandemics, it is mandatory for clinicians,
teachers, and all other relevant professionals who deal with children to focus on their
mental-health care.

Finding new strategies, such as providing mental-health support, facilitating access to
telemedicine for pain-management consultations, and re-establishing safe social connec-
tions, is essential for implementing targeted interventions to alleviate stress in children and
adolescents during and after pandemics.

4.3. Strengths and Limitations

In our opinion, using medical-messaging software for online surveys is one of the inno-
vative aspects of this study and helped us reach a sufficiently representative sample of the
local pediatric population, saving time and money. The integration of digital technologies
is a trend that started in the last few years and dramatically exploded in the pandemic era,
allowing us to overcome the barriers of social distancing and restrictions [93], not without
regulatory issues that institutional organizations have tried to clarify [94]. Among other
challenges and limitations these new tools hide, we can mention the risk of sample and
response bias. For instance, despite the great potential for recruitment in rural/suburban
areas, online surveys restrict the selection to those interested in the topic and may exclude
lower socioeconomic groups. Similarly, it is also difficult to prove the reliability of declared
data [95,96].

With particular reference to the neuropsychological effects of COVID-19 in children,
this is one of the few studies including a COVID-19-negative control group. This is to better
investigate the psychosocial influence of the pandemic and compare it with the direct role
of SARS-CoV-2 on infected patients.

While previous studies have used the EQ-5D-Y to assess HRQoL in pediatric popula-
tions with specific chronic conditions, our study stands out as the first to employ this tool
for evaluating HRQoL in children and adolescents during the SARS-CoV-2 pandemic [97].
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However, the lack of a prospective design did not allow for the evaluation of symptoms
evolution, especially in Long COVID-19 patients. In addition, we could not determine the
temporal relation between SARS-CoV-2 infection and vaccination due to a lack of data on
vaccination times.

Therefore, although we cannot draw general conclusions on the long-term impact of
COVID-19, our results confirmed the negative effect on social habits and mental well-being
in the general pediatric population and, in particular, on a subgroup of patients probably
susceptible to prolonged neuropsychological symptoms after acute infection.

5. Conclusions

Our results underline that SARS-CoV-2 has spared no age group of the pediatric
population, regardless of the infection contractions. Indeed, if, on one side, uninfected
children more frequently reported changes in sleep, appetite, and PA and an increased
need for medical/psychological support, on the other, the subgroup of patients reporting
persistent symptoms after acute COVID-19 resulted in being more susceptible to emotional
instability and fatigue.

The relatively low impairment of social habits in the general COVID group may
be explained by the common mild course of acute infection in pediatric age and con-
firmed by QoL scores comparable to controls. On the contrary, the Long COVID group
seems to be more susceptible to QoL deterioration. Of note, these patients also showed
a certain level of pre-existing mood impairment, a result quite unexpected that deserves
further investigation.

The perception of psychological problems among non-infected subjects and the persis-
tence of neuropsychological impairment in the Long COVID-19 group should encourage
the monitoring of these phenomena. For this purpose, new digital technologies and
telemedicine are fundamental for the screening and early identification of neuropsychiatric
risk factors. Preventive and intervention strategies of social welfare involving the whole
family, together with a sensible enhancement of pediatric mental-health care services, are
pivotal to facing this challenge of the present day.

Author Contributions: C.M.: patient enrollment, investigation, writing; M.A.: conceptualization,
methodology, writing, editing, supervision; A.P. (Annamaria Porreca): statistical analysis; P.D.E.
supervision; S.M.: supervision; A.V.: writing; M.S.: patient enrollment, investigation, writing;
A.P. (Antonio Paone): methodology; N.R.: conceptualization, supervision; F.C.: supervision; G.P.:
conceptualization, validation, writing, visualization, supervision. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki. The Regional Ethics Committee of Abruzzo (C.Et.R.A) approved the study with the
protocol code “rich5bh1g” on 20 April 2023.

Informed Consent Statement: Informed consent was obtained by each parent/caregiver/guardian
for both their own participation and their children’s before starting to fill out the survey.

Data Availability Statement: Data available on request due to restrictions. The data presented in
this study are available on request from the corresponding author. The data are not publicly available
due to privacy.

Acknowledgments: The authors express their gratitude to the caregivers and patients at the in-
vestigative site for their invaluable support during this study, as well as to all the nurses from the
Department of Pediatrics, University of Chieti. Special thanks go to Romina Capuzzi and Cecilia
Finamore for their unwavering assistance in clinical research and pediatric care. The authors also
extend their appreciation to the pediatricians who contributed to the study: Bartolomeo Angelozzi,
Maria Elena Capista, Vincenzo D’Onofrio, Francesco De Ritis, Daniele Di Marzio, Alessandra Mag-
nelli, Ivana Orsini, Maria Bambina Primavera, Paola Santilli, and Amedeo Spinelli. Additionally, the
authors wish to acknowledge the LVIITVER-Pediatotem® team for their technical support, including
Omar Loiudice, Arnaldo Campanella, Marco Naselli, and Daniela Di Luigi. We are grateful for the



Children 2024, 11, 532 15 0f 19

resources and support provided by ISARIC throughout the execution of this study. ISARIC functions
as a federation of clinical research networks, offering a proficient, coordinated, and agile research
response to infectious diseases prone to outbreaks. For more information about their work and
research tools, please visit www.isaric.org, accessed on 6 February 2022.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fainardi, V.; Meoli, A.; Chiopris, G.; Motta, M.; Skenderaj, K.; Grandinetti, R.; Bergomi, A.; Antodaro, E; Zona, S.; Esposito, S.
Long COVID in Children and Adolescents. Life 2022, 12, 285. [CrossRef]

AAP Children and COVID-19: State-Level Data Report. Available online: https://www.aap.org/en/pages/2019-novel-
coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/ (accessed on 5 April 2024).

Li, B.; Zhang, S.; Zhang, R.; Chen, X.; Wang, Y.; Zhu, C. Epidemiological and Clinical Characteristics of COVID-19 in Children: A
Systematic Review and Meta-Analysis. Front. Pediatr. 2020, 8, 591132. [CrossRef] [PubMed]

Vella, L.A.; Rowley, A.H. Current Insights Into the Pathophysiology of Multisystem Inflammatory Syndrome in Children. Curr.
Pediatr. Rep. 2021, 9, 83-92. [CrossRef] [PubMed]

Lopez-Leon, S.; Wegman-Ostrosky, T.; Ayuzo del Valle, N.C.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol,
S. Long-COVID in Children and Adolescents: A Systematic Review and Meta-Analyses. Sci. Rep. 2022, 12, 9950. [CrossRef]
[PubMed]

Howe de la Torre, S.; Parlatini, V.; Cortese, S. Long-Term Central Nervous System (CNS) Consequences of COVID-19 in Children.
Expert Rev. Neurother. 2023, 23, 703-720. [CrossRef] [PubMed]

Soriano, ].B.; Murthy, S.; Marshall, ].C.; Relan, P; Diaz, J.V. A Clinical Case Definition of Post-COVID-19 Condition by a Delphi
Consensus. Lancet Infect. Dis. 2022, 22, 102-107. [CrossRef] [PubMed]

Zheng, Y.B.; Zeng, N.; Yuan, K,; Tian, S.S.; Yang, Y.B.; Gao, N.; Chen, X.; Zhang, A.Y.; Kondratiuk, A.L.; Shi, PP; 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, 660-672. [CrossRef]

Gupta, M.; Gupta, N.; Esang, M. Long COVID in Children and Adolescents. Prim. Care Companion CNS Disord. 2022, 24, 40720.
[CrossRef] [PubMed]

Stafstrom, C.E. Neurological Effects of COVID-19 in Infants and Children. Dev. Med. Child Neurol. 2022, 64, 818-829. [CrossRef]
Buonsenso, D.; Munblit, D.; De Rose, C.; Sinatti, D.; Ricchiuto, A.; Carfi, A.; Valentini, P. Preliminary Evidence on Long COVID in
Children. Acta Paediatr. Int. ]. Paediatr. 2021, 110, 2208-2211. [CrossRef]

Ludvigsson, ].F. Case Report and Systematic Review Suggest That Children May Experience Similar Long-Term Effects to Adults
after Clinical COVID-19. Acta Paediatr. Int. . Paediatr. 2021, 110, 914-921. [CrossRef]

Parlatini, V.; Frangou, L.; Zhang, S.; Epstein, S.; Morris, A.; Grant, C.; Zalewski, L.; Jewell, A.; Velupillai, S.; Simonoff, E.; et al.
Emotional and Behavioral Outcomes among Youths with Mental Disorders during the First Covid Lockdown and School Closures
in England: A Large Clinical Population Study Using Health Care Record Integrated Surveys. Soc. Psychiatry Psychiatr. Epidemiol.
2023, 59, 175-186. [CrossRef] [PubMed]

Viner, R.; Russell, S.; Saulle, R.; Croker, H.; Stansfield, C.; Packer, J.; Nicholls, D.; Goddings, A.L.; Bonell, C.; Hudson, L.; et al.
School Closures during Social Lockdown and Mental Health, Health Behaviors, and Well-Being among Children and Adolescents
during the First COVID-19 Wave: A Systematic Review. JAMA Pediatr. 2022, 176, 400-409. [CrossRef] [PubMed]

Theberath, M.; Bauer, D.; Chen, W.; Salinas, M.; Mohabbat, A.B.; Yang, J.; Chon, T.Y.; Bauer, B.A.; Wahner-Roedler, D.L. Effects of
COVID-19 Pandemic on Mental Health of Children and Adolescents: A Systematic Review of Survey Studies. SAGE Open Med.
2022, 10,20503121221086712. [CrossRef]

Sigfrid, L.; Buonsenso, D.; Galvin, A.; Al, E. ISARIC Global COVID-19 Paediatric Follow-Up. 2021. Available online: https:
/ /isaric.org/research/covid-19-clinical-research-resources /paediatric-follow-up/ (accessed on 5 April 2024).

Buonsenso, D.; Pujol, EE.; Munblit, D.; Pata, D.; McFarland, S.; Simpson, EX. Clinical Characteristics, Activity Levels and Mental
Health Problems in Children with Long Coronavirus Disease: A Survey of 510 Children. Future Microbiol. 2022, 17, 577-588.
[CrossRef] [PubMed]

Wille, N.; Badia, X.; Bonsel, G.; Burstrém, K.; Cavrini, G.; Devlin, N.; Egmar, A.C.; Greiner, W.; Gusi, N.; Herdman, M.; et al.
Development of the EQ-5D-Y: A Child-Friendly Version of the EQ-5D. Qual. Life Res. 2010, 19, 875-886. [CrossRef] [PubMed]
Stephenson, T.; Allin, B.; Nugawela, M.D.; Rojas, N.; Dalrymple, E.; Pinto Pereira, S.; Soni, M.; Knight, M.; Cheung, E.Y.; Heyman,
I; et al. Long COVID (Post-COVID-19 Condition) in Children: A Modified Delphi Process. Arch. Dis. Child. 2022, 107, 674-680.
[CrossRef]

Schiavo, M.; Di Filippo, P.; Porreca, A.; Prezioso, G.; Orlandi, G.; Rossi, N.; Chiarelli, F; Attanasi, M. Potential Predictors of Long
COVID in Italian Children: A Cross-Sectional Survey. Children 2024, 11, 221. [CrossRef] [PubMed]

Schulthess, J.; Pandey, S.; Capitani, M.; Rue-Albrecht, K.C.; Arnold, I.; Franchini, F.; Chomka, A.; Ilott, N.E.; Johnston, D.G.W.,;
Pires, E.; et al. The Short Chain Fatty Acid Butyrate Imprints an Antimicrobial Program in Macrophages. Immunity 2019, 50,
432-445. [CrossRef]


www.isaric.org
https://doi.org/10.3390/life12020285
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://doi.org/10.3389/fped.2020.591132
https://www.ncbi.nlm.nih.gov/pubmed/33224909
https://doi.org/10.1007/s40124-021-00257-6
https://www.ncbi.nlm.nih.gov/pubmed/34692237
https://doi.org/10.1038/s41598-022-13495-5
https://www.ncbi.nlm.nih.gov/pubmed/35739136
https://doi.org/10.1080/14737175.2023.2239500
https://www.ncbi.nlm.nih.gov/pubmed/37545414
https://doi.org/10.1016/S1473-3099(21)00703-9
https://www.ncbi.nlm.nih.gov/pubmed/34951953
https://doi.org/10.1016/j.jiph.2023.03.005
https://doi.org/10.4088/PCC.21r03218
https://www.ncbi.nlm.nih.gov/pubmed/35486940
https://doi.org/10.1111/dmcn.15185
https://doi.org/10.1111/apa.15870
https://doi.org/10.1111/apa.15673
https://doi.org/10.1007/s00127-023-02517-w
https://www.ncbi.nlm.nih.gov/pubmed/37353579
https://doi.org/10.1001/jamapediatrics.2021.5840
https://www.ncbi.nlm.nih.gov/pubmed/35040870
https://doi.org/10.1177/20503121221086712
https://isaric.org/research/covid-19-clinical-research-resources/paediatric-follow-up/
https://isaric.org/research/covid-19-clinical-research-resources/paediatric-follow-up/
https://doi.org/10.2217/fmb-2021-0285
https://www.ncbi.nlm.nih.gov/pubmed/35360923
https://doi.org/10.1007/s11136-010-9648-y
https://www.ncbi.nlm.nih.gov/pubmed/20405245
https://doi.org/10.1136/archdischild-2021-323624
https://doi.org/10.3390/children11020221
https://www.ncbi.nlm.nih.gov/pubmed/38397333
https://doi.org/10.1016/j.immuni.2018.12.018

Children 2024, 11, 532 16 of 19

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Core R Team. A Language and Environment for Statistical Computing. R Found. Stat. Comput. 2019, 2. Available online:
https:/ /www.R-project.org (accessed on 5 April 2024).

Istituto Superiore di Sanita (ISS). Interim Guidance on Long-COVID Management Principles. 2021. Available online:
https:/ /www.iss.it/documents /20126 /0/Rapporto+ISS+COVID-19+n.15_2021_EN.pdf/dd962ad9-fa53-73dd-7759-55cb5c167
675?t=1627575304593 (accessed on 5 April 2024).

Ghosh, R.; Dubey, M.].; Chatterjee, S.; Dubey, S. Impact of COVID-19 on Children: Special Focus on the Psychosocial Aspect.
Minerva Pediatr. 2020, 72, 226-235. [CrossRef]

Singh, S.; Roy, D.; Sinha, K.; Parveen, S.; Sharma, G.; Joshi, G. Impact of COVID-19 and Lockdown on Mental Health of Children
and Adolescents: A Narrative Review with Recommendations. Psychiatry Res. 2020, 293, 113429. [CrossRef] [PubMed]

Jones, E.A K,; Mitra, A.K.; Bhuiyan, A.R. Impact of COVID-19 on Mental Health in Adolescents: A Systematic Review. Int. J.
Environ. Res. Public Health 2021, 18, 2470. [CrossRef] [PubMed]

Larsen, L.; Helland, M.S.; Holt, T. The Impact of School Closure and Social Isolation on Children in Vulnerable Families during
COVID-19: A Focus on Children’s Reactions. Eur. Child Adolesc. Psychiatry 2022, 31, 1-11. [CrossRef] [PubMed]

Levine, D.A.; Oh, PS.; Nash, K.A.; Simmons, W.; Grinspan, Z.M.; Abramson, E.L.; Platt, S.L.; Green, C. Pediatric Mental Health
Emergencies During 5 COVID-19 Waves in New York City. Pediatrics 2023, 152, €2022060553. [CrossRef] [PubMed]

Zijlmans, J.; Tieskens, ].M.; van Oers, H.A.; Alrouh, H.; Luijten, M.A.].; de Groot, R.; van der Doelen, D.; Klip, H.; van der Lans,
R.M.; de Meyer, R.; et al. The Effects of COVID-19 on Child Mental Health: Biannual Assessments up to April 2022 in a Clinical
and Two General Population Samples. JCPP Adv. 2023, 3, €12150. [CrossRef] [PubMed]

Song, E.; Bartley, C.M.; Chow, R.D.; Ngo, T.T,; Jiang, R.; Zamecnik, C.R.; Dandekar, R.; Loudermilk, R.P; Dai, Y.; Liu, F; et al.
Divergent and Self-Reactive Immune Responses in the CNS of COVID-19 Patients with Neurological Symptoms. Cell Rep. Med.
2021, 2, 100288. [CrossRef] [PubMed]

Stafstrom, C.E.; Jantzie, L.L. COVID-19: Neurological Considerations in Neonates and Children. Children 2020, 7, 133. [CrossRef]
[PubMed]

Hacohen, Y.; Abdel-Mannan, O.; Eyre, M.; Lobel, U.; Bamford, A.; Eltze, C.; Hameed, B.; Hemingway, C. Neurologic and
Radiographic Findings Associated with COVID-19 Infection in Children. JAMA Neurol. 2020, 77, 1440-1445. [CrossRef] [PubMed]
Condie, L.O. Neurotropic Mechanisms in COVID-19 and Their Potential Influence on Neuropsychological Outcomes in Children.
Child Neuropsychol. 2020, 26, 577-596. [CrossRef]

Larovere, K.L.; Riggs, B.J.; Poussaint, T.Y.; Young, C.C.; Newhams, M.M.; Maamari, M.; Walker, T.C.; Singh, A.R.; Dapul, H.;
Hobbs, C.V,; et al. Neurologic Involvement in Children and Adolescents Hospitalized in the United States for COVID-19 or
Multisystem Inflammatory Syndrome. JAMA Neurol. 2021, 78, 536-547. [CrossRef]

Cho, S.M.; White, N.; Premraj, L.; Battaglini, D.; Fanning, J.; Suen, J.; Bassi, G.L.; Fraser, ].; Robba, C.; Griffee, M.; et al. Neurological
Manifestations of COVID-19 in Adults and Children. Brain 2023, 146, 1648-1661. [CrossRef] [PubMed]

Kikkenborg Berg, S.; Dam Nielsen, S.; Nygaard, U.; Bundgaard, H.; Palm, P; Rotvig, C.; Vinggaard Christensen, A. Long COVID
Symptoms in SARS-CoV-2-Positive Adolescents and Matched Controls (LongCOVIDKidsDK): A National, Cross-Sectional Study.
Lancet Child Adolesc. Health 2022, 6, 240-248. [CrossRef] [PubMed]

Sampaio Rocha-Filho, P.A. Headache Associated with COVID-19: Epidemiology, Characteristics, Pathophysiology, and Manage-
ment. Headache 2022, 62, 650-656. [CrossRef] [PubMed]

Zawilska, ].B.; Kuczyniska, K. Psychiatric and Neurological Complications of Long COVID. |. Psychiatr. Res. 2022, 156, 349-360.
[CrossRef] [PubMed]

Ha, EK,; Kim, ].H.; Han, M.Y. Long COVID in Children and Adolescents: Prevalence, Clinical Manifestations, and Management
Strategies. Clin. Exp. Pediatr. 2023, 66, 465-474. [CrossRef] [PubMed]

Davis, H.E.; McCorkell, L.; Vogel, ].M.; Topol, E.J. Long COVID: Major Findings, Mechanisms and Recommendations. Nat. Rev.
Microbiol. 2023, 21, 133-146. [CrossRef] [PubMed]

Alghamdi, H.Y.; Alrashed, A.M.; Jawhari, A.M.; Abdel-Moneim, A.S. Neuropsychiatric Symptoms in Post COVID-19 Long
Haulers. Acta Neuropsychiatr. 2022, 34, 318-329. [CrossRef] [PubMed]

de Oliveira, ].M.D.; Butini, L.; Pauletto, P.; Lehmkuhl, K.M.; Stefani, C.M.; Bolan, M.; Guerra, E.; Dick, B.; De Luca Canto, G.;
Massignan, C. Mental Health Effects Prevalence in Children and Adolescents during the COVID-19 Pandemic: A Systematic
Review. Worldviews Evid.-Based Nurs. 2022, 19, 130-137. [CrossRef] [PubMed]

Di Renzo, L.; Gualtieri, P,; Pivari, F; Soldati, L.; Attina, A.; Cinelli, G.; Cinelli, G.; Leggeri, C.; Caparello, G.; Barrea, L.; et al.
Eating Habits and Lifestyle Changes during COVID-19 Lockdown: An Italian Survey. J. Transl. Med. 2020, 18, 229. [CrossRef]
Farello, G.; D’andrea, M.; Quarta, A.; Grossi, A.; Pompili, D.; Altobelli, E.; Stagi, S.; Balsano, C. Children and Adolescents Dietary
Habits and Lifestyle Changes during COVID-19 Lockdown in Italy. Nutrients 2022, 14, 2135. [CrossRef]

Krupa-Kotara, K.; Wojtas, G.; Grajek, M.; Grot, M.; Rozmiarek, M.; Wypych—Slusarska, A.; Oleksiuk, K.; Glogowska-Ligus, J.;
Stowiniski, J. Impact of the COVID-19 Pandemic on Nutrition, Sleep, Physical Activity, and Mood Disorders of Polish Children.
Nutrients 2023, 15, 1928. [CrossRef]

Struckmeyer, N.; Biester, T.; Kordonouri, O.; Weiner, C.; Sadeghian, E.; Guntermann, C.; Kapitzke, K.; Weiskorn, J.; Galuschka, L.;
von Stuelpnagel, K.; et al. Alterations in Dietary Behavior, Appetite Regulation, and Health-Related Quality of Life in Youth with
Obesity in Germany during the COVID-19 Pandemic. Nutrients 2023, 15, 2936. [CrossRef]


https://www.R-project.org
https://www.iss.it/documents/20126/0/Rapporto+ISS+COVID-19+n.15_2021_EN.pdf/dd962ad9-fa53-73dd-7759-55cb5c167675?t=1627575304593
https://www.iss.it/documents/20126/0/Rapporto+ISS+COVID-19+n.15_2021_EN.pdf/dd962ad9-fa53-73dd-7759-55cb5c167675?t=1627575304593
https://doi.org/10.23736/S0026-4946.20.05887-9
https://doi.org/10.1016/j.psychres.2020.113429
https://www.ncbi.nlm.nih.gov/pubmed/32882598
https://doi.org/10.3390/ijerph18052470
https://www.ncbi.nlm.nih.gov/pubmed/33802278
https://doi.org/10.1007/s00787-021-01758-x
https://www.ncbi.nlm.nih.gov/pubmed/33770275
https://doi.org/10.1542/peds.2022-060553
https://www.ncbi.nlm.nih.gov/pubmed/37860839
https://doi.org/10.1002/jcv2.12150
https://www.ncbi.nlm.nih.gov/pubmed/37753155
https://doi.org/10.1016/j.xcrm.2021.100288
https://www.ncbi.nlm.nih.gov/pubmed/33969321
https://doi.org/10.3390/children7090133
https://www.ncbi.nlm.nih.gov/pubmed/32927628
https://doi.org/10.1001/jamaneurol.2020.2687
https://www.ncbi.nlm.nih.gov/pubmed/32609336
https://doi.org/10.1080/09297049.2020.1763938
https://doi.org/10.1001/jamaneurol.2021.0504
https://doi.org/10.1093/brain/awac332
https://www.ncbi.nlm.nih.gov/pubmed/36087305
https://doi.org/10.1016/S2352-4642(22)00004-9
https://www.ncbi.nlm.nih.gov/pubmed/35143771
https://doi.org/10.1111/head.14319
https://www.ncbi.nlm.nih.gov/pubmed/35545780
https://doi.org/10.1016/j.jpsychires.2022.10.045
https://www.ncbi.nlm.nih.gov/pubmed/36326545
https://doi.org/10.3345/cep.2023.00472
https://www.ncbi.nlm.nih.gov/pubmed/37350170
https://doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/36639608
https://doi.org/10.1017/neu.2022.13
https://www.ncbi.nlm.nih.gov/pubmed/35543105
https://doi.org/10.1111/wvn.12566
https://www.ncbi.nlm.nih.gov/pubmed/35229967
https://doi.org/10.1186/s12967-020-02399-5
https://doi.org/10.3390/nu14102135
https://doi.org/10.3390/nu15081928
https://doi.org/10.3390/nu15132936

Children 2024, 11, 532 17 of 19

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lorkova, M.; GaZarova, M. Impact of the COVID-19 Pandemic on the Changes in Dietary Habits, Lifestyle and Physical Activity
in the Slovak Population. Rocz. Panstw. Zakl. Hig./Ann. Natl. Inst. Hyg. 2023, 74, 295-307. [CrossRef]

Varghese, M.P,; Selwyn, T.; Nair, S.; Samuel, S.; Chacko, B.; Pichamuthu, K. Assessment of Family Satisfaction of Remote
Communication for Critically Il COVID-19 Patients: An Observational Cohort Study. Indian J. Crit. Care Med. 2023, 27, 537-544.
[CrossRef]

Larsen, J.K.; van den Broek, N.; Verhagen, M.; Burk, W.J.; Vink, ] M. A Longitudinal Study on Changes in Food Parenting Practices
during COVID-19 and the Role of Parental Well-Being. Appetite 2023, 180, 106331. [CrossRef]

Ferrulli, A.; Senesi, P; Terruzzi, I.; Luzi, L. Eating Habits and Body Weight Changes Induced by Variation in Smell and Taste in
Patients with Previous SARS-CoV-2 Infection. Nutrients 2022, 14, 5068. [CrossRef]

Brasseler, M.; Schonecker, A.; Steindor, M.; Della Marina, A.; Bruns, N.; Dogan, B.; Felderhoff-Miiser, U.; Hebebrand, J.;
Dohna-Schwake, C.; Goretzki, S.C. Development of Restrictive Eating Disorders in Children and Adolescents with Long-COVID-
Associated Smell and Taste Dysfunction. Front. Pediatr. 2022, 10, 1022669. [CrossRef]

Coelho, D.H.; Reiter, E.R.; French, E.; Costanzo, R.M. Decreasing Incidence of Chemosensory Changes by COVID-19 Variant.
Otolaryngol.—Head Neck Surg. 2023, 168, 704-706. [CrossRef]

Camacho-Montaiio, L.R.; Iranzo, A.; Martinez-Piédrola, R.M.; Camacho-Montafio, L.M.; Huertas-Hoyas, E.; Serrada-Tejeda, S.;
Garcia-Bravo, C.; de Heredia-Torres, M.P. Effects of COVID-19 Home Confinement on Sleep in Children: A Systematic Review.
Sleep Med. Rev. 2022, 62, 101596. [CrossRef]

Catarozoli, C. Sleep During the Pandemic. Sleep Med. Clin. 2023, 18, 219-224. [CrossRef]

Okely, A.D.; Kariippanon, K.E.; Guan, H.; Taylor, E.K; Suesse, T.; Cross, PL.; Chong, K.H.; Suherman, A.; Turab, A.; Staiano, A.E,;
et al. Global Effect of COVID-19 Pandemic on Physical Activity, Sedentary Behaviour and Sleep among 3- to 5-Year-Old Children:
A Longitudinal Study of 14 Countries. BMC Public Health 2021, 21, 940. [CrossRef]

Guerrero, M.D.; Vanderloo, L.M.; Rhodes, R.E.; Faulkner, G.; Moore, S.A.; Tremblay, M.S. Canadian Children’s and Youth’s
Adherence to the 24-h Movement Guidelines during the COVID-19 Pandemic: A Decision Tree Analysis. J. Sport Health Sci. 2020,
9, 313-321. [CrossRef]

Moore, S.A.; Faulkner, G.; Rhodes, R.E.; Vanderloo, L.M.; Ferguson, L.J.; Guerrero, M.D.; Brussoni, M.; Mitra, R.; O'Reilly, N.;
Spence, J.C.; et al. Few Canadian Children and Youth Were Meeting the 24-Hour Movement Behaviour Guidelines 6-Months into
the COVID-19 Pandemic: Follow-up from a National Study. Appl. Physiol. Nutr. Metab. 2021, 46, 1225-1240. [CrossRef]
Lucchini, M.; Bekelman, T.A.; Li, M.; Knapp, E.A.; Dong, Y.; Ballard, S.; Deoni, S.; Dunlop, A.L.; Elliott, A.J.; Ferrara, A.; et al.
Impact of the COVID-19 Pandemic on Children’s Sleep Habits: An ECHO Study. Pediatr. Res. 2023, 93, 586-594. [CrossRef]
Bruni, O.; Melegari, M.G.; Breda, M.; Cedrone, A.; Finotti, E.; Malorgio, E.; Doria, M.; Ferri, R. Impact of COVID-19 Lockdown on
Sleep in Children with Autism Spectrum Disorders. J. Clin. Sleep Med. 2022, 18, 137-143. [CrossRef]

Wunsch, K.; Kienberger, K.; Niessner, C. Changes in Physical Activity Patterns Due to the COVID-19 Pandemic: A Systematic
Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 2250. [CrossRef]

Rossi, L.; Behme, N.; Breuer, C. Physical Activity of Children and Adolescents during the COVID-19 Pandemic—A Scoping
Review. Int. ]. Environ. Res. Public Health 2021, 18, 11440. [CrossRef]

Eaton, A.; Ball, G.D.C.; Hwang, Y.; Carson, V.; Gokiert, R.; Dennett, L.; Rajani, H.; Zhang, M.; Dyson, M.P. The Impacts of
COVID-19 Restrictions on Physical Activity in Children and Youth: A Systematic Review of Qualitative Evidence. . Phys. Act.
Health 2023, 20, 423-437. [CrossRef]

Alkodaymi, M.S.; Omrani, O.A.; Fawzy, N.A.; Shaar, B.A.; Almamlouk, R.; Riaz, M.; Obeidat, M.; Obeidat, Y.; Gerberi, D.; Taha,
R.M,; et al. Prevalence of Post-Acute COVID-19 Syndrome Symptoms at Different Follow-up Periods: A Systematic Review and
Meta-Analysis. Clin. Microbiol. Infect. 2022, 28, 657-666. [CrossRef]

Ceban, F; Ling, S.; Lui, LM.W,; Lee, Y,; Gill, H.; Teopiz, K.M.; Rodrigues, N.B.; Subramaniapillai, M.; Di Vincenzo, J.D.; Cao, B.;
et al. Fatigue and Cognitive Impairment in Post-COVID-19 Syndrome: A Systematic Review and Meta-Analysis. Brain. Behav.
Immun. 2022, 101, 93-135. [CrossRef]

Borch, L.; Holm, M.; Knudsen, M.; Ellermann-Eriksen, S.; Hagstroem, S. Long COVID Symptoms and Duration in SARS-CoV-2
Positive Children—A Nationwide Cohort Study. Eur. |. Pediatr. 2022, 181, 1597-1607. [CrossRef]

Sandler, C.X.; Wyller, V.B.B.; Moss-Morris, R.; Buchwald, D.; Crawley, E.; Hautvast, ].; Katz, B.Z.; Knoop, H,; Little, P,; Taylor,
R.; et al. Long COVID and Post-Infective Fatigue Syndrome: A Review. Open Forum Infect. Dis. 2021, 8, ofab440. [CrossRef]
[PubMed]

Sollini, M.; Morbelli, S.; Ciccarelli, M.; Cecconi, M.; Aghemo, A.; Morelli, P; Chiola, S.; Gelardi, F.; Chiti, A. Long COVID
Hallmarks on [18F]JFDG-PET/CT: A Case-Control Study. Eur. |. Nucl. Med. Mol. Imaging 2021, 48, 3187-3197. [CrossRef]
[PubMed]

Brailovskaia, J.; von Brachel, R.; van Hall, F; Teismann, T.; Hirschfeld, G.; Margraf, J. A Dual-Factor Model Perspective on
Depressed Inpatients: Examining the Dynamics of Mental Health and Therapy Outcomes. Front. Psychiatry 2023, 14, 1295032.
[CrossRef]

Tkacova, H.; Pavlikova, M.; Jenisova, Z.; Maturkani¢, P; Kralik, R. Social Media and Students” Wellbeing: An Empirical Analysis
during the COVID-19 Pandemic. Sustainability 2021, 13, 10442. [CrossRef]


https://doi.org/10.32394/rpzh.2023.0268
https://doi.org/10.5005/jp-journals-10071-24504
https://doi.org/10.1016/j.appet.2022.106331
https://doi.org/10.3390/nu14235068
https://doi.org/10.3389/fped.2022.1022669
https://doi.org/10.1177/01945998221097656
https://doi.org/10.1016/j.smrv.2022.101596
https://doi.org/10.1016/j.jsmc.2023.01.004
https://doi.org/10.1186/s12889-021-10852-3
https://doi.org/10.1016/j.jshs.2020.06.005
https://doi.org/10.1139/apnm-2021-0354
https://doi.org/10.1038/s41390-022-02309-z
https://doi.org/10.5664/jcsm.9518
https://doi.org/10.3390/ijerph19042250
https://doi.org/10.3390/ijerph182111440
https://doi.org/10.1123/JPAH.2022-0350
https://doi.org/10.1016/j.cmi.2022.01.014
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1093/ofid/ofab440
https://www.ncbi.nlm.nih.gov/pubmed/34631916
https://doi.org/10.1007/s00259-021-05294-3
https://www.ncbi.nlm.nih.gov/pubmed/33677642
https://doi.org/10.3389/fpsyt.2023.1295032
https://doi.org/10.3390/su131810442

Children 2024, 11, 532 18 of 19

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Stephenson, T.; Pinto Pereira, S.M.; Shafran, R.; de Stavola, B.L.; Rojas, N.; McOwat, K.; Simmons, R.; Zavala, M.; O’Mahoney,
L.; Chalder, T;; et al. Physical and Mental Health 3 Months after SARS-CoV-2 Infection (Long COVID) among Adolescents in
England (CLoCk): A National Matched Cohort Study. Lancet. Child Adolesc. Health 2022, 6, 230-239. [CrossRef]

Conti, E.; Sgandurra, G.; De Nicola, G.; Biagioni, T.; Boldrini, S.; Bonaventura, E.; Buchignani, B.; Vecchia, S.D.; Falcone, F.; Fedi,
C.; et al. Behavioural and Emotional Changes during COVID-19 Lockdown in an Italian Paediatric Population with Neurologic
and Psychiatric Disorders. Brain Sci. 2020, 10, 918. [CrossRef] [PubMed]

Hawes, M.T.; Szenczy, A.K; Klein, D.N.; Hajcak, G.; Nelson, B.D. Increases in Depression and Anxiety Symptoms in Adolescents
and Young Adults during the COVID-19 Pandemic. Psychol. Med. 2022, 52, 3222-3230. [CrossRef]

Meherali, S.; Punjani, N.; Louie-Poon, S.; Rahim, K.A.; Das, J.K,; Salam, R.A.; Lassi, Z.S. Mental Health of Children and
Adolescents amidst COVID-19 and Past Pandemics: A Rapid Systematic Review. Int. |. Environ. Res. Public Health 2021, 18, 3432.
[CrossRef]

Uccella, S.; Mongelli, E.; Majno-Hurst, P.; Pavan, L.J.; Uccella, S.; Zoia, C.; Uccella, L. Psychological Impact of the Very Early
Beginning of the COVID-19 Outbreak in Healthcare Workers: A Bayesian Study on the Italian and Swiss Perspectives. Front.
Public Health 2022, 10, 768036. [CrossRef]

Shachar-Lavie, I.; Shorer, M.; Segal, H.; Fennig, S.; Ashkenazi-Hoffnung, L. Mental Health among Children with Long COVID
during the COVID-19 Pandemic. Eur. |. Pediatr. 2023, 182, 1793-1801. [CrossRef] [PubMed]

Pavlikova, M.; Maturkani¢, P.; Akimjak, A.; Mazur, S.; Timor, T. Social Interventions in the Family in the Post-COVID Pandemic
Period. J. Educ. Cult. Soc. 2023, 14, 106-123. [CrossRef]

Raveendran, A.V. Long COVID-19: Challenges in the Diagnosis and Proposed Diagnostic Criteria. Diabetes Metab. Syndr. Clin.
Res. Rev. 2021, 15, 145-146. [CrossRef] [PubMed]

Zavala, M.; Ireland, G.; Amin-Chowdhury, Z.; Ramsay, M.E.; Ladhani, S.N. Acute and Persistent Symptoms in Children with PCR-
Confirmed SARS-CoV-2 Infection Compared to Test-Negative Children in England: Active, Prospective, National Surveillance.
Clin. Infect. Dis. 2021, 75, 191-200. [CrossRef] [PubMed]

Sterky, E.; Olsson-Akefeldt, S.; Hertting, O.; Herlenius, E.; Alfven, T.; Ryd Rinder, M.; Rhedin, S.; Hildenwall, H. Persistent
Symptoms in Swedish Children after Hospitalisation Due to COVID-19. Acta Paediatr. Int. |. Paediatr. 2021, 110, 2578-2580.
[CrossRef] [PubMed]

Rau, L.M.; Grothus, S.; Sommer, A.; Grochowska, K.; Claus, B.B.; Zernikow, B.; Wager, ]. Chronic Pain in Schoolchildren and
Its Association With Psychological Wellbeing Before and During the COVID-19 Pandemic. J. Adolesc. Health 2021, 69, 721-728.
[CrossRef] [PubMed]

Molteni, E.; Sudre, C.H.; Canas, L.S.; Bhopal, S.S.; Hughes, R.C.; Antonelli, M.; Murray, B.; Klaser, K.; Kerfoot, E.; Chen, L.; et al.
Illness Duration and Symptom Profile in Symptomatic UK School-Aged Children Tested for SARS-CoV-2. Lancet Child Adolesc.
Health 2021, 5, 708-718. [CrossRef] [PubMed]

Yachou, Y;; El Idrissi, A.; Belapasov, V.; Ait Benali, S. Neuroinvasion, Neurotropic, and Neuroinflammatory Events of SARS-CoV-2:
Understanding the Neurological Manifestations in COVID-19 Patients. Neurol. Sci. 2020, 41, 2657-2669. [CrossRef]

Shimohata, T. Neuro-COVID-19. Clin. Exp. Neuroimmunol. 2022, 13, 17-23. [CrossRef]

Espindola, O.M.; Gomes, Y.C.P; Brandao, C.O.; Torres, R.C.; Siqueira, M.; Soares, C.N.; Lima, M.A.S.D.; Leite, A.C.C.B.; Venturotti,
C.O.; Carvalho, A.J.C,; et al. Inflammatory Cytokine Patterns Associated with Neurological Diseases in Coronavirus Disease 2019.
Ann. Neurol. 2021, 89, 1041-1045. [CrossRef]

Panchal, U.; Salazar de Pablo, G.; Franco, M.; Moreno, C.; Parellada, M.; Arango, C.; Fusar-Poli, P. The Impact of COVID-19
Lockdown on Child and Adolescent Mental Health: Systematic Review. Eur. Child Adolesc. Psychiatry 2023, 32, 1151-1177.
[CrossRef] [PubMed]

Duan, L.; Shao, X.; Wang, Y.; Huang, Y.; Miao, J.; Yang, X.; Zhu, G. An Investigation of Mental Health Status of Children and
Adolescents in China during the Outbreak of COVID-19. J. Affect. Disord. 2020, 275, 112-118. [CrossRef] [PubMed]

Pedrosa, A.L.; Bitencourt, L.; Frées, A.C.F; Cazumba, M.L.B.; Campos, R.G.B.; de Brito, 5S.B.C.S.; Simoes e Silva, A.C. Emotional,
Behavioral, and Psychological Impact of the COVID-19 Pandemic. Front. Psychol. 2020, 11, 566212. [CrossRef] [PubMed]

Khan, M,; Khan, H.; Khan, S.; Nawaz, M. Epidemiological and Clinical Characteristics of Coronavirus Disease (COVID-19) Cases
at a Screening Clinic during the Early Outbreak Period: A Single-Centre Study. |. Med. Microbiol. 2020, 69, 1114-1123. [CrossRef]
[PubMed]

Schneider, E.; Hopf, D.; Eckstein, M.; Scheele, D.; Aguilar-Raab, C.; Herpertz, S.C.; Grinevich, V.; Ditzen, B. Stress during the
COVID-19 Pandemic Moderates Pain Perception and Momentary Oxytocin Levels. J. Clin. Med. 2023, 12, 2333. [CrossRef]
[PubMed]

Abawi, O.; Welling, M.S.; van den Eynde, E.; van Rossum, E.E.C.; Halberstadt, J.; van den Akker, E.L.T.; van der Voorn, B.
COVID-19 Related Anxiety in Children and Adolescents with Severe Obesity: A Mixed-Methods Study. Clin. Obes. 2020, 10,
e12412. [CrossRef] [PubMed]

Achterberg, M.; Dobbelaar, S.; Boer, O.D.; Crone, E.A. Perceived Stress as Mediator for Longitudinal Effects of the COVID-19
Lockdown on Wellbeing of Parents and Children. Sci. Rep. 2021, 11, 2971. [CrossRef] [PubMed]

Bentenuto, A.; Mazzoni, N.; Giannotti, M.; Venuti, P; de Falco, S. Psychological Impact of COVID-19 Pandemic in Italian Families
of Children with Neurodevelopmental Disorders. Res. Dev. Disabil. 2021, 109, 103840. [CrossRef]


https://doi.org/10.1016/S2352-4642(22)00022-0
https://doi.org/10.3390/brainsci10120918
https://www.ncbi.nlm.nih.gov/pubmed/33260987
https://doi.org/10.1017/S0033291720005358
https://doi.org/10.3390/ijerph18073432
https://doi.org/10.3389/fpubh.2022.768036
https://doi.org/10.1007/s00431-023-04854-z
https://www.ncbi.nlm.nih.gov/pubmed/36786887
https://doi.org/10.15503/jecs2023.1.106.123
https://doi.org/10.1016/j.dsx.2020.12.025
https://www.ncbi.nlm.nih.gov/pubmed/33341598
https://doi.org/10.1093/cid/ciab991
https://www.ncbi.nlm.nih.gov/pubmed/34849658
https://doi.org/10.1111/apa.15999
https://www.ncbi.nlm.nih.gov/pubmed/34157167
https://doi.org/10.1016/j.jadohealth.2021.07.027
https://www.ncbi.nlm.nih.gov/pubmed/34521577
https://doi.org/10.1016/S2352-4642(21)00198-X
https://www.ncbi.nlm.nih.gov/pubmed/34358472
https://doi.org/10.1007/s10072-020-04575-3
https://doi.org/10.1111/cen3.12676
https://doi.org/10.1002/ana.26041
https://doi.org/10.1007/s00787-021-01856-w
https://www.ncbi.nlm.nih.gov/pubmed/34406494
https://doi.org/10.1016/j.jad.2020.06.029
https://www.ncbi.nlm.nih.gov/pubmed/32658812
https://doi.org/10.3389/fpsyg.2020.566212
https://www.ncbi.nlm.nih.gov/pubmed/33117234
https://doi.org/10.1099/jmm.0.001231
https://www.ncbi.nlm.nih.gov/pubmed/32783802
https://doi.org/10.3390/jcm12062333
https://www.ncbi.nlm.nih.gov/pubmed/36983333
https://doi.org/10.1111/cob.12412
https://www.ncbi.nlm.nih.gov/pubmed/32920993
https://doi.org/10.1038/s41598-021-81720-8
https://www.ncbi.nlm.nih.gov/pubmed/33536464
https://doi.org/10.1016/j.ridd.2020.103840

Children 2024, 11, 532 19 of 19

93.

94.

95.
96.

97.

Rosa, C.; Marsch, L.A.; Winstanley, E.L.; Brunner, M.; Campbell, A.N.C. Using Digital Technologies in Clinical Trials: Current and
Future Applications. Contemp. Clin. Trials 2021, 100, 106219. [CrossRef]

Ipuna Jmurpisaa, C. Clinical Management of Patients with COVID-19. “Live” Clinical Instruction (2021); Clinical and Preventive
Medicine 2021. Available online: https://cp-medical.com/index.php/journal/covid-19-live-clinical-instruction (accessed on
5 April 2024).

Eysenbach, G.; Wyatt, J. Using the Internet for Surveys and Health Research. ]. Med. Internet Res. 2002, 4, E13. [CrossRef]
Haddad, C.; Sacre, H.; Zeenny, R.M.; Hajj, A.; Akel, M.; Iskandar, K.; Salameh, P. Should Samples Be Weighted to Decrease
Selection Bias in Online Surveys during the COVID-19 Pandemic? Data from Seven Datasets. BMC Med. Res. Methodol. 2022,
22, 63. [CrossRef] [PubMed]

Mayoral, K.; Rajmil, L.; Murillo, M.; Garin, O.; Pont, A.; Alonso, J.; Bel, J.; Perez, J.; Corripio, R.; Carreras, G.; et al. Measurement
Properties of the Online EuroQol-5D-Youth Instrument in Children and Adolescents with Type 1 Diabetes Mellitus: Questionnaire
Study. J. Med. Internet Res. 2019, 21, e14947. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cct.2020.106219
https://cp-medical.com/index.php/journal/covid-19-live-clinical-instruction
https://doi.org/10.2196/jmir.4.2.e13
https://doi.org/10.1186/s12874-022-01547-3
https://www.ncbi.nlm.nih.gov/pubmed/35249541
https://doi.org/10.2196/14947
https://www.ncbi.nlm.nih.gov/pubmed/31714252

	Introduction 
	Materials and Methods 
	Results 
	General Characteristics of the Study Population 
	Social Habits and Emotional Well-Being 
	Quality of Life 

	Discussion 
	Social Habits and Emotional Well-Being 
	Quality of Life 
	Strengths and Limitations 

	Conclusions 
	References

