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REVIEW

Long-term central nervous system (CNS) consequences of COVID-19 in children
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Southampton, UK; dDivision of Psychiatry and Applied Psychology, School of Medicine, University of Nottingham, Nottingham, UK; eHassenfeld 
Children’s Hospital at NYU Langone, New York University Child Study Center, New York City, New York, USA

ABSTRACT
Introduction: Neurological/neuropsychiatric symptoms are commonly reported by children/young 
people with long COVID, especially headache, fatigue, cognitive deficits, anosmia and ageusia, dizziness, 
mood symptoms, and sleep problems. However, reported prevalence estimates are highly variable due 
to study heterogeneity and often small sample size; most studies only considered short-term follow- 
ups; and, apart from mood and sleep problems, neuropsychiatric conditions have received less atten-
tion. Considering the potential debilitating effects of neurological/neuropsychiatric conditions, 
a comprehensive review of the topic is timely, and needed to support clinical recognition as well as 
to set the direction for future research.
Areas covered: The authors discuss neurological/neuropsychiatric manifestations of long COVID in 
pediatric populations, with a focus on prevalence, associated demographic characteristics, and potential 
pathogenetic mechanisms.
Expert opinion: Children/young people may develop persistent neurological/neuropsychiatric symp-
toms following acute SARS-CoV-2 infection, which may affect daily functioning and well-being. Studies 
in larger samples with longer follow-ups are needed to clarify prevalence and symptom duration; as 
well as less investigated risk factors, including genetic predisposition, ethnicity, and comorbidities. 
Controlled studies may help separate infection-related direct effects from pandemic-related psychoso-
cial stressors. Clarifying pathogenetic mechanisms is paramount to develop more targeted and effective 
treatments; whilst screening programs and psychoeducation may enhance early recognition.
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1. Introduction

COVID-19 is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which was first identified as 
a new strain of coronavirus in late 2019 [1]. The outbreak 
was declared a pandemic by the World Health Organization 
(WHO) in March 2020, due to the rapid global spread of the 
disease [2]. As of June 2023, the WHO reported over 
768 million confirmed cases and over 6.9 million deaths glob-
ally. Further, over 13 million vaccinations doses have been 
administered across the globe, with higher rates in America, 
Europe, and Australia (≥100 administered doses per 100 indi-
viduals) and lower rates in Africa (ranging between 20 and 100 
doses per 100 individuals) [2].

Transmission of COVID-19 is primarily due to exposure to 
respiratory droplets from either asymptomatic or symptomatic 
individuals who are infected with COVID-19 [3]. Clinical man-
ifestations of COVID-19 vary greatly. About one-third of 
infected individuals are believed to remain asymptomatic [3], 
as it has been estimated based on viral testing of passengers 
of chartered evacuation flights from Wuhan, China [3,4]. Those 
who become symptomatic commonly experience fever, 

cough, fatigue, and dyspnea [5]. In severe cases, acute respira-
tory failure, septic shock, and multiple organ failure may 
develop, requiring mechanical ventilation and intensive 
care [3].

Clinical presentation and symptom severity vary according 
to socio-demographic factors. For instance, infection rates 
have been much lower in children and young people than in 
adults, and child infections only account for 1.2% of world-
wide cases [6]. In contrast to other respiratory diseases, when 
infected, children tend to either remain asymptomatic or 
develop mild symptoms [6,7]. However, due to this, a greater 
number of infected children may not be recognized and 
tested as compared to adults, which may also result in less 
accurate official statistics. It is not known why children tend to 
display milder symptoms of COVID-19. It has been suggested 
that they may have fewer risk factors (e.g. age-related changes 
in clotting function or comorbid medical conditions), or addi-
tional protective factors (e.g. related to immunity and micro-
biota) [8,9].

Although most children remain asymptomatic or only 
experience mild symptoms, there have been cases of COVID- 
related multisystem inflammatory syndrome (MIS-C) in 
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communities with high incidence of COVID-19 [6]. This is an 
inflammatory syndrome characterized by multi-organ involve-
ment, which may manifest few weeks after the acute infection 
[10,11]. Children who develop MIS-C are typically above 5 
years of age and present with severe extrapulmonary symp-
toms, e.g. gastrointestinal, cardiovascular, and mucocutaneous 
[12]. Neurological symptoms can also be present and include 
headache, seizures, lethargy, and encephalopathy [10]. Those 
with MIS-C are more likely than those without to require 
intensive care, yet, they are often able to recover [6].

Children and young people may also experience persistent 
symptoms (Long COVID or post-COVID-19 syndrome) [13]. 
Definitions of long COVID vary across the literature. 
Following a Delphi process and consensus meeting, 
a research definition of long COVID or post-COVID 19 condi-
tion was proposed in April 2022, indicating that a diagnosis 
can be made when at least one physical symptom persists 
more than 12 weeks in children/young people with 
a confirmed SARS-CoV-2 infection, and cannot be explained 
by an alternative diagnosis. However, the National Institute for 
Health and Care Excellence (NICE) guidelines indicate that the 
term ‘long COVID’ includes both ongoing symptomatic COVID- 
19 (from 4 to 12 weeks) and post-COVID-19 syndrome (12  
weeks or more) [14,15]. Further, there is increasing recognition 
that long COVID can also manifest in previously asymptomatic 
individuals [16,17]. Prevalence estimates vary across the litera-
ture. For instance, the CloCk study, a large UK cohort study, 
reported that 14% of infected children and young people 
experienced persistent symptoms at 15 weeks. However, 
reported prevalence estimates range from 1.6% to 70% 
depending on study design, sample size, definition, and 
method of identification [9,18].

Similarly, to adults, symptoms of long COVID in children 
and young people frequently include fatigue, headache, mus-
cle, or joint pain, impairment of smell or taste, and dyspnea 
[9]. However, respiratory symptoms and altered sense of taste 
or smell appear to be less common in children [19]. Since the 
first conceptualization of long COVID, the list of manifestations 
identified in children has been extended to up to 40 different 

symptoms [16,19]). In their review, Fainardi et al. (2022) [16] 
summarized common clinical manifestations of long COVID 
according to the main physiological system involved. 
Although the range of the reported prevalence estimates 
varied greatly, the most commonly identified symptoms 
(with prevalence up to 70–80%) were fatigue, concentration 
difficulties, headache, abdominal pain, stomachache, smell 
and taste alterations, and sore throat. Other symptoms (with 
prevalence up to above 30%) included myalgia, sleep distur-
bances, skin rashes, persistent fever, loss of appetite/weight, 
dyspnea, and chest tightness. Finally, less frequent symptoms 
included palpitations, diarrhea, vomiting, dizziness, irritability 
and mood changes, cough, and nasal congestion [16]. 
Similarly, a systematic review reported that symptoms such 
as mood changes, fatigue, sleep disorders, headache, respira-
tory, and cognitive symptoms were the most common 
(although all with pooled prevalence below 20%) [19]. 
Despite the great variation in reported prevalence estimates, 
which may reflect the heterogeneity and small sample size of 
many of the included studies, it is important to be aware that 
clinical presentations in the pediatric population are highly 
heterogenous and may be atypical, as also highlighted by 
the NICE guidelines [14].

It is not known why some individuals develop long COVID, 
but clinico-demographic characteristics have been identified 
as potential risk factors. For instance, a prospective cohort 
study of 518 PCR-positive children reported that 44.7% had 
pre-existing comorbidities, most commonly food allergy 
(13%), asthma (9.7%), and gastrointestinal problems (9.7%) 
[20]. Allergies and intestinal problems have also been reported 
with similar rates in a smaller study [21]. Similar to adults, 
older age and female sex have also been associated with 
long COVID in the pediatric population [19].

In sum, neurological and neuropsychiatric symptoms can 
manifest in children both in the context of acute COVID-19 
and post-acute sequalae, such as MIS-C and long COVID 
[10,16]. For instance, children and adolescents may experience 
neurological (e.g. anosmia and headache) and neuropsychia-
tric symptoms (e.g. anxiety and depression) as acute and/or 
persistent manifestations [22]. This review focuses on manifes-
tations of long COVID [22]. Before describing the symptoms in 
more detail, we will present the suggested underlying biolo-
gical mechanisms. Pandemic-related factors may also be con-
tributing factors to some of these clinical manifestations, as 
discussed in symptom-specific sections.

2. Neuropathophysiology of SARS-CoV-2

SARS-CoV-2 infects cells by binding to the Angiotensin- 
Converting Enzyme 2 (ACE2), which thus acts as entry point 
or ‘receptor’ for the virus [23,24], and undergoes spike protein 
priming via the transmembrane protease serine 2 (TMPRSS2) 
[24]. ACE2 and TMPRSS2 are expressed by a large variety of 
cells, including ciliated epithelial cells and oligodendrocytes 
[23,25]. ACE2 is part of the cellular pathways regulating blood 
pressure, wound healing, and inflammation. Thus, SARS-CoV-2 
binding and subsequent ACE2 downregulation may promote 
vasoconstriction and inflammation, which can cause tissue 

Article highlights

● Children and young people tend to remain asymptomatic or only 
experience mild symptoms of acute COVID-19 but can develop per-
sistent symptoms (long COVID).

● Symptoms of long COVID include neurological and neuropsychiatric 
manifestations, most often headache, fatigue, cognitive deficits, anos-
mia and ageusia, dizziness, mood symptoms and sleep problems.

● Studies to date have provided inconsistent data on prevalence and 
symptom duration; as many were limited by the small sample size, 
lack of comparative data, and short follow-up.

● Infection-related mechanisms, such as chronic systemic inflammation, 
oxidative stress, and immune-mediated processes are considered to 
play a prominent role in the development of neurological symptoms, 
whilst pandemic-related factors (e.g. concerns about exposure and 
impact of restrictions) may be more relevant for neuropsychiatric 
conditions (e.g. anxiety and sleep problems).

● Further studies are needed to clarify pathogenetic mechanisms, 
differences with adults, and duration/course of more persistent 
symptoms.
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damage [26]. How COVID-19 may cause neurological manifes-
tations is not well understood [25].

Several respiratory viruses, from influenza to SARS-CoV 
viruses, have neurotropic features and can cause neurological 
complications in vulnerable individuals [27,28]. Therefore, 
initial hypotheses suggested that SARS-CoV-2 may share 
some of the same pathogenetic mechanisms [27], such as 
olfactory nerve entry, vascular endothelial infection, and leu-
kocyte-mediated migration through the blood-brain barrier 
(BBB) [25]. For instance, influenza A virus can cause neurolo-
gical complications in both children and adults and, animal 
studies have shown that it can reach the central nervous 
system (CNS) through axonal transport along the olfactory 
nerves or sensory neurons of the vagus nerve in the lungs 
[28,29]. Further, it can sometimes be detected in the blood of 
infected individuals, which is associated with clinical severity, 
and reach the CNS by passing through the BBB (hematogen-
ous route) [30]. Previous studies have indicated that CoV 
viruses, such as SARS-CoV, which was responsible for the 
SARS epidemic, may have neurotropic and neuroinvasive cap-
abilities [28]. Although the exact mechanism of entry into the 
CNS is not well established, the virus has been detected in the 
cerebrospinal fluid (CSF) of infected individuals [31,32]. SARS- 
CoV-2 is genetically and structurally very similar to SARS-CoV 
and binds the same receptor [33,34]. Therefore, it might, in 
theory, share neuropathogenic characteristics, but this has not 
been confirmed [28].

For instance, it has been suggested that SARS-CoV 2 can 
cause hypo/anosmia by infecting olfactory epithelial neurons 
[28]; however, ACE2 was not identified in these neurons but in 
epithelial support cells [35]. Thus, these symptoms may be 
caused by the indirect effect of the infected epithelium on 
neuronal activity [36]. Conversely, ACE2 has been identified in 
sensory neurons, including those that innervate the lungs, and 
postmortem studies identified SARS-CoV-2 in the trigeminal 
sensory ganglia of infected individuals [36,37]. Thus, further 
work is needed to elucidate potential viral-neuronal interac-
tions. For instance, it has been suggested that functional 
interactions might occur and affect neuronal function in the 
absence of neuronal infection [36]. Further, SARS-CoV-2 has 
been detected in the CSF of some individuals with menin-
goencephalitis and encephalitis in the context of COVID-19 
infection [28,38]; but not in all cases [39–41]. This may be due 
to the limited sensitivity of CSF testing for SARS-CoV-2, espe-
cially at the beginning of the pandemic [25]. Alternatively, 
these presentations may be caused by pathogenetic mechan-
isms secondary to the systemic infection, such as inflamma-
tion, hypoxia, and altered neurotransmission [25,39]. When an 
individual is infected, immune cells are activated and release 
pro-inflammatory cytokines. An overactive immune response 
to SARS-CoV-2 can cause a massive cytokine release or ‘cyto-
kine storm,’ which can induce irreversible damage to 
organs [42].

There is also evidence that SARS-CoV-2 genomic RNA con-
sists of multiple open reading frames (ORFs) and supports the 
expression of accessory ORF proteins. These may play an impor-
tant role in evading the immune response of the host and 
promoting viral proliferation [43,44]. For instance, they can 

inhibit the innate immune response; promote the release of 
proinflammatory cytokines and organ damage; and induce 
apoptosis and autophagy of host cells. Although their exact 
number and role is still a matter of debate [45], they may 
represent potential targets for developing antiviral drugs and 
vaccines [43,44].

Overall, multiple potential neuropathological mechanisms 
may be differentially involved according to the distinct clinical 
manifestations and their timing (e.g. acute infection versus 
long COVID) [46]. For instance, inflammatory cytokines, 
hypoxia, oxidative stress, metabolic, and electrolyte alterations 
may underlie presentations such as confusion, encephalopa-
thy, and seizures [39]. Additional mechanisms may include 
exacerbation of underlying risk factors, coagulation derange-
ment, and side effects of medication [25,27]. Further, post- 
infectious, immune-mediated mechanisms, may mediate com-
plications such as Guillain-Barré. Conversely, nonspecific and 
milder symptoms, such as ‘brain fog,’ fatigue, and sleep pro-
blems, which are often observed in long COVID, may represent 
epiphenomena of systemic involvement and inflammatory 
response [46].

Intriguingly, a Positron Emission Tomography (PET) study of 
adults with long COVID has identified brain hypometabolism 
in the olfactory gyrus and connected fronto-temporo-limbic 
regions, cerebellum, and brainstem. Hypometabolism was 
associated with functional complaints such as hyposmia/anos-
mia, memory difficulties, and insomnia [47]. Although this 
study was conducted in adults, it suggests that post- 
infection mitochondrial dysfunction, oxidative stress, and 
altered cerebral autoregulation may lead to reduced brain 
glucose metabolism and contribute to the persistence of 
symptoms [46,47]. Another suggested mechanism involves 
the dysfunction of the autonomous nervous system. For 
instance, a small physiological study identified vagus atrophy 
and increased latency of the sympathetic skin response in 
adults with long COVID [48]. Thus, dysautonomia may warrant 
further investigations in larger, and even younger, samples.

It is also important to notice that many studies have inves-
tigated persistent symptoms in both non-hospitalized indivi-
duals with history of mild acute infection, and in survivors of 
critical illness requiring intensive care [46]. Symptoms such as 
fatigue, attention difficulties, anxiety, and depression may be 
present in both groups, however, they considerably differ in 
terms of severity and complexity of presentation, need for 
prolonged medical care, and outcomes [46,49]. It has been 
suggested that long-lasting neurological symptoms in survi-
vors of critical illness might be better understood in the con-
text of Postintensive Care Syndrome (PICS), i.e. as 
a consequence of severe respiratory illness and prolonged 
intensive care treatments [49,50].

In sum, the biological underpinnings of COVID-related 
CNS manifestations are not fully known but likely involve 
multiple contributing mechanisms, according to the symp-
toms and their timing. Chronic systemic inflammatory 
response, oxidative stress, and immune-mediated processes 
are thought to play a major role in the pathogenesis of 
neurological symptoms in the context of long-COVID 
[25,27, 39].
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3. Neurological conditions associated with long 
COVID

In this section, we describe the most common neurological 
symptoms associated with long COVID in the pediatric popu-
lation (Table 1). These include ‘brain fog’ and memory/atten-
tion deficits (2–81%), headache (3–80%), impairment of smell 
or taste (12–70%), and dizziness (3–20%) [16]. We have also 
included fatigue (3–87%) [16], as it has been associated with 
hypothalamic dysfunction, although multiple physiological 
and psychological factors are likely at play in its pathogenesis, 
as discussed. Finally, for completeness, we included rarer and 
more severe COVID-related neurological manifestations, such 
as seizures and encephalitis/encephalopathy. Seizures typically 
present as acute SARS-CoV-2 sequelae [69,70]; however, 
a large cohort study reported that the two-year cumulative 
risk of seizures/epilepsy was significantly higher in children 
(but not in adults) after COVID infection as compared to 
other respiratory infections [66]. Similarly, encephalitis/ence-
phalopathy typically develop during the acute phase of dis-
ease or in the context of MIS-C [10,71], but delayed immuno- 
mediated onset has also been described [71]. Further, cogni-
tive and neurological deficits may persist in those who survive 
[55,72].

3.1. Cognitive deficits

Cognitive symptoms have been commonly reported among 
children with long COVID [62,65,74], encompassing concentra-
tion difficulties, memory problems, and ‘brain fog.’ The latter 
refers to a lack of mental clarity with poor concentration and 
fatigue [80]. A meta-analysis reported an overall prevalence of 
6.3% [19]. However, great variability has been observed even 
among studies with similar sample size. For instance, concen-
tration difficulties were reported in either 8.9% or 45% of 
children with long COVID by two similar studies, whilst 
another report indicated a prevalence of 19% [73,74,81]. 
Memory problems have been reported more consistently, 
with estimates ranging from 10.1% to 18% [17,73,74,81]. 
Brain fog was reported with a prevalence of only 2% [74] 
over 12 weeks after infection [74]. Studies have also shown 
a great variability in time to recovery, ranging from 2 weeks to 
6 months [20,82]. Overall, cognitive impairment was mainly 
observed in older children [82]. The pathophysiological 
mechanisms underlying cognitive symptoms have not been 
fully elucidated. It has been suggested that they may be an 
epiphenomenon of other systems involvement, or a result of 
systemic inflammation, with consequent BBB disruption and/ 
or brain microglia activation and mitochondrial disfunction 
[46,80]. However, despite these symptoms being commonly 
identified in children with long COVID, a case-control study 
reported higher rates of concentration difficulties in controls 
[83]. This suggests that pandemic-related contextual factors 
may also play a role.

In sum, there is great variability in reported prevalence 
rates of persistent cognitive symptom, ranging from 2% to 
81% [16], with older children being more affected. Biological 
changes related to inflammation and systemic involvement 
have been suggested among underlying pathophysiological 

mechanisms [46,80]. However, pandemic-related stressors may 
also contribute [16,83].

3.2. Headaches

Headaches have been frequently reported as one of the most 
common persisting symptoms following COVID-19 infection 
[17,20,62,64,65,73,74,76]. According to the International 
Classification of Headache Disorders, 3rd edition [84], head-
aches commonly manifest during the acute phase of infection 
with a bilateral and pressing quality [83]. However, the clinical 
phenotype of headaches is much more heterogenous and less 
specific in youths with long COVID [85]. Prevalence estimates 
in Long COVID range from 3% to 80% [16,76]. A meta-analysis 
reported an overall prevalence of 35%; however, upon inclu-
sion of only controlled studies, this reduced to 5% [86]. 
Similarly, another meta-analysis indicated a pooled prevalence 
of 7.8% [19]. Variability has also been observed in duration of 
symptoms. For instance, Guido et al. [76] reported that esti-
mates reduced over time, decreasing from 33.5% to 7.5% after 
3–5 months from infection. Buonsenso et al. [17] reported an 
average duration of 8 months in children with confirmed 
COVID-19 infection. Considering risk factors, increasing age 
has been associated with increased risk. Although headaches 
can manifest in children of any age, various reports have 
identified that they were more frequent in older children 
[73,76], i.e. either above the age of 11 [76] or between 6 and 
17 years of age [73,87]. In addition to age, a genetic predis-
position to migraine [85], or a personal history of migraine 
[88], may also increase the risk [85,88]. Finally, the pathophy-
siological mechanisms underlying the persistence of headache 
are not fully understood, but have been related to 
a protracted immuno-mediated release of cytokine and inter-
leukins in the peripheral blood [85]. However, previous studies 
have reported inconsistent findings, with both increased and 
decreased levels of cytokine and interleukins in patients with 
post-COVID headaches [85].

In sum, headaches are a common symptom both during 
the acute infection phase and in long-COVID. They mainly 
affect adolescents and, although have been observed even 
after 8 months from infection, they tend to improve over 
time. Persistence of headache may be related to a protracted 
release of pro-inflammatory cytokines, but this has not been 
confirmed.

3.3. Anosmia and Ageusia

Both anosmia (loss of smell) and ageusia (loss of taste) have 
been reported as characteristic symptoms of COVID-19 in 
both children and adults. Prevalence estimates of anosmia 
are highly variable, depending on sample size and study 
design. For instance, several studies reported anosmia in 
12–33% of children and young people [54,59,76,86], espe-
cially in those above the age of 6 [54,76,89]. A meta-analysis 
including an overall sample of 3986 children/adolescents 
indicated a prevalence of 18% [86], whereas a larger meta- 
analysis including over 80.000 youths reported a pooled pre-
valence of 5.6% [19]. The onset of anosmia has been 
observed prior [59,86] or concurrent with COVID-19 general 
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symptoms [54]. It has also been reported after the onset of 
general symptoms, with varying estimates, ranging from 43% 
[54] to 5% [59]. There are limited and inconsistent data 
regarding the duration of anosmia. For instance, Buonsenso 
et al. [53] reported a median duration of 120 days in a sample 
of 129 children/adolescents, whilst Elvan-Tuz et al. [54], 
observed a median duration of 7 days in a multicenter 
study including 10,157 adolescents. Persistence after 
a month has been reported in 8.4% of cases [54], and after 
3–5 months in 2.2% of cases [76]. Ageusia has been reported 
with similar prevalence estimates, ranging from 18% to 
27.8% [59,76]. It has been estimated that it persists between 
6.6% and 3% of cases after a month [54,76] and in about 
6.5% of affected youths after 3–5 months [76]. Age was not 
reported as a risk factor but ageusia was more commonly 
identified in females [54,90]. Given that anosmia and ageusia 
are often co-occurring [54], many studies have combined 
them in a single symptom category. For instance, Ashkenazi- 
Hoffnung et al. [73] identified a prevalence of 25.6% for 
anosmia-ageusia in a prospective study of 90 children attend-
ing a specialist long COVID clinic. However, meta-analytical 
evidence suggests a much lower combined prevalence of 
0.5%, with anosmia being more common [91]. Of note, 
greater prevalence was reported in young people over the 
age of 11, when the two symptoms were combined [73]. 
Similarly, a review reported higher rates of persistence 
when they were considered together, with 27% of youths 
still experiencing anosmia-ageusia at 6 months [81] 
Regarding the underlying pathophysiological mechanisms, 
research has shown that these symptoms may be linked to 
the infection of olfactory and oral epithelial cells. For 
instance, ACE2 and TMPRSS2 are abundantly expressed by 
the olfactory epithelium, and may mediate SARS-CoV-2 entry 
into the host cells, often resulting in temporary loss of smell 
despite the olfactory nerve being intact [92]. SARS-CoV-2 can 
also infect sustentacular cells, which are supporting epithelial 
cells, and this may cause further damage to the olfactory 
epithelium and loss of olfactory cilia [92]. However, cilia 
may begin to regrow within 7–10 days from infection [93]. 
Interestingly, imaging studies have shown that persistent 
anosmia was associated with atrophy of the olfactory bulb 
and nerve, and additional primary olfactory cortical abnorm-
alities in one-fifth of cases [46,94,95]. Although these studies 
were in adults and in small samples, they suggest that 
COVID-related injury to olfactory pathways may contribute 
to the persistence of hypo/anosmia. Considering ageusia, oral 
epithelial cells also express ACE2 and, when SARS-CoV-2 
binds to this surface protein, it may interfere with glycopro-
teins-mediated transport of tastants and thus contribute to 
the loss of taste [96]. Inflammation associated with COVID-19 
infection has also been thought to increase epithelial cell 
exfoliation [97,98]. This, alongside reduced stem cell turn-
over, could contribute to taste dysfunction.

In sum, anosmia and ageusia are considered characteristic 
symptoms of COVID-19 infection, although they may be less 
frequent in children than in adults. Persistence has been noted 
between 12% and 70% [16,20,62,64,65] of cases, with pooled 
estimates of less than 6% [19]. The rich expression of ACE2 on 
olfactory and oral epithelial cells may play a major role in the 

development of these symptoms, whereas inflammation and 
injury of neuronal pathways may contribute to their persistence.

3.4. Fatigue

Fatigue has been identified as one of the most common 
symptoms of long COVID across the literature, although rates 
range between 3% and 87% [16,20,62,65]. Initial meta-analytic 
evidence indicated a prevalence of 47%, making it the most 
reported long COVID symptom included in the analysis [86]. 
However, after the exclusion of uncontrolled studies, the pre-
valence reduced to only 5%. Similarly, a more recent meta- 
analysis identified a prevalence rate of 9.7% [19]. Of note, 
between 6.8% and 30% [76,81] of children continued to 
experience fatigue after 5-6 months following infection. 
However, the lack of longer follow-ups prevents to draw con-
clusion on the duration of such symptom. Age has been 
identified as a risk factor. For instance, a study of 322 COVID- 
positive children and young people, reported that those 
between 6 and 17 years of age experienced fatigue more 
commonly than younger children [76]. A challenging aspect 
in the study of fatigue is its variable and often subjective 
definition. The term ‘fatigue’ refers to both a common experi-
ence of daily living (‘physiological fatigue’) and the result of 
a disease, such as an infection (‘pathological fatigue’) [99]. 
Further it is challenging to measure, as it may be objectifiable, 
as a reduced physical force, or a purely subjective sensation 
[99]. Due to the subjective nature of fatigue, its pathogenesis 
is also poorly understood. It is likely that multiple factors may 
contribute to this symptom, including systemic inflammation, 
sleep alterations, and reduced activity [100]. Psychological 
factors (including pre-infection characteristics and response 
to the infection and pandemic related restrictions) may also 
play a role [99]. Finally, physiological changes may contribute 
to fatigue. It has been suggested that, similarly to Chronic 
Fatigue Syndrome (CFS), inflammatory mediators released at 
the site of viral infection may trigger the hypothalamic para-
ventricular nucleus (PVN), which physiologically acts as 
a stress-integrator. In genetically susceptible people, however, 
excessive stimulation of this center can cause it to become 
dysfunctional and hyper-sensitive to a wide range of psycho-
logical and physiological stressors [101].

In sum, fatigue has been reported as one of the most 
common symptoms of long COVID in children and young 
people. Reported estimates range between 3% and 87% of 
cases [16], according to the study, with a pooled prevalence of 
9.6% [19]. The pathophysiological mechanisms underlying fati-
gue have not been fully elucidated, also because of its sub-
jective nature. However, systemic inflammation, sleep 
problems, physiological changes, and psychological responses 
to the infection and pandemic-related restrictions have been 
identified as contributing factors [76].

3.5. Dizziness

Dizziness ranges from fleeting light-headedness to a more 
severe and impairing balance disorder [102]. It has been 
reported in 3–20% of children and young people with long 
COVID [16,20], but meta-analytic evidence suggested that 
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only about 4% experience persistent dizziness [19]. Studies 
are also inconsistent regarding its duration. For instance, 
a prospective cohort study including 1734 school-aged chil-
dren reported a median duration of 2 days [57]; and a study 
following up 322 children in a specialist post-COVID clinic 
could not identify any case at the one-month follow-up 
[76]. However, other studies reported persistence up to 8  
months post-infection [17,103]. For instance, Buonsenso 
et al. [53] surveyed 510 children with long COVID, and 
dizziness was self-reported in 47.2% of cases at 8 months. 
Female sex [17] and older age [17,57] have been identified 
as risk factors. The pathogenetic mechanisms are not com-
pletely understood, but infection-related neuronal dysfunc-
tion, hypoxia, hypercoagulopathy, as well as immune- 
mediated injury are among the suggested mechan-
isms [104].

In sum, dizziness is not a very common symptom of long 
COVID and may be of short duration. However, most studies 
have used self-reported, as compared to objective, measures 
of assessment [17,57,104], and this may affect the reliability of 
prevalence estimates and our understanding of the underlying 
pathophysiological mechanisms.

3.6 Seizures

Seizures are typically acute SARS-CoV-2 sequelae rather than 
long COVID manifestations, especially in the pediatric popula-
tion. For instance, a recent two-year population-wide study in 
Sweden showed that SARS-CoV-2 infection was not associated 
with an increased risk of epilepsy diagnosis [68]. Similarly, a large 
prospective UK study including about 260.000 children/young 
people (not all with confirmed infection) did not observe 
increased risk of seizures in long COVID [57]. However, a large 
two-year retrospective cohort study including over 180.000 
pediatric confirmed cases of COVID-19 across several countries 
reported that, although the overall risk of epilepsy and seizures 
was low at 6 months (hazard ratio = 1.14), children and young 
people had a significant higher two-year cumulative risk as 
compared to other respiratory infections, which was not 
observed in adults [66]. Thus, future studies are needed to clarify 
age-related differences in the potential risk of epilepsy in the 
post-COVID period. Further, it is possible that different COVID 
variants may be associated with varying risk of neurological 
symptoms, including seizures. For instance, a small case series 
study reported a surge of pediatric emergency presentations 
with provoked seizures in the context of Omicron infections in 
the U.S.A. [105]. Thus, the potential differential effect of distinct 
COVID variants warrants further investigation [66,106,107]. 
Different pathogenetic mechanisms have been proposed to 
explain COVID-related seizures. These include the release of 
proinflammatory cytokines, such as IL-Iβ and TNF-α, which has 
been previously associated with seizures [108]. COVID-19 may 
also disrupt the BBB, and cause the passage of blood cells and 
proteins into the CNS, altering its osmotic balance [108]. Finally, 
activation of the coagulation cascade may increase the risk of 
seizures [108].

In sum, seizures appear to be a rare complication of acute 
COVID-19 infection and may be associated with preexisting 
risk factors (e.g. positive personal history). However, some 

studies suggest that specific COVID-19 variants or younger 
age may be risk factors for provoked seizures or post-COVID 
epilepsy, and these warrant further investigation.

3.7. Encephalitis and encephalopathy

More severe neurological conditions, such as encephalitis, 
an inflammatory condition of the brain, and encephalopa-
thy, a brain disorder typically characterized by altered con-
sciousness, are rare and often fatal [71,80]. For instance, 
a study including 3707 children, reported that only 1% 
developed encephalopathy [109], but this was associated 
with increased mortality [110]. Thus, encephalitis/encepha-
lopathy have been less commonly reported by studies on 
the long-term effects of COVID. However, they can result in 
long-term neurological and cognitive impairment in those 
who survive [55,72]. For instance, a study of 1,695 hospita-
lized children/young people with documented COVID-19 
reported that 15 had possible/confirmed encephalitis, of 
whom 13% were discharged with new neurological deficits 
[55]. Unfortunately, still little is known on other possible 
sequelae, from neurocognitive impairments to behavioral 
and personality changes, which can be observed in nearly 
half survivors of pediatric encephalitis [72]. Encephalitis/ 
encephalopathy may develop due to different mechanisms, 
including the direct effects of the infection, systemic 
inflammation with cytokine storm, and autoimmunity 
[80,111]. The latter may play a major role in delayed-onset 
presentations. For instance, there have been increasing 
reports of young people with post-COVID acute dissemi-
nated encephalomyelitis (ADEM), a post-infectious demyeli-
nating encephalitis, which develop 2–30 days following 
infection [71,112,113].

In sum, encephalitis and encephalopathy are rare and often 
fatal complications of COVID-19. However, delayed onset 
immune-mediated presentations have been described even 
in young people. Further, longitudinal studies are needed to 
clarify cognitive and behavioral outcomes in those who 
survive.

4. Neuropsychiatric conditions associated with long 
COVID

Long COVID has also been associated with neuropsychiatric 
symptoms in children and young people, most commonly 
sleep problems (2–63%), and mood symptoms (5–24%) [16] 
(Table 1). Notably, a meta-analysis identified mood and 
anxiety symptoms as the most prevalent overall in long 
COVID (16.5%) [19]. Other mental health presentations may 
include obsessive compulsive disorder (OCD), tics, eating 
disorders and, more rarely, psychosis and mania. Some of 
these have been related to the direct effect of the infection 
or the immune response, although the psychosocial effects 
of the pandemic (both direct, e.g. concerns around infec-
tion; and indirect, e.g. pandemic related restrictions) are 
likely to play a role. In fact, several studies in both the 
general and the psychiatric population have reported 
a surge of new and/or worsening mental health symptoms 
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in children and young people, independently of infection 
[114–116].

4.1. Sleep problems

Sleep problems, such as insomnia and hypersomnia, have been 
frequently reported in children and young people with long 
COVID [79]. Meta-analytical evidence indicates a prevalence of 
8.4% [19], with smaller studies reporting higher estimates 
[17,76,79]. Estimates also vary among age groups, with higher 
prevalence in adolescents [79]. A study using the Children’s Sleep 
Habits Questionnaire (CSHQ-DE) reported the greatest effect on 
daytime sleepiness [79]. In most cases, symptoms decreased over 
time, although differences were still significant at 3 months. 
Similarly, Buonsenso et al. [17], reported that disordered sleep 
symptoms persisted over 60 days.

In sum, sleep problems have been reported as one of the 
most prevalent clinical manifestations of long COVID [19], 
especially in adolescents. They have been linked to the effects 
of proinflammatory cytokines, infection-related involvement of 
other systems (e.g. respiratory), reduced exercise, as well as 
psychosocial factors [46].

4.2. Mood and anxiety symptoms

Mood symptoms (such as sadness or anger) and mood or anxiety 
disorders have been commonly reported following COVID-19. 
A meta-analysis indicated an overall prevalence of 16.5% of 
children and young people with long COVID [19]. However, 
prevalence may vary with age and type of symptom/disorder 
considered. A study of 322 children and young people reported 
that internalizing symptoms were more common in both under 
5s and 6–17-year-olds, however anxiety was observed in 8% and 
28% of cases respectively [76]. Conversely, 19% of older partici-
pants suffered from low mood [76]. Thus, anxiety appeared to be 
more frequent than depression, especially social and separation 
anxiety, and both were more common in the older group [76]. 
Conversely, a study of 200 COVID-19 positive children and ado-
lescents showed that 41% had anxiety and 10% had depression 
but did not identify age differences [67]. Of note, a two-year 
retrospective study reported that the post-infection increased 
incidence of mood and anxiety was transient, and risks of both 
disorders returned to baseline within two months [66]. It is well 
known that inflammation plays a role in the development of 
mood disorders, thus this may also be a contributing factor in 
the context of COVID-19 [117]. However, anxiety and depressive 
symptoms were also experienced by non-infected individuals 
during the pandemic [118]. For instance, a study of 1365 stu-
dents observed no difference in mood symptoms between ser-
opositive and seronegative participants, apart from reported 
sadness [52]. Overall, these findings suggest that pandemic- 
related factors, such as restrictions and social isolation, may 
have a prominent role in the development of these symptoms.

In sum, anxiety and mood symptoms are among the most 
common symptoms associated with pediatric long COVID. They 
appear to be more common in adolescents, despite some incon-
sistencies in the literature, and tend to remit over time. 
Inflammation may play a role in mood symptom development, 
however, as non-infected individuals experience similar 

symptoms, pandemic-related stressors are likely to play a major 
role. Pre-existing mental health conditions may also be a potential 
risk factor [114,119].

4.3. Obsessive Compulsive Disorder (OCD)

OCD is characterized by the presence of obsessions (i.e. recur-
ring, unwanted thoughts or images) and/or compulsions (i.e. 
repeated behaviors or mental acts) [120]. A study including 
226 children and young people reported that 23% developed 
new onset symptoms of OCD post COVID-19 infection [76]. 
Similarly, case reports identified new-onset OCD in male ado-
lescents, mainly presenting with fear of infection and compul-
sive hand-washing [60,121,122]. Symptoms were still present 
at the two-month follow-up in one case [60,121,122]. The 
association between low-grade inflammation and OCD is well- 
documented, and may represent the pathogenetic mechanism 
underlying COVID-related OCD cases [123]. However, research 
is needed to demonstrate this link. Further, new-onset OCD 
symptoms have been reported in adolescents during the 
COVID-19 pandemic independently from documented infec-
tion, and have been related to fear of infection and psycho-
social changes [56,58,121,122].

In sum, there are reports of new onset OCD symptoms in 
children after COVID-19 infection; suggesting that this may be 
a relatively common manifestation [76]. Most cases are asso-
ciated with good outcome. Immuno-mediated mechanisms 
have been implicated, due to the known association between 
bacterial infections and OCD [124]. However, pandemic- 
related psychosocial changes and fear of infection may play 
a major role [123].

4.4. Tics

Tics are sudden repeated twitches, movements, or sounds. 
Several cases of tics have been reported in children following 
COVID-19 infection. For instance, a survey of 510 children 
with long COVID identified tics in 9.2% of cases, with no 
differences among age groups [53]. Persistence was reported 
in 10.6% of them after 7 months [53]. Motor and ocular tics 
have been observed more frequently than vocal tics [51,63]. 
Largely, individuals with new onset tics experienced full 
recovery, however, both motor and ocular tics persisted 
after three months in several cases [60,63]. Considering the 
pathogenetic mechanisms, tics have been associated with 
fronto-striatal dopaminergic abnormalities [125]. ACE2 is co- 
expressed and co-regulated with Dopa Decarboxylase (DDC), 
an enzyme involved in the biosynthesis of dopamine [126]. 
As ACE2 is highly expressed on dopaminergic neurons, it has 
been suggested that SARS-CoV-2 may induce a defective 
expression of ACE2, which may be paralleled by a DDC dys-
function, resulting in altered dopamine levels [126]. 
Nevertheless, pandemic-related psychosocial stressors may 
also play a role, as an increase in new onset tics has also 
been identified in children and adolescents in the general 
population [127].

In sum, tics appear to affect about 9% of children with long 
COVID regardless of age and, in a minority of cases, they can 
persist several months [53]. It has been suggested that tics 
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may result from COVID-induced changes in ACE2 pathways 
and consequent altered dopamine signaling, however, psy-
chosocial stressors may also play an important role.

4.5. Eating disorders

Changes in eating behaviors, including either reduction or 
increase in oral intake, have been identified in children with 
long COVID [76]. For example, a study of 322 children and 
young people reported that 10.6% experienced changes in 
their eating pattern. Restrictive eating was more common 
(6.6% of cases) [25] and especially in 6–17-year-olds [76]. 
Interestingly, a study including a small sample of 84 children 
and young people identified an association between anosmia- 
ageusia and restrictive eating. Among the 24 participants with 
smell and taste dysfunction, five subsequently received 
a diagnosis of Anorexia Nervosa. Of these, three improved 
between 32 to 84 days, which was attributed to the beneficial 
effects of psychotherapy [75]. In addition to the effects of 
anosmia and ageusia, other factors may contribute to changes 
in eating behaviors. For instance, the immune response to the 
infection has been associated to inflammation and gut pro-
blems [128]. Imbalances in gut bacteria can disrupt hunger 
cues, as well as contribute to mood changes and disordered 
eating [129,130]. Stomach discomfort has also been reported 
in infected individuals and may affect their eating patterns 
[131]. Finally, psychosocial factors may contribute to the 
development of disordered eating. For instance, a large popu-
lation study using health care records identified an increased 
incidence of eating disorders during the pandemic, and espe-
cially that of anorexia nervosa in adolescents [132].

In sum, many children with long COVID demonstrate 
changes in their eating, even if they do not necessarily meet 
the diagnostic threshold for an eating disorder [19]. This has 
been considered the consequence of other symptoms, such as 
anosmia, ageusia, and stomach discomfort; an effect of inflam-
mation and microbiota changes; and/or linked to pandemic- 
related psychosocial stressors.

4.6. Psychosis and mania

Several case reviews have reported psychotic symptoms (e.g. 
associated with mania) in young people with COVID-19 
[51,56,58,133,134]. However, this has not yet been studied 
on a larger scale, thus estimating their prevalence and persis-
tence remains challenging. Further, the presentation may vary. 
Delusions have been frequently reported in case reports 
[51,56,77,133], alongside visual, auditory, and olfactory hallu-
cinations [56,58,121,122]. Mania has not been reported fre-
quently in the literature, with only three adolescents 
identified [51,56]. All cases presenting with psychosis/mania 
appeared to respond well to treatment and improved in 
a relatively short period of time [51,56,77,133]. This appears 
similar to what has been previously reported in adult cases, 
with psychotic symptoms lasting up to 90 days [135]. 
However, compared to adults, adolescents have been identi-
fied to be at a greater risk of experiencing psychotic symp-
toms in the 6 months following infection [66]. Due to the 
limited number of studies, it is difficult to identify potential 

risk factors. Further, although these symptoms appeared after 
COVID-19 infection, causation cannot be definitively proved, 
and other factors may be at play. It has been suggested that 
the inflammatory response can precipitate symptoms. 
However, neuropsychological stresses associated with the 
diagnosis of COVID-19, as well as treatment with steroids, 
can also precipitate/contribute to psychotic episodes [136].

In sum, case reports have highlighted that psychosis/mania 
can develop in the context of COVID-19. Unfortunately, esti-
mating prevalence and persistence is challenging due to the 
limited number and nature of these studies. However, a large 
retrospective cohort study reported that adolescents have an 
increased risk of psychosis as compared to adults in the 6  
months following infection [66]. Pathogenetic mechanisms 
may include inflammatory response, corticosteroid treatment, 
as well as psychosocial stressors.

4.7. Meta-analytic evidence on the impact of COVID-19 
on mental health in children and adolescents

Whilst several meta-analyses on the mental health in children and 
adolescents have been published [143], a recent systematic review 
and meta-analysis [144], including 51 studies, stands out for its 
methodological rigor, as it included only longitudinal cohort stu-
dies and cross-sectional studies with follow-up, reporting changes 
from pre-pandemic to intra-pandemic periods on a validated 
scale, or studies comparing samples from different cohorts or 
cross-sectional studies from pre-pandemic to intra-pandemic per-
iods, when the populations were comparable. The authors found 
that i) anxiety (self-reported items), internalizing symptoms (par-
ent-reported items), and hyperactivity and inattention symptoms 
(self-reported) did not change significantly; ii) internalizing symp-
toms (self-report) deteriorated slightly during the pandemic; iii) 
conduct problem symptoms (self-reported) decreased in severity; 
iv) prosocial behaviors and peer relationships slightly deteriorated; 
v) depressive (self-reported) symptom changes were mixed. 
However, when considering only studies judged by the authors 
to be of high quality, the findings showed indeed an increase in 
the severity of the depressive symptoms. The results of this meta- 
analysis should be considered alongside those of a recent 
Bayesian nonlinear dose – response meta-analysis [145] of studies 
in children and adults showing a U shape relationship, with anxi-
ety and depressive symptoms worsening during the first 60 days, 
and then a flatter slope after 2 months. It also found a linear 
association between severity of depression and anxiety symptoms 
and stringency index, a measure indicating the stringency of 
policy-related containment restrictions.

5. Conclusions

Overall, headache, cognitive deficits, anosmia, ageusia, and 
dizziness appear to be common neurological symptoms asso-
ciated with long COVID in the pediatric population. Prevalence 
estimates are highly variable in the literature due to study 
heterogeneity in terms of design, sample size, inclusion of 
children with confirmed and non-confirmed infection, severity 
of primary COVID infection (mild vs severe symptoms requir-
ing hospitalization), and method of case identification (e.g. 
general population vs specialized long COVID clinics). Pooled 
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prevalence estimates range between 9.7% (fatigue) to 4.4% 
(dizziness) [19]. Similarly, symptom duration varies across stu-
dies and, although symptoms generally improve over time, 
they have been reported even after several months following 
initial infection. Increasing age has been identified as a risk 
factor, as well as female sex for some symptoms (ageusia and 
dizziness). Seizures typically present as acute SARS-CoV-2 
sequela, but long-term risk warrants further investigation. 
Finally, encephalitis/encephalopathy are rare and often fatal 
acute complications but may be associated with long-term 
cognitive/neurological symptoms in survivors.

Apart from mood/anxiety symptoms and sleep problems, neu-
ropsychiatric conditions have received less attention in the litera-
ture and some have been reported mostly by small studies or case 
reports (e.g. psychosis and mania). It is therefore more challenging 
to estimate their prevalence and persistence. Increasing age has 
been identified as a risk factor. For instance, sleep disorders were 
more prevalent in older children, and many of the case reports 
(e.g. on psychosis) described adolescents. Pre-existing mental 
health conditions may also increase the risk [114].

Although their pathogenesis is not fully understood, studies 
suggest that neurological and neuropsychiatric symptoms may 
differ in the underlying mechanisms. For instance, infection- 
related mechanisms, as discussed in section 2, may have 
a more prominent role in the development of neurological 
symptoms [42,87]. Conversely, pandemic-related restrictions 
and social isolation may play a more prominent role in neurop-
sychiatric manifestations, such as anxiety and sleep problems 
[130,146–148]. Future research is needed to better understand 
the prevalence of neuropsychiatric symptoms associated with 
long COVID, and to disentangle the direct effects of COVID-19 
infection from pandemic-related factors. Further, as children’s 
clinical presentations may differ as compared to those in adults, 
more in depth comparison is required to fully understand the 
differences and the underlying pathogenetic mechanisms. 
Future research is also warranted to understand not only the 
risk, but also protective/resilience factors in the context of neu-
ropsychiatric symptoms. In this regard, the large-scale study 
Collaborative Outcomes study on Health and Functioning during 
Infection Times (COH-FIT) [149], an anonymous online survey 
ongoing since 26 April 2020, targeting adults and children in 
the general population and involving over 220 researchers from 
49 different countries, may provide unvaluable insights.

Overall, understanding the underlying pathophysiology, 
alongside risk and protective factors for the development of 
neurological and neuropsychiatric symptoms in children and 
young people, is crucial to develop new interventions strate-
gies and to support clinical practice and policies during the 
current and, possibly, future pandemics.

6. Expert opinion

Reviewed evidence suggest that children and adolescents may 
develop persistent neurological and neuropsychiatric symptoms 
following acute SARS-CoV-2 infection. This is an important area 
of research due to the potential debilitating effects of these 
conditions on daily functioning, school attainment, and well- 
being. Studies to date have provided inconsistent data on 

prevalence and symptom duration; as many were limited by 
the small sample size, lack of comparative data, and short follow- 
up. Several studies have investigated potential biological under-
pinnings, especially for neurological conditions, and suggested 
that multiple mechanisms may be involved, including systemic 
inflammatory response and immune-mediated processes. The 
pathogenesis of neuropsychiatric symptoms is less clear. 
During the pandemic, there has been a world-wide increase in 
rates of depression, anxiety, problematic eating and alcohol and 
cannabis use among previously healthy children and young 
people [115,116,132,150]. Although the presented case reports 
suggest that SARS-CoV-2 infection may directly contribute to 
some of these manifestations, e.g. by causing inflammation, 
disentangling the effects of social restrictions and isolation 
remains challenging.

Overall, studies in larger samples with longer follow-ups are 
needed to clarify prevalence and symptom duration. Most stu-
dies have considered age and sex among risk factors, but other 
associated factors need to be investigated, such as genetic pre-
disposition, ethnicity, and comorbidities. Finally, the inclusion of 
control (seronegative) samples would be important to separate 
the direct effects of the infection from those of pandemic-related 
psychosocial stressors. We recommend that future research 
prioritizes the investigation of risk factors, as this is pivotal to 
guide prevention strategies and early intervention. Screening 
programs and psychoeducation may also enhance the early 
recognition of these symptoms. In addition to risk factors, it is 
also crucial to understand protective/resilience factors vis-a-vis 
the development of neuropsychiatric symptoms. Overall, clarify-
ing pathogenetic mechanisms is paramount to develop more 
targeted and effective treatment.

In line with this, there are increasing efforts to identify putative 
biomarkers that can aid recognition and guide treatment. For 
instance, a study in adults has shown that individuals with COVID- 
related acute respiratory distress syndrome (ARDS) maintained 
high plasma levels of neurofilament light chain (NfL), a marker of 
neuro-axonal damage, up to three months post-discharge [151]. 
Similarly, another study reported that one-third of adults hospita-
lized due to COVID had persistent elevated d-dimer post- 
discharge [152]. Although these studies have been conducted in 
adults, and their applicability to youths is not known, they pro-
mote the identification of biomarkers to assess severity and inform 
the need for further investigations or rehabilitation.

Medical societies in different countries have developed guide-
lines to aid recognition and treatment of long COVID 
[14,153,154], including in the pediatric population. For instance, 
the NICE [14] guidelines recommend not to underestimate symp-
toms such as fatigue, lack of concentration and poor memory, 
especially in the context of worse performance or school 
absences. They advise to conduct a holistic and preferably face- 
to-face assessment of youths with suspected long COVID, carry 
out blood tests/investigations to exclude alternative diagnoses, 
and refer appropriately and early to specialist services if needed. 
They also flag up the uncertain evidence base for children and 
young people, due to the limited number of robust studies, small 
sample sizes, and risk of bias. Similarly, a tailored and multi-
disciplinary approach has been recommended by an Italian inter-
society consensus [153], with scheduled pediatric reviews at four 
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and 12 weeks post-infection and further investigations if needed. 
Differential diagnosis with neuropsychiatric manifestations sec-
ondary to other underlying disorders (e.g. respiratory) or in the 
context of intensive care sequelae have been also recommended 
[46]. Finally, there is a growing body of research into interven-
tions to promote mental health in the context of long COVID, 
including psychological and pharmacological interventions. 
However, as highlighted by a systematic review, many are feasi-
bility trials and do not specifically include pediatric samples [155].

Considering mental health needs, it is important to men-
tion the increased prevalence of Post-traumatic stress dis-
order (PTSD) across the population [137,138,139]. Although 
PTSD is not classically considered in the context of long 
COVID, a small survey study following up 38 children at 
three months post-hospitalization reported that one-third 
had PTSD symptoms [140]. Similarly, a study in adults 
reported that 35% of those discharged from intensive care 
post COVID infection had significant PTSD symptoms, even 
2 years after their care [141]. These results suggest that 
hospitalization may be a risk factor for developing PTSD, 
and that symptoms may persist long term. Data on children 
with long COVID without hospitalization are inconsistent, 
either reporting increased symptoms [76] or no difference 
from controls [142]. Nevertheless, it is important that clin-
icians are aware that children may also experience PTSD 
symptoms, especially those previously hospitalized; with 
pre-existing poor mental health; or higher levels of parental 
concerns [140,142].

In conclusion, more research is needed to tackle the gap in 
management recommendations for pediatric neuropsychiatric 
symptoms of long COVID, and a pragmatic and tailored 
approach is recommended, considering both the physical 
and psychological needs of the child [46,153].
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