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Abstract
Purpose of Review  Compared to adults, post-COVID-19 symptoms are uncommon and have not been thoroughly evaluated 
in children. This review summarizes the literature in terms of persistent symptoms in children and adolescents after SARS-
CoV-2 infection.
Recent Findings  Children were less likely to develop long COVID when compared to adults. Older children (e.g., adoles-
cents) and those who had symptomatic COVID-19 had a higher probability for long COVID.
Summary  Families and health care providers need to be aware of a new constellation of long COVID symptoms in the pedi-
atric population. More evidence and time are needed to better understand the potential effects of long COVID-19 in children 
and adolescents. In comparison to adults, children are less likely to have persistent COVID-19 symptoms.
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was identified as a novel human pathogen in Decem-
ber 2019 and has since led to a worldwide pandemic that 
has threatened human health and public safety [1]. To date, 
approximately 257 M worldwide cases of SARS-CoV-2 have 
been detected, yielding a total of 5.1 M deaths. Common 
symptoms of SARS-CoV-2 infection, commonly referred to 
as coronavirus disease 2019 (COVID-19), include shortness 

of breath, fever, cough, sore throat, malaise, myalgias, ano-
rexia, nausea, diarrhea, anosmia, and ageusia [2]. COVID-19 
cases in children and adolescents were initially identified 
as early as January 2020, but the incidence and severity of 
the condition are much lower when compared to adults [2]. 
Up to 20% of children will not manifest acute COVID-19 
symptoms, and symptomatic cases are typically mild, do not 
require hospital admissions, and rarely fatal [2]. Recently, 
however, there has been an emergence of children and ado-
lescents presenting with long-term symptoms after SARS-
CoV-2 infection [3].
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Persistent symptoms after COVID-19 have multiple 
names including “post-COVID conditions,” “long-COVID,” 
“long-haul COVID,” “post-acute COVID-19,” “long-term 
effects of COVID,” and “chronic COVID.” For simplic-
ity, this review will be utilizing the term “long COVID.” 
According to the Centers for Disease Control and Prevention 
(CDC), long COVID has been defined as new, returning, or 
ongoing symptoms that develop during or after a SARS-
CoV-2 infection that continue for four or more weeks [4]. 
The number of symptoms associated with long COVID is 
vast and includes fatigue, muscle and joint pain, headache, 
insomnia, respiratory problems, heart palpitations, gastroin-
testinal problems, nausea, dizziness, seizures, hallucinations, 
and testicular pain (Table 1). Currently, the literature report-
ing long COVID has focused on the adult population [3, 5].

Among the first studies describing pediatric long COVID 
was derived from investigators from Gemelli University 
Hospital in Rome, Italy. According to Buonsesno et al., 
more than half of the children in the sample of 129 children 
had at least one symptom lasting more than 120 days [6••]. 
Herein, we highlight the manifestations of long COVID in 
the pediatric and adolescent population across several organ 
systems.

Acute COVID Manifestations

Prior to discussing long COVID symptoms, we will provide 
a brief overview of the presentation of SARS-CoV-2 infec-
tion in children. A recent review article by Galindo et al. 
cited that children with COVID-19 typically manifest with 
fever, and upper respiratory symptoms with/without gastro-
intestinal symptoms [7]. Likewise, the symptomatic profile 
of fever, cough, diarrhea, vomiting, rhinorrhea, and head-
ache was also portrayed in the sentinel review by Castagnoli 
and colleagues [8••]. In a previous paper, we also describe 
the classic findings of children diagnosed with COVID-19 
[9]. Figure 1 depicts acute symptoms of SARS-CoV-2 infec-
tion in more than 7000 children.

Long COVID Manifestations

General Symptoms

In a prospective study of school-aged children from the UK, 
investigators sought to capture illness duration and symp-
tom profiles after SARS-CoV-2 infection [10••]. Seventy-
seven of 1734 COVID-19-positive children had symptoms 
that lasted at least 28 days. At a rate of 84.4%, fatigue was 
the most reported symptom, followed by headache (77.9%, 
n = 60). Twenty-five of 1379 children had symptoms that 
lasted > 56 days; headache occurred in 20 children (80%). 

Likewise, a follow-up study of 518 Russian children 
revealed that fatigue (10.6%) and sleep disturbance (7.2%) 
were frequent long COVID symptoms [11••]. After fatigue 
and insomnia, an investigation of long COVID symptoms 
in Italian children revealed that lack of concentration and 
weight loss took place in 10.1% and 7.7% of individuals, 
respectively [6••].

Psychiatric

In a study by Zhang and colleagues, the psychological 
impact of COVID-19 on adolescents who were in continuous 
treatment for major depressive disorder (MDD) was com-
pared to adolescents with MDD [12]. Using the Diagnostic 
and Statistical Manual of Mental Disorders IV diagnosis of 
post-traumatic disorder (PTSD), the investigators found that 
a higher proportion of adolescents with MDD had increased 
arousal, avoidance, and flashbacks after the start of the pan-
demic. Moreover, junior high school students were more 
likely to exhibit avoidance, while high schoolers experience 
more intrusive symptoms. In a meta-analysis of 80,879 
children, the pooled prevalence of depression and anxiety 
symptoms during COVID-19 has doubled compared to pre-
pandemic estimates [13]. These findings are consistent with 
previous studies that have shown that compared to adults, 
children and adolescents are at higher risk for depression, 
anxiety, and PTSD after natural disasters [14].

Otolaryngologic

Patterning the adult population, anosmia has been described 
as an otolaryngologic manifestation of pediatric COVID 
[15, 16]. The previously stated investigation by Molteni and 
colleagues described anosmia as the second most common 
symptom (77.9%) during the entire illness of children with 
long COVID. While headache, fatigue, and sore throat pre-
sented earlier in the disease, anosmia was a later finding in 
the course of illness [10••]. Furthermore, anosmia was the 
most common symptom (84.0%) in a subgroup of children 
who had long COVID for more than 56 days (n = 25).

Changes to smell was an initial presenting symptom 
of COVID-19 in 14% of children [11••]. This symptom 
remained for more than one month, and in some cases more 
than 5 months, in 22 of 467 children (4.7%). Dizziness as 
a long COVID symptom was less common at rate of 2.1%. 
Problems with balance or fainting were rare to none.

Dysphagia and dysphonia have also been described as a 
long COVID symptom in children. In a retrospective cohort 
study of 50 pediatric patients with multisystem inflammation 
after COVID-19, nine patients required specialist assess-
ment for dysphonia and/or dysphagia (one patient had dys-
phagia alone, three patients had dysphagia and dysphonia, 
and five patients had dysphonia alone) [17]. Management 
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Table 1   Across pediatric cases

First author Country Date Patients (N) Age (years) Male N (%) Long COVID clinical symptoms

Ludvigsson, JF Sweden Dec 2020 5 12 (median) 1 (20%) Fatigue, dyspnea, palpitations, 
chest pain, headache, con-
centration difficulties, muscle 
pain/weakness, dizziness, 
sore throat, abdominal pain, 
memory loss, depression, skin 
rash, remitting fever, insomnia, 
joint pain, anorexia, n/v/d, 
anosmia, ageusia, chronic 
cough, numbness

Buonsenso, D Italy Jul 2021 129 11 ± 4.4 (mean) 67 (51.9%) Insomnia, respiratory distress, 
chest pain/tightness, nasal 
congestion, fatigue, muscle/
joint pain, concentration 
difficulties, headache, weight 
loss, skin rash, constipation, 
persistent cough, altered smell/
taste, palpitations, abdominal 
pain, diarrhea, menstrual 
irregularities

Molteni, E UK Aug 2021 1734 5–11 (n = 588)
12–17 (n = 1146)

5–11 (48.8%)
12–17 (50.3%)

Blisters, red welts, eye soreness, 
dizziness and light-head-
edness, anosmia, persistent 
cough, fever, diarrhea, confu-
sion, hoarse voice, headache, 
myalgias, loss of appetite, 
dyspnea, sore throat, chest 
pain, abdominal pain, fatigue

Osmanov, I Russia Jul 2021 518 10.4 (median) 248 (47.9%) Fatigue, nasal congestion/rhi-
norrhea, insomnia, disturbed 
smell, headache, disturbed 
taste, hyperhidrosis, persis-
tent cough, hypersomnia, 
poor appetite, rash, diarrhea, 
abdominal pain, hair loss, 
dizziness, joint pain/swelling, 
heart variability, constipation, 
anosmia, chest tightness/pain, 
nausea, palpitations, myalgia, 
imbalance, urinary issues, 
vomiting, confusion, pain on 
breathing, difficulty moving, 
tremors, bleeding changes in 
menstruation, loss of tastes, 
pins and needles, problems 
swallowing, bilateral conjunc-
tivitis, rash on toes, difficulty 
speaking

Zhang, H China Aug 2021 90 15 (median) 18 (20.0%) Increased arousal, decreased 
intrusion and avoidance, 
higher CRIES-13 scores

Radtke, T Switzerland July 2021 109 6–11 (66)
12–16 (43)

51 (46.8%) Tiredness, difficulty concentrat-
ing, increased need for sleep, 
congested/runny nose, stomach 
ache, chest tightness, cough
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of the patients’ dysphonia was conservative including voice 
therapy and exercises; only one child required surgical inter-
vention. Six out of the eight patients with dysphonia had 
complete resolution by six months. Dysphagia was seen in 
four patients requiring total parenteral nutrition or nasogas-
tric tube feeds. All four children had resolution of symp-
toms between 28 and 127 days. Currently, it is unknown 
whether these symptoms were secondary to intubation, the 
post-inflammatory condition, or both.

Neurologic

In an international, multicenter collaborative study, Lindan 
et al. sought to evaluate the neuroimaging and neurologic 
manifestations in a cohort of COVID-19-infected children, 
including children both with acute COVID-19 and long 
COVID [18•]. Most cases led to resolution of symptoms, 
but some long-term complications included dysfunctional/
delayed bladder emptying, emotional lability, mild resid-
ual peripheral neuropathy, or facial weakness and ptosis. A 
similar report by Singer et al. investigated the neurologic 
manifestations of nine children who had SARS-CoV-2 
infection [19]. Common diagnoses in children with long 

COVID included acute disseminated encephalomyelitis, 
encephalitis, and Guillain Barre Syndrome (GBS). While 
most of these children had full recovery, a small fraction 
continued to manifest neurologic symptoms including 
spastic/flaccid quadriparesis, global hyperreflexia, and 
incomplete sphincter. Another case report by Frank et al. 
described a fifteen-year-old male patient with COVID-19 
diagnosed with GBS with persistent weakness in the upper 
and lower extremities, currently undergoing motor physi-
otherapy [20].

Echoing the above studies, a prospective cohort of 52 
children and adolescents from the UK described the spec-
trum of neurological and psychiatric manifestations linked 
to COVID-19. Thirty-three percent of children had some 
degree of neurologic disability 1–6 months after COVID-19 
hospital discharge. Parents and clinicians should be aware of 
these potential devastating neurologic symptoms in children 
after COVID-19 and it is recommended that they expedite 
formal neurologic evaluation and multidisciplinary manage-
ment to improve outcomes. Furthermore, children presented 
to the emergency department or primary care providers with 
new onset neurologic symptoms should undergo SARS-
CoV-2 testing.

Table 1   (continued)

First author Country Date Patients (N) Age (years) Male N (%) Long COVID clinical symptoms

Lindan, CE France, UK, USA, Brazil, 
Argentina, India, Peru, Saudi 
Arabia

Mar 2021 18 8.5 (median) 11 (58%) Encephalopathy, gait impair-
ment, headache, neck pain, 
cerebellar ataxia, muscle 
weakness, stupor, pyramidal 
signs, visual hallucinations, 
meningismus, AMS, 4 limb 
motor/bladder dysfunction, 
ophthalmoplegia, flaccid 
paralysis, ptosis, hypotonia, 
seizures

Halfpenny, R UK Jun 2021 50 10 (median) 33(66%) Dysphagia, dysphonia, hoarse-
ness

Fig. 1   A summary of the of the 
long-term COVID-19 symptoms 
in children and adolescents
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Cardiovascular

Radtke and colleagues assessed long-term symptoms after 
SARS-CoV-2 infection in schoolchildren from Switzerland 
[21•]. Of 1355 children, 8.0% (n = 109) had a seropositive 
test for SARS-CoV-2 infection. Symptoms lasting more 
than a month were low (9%) and lasting more than 12 weeks 
occurred in only 4 individuals. Chest tightness was a long 
COVID-19 symptom that was reported in 1 child and per-
sisted for more than three months [21].

In another study, clinicians surveyed 518 children and 
their families regarding symptoms that persisted months 
after COVID-19 infection [11••]. Palpitations and vari-
ations in heart rate were reported in 7/472 (1.5%) and 
10/494 (2.0%), respectively. Similarly, in a case series of 
129 children, palpitations, chest pain, or chest tightness was 
described in 3.1 to 6.2% of the cohort after the diagnosis 
of COVID-19 [22]. Although cardiovascular symptoms can 
be seen in children after COVID-19, they seem to be a rare 
phenomenon.

Pulmonary

In an Australian study of 171 children, 12 (7.0%) had a long 
COVID symptom (PMID: 33,891,880). Specific to the res-
piratory system, 6 children (50%) had a post-viral cough that 
ranged from 3 to 8 weeks from the time of symptom onset. 
The cough resolved at a later follow-up. In the previously 
mentioned Italian study [6••], persistent cough was appreci-
ated in 5.4% of the population. Patterning the previous two 
studies (Osmanov et al.), persistent cough was documented 
in 5 of 503 children (1.0%) [11••]. A different study found 
that rhinorrhea was among the most common respiratory 
symptoms that persisted after acute COVID-19 (52.4%) 

[10••]. Feelings of chest tightness or difficulty breathing 
have also been reported in children [11••, 21].

Gastrointestinal

Nausea, abdominal pain, and diarrhea have been stated as 
long COVID symptoms in children. In younger children, 
abdominal pain can be a presenting feature of COVID-19 in 
up to 27.7%; however, less than 5% of children experience 
this symptom > 4 weeks [10••, 21]. Of more concern is a 
child who had COVID-19 and three to six weeks later pre-
sents with an acute abdominal picture combined with high 
fever, rash, and conjunctival injection. This clinical pres-
entation is more concerning for multisystem inflammatory 
syndrome in children (MIS-C) or also referred to as pediatric 
multi-system inflammatory syndrome temporally related to 
SARS CoV-2 (PIMS-TS). A summary of the findings dis-
cussed in this review is summarized in Fig. 2.

Predictors for Long COVID

A study analyzing 4182 adult cases of COVID-19 reported 
558 (13.3%) participants with symptoms lasting ≥ 28 days 
[23]. The authors created a model that could discriminate 
which adults were more likely to have long COVID. Sudre 
et al. concluded that the number of symptoms in the first 
week combined with age and sex reached an area under the 
curve for predicting long COVID of 76.7%. Comparable 
studies in children may lead to the creation of models that 
could help clinicians track symptoms, and more importantly 
test interventions that may reduce symptom burden. At pre-
sent, pathophysiologic reasons that may explain why some 
children are more susceptible to long COVID are unknown.

Fig. 2   A summary of the find-
ings discussed in this review
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Pathophysiologic Proposals Related 
to SARS‑CoV‑2 Manifestations

Below is a synopsis of SARS-CoV-2 interactions accord-
ing to different organ systems.

•	 Brain: SARS-CoV-2 typically gains entry into the cen-
tral nervous system via hematogenous spread, stimu-
lating neuroinflammation, and triggers a coagulative 
cascade; alteration to neurotransmitters, NMDA recep-
tors, and glutamate result in neuronal damage and neu-
rologic symptoms [24].

•	 Otolaryngologic: sustentacular cells line the olfactory 
neuroepithelium and abundantly express ACE2 recep-
tors (receptor for SARS-CoV2 virus) [25]; depletion 
of hair cells and supporting cells of the organ of Corti 
have been associated with hearing loss [26].

•	 Lungs: virus injures type I and II pneumocytes, and 
breaks both the lung epithelial barrier and underlying 
vascular endothelium, leading to an influx of proteina-
ceous material, fluid, and surfactant dysfunction with 
overall reduction in gas exchange [27].

•	 GI: effector CD4+ T cells migrate to the small intestine 
via the gut-lung axis followed by stimulation of Th17 
cells and neutrophils causing intestinal immune dam-
age [28].

•	 Heart: systemic inflammation releases high levels of 
cytokines that are known to injure myocytes and the 
vascular endothelium [29••].

Multisystem Inflammatory Syndrome 
in Children (MIS‑C)

Amidst the current COVID-19 pandemic, a novel syn-
drome affecting children and adolescents rose to great 
attention across the globe in the latter half of April 2020 
[30, 31, 32]. Although MIS-C does not fit the definition 
of long COVID, many of the sequelae from this devastat-
ing disease can result in long-term childhood symptoms/
complications. According to the Center for Disease Con-
trol and Prevention, MIS-C is defined by (1) an individ-
ual aged less than 21 years old; with (2) clinical criteria 
of a minimum of 24-h history of subjective or objective 
fever ≥ 38.0 °C, severe illness necessitating hospitaliza-
tion, and involvement of two or more organ systems; (3) 
laboratory evidence of inflammation; (4) laboratory or 
epidemiologic evidence of SARS-CoV-2 infection; and 
(5) no alternative diagnosis. The signs and symptoms 
of MIS-C include fever, abdominal pain, vomiting, diar-
rhea, skin rash, mucocutaneous lesions, hypotension, and 

cardiovascular and neurologic compromise [33]. Reviews 
of complications secondary to MIS-C have been described 
elsewhere [34, 35].

Conclusion

Although the manifestations of long COVID are new in the 
field of pediatrics, evidence suggests that the symptoms are 
variable and can span across multiple organ systems. Dur-
ing the initial stages of the pandemic, the pediatric popula-
tion was often overlooked as they had less rates of infection 
and poor outcomes were rare. This new wave of COVID-19 
is resulting in a rise of cases in the unvaccinated pediatric 
populations and may provide more data and insight into the 
long-term effects of COVID-19 in children and adolescents. 
Time will provide an advanced understanding for the preven-
tion and appropriate care of long COVID in the pediatric 
population.
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