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Abstract
Background To identify the prevalence and also the full spectrum of symptoms/complaints of children and adolescents 
who are suffering from long COVID. Furthermore, we investigated the risk factors of long COVID in children and 
adolescents.
Methods All consecutive children and adolescents who were referred to the hospitals anywhere in Fars province, Iran, 
from 19 February 2020 until 20 November 2020 were included. All patients had a confirmed diagnosis of COVID-19. In a 
phone call to patients/parents, at least 3 months after their discharge from the hospital, we obtained their current status and 
information if their parents agreed to participate.
Results In total, 58 children and adolescents fulfilled the inclusion criteria. Twenty-six (44·8%) children/adolescents reported 
symptoms/complaints of long COVID. These symptoms included fatigue in 12 (21%), shortness of breath in 7 (12%), exer-
cise intolerance in 7 (12%), weakness in 6 (10%), and walking intolerance in 5 (9%) individuals. Older age, muscle pain on 
admission, and intensive care unit admission were significantly associated with long COVID.
Conclusions Long COVID is a frequent condition in children and adolescents. The scientific community should inves-
tigate and explore the pathophysiology of long COVID to ensure that these patients receive appropriate treatments for 
their condition.
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Introduction

During the early stages of the COVID-19 pandemic, people 
were mainly distressed by its fatality; later on, everybody 
recognized the psychosocial consequences of this pan-
demic. More recently, people have noticed the post-acute 
phase persistent symptoms of the disease [1, 2]. Long 

COVID has been characterized by symptoms of fatigue, 
headache, dyspnea, cough, anosmia, etc., and has been more 
likely to occur in female sex in previous studies of adult 
populations. In the past couple of months, there have been 
a dozen publications on this syndrome [3–6], but little is 
known about its prevalence and its associated risk factors, 
specifically in children and adolescents. While there is no 
globally accepted terminology and definition for this syn-
drome, persistence of symptoms (e.g., fatigue, breathless-
ness, cough, joint pain, chest pain, muscle aches, headache, 
and so on, that could not be attributed to any other cause) 
beyond 2 weeks for mild disease, beyond 4 weeks for mod-
erate to severe illness, and beyond 6 weeks for critically ill 
patients have been considered as “long COVID” [7].

In the present study, we aimed to identify the prevalence 
and also the full spectrum of symptoms/complaints of chil-
dren and adolescents who are suffering from long COVID. 
Furthermore, we investigated the risk factors associated with 
the development of long COVID in children and adolescents 
who were hospitalized with COVID-19.

http://orcid.org/0000-0002-2598-7601
http://crossmark.crossref.org/dialog/?doi=10.1007/s12519-021-00457-6&domain=pdf
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Methods

Participants

In Iran, the first confirmed cases of COVID-19 were 
reported on 19 February 2020 [8]. In this cross-sectional 
study, children and adolescents (6 to 17 years of age) who 
were referred to and admitted to hospitals anywhere in 
Fars province, Iran (population of 4,851,000 people) from 
19 February 2020 until 20 November 2020 were included. 
All patients had a confirmed COVID-19 diagnosis if they 
were symptomatic and had a positive test result on real-
time polymerase chain reaction of nasopharyngeal and 
oropharyngeal samples. The inclusion criteria were as 
follows: being discharged from hospital (alive), having an 
available phone number registered in the database, and 
oral consent by the parent to share the information (see 
below). We arbitrarily selected the children aged 6 years 
and older (so they were able to communicate their prob-
lems with their parents clearly).

Data collection

For any child or adolescent admitted with COVID-19, 
the following data were collected at the emergency room 
by the admitting physician and were entered into a data-
base: age, sex, and symptoms on admission (i.e., fever, 
cough, respiratory distress, muscle pain, loss of smell, 
dizziness, headache, abdominal pain, nausea, vomiting, 
and anorexia). Underlying chronic medical problems also 
were collected (declared by the parent) [i.e., renal, car-
diac, liver, neurological, diabetes mellitus (DM), cancer, 
hypertension (HTN), pulmonary disorders, etc.]. No data 
were available about the hospital course of the patients 
(e.g., laboratory test results).

We randomly selected every other patient in our data-
base (sorted by their phone numbers). If someone did not 
answer, we selected the previous patient in the list (who 
was skipped initially). In a phone call to the patients’ care-
givers, at least three months after their illness (in March 
2021), we inquired about their current health status and 
obtained their information if the responding parent agreed 
to participate and to answer the questions (consented 
orally); in case of adolescents we talked to the patient if 
their parents allowed us. We specifically asked their symp-
toms/complaints during the past 7 days to minimize the 
risk of recall bias.

A data collection questionnaire (Appendix 1) was spe-
cifically designed, and all team members were instructed 
by the first author about how to acquire the data consist-
ently and in a same way. We asked if the patient (parent) 

had noticed any problems (e.g., muscle or joint pain, 
weakness, gastro-intestinal symptoms, etc.) during the past 
week compared with their pre-COVID-19 condition (the 
arbitrary definition of long COVID in the current study: 
any symptoms or problems that they did not have before 
their COVID-19, but have had persistently ever since and 
during the past 7 days). We also asked the severity of their 
symptoms/complaints (1) mild and tolerable; 2) moder-
ate; 3) severe and disabling) (subjective and based on the 
parents’ judgment).

Statistical analyses

Values were presented as mean ± standard deviation (SD) 
or median/ interquartile range (IQR) (based on their nor-
mality) for continuous variables and as number (percent) of 
subjects for categorical variables. Fisher’s exact test, t test 
(or Mann–Whitney U test), and binary logistic regression 
analysis model were used for statistical analyses (variables 
from univariate analyses with a P ≤ 0.1 were entered into the 
logistic regression analysis model). Odds ratios (ORs) and 
95% confidence intervals (CIs) were estimated. A P value 
(two-sided) less than 0.05 was considered as significant.

Standard protocol approvals

The Shiraz University of Medical Sciences Institu-
tional Review Board approved this study (IR.SUMS.
Rec.1399.022). Informed consents to participate in the study 
have been obtained from participants (or their parent or legal 
guardian in the case of children under 16 years of age).

Results

General characteristic of the patients

From the start of the pandemic until 20 November 2020, 
13,165 patients (all ages) with confirmed COVID-19 were 
referred to the hospitals in Fars Province; 1694 persons died 
(case fatality rate: 12.8%) (11,471 were alive). Half of the 
patients (5735) were contacted, and 427 people (8.4%) of 
those who were contacted (see the methods) refused to par-
ticipate in this study, while 518 did not answer the calls. One 
hundred and nine patients of those who participated in this 
study (N = 4790) were 17 years of age or younger (2.3%); 58 
children and adolescents fulfilled the inclusion criteria (6 to 
17 years of age) and were studied. The responders included 
56 parents and two adolescents (17 years of age each). The 
patients included 28 male (48%) and 30 female (52%) indi-
viduals. Their mean age was 12.3 years (range: 6-17 years; 
SD: 3.3 years).
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Clinical characteristics of the patients

The most common manifestations of COVID-19 on admis-
sion were as follows: fever in 39 (67%), cough in 22 (38%), 
respiratory distress in 18 (31%), muscle pain in 9 (16%), and 
diarrhea in 6 (10%) patients. A minority [10 (17.2%)] of the 
patients needed ICU admission. Duration of the hospital stay 
was as short as one day to as long as 56 days (mean: 7 days; 
standard deviation: 9; median: 4; interquartile range: 5). 
Sixteen patients (27.6%) had pre-existing chronic medical 
conditions (8.6% malignancy, 6.9% DM, and 6.9% asthma).

Long COVID manifestations

In total, 26 (44.8%) children/adolescents reported symp-
toms/complaints of long COVID. These symptoms 
included fatigue in 12 (21%), shortness of breath in seven 
(12%), exercise intolerance in seven (12%), weakness in 
six (10%), walking intolerance in five (9%), cough in four 

(7%), sleep difficulty in three (5%), muscle pain in three 
(5%), joint pain in three (5%), headache in three (5%), 
excess sputum in three (5%), and other symptoms (e.g., 
chest pain, palpitation, loss of smell, sore throat, dizziness, 
excess sweating, anorexia) in fewer than three individuals. 
Table 1 shows the severity of the reported symptoms/com-
plaints. While most symptoms/complaints were rated as 
mild and tolerable by the participants, a minority of them 
reported severe and disabling problems (e.g., exercise and 
walking intolerance and sleep difficulty).

Factors associated with long COVID

Table 2 shows factors (at presentation) in association with 
reporting any long COVID symptoms/complaints in uni-
variate analyses. Long COVID symptoms/complaints were 
more frequent among older patients, those with muscle 
pain at the onset of the infection (as a trend), and those 
who had ICU admission. We included these variables in a 
regression analysis model. The model that was generated 
by this test was significant (P = 0.0001). Table 3 shows the 
results of this analysis. Age, muscle pain on admission, 
and ICU admission were significantly associated with long 
COVID in children and adolescents.

Table 1  The severity of the reported symptoms/complaints of long 
COVID in children and adolescents

Long-lasting manifesta-
tions

Mild and tolerable Moderate Severe and 
incapacitat-
ing

Weakness 6 (100%) 0 0
Muscle pain 3 (100%) 0 0
Joint pain 3 (100%) 0 0
Fatigue 12 (100%) 0 0
Sleep difficulty 1 (33%) 1 (33%) 1 (33%)
Shortness of breath 5 (71%) 2 (29%) 0
Cough 4 (100%) 0 0
Excess sputum 3 (100%) 0 0
Headache 3 (100%) 0 0
Exercise intolerance 5 (71%) 0 2 (29%)
Walking intolerance 2 (40%) 1 (20%) 2 (40%)

Table 2  Factors in association with long COVID in univariate analysis

df degree of freedom, SD standard deviation, ICU intensive care unit. Symptoms that were reported in more than five people were included in 
the analyses

Presenting characteristics Long COVID (N = 26) No chronic symptoms (N = 32) P value

Sex (female:male) 15:11 (ratio: 1.36) 15:17 (ratio: 0.88) 0.441
Age (mean ± SD), y 13 ± 3 11 ± 3 0.025
Length of hospital stay (mean ± SD), d 8.6 ± 11.8 5.1 ± 5.1 0.138
Fever 15 (58%) 24 (75%) 0.260
Respiratory distress 10 (38%) 8 (25%) 0.393
Cough 9 (35%) 13 (41%) 0.787
Muscle pain 7 (27%) 2 (6%) 0.064
Diarrhea 1 (4%) 5 (16%) 0.193
ICU admission 8 (31%) 2 (6%) 0.032

Table 3  Factors in association with long COVID in children and ado-
lescents in regression analysis

The regression analysis model was significant: P = 0.0001

Presenting character-
istics

Odds ratio 95% confidence 
interval

P value

Age 1.314 1.043–1.656 0020
Muscle pain on admis-

sion
6.739 1.114–39.680 0035

ICU admission 21.469 2.781–165.719 0003
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Discussion

Thus far, little has been known about the prevalence and 
the full spectrum of symptoms of long COVID, and its 
associated risk factors in children and adolescents. In the 
present study, we observed that more than four in 10 of 
young patients with COVID-19 (requiring a hospitali-
zation) had long-lasting symptoms/complaints of long 
COVID. A case series on five children showed that long 
COVID occurs also in children and that it can be very 
debilitating [9]. In a study of 384 adult patients (mean age 
59.9 years; 62% male) that were followed for a median of 
54 days after discharge, 53% reported persistent breath-
lessness (vs. 12% in our study), 34% had cough (vs. 7% 
in our study), and 69% reported fatigue (vs. 21% in our 
study) [10]. In another study of 118 adult patients, at 
3-4 months post-COVID, 82% of hospitalized and 64% of 
non-hospitalized patients had any symptoms (vs. 44.8% 
in the current study of hospitalized young patients) [5]. 
It seems that long COVID is much more frequent among 
adult patients compared with that in children and adoles-
cents. Furthermore, most symptoms/complaints of long 
COVID in children and adolescents were rated as mild 
and tolerable by the participants in the current study. Dif-
ferences in the methodology may explain these different 
rates of long COVID (we followed the patients for much 
longer period of time compared with adult studies), but 
future studies should compare the rates and the severity 
of long COVID in different age groups of patients. The 
most common symptoms of long COVID in children and 
adolescents in our study were fatigue, shortness of breath, 
exercise intolerance, and weakness. Many of the observed 
symptoms were consistent with those from previous adult 
studies [5, 10].

In the present study, we observed that older age, muscle 
pain on admission, and ICU admission were significantly 
associated with experiencing long COVID in children 
and adolescents. In previous adult studies, long COVID 
was associated with increasing age and female sex [3, 
5]. Our observation that ICU admission was significantly 
associated with experiencing long COVID in children 
and adolescents and the observation by Sudre et al. [3] 
that experiencing more than five symptoms during the 
first week of illness was associated with long COVID 

in adults may suggest that a more severe COVID-19 at 
presentation is a significant risk factor for experiencing 
long COVID during the follow-up. Hypothetically, we can 
speculate that severe COVID-19 is a risk factor for long 
COVID because of two possibilities: (1) severe COVID-
19 provokes a more severe immune response and cytokine 
storm, and consequently more organ damage (e.g., lungs, 
heart, etc.) [11–13]; (2) Severe COVID-19 is usually 
aggressive, is treated invasively with more medications 
(e.g., antimicrobials, corticosteroids, etc.), and is more 
frequently associated with iatrogenic harm (e.g., due to 
intubation or nosocomial infections) with long-lasting 
consequences. These speculations should be investigated 
in future studies [14].

Finally, it is noteworthy to mention that the COVID-19 
pandemic may profoundly affect young children’s develop-
ment through loss of time in education, isolation, increase in 
poverty and food insecurity, loss of caregivers, and height-
ened stress. These issues can affect not only the entire life 
course of a child but also the future generations through 
physiological, psychological, and epigenetic changes occur-
ring in utero and during early stages of development (15).

This study has a limited sample size. In the future 
research more cases will be used to show the epidemiol-
ogy of long COVID in Iran. Furthermore, the data on long 
COVID were not collected prospectively, and we cannot 
provide any information on the course of long COVID 
based on the present study. In addition, there might be 
a problem with information bias because the parents 
answered the questions on behalf of their children. We did 
not investigate asymptomatic infections or those with a 
mild illness in this study. Also, we did not investigate all 
possible symptoms of long COVID, including changes in 
the body weight (because it was not feasible in a phone 
interview and we did not have their premorbid weight). 
In addition, some of the symptoms we investigated could 
also be influenced by the psychological stress induced in 
children (e.g., by isolation). We did not evaluate the psy-
chological issues in this study. Finally, the calculation of 
the prevalence rate was based on the number of the people 
who responded to the phone call as the denominator which 
carries the risk of selection bias.

In conclusion, long COVID is a frequent condition in 
children and adolescents. This syndrome has significant 
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associations with older age, muscle pain on admission, and 
ICU admission during the acute phase of the illness.
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