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Pulmonary function in children post s
-SARS-CoV-2 infection: a systematic review
and meta-analysis
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Abstract

Objective There are some concerns regarding long-term complications of COVID-19 in children. A systematic review
and meta-analysis was performed evaluating the respiratory symptoms and pulmonary function, post-SARS-CoV-2
infection.

Methods A systematic search was performed in databases up to 30 March 2023. Studies evaluating respiratory
symptoms and pulmonary function after COVID-19 infection in children were selected. The major outcomes were the
frequency of respiratory symptoms and the mean of spirometry parameters. A pooled mean with 95% confidence
intervals (Cls) was calculated.

Results A total of 8 articles with 386 patients were included in meta-analysis. Dyspnea, cough, exercise intolerance,
and fatigue were the most common symptoms. The meta-mean of forced expiratory volume (FEV1) and forced vital
capacity (FVC) was 101.72%, 95% Cl=(98.72, 104.73) and 101.31%, 95% Cl= (95.44, 107.18) respectively. The meta-
mean of FEV1/FVC and Forced expiratory flow at 25 and 75% was 96.16%, 95% Cl= (90.47, 101.85) and 105.05%,

95% Cl=(101.74, 108.36) respectively. The meta-mean of diffusing capacity for carbon monoxide was 105.30%,
95%Cl= (88.12, 122.49). There was no significant difference in spirometry parameters before and after bronchodilator
inhalation.

Conclusions Despite some clinical respiratory symptoms, meta-results showed no abnormality in pulmonary

function in follow-up of children with SARS-CoV-2 infection. Disease severity and asthma background had not
confounded this outcome.
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Introduction

The coronavirus disease 19 (COVID-19), which rapidly
spread worldwide a few years ago, has posed signifi-
cant challenges to public health, the economy, society,
and the environment [1]. This mysterious virus repre-
sents very heterogeneous organ involvements. The most
prevalent presentations are fever, cough, and anosmia.
While early reports primarily indicated mild infections
in children, a growing concern has emerged regarding
the potential long-term complications of the disease [2].
In early 2020, there were multiple reports of a disease
resembling Kawasaki disease in children, characterized
by fever, mucocutaneous symptoms, and multi-organ
involvement, particularly cardiac issues, often requiring
intensive care unit (ICU) admission [3]. Subsequently,
additional data suggests higher morbidity and mortality
associated with SARS-CoV-2 infection in children.

Autopsy examinations of individuals who have suc-
cumbed to COVID-19 have revealed varying degrees of
fibroproliferative processes and diffuse alveolar injury,
raising concerns about potential respiratory sequelae and
persistent impaired pulmonary function in survivors [4].
While most autopsy findings have been in adult patients,
the ongoing growth and development of the respiratory
system in pediatric patients, especially during infancy
and early childhood, may render them more susceptible
to pulmonary complications [5].

Expected pathophysiology indicates a higher likeli-
hood of a restrictive pattern. Available data indicates
that abnormal diffusion capacity for carbon monoxide
(DLCO), which correlates with the severity of acute ill-
ness, is a common result in pulmonary function tests
(PFT) of post-acute patients. Ground glass opacities are
frequently observed in high-resolution CT scans [6, 7].

A recent meta-analysis has revealed that 77% of
infected patients with SARS-Cov2 exhibited abnor-
mal lung CT findings during the acute phase [2]. Fur-
thermore, several studies have documented persistent
post-COVID-19 respiratory symptoms, with 25-42% of
patients reporting moderate to severe dyspnea 4—8 weeks
after hospital discharge [8].

Pulmonary function testing is a valuable method for
assessing long-term pulmonary complications in survi-
vors of COVID-19, providing safe, objective, and accurate
measures of airway restriction and obstruction [5]. Nota-
bly, despite the significant impact on pediatric patients,
there is currently a scarcity of systematic reviews and
meta-analyses regarding the long-term respiratory out-
comes in this population post-SARS-CoV-2 infection.
This review aims to consolidate available evidence and
identify research gaps to guide future investigations into
the long-term effects of COVID-19 on pediatric respira-
tory health.
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Methods

Literature search strategy and study selection

Relevant databases including Medline, Web of Sciences,
Embase, and Scopus were searched comprehensively
to assess literature up to 30 March 2023 in the English
language. The search terms included “COVID-19 or
coronavirus 2019” or “SARS-CoV-2” AND (“pulmonary
function” OR “pulmonary diseases” OR “lung prob-
lem” OR “lung Sequelae) AND “children” or “pediat-
rics” They were used separately or/or in combinations
to obtain the eligible documents. The references of eli-
gible articles were searched manually to find additional
relevant papers. This study was conducted in adherence
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement [9]. The cur-
rent study was based on published articles. Therefore,
the consent form was not needed. Two researchers (EB
and NM) independently reviewed the titles and abstracts
of all studies to identify relevant articles. Articles were
included according to the following criteria: [1] English
language, longitudinal or cross-sectional studies evalu-
ating the pulmonary function and clinical symptoms
of children after COVID-19 infection [2] spirometry
parameters have been measured [3] the study population
were pediatrics. Case reports, case series, letters to edi-
tors, unpublished reports, duplications and laboratory
studies were excluded. In duplicate articles, the recent
and more informative one was included. Articles were
assessed using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS) for cohort and cross-sectional studies
[10]. NOS has included selection, comparability, and out-
come sections. The score range is varying between 0 and
10. A study obtained 5-6 stars was considered satisfac-
tory (fair) quality. Studies with 7-8 stars were considered
as good and studies with 9-10 stars were considered as
very good quality. Studies with satisfactory (fair) quality
and higher were included in the study.

Data extraction

Two independent researchers (EB and NM) extracted
data from eligible studies. A data collection sheet was
used for data extraction. Disagreement was judged
by consensus or by a third party. Data from each study
included the author’s name, year of publication, county of
study, study design, number of studied patients, the age
range of children, the interval between COVID-19 infec-
tion or infection recovery (whichever is mentioned), and
pulmonary function assessment, mean*standard devia-
tion (SD) of spirometry parameters and frequency of
respiratory symptoms.

Statistical analysis
The meta-mean with a 95% confidence interval (CI) was
calculated based on the mean and SD of spirometry
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parameters. If a study only reported the median, range,
and/or inter-quartile range (IQR); mean and SD were
estimated, according to Hozo et al. [11]. The Cochran Q
statistic and inconsistency index (I?) were used to assess
the heterogeneity among studies. If I*> was more than
50%, and the p-value was lesser than 0.05, heterogene-
ity was considered significant. The random effect model
was used for significant heterogeneity, whereas the fixed
effect model was applied for non-significant heterogene-
ity. To assess the stability of the results, the sequential
omitting of individual studies in the meta-analysis was
performed using sensitivity analysis. Subgroups were
analyzed based on disease severity. Probable confounders
were verified using meta-regression. The standardized
mean difference (SMD) was calculated in studies, which
measured spirometry parameters twice. Publication bias
was assessed using Egger’s linear regression test. Agree-
ment between authors in data selection and extraction
was assessed using Cohen’s kappa statistic. Statistical
analysis was performed using the Comprehensive Meta-
Analysis (CMA) computer program (Biostat, Englewood,
NJ). A p-value less than 0.05 was considered statistically
significant.
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Fig. 1 Diagram of study selection
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Results

Literature search

A diagram of study selection is presented in Fig. 1. In a
primary search, 5834 papers were obtained evaluating
the respiratory function and symptoms after COVID-19
in children. During the screening process, some stud-
ies were excluded because they were review articles,
case series, or conference abstracts. Some studies were
excluded because they studied adults, or evaluated respi-
ratory function and symptoms during COVID-19 infec-
tion. Some studies were excluded because of duplication.
Finally, eight articles including 386 patients were enrolled
in the present review [12-18]. Eligible studies were
including 6 cross sectionals [12, 13, 15, 16, 18, 19] and 2
longitudinal studies [14, 17]. In two studies the z score of
spirometry parameters were reported [15, 18]. Details of
eligible studies are presented in Table 1. Cohen’s kappa
statistic for interrater agreement in data selection and
extraction was 0.98, p p-value<0.0001.

Systematic review of respiratory symptoms and spirometry
parameters

Eight studies from Italy, Turkey, Germany, Poland, and
the USA evaluated the clinical symptoms and respira-
tory functions in children post-COVID-19 infection. The
sample size ranged from 16 to 82 participants. Totally
386 patients were studied. The age of patients was vary-
ing from 5 to 18 years. Among 386 patients, 204 were
females (52.84%). Respiratory function was evaluated at
least 6 weeks after infection. Cough, dyspnea, exercise
intolerance, fatigue and chest pain were common clinical
symptoms. In two studies no respiratory symptoms were
reported [13, 19]. Data are presented in Table 2. Regard-
ing spirometry parameters, four studies reported that
COVID-19 did not affect respiratory function [12-15]
and four studies reported that it could affect pulmonary
function [16—19]. In four studies patients with a history
of asthma were excluded [12, 13, 16, 19]. In two studies
spirometry parameters were measured before and after
bronchodilator inhalation [12, 17]. In six studies all types
of COVID-19 were included [14, 16-19], and in two
studies only mild or asymptomatic patients were enrolled
[12, 13]. Among 8 eligible studies, two studies reported
the z score of spirometry parameters [15, 18]. So they
were analyzed separately.

Meta-analysis of clinical symptoms and pulmonary
function

Clinical symptoms were presented in five articles. Cough
was reported in five studies [14—18]. The meta-propor-
tion for cough was 0.25, 95% CI= (0.06, 0.44), [*=92.38.
Dyspnea was reported in five studies [14—18]. The meta-
proportion for dyspnea was 0.4, 95% CI= (-0.03, 0.83),
12=98.94. Fatigue was reported in four studies [12, 14, 15,
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18]. The meta-proportion for fatigue was 0.16, 95% Cl=
(0.11, 0.21), I*=0. Dyspnea in exercise or exercise intol-
erance was reported in three studies [16—18]. The meta-
proportion for dyspnea in exercise or exercise intolerance
was 0.55, 95% ClI= (0.40, 0.71), I>=57.74. Chest pain was
reported in two studies [16, 17]. The meta-proportion
for chest pain was 0.20, 95% CI= (0.09, 0.31), I*=0. Other
non-respiratory clinical symptoms included loss of appe-
tite [18], impaired concentration [18], sleeping difficulties
[18], headache [15], and loss of smell/taste [15] each one
was presented in in the one study.

The spirometry parameters were reported in eight
articles [12-19]. In Knoke and Boguslawski studies
the z score of parameters was reported [15, 18]. In two
studies, spirometry parameters were reported pre- and
post-bronchodilator inhalation [12, 17]. In five studies,
spirometry parameters were reported without bron-
chodilator inhalation [13-16, 19]. The FEV1, FVC, and
FEV1/FVC were reported in 345 patients. According to
random effect modeling in the meta-analysis, the mean
of FEV1 was 101.72%, 95% CI= (98.72, 104.73), >’=81.7.
The forest plot is shown in Fig. 2.

The pooled mean of FVC was 101.31%, 95% Cl= (95.44,
107.18), 1=93.38. The forest plot is shown in Fig. 3. The
pooled mean of FEV1/FVC was 96.16%, 95% Cl= (90.47,
101.85), 1=96.86. The forest plot is shown in Fig. 4. The
pooled mean of FEF25-75 was reported in four stud-
ies [13, 14, 17, 19]. The pooled mean of FEF25-75 was
105.05%, 95% ClI= (101.74, 108.36), ’=26.93. The for-
est plot is shown in Fig. 5. The pooled mean of total
lung capacity (TLC) was reported in two studies. The
pooled mean of TLC was 99.52%, 95% CI= (84.1, 114.94),
1=90.88. The mean of DLCO was reported in four
studies [12, 14, 16, 17]. The pooled mean of DLCO was
105.30%, 95% CI= (88.12, 122.49), 1?°=98.10. The forest
plot is shown in Fig. 6. The pooled mean of lung clear-
ance index (LCI) was 7.31, 95% Cl= (6.49, 8.2), >’=90.88.
In two studies, FEV1, FVC, and FEV1/FVC were
reported before and after bronchodilator inhalation [12,
17]. Meta-analysis confirmed that there was no signifi-
cant difference in spirometry parameters before and after
bronchodilator inhalation. The SMD for FEV1 was —0.21,
95% ClI= (-0.65, 0.23), p value=0.35, ’=38.3. The SMD
for FVC1 was —0.07, 95% CI= (-0.35, 0.21), p value=0.14,
I>=zero. The SMD for FEV1/FVC was —0.29, 95% Cl=
(-0.58, 0.01), p value=0.07, I*=zero.

(111-132)

95+
(—0.84,061)

PFT: pulmonary function test, DLCO: diffusing capacity for carbon monoxide, FVC: forced vital capacity, FEV1: forced expiratory volume, FEF25-75%: Forced expiratory flow at 25 and 75% of the pulmonary volume, NR: not

reported, * day # quantitative data were presented as meantstandard deviation or median (inter quartile range or range), + parameters were reported as Z score
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FEV1 (%)
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96 (94-102)
107+12
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Not Excluded
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All types
All types

tion/recovery to
PFT (month)
82 6.7(49,86)
34 49 (36)*

50
61

Time from infec-

10+4
29 6 weeks or more

73 2.59(04,6)
41 Up to 6 months

16 67 (49-91)*

Sam-
ple
size

Study design
Cohort

Cross sectional
Cross sectional
Observational
Cross sectional
Cohort

Cross sectional
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Meta-analysis of spirometry parameters according to Z
score

According to meta-analysis, the mean Z score of FEV1
and FVC was 0.28, 95% CI= (-0.02, 0.59), I*=0 and 0.08,
95% Cl= (-0.65, 0.81), I*’=69.90 respectively. The meta-
mean Z score of DLCO was 1.14, 95% CI= (-1.12, 3.40),
’=97.25.

Table 1 Characteristics of eligible studies included in meta-analysis

Palacios (USA)

Ipek (Turkey)

Ozturk (Turkey)

Chiara (Italy)

Bottino (Italy)

Dobkin (USA)

Knoke (Germany)*
Boguslawski (Poland) *

Name



Bakhtiari and Moazzen BMC Pediatrics (2024) 24:87 Page 5 of 9

Table 2 Frequency of clinical respiratory symptoms at the time of follow-up

Clinical respiratory symptoms after infection
Persistent symptoms were presented in 17.1% of children. They included:
Decreased exercise tolerance (57.1%)

Dyspnea (42.9%)

Cough (42.9%)

Fatigue (28.6%)

Sleeping difficulties (14.3%)

Impaired concentration (14.3%)

Lack of appetite (14.3%)

No symptom at rest

No exercise-induced respiratory symptoms

Not presented in the article

Study name
Bogustawski (2023)

Chiara (2022)

lpek (2022)
Knoke (2022) Any long-term complaints were reported in 27.1% of patients. They included:
Fatigue (14.28%)

Loss of smell/taste (10%)

Breathing problems (8.57%)

Headache (4.28%)

Cough (2.85%)

Respiratory symptoms were reported in 28% of patients. They included:
Dyspnea (35.7%)

Exertional dyspnea (35.7%)

Cough (21.4%)

Chest pain and tightness (21.4%)

Respiratory symptoms were reported in 48.7% of patients. They included:
Shortness of breath during exercise (67.5%)

Chest pain (20%)

Dyspnea (15%)

Cough (12.5%)

All patients were free of respiratory symptoms at the time of follow-up

Ozturk (2022)

Palacios (2022)

Bottino (2021)
Dobkin (2021) Persistent dyspnea and/or exertional dyspnea (96.6%)

Cough (51.7%)

Exercise intolerance (48.3%)

Fatigue (13.8%)

One subject had an ongoing supplemental oxygen requirement

Studies Estimate (95% C.I.) |

Bottino/ 2021 97.330 (94.145, 100.515) L

Chiara/ 2022 99.050 (97.143, 100.957) —B—

Dobkin/ 2021 107.000 (102.633, 111.367) »

Ozturk/ 2022 105.180 (100.767, 109.593) »

Palacios/ 2022 104.000 (101.714, 106.286) ——

Ipek/ 2022 98.670 (93.984, 103.356) =

Overall (1"2=81.7 % , P< 0.001) 101.725 (98.721, 104.730) —— T
I T : T 1
95 100 105 110

Fig. 2 Pooled mean of FEV1 in included studies

Heterogeneity analysis

Subgroup analysis according to the severity of the dis-
ease and sensitivity analysis were carried out evaluat-
ing the possible source of heterogeneity. In two studies
[12, 13] patients with asymptomatic COVID-19 were
studied and in four studies all types of disease (asymp-
tomatic and symptomatic) were studied [14, 16, 17, 19].
According to meta-analysis the pooled mean of FEV1 in
the asymptomatic subgroup was 98.59%, 95%ClI= (96.96,

100.23), I*’=zero. The pooled mean of FEV1 in symp-
tomatic subgroup was 103.91%, 95%CI= (101.08, 106.74),
2=53.27. The pooled mean of FVC in asymptomatic sub-
group was 95.17%, 95%ClI= (92.80, 97.54), I*=zero. The
pooled mean of FVC in the symptomatic subgroup was
104.62%, 95%CI= (98.00, 111.24), I*=91.17. The pooled
mean of FEV1/FVC in the asymptomatic subgroup was
98.28, 95%CI= (86.25, 110.31), I*=zero. The pooled mean
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Studies Estimate (95% C.I.)
Bottino. 2021 94.000 (88.826, 99.174)
Chiara. 2022 95.490 (92.825, 98.155)
dobkin. 2021 110.000 (104.177, 115.823)
Ozturk. 2022 110.380 (106.962, 113.798)
Palacios. 2022 104.000 (101.186, 106.814)
Ipek. 2022 94.210 (89.917, 98.503)
Overall (1*2=93.38 % , P< 0.001) 101.312 (95.441, 107.183)
Fig. 3 Pooled mean of FVC in included studies

Studies Estimate (95% C.I.)
Bottino/ 2021 92.000 (88.021, 95.979)
Chiara/ 2022 104.280 (102.872, 105.688)
Dobkin/ 2021 86.000 (83.088, 88.912)
QOzturk/ 2022 94.180 (91.752, 96.608)
Palacios/ 2022 100.000 (98.242, 101.758)
Ipek/ 2022 101.060 (93.248, 108.872)
Overall (1*2=96.86 % , P< 0.001) 96.164 (90.475, 101.853)
Fig. 4 Pooled mean of FEV1/FVC in included studies

Studies Estimate (95% C.I.)
chiara 2022 104.980 (100.222, 109.738)
dobkin 2021 100.000 (91.629, 108.371)
palacios 2022 108.000 (104.080, 111.920)
ipek 2022 101.850 (94.038, 109.662)
Overall (1"2=26.93 % , P=0.250) 105.055 (101.747, 108.364)
Fig.5 Pooled mean of FEF25-75 in included studies

Studies Estimate (95% C.I.)
Bottino 2021 120.660 (106.377, 134.943)
Ozturk 2022 89.650 (86.935, 92.365)
Paracios 2022 118.000 (114.320, 121.680)
Dobkin 2021 95.000 (88.813, 101.187)
Overall (1*2=98.1 % , P< 0.001) 105.309 (88.124, 122.495)

Fig. 6 Pooled mean of DLCO in included studies

of FEV1/FVC in the symptomatic subgroup was 94.99%,

CI=(88.19, 101.79), I*=95.65.

Meta-regression showed neither disease severity nor
asthma comorbidity had a significant effect on the pooled
mean of FEV1 (p value=0.35 and 0.21 respectively) and
EVC (p value=0.80 and 0.51 respectively). In sensitivity
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analysis, the effect of each study on the pooled mean was
assessed. There was no major deviation from the pooled
mean by omitting studies in FEV1, FVC FEV1/FVC,
FEF25-75, and DLCO outcomes indicating the stability
and robustness of the results (Data not shown).
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Publication bias

Egger’s regression asymmetry test was used to explore
the probable publication bias for FEV1, FVC and DLCO
parameters. The Egger’s test result provided no signifi-
cant bias across the included studies (p value=0.39, 0.69
and 0.53 respectively).

Discussion

After the widespread distribution of COVID-19 in pedi-
atric patients, one of the most important issues was long-
lasting complications in the next generation. Current
evidence has mentioned an increased risk of diabetes
mellitus type I and severe diabetes ketoacidosis in chil-
dren infected by SARS-CoV-2 [20]. Autoimmune disor-
ders might be more expected in coming years due to the
impact of COVID-19 on the immune system [21]. One
of the most prevalent symptoms in children infected by
SARS-CoV-2 is respiratory manifestation [22]. There are
increasing evidences of the pulmonary sequel, especially
in the adult population after infection [23]. To the best of
our knowledge present study is the first systematic review
and meta-analysis evaluating the impact of COVID-19
on the respiratory system of the younger generation in
the long-term.

Infection generally was mild and most of the patients
had no or only mild symptoms during infection. Among
the included studies, at least 6 articles enumerated respi-
ratory manifestations in the follow-up of pediatric popu-
lation with a history of SARS-Cov 2 infection. Dyspnea
(in rest and/or in the exercise) and cough are two of the
most prevalent symptoms. Fatigue and chest pain are
other symptoms. However, none of the studies graded
these complaints for severity. It seems important to
know about the severity of these manifestations because
all spirometry parameters were in the normal range.
Two studies evaluated post-bronchodilator parameters.
Their results showed no reversible obstructive changes
in the airways of children with a history of COVID-
19. Fortunately, all studies reported FEF 25-75%. It is
one of the most sensitive measures of obstructive dis-
eases in peripheral airways [24—27]. The meta-mean of
FEF25-75% was 105.05%, which was in the normal range.
According to our meta-results, no obstructive disease in
the studied population was detected.

One of the most expected involved areas in the respira-
tory system during COVID-19 is alveolar epithelial cells
[28, 29]. It seems that peripheral airways with an inter-
nal diameter of less than 2 millimeters are more prone
to impairment after SARS-CoV-2 infection. While these
parts of the respiratory system represent 90% of total
lung capacity but only have a role in less than 20% of
airflow [30, 31]. So, simple spirometry which measures
FEV1 and FVC hardly detects the early stages of pulmo-
nary involvement after COVID-19. Measuring diffusion
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capacity is more sensitive in detection of pulmonary dis-
eases, especially in the early stages [32]. Unfortunately,
only 177 out of 238 participants had DLCO values. How-
ever, according to meta-results the mean of DLCO was
within normal range (108.97%, 95%Cl: (86.15, 131.79)).
Another parameter that can reveal the early stages of
peripheral airway pathology and impaired PFT, is LCI
which is measured by multiple breath wash (MBW). In
our eligible studies, two studies have reported this index.
However, its Meta mean was within the normal range
(7.31). Two studies reported TLC. The Meta mean was
95.52% which is in the normal range. A meta-analysis in
adults was evaluated pulmonary function post-COVID
19 infection. Results showed decreased DLCO in nearly
40% of survivors [33, 34]. Decreased DLCO might be an
early indicator of interstitial lung diseases even before
a change in lung volumes [35, 36]. Chronic interstitial
pneumonia and diffuse alveolar hemorrhage are demon-
strated in a few studies, which have reported histological
findings in autopsy [37-39]. Patients with SARS-CoV-2
may have pulmonary fibrosis, which is considered a
defined sequel of barotrauma. All of these pathologies
can impair carbon monoxide diffusion capacity [40]. In
the present study, one explanation for normal DLCO
may be a none-severe infection in most of the studied
children. We have tried to evaluate the impact of disease
severity on spirometry parameters. However, there were
not significant differences between the results in symp-
tomatic and asymptomatic patients. Future studies with
longer periods of follow-up and evaluating patients with
more severe respiratory presentation are needed. In addi-
tion, severity grading of long-lasting symptoms should
be considered. So evaluation and analysis of pulmonary
sequel will be much accurate. We had also heterogene-
ity in the atopy and asthma background of our included
studies. However, according to meta-regression chronic
pulmonary disease (such as asthma) had not a significant
effect on the pooled mean of major outcomes.

Less severity of respiratory system involvement in chil-
dren infected by SARS-CoV-2 compared with adults,
might be a possible explanation for different outcomes
between them [3]. In addition, preexisting diseases in
adults like chronic respiratory diseases, cardiac diseases,
and diabetes mellitus may induce impairment in pul-
monary function. On the other hand, children during
infancy and preschool age usually have a more severe
course during infection [41, 42]. Because the majority
of our included participants were teenagers, more stud-
ies, which can evaluate pulmonary sequel in infants and
young toddlers, should be designed. In addition, differ-
ent variants of SARS-CoV-2 like Delta or Omicron had
resulted to different presentation and probably differ-
ent outcomes. Therefore, studies, which determine the
type of variants, may be useful. It is possible that the
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pulmonary sequel of survived children is so tiny that rou-
tine pulmonary function tests cannot detect abnormali-
ties. It is useful to design exercise-challenging studies in
survived children after COVID-19 to detect subtle or
mild changes in pulmonary function.

Conclusion

Although more evidence is needed, our review showed
no abnormality in the pulmonary function test despite
the existence of some clinical respiratory symptoms in
the follow-up of children with a SARS-CoV-2 infection
history. Disease severity and asthma background had not
confounded this outcome.

Limitation

There are some limitations regarding the present study:
(A) despite an attempt for a comprehensive search, it may
be that some eligible articles were missed. (B) Eligible
studies were observational and they were threatened with
bias at different levels. It may affect the meta-results.
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