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Abstract

Background: With the onset of the coronavirus disease 2019 (COVID-19) pandemic,
many experts expected that asthma-associated morbidity because of severe acute
respiratory syndrome coronavirus 2 infection would dramatically increase. However,
some studies suggested that there was no apparent increasing in asthma-related
morbidity in children with asthma, it is even possible children may have improved
outcomes. To understand the relationship between the COVID-19 pandemic
and asthma outcomes, we performed this article.

Methods: We searched PubMed, Embase, and Cochrane Library to find literature
from December 2019 to June 2021 related to COVID-19 and children's asthma
control, among which results such as abstracts, comments, letters, reviews, and case
reports were excluded. The level of asthma control during the COVID-19 pandemic
was synthesized and discussed by outcomes of asthma exacerbation, emergency
room visit, asthma admission, and childhood asthma control test (c-ACT).

Results: A total of 22,159 subjects were included in 10 studies. Random effect
model was used to account for the data. Compared with the same period before
the COVID-19 pandemic, asthma exacerbation reduced (odds ratio [OR] = 0.26, 95%
confidence interval [Cl] =[0.14-0.48], Z=4.32, p < 0.0001), the odds of emergency
room Vvisit decreased as well (OR=0.11, 95% Cl=[0.04-0.26], Z=4.98,
p < 0.00001). The outcome of asthma admission showed no significant difference
(OR=0.84, 95% Cl =[0.32-2.20], Z=0.36, p =0.72). The outcome of c-ACT scores
were not analyzed because of the different manifestations used. Overall, c-ACT
scores reduced during the pandemic.

Conclusion: Compared to the same period before the COVID-19 pandemic, the level
of asthma control has been significantly improved. We need to understand the exact

factors leading to these improvements and find methods to sustain it.
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1 | INTRODUCTION

The novel coronavirus disease (COVID-19), which is associated with
significant morbidity and medical complications induced by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has rapidly
spread sparking alarm worldwide.>? In June 2020 WHO declared
COVID-19 a global pandemic which has made many countries to shut
down their borders.® Asthma has become the most common chronic
respiratory disease in children.” ¢ Because respiratory viruses are a
common trigger of poor asthma control and exacerbations, many
experts expected an increase in respiratory morbidity among patients
with asthma.” ? However, some studies suggested that there was no
apparent increase in asthma-related morbidity in children with
asthma,’® it is even possible that due to reduced exposures due to
confinement, such children may have improved outcomes.**

The main objective of this study was to identify how is asthma in
children during the COVID-19 pandemic controlled compared with
the time before it.

2 | MATERIALS AND METHODS

2.1 | Data source

We searched PubMed, Embase, and Cochrane Library for the
updated articles published from the inception of each database to
August 1, 2021. when duplicate publications were identified, we
chose the most complete and recent trial. Two investigators
(2.Y.and X.W.) independently retrieved all the related studies in the
databases and excluded duplicate publications. The combined text
and medical subject heading (MeSH) terms were cross-searched
using MeSH and free word as follows: (Asthma[Mesh] OR Allergic
asthma(Title/Abstract] OR Bronchial asthmalTitle/Abstract] OR
Asthma control[Title/Abstract] OR Asthma admission[Title/
Abstract] OR Asthma exacerbation[Title/Abstract] OR asthma
Emergency room visit[Title/Abstract]) AND (COVID-19[Mesh] OR
COVID-19 Virus Disease[Title/Abstract] OR COVID-19 Virus
Infection[Title/Abstract] OR 2019-nCoV Infection[Title/Abstract]
OR Coronavirus Disease-19[Title/Abstract] OR 2019 Novel Cor-
onavirus Disease[Title/Abstract] OR 2019-nCoV Disease|[Title/
Abstract] OR SARS Coronavirus 2 Infection[Title/Abstract] OR
SARS-CoV-2 Infection[Title/Abstract] OR (COVID-19 Pandemic
[Title/Abstract]) AND (Child[Mesh] OR Children[Title/Abstract]).
We also reviewed abstracts and presentations from major
conference proceedings up to June 1, 2021 to ensure that no

additional studies were overlooked.

2.2 | Inclusion and exclusion criteria

Our meta-analysis is reported in line with the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA)
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i)

Statement and had been registered at the International Prospective
Register of Systematic Reviews (number: CRD42021266458).%?
Studies that met the following criteria were included: (1) the aim of
the primary studies: comparing the level of asthma control the year
of the pandemics with the year before the pandemics; (2) children
and adolescents aged < 19 years; (3) the population are diagnosed
as asthma; and (4) the background of the study is COVID-19
pandemic. We did not include abstracts, reviews, case reports,
letters, duplicate publications, or studies with incomplete or
unidentified data.

2.3 | Quality assessment and data extraction

Two independent investigators (Z.Y. and X.W.) evaluated the
quality of all studies according to an 11-item checklist that was
recommended by the Agency for Healthcare Research and Quality
(AHRQ)'® subjectively. “0” will be scored if it was answered No or
Unclear and “1” will be given to the answer Yes. The quality of
articles was assessed as follows: “0-3" means low quality, “4-7"
means moderate quality, and “8-11" means high quality. The
following information was extracted: first author, publication
time, study design, source of population, mean age or age range, the

sample size, and outcomes.

24 | Statistical analysis

A random-effect model was used to estimate the asthma
exacerbation, asthma admissions, emergency room visits. Pooled
odds ratio (OR) and 95% confidence intervals (95% Cl) were
calculated to report dichotomous data and mean difference (MD)
with 95% Cl were used to report continuous data. Statistical
heterogeneity was considered to be present when p<0.1 or
12 > 50%. Sensitivity analysis was used to analyze the source of
heterogeneity. Publication bias was evaluated visually by funnel
plots and considered significant when p <0.05 in either Begg's
test or Egger's test when the inclusion was more than 10 articles.
Revman 5.4 was also used to conduct different analyses and all

statistical tests.

3 | RESULTS

3.1 | Search results

Our initial search yielded 143 articles in total, 20 of which were
removed for duplication. After screening titles and abstracts, further
41 items were taken away. Eighty-two articles were reviewed, among
which 10 were included in this meta-analysis. No further study was
identified by manual search. The flow diagram of studies selection

was shown in Figure 1.
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3.2 | Study characteristic

Ten studies,'*?® with 22,159 subjects were included for the final
meta-analysis. The sample size of the studies ranged from 16 to
18,912. The age of participants ranged from 2 to 18 across all studies.
Outcomes in the studies are shown as follows: asthma exacerbation,
asthma admissions, emergency room visits, and childhood asthma
control test (c-ACT).

—
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2 Records identified through
8 database searching
".;: (n=143)
[}
2
_J
Records after duplicates removed
(n=123)
w Records excluded
£ (n=41)
A Lettter, meta or review(n = 17)
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Basic research(n = 4)
: Conference abstract(n = 17)
= Full-text articles assessed for
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— =
{m=82) Full-text articles excluded, with
reasons(n =72)
Z No relevant objects(n = 33)
z No relevant outcomes(n = 36)
é" Insufficient data(n = 3)
Studies included in
qualitative synthesis
__ (n=10)
—
-]
[}
g Studies included in
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= (meta-analysis)
(n=10)
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FIGURE 1 PRISMA flow diagram of the study selection process
[Color figure can be viewed at wileyonlinelibrary.com]

Source of Mean age or age Sample size
Study population range (AVG) (boys/girls)
Fan et al.™* China 8.2 (5.2-14.2)  85(70/15)
Ferraro et al.”® Italy 123 92 (67/25)
Golan-Tripto et al.’®  Israel 2-18 512
Guijon et al.*’ America 9.6+4.6 18,912(10951/

7961)

Jia et al.*® China 8 16(9/7)
Levene et al."’ America 7 4925(2466/2459)
Ochoa-Avilés et al.”®  Ecuador 9.1£29 213(110/103)
Papadopoulos et al.’* 15 countries 10 1054(662/392)
Ullmann et al.?? Italy 42+1.1 85(48/47)
Yucel et al.?® Turkey 8.5 84

The main characteristics of the 10 articles were summarized in
Table 1. AHRQ scores suggested that all studies scored at 8-9 as
high quality.™*

3.3 | Asthma exacerbation

Four studies'®'>?%202% \ere included in this outcome, with
835 cases during COVID-19 pandemic, and 945 cases before
COVID-19 pandemic.
that there was heterogeneity (>=75%, p=0.007) (Figure 2A).
Sensitivity analysis suggested that after removing Ochoa-Avilés

Heterogeneity test analysis suggested

et al.'s research,’® the heterogeneity disappeared (1% = 0%, p = 0.75).
The random effects model was used. The meta-analysis demon-
strated there was significant difference between two groups
(OR=0.26, 95% Cl=[0.14-0.48], Z = 4.32, p < 0.0001) (Figure 2B).

3.4 | Asthma admission

16.17.19.19.21.22 \yere included in this outcome. The meta-

Five studies
analysis showed that there was no significant difference between
two groups in asthma admission (OR=0.84, 95% Cl=[0.32-2.20],
Z=0.36, p=0.72) (Figure 3). Heterogeneity test analysis suggested
there was high heterogeneity (I>=91%, p <0.00001), so random

effects model was used.

3.5 | Emergency room visit

152022 \were included in this outcome. Heterogeneity test

Three studies
analysis suggested that there was no heterogeneity (I = 0%, p = .87). The
meta-analysis demonstrated there was significant difference between

two groups(OR=0.11, 95%Cl=[0.04,0.26], Z=4.98, P <0.00001)

Quality TABLE 1 Characteristics of the 10
O — studies included in the meta-analysis
® 8
0©) 8
® 8
@ 8
® 8
@ 8
0©) 8
@G®® 8
@e® 9
O® 8

Note: (DAsthma exacerbation; (2)Asthma admissions; (3Emergency room visits; (4)childhood asthma

control test (c-ACT).
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(A) During COVID-19 pandemic  Before COVID-19 pandemic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Fan 2021 13 85 24 57 27.5% 0.25[0.11, 0.55] =
Ferraro 2021 2 84 10 84 16.0% 0.18 [0.04, 0.85] -
Ochoa-Avilés 2021 181 574 258 712 357% 0.81 [0.64,1.02] -
Yucel 2021 4 92 10 92 207% 0.37[0.11,1.23] —
Total (95% CI) 835 945 100.0% 0.39[0.17, 0.89] ‘
Total events 200 302
Heterogeneity: Tau®= 0.48; Chi*= 1213, df= 3 (P = 0.007); F= 75% n 0 041 1:0 1nu=
Testloroverallefiect: 2= 2.22 (F=0.03 Favours [experimental] Favours [control]
(B)
During COVID-19 pandemic  Before COVID-19 pandemic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Fan 2021 13 85 24 57 59.0% 0.25[0.11, 0.55] —i—
Ferraro 2021 4 92 10 92 257% 0.37[0.11,1.23] - &
Yucel 2021 2 84 10 84 15.3% 0.18[0.04, 0.85]
Total (95% Cl) 261 233 100.0% 0.26 [0.14, 0.48] -
Total events 19 44
Heterogeneity: Tau®= 0.00; Chi*= 0.57, df= 2 (P = 0.75); F= 0% n 5 041 1:0 100’

Testfor overall effect: Z= 4.32 (P < 0.0001)

FIGURE 2

Favours [experimental] Favours [control]

(A) Forest plots for comparison of asthma exacerbation between COVID-19 pandemic and before it. (B) Sensitivity analysis for

comparison of asthma exacerbation between COVID-19 pandemic and before it. Cl, confidence interval; COVID-2019, coronavirus disease
2019 [Color figure can be viewed at wileyonlinelibrary.com]

During COVID-19 pandemic  Before COVID-19 pandemic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Papadopoulos 2021 1] 108 1] 108 Mot estimahble
Ullimann 2021 0 85 4 85 8.2% 0.11[0.01,2.00] *
Guijon 2021 19 18912 57 18912 30.0% 0.33[0.20, 0.56] ——
Levene 2021 27 119 122 987 30.5% 2.08[1.30,3.33] ——
Golan—Tripto 2021 105 239 97 273 31.4% 1.42[1.00, 2.03] il
Total (95% CI) 19463 20365 100.0% 0.84[0.32, 2.20] e
Total events 151 280
Heterogeneity: Tau®= 0.74; Chi*= 32.48, df= 3 (P =< 0.00001); F= 91% u 0 0=1 110 100:

Test for overall effect Z=0.36 (P=0.72)

Favours [experimental] Favours [control]

FIGURE 3 Forest plots for comparison of asthma admission between COVID-19 pandemic and before it [Color figure can be viewed at

wileyonlinelibrary.com]

During COVID-19 pandemic  Before COVID-19 pandemic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% ClI
Ferraro 2021 0 92 2 92 8.4% 0.20[0.01,4.13] ¢
Ochoa-Avilés 2021 4 574 43 712 733% 0.11[0.04, 0.31] —._
Ullmann 2021 1 85 12 85 18.3% 0.07[0.01,057) ¥
Total (95% CI) 751 889 100.0% 0.11[0.04, 0.26] -~
Total events 5 57
Heterogeneity: Tau®= 0.00; Chi*= 0.28, df= 2 (P = 0.87); F= 0% n 0 0:1 1=0 100’

Test for overall effect: Z=4.98 (P < 0.00001)

Favours [experimental] Favours [control]

FIGURE 4 Forest plots for comparison of emergency room visit between COVID-19 pandemic and before it. Cl, confidence interval;

COVID-2019, coronavirus disease 2019 [Color figure can be viewed at wileyonlinelibrary.com]

(Figure 4), during COVID-19 pandemic, the emergency room visits of

asthma were lower than that before COVID-19 pandemic.

3.6 | c-ACT

The outcome of c-ACT scores were not analyzed, which was mainly

because of the different manifestations used. Overall, compared with

the same period before COVID-19 pandemic, c-ACT scores reduced

during the pandemic.

3.7 |

Publication bias

We cannot use the funnel plot to reflect publication bias because all

outcomes are included of fewer than 10 articles.
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4 | DISCUSSION

The current systematic review provides a quantitative estimate of
the asthma control of the current ongoing COVID-19 pandemic in
children. The COVID-19 outbreak and the measures taken to it
have had significant influences on asthma control among children.
We have shown that the level of asthma control was significantly
improved during the COVID-19 pandemic compared to the same
period before it, with a reduction of asthma exacerbation, and
emergency room visits. One reason for these results is probably
associated with the lockdown measures during COVID-19 pan-
demic, which limits viral disease transmissions, reduces the possible
exposure to asthma triggers, such as viral infections, outdoor

allergens, physical activities, and air pollution.?* 2¢

It might also be
explained by caregivers' afraid to bring children to the hospital
because of the risk of exposure to SARS-Co-V2.?” And increased
treatment adherence is also an important factor. Caregivers are
afraid of going to the hospital in the special time, so they pay more
attention to their health than that before the pandemic and treat
their children's asthma in time, and take the treatment actively,
thus the times of visits to the hospital has decreased and the
frequency of asthma exacerbation has also decreased. Anyway,
these results mean less medication and healthcare resources are
used in the control of children's asthma.

There was no significant difference between the two groups in
asthma admission. A study of Levene et al.'? mentioned that
intentional avoidance of ED visits may lead to a delay for their
asthma care, thus increasing the number of admission people.
Guijon et al.'s study’’ showed different conclusions, they found
asthma admission was decreased in the COVID-19 pandemic
compared with the time before it, the main reasons were similar
with asthma exacerbation and emergency room visit decreasing
mentioned above.

For those probable infected with COVID-19, the study®® found
no differences between them and those without infection in asthma
control or severity.

The outcome of c-ACT scores was not analyzed, though many
articles included it. It was mainly because of the different manifes-

1.?* use a number of

tations used. For example, Papadopoulos et a
people to show improved scores. Jia et al.'® use the number of
people whose scores were greater or equal to 20 which means good
control. Ullmann et al.?? use the exact scores directly. Yucel et al.?®
use the ratio of a score less than 20. It is hard to unite these out-
comes. This is a problem that needs to be unified in the follow-up
studies. Overall, c-ACT scores suggested a reduction in asthma
symptoms during the pandemic.

Although the current meta-analysis results show that the control
of asthma in children has been improved during pandemics, we are
still concerned about the question that will childhood asthma worsen
if the pandemic continues for a very long time? Because asthma
control has largely benefited from the lockdown measure. A long time
of lockdown means asthma control of patients with indoor allergen

sensitization might be worse. Confounding factors such as increased

exposure to indoor allergens, such as house dust mites (HDMs),
molds, pet allergens, and decreased exposure to seasonal outdoor
allergens such as pollens may have both negative and positive effects
respectively on asthma. Besides, according to articles reported
already, the pandemic period has no significant effect on children's
asthma control. However, there are only a few studies that reported
it, thus we can't get the conclusion exactly. We are also concerned
about whether further studies will report asthma control being worse
with a long time of the pandemic.

After the pandemic disappearing, children suffering from asthma
and their caregivers should still reduce exposure to asthma triggers
like viral infections, outdoor allergens, and air pollution, at the same
time increase treatment adherence, just do what they underwent
in the pandemic, thus restoring maintain and promote effective
asthma management for children, this is the meaning of our writing
this article.

Our review has several limitations. First, the sample size of this
meta-analysis was relatively small. As a result, the unknown risk of
bias caused by incomplete data could constrain our results. Second,
our results are based on observational studies, which are susceptible
to design bias, selection bias, and residual confounding. Third, in this
study was that heterogeneity across the studies was substantial,
which could be attributed to different definitions of severity used or
sample size. Despite these limitations, this meta-analysis provides
information on the association between children's asthma control and
the COVID-19 pandemic.

5 | CONCLUSION

In summary, compared to the same period before the COVID-19
pandemic, the level of asthma control has been significantly
improved. We need to understand the exact factors leading to these
improvements and find methods to sustain them. This meta-analysis
can guide children and their caregivers to restore, maintain
and promote effective asthma management during, and more

importantly, after the pandemic.

CONFLICT OF INTERESTS
The authors declare that there are no conflicts of interests.

AUTHOR CONTRIBUTIONS

Ze Yang: conceptualization (equal); data curation (equal); formal
analysis (equal); investigation (equal); resources (equal); software
(equal); supervision (equal). Xiang Wang: conceptualization (equal);
data curation (equal); formal analysis (equal); investigation (equal);
software (equal); supervision (equal). Xigang Wan: data curation
(equal); formal analysis (equal); investigation (equal); software (equal).
Menglei Wang: resources (equal); software (equal). Zonghua Qiu:
supervision (equal); validation (equal). Jiali Chen: validation (equal);
visualization (equal). Manhao Shi: visualization (equal); writing original
draft (equal). Shiyi Zhang: supervision (supporting); writing review &
editing (supporting).



YANG ET AL

DATA AVAILABILITY STATEMENT
The data that supports the findings of this study are available in the

supplementary material (References) of this article.

ORCID
Yong-liang Xia https://orcid.org/0000-0002-4385-5856
REFERENCES

1. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the

10.

11.

12.

13.

14.

15.

clinical characteristics of coronavirus disease 2019 (COVID-19).
J Gen Intern Med. 2020;35(5):1545-1549.

Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus
disease-2019 (COVID-19): the epidemic and the challenges. Int
J Antimicrob Agents. 2020;55(3):105924.

Shrivastava SR, Shrivastava PS. 2019-nCoV outbreak declared as
public health emergency of international concern: what next? Int
J Prev Med. 2020;11:65.

Akinbami LJ, Simon AE, Rossen LM. Changing trends in asthma
prevalence among children. Pediatrics. 2016;137(1):1-7.

Rosser FJ, Forno E, Cooper PJ, Celedén JC. Asthma in Hispanics: an
8-year update. Am J Respir Crit Care Med. 2014;189(11):1316-1327.
Forno E, Gogna M, Cepeda A, et al. Asthma in Latin America. Thorax.
2015;70(9):898-905.

Kloepfer KM, Olenec JP, Lee WM, et al. Increased HIN1 infection
rate in children with asthma. Am J Respir Crit Care Med. 2012;
185(12):1275-1279.

Gern JE. Viral respiratory infection and the link to asthma. Pediatr
Infect Dis J. 2004;23(1 Suppl):578-S86.

Minor TE, Dick EC, DeMeo AN, Ouellette JJ, Cohen M, Reed CE.
Viruses as precipitants of asthmatic attacks in children. JAMA. 1974,
227(3):292-298.

Castro-Rodriguez JA, Forno E. Asthma and COVID-19 in children: a
systematic review and call for data. Pediatr Pulmonol. 2020;55(9):
2412-2418.

Krivec U, Kofol Seliger A, Tursic J. COVID-19 lockdown dropped the
rate of paediatric asthma admissions. Arch Dis Child. 2020;105(8):
809-810.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev. 2015;4(1):1.

Agency for Healthcare Research and Quality (US). 2004. Accessed
February 5, 2020. https://www.ncbi.nlm.nih.gov/books/NBK35149/
Fan HF, He CH, Yin GQ, et al. Frequency of asthma exacerbation in
children during the coronavirus disease pandemic with strict miti-
gative countermeasures. Pediatr Pulmonol. 2021;56(6):1455-1463.
Ferraro VA, Zamunaro A, Spaggiari S, Di Riso D, Zanconato S,
Carraro S. Pediatric asthma control during the COVID-19 pandemic.
Immun Inflamm Dis. 2021;9(2):561-568.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

25
o WILEY—L2

i)

Golan-Tripto I, Arwas N, Maimon MS, et al. The effect of the
COVID-19 lockdown on children with asthma-related symptoms:
a tertiary care center experience. Pediatr Pulmonol. 2021;56:
2825-2832.

Guijon OL, Morphew T, Ehwerhemuepha L, Galant SP. Evaluating
the impact of coronavirus disease 2019 on asthma morbidity: a
comprehensive analysis of potential influencing factors. Ann Allergy
Asthma Immunol. 2021;127(1):91-99.

Jia Y, Bao J, Yi M, et al. Impact of the COVID-19 pandemic on
asthma control among children: a qualitative study from caregivers'
perspectives and experiences. BMJ Open. 2021;11(5):e046525.
Levene R, Fein DM, Silver EJ, Joels JR, Khine H. The ongoing impact of
COVID-19 on asthma and pediatric emergency health-seeking beha-
vior in the Bronx, an epicenter. Am J Emerg Med. 2021;43:109-114.
Ochoa-Avilés AM, Ochoa-Avilés C, Morillo-Argudo DA, et al. Impact
of COVID-19 pandemic on asthma symptoms and management: a
prospective analysis of asthmatic children in Ecuador. World Allergy
Organ J. 2021;14(6):100551.

Papadopoulos NG, Mathioudakis AG, Custovic A, et al. Childhood
asthma outcomes during the COVID-19 pandemic: findings from the
PeARL multi-national cohort. Allergy. 2021;76(6):1765-1775.
Ullmann N, Allegorico A, Bush A, et al. Effects of the COVID-19
pandemic and lockdown on symptom control in preschool children
with recurrent wheezing. Pediatr Pulmonol. 2021;56(7):1946-1950.
Yucel E, Suleyman A, Hizli Demirkale Z, Guler N, Tamay ZU,
Ozdemir C. ‘Stay at home” is it good or not for house dust
mite sensitized children with respiratory allergies? Pediatr Allergy
Immunol. 2021;32(5):963-970.

Riccio MP, Borrelli M, Fioretti MT, et al. Is quarantine for COVID-19
pandemic associated with psychological burden in primary ciliary
dyskinesia? Int J Environ Res Public Health. 2020;17(21):8099.
Eguiluz-Gracia |, Mathioudakis AG, Bartel S, et al. The need for clean
air: the way air pollution and climate change affect allergic rhinitis
and asthma. Allergy. 2020;75(9):2170-2184.

Jartti T, Liimatainen U, Xepapadaki P, et al. Clinical correlates of
rhinovirus infection in preschool asthma. Allergy. 2021;76(1):247-254.
Morais-Almeida M, Aguiar R, Martin B, et al. COVID-19, asthma, and
biological therapies: what we need to know. World Allergy Organ J.
2020;13(5):100126.

Ruano FJ, Somoza Alvarez ML, Haroun-Diaz E, et al. Impact of the
COVID-19 pandemic in children with allergic asthma. J Allergy Clin
Immunol Pract. 2020;8(9):3172-3174.e3171.

How to cite this article: Yang Z, Wang X, Wan X-g, et al.
Pediatric asthma control during the COVID-19 pandemic:

A systematic review and meta-analysis. Pediatric Pulmonology.
2022;57:20-25. doi:10.1002/ppul.25736


https://orcid.org/0000-0002-4385-5856
https://www.ncbi.nlm.nih.gov/books/NBK35149/
https://doi.org/10.1002/ppul.25736



