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Abstract

Objective: This study aimed to determine the epidemiology and clinical characteristics of EV-

D68-associated respiratory diseases among Asian children.

Sources: The PubMed, Embase, Web of Science, Scopus, China National Knowledge Infrastruc-

ture (CNKI), VIP, WanFang, and SinoMed electronic databases were searched from inception to

February 28, 2025, to identify relevant articles. Studies reporting the detection rate of enterovi-

rus D68 (EV-D68) in pediatric patients with respiratory tract infections were included. The meth-

odological quality regarding the risk of bias was assessed according to the approach proposed by

the Joanna Briggs Institute.

Summary of the findings: Twenty studies involving 47,451 participants were included; addition-

ally, 450 participants were positive for EV-D68 infection. The detection rate of EV-D68 ranged

from 0.23 % to 10.56 %, with a pooled prevalence of 1.29 % (95 % CI 0.88�1.78 %), but significant

heterogeneity (I2 = 94.20 %, p< 0.001) indicated that this estimate was context-dependent. Sub-

group analyses revealed that detection rates varied substantially by country, study period, and

income level. Pneumonia is the most common respiratory disease presentation. EV-D68 is most

prevalent during the summer and autumn.

Conclusion: This is the first review to focus specifically on Asian children, which suggests that

EV-D68 detection rates vary significantly across Asian populations and are especially influenced
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by geographic location and surveillance timing. EV-D68 infection in children is most frequently

associated with pneumonia. These findings support targeted regional surveillance networks dur-

ing the summer-autumn seasons to improve clinical diagnostics and public health responses.

Trial Registration: PROSPERO Identifier: CRD42023449889.

© 2025 The Author(s). Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

1 Introduction

2 Enterovirus D68 (EV-D68), a member of the Picornaviridae

3 family, has reemerged as a significant pediatric respiratory

4 pathogen. Unlike most enteroviruses, EV-D68 is isolated

5 from respiratory samples (specifically from the nose), and

6 its biological and molecular characteristics are more similar

7 to those of rhinoviruses. EV-D68 was initially identified in

8 1962 and gained global attention during the 2014 North

9 American outbreak, which linked it to severe respiratory ill-

10 ness and acute flaccid myelitis (AFM) [1]. In recent years,

11 the volume of epidemiological data related to EV-D68 has

12 gradually increased [2�5]. The detection rate of EV-D68

13 varies widely throughout the world [6]. While western epi-

14 demiology is well characterized, Asian data remain frag-

15 mented, obscuring region-specific rates, clinical profiles,

16 and seasonal trends. EV-D68 is most prevalent in children.

17 Children aged < 16 years account for > 90 % of all EV-D68

18 infections worldwide [7]. Thus, the authors performed a sys-

19 tematic review and meta-analysis of the published literature

20 to summarize the current knowledge of EV-D68-associated

21 respiratory diseases in Asian children with respect to the

22 detection rate, clinical characteristics, seasonality, and rate

23 of coinfections.

24 Methods

25 Search strategy

26 The authors conducted a systematic review and meta-analyses

27 following the Preferred Reporting Items for Systematic Review

28 and Meta-Analyses (PRISMA) 2020 guidelines [8]. The review

29 protocol was registered in PROSPERO (CRD42023449889). This

30 meta-analysis was a secondary study based on previously pub-

31 lished data; therefore, this study received an exemption from

32 the Ethics Committee of the Third Affiliated Hospital of Zhengz-

33 hou University.

34 The authors searched the PubMed, Embase, Web of Sci-

35 ence, Scopus, China National Knowledge Infrastructure

36 (CNKI), VIP, WanFang, and SinoMed electronic databases for

37 studies published up to February 28, 2025, with no language

38 restrictions (Supplementary Table 1).

39 Inclusion and exclusion criteria

40 Studies were included if they met the following criteria: (1)

41 they reported the detection rate of EV-D68 in pediatric

42 patients (aged < 18 years) with respiratory tract infections

43 across Asian populations; (2) they confirmed EV-D68 infec-

44 tion via reverse transcription�polymerase chain reaction

45 (RT-PCR) in respiratory specimens; (3) they had sufficient

46detailed and extractable data to characterize the epidemio-

47logical patterns and clinical manifestations associated with

48EV-D68 infections; and (4) they included studies conducted

49over at least a full calendar year. Reviews, case reports, con-

50ference papers, notes, editorials, and nonobservational

51research were excluded. Studies in which EV-D68 was

52detected by the following methods (including viral culture,

53antigen detection, or antibodies) were excluded.

54Literature screening and data extraction

55The authors used EndNote to manage the search output. Two

56reviewers (L.X. and W.L.) independently screened the titles

57and abstracts of the studies and assessed their eligibility.

58After screening the published articles for eligibility, relevant

59data and information, including the first author’s name,

60year of publication, study design, sampling method, time of

61sample collection, country, study period, age group, EV-D68

62diagnostic method, sample type, sample size, number of EV-

63D68-positive cases, basic information, demographic informa-

64tion, and clinical symptoms, were extracted from each eligi-

65ble study and curated in a WPS Excel sheet. For studies that

66included both adults and children, only data related to chil-

67dren were extracted. Two authors (L.X. and W.L.) indepen-

68dently extracted and evaluated the data from the eligible

69studies. Any inconsistencies or disagreements were dis-

70cussed with a third author (L.B.) and resolved via consensus.

71Quality assessment

72The Joanna Briggs Institute quality assessment tool was

73employed to evaluate the quality of the studies that were

74included in the final analysis [9]. The scoring of individual

75studies was conducted according to frequency scales, with

76scores based on responses of yes, no, unclear, or not applica-

77ble. To calculate the total quality score for each study, the

78authors utilized the total number of positive scores.

79Statistical analysis

80For binary outcomes, proportional meta-analyses with 95 %

81confidence intervals were conducted via Stata 12.0 (Stata-

82Corp LP). The "metaprop" package was employed to imple-

83ment double arcsine transformations on raw proportions

84prior to pooling, ensuring that normality assumptions were

85satisfied. Between-study heterogeneity was quantified

86through Cochran’s Q test (x2) and Higgins’s I2 metrics, with I2

87thresholds interpreted as follows: � 25 % (negligible),

8826�50 % (moderate), and > 50 % (substantial). Given the

89anticipated variations in clinical populations and research

90methodologies across studies, all analyses adopted DerSimo-

91nian�Laird random effects models to account for both
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92 within-study and between-study variance components. The

93 authors further performed subgroup-level meta-analysis to

94 address heterogeneity. The subgroups were based on the

95 timing of sample collection, country, country income level,

96 sex, age group, period of study (before and after 2014), and

97 EV-D68 diagnostic method. Begg’s test and funnel plots were

98 used to assess publication bias, with a p value < 0.05 and

99 skewness of the funnel diagram indicating the presence of

100 publication bias.

101 Results

102 Study search results

103 In total, 5119 studies were screened for eligibility. Of these,

104 120 full texts were reviewed, and 20 studies were ultimately

105 included for analysis ( D21X XFig. 1) [10�29]. All the studies were

106 written in English. Among the 20 included studies (Supple-

107 mentary Table 2), 12 were retrospective. Eight studies were

108 conducted in China, 5 were conducted in Japan, 3 were con-

109 ducted in the Philippines, 2 were conducted in Thailand, 1

110 was conducted in Iran, and 1 was conducted in Myanmar.

111 Five studies were performed in high-income countries, 11

112 were performed in upper-middle-income countries, and 4

113 were performed in lower-middle-income countries. The

114predominant technique used in these studies was RT-PCR.

115Four studies exclusively enrolled children younger than five

116years old.

117A total of 47,451 participants were included in these 20

118articles. Among 8 D22X X768 children from 7 studies reporting age

119data, the overall median age was 0.92 years (IQR:

1200.75�1.40). Gender data were reported in seven articles,

121with a male-to-female ratio of 1.50:1 (95 % CI 55.7�64.1 %)

122(Supplementary Table 2).

123Quality of the included studies

124Based on the Joanna Briggs Institute quality evaluation

125checklist, the articles that were included in the final analysis

126had a mean quality score of 7.85, with scores ranging from

127six to nine. One study was a high-quality study, and the

128remaining studies were moderate-quality studies (Supple-

129mentary Table 3).

130Detection rates and subgroup analysis

131A total of 450 EV-D68 infections were reported among 47,451

132participants. The detection rate of EV-D68 ranged from

1330.23 % to 10.56 % in the included studies, with a pooled prev-

134alence (random-effects model) of 1.29 % (95 % CI

1350.88�1.78 %), but significant heterogeneity (I2 = 94.20 %,

D1X XFig. 1 Flowchart of study selection.
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136 D23X XP D24X X< 0.001) indicated that this estimate was context-depen-

137 dent (D25X XFig. 2).
138 Subgroup analyses (Table 1) revealed that detection rates

139 varied substantially by country (highest in Iran [10.56 %] and

140 Myanmar [7.37 %]), study period (3.02 % post-2014 vs. 1.18 %

141 pre-2014), and income level (2.39 % in high-income coun-

142 tries). The high detection in Iran and Myanmar derives from

143 single-study estimates requiring cautious interpretation.

144 The detection rate of EV-D68 was greater in prospective

145 studies and studies that included participants aged <

146 5 years, although the difference was not statistically signifi-

147 cant. In the subgroup analysis based on sex, there was no sig-

148 nificant difference in the detection rate between the male

149 group and the female group ( D26X Xp D27X X= 0.912).

150 Year-to-year circulation patterns

151 The authors included 20 articles, and 17 articles that pro-

152 vided detailed annual detection rates were analyzed to

153 derive annual detection rates to understand the EV-D68

154 cycle pattern from year to year. The annual detection rates

155 of EV-D68 among Asian children with respiratory infections

156 from 2007 to 2019 fluctuated significantly, with intermittent

157 peaks observed in 2008 (2.57 %), 2010 (2.15 %), 2014�2015

158 (1.14 %�1.68 %), and notably 2018 (4.07 %). The highest rate

159occurred in 2018, suggesting that a major outbreak occurred

160in that year (Supplementary Fig. 1).

161Demographic and clinical characteristics of EV-D68
162patients

163The total number of EV-D68 infections in the eligible studies

164was 450. The ages ranged from 0 to 18 years. Among the 372

165EV-D68-positive children from 17 studies reporting age data,

166the overall median age was 3.50 years (IQR: 2.67�5.20). A

167total of 79.53 % (95 % CI 64.10�91.9 %) of the children were

168< 5 years, 29.24 % (95 % CI 18.72�40.85 %) were 5�14 years

169old, and 7.94 % (95 % CI 0.54�20.25 %) were older than

17014 years. The male-to-female ratio of EV-D68-infected

171patients was 1.41:1 (95 % CI 51.85�64.88 %). Nine studies

172reported the comorbidity of pediatric EV-D68 infection

173patients. A total of 60 of 194 patients (22.25 %, 95 % CI

1747.85�40.4 %) had at least one comorbidity. Among them,

175the most common comorbidities were asthma or recurrent

176wheezing (20.53 %, 95 % CI 4.33�42.72 %) (Table 2, Supple-

177mentary Table 4).

178A total of 174 of 251 patients (77.62 %, 95 % CI

17958.43�92.68 %) across 15 studies were diagnosed with pneu-

180monia, which is the most common respiratory disease pre-

181sentation. This was followed by upper respiratory tract

182infection (URTI), which was diagnosed in 126 of 235 patients

D2X XFig. 2 Forest diagram of the pooled prevalence estimates.
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Table 1 Subgroup analyses of factors associated with variability in EV-D68 detection among Asian children.

Subgroup classification Detection rate ( %) (95 % CI) N Studies N Participants Event I2 ( %) p heterogeneity p difference subtypes

Timing of samples collection 0.219

Prospectively 1.69 (0.90�2.72) 8 15,799 170 93.80 <0.001

Retrospectively 1.09 (0.621�1.68) 12 31,652 280 94.76 <0.001

Country <0.001

Philippines 1.34 (0.58�2.38) 3 3857 50 NE NE

Japan 1.41 (0.89�2.05) 5 15,137 177 84.61 <0.001

Thailand 1.10 (0.731�1.54) 2 2647 30 NE NE

China 0.53 (0.31�0.80) 8 24,918 117 85.13 <0.001

Iran 10.56 (7.65�14.39) 1 322 34 NE NE

Myanmar 7.37 (5.50�9.81) 1 570 42 NE NE

Country income level 0.158

Lower-middle-income economies 1.41 (0.89�2.05) 4 4427 92 84.61 <0.001

High-income economies 2.39 (0.69�5.05) 5 15,137 177 95.34 <0.001

Upper-middle-income economies 0.90 (0.49�1.41) 11 27,887 181 93.51 <0.001

Gender 0.912

Male 2.40 (1.07�4.20) 7 5088 81 91.34 <0.001

Female 2.51 (0.854�4.93) 7 3012 64 91.43 <0.001

Age range 0.108

Birth�18 years 1.07 (0.64�1.60) 14 34,239 301 95.57 <0.001

Birth�5 years 3.50 (0.68�8.25) 4 1980 64 97.59 <0.001

Study period 0.169

Before-2014 1.18 (0.83�1.58) 10 18,161 200 78.62 <0.001

Post-2014 3.02 (0.64�6.99) 4 10,951 106 98.45 <0.001

Diagnostic method 0.231

Classical RT-PCR 1.53 (0.97�2.21) 12 28,860 320 93.73 <0.001

Real-Time RT-PCR 0.99 (0.45�1.72) 8 18,591 130 94.41 <0.001

In the subgroup analysis, there were no heterogeneous results in three or fewer articles. NE = not estimable.
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183 (45.22 %, 95 % CI 27.16�63.90 %) across 7 studies. Other

184 respiratory diseases included asthma, bronchitis (33.12 %),

185 bronchial asthma (19.67 %), bronchiolitis (10.83 %), and

186 bronchitis (8.46 %). The most prevalent clinical symptoms

187 were cough (92.09 %, 95 % CI 78.35�99.82 %), fever (61.09 %,

188 95 % CI 45.48�75.75 %), wheezing (53.09 %, 95 % CI

189 40.80�65.21 %), sputum production (47.61 %, 95 % CI

190 32.19�63.24 %), dyspnea (42.14 %, 95 % CI 20.86�64.84 %),

191 and runny nose (30.8 %, 95 % CI 14.04�50.22 %). The less fre-

192 quent symptoms were chestache (12.85 %), sore throat

193 (12.27 %), vomiting (10.19 %), sneezing (6.93 %), and diar-

194 rhea (6.67 %) (Table 3, Supplementary Table 5).

195 A total of 31 of the 203 patients across the seven studies

196 were transferred to the ICU (11.55 %, 95 % CI 1.49�26.86 %),

197 and among the 248 patients, 7 died, for an overall fatality

198 rate of 0.91 % (95 % CI 0�3.32 %) (Table 3, Supplementary

199 Table 5).

200 Seasonality of EV-D68 infections

201 Among the 18 studies, 45.15 % (95 % CI 26.82�64.12 %) of the

202 EV-D68 infections were detected in autumn, followed by

203 summer (43.83 %, 95 % CI 26.60�61.79 %) across 13 studies,

204 winter (34.85 %, 95 % CI 11.63�62.00 %) in 9 studies, and

205 spring (16.84 %, 95 % CI 9.8�25.05 %) across 8 studies

206 (Table 3, Supplementary Table 5).

207 EV-D68 coinfection

208 The occurrence of coinfection with EV-D68 and other patho-

209 gens was reported in 14 studies. The virus can establish coin-

210 fections with multiple viral, bacterial, and fungal

211 pathogenic entities. The authors estimated that the rate of

212 coinfections of EV-D68 with other pathogens was 26.79 %

213 (95 % CI 11.89�44.49 %). The most commonly identified

214 respiratory virus coinfected with EV-D68 was respiratory syn-

215 cytial virus (23.67 %), followed by adenovirus (11.44 %) and

216 influenza A virus (10.39 %) (Table 4, Supplementary Table 6).

217Publication bias

218Publication bias was assessed using Begg’s test, which indi-

219cated significant asymmetry ( D28X Xp D29X X= 0.002) (Supplementary Fig.

2202). Visual inspection of the funnel plot corroborated this

221finding, suggesting potential publication bias or small-study

222effects (Supplementary Fig. 3). Egger’s linear regression test

223also indicated potential bias ( D30X Xp D31X X= 0.002), consistent with

224Begg’s test.

225Discussion

226A recent seroepidemiological systematic review on EV-D68

227indicated that the seroprevalence increased quickly with

228age, reaching approximately 100 % by the age of 20 years,

229with no sign of decline throughout adulthood; this suggests

230continuous or frequent exposure of the populations to the

231virus [30]. However, the seroprevalence reflects only past

232infection; EV-D68 causes mild or asymptomatic infections,

233and cross-reactivity with antibodies against other viruses is

234possible. Through a systematic review and meta-analysis,

235the present study provides the first comprehensive evalua-

236tion of the epidemiological and clinical features of EV-D68 in

237respiratory specimens from Asian children.

238The detection rate of EV-D68 ranged from 0.23 % to

23910.56 % in the included studies, with a pooled prevalence

240(random-effects model) of 1.29 % (95 % CI 0.88�1.78 %). Sig-

241nificant heterogeneity was observed across studies

242(I2 = 94.20 %), indicating that this estimate was a contextual

243summary. The meta-analysis confirms that EV-D68 detection

244in Asian children is highly heterogeneous. Many factors can

245influence the increase in detection rates. Previous studies

246have shown that the detection rate is related to children’s

247age, national income level, geographical location, testing

248time, testing methods, and other factors [6]. The selection

249of specific subgroups was guided by factors that may signifi-

250cantly influence detection rates based on existing epidemio-

251logical knowledge of EV-D68. Subgroup analyses revealed

252national disparities, with Iran and Myanmar demonstrating

Table 2 Demographics and comorbidities of children with EV-D68 analyzed by meta-analysis.

Variable N Studies n prevalence 95 % CI Heterogeneity tests

Q I2 t2 p

Demographics ( %)

<5 years 14 b 194 79.53 64.10�91.9 87.67 85.17 0.3 <0.001

6�14 years 10 62 29.24 18.72�40.85 23.49 61.68 0.08 0.0052

15�18 years a 2 3 7.94 0.54�20.25 NE NE NE NE

Male 17 231 58.43 51.85�64.88 24 33.33 0.02 0.09

Comorbidities ( %)

Asthma or recurrent Wheezing 8 51 20.53 4.33�42.72 52.64 86.7 0.34 <0.001

Cardiovascular disease a 2 3 6.91 0.1�19.4 NE NE NE NE

Neurological disease a 1 3 17.64 NE NE NE NE NE

Gastrointestinal disease a 1 1 11.11 NE NE NE NE NE

Q, Cochran’s Q statistic for heterogeneity; I2, I2 index for the degree of heterogeneity; t2, tau-squared measure of heterogeneity; NE, not

estimable.
a Data from two or fewer studies.
b 14 comprises four studies that exclusively involved this age group and ten additional studies that included EV-D68-positive children

under 5 years of age within broader cohorts.
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Table 3 The clinical characteristics and seasonality of children with EV-D68 analyzed by meta-analysis.

Variable N Studies n prevalence 95 % CI Heterogeneity tests

Q I2 t2 p

Diagnosis ( %)

URTI a 7 126 45.22 27.16�63.9 44.09 86.39 0.2 <0.001

Pneumonia a 15 174 77.62 58.43�92.68 131.41 89.35 0.5 <0.001

Asthmatic bronchitis 4 31 33.12 5.15�69.34 39.69 92.44 0.48 <0.001

Bronchial asthma 7 41 19.67 8.18�34.02 27.21 77.95 0.12 <0.001

Bronchiolitis 3 13 10.83 5.07�18.02 1.37 0 0 0.5039

Bronchitis 5 17 8.46 4.5�13.29 1.31 0 0 0.86

Symptoms ( %)

Fever 13 170 61.09 45.48�75.75 68.12 82.38 0.22 <0.001

Cough 13 228 92.09 78.35�99.82 89.45 86.58 0.33 <0.001

Sputum production 5 35 47.61 32.19�63.24 6.58 39.19 0.04 0.16

Dyspnea 10 79 42.14 20.86�64.84 68.89 86.93 0.39 <0.001

Wheezing 16 167 53.09 40.8�65.21 70.7 78.79 16.2 <0.001

Chest ache 3 5 12.85 2.8�26.97 0.406 0 0 0.816

Sore throat 4 9 12.27 1.45�28.9 6.23 52.04 0.08 0.1

Runny nose 8 84 30.8 14.04�50.22 40.89 82.88 21.65 <0.001

Sneezing b 2 2 6.93 0�20.86 NE NE NE NE

Vomiting b 2 3 10.19 0.05�28.82 NE NE NE NE

Diarrhea 7 12 6.67 0.83�15.81 14.98 59.93 0.07 0.02

Clinical outcomes ( %)

ICU admission 12 31 11.55 1.49�26.86 70.14 84.32 0.32 <0.001

Fatality rate 15 7 0.91 0�3.32 8.85 0 0 0.84

Seasonality ( %)

Spring 8 26 16.84 9.82�5.05 8.88 21.15 0.015 0.26

Summer 13 109 43.83 26.60�61.79 1113.35 89.41 0.34 <0.001

Autumn 18 235 45.15 26.82�64.12 236.64 92.82 0.54 <0.001

Winter 9 70 34.85 11.63�0.62 102.13 92.17 0.56 <0.001

Q, Cochran’s Q statistic for heterogeneity; I2, I2 index for the degree of heterogeneity; t2, tau-square measure of heterogeneity; NE, not

estimable; URTI, upper respiratory tract infection.
a proportions for pneumonia/URTI are derived from different denominators across studies and are not additive.
b Data from two or fewer studies.

Table 4 Coinfections of children with EV-D68 analyzed by meta-analysis.

Variable N Studies n prevalence 95 % CI Heterogeneity tests

Q I2 t2 p

Coinfection ( %) 14 89 26.79 11.89�44.49 107.69 87.93 0.36 <0.001

Respiratory syncytial virus 7 40 23.67 7.01�45.13 34.41 82.57 0.26 <0.001

Rhinovirus 5 16 10.26 1.32�24.15 14.84 73.04 0.1 0.005

D3X XMycoplasma 5 7 8.57 2.28�17.26 2.45 0 0 0.65

Influenza A 5 12 10.39 4.5�17.83 2.47 0 0 0.65

Influenza B a 2 4 5.13 0.67�12.3 NE NE NE NE

Adenovirus a 2 7 11.44 4.1�21.26 NE NE NE NE

Parainfluenza virus 3 4 4.3 0�16.45 4.73 57.68 0.06 0.09

Metapneumovirus a 2 2 0.54 0�4.59 NE NE NE NE

Bocavirus 3 3 2.83 0�9.56 1.83 0 0 0.4

D4X XStreptococcus pneumoniae a 2 3 10.75 0.62�27.32 NE NE NE NE

Cytomegalovirus a 2 5 3.57 0.09�9.85 NE NE NE NE

Q, Cochran’s Q statistic for heterogeneity; I2, I2 index for the degree of heterogeneity; t2, tau-squared measure of heterogeneity; NE, not

estimable.
a Data from two or fewer studies.
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253 markedly higher detection rates than China and other coun-

254 tries did (D32X Xp D33X X< 0.001). However, the elevated rates in Iran

255 and Myanmar derive from single-study estimates requiring

256 cautious interpretation, potentially reflecting localized out-

257 breaks or variations in assay sensitivity. Notably, studies con-

258 ducted in high-income countries and after 2014 presented

259 increased detection rates, which were correlated with

260 enhanced molecular diagnostics and surveillance following

261 North American outbreak awareness [31,32].

262 EV-D68 infections suggest circulation with a biennial epi-

263 demic cycle of EV-D68 infections in Europe and North Amer-

264 ica (2014, 2016, 2018), [33,34] less is known in Asia. The

265 present study revealed irregular epidemic cycles of EV-D68

266 in Asia, potentially occurring every 2�4 years, which aligns

267 with the global trends of biennial outbreaks reported in

268 Europe and North America. The annual epidemic situation is

269 partly affected by changes in the type of virus strains or the

270 genetic variation of the enterovirus pathogen. However,

271 caution is warranted in interpreting temporal trends given

272 the sparse annual data and limited samples in the study,

273 especially for zero-detection years.

274 The present analysis demonstrated increased EV-D68 sus-

275 ceptibility in children aged < 5 years. Consistent findings

276 have been reported in another global review, which reported

277 a higher detection rate of infections among children younger

278 than 5 years of age than among those aged up to 18 years

279 worldwide [6]. The vulnerability of children younger than

280 5 years of age to EV-D68 infections has been previously

281 reported in several studies. Andres et al. [35]. reviewed EV-

282 D68-associated respiratory cases at a hospital in Spain from

283 2014D34X Xto 2021 and reported that EV-D68 was mostly detected

284 in pediatric populations (median age: 3 years), especially in

285 patients aged < 5 years. A multicenter study of the European

286 Nonpoliovirus Enterovirus Network (ENPEN) [36] reported

287 that 58 institutes from 19 European countries reported 1004

288 EV-D68-positive samples, and that 78.9 % of infections were

289 reported in children (ages 0�5 years). EV-D68 infections have

290 mostly been reported in children, which is likely due to the

291 immaturity of the immune system in children rather than in

292 adults. The susceptibility of children to infection is also likely

293 due to their lack of specific and cross-reactive immunity to

294 enteroviruses [37�39]. However, the current literature dem-

295 onstrates limited age-stratified reporting, with most studies

296 predominantly reporting aggregate data — a methodological

297 limitation potentially resulting in underestimation of the true

298 disease burden in preschool-aged populations.

299 The authors found that the most common comorbidities

300 were asthma or recurrent wheezing. However, wheezing was

301 observed in 53 % (95 % CI 40.80�65.21 %) of the patients.

302 Compared with other EV/RV patients, children with EV-D68

303 infections are more likely to have a history of asthma or

304 recurrent wheezing [40]. A nationwide retrospective survey

305 of hospitalizations for asthma among children was per-

306 formed from January 2010 through October 2015 in Japan.

307 The results revealed that the considerable increase in pedi-

308 atric asthma hospitalizations in Japan in September 2015

309 was associated with the EV-D68 epidemic [41]. Using data

310 from three surveillance systems in the United States, the

311 analysis revealed an increase in medically attended acute

312 respiratory illness and asthma/reactive airway disease exac-

313 erbations in children and adolescents during the summer of

314 2022. This increase may have been partially attributable to

315increased EV/RV circulation, specifically regarding the circu-

316lation of EV-D68 [42]. These results suggest that a history of

317recurrent wheezing or asthma is a risk factor for the detec-

318tion of EV-D68 and that virus-induced wheezing/asthma

319might be a clinical feature of EV-D68 infection.

320To explore the mechanism underlying the relationship

321between EV-D68 infection and asthma-like symptoms, Raj-

322put et al. [43] developed a mouse model of EV-D68 infection

323and determined the mechanisms underlying airway disease.

324The results revealed that, in naive mice, neutrophilic

325inflammation and airway responsiveness were significantly

326greater after EV-D68 infection than after RV-A infection,

327which was dependent on IL-17. EV-D68 infection induces

328more IL-17-dependent airway inflammation and hyperres-

329ponsiveness, which is greater than that caused by RV-A infec-

330tion, which is consistent with the clinical picture of severe

331asthma-like symptoms. Essaidi-Laziosi et al. [44] reported

332that global disruption of epithelial cell barrier function in

333patients with asthma is likely a key factor underlying

334increased permissiveness and susceptibility to EV-D68 infec-

335tion. Currently, the specific pathogenic relationship

336between EV-D68 infection and asthma-like symptoms is still

337unclear and requires further investigation.

338The present findings revealed pneumonia as the predomi-

339nant manifestation of EV-D68 infection, indicating its predi-

340lection for lower respiratory tract infections (LRTIs) in

341pediatric populations. While 11.55 % (95 % CI 1.49�26.86 %)

342of cases required ICU admission, notable disparities emerged

343when global data were compared: a U.S. study reported sub-

344stantially higher PICU admission rates (59.1 %), [45] whereas

345Finnish and Spanish cohorts demonstrated comparable rates

346(12.5 % [46] and 11.8 %, [35] respectively). This discrepancy

347may reflect heterogeneity in clinical cohorts and sample

348sizes across studies. Furthermore, the case fatality rate

349remained low at 0.91 %, which aligns with systematic review

350estimates (0 %�4.4 %), [6] suggesting a generally favorable

351prognosis for EV-D68-associated respiratory disease.

352The present results suggest that EV-D68 is most prevalent

353during the summer and autumn. According to previous

354reports, infections caused by enteroviruses usually peak in

355late summer and can peak earlier in the United States in

356autumn [47,48]. Surveillance data from the United States

357revealed increases in severe respiratory illness and acute

358flaccid myelitis among children and adolescents with EV-D68

359infections, which occurred biennially in the United States in

3602014, 2016, and 2018 and primarily in the late summer and

361fall seasons [42]. These increases may be partially attribut-

362able to increased EV/RV circulation, specifically with

363respect to the circulation of EV-D68. These findings are con-

364sistent with the current findings. Pons-Salort et al. [49] used

365national enterovirus surveillance data from 1983 D35X Xto 2013, as

366well as demographic and climatic data collected during the

367same period, to examine the patterns and drivers of the sea-

368sonality of these infections. Using mixed-effects models,

369they reported that climate (especially dew point tempera-

370ture and latitude), but not demography, is likely to drive the

371seasonal pattern of enterovirus infections. This observation

372partly explains the seasonality of EV-D68.

373In the present study, the overall coinfection rate of EV-

374D68 with other pathogens was 26.79 %. The most frequently

375detected respiratory viruses were respiratory syncytial virus

376and adenovirus. A multicenter study in Europe reported
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377 coinfections in 241/969 (24.9 %) EV-D68 patients, approxi-

378 mately half of whom also had human rhinovirus infections,

379 followed by adenovirus and respiratory syncytial virus infec-

380 tions [36]. This rate is similar to the coinfection rate

381 reported in the present study. Schuster et al. [40] reported 4

382 cases of coinfection with other pathogens among 339 cases

383 of EV-D68 infection in children, and the combined infection

384 rate was 1.2 %. The EV-D68 coinfection rates reported in dif-

385 ferent studies vary widely; however, the overall coinfection

386 rate is not high, which is likely due to the late-summer,

387 early-fall seasonality of the outbreaks. These findings high-

388 light the pathogenicity of EV-D68.

389 There are currently no vaccines or antivirals against EV-

390 D68 [50]. Therefore, non-pharmacological prevention strat-

391 egies must be implemented. EV-D68 is usually isolated from

392 respiratory secretions; therefore, it can spread through

393 sneezing, coughing, and contact with surfaces contaminated

394 by infected patients. Personal protective equipment (PPE)

395 helps prevent the spread of EV-D68 infections. Moreover,

396 handwashing, the use of alcoholic solutions, and wearing

397 gloves are effective measures for preventing the spread of

398 infection in healthcare settings [51�53].

399 This meta-analysis has certain limitations. First, more than

400 half of the included studies were conducted in China or Japan.

401 Therefore, the results of the analysis cannot accurately reflect

402 the detection rate and clinical characteristics of EV-D68-associ-

403 ated respiratory infections in all Asian children. Second, more

404 than half of the EV-D68 infections identified in the included

405 studies were retrospectively reported; thus, the detection

406 rate estimates were likely highly underestimated. Third, 4 of

407 20 studies exclusively enrolled children younger than five years

408 old. Given that the reported median age of children infected

409 by EV-D68 is young, the results may be skewed. Fourth, the

410 meta-analysis demonstrated considerable heterogeneity, and

411 the results of the subgroup analysis could not fully explain the

412 source of the heterogeneity. In addition, the detection rate of

413 EV-D68 via PCR is contingent upon the predominant EV-D68

414 clade in circulation. The currently circulating B3 clade, which

415 is now spreading throughout the world, remains undetectable

416 via previously established standard PCR assays because of

417 sequence mismatches in primer/probe-binding regions. Sur-

418 veillance estimates may be biased downward in years/regions

419 where assays/primers were not updated (e.g., clade B3).

420 Finally, the authors included data from before and after the

421 COVID-19 pandemic. Public health measures implemented to

422 limit the spread of SARS-CoV-2 have also disrupted the spread

423 of respiratory viruses and enteroviruses. Additionally, the sig-

424 nificant publication bias observed may be attributable to

425 small-study effects, potentially leading to an overestimation

426 of the pooled prevalence of EV-D68.

427 Conclusions

428 Overall, the current evidence suggests that the circulation

429 of EV-D68 is sporadic but clinically significant. EV-D68 detec-

430 tion in Asian children varies markedly by region and time-

431 frame. EV-D68 infection in children is most frequently

432 associated with pneumonia, with a generally favorable over-

433 all prognosis. The authors recommend region-specific sur-

434 veillance during peak periods to guide clinical preparedness

435 and public health responses.
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