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Abstract
Backdround: Enteroviruse-D68 (EV-D68) has been endemic in Beijing for some years. This study analyz the prevalence and phylogenetic characterizations of EV-D68 in Beijing during 2018 to 2019. 

Methods: The clinical specimens were collected from respiratory infection cases of 30 sentinel hospitals in Beijing and subjected to EV and EV-D68 detection by real-time PCR. 

Results: Of 15, 645 respiratory infection cases, 467(2.98%) cases were enterovirus positive and 14(0.09%) were EV-D68 positive. The detection rates of EV-D68 were 0.11% (9/7, 837) in 2018, 0.06% (5/7, 805) in 2019, respectively. Of these EV-D68 infection patients, 7 cases were aged younger than 18 years, 3 were aged 18 to 60 years and 4 aged over 60 years. 4 cases (28.6%) were diagnosed as upper respiratory tract infection and 10 (71.4%) as pneumonia, including one with severe pnuemonia. The main symptoms for EV-D68 patients were fever (10/14,71.4%) and cough (9/14, 64.3%). 7 cases were detected in summer and the rest cases in the autumn. The phylogenetic analysis suggested that EV-D68 strains from 2018 belonged to a major subclade B3 and a minor subclade D3, while all strains in 2019 were clustered into subclade D3. These subclade B3 or subclade D3 strains were located in a separated evolutionary branches,respectively. 

Conclusions: Our research further elucidate the continuous molecular evolution and genetic variability of EV-D68 occured in Beijing, China. 
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Introduction

Enterovirues D68(EV-D68) is a member of the genus Enterovirus, species D of the Picornaviridae family. It was first identified from four children with bronchiolitis and pneumonia in California in 19621. EV-D68 presented as upper respiratory tract infection, pneumonia, bronchiolitis, bronchitis, and asthma exacerbations2,3. Moreover, there was a significant increase of cases with neurological complications, mainly acute flaccid myelitis4. Before 2014, only a few outbreaks or sporadic cases of EV-D68 infections had been reported in different parts of the world2,5-7. EV-D68 outbreaks were observed in August 2014 in the United States, which reported an increased number of severe respiratory diseases due to EV-D68 infection8.An upsurge of EV-D68 infections and sporadic cases occurred in 2016, including Netherlands, France, Sweden and United states, Hong Kong, Italy, Germany, Portugal and the United Kingdom9-14.

  The phylogenetic analysis had revealed that four major clades of EV-D68, designated clade A, B(subclades B1 to B3), C and D(subclades D1 to D3), respectively, had circulated or co-circulated during different time periods in different geographic regions15-17. In China, including Hongkong, Taiwan, ChongQing and Beijing, subclades B1, D1 and D2 of EV-D68 showed a sporadic state from 2011 to 2013 and a new subclade B3 emerged in 2014 and caused the increase of EV-D68 infection18,19,20. An upsurge of EV-D68 infections occured in Beijing in 2016, and a novel subclade D3 has been identified and proposed co-circulated with subclade B317.

    There is growing interest in understanding the epidemiology of EV-D68 in Beijing, particularly giving molecular evolution of the virus. To raise awareness of EV-D68 infections, we performed a continuous retrospective surveillance study on the respiratory infection cases and analyzed the molecular epidemiological and clinical features in Beijing from 2018 to 2019.
Materials and Methods

Patients and Ethics statement
A Respiratory Pathogen Surveillance System(RPSS) has been established by Beijing Center for Disease Prevention and Control (BJCDC） in 2011 and now covers 30 sentinel hospitals distributing in all 16 districts of Beijing. This surveillance has obtained ethics approval from the Ethics Committee at BJCDC. At recruitment, written informed consent was obtained from the patient or the guardian. All clinical specimens, including oropharyngeal swabs, sputum specimens, endotracheal aspirates, and bronchoalveolar-lavage specimens were collected from RVSS and sent to BJCDC for laboratory diagnostic testing. The respiratory infection cases in this study included upper respiratory tract infection and pneumonia (including severe pneumonia). The clinical specimens from RVSS were chosen for the EV-D68 detection between January, 2018 and December, 2019.

Real-time PCR for detection of EV-D68

Total nucleic acid (RNA and DNA) was extracted from the clinical specimens by Thermo Scientific™ KingFisher™ Flex Magnetic Particle Processors (Thermo Fisher). Enteroviruses and EV-D68 were simultaneously detected in one tube with a commercial real-time RT-PCR kit (cat no. CN08-4G-100, Jiangsu uninovo biological technology company, China). A panel of respiratory pathogens, including inﬂuenza virus A (pandemic influenza virus H1N1, seasonal influenza A virus H3N2) and B, respiratory syncytial virus, parainﬂuenza virus 1 to 4, human adenovirus, human rhinovirus, human metapneumovirus, human coronavirus (NL63, OC43, 229E and HKU1), human bocavirus, mycoplasma and chlamydia, were also detected in these specimens with commercial real-time RT-PCR kits (cat no. CN12-33-100 and cat no. CN09-4-100, Jiangsu Uninovo Biological Technology Co. Ltd., China).

Pylogenetic analysis of VP1 gene regions 

The VP1 fragments of EV-D68 positive specimens were amplified and sequenced with EV-D68 specific primers21 .The consensus VP1 sequences were assembled using DNASTAR software(Version 5.0) and aligned with MEGA software (version 6.0). The phylogenetic relationships of representative VP1 sequences of EV-D68 from Beijing, China and other available countries were estimated by using the maximum-likelihood method with 1,000 bootstrap replicates with MEGA software. 
Statistical analysis

The comparisons of EV-D68 positive rates among different age groups were performed using Fisher’s exact test. A two-sided P value of less than 0.05 was considered to be statistically significant. All analyses were performed using SPSS software, version 17.0.

Results

Detection of EV-D68 infections from 2018 to 2019.
A total of 15, 645 cases were collected from RVSS from January 2018 to December 2019. Totally, 467(2.98%) cases were enterovirus positive and 14(0.09%) cases were EV-D68 positive (Table 1). The detection rates of EV-D68 were 0.11% (9/7, 837) in 2018, 0.06% (5/7, 805) in 2019 , respectively. Among the 14 EV-D68 positive cases (median age 23 years; range: 1-91 years), seven cases (0.14%, 7/4837) were aged younger than 18 years, 3 ( 0.06, 3/5325) were aged 18 to 60 years and 4 ( 0.07, 4/5480) were aged over 60 years, respetively. No statistically significant difference of EV-D68 positive rates was identified in the different age groups (P=0.349).

The demographic and clinical characteristics for EV-D68 infection cases
  Of 14 EV-D68 infection cases, six were female patients and eight male, as shown in Table 2. There were 4 cases (28.6%) with URTI and 10 (71.4%) cases with pneumonia, including a severe pnuemonia. Seven were treated as outpatients, seven patients were admitted to the hospital, including the elderly severe pneumonia patient admitted to the intensive care unit(ICU). The main symptoms for the 14 EV-D68 patients were fever (10/14,71.4%) and cough (9/14, 64.3%). Seven cases were detected in summer (July and August) and the rest in the autumn (October and November ). Two cases were accompanied with other pathogen infections (one with mycoplasma and one with human rhinovirus).

Phylogenetic analysis of EV-D68 strains
The phylogenetic relationships of the 14 EV-D68 strains from Beijing, China and other local strains were analyzed based on the sequences of VP1 and shown in Fig.1.

14 EV-D68 strains belonged to clades B and D. 8 strains belonged to subclade B3 and one belonged to subclade D3 in 2018 whereas all EV-D68 strains in 2019 were clustered into subclade D3. EV-D68 strains of subclade B3 and D3 in 2018 and 2019 were grouped into a separate cluster, respectively.
Homology comparion for the EV-D68 VP1 sequence are shown in Table 3. 8 of stains of subclad B3 from this study shared 98.0% to 99.5% identity in nucleotide and 98.9% to 100% amino-acid identy with each other, and 95.8% to 98.7% identity in nucleotide and 97.1% to 99.6% amino-acid identity with B3 strains in 2014 and 2016. Six stains of subclad D3 from this study shared 96.9% to 98.5% identity in nucleotide and 98.5% to 100% amino-acid identy with each other, and 93.8% to 99.0% identity in nucleotide and 98.2% to 99.6% amino-acid identity with D3 strains in 2016.
Discussion

From 2014 onwards, EV-D68 has increasingly been associated with outbreaks

of respiratory infections worldwidely and a concurrent upsurge of AFM with poor long-term prognosis22,4.The general trend of EV-D68 epidemic in China was similar to that of other countries in the world. In RVSS of Beijing, 12 EV-D68 positive cases were confirmed sporadically from 2011 to 2014, of which 5 cases was detected in 201420. An upsurge of EV-D68 with 40 cases were confirmed in 2016 and significant decreased in 2017 with only 2 cases17. In this study, the detection rate of EV-D68 remains at a relatively low level in Beijing, from 2018 to 2019. Here we the clinical features and phylogenetic analysis of EV-D68 infection cases.

Several reports demonstrated that the majority of EV-D68 infection cases were children, elderly patients and a few adults in China, US, Sweden, Netherlands identified 5,10,14,18,20. In Beijing, infection cases were pediatric cases presenting with mild clinical symptoms between 2011 and 201420. However, more of EV-D68 infections appeared in the adult group and elderly people, and were diagnosed with pneumonia and severe pnemonia since 201617. The similar results had been obtained with this study. 10 out of 14 EV-D68 patiens were diagnosed as pneumonia and severe pnemonia. This results indicated that people with underlyling disease were more likely to be seriously affected by EV-D68. EV-D68 could cause the respiratory infection in summer, autumn and winter that were described in previous studies17,22. In our study, EV-D68 were detected both in summer and autumn. 

However, the circulation of diverse EV-D68 subclades in Beijing were slightly different from that in world. All EV-D68 strains were showed in Fig.1, which demonstrated that various clades of this reemerging pathogen cocirculated in Beijing.

EV-D68 subclades B1 and D1 showed a state of sporadic from 2011 to 2013. Prominent genotype converted to a new subclade B3 in 201420. A new subclade defined as D3 emerged in Beijing in 2016, co-circulating with B317. Notably, the phylogenetic relationship showed that a major subclade B3 and a minor subclade D3 were detected in 2018, and only subcade D3 in 2019. However, they did not cluster with the strains that caused the 2016 epidemics in Beijing or the strains reported in 2014. These subtype B3 or subtype D3 strains were located in a separated evolutionary branches. Homology comparion for the EV-D68 VP1 sequence showed that subclade B3 strains in this study had higher identity to B3 strains in 2016 (97.1-98.7% in nucleotide) than in 2014(95.8-97.6%). Our research further elucidate the continuous molecular evolution of EV-D68 in Beijing, China.
Previous study suggested that interclade variations led to the identification of new calde. In 2014, a new EV-D68 subclade B were detected in Taiwan24 and Beijing25, and caused outbreaks in the United States, Sweden and the Netherlands in 2016, which was confirmed as the new subclade B39,10,12. In 2016, a new subclade D3 was discovered in Beijing17, and continued to be prevalent and detected in 2018-2019. Whether the new subclade D3 would cause outbreaks in the future should arouse our attention. The data underline the study of the genome and epidemic variation of EV-D68 in China is of great significance to the global study of EV-D68. The ongoing real-time monitoring for EV-D68 in respiratory infections are needed to track the EV-D68 spreading in the world and to help evaluate the sequence diversity in circulating EV-D68 strains.
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Table1. Clinical samples collected from RVSS for enterovirus and EV-D68 detection from January 2018 to December 2019 in Beijing,China

	Group
	No. of clinical specimens N=15645
	No. of enterovirus positive (%)

 n=467 (2.98)
	No. of EV-D68 positive (%) 

n=14 (0.09)

	Jan-Dec 2018
	
	
	

	<18 years old
	2334
	115(4.93)
	7(0.29)

	18 to 60 years old
	2772
	70(2.53)
	1(0.04)

	>60 years old
	2731
	35(1.28)
	1(0.04)

	Jan-Dec 2019
	
	
	

	<18 years old
	2503
	92(3.68)
	0

	18 to 60 years old
	2553
	84(3.29)
	2(0.08)

	>60 years old
	2749
	71(2.58)
	3(0.11)


	Table 2. Demographic and clinical characteristics of 12 EV-D68 positive patients

	Laboratory Code
	Age(years)
	Sex
	Data of symptom onset
	Sample class
	Diagnosis
	Clinical symptom
	Admission to hospital

	2018-R3948-1
	5
	Female
	August, 2018
	oropharyngeal swabs
	Pneumonia
	fever, cough
	No

	2018-R4001-1
	15
	Male
	August, 2018
	oropharyngeal swabs
	URTI
	fever, sore throat, rhinorrhea
	No

	2018-R4062-1
	4
	Female
	August, 2018
	oropharyngeal swabs
	URTI
	cough, fever, sputum production
	No

	2018-R4091-1
	4
	Female
	August, 2018
	oropharyngeal swabs
	URTI
	cough, fever, sputum production, rhinorrhea
	No

	2018-R4116-1
	1
	Male
	July, 2018
	oropharyngeal swabs
	Pneumonia
	cough, fever, sputum production
	Yes

	2018-12R0263-3
	82
	Female
	August, 2018
	ndotracheal aspirates
	Severe pneumonia
	tachypnea
	Yes

	2018-R4235-1
	4
	Female
	November, 2018
	oropharyngeal swabs
	Pneumonia
	cough, fever, sore throat, sputum production
	No

	2018-R4624-1
	7
	Male
	November, 2018
	oropharyngeal swabs
	Pneumonia
	cough, sore throat, sneezing
	No

	2018-12R0324-1
	31
	Female
	November, 2018
	oropharyngeal swabs
	URTI
	fever
	No

	2019-12R0230-2
	66
	Male
	August, 2019
	sputum
	Pneumonia
	fever
	Yes

	2019-R4772-1
	56
	Male
	October, 2019
	oropharyngeal swabs
	Pneumonia
	cough, fever, sputum production, myalgia
	Yes

	2019-00R0053-2
	57
	Male
	November, 2019
	sputum
	Pneumonia
	prostration
	Yes

	2019-00R0060-2
	86
	Male
	November, 2019
	sputum
	Pneumonia
	cough, sputum production, tachypnea
	Yes

	2019-R5477-2
	91
	Male
	November, 2019
	sputum
	Pneumonia
	cough, fever, sputum production
	Yes


	Table3. Nucleotide and amino acid sequence identity between subclade D3, subclade B3 

of EV-D68 strains in Beijing, based on VP1gene.

	EV-D68 clade
	years
	 Sequence identity rang(%)
	
	
	

	
	
	Nucleotide
	Amino acid
	
	
	

	B3
	2018 vs 2014
	95.8-97.6
	97.1-99.3
	
	
	

	
	2018 vs 2016
	97.1-98.7
	97.5-99.6
	
	
	

	
	Within 2018 strains
	98.0-99.5
	98.9-100
	
	
	

	D3
	2018-2019 vs 2016
	93.8-99.0
	98.2-99.6
	
	
	

	
	Within 2018-2019 strains
	96.9-98.5
	98.5-100
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Figure legend

Figure1. The phylogenetic tree of EV-D68 strains based on VP1 region from Beijing with other strains. The phylogenetic relationships were estimated by using the maximum-likelihood method with 1,000 bootstrap replicates using MEGA 6.0. Bootstrap values are indicated on each tree. 14 of EV-D68 strains from this study were indicated with a solid triangle. The VP1 sequences of other EV-D68 strains in Beijing were indicated with a Solid diamond. GenBank accession numbers, the countries, the years and the clades were shown for each EV-D68 strain.



