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Complete genome sequences of nine enterovirus D68 (EV-D68) strains from patients in New York were obtained in 2016 by met-
agenomic next-generation sequencing. Comparative genomic analysis suggests that a new subclade B3, with ~4.5% nucleotide
divergence from subclade B1 strains causing the 2014 outbreak, is circulating in the United States in 2016.
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Enteroviruses in the family Picornaviridae are small, nonenvel-
oped viruses with a single-stranded, positive-sense RNA ge-

nome of approximately 7.5 kb. The genus Enterovirus contains
seven species, including enterovirus A to D and rhinovirus A to C
that commonly cause human disease. Enterovirus D68 (EV-D68)
was first recovered from patients with respiratory illness in Cali-
fornia in 1962 (1) and was infrequently reported until its recent
emergence worldwide (2). In August 2014, a nationwide outbreak
of EV-D68-associated severe respiratory illness with at least 1,153
confirmed cases was reported from 49 U.S. states (3, 4). There
were no confirmed cases in 2015 and only limited sporadic cases in
2016 in the United States (4).

Westchester Medical Center is a tertiary healthcare facility with
a children’s hospital mainly serving patients in the lower Hudson
Valley, New York. During the 2014 U.S. outbreak, we identified 95
children with EV-D68 infection from September and October
2014 using an EV-D68-specific real-time reverse transcription-
PCR (rRT-PCR) (5) and a shotgun next-generation sequencing
assay (6). In contrast, none of the 186 nasopharyngeal (NP) swab
specimens from our patients from September and October 2015
were positive for EV-D68.

From 1 June to 30 September 2016, 358 of 1,219 (29.4%) NP
specimens were positive for rhinovirus/enterovirus (RhV/EV) by
the FilmArray Respiratory Panel (BioFire, Salt Lake City, UT,
USA). EV-D68 was detected by rRT-PCR in 125 of 346 (36.1%)
RhV/EV-positive NP specimens from 114 children and 11 adults,
ages ranging from 4 weeks to 90 years (median � 3 years). For the
104 pediatric patients with clinical data available, 31 (29.8%) pa-
tients required pediatric intensive care in 2016.

Complete genome sequences of EV-D68 strains from 9 of our
patients in 2016 were obtained by shotgun metagenomic next-
generation sequencing using the MiSeq system (Illumina, San Di-
ego, CA, USA) as described previously (7), with the exception that
paired-end sequencing (2 � 150 bp) was performed. Raw read

sequences were aligned and curated using a reference genome
(strain NY120, accession no. KP745751) from a 2014 patient.

Comparative genome analysis of 325 EV-D68 strains available
from GenBank, including nine from this study and three from
patients with acute flaccid myelitis (AFM) as reported by the CDC
(accession nos. KX675261 to KX675263), suggest that a novel sub-
clade B3 of EV-D68 (8) is circulating in the United States in 2016,
with ~4.5% nucleotide divergence from subclade B1 strains caus-
ing the 2014 outbreak.

It is unclear to date if our observation indicates local or nation-
wide activity of EV-D68 in 2016. With an increasing number of
AFM cases reported, clinicians and public health agencies should
be aware of the active circulation of EV-D68 and its clinical impli-
cations.

Accession number(s). The complete genome sequences of
nine EV-D68 strains from the present study have been depos-
ited in GenBank under the accession numbers KX957754 to
KX957762.

ACKNOWLEDGMENTS

We thank Helen Engel, Millie Della-Posta, and Dawn Ip for saving clinical
speicmens and for technical assistance. This study was supported in part
by funds from the Department of Pathology, New York Medical College.

FUNDING INFORMATION
This work, including the efforts of Guiqing Wang, was funded by
New York Medical College.

REFERENCES
1. Schieble JH, Fox VL, Lennette EH. 1967. A probable new human picor-

navirus associated with respiratory diseases. Am J Epidemiol 85:297–310.
2. Holm-Hansen CC, Midgley SE, Fischer TK. 2016. Global emergence of

enterovirus D68: a systematic review. Lancet Infect Dis 16:e64 – e75 http://
dx.doi.org/10.1016/s1473-3099(15)00543-5.

3. Midgley CM, Watson JT, Nix WA, Curns AT, Rogers SL, Brown BA,
Conover C, Dominguez SR, Feikin DR, Gray S, Hassan F, Hoferka S,
Jackson MA, Johnson D, Leshem E, Miller L, Nichols JB, Nyquist AC,

crossmark

Genome AnnouncementsNovember/December 2016 Volume 4 Issue 6 e01394-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01394-16&domain=pdf&date_stamp=2016-12-15
http://genomea.asm.org


Obringer E, Patel A, Patel M, Rha B, Schneider E, Schuster JE, Selvaran-
gan R, Seward JF, Turabelidze G, Oberste MS, Pallansch MA, Gerber SI.
2015. Severe respiratory illness associated with a nationwide outbreak of
enterovirus D68 in the USA (2014): a descriptive epidemiological investi-
gation. Lancet Respir Med 3:879 – 887. http://dx.doi.org/10.1016/S2213
-2600(15)00335-5.

4. CDC. 2016. Non-polio enterovirus: enterovirus D68. Accessed 5 October
2016. http://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html.

5. Zhuge J, Vail E, Bush JL, Singelakis L, Huang W, Nolan SM, Haas JP,
Engel H, Della Posta M, Yoon EC, Fallon JT, Wang G. 2015. Evaluation
of a real-time reverse transcription-PCR assay for detection of enterovirus
D68 in clinical samples from an outbreak in New York State in 2014. J Clin
Microbiol 53:1915–1920. http://dx.doi.org/10.1128/JCM.00358-15.

6. Huang W, Wang G, Lin H, Zhuge J, Nolan SM, Vail E, Dimitrova N,
Fallon JT. 2016. Assessing next-generation sequencing and 4 bioinformat-
ics tools for detection of enterovirus D68 and other respiratory viruses in
clinical samples. Diagn Microbiol Infect Dis 85:26 –29. http://dx.doi.org/
10.1016/j.diagmicrobio.2016.01.013.

7. Huang W, Wang G, Zhuge J, Nolan SM, Dimitrova N, Fallon JT. 2015.
Whole-genome sequence analysis reveals the enterovirus D68 isolates dur-
ing the United States 2014 outbreak mainly belong to a novel clade. Sci Rep
5:15223. http://dx.doi.org/10.1038/srep15223.

8. Gong YN, Yang SL, Shih SR, Huang YC, Chang PY, Huang CG, Kao KC,
Hu HC, Liu YC, Tsao KC. 2016. Molecular evolution and the global
reemergence of enterovirus D68 by genome-wide analysis. Medicine (Bal-
timore) 95:e4416. http://dx.doi.org/10.1097/MD.0000000000004416.

Huang et al.

Genome Announcements2 genomea.asm.org November/December 2016 Volume 4 Issue 6 e01394-16

http://genomea.asm.org

	Complete Genome Sequences of Nine Enterovirus D68 Strains from Patients of the Lower Hudson Valley, New York, 2016
	Accession number(s). 
	ACKNOWLEDGMENTS

	REFERENCES

