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The genomic sequences of three 2016 enterovirus D68 (EV-D68) strains were obtained from respiratory samples of patients from
Florida, Texas, and New York. These EV-D68 sequences share highest nucleotide identities with strains that circulated in North
America, Europe, and Asia in 2014 –2015.
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Enterovirus D68 (EV-D68) (genus Enterovirus, family Picorna-
viridae) can cause severe respiratory illness, with clinical man-

ifestations that include bronchiolitis, wheezing, and pneumonia,
especially in children (1). The large 2014 outbreak of EV-D68
respiratory disease in the United States was caused by two co-
circulating strains of EV-D68, with a predominant strain account-
ing for �91% of laboratory-confirmed cases (1, 2). A cluster of
severe neurological disease, clinically characterized as acute
flaccid myelitis (AFM), was temporally associated with the
2014 respiratory disease outbreak; however, no direct labora-
tory evidence conclusively linking EV-D68 with AFM was ob-
tained (3). CDC initiated surveillance for AFM during the 2014
outbreak to help further define the incidence, epidemiology,
and etiology of AFM. Twenty-one AFM cases were reported to
CDC in 2015; none of the 2015 AFM clinical specimens tested
were positive for EV-D68 (http://www.cdc.gov/acute-flaccid
-myelitis/afm-surveillance.html).

Suspected AFM cases were reported to CDC by public health
laboratories in Florida, Texas, and New York in the spring of
2016, with positive EV-D68 detections in nasopharyngeal swabs
(NP) from all three patients, using EV-D68-specific real-time re-
verse transcription-PCR (RT-PCR) (http://www.fda.gov/Medical
Devices/Safety/EmergencySituations/ucm161496.htm). Two pa-
tients were subsequently confirmed as having AFM (FL and TX)
and one patient with limb weakness did not meet the full case
definition. To obtain the complete genome sequences of EV-D68
in the NP samples, a next-generation sequencing (NGS) approach
was employed. RNA was extracted from the NP in viral transport
medium, using QIAmp Viral RNA extraction kits (Qiagen). Three
sets of overlapping consensus primers covering the 5= NTR-VP1,
VP1�2C, and 2C-3=NTR regions (TTAAAACAGCYTTGGGG
TTGT [1 to 21] and GCTGATTTATCACTGTGCGAGTT [2544
to 2522]; AACTTGGTGTGGTCCCTAGC [2446 to 2465] and CC
TTTCTTTTGGCAATAATCC [5134 to 5114]; and TCTCAAGAA
GTTAGGGATTATTGC [5100 to 5123] and GGCCCCCAAGT

GACCAAAAT [7333 to 7314] [coordinates per GenBank
KT285485]) were used to amplify the genome of EV-D68.
Three RT-PCRs were performed, using the One-Step RT-PCR
Kit (Qiagen) on each RNA sample with a “touch-down” pro-
tocol (4). For each sample the three amplicons were pooled,
purified, and subjected to Nextera XT (Illumina) library prep-
aration, followed by sequencing using the Illumina MiSeq plat-
form. A custom bioinformatics pipeline was used to assemble
the genomes (5, 6).

The 3 EV-D68 sequences, US/FL/2016-19504, US/TX/2016-
19506, and US/NY/2016-19505, varied from 7,311 to 7,333 nucle-
otides (nt) in length, but all contained the entire polyprotein of
6,567 nt. The three United States 2016 strains shared 98.6% to
99.7% nt identity (nt id) and 99.7% to 99.8% amino-acid identity
(aa id) in the polyprotein; they shared 98.0% to 99.4% nt id and
99.0% to 99.4% aa id in the VP1 capsid region.

Based on scant EV-D68 VP1 nucleotide sequence data in
GenBank, the 2016 United States strain is most closely re-
lated to EV-D68 strains from China in 2015 (KU982558 to
KU982559; 97.8% to 98.6% nt id, 98.4% to 99.4% aa id) and
strains identified in fall 2014 in Germany (KP657745; 98.1% to
98.3% nt id, 98.7% to 99.0% aa id) and in British Columbia,
Canada (KT873552 to KT873553; 97.8% to 98.1% nt id, 98.4%
to 99.6% aa id; incomplete VP1, missing 3= end). The 2016
EV-D68 strain shares 95.0% to 95.1% nt id and 96.8% to 97.4%
aa id with the predominant 2014 outbreak strain from the
United States (KM851227) (1). The three EV-D68 genomes
from this study constitute a single strain on an evolutionary
continuum from 2014, showing divergence typical of circulat-
ing enteroviruses over time.

Accession number(s). The sequences of US/FL/2016-19504,
US/TX/2016-19506, and US/NY/2016-19505 have been deposited
in GenBank under accession numbers KX675261 to KX675263,
respectively.

crossmark

Genome AnnouncementsNovember/December 2016 Volume 4 Issue 6 e01350-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01350-16&domain=pdf&date_stamp=2016-12-8
http://genomea.asm.org


ACKNOWLEDGMENTS

This work was funded by Federal appropriations to the Centers for Dis-
ease Control and Prevention, through the Advanced Molecular Detection
Initiative line item.

The findings and conclusions in this report are those of the author(s)
and do not necessarily represent the official position of the Centers for
Disease Control and Prevention.

REFERENCES
1. 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,
Obringer E, Patel A. 2015. Severe respiratory illness associated with a
nationwide outbreak of enterovirus D68 in the USA (2014): a descriptive
epidemiological investigation. Lancet Respir Med 3:879 – 887. http://
dx.doi.org/10.1016/S2213-2600(15)00335-5.

2. Brown BA, Nix WA, Sheth M, Frace M, Oberste MS. 2014. Seven strains
of enterovirus D68 detected in the United States during the 2014 severe

respiratory disease outbreak. Genome Announc 2(6):e01201-14. http://
dx.doi.org/10.1128/genomeA.01201-14.

3. Sejvar JJ, Lopez AS, Cortese MM, Leshem E, Pastula DM, Miller L,
Glaser C, Kambhampati A, Shioda K, Aliabadi N, Fischer M, Gregoricus
N, Lanciotti R, Nix WA, Sakthivel SK, Schmid DS, Seward JF, Tong S,
Oberste MS, Pallansch M, Feikin D. 2016. Acute flaccid myelitis in the
United States-August–December 2014: results of nation-wide surveillance.
Clin Infect Dis 63:737–745 http://dx.doi.org/10.1093/cid/ciw372.

4. Ng TF, Driscoll C, Carlos MP, Prioleau A, Schmieder R, Dwivedi B,
Wong J, Cha Y, Head S, Breitbart M, Delwart E. 2013. Distinct lineage of
vesiculovirus from big brown bats, United States. Emerg Infect Dis 19:
1978 –1980. http://dx.doi.org/10.3201/eid1912.121506.

5. Ng TF, Magaña L, Montmayeur A, Lopez MR, Gregoricus N, Oberste
MS, Vinjé J, Nix WA. 2016. Characterization of a Salivirus (Picornaviridae)
from a diarrheal child in Guatemala. Genome Announc 4(1):e01751-15.
http://dx.doi.org/10.1128/genomeA.01751-15.

6. Hull JJ, Marthaler D, Rossow S, Ng TF, Montmayeur AM, Magana L,
Moon S-S, Jiang B. 2016. Genomic sequence of the first porcine rotavirus
group H strain in the United States. Genome Announc 4(2):e01763-15.
http://dx.doi.org/10.1128/genomeA.01763-15.

Ng et al.

Genome Announcements2 genomea.asm.org November/December 2016 Volume 4 Issue 6 e01350-16

http://genomea.asm.org

	Detection and Genomic Characterization of Enterovirus D68 in Respiratory Samples Isolated in the United States in 2016
	Accession number(s). 
	ACKNOWLEDGMENTS

	REFERENCES

