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To the Editor: During the current (2014) enterovirus/
rhinovirus season in the United States, enterovirus D68
(EV-D68) is circulating at an unprecedented level. As of
October 6, 2014, the Centers for Disease Control and Pre-
vention (CDC) had confirmed 594 cases of EV-D68 in-
fection in 43 states and the District of Columbia (http://
www.cdc.gov/non-polio-enterovirus/outbreaks/EV-D68-
outbreaks.html); the actual number of cases was undoubt-
edly much higher. In mid-August, hospitals in Missouri and
Illinois noticed an increased number of patients with severe
respiratory illness (/). We observed this pattern at St. Louis
Children’s Hospital in St. Louis, Missouri.

Resources for studying this virus are limited. Before
the current season, only 7 whole-genome sequences and
5 additional complete coding sequences of the virus were
available. Therefore, determining whether there are ge-
nomic elements associated with rapid spread or severe and
unusual disease was not possible.

To address these limitations, we determined the com-
plete coding sequence of 1 strain from St. Louis by using
high-throughput sequencing of nucleic acid from a clini-
cal sample. To evaluate the sequence diversity in EV-D68
strains circulating in the St. Louis metropolitan area, we
also generated partial-genome sequences from 8 more EV-
D68—positive clinical samples from St. Louis. During the
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preparation of this article, CDC generated and submitted to
GenBank 7 complete or nearly complete genome sequences
from viruses obtained from the Midwest. We documented
the diversity of the sequences of strains from St. Louis and
compared them to publicly available sequences.

The methods are described in brief here and in more
detail in the online Technical Appendix (http://wwwnc.
cdc.gov/ElD/article/21/1/14-1605-Techappl.pdf).  This
study was conducted under a protocol approved by the Hu-
man Research Protection Office of Washington University
in St. Louis.

Patients were categorized retrospectively as having
mild, moderate, or severe disease if they had been dis-
charged home from the emergency unit, admitted to general
wards, or admitted to the pediatric intensive care unit, re-
spectively. Residual material from a subset of nasopharyn-
geal specimens positive for rhinovirus/enterovirus (tested
by the BioFire FilmArray Respiratory Panel [BioFire Diag-
nostics, Salt Lake City, UT, USA] at the Clinical Virology
Laboratory, St. Louis Children’s Hospital) was selected for
high-throughput sequencing. Total nucleic acid was extract-
ed from clinical samples by using NucliSENS easyMAG
(bioMérieux, Marcy I’Etoile, France) and used to make
dual-indexed sequencing libraries. Enterovirus/rhinovirus
sequences were enriched by using a NimbleGen custom
sequence capture reagent (Roche/NimbleGen, Madison,
WI, USA), which as of February 2014 was selective for all
complete enterovirus and rhinovirus genomes in GenBank.
Sequence data were generated on an Illumina HiSeq 2500
(Illumina Inc., San Diego, CA, USA). Sequences were as-
sembled with IDBA-UD (2) and manually improved. The
most contiguous genome was annotated by using VIGOR
(3). Publicly available sequences were downloaded and
compared by using the National Institute of Allergy and
Infectious Diseases Virus Pathogen Resource (http:/www.
viprbre.org) (4). Variants were identified by using VarScan
(5). The sequence was deposited in GenBank under acces-
sion no. KM881710, BioProject PRINA263037.

For 14 of the 17 samples, high-throughput sequencing
data were interpretable (online Technical Appendix Table);
for the other 3 samples, the number of virus sequence reads
was too low to distinguish them from sample cross-talk,
which occurs during high-throughput sequencing analysis
(6). Of the 14 typed samples, EV-D68 sequences were de-
tected in 7 of 10 samples from patients with severe disease,
2 of 2 with moderate disease, and 0 of 2 with mild disease.
The complete coding sequence was assembled from sample
EV-D68 STL 2014 12. The most closely related genomes
from previous seasons were Thailand, CU134, and CU171
(7) (Figure, panel A). Several of the genome sequences ob-
tained from Missouri strains from this season, which had
been sequenced by CDC, were very similar to this genome
sequence. Comparison of the virus protein 1 sequence with
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Figure. Phylogenetic comparison of
enterovirus D68 (EV-D68) obtained from

St. Louis, Missouri, USA, in 2014, with

other sequenced strains. The phylogenetic
relationships of genome sequences
(nucleotides) were estimated by using the
maximum-likelihood method with RAXML
(http://www.viprbrc.org) bootstrapped 100
times. A) Comparison of genome sequences
for full-length and nearly full-length

strains. B) Comparison of virus protein 1
sequences. Sequences were downloaded
from VIiPR (http://www.viprbrc.org) and
supplemented with strains from the 2014
EV-D68 season. Sequences were clustered
at 99% identity to obtain a representative set
of sequences, which are shown. Bootstrap
values are indicated on each tree. The strain
from St. Louis is indicated by an asterisk on
each tree. Scale bars indicate nucleotide
substitutions per site.
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that of publicly available sequences indicated that the strain
from St. Louis and the strain from Missouri (CDC) cluster
with virus strains identified in Europe and Asia within the
past several years (Figure 1, panel B). The St. Louis virus
shared 97%-99% aa sequence identity with all other se-
quenced strains. We observed little variation in the strains
from St. Louis because they shared 98%-99% nt sequence
identity (online Technical Appendix Figure).

We provide a genome sequence from the 2014 out-
break of EV-D68 infection in St. Louis, Missouri. This
sequence seems to be highly representative of the strains
circulating in St. Louis during this time because the other
genomes we partially sequenced are very similar. To our
knowledge, no amino acids have been associated with vir-
ulence or increased infectivity of EV-D68; therefore, we
cannot associate the changes we observed in these genomes
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to phenotypic traits. Because changes in the 5" untranslated
region have the potential to affect the rate of replication
(8—10), it is possible that minor genome changes are re-
sponsible for the rapid spread and high severity of disease
in 2014. Correlation between clinical features of patients in
conjunction with additional genomic analysis might pro-
vide further insight into the pathogenetic determinants of
this strain. Therefore the genome sequence of EV-D68 de-
termined from the 2014 outbreak in St. Louis, Missouri,
provides a resource for tracking and genomic comparison
of this rapidly spreading virus.

Acknowledgments
We thank Stephanie Bledsoe for her assistance with obtaining

samples from the virology laboratory at St. Louis Children’s
Hospital and Maria Cannella and Sheila Mason for their assis-
tance with PCR assays. We thank The Genome Institute staff
for their assistance with sequencing and data submission, par-
ticularly Lucinda Fulton, Debbie Moeller, Joanne Nelson, Sean
McGrath, and Amy Ly.

This work was funded by the Alan A. and Edith L. Wolff
Distinguished Professorship (to R.K.W.) and RO1AI097213
(to G.A.S.).

References

1. Midgley CM, Jackson MA, Selvarangan R, Turabelidze G,
Obringer E, Johnson D, et al. Severe respiratory illness associated
with enterovirus D68—Missouri and Illinois, 2014. MMWR Morb
Mortal Wkly Rep. 2014;63:798-9.

2. PengY, Leung, HCM, Yiu SM, Chin YL. IDBA-UD: a de novo
assembler for single-cell and metagenomic sequencing data with
highly uneven depth. Bioinformatics. 2012;28:1420-8.

3. Wang S, Sundaram JP, Stockwell TB. VIGOR, an annotation
program for small viral genomes. Bioinformatics. 2010;11:451.

4. Pickett BE, Sadat EL, Zhang Y, Noronha JM, Squires RB, Hunt V,
et al. ViPR: an open bioinformatics database and analysis resource
for virology research. Nucleic Acids Res. 2012;40:D593-8.

5. Koboldt DC, Zhang Q, Larson DE, Shen D, McLellan MD,

Lin L, et al. VarScan 2: somatic mutation and copy number altera-
tion discovery in cancer by exome sequencing. Genome Res..
2012;22:568-76. http://dx.doi.org/10.1101/gr.129684.111

6. Kircher M, Sawyer S, Meyer M. Double indexing overcomes inac-
curacies in multiplex sequencing on the Illumina platform. Nucleic
Acids Res. 2012:40:¢3.

7. Prachayangprecha S, Schapendonk CM, Koopmans MP,
Osterhaus AD, Schiirch AC, Pas SD, et al. Exploring the potential
of next-generation sequencing in detection of respiratory viruses.

J Clin Microbiol. 2014;52:3722-30.

8. Yeh MT, Wang SW, Yu CK, Lin KH, Lei HY, Su IJ, et al. A single
nucleotide in stem loop II of 5'-untranslated region contributes to
virulence of enterovirus 71 in mice. PLoS ONE. 2011;6:€27082.

9. Chang SC, Li WC, Chen GW, Tsao KC, Huang CG, Huang YC,
et al. Genetic characterization of enterovirus 71 isolated from
patients with severe disease by comparative analysis of complete
genomes. J Med Virol. 2012;84:931-9.

10. M’hadheb-Gharbi MB, Kean KM, Gharbi J. Molecular analysis
of the role of IRES stem-loop V in replicative capacities and trans-
lation efficiencies of coxsackievirus B3 mutants. Mol Biol Rep.
2009;36:255-62.

186

Address for correspondence: Kristine M. Wylie, Department of
Pediatrics and The Genome Institute, Washington University School of
Medicine, Campus Box 8208, 660 S. Euclid Ave, St. Louis, MO 63110,
USA; email: wylie_k@kids.wustl.edu

Prisoners Treated for
Hepatitis C with
Protease Inhibitor,
New York, USA, 2012

Harish Moorjani, Carl Koenigsmann,
Min Jung Kim, and Anne C. Spaulding

Author affiliations: New York Medical College, Valhalla, New York,
USA (H. Moorjani); New York State Department of Corrections
and Community Supervision, Albany, New York, USA

(C. Koenigsmann); and Emory University, Atlanta, Georgia, USA
(M.J. Kim, A.C. Spaulding)

DOI: http://dx.doi.org/10.3201/eid2101.141025

To the Editor: Globally, epidemics of infection with
hepatitis C virus (HCV) tend to be concentrated in correc-
tional facilities, according to a review of worldwide litera-
ture during 1990-2012 (/,2). Nearly 1 in 3 persons infected
with HCV in the United States spends at least part of each
year in either a prison or jail (3). Proficiency by correc-
tional health facilities in hepatitis C treatment by using the
most effective agents may mitigate the predicted burden
of end-stage liver disease and hepatocellular cancer in the
coming years. The first wave of direct-acting agents against
HCV had substantial side effects. Nonetheless, the New
York Department of Corrections and Community Supervi-
sion (NYDOCCS) systematically approached the challenge
of using these agents, and their experience serves as a les-
son that prison medical services can overcome substantial
barriers to care.

In 2011, NYDOCCS piloted a hepatitis C treatment
program for HCV genotypes 1a and 1b, comprised of tel-
aprevir, pegylated interferon, and ribavirin. Patients un-
derwent extensive mandatory pretreatment screening for
mental health issues, pregnancy, and cirrhosis by using
the FibroSURE assay (LabCorp, Burlington, NC, USA)
and Doppler sonogram of the portal vein. Eligibility re-
quirements were a negative HIV test result, and liver fi-
brosis assessed either by liver biopsy or noninvasively,
at METAVIR stage 2 or 3, or 4 (reference range 0—4) (4)
with compensation. A patient in stage 1 was eligible if the
patient had poor prognostic factors. An infectious disease
consultant saw every patient; each patient received man-
datory patient education. Mandatory conditions for pa-
tients participating in the program were to sign a consent
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