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Enterovirus D68 (EV-D68) causes respiratory tract infections
and neurologic manifestations. We compared the clinical
manifestations from 2 EV-D68 outbreaks in 2014 and 2018
and a low-activity period in 2016 among hospitalized chil-
dren in central Ohio, USA, and used PCR and sequencing
to enable phylogenetic comparisons. During both outbreak
periods, infected children had respiratory manifestations
that led to an increase in hospital admissions for asthma.
The 2018 EV-D68 outbreak appeared to be milder in terms
of respiratory illness, as shown by lower rates of pediatric
intensive care unit admission. However, the frequency of
severe neurologic manifestations was higher in 2018 than
in 2014. During the same period in 2016, we noted neither
an increase in EV-D68 nor a significant increase in asthma-
related admissions. Phylogenetic analyses showed that
EV-D68 isolates from 2018 clustered differently within clade
B than did isolates from 2014 and are perhaps associated
with a different EV-D68 subclade.

nterovirus D68 (EV-D68) was originally identified in

1962 in children with severe respiratory tract infec-
tions in California, USA (/). The virus shares biological
features with enteroviruses and rhinoviruses and was re-
ported sporadically after these initial reports (2). However,
EV-D68 gained epidemiologic and clinical relevance in
2014 after it was identified as an important pathogen asso-
ciated with severe lower respiratory tract infections and, in
some cases, with central nervous system disease (i.c., acute
flaccid myelitis [AFM]) (3-5).

Nationwide Children’s Hospital (NCH) in Colum-
bus, Ohio, USA, experienced a first outbreak of EV-D68
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in 2014 that was associated with respiratory distress and
disproportionately affected children with asthma; no case
of AFM was identified (3). Although EV-D68 reportedly
has a biennial seasonality, NCH did not have an EV-D68
outbreak in 2016. EV-D68 emerged again in 2018 and
caused respiratory infections and, in some cases, neuro-
logic manifestations.

The objective of this study was to compare differences
in clinical characteristics and disease severity among chil-
dren hospitalized with EV-D68 infection at NCH in 2018
with those identified during the 2014 outbreak and during
a low-activity period (2016). We also sought to define the
overlap between EV-D68 circulation and hospitalizations
for asthma and compare the sequence variation of EV-D68
strains identified during the 2018 outbreak with strains
identified in previous years.

Materials and Methods

Sample Collection and Testing Algorithms

We identified children hospitalized at NCH who had EV-
D68 infection during the 2018 outbreak and during a non-
outbreak period (2016) and compared their clinical mani-
festations and characteristics with those identified during
the 2014 outbreak as previously described (3). In brief, dur-
ing June 1-October 19, 2018, we collected nasopharyngeal
samples using flock swabs that went into viral transport
media. All samples were obtained in accordance with stan-
dard of care for patients <21 years of age who tested posi-
tive for rhinovirus/enterovirus (RV/EV) on the FilmArray
Respiratory Panel version 1.7 (6) and were stored at —80°C
for further testing. We retrospectively identified samples
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2055



RESEARCH

from 2016, collected during the same period, and retrieved
them from —80°C storage for testing. After excluding du-
plicates, we selected samples on the basis of availability,
amount of remnant, and integrity for EV-D68 testing us-
ing a laboratory-developed real-time reverse transcription
PCR (rRT-PCR) targeting the 5’ nontranslated region of the
human enterovirus genome as described (3). Because we
conducted EV-D68 testing after patient encounters, results
were not available to the treating physician.

The sampling selection criteria differed between the 2
outbreak periods (Figure 1). During 2014, we screened a
smaller set of samples for EV-D68 and focused on hospi-
talized patients. In 2018, we screened samples from both
outpatients and inpatients. However, for both periods the
clinical analyses focused on hospitalized patients only.

We reviewed electronic healthcare records from pa-
tients positive for EV-D68 for data collection. Patients in
whom EV-D68 was identified but for whom clinical data
were not available, those evaluated in the outpatient set-
ting, those >21 years of age, and patients who acquired
RV/EV infection during hospitalization were exclud-
ed from analyses. We compared differences in clinical

May-Nov 2014
samples tested, n = 3,540 )

N
RV/EV-positive, n = 1,448
(41%)

l

characteristics and disease severity parameters among pa-
tients from the 2018 EV-D68 outbreak, those identified in
2016, and patients during the 2014 outbreak. The clinical
characteristics of patients during the 2014 outbreak were
previously reported (3). The Institutional Review Board of
NCH approved the study.

Admissions for Asthma

We retrieved data related to admissions for asthma during
the same time periods in 2014, 2016, and 2018 from the
electronic data warehouse. We included patients <21 years
of age who were hospitalized with an asthma diagnosis in
any NCH inpatient unit. We used the following codes from
the International Classification Diseases, Ninth (ICD-9) or
Tenth (ICD-10) Revision, for asthma: ICD-9, 493.*; ICD-
10, J45.20-J45.998.

EV-D68 rRT-PCR Testing and Sequencing

For EV-D68 detection and quantitation, we used a labora-
tory-developed rRT-PCR as described previously (3). We
selected a subset of EV-D68—positive samples for partial
viral protein (VP) 1 gene sequencing of an 805-bp PCR
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Figure 1. Sample and patient selection for investigation of EV-D68 outbreaks, Columbus, Ohio, USA. Viral testing was conducted at
Nationwide Children’s Hospital Department of Pathology. During May—November 2014, a total of 3,540 samples underwent viral testing,
of which 41% tested positive for RV/EV by a single or multiplex PCR. Four hundred fifty-nine samples were selected randomly on the
basis of availability, integrity, and amount of specimen, of which 44% were positive for EV-D68. During May—October 2018, a total of
3,633 samples were tested for RV/EV by FilmArray Respiratory Panel v1.7 (6); 1,987 (55%) were positive. Of the 1,025 convenience
samples, 401 (39%) were positive for EV-D68. After samples for which clinical data were not available, for which patient age was >21
years, or for which EV-D68 was acquired nosocomially were excluded, 192 case-patients from the 2014 outbreak and 278 from the 2018
outbreak were included in the analyses. EV-D68, enterovirus D68; RV/EV, rhinovirus/enterovirus.
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product, as described (7). We performed cycle sequenc-
ing with BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, https://www.thermofisher.com) on
the automated sequencer 3130xl Genetic Analyzer (Ap-
plied Biosystems) bidirectionally. We generated multiple
sequence alignments and phylogenetic trees and compared
the amino acid sequences (including BE, DC, and GH
loops) of partial VP1 as described (3,8,9).

Statistical Analysis

We conducted descriptive analyses using frequency distri-
butions or rates and used medians and interquartile ranges
to summarize the demographic data and patients’ baseline
characteristics. We analyzed associations between categor-
ical variables using the Fisher exact or ¢ test and assessed
normality for continuous variables using the Shapiro-Wilk
test and 2-tailed Student ¢ tests, Mann-Whitney test, 1-way
ANOVA (analysis of variance), or Kruskal-Wallis tests
where used as appropriate. Two-tailed p values <0.05 were
considered significant. We performed statistical analyses
using GraphPad Prism 8 (https://www.graphpad.com).

Results

Sample Selection and Clinical Characteristics of
EV-D68—-Infected Patients during the 2018 Outbreak
During the 2018 outbreak, of 3,633 samples tested by the
FilmArray panel 1,987 (55%) were positive for RV/EV.
We further evaluated 1,028 samples, of which 401 (39%)
tested positive for EV-D68. This number compares with
213 (46%) EV-D68—positive samples of 459 in the 2014
outbreak (Figure 1).

Of the 401 patient samples that tested positive for
EV-D68 in 2018, we excluded 124 (122 because patients
were evaluated in the outpatient setting or clinical data

EV-D68 Outbreaks among Hospitalized Children, Ohio

were not available and 2 from children with nosocomial
EV-D68 infection), leaving a total of 277 patients hospi-
talized with EV-D68 infection. Of those, 67 (24%) chil-
dren were previously healthy, 146 (53%) had preexist-
ing asthma or a history of wheezing, and 64 (23%) had
another underlying chronic medical condition (Table 1).
Children with a history of asthma or wheezing were older
(median age 4.1 years) than children who had complex
medical conditions (median 2.5 years) or were previously
healthy (median 1.4 years; p<0.01); findings did not differ
by sex or race. Most children had respiratory symptoms
(94%—-100%) with or without fever, followed by gastroin-
testinal manifestations (27%-32%). Eight (2.9%) children
had neurologic manifestations, 2 AFM, and 1 opsoclonus/
myoclonus syndrome (OMS).

Overall, children with asthma required pediatric in-
tensive care unit (PICU) admission more frequently (63%)
than did previously healthy children (37%) or children with
chronic medical conditions (29%; p<0.0001); however, du-
ration of hospitalization was longer for children with un-
derlying conditions. The EV-D68 semiquantitative viral
load (cycle threshold) ranged from an average of 25.1 to
26.1 and did not differ significantly between groups.

Clinical Manifestations during the 2014 and 2018
EV-D68 Outbreaks and the 2016 Low-Activity Period
We compared the demographic and clinical character-
istics of children from the 2014 and 2018 EV-D68 out-
breaks (Table 2). Overall, children with EV-D68 infec-
tion identified in 2018 were significantly younger and
more often of white race; we found no differences in sex
or presence of asthma or other chronic medical condi-
tions. During the 2018 outbreak, children with EV-D68
infection more commonly had gastrointestinal symptoms
than during the 2014 outbreak (28% in 2018 vs. 12% in

Table 1. Demographic and clinical characteristics of children with EV-D68 infection, Nationwide Children’s Hospital, Columbus, Ohio,

USA, 2018*
Characteristics Previously healthy, n = 67 Chronic medical condition, n = 64 Asthma, n = 146 p value
Median age, y (IQR) 1.4 (0.94.0) 2.5(1.1-6.9) 4.1(2.1-7.5) <0.0001
Sex, no. (%)
M 31 (46.3) 36 (56.2) 84 (57.5) 0.29
F 36 (53.7) 28 (43.8) 62 (42.5)
Race, no. (%)
White 42 (62.7) 43 (67.2) 84 (57.5) 0.12
Black 14 (20.9) 13 (20.3) 50 (33.5)
Other 11 (16.4) 8 (12.5) 13 (8.9)
PICU admission, no. (%) 25 (37.3) 19 (29.7) 92 (63) <0.0001
Median hospitalization, d (IQR) 1.8 (1-3) 3.2 (1.5-8) 2.5 (1.7-3.5) 0.003
Signs/symptoms, no. (%)
Respiratory 64 (95.5) 60 (93.8) 146 (100) 0.01
Fever 39 (58.2) 36 (56.3) 67 (45.8) 0.16
Neurologic 4 (5.9) 3(4.7) 1(0.7) 0.06
Gastrointestinal 18 (26.8) 20 (31.3) 40 (27.4) 0.81
Rash 3(4.5) 0 1(0.7) 0.05
Median EV-D68 C; (IQR) 26.1 (22.2-30.3) 25.5 (22.2-28.8) 25.1 (22-38.5) 0.67
*Bold indicates significance. Ct, cycle threshold; EV-D68, enterovirus D68; IQR, interquartile range; PICU, pediatric intensive care unit.
Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 25, No. 11, November 2019 2057
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Table 2. Demographic and clinical characteristics of children with EV-D68 infection, Nationwide Children’s Hospital, Columbus, Ohio,

USA, 2014 and 2018 outbreaks*

Characteristic 2014, n =192 2018, n = 277 p value
Demographics
Median age, y (IQR) 5(2-7.7) 3.1(1.2-6.8) 0.0008
Sex, no. (%)
112 (58.3) 153 (55.2) 0.50
F 80 41.7) 124 (44.6)
Race, no. (%)
White 79 (41.1) 169 (61.0)
Black 75 (39.1) 76 (27.4)
Other 38 (19.8) 32 (11.5) <0.0001
lliness, no. (%)
Previously healthy 48 (25) 67 (24.2) 0.09
Chronic conditiont 60 (31.2) 64 (23.1)
Asthma 84 (43.8) 146 (52.7)
Clinical presentation and disease severity, no. (%)
Respiratory 192 (100) 271 (97.8) 0.08
Fever 106 (55.2) 142 (51.3) 0.45
Neurologic 4(2.1) 8(2.9) 0.57
AFM/OMS 0 3(1.1) 0.27
Other: seizures 4(2.1) 5(1.8) >0.99
Gastrointestinal 24 (12.5) 79 (28.5) <0.0001
Rash 10 (5.2) 4(1.4) 0.02
PICU admission, no. (%) 131 (68.2) 136 (49.1) <0.0001
Hospitalization, d (IQR) 2.8(1.94.2) 2.5(1.6-3.8) 0.01

*Bold indicates significance. AFM/OMS, acute flaccid myelitis/opsoclonus/myoclonus syndrome; EV-D68, enterovirus D68; IQR, interquartile range; PICU,

pediatric intensive care unit.

tComprises genetic syndromes, congenital heart disease, history of prematurity, neurologic disorders, neuromuscular disorders.

2014; p<0.001); symptoms included emesis, abdominal
pain, and diarrhea. On the other hand, children with EV-
D68 infection identified during the 2014 outbreak had re-
spiratory symptoms and skin rashes more frequently than
did children during the 2018 outbreak. The proportion
of children who required PICU admission was lower in
2018 (49%) than in 2014 (68%; p<0.0001), and duration
of hospitalization was shorter in 2018 (2.5 days) than in
2014 (2.8 days; p=10.01).

Severe neurologic manifestations occurred more often
during the 2018 outbreak. In the 2014 cohort, 4 (2%) pa-
tients had febrile seizures, but no other neurologic findings
were documented, and no case of AFM was identified. In
2018, however, 8 (2.9%) patients had neurologic manifes-
tations; 2 had AFM and 1 OMS. Two of these 3 children
were previously healthy; 1 had underlying asthma. Four
additional children sought treatment for complex febrile
seizures (3 of these patients had a history of epilepsy), and
1 infant had viral meningitis. In this infant, parechovirus
was identified by rRT-PCR in cerebrospinal fluid (Appen-
dix Table 1, https://wwwnc.cde.gov/ElD/article/25/11/19-
0973-App1.pdf).

During 2016, of 3,098 samples tested by the FilmArray
panel, 1,293 (42%) were positive for RV/EV. Of those, 211
were further tested for EV-D68, and 14 (7%) yielded posi-
tive results. Nine of the 14 patients identified with EV-D68
infection were hospitalized; all had respiratory symptoms,
and none had neurologic manifestations. Equal proportions
of children had asthma or chronic medical conditions or
were previously healthy (3 [33%] each).

2058

EV-D68 Seasonality and Asthma

We also compared the proportion of samples in which we
detected EV-D68 during June—October 2014, 2016, and
2018 and analyzed the seasonality of EV-D68 in relation
to admissions for asthma (Figure 2). The proportion of RV/
EV detected from all nasopharyngeal samples analyzed ac-
cording to the standard of care was 41% in 2014 and 2016
and 55% in 2018; overall EV-D68 detection was 44% in
2014, 7% in 2016, and 39% in 2018. The proportion of EV-
D68 detected among RV/EV-positive samples (Figure 2,
panel A) and the number of admissions for asthma (Figure
2, panel B) were calculated weekly during the 3 periods.
The duration of the 2014 outbreak was shorter (mid-July
through early October, 13 weeks), and peaked the last week
of August, coinciding with a disproportionate number of
admissions for asthma. In 2018, the first cases of EV-D68
were identified earlier (mid-June) and ended the first week
of October (total of 16 weeks), peaking the last week of
July/first week of August. In parallel, the number of ad-
missions for asthma increased during July and August but
peaked during the last week of August, which was delayed
in relation to EV-D68 circulation. Admissions for asthma
during the same time period in 2016 were substantially
lower, as was EV-D68 detection.

Molecular Characteristics of EV-D68 2018 Strains

We sequenced 130 EV-D68—positive samples from 2018
and aligned them to both NCH strains from prior years and
to EV-D68 sequences available at the National Center for
Biotechnology Information website. The NCH 2018 strains

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 25, No. 11, November 2019
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Figure 2. Percentage of EV-D68 (A) and number of admissions for asthma per 1,000 hospital admissions (B) among rhinovirus/
enterovirus-positive (RV/EV) samples, Nationwide Children’s Hospital, Columbus, Ohio, USA, June—October 2014, 2016, and 2018.

EV-D68, enterovirus D68.

were >98.5% identical to each other and demonstrated
>85% sequence identity to the VP1 regions of the proto-
type Fermon strain (GenBank accession no. NC _038308).
These 2018 strains were also 92%-94% identical to the
2014 and 2011 NCH strains previously reported (3). The
most closely related sequences to the NCH 2018 strains
were those isolated in 2016 and 2015 from different geo-
graphic regions (/0,11).

We used 17 NCH strains (10 from 2018, 5 from 2014,
and 2 from 2011) for further genetic characterization. Phy-
logenetic analyses followed by bootstrap analyses indicat-
ed that all NCH strains identified during the 2018 outbreak
clustered into a new sublineage within major clade B, dif-
ferently from the 2011 and 2014 NCH strains (Figure 3).
Amino acid sequence alignment for the BC, DE, and GH
loops (Figure 4) showed that the NCH 2018 strains dis-
played a unique amino acid signature, and all contained the
amino acid residue (218T) that characterizes the EV-D68
clade B3 (10).

Discussion

The recent emergence of EV-D68 as a cause of severe re-
spiratory disease, coupled with its association with AFM,
suggests that a deeper understanding of this virus is needed
(12-14). In this study, we examined >1,000 patient speci-
mens from 2 outbreaks and from 1 period with low EV-D68
activity and conducted both molecular and clinical analyses
to compare these periods. Although the 2018 EV-D68 out-
break appeared to be milder, as shown by the lower number
of hospital admissions for asthma and lower rates of PICU
admissions, we observed severe neurologic manifestations
only in 2018.

The comparative clinical analyses between outbreaks
showed that hospitalized children during 2018 were young-
er, but the proportion with underling medical conditions,
including asthma, was comparable between periods. Symp-
toms also were similar in the 2 outbreaks, with the notable
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exceptions of greater gastrointestinal manifestations in
2018, as well as 3 children with severe neurologic manifes-
tations (2 with AFM and 1 with OMS), which we did not
observe during 2014 or 2016.

Since 2014, concurrent with the surge of EV-D68 re-
spiratory-associated illness, children with severe neurolog-
ic manifestations have been reported in the United States
and elsewhere; episodic increases were identified in 2016
and 2018 (5,12,14-21). The cause of AFM has not been
established in most cases, despite extensive pathogen-spe-
cific or metagenomic sequencing tests. Although a direct
link between AFM and EV-D68 has not been established,
observational and animal studies suggest a strong associa-
tion. On the one hand, EV-D68 causes paralytic myelitis in
mice; AFM cases have been shown to cluster during peri-
ods of EV-DG68 circulation, and EV-D68 has been the most
common virus detected in respiratory specimens from chil-
dren with AFM, albeit rarely in cerebrospinal fluid (22-25).
Other neurologic conditions associated with EV-D68 have
been described, but to our knowledge, no other cases of
OMS have been reported in the literature (26,27). Further
studies are ongoing, but our findings agree with others and
highlight the importance of comprehensive surveillance
and research to further characterize the role of EV-D68 in
AFM that will enable pursuit of effective therapies and pre-
vention strategies.

Although the EV-D68 rRT-PCR testing in this study
was not designed to determine true incidence, it did help
to monitor EV-D68 activity and showed a marked increase
in EV-D68 circulation during the summers of 2014 and
2018 and little or no activity during the same period in
2016. The increase in EV-D68 activity during 2014 and
2018 mirrored an increase in the number of admissions
for asthma during those periods, and although the 2014
outbreak had a sharper increase at the end of August, the
duration of the 2018 outbreak was longer. Nonetheless,
in both periods admissions for asthma were significantly
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higher than during 2016. Although reported to have a bi- hospitalizations for asthma, which agrees with a recent
ennial seasonality (20,24,28-31), the peaks of EV-D68 in  study conducted in Japan (32). During the same period in
2014 and 2018 were related to an increase in summertime 2016, admissions for asthma were low and no peak was
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Figure 3. Phylogenetic analysis of EV-D68 from samples from children at Nationwide Children’s Hospital, Columbus, Ohio, USA, 2011,

2014, and 2018. Phylogenetic tree was constructed using partial viral protein 1 gene sequences. Scale bar indicates changes in base
substitutions per site. EV-D68, enterovirus D68.
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Figure 4. Amino acid analysis of 17 EV-D68 strains from samples

from patients at NCH, Columbus, Ohio, USA, 2011, 2014, and

2018. EV-D68 strains representing subclades B1, B2, and B3 were aligned. Black boxes indicate amino acids included in viral
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observed, nor was there evidence of high EV-D68 circula-
tion based on surveillance testing in our laboratory, which
differs from data reported from other states (28,33). The
magnitude of the increase in asthma hospitalizations was
higher in 2014 than in 2018 (peak of 128 admissions dur-
ing the peak week in 2014 vs. 61 during 2018). Whether
these decreases in EV-D68 activity and severity are con-
tinued in subsequent EV-D68 outbreaks in the population
studied here needs be determined. Nevertheless, EV-D68
should be suspected when summertime admissions related
to asthma increase above baseline.

Phylogenetic analyses showed that EV-D68 isolates
from 2014 and 2018 clustered differently within clade
B (10,29,34,35). The relationship of these changes in se-
quence and the pathogenicity of the virus are unclear (36).
Nevertheless, at NCH, no AFM cases were identified in
2014, but 2 AFM cases and 1 OMS case occurred in 2018.
The pathogenicity and virulence of this new clade needs to
be monitored and confirmed by active surveillance, which
was implemented at NCH after the 2014 outbreak. Based on
our experience, we have made the EV-D68 rRT-PCR test
available for respiratory specimens in real time. This test
will be used on the basis of clinician orders particularly as
it relates to unexplained acute paralysis/muscle weakness.

This study has limitations. We did not test every
specimen that was RV/EV-positive for EV-D68; we did,
however, test >40% of all samples that tested positive for
RV/EV during these 2 outbreaks and a low-activity pe-
riod, which provides a good representation of EV-D68
circulation during those periods. The clinical analysis was

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 25, No. 11, November 2019

limited to inpatients, thus possibly biasing the apparent se-
verity of the EV-D68 infections; however, data were com-
parable between the 3 periods, which was the main study
objective. Unfortunately, the samples associated with the
2 AFM cases were not available for sequencing, and thus
we cannot make any definitive conclusions about different
or more pathogenic viral strains.

In summary, EV-D68 circulation was associated with
a significant medical burden. By more consistent and
specific testing for EV-D68, a better understanding of
the epidemiology of this emerging virus will help inform
clinical care (37).

This work was supported by funding within the Department of
Pathology at Nationwide Children’s Hospital.

About the Author

Dr. Wang is an assistant director of the clinical microbiology and
immunoserology laboratory at NCH. Her primary research
interests are molecular microbiology and new test development.

References

1. Schieble JH, Fox VL, Lennette EH. A probable new human
picornavirus associated with respiratory diseases. Am J
Epidemiol. 1967;85:297-310. http://dx.doi.org/10.1093/
oxfordjournals.aje.a120693
Oberste MS, Maher K, Schnurr D, Flemister MR, Lovchik JC,
Peters H, et al. Enterovirus 68 is associated with respiratory illness
and shares biological features with both the enteroviruses and the
rhinoviruses. J Gen Virol. 2004;85:2577-84. http://dx.doi.org/
10.1099/vir.0.79925-0

2061



RESEARCH

10.

11.

12.

13.

14.

15.

16.

17.

2062

Moyer K, Wang H, Salamon D, Leber A, Mejias A. Enterovirus
D68 in hospitalized children: sequence variation, viral loads

and clinical outcomes. PLoS One. 2016;11:e0167111.
http://dx.doi.org/10.1371/journal.pone.0167111

Messacar K, Abzug MJ, Dominguez SR. 2014 outbreak of
enterovirus D68 in North America. J Med Virol. 2016;88:739-45.
http://dx.doi.org/10.1002/jmv.24410

Aliabadi N, Messacar K, Pastula DM, Robinson CC, Leshem E,
Sejvar JJ, et al. Enterovirus D68 infection in children with

acute flaccid myelitis, Colorado, USA, 2014. Emerg Infect Dis.
2016;22:1387-94. http://dx.doi.org/10.3201/eid2208.151949
Leber AL, Everhart K, Daly JA, Hopper A, Harrington A,
Schreckenberger P, et al. Multicenter evaluation of BioFire
FilmArray Respiratory Panel 2 for detection of viruses and
bacteria in nasopharyngeal swab samples. J Clin Microbiol.
2018;56:¢01945-17. http://dx.doi.org/10.1128/JCM.01945-17
Todd AK, Hall RJ, Wang J, Peacey M, McTavish S, Rand CJ, et al.
Detection and whole genome sequence analysis of an enterovirus
68 cluster. Virol J. 2013;10:103. http://dx.doi.org/10.1186/
1743-422X-10-103

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M,
Sturrock S, et al. Geneious Basic: an integrated and extendable
desktop software platform for the organization and analysis of
sequence data. Bioinformatics. 2012;28:1647-9. http://dx.doi.org/
10.1093/bioinformatics/bts199

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6:
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol
Evol. 2013;30:2725-9. http://dx.doi.org/10.1093/molbev/mst197
Piralla A, Principi N, Ruggiero L, Girello A, Giardina F,

De Sando E, et al. Enterovirus-D68 (EV-D68) in pediatric patients
with respiratory infection: the circulation of a new B3 clade in
Ttaly. J Clin Virol. 2018;99-100:91-6. http://dx.doi.org/10.1016/
jJjcv.2018.01.005

Pariani E, Pellegrinelli L, Merlone AD, Piralla A, Baldanti F,
Binda S. Letter to the editor: need for a European network for
enterovirus D68 surveillance after detections of EV-D68 of

the new B3 lineage in Sweden and Italy, 2016. Euro Surveill.
2017;22:pii:30440.

Knoester M, Helfferich J, Poelman R, Van Leer-Buter C,

Brouwer OF, Niesters HGM; 2016 EV-D68 AFM Working

Group. 2016 EV-D68 AFM Working Group. Twenty-nine cases of
enterovirus-D68-associated acute flaccid myelitis in Europe 2016:
a case series and epidemiologic overview. Pediatr Infect Dis J.
2019;38:16-21. http://dx.doi.org/10.1097/INF.0000000000002188
Brown DM, Hixon AM, Oldfield LM, Zhang Y, Novotny M,
Wang W, et al. Contemporary circulating enterovirus D68 strains
have acquired the capacity for viral entry and replication in human
neuronal cells. MBio. 2018;9:e01954—18. http://dx.doi.org/10.1128/
mBi0.01954-18

Ruggieri V, Paz MI, Peretti MG, Rugilo C, Bologna R, Freire C,
et al. Enterovirus D68 infection in a cluster of children with acute
flaccid myelitis, Buenos Aires, Argentina, 2016. Eur J Paediatr
Neurol. 2017;21:884-90. http://dx.doi.org/10.1016/
j-€jpn.2017.07.008

Ayscue P, Van Haren K, Sheriff H, Waubant E, Waldron P, Yagi S,
et al.; Centers for Disease Control and Prevention (CDC). Acute
flaccid paralysis with anterior myelitis—California, June 2012—
June 2014. MMWR Morb Mortal Wkly Rep. 2014;63:903—6.
Greninger AL, Naccache SN, Messacar K, Clayton A, Yu G,
Somasekar S, et al. A novel outbreak enterovirus D68 strain
associated with acute flaccid myelitis cases in the USA (2012-14):
a retrospective cohort study. Lancet Infect Dis. 2015;15:671-82.
http://dx.doi.org/10.1016/S1473-3099(15)70093-9

Sejvar JJ, Lopez AS, Cortese MM, Leshem E, Pastula DM,

Miller L, et al. Acute flaccid myelitis in the United States,
August-December 2014: results of nationwide surveillance.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Clin Infect Dis. 2016;63:737-45. http://dx.doi.org/10.1093/cid/
ciw372

Bjerin O, Martin Mufioz D, Gerald C, Brytting M, Eriksson M.
Acute flaccid myelitis amongst Swedish children with a possible
link to an outbreak of enterovirus D68 [in Swedish]. Lakartidningen.
2017;114:pii:ETDZ.

Cabrerizo M, Garcia-Iniguez JP, Munell F, Amado A,
Madurga-Revilla P, Rodrigo C, et al. First cases of severe flaccid
paralysis associated with enterovirus D68 infection in Spain,
2015-2016. Pediatr Infect Dis J. 2017;36:1214-6. http://dx.doi.org/
10.1097/INF.0000000000001668

Knoester M, Scholvinck EH, Poelman R, Smit S, Vermont CL,
Niesters HGM, et al. Upsurge of enterovirus D68, the Netherlands,
2016. Emerg Infect Dis. 2017;23:140-3. http://dx.doi.org/10.3201/
eid2301.161313

Kamau E, Harvala H, Blomqvist S, Nguyen D, Horby P,

Pebody R, et al. Increase in enterovirus D68 infections in young
children, United Kingdom, 2006-2016. Emerg Infect Dis.
2019;25:1200-3. http://dx.doi.org/10.3201/eid2506.181759
Messacar K, Asturias EJ, Hixon AM, Van Leer-Buter C,

Niesters HGM, Tyler KL, et al. Enterovirus D68 and acute flaccid
myelitis—evaluating the evidence for causality. Lancet Infect Dis.
2018;18:239-47. http://dx.doi.org/10.1016/S1473-3099(18)30094-X
Hopkins SE, Elrick MJ, Messacar K. Acute flaccid myelitis—keys
to diagnosis, questions about treatment, and future directions.
JAMA Pediatr. 2019;173:117-8. http://dx.doi.org/10.1001/
jamapediatrics.2018.4896

Messacar K, Pretty K, Reno S, Dominguez SR. Continued
biennial circulation of enterovirus D68 in Colorado. J Clin Virol.
2019;113:24-6. http://dx.doi.org/10.1016/j.jcv.2019.01.008

Hixon AM, Yu G, Leser JS, Yagi S, Clarke P, Chiu CY, et al. A
mouse model of paralytic myelitis caused by enterovirus D68.
PLoS Pathog. 2017;13:e1006199. http://dx.doi.org/10.1371/
journal.ppat.1006199

Kuban KC, Ephros MA, Freeman RL, Laffell LB, Bresnan MJ.
Syndrome of opsoclonus-myoclonus caused by coxsackie B3
infection. Ann Neurol. 1983;13:69-71. http://dx.doi.org/10.1002/
ana.410130115

Blaes F, Dharmalingam B. Childhood opsoclonus-myoclonus
syndrome: diagnosis and treatment. Expert Rev Neurother.
2016;16:641-8. http://dx.doi.org/10.1080/14737175.2016.1176914
Messacar K, Robinson CC, Pretty K, Yuan J, Dominguez SR.
Surveillance for enterovirus D68 in Colorado children reveals
continued circulation. J Clin Virol. 2017;92:39-41.
http://dx.doi.org/10.1016/j.jcv.2017.05.009

Wang G, Zhuge J, Huang W, Nolan SM, Gilrane VL, Yin C, et al.
Enterovirus D68 subclade B3 strain circulating and causing an
outbreak in the United States in 2016. Sci Rep. 2017;7:1242.
http://dx.doi.org/10.1038/s41598-017-01349-4

Dyrdak R, Grabbe M, Hammas B, Ekwall J, Hansson KE,
Luthander J, et al. Outbreak of enterovirus D68 of the new B3
lineage in Stockholm, Sweden, August to September 2016. Euro
Surveill. 2016;21:30403. http://dx.doi.org/10.2807/1560-7917.
ES.2016.21.46.30403

Kramer R, Sabatier M, Wirth T, Pichon M, Lina B, Schuffenecker I,
et al. Molecular diversity and biennial circulation of enterovirus
D68: a systematic screening study in Lyon, France, 2010 to 2016.
Euro Surveill. 2018;23:23. http://dx.doi.org/10.2807/1560-7917.
ES.2018.23.37.1700711

Korematsu S, Nagashima K, Sato Y, Nagao M, Hasegawa S,
Nakamura H, et al. “Spike” in acute asthma exacerbations during
enterovirus D68 epidemic in Japan: a nation-wide survey. Allergol
Int. 2018;67:55-60. http://dx.doi.org/10.1016/.alit.2017.04.003
Srinivasan M, Niesen A, Storch GA. Enterovirus D68 surveillance,
St. Louis, Missouri, USA, 2016. Emerg Infect Dis. 2018;24:
2115-7. http://dx.doi.org/10.3201/eid2411.180397

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 25, No. 11, November 2019



34. Kaida A, Iritani N, Yamamoto SP, Kanbayashi D, Hirai Y,
Togawa M, et al. Distinct genetic clades of enterovirus D68
detected in 2010, 2013, and 2015 in Osaka City, Japan. PLoS One.
2017;12:e0184335. http://dx.doi.org/10.1371/journal.pone.0184335

35. Huang YP, Lin TL, Lin TH, Wu HS. Molecular and epidemiological
study of enterovirus D68 in Taiwan. J Microbiol Immunol Infect.
2017;50:411-7. http://dx.doi.org/10.1016/j.jmii.2015.07.015

36. Imamura T, Okamoto M, Nakakita S, Suzuki A, Saito M, Tamaki R,
et al. Antigenic and receptor binding properties of enterovirus 68.
J Virol. 2014;88:2374-84. http://dx.doi.org/10.1128/JVI1.03070-13

¢ Coccidioidomycosis Outbreaks, United States and
Worldwide, 1940-2015

e Multistate Epidemiology of Histoplasmosis, United States,
2011-2014

¢ Epidemiology of Recurrent Hand, Foot and Mouth Disease,
China, 2008-2015

e Capsule Typing of Haemophilus influenzae by Matrix-Assisted
Laser Desorption/lonization Time-of-Flight Mass Spectrometry

¢ Emergence of Streptococcus pneumoniae Serotype 12F after
Sequential Introduction of 7- and 13-Valent Vaccines, Israel

* Major Threat to Malaria Control Programs by Plasmodium
falciparum Lacking Histidine-Rich Protein 2, Eritrea

e Use of Influenza Risk Assessment Tool for Prepandemic
Preparedness

e Use of Verbal Autopsy to Determine Underlying Cause of Death
during Treatment of Multidrug-Resistant Tuberculosis, India

e Increasing Prevalence of Nontuberculous Mycobacteria
in Respiratory Specimens from US-Affiliated Pacific Island
Jurisdictions

¢ Use of Genome Sequencing to Define Institutional Influenza
Outbreaks, Toronto, Ontario, Canada, 2014-15

¢ Influenza Vaccination and Incident Tuberculosis among
Elderly Persons, Taiwan

¢ Epidemiology and Molecular Identification and
Characterization of Mycoplasma pneumoniae, South Africa,
2012-2015

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 25, No. 11, November 2019

EMERGING
INFECTIOUS DISEASES

EV-D68 Outbreaks among Hospitalized Children, Ohio

37. Carrion Martin Al, Pebody RG, Danis K, Ellis J, Niazi S, DE
Lusignan S, et al. The emergence of enterovirus D68 in England
in autumn 2014 and the necessity for reinforcing enterovirus
respiratory screening. Epidemiol Infect. 2017;145:1855-64.
http://dx.doi.org/10.1017/S0950268817000590

Address for correspondence: Amy L. Leber, Nationwide Children’s
Hospital, Department of Laboratory Medicine, 700 Children’s Dr,
Columbus, OH 43205, USA; email: amy.leber@nationwidechildrens.org

March 2018

Mycobacteria

 Prospective Observational Study of Incidence and
Preventable Burden of Childhood Tuberculosis, Kenya

¢ Acquired Resistance to Antituberculosis Drugs in England,
Wales, and Northern Ireland, 2000-2015

e Characteristics Associated with Negative Interferon-y
Release Assay Results in Culture-Confirmed Tuberculosis
Patients, Texas, USA, 2013-2015

e Genetic Spatiotemporal Anatomy of Plasmodium vivax
Malaria Episodes in Greece, 2009-2013

¢ Invasive Infections Caused by Nannizziopsis spp. Molds in
Immunocompromised Patients

e Cache Valley Virus in Aedes japonicus japonicus
Mosquitoes, Appalachian Region, United States

e Seroprevalence of Dengue and Chikungunya Virus
Antibodies, French Polynesia, 2014-2015

e Molecular and Epidemiologic Analysis of Reemergent
Salmonella enterica Serovar Napoli, Italy, 2011-2015

e Increase in Hospital Admissions for Severe Influenza A/B
among Travelers on Cruise Ships to Alaska, 2015

* Drug Resistance of Mycobacterium tuberculosis Complex in
a Rural Setting, Angola

e Statistical Method to Detect Tuberculosis Outbreaks among
Endemic Clusters in a Low-Incidence Setting

¢ Global Health Estimate of Invasive Mycobacterium
chimaera Infections Associated with Heater—Cooler Devices
in Cardiac Surgery

2063



