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Background: The incidence of enterovirus D68 (EV-D68) and the spec-
trum of clinical disease in children are not well known in European coun-
tries. We have designed a study with the objective of describing the clinical
impact of EV-D68 detected in children with respiratory tract infections.
Methods: As a part of a prospective study to identify the etiology and clini-
cal characteristics of viral respiratory infections in children in Spain, we
performed the analysis of the cases of EV infections in all children hospi-
talized in a secondary hospital in Madrid, during the epidemic respiratory
season 2012-2013. A second group of samples was corresponded to infants
of the same area, with ambulatory respiratory infection or asymptomatic.
Phylogenetic EV-D68 analysis was made using the viral protein 1 gene
(VP1). Clinical data of EV-D68 patients were compared with those infected
by rhinovirus in the same period and population.

Results: The study population consisted of 720 patients corresponding to
399 episodes of hospitalization for respiratory causes, 44 episodes of ambu-
latory respiratory infections and 277 children determined as a healthy control
group. A total of 22 patients were positive for EVs (3.05%), and 12 of them
were specifically typed as EV-D68 (11/443 respiratory infections, 2.5%).
The most frequent diagnosis in the 10 hospitalized children with EV-D68
detection was recurrent wheezing. Hypoxia was present in 70% of cases, but
admission in the intensive care unit was not required. No neurological signs
or symptoms were observed. One patient had an ambulatory mild bronchi-
olitis and another was asymptomatic. No differences were found with rhino-
virus infections except less duration of hypoxia and fever in EV-D68 group.
Conclusions: EV-D68 infections were detected in 3.05% of respiratory
studied samples (2.5% of admissions). The infection was associated with
wheezing episodes with hypoxia. No admissions to intensive care unit or
neurological symptoms were found.
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he genus Enterovirus (belonging family Picornaviridae) com-
prises 10 species and 7 of them infect humans: enterovirus (EV)
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A-D and rhinovirus (RV) A—C. Human EV 68 (EV-D68) belongs to
the EV species D together with 3 other EV types (EV-D70, EV-D9%4
and EV-D111).! It was discovered in 1962 in respiratory samples?
and was earlier named human RV-87 on the basis of the optimal
growth temperature, low pH sensitivity and antigenic characteris-
tics being related to RV. It was later reclassified as EV-D68.> During
the following 40 years, human infection caused by EV-D68 was
rarely reported.

EV-D68 can be detected by generic reverse transcription-
polymerase chain reactions (RT-PCRs) designed in the 5" noncod-
ing region (5"NCR), but the specific detection of EV-D68 requires
genotyping using the gene that codifies the viral protein 1 (VP1) or
the VP2—VP4 genome region. The phylogenetic analysis of circu-
lating EV-D68 using VP1 gene sequences allowed its classification
in 3 major genetic groups: major groups 1, 2 and 3 as was published
by Meijer et al* or clades B, C and A, respectively, published by
Tokarz et al.’ In recent months, PCR techniques are being incorpo-
rated into the routine diagnosis of this virus.®

The spectrum of clinical disease comprises asymptomatic to
acute respiratory infections, upper and mild to severe lower respira-
tory disease requiring hospitalization and occasionally neurologi-
cal symptoms and eventually death.”” In the last 10 years, several
EV-D68 outbreaks have been reported,'®!! mainly in 2010. After the
2010 outbreak, EV-D68 continues circulating in several countries
like Netherlands,'? and the most important outbreak has occurred in
US and Canada.”® From August to September 2014, a total of 220
people had a confirmed EV-D68 respiratory illness in 32 different
US states, and in Canada there was an increase of severe respiratory
infections associated to this virus. In these countries, the patient’s
age ranged between 6 weeks and 16 years, and an important per-
centage needed admission to the intensive care unit (ICU). Asthma
has been the underlying disease most frequently detected in these
patients. In European countries, the laboratory-confirmed cases of
infections by EV-D68 are low because respiratory infections of RV
and nonpolio EV are not of mandatory notification in the European
Union. Until now, only a few specialized laboratories perform the
specific EV-D68 identification, and it is unknown which countries
have established surveillance schemes for respiratory specimens
with screening for EV.

Based on the current information, the European Center for
Disease Prevention and Control consider that European Union
countries have a moderate risk of EV-D68 transmission because the
circulation for this virus is low.'*

As a part of a prospective study to identify the etiology
and clinical characteristics of viral respiratory infections in
children in Spain, we performed the analysis of the cases of EV
infections in all children hospitalized in a secondary hospital in
Madrid, during the epidemic respiratory season 2012-2013. Phy-
logenetic EV-D68 analysis was made using the VP1 gene. Clini-
cal data of EV-D68 patients were compared with those infected
by RV in the same period and population. The RV, belonged in
the same genus Enterovirus, was chosen on the basis of similar
clinical presentation.
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PATIENTS AND METHODS

Clinical Assessment

The study population comprised all children younger than
14 years with a respiratory tract disease admitted to the secondary
public hospital Severo Ochoa (Leganés, Madrid), from September
2012 through August 2013. At the reception, all patients were eval-
uated by an attending physician. Clinical characteristics of patients
were analyzed. During the hospital stay, and as part of the study, a
physician filled out a study questionnaire with the clinical data. A
second group of samples corresponded to infants of the same area,
belonging to a cohort recruited at birth to study the development of
recurrent wheezing after viral infections. The samples in this sec-
ond group were taken when an ambulatory respiratory infection
was detected and also in the routine health visits for vaccination,
and they are used as healthy controls. The recruitment period was
also from September 2012 through August 2013. The study was
approved by The Medical Ethics Committee. Informed consent was
obtained from parents or legal guardians. The clinical diagnostic
criteria were the same as used in other publications of our group.'®

Virus Detection

Specimens consisted of nasopharyngeal aspirates (NPAs)
were taken from each patient at admission (Monday to Friday).
Each specimen (one for each patient) was sent for virological inves-
tigation to the Respiratory Virus and Influenza Unit at the National
Center for Microbiology (CNM, ISCIII). NPAs were processed
within 24 hours after collection. Upon reception, 3 aliquots were
prepared and stored at —80°C. Both, the reception and the NPA
sample processing areas were separate from those defined as work-
ing areas.

Polymerase Chain Reactions Methods for
Detection of 16 Respiratory Viruses

Initially for diagnosis, 3 independent RT-PCR assays were
performed to detect a total of 16 respiratory viruses.'!'® The spe-
cific identification of EV and RV was made by using degenerated
primers designed in the polyprotein gene, between the 3" end of
the 5" noncoding region (5'-NCR) and the 5" end of VP2 gene and
implemented in the third multiplex RT-PCR. The size of amplified
products, 226 nt for EV and 110 nt for RV (both sizes on average),
permitted the specific detection of both groups of virus.!'¢

Enterovirus D68 Detection, Genotyping and
Phylogenetic Analysis

Between September 2012 and August 2013, every EV
detected was typed using degenerated primers designed for EV/
RV typing in the 5'NCR-VP4/VP2 gene protein as previously
described.! Amplified products, ranging between 653 nt for EV-D68
Fermon reference strain and 630 nt for EV-D68 US/KY/14 (Gen-
Bank IDs: AY426531 and KM851231, respectively), were purified
and sequenced in both directions using an automated ABI PRISM
377 model sequencer (Applied Biosystems, Foster City, CA) at the
DNA Sequencing Facility, Genomics Unit (CNM, ISCIII).

VP1 gene was amplified by using two specific EV-D68 prim-
ers. Sense primer was located in the VP3 gene, EV68-VP3S-5'-
GTTCYTTAATAGGRTTCRTAGCAGC-3/(2312-2336 of EV-D68
Fermon strain), and the antisense primer was located in the VP1
gene, EV68-VP1A-5-CTCTATTRCCAATTATGGCATTRAG-3’
(3253-3277 of EV-D68 Fermon strain). Amplifications were per-
formed at 52°C for the RT step and 52°C for the annealing tem-
perature and 40 cycles. Amplified products of 965 nt were obtained
and sequenced in both directions. The nucleotide consensus
EV-D68 VP1 sequences were compared and aligned against other
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sequences retrieved from the GenBank database using the program
CLUSTAL X (version 1.83; http://www.clustal.org/). The relation-
ships between individual viruses were inferred from a phylogenetic
tree based on the nucleotide sequence of a partial VP1 region (783
nt) that was constructed using the maximum-likelihood method
based on the T92 model with y-distribution (ModelTest best Fit
Substitution Model) using MEGAG6 software.?

Statistical Analysis

Values were expressed as percentages for discrete variables,
or as mean and standard deviation for continuous variables. Clini-
cal characteristics of patients with infections associated to EV-D68
were compared with those associated with single infection by RV
in the same period. Clinical characteristics and laboratory variables
were compared using the Student’s # test, the Mann—Whitney U test,
the %? test and Fisher exact test. A 2-sided value of P < 0.05 was
considered statistically significant. Results were adjusted for age.
All analyses were performed using the Statistical Package for the
Social Sciences (SPSS), version 21.0 (IBM Corp, Armonk, NY).

RESULTS

The study population consisted of 720 patients correspond-
ing to 399 episodes of hospitalization for respiratory causes in chil-
dren younger than 14 years, 44 episodes of outpatient/ambulatory
respiratory infections and 277 children determined as a healthy
control group. A total of 22 patients were positive for EVs (3.05%)
and 12 of them were specifically typed as EV-D68 (54.5%). Ten
cases corresponded to hospitalized children, 1 case (SO-9749) was
an outpatient who suffered mild bronchiolitis and finally, 1 case
(SO-9770) belonged to the healthy control group, the sample being
obtained during 2 months vaccination visit.

The clinical data of all 12 patients are shown in Table 1.
The most frequent diagnosis in the 10 hospitalized children with
EV-D68 detection (2.5% of hospitalized episodes) was recurrent
wheezing. Hypoxia was present in 7 cases but none of them had
radiological infiltrates, and admission in the ICU was not required.
Additionally, no neurological signs or symptoms were observed.
A first group of cases were detected in autumn between the end
of October and the end of November 2012 and a second group in
winter at the end of January and the beginning of February 2013.

Comparison Among EV-D68 and RV Infections

During the same period a total of 73 episodes of single RV
infections in hospitalized children were analyzed and compared
with EV-D68 episodes (Table 2). Clinical data for infections caused
by EV-D68 were similar to infections associated with RV. Patients
with EV-D68 have fever more frequently (P =0.001). Nevertheless,
infections caused by RV had more radiological infiltrate (P = 0.01)
and needed oxygen during longer periods (P = 0.026). No clinical
data of more severity were found in patients with EV-D68.

In spite of the small number of single EV-D68 infections
(n =7), we excluded the coinfections with other viruses and per-
formed the comparison between EV-D68 and RV single infections,
and the clinical differences were maintained with more frequent
fever and less duration of hypoxia in children infected by EV-D68.

Phylogenetic Analysis of VP1

The EV-D68 sequences for VP1 gene studied (889 nt) were
deposited in the GenBank database under the accession numbers
KF254914 to KF254924. Phylogenetic analysis of Spanish EV-D68
VP1 genomic region indicated that 8 sequences clustered into 1 out
of the 2 sublineages of the major group 1 (Tokarz clade B) and 3 of
them were included in 2 sublineages of the major group 3 (Tokarz
clade A) (Fig. 1).
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TABLE 1. Identification, Clinical Data and VP1 Sequence GenBank Accession Number of Patients with EVD68 Infections
No. D Sex Age Diagnoses Fever Hypoxia Coinfection Date Onset Accession No.
1 9306 M 5yr Recurrent wheezing - + No October 30, 2012 KF254923
2 9288 F 4yr Recurrent wheezing - + No October 22, 2012 KF254922
3 9406 F 20 mo Recurrent wheezing + + No November 19, 2012 KF254924
4 9493 M 2 yr Recurrent wheezing + - No November 29, 2012 KF254918
5 9336 M 14d URTI + UTI - - No November 7, 2012 KF254917
6 9277 M 4 yr Recurrent wheezing - + RV October 20, 2012 KF254920
7 9320 F 4yr Recurrent wheezing - - AdV November 3, 2012 KF254919
8 9750 M lyr Bronchiolitis + + BoV February 3, 2013 KF254916
9 9315 M 2yr Recurrent wheezing + + AdV, RV November 2, 2012 ND
10 9411 M 19 mo Bronchiolitis + + AdV, RV, BoV November 24, 2012 KF254921
11 9749 F 2 yr Mild Bronchiolitis - - No February 5, 2013 KF254915
12 9770 F 15d Asymthomatic - No January 13, 2013 KF254914

M indicates male; F, female; URTI, upper respiratory tract infection; UTI, urinary tract infection; AdV, adenovirus; BoV, human bocavirus; ND, not done.

Group 1 Spanish EV-D68 sequences were very closely related
with 2 Italian viruses that also circulated in 2012 (KC763169 and
KC763167) and also with 2 viruses that circulated in US during 2014
(KM851229 and KM851230), which were fully sequenced as 2 of
the 7 represented cocirculating strains identified by the Centers for
Disease Control and Prevention in the US.*! This clade belonged to
major group 1 in 1 of the 2 sublineages showed previously,'’ and it
was supported by a bootstrap value of 99. The sequences had highly
similar amino acid signatures between them with changes previously
described at the BC loop (amino acid positions 90-99) and the DE
loop (amino acid positions 140—145, 148 and 152) regions.* Patients
from this clade presented recurrent wheezing, bronchiolitis in one
case and upper respiratory tract infection.

From the major group 3, sequences KF254914 (SO-9770),
KF254915 (SO-9749) and KF254916 (SO-9750) clustered into
2 different sublineages. These 3 viruses circulated in winter at
the beginning of 2013. Notably, KF254914 (SO-9770) taken in
February 2013 from an asymptomatic patient was highly related
with sequences from the Philippines circulating in 2013, with
the KM851231-US/KY/14-18953, which was fully sequenced.?!
This separate clade was supported by a bootstrap value of 99. All
sequences from this clade A group 3 presented a 3 nt deletion in the
VP1 gene in position 140.

TABLE 2. Clinical Characteristics Associated with
EV-D68 Infections and Single RV Infections in
Hospitalized Children

EVD68 RV
Clinical Features (n=10) (n="173) P
Male 7 (70%) 42 (57%) NS
Age (mo) 33 +21 25 + 29 NS
Temperature > 37.9°C 6 (54%) 22 (30%) <0.001
Hypoxia (SatO2 < 95%) 7 (70%) 39 (54%) NS
Abnormal chest 0 16 (22%) 0.01
radiograph
Diagnosis 0.035
Asthma/recurrent 7 (70%) 45 (61%)
wheezing
Bronchiolitis 2 (20%) 25 (35%)
Pneumonia — 3 (4%)
Highest temperature 38.4+0.8 38.4+0.4 NS
Leucocytes (cells/mm?) 13,280+£3575 16,270+7815 NS
Serum C reactive protein 20+22 36+72 NS
(mg/L)
Hospital stay (d) 2.2+1 2.8+1.1 NS
Fever duration (d) 0.8+0.9 1.2+1.5 NS
Hypoxia duration (d) 0.8+0.4 14+1.1 0.026

NS indicates not significant.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

DISCUSSION

In recent years, the detection and circulation of EV-D68
has been reported worldwide. In Spain, the respiratory viral
infections with laboratory confirmed that EV-D68 could be
established approximately 2.5% of tested episodes in both hos-
pitalized children and outpatients. The strength of our study is
the inclusion during a complete epidemiological season of all
inpatients and also a proportion of mild infections and asymp-
tomatic children. EV-D68 VP1 genome region was compared
with all other sequences available in the GenBank database (data
not shown). With this approach, the entire spectrum of clinically
respiratory infections and also a control group of asymptomatic
children were covered. In addition, we have compared the clini-
cal characteristics of EV-D68 infections with those where a RV
was confirmed.

In this study, EV-D68 represented 54.5% of all the detected
infections by EV. The main clinical characteristics associated with
this virus are episodes of recurrent wheezing, with hypoxia requir-
ing hospitalization in preschool children. These episodes are prac-
tically indistinguishable from those associated with RV, with the
exception of less duration of oxygen treatment in the case of infec-
tion by EV-D68. Although children with EV-D68 infections seem
slightly older than RV ones, age was not significantly different,
possibly because of the sample size. We have found neither neuro-
logical data nor severe respiratory distress that might have required
ICU admission in any EV-D68 patient.

The EV-D68 screening was not included as a routine test, and
therefore, only sporadic cases have been reported in different Euro-
pean countries. In France (2009-2010), out of 16 EV strains, 10 (63%)
were identified as EV-D68 and were taken from hospitalized children
aged from 6 month to 10 years, with acute wheezing and bronchitis,
and none of them required admission to ICU.22 In Italy from 2008 to
2009, 12 of 1500 samples tested were positive for EV-D68 among
adults and children with respiratory infections.” Two different stud-
ies in the Netherlands presented a more complete picture of EV-D68
infections where authors described the incidence of infections first
between 1994 and 2010 and recently from 2010 to 2014.7'° The Dutch
cases occurred mainly in the under 20 and the 5059 years age groups
and notably in children younger than 10 years. With the recent addi-
tion of determining EV-D68 in diagnostic virology laboratories, more
virological and epidemiological details are known. The circulation of
EV-D68 in the Netherlands from 2011 to 2014 confirmed a relatively
stable circulation in autumn—winter every year. Our series are con-
sistent with these European studies, showing a moderate proportion
of EV-D68 infections in children younger than 5 years, with asthma
or recurrent wheezing, and of moderate severity, not requiring ICU
admission. This is the case of the Norway series, also with 1 outpatient
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children, although they had 1 paralysis case.”* The percentage of
circulation is low (approximately 2%—7%), and it has been detected
in hospitalized and in outpatients.®* Some cases are also described
in Spain.*

The majority of molecular assays for detecting EV and RV
have been designed in the 5'NCR. Several years ago, we designed a
molecular assay that was able to differentiate EV and RV by the rel-
ative amplified product size (approximately 226 and 110 nt, respec-
tively) based on amplification of the partial 5NCR and the spacer
region." Between early 1960s and mid 1990s, the EV-D68 genome
developed a rearrangement in the spacer region resulting in a 24-nt
deletion and after that a second rearrangement resulting in an addi-
tional 11-nt deletion.”’” We noticed that some EV were misidentified
as parainfluenza virus type 4AB (174 nt) because of the similar size
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AY426531|Fermon|US62

of amplified products visualized in agarose gels. By a retrospective
study using the sequence of the corresponding amplified products
and by a specific EV-D68 VP1 assay, we confirmed positive results
and defined the circulation of 2 of the EV-D68 major groups in
Spain. Probably, EV-D68 was circulating in Spain long time ago,
and we have underestimated its prevalence until now.

In general, the length of EVs 5" NCR spacer region is approxi-
mately 150-180 nt, but in the case of EV-D68, successive deletions
generated a length of approximately 115 nt for virus clustered in
major groups 1 and 2 and 130 nt for major group 3. These dele-
tions may affect the virulence of these viruses, and EV-D68 could
increase the respiratory tropism as it is the case with the RV, whose
spacer region is even shorter (approximately 50 nt). A second factor
is the change of the antigenicity in recent virus as it was showed by
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Imamura et al.?® The recent EV-D68 presented divergent antigenic-
ity with the Fermon reference strain and also among the 3 genetic
groups, which preferably bind to a-2-6-linked sialic acid mainly
located in the upper respiratory tract. The phylogenetic analysis
of the VP1 genomic region showed that the majority of Spanish
EV-D68 from 2012 and 2013 clustered, with significant bootstrap
values of 99, with contemporary Italians 2012 and more modern US
2014 EV-D68 virus in the major group 1 (Tokarz clade B). Patients
from this group 1 were hospitalized with mainly episodes of recur-
rent wheezing with hypoxia. Only 3 of our virus were included in the
major group 3 (Tokarz clade A): 1 clustered with sequences from
Philippines 2013 and US 2014 in 1 of the 2 sublineages and 2, from
patients with bronchiolitis, clustered in the other sublineage of the
group 3 with a high number of sequences distributed worldwide. Our
virus from only 1 epidemic respiratory infection season indicated the
cocirculation of different phylogenetic groups and sublineages with
an increase of variability of the BC and DE loops in the VP1 genomic
region. As the US 2014, Spanish virus of 2012-2013 corresponded
to groups 1 and 3 and a very high genetic homology was identified
when comparison of sequences was made. More systematic studies
covering the study of children with asthma and other severe cases are
necessary to clarify the incidence and severity of these infections.
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