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Enterovirus D68 (EV-D68) continued to circulate in
a seasonal pattern in the Netherlands, after the out-
break in 2010. Outpatient EV-D68 cases, mainly in the
under 20 and 50-59 years age groups, presented with
relatively mild respiratory disease. Hospital-based
enterovirus surveillance identified more severe cases,
mainly in children under 10 years of age. Dutch par-
tial VP1 genomic region sequences from 2012 through
2014 were distributed over three sublineages similar
to EV-D68 from the outbreak in the US in 2014.

After the 2010 outbreak, enterovirus D68 (EV-D68)
continued to circulate in a seasonal pattern in the
Netherlands. Here, we report the results of the moni-
toring of EV-D68 circulation in the Netherlands from
week 1 2011 through week 40 2014.

EV-D68 has been sporadically detected since its
first description in 1962, up to 2008 [1,2]. From 2008
onwards, EV-D68 outbreaks occurred worldwide,
including in 2010 in the Netherlands [2-5]. The largest
outbreak is currently occurring in Northern America,
causing substantial hospitalisation of children with
severe respiratory disease in the United States (US)
[3,6]. Many of these children have underlying disease,
such as asthma [3,6]. Previous outbreaks described in
the literature reported mainly on hospitalised patients

(3]

In the Netherlands, retrospective analysis of entero-
viruses detected from the general practitioner (GP)
sentinel surveillance of influenza-like illness (ILI) and
other acute respiratory infections (ARI) showed that
circulation of EV-D68 occurred at least since 1996 up
to the upsurge of 2010 [5]. EV-D68 cases had signifi-
cantly more dyspnoea and bronchiolitis compared to
EV-D68-negative patients with ILI or ARI notified in the
same week [5]. In the Dutch national enterovirus sur-
veillance aimed at exclusion of poliovirus circulation,
EV-D68 was rarely detected, mainly because the focus
has been on enteroviruses detected in stool specimens
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[7]. Since 2010, we continued to monitor EV-D68 cir-
culation in the Netherlands through both surveillance
schemes.

Specimen collection

The methods used for specimen collection and
for enterovirus detection and VP1 genomic region
sequence analysis have been described [5,7,8]. For
phylogenetic analysis using MEGA6 [9] all available
VP1 sequences (covering nucleotides 132 through 471
relative to the VP1 gene of the Fermon strain) as of 12
October 2014 were downloaded from GenBank. The
phylogeny was reconstructed using maximum likeli-
hood and 1,000 bootstrap iterations with new Dutch
sequences included (GenBank accession numbers
KM975324-KM9g75350). Numbering of the major clus-
ters (1, 2 and 3) has been described [5] and is syn-
onymous to major clusters B, C and A respectively
described by Tokarz et al. [10].

Results

Figure 1 and Table 1 summarise EV-D68 detections
through the GP-based sentinel ILI and other ARI sur-
veillance and the national enterovirus surveillance in
the Netherlands, in specimens with collection dates
from week 1 2011 through week 40 2014. Over the
whole period, 27 EV-D68 cases were identified in a
seasonal pattern; one in autumn 2011, 10 in autumn-
winter period 2011/12, five in autumn-winter period
2012/13, and 11 since summer 2014 (Figure 1). The start
of detections in 2014 was earlier compared to the start
of detections in 2012 (12 and six weeks earlier in the
enterovirus and ILI/ARI surveillance respectively) and
in 2013 (15 and 11 weeks earlier in the enterovirus and
ILI/ARI surveillance respectively) (Figure 1). By year, the
proportion EV-D68 among enteroviruses analysed was
much higher (median 25%; range 0-38%) in the ILI/ARI
surveillance compared to the enterovirus surveillance
(median 0.5%; range 0.3-1.4% (Table 1). However, by
year, the percentage of enterovirus detections among
ILI/ARI cases was low, on average 1.7% (range 1.4-—
2.1%) (Table 1).
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FIGURE 1

Enterovirus D68 detections by source, the Netherlands, week 1 2011-week 40 2014
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mm Enterovirus surveillance (n=11)
mm |LI/ARI surveillance (n=16)

Number of detections

Week and year of specimen collection

ARI: acute respiratory infections; ILI: influenza-like illness.

Due to increased awareness of the importance of
enteroviruses in respiratory infections, laboratories
participating in the Dutch national enterovirus surveil-
lance also submitted enteroviruses associated with
respiratory illness for typing after 2010; all 11 EV-D68
detections were in respiratory specimens. The age dis-
tribution in outpatients over the whole period was not
different from that reported before, over the period
1996 through 2010 [5]; cases occurred mainly in the
under 20 and in the 50-59 years age groups (Table 2).
The male/female ratio was 1.3 (Table 2). In the national

TABLE 1

enterovirus surveillance, however, EV-D68 was mainly
detected in the under 10 years age group and the male/
female ratio was 0.8 (Table 2).

The age distribution in 2014 was similar to that for the
whole period for both surveillance schemes (data not
shown). EV-D68 positive outpatients presented with ILI
as well as other ARI, with most prominent symptoms
being fever and cough (Table 2). Similar to the situation
in Northern America in 2014, the hospitalised cases
experienced severe respiratory disease (Table 2).

Detections of enterovirus D68 in general practitioner sentinel influenza-like illness and other acute respiratory infection
surveillance and in enterovirus surveillance, the Netherlands, week 1 2011-week 40 2014

Number of clinical specimens

tested

Number of enterovirus positive

Number of enterovirus D68
specimens (% of specimens positive specimens (% of
tested)? enterovirus positive specimens)

ILI/ARI surveillance

2011 1,369 19 (1.4) o
2012 1,126 24 (2.1) 7 (29)
2013 1,292 19 (1.5) 4 (21)
2014 (through week 40) 792 13 (1.6) 5(38)
Enterovirus surveillance

2011 Unknown 362 1(0.3)
2012 Unknown 498 2 (0.4)
2013 Unknown 309 2 (0.6)
2014 (through week 40) Unknown 414 6 (1.4)

ARI: acute respiratory infection; ILI: influenza-like illness.

2 |n enterovirus surveillance the number of enterovirus isolates or enterovirus positive clinical specimens submitted to the National Institute
for Public Health and the Environment (RIVM) for VP1 typing is represented.
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TABLE 2

Demographic and clinical characteristics of enterovirus
D68 positive patients from the general practitioner
sentinel influenza-like illness and other acute respiratory
infection surveillance and from the national enterovirus
surveillance, the Netherlands, week 1 2011-week 40 2014

Enterovirus
Parameter (N=16) surveillance (N=11)
n n

ILI/ARI surveillance

Age groups (years)

<10 5

w

10-19

20-29

30-39 o

[
O[O0 |N|O |

=y

40-49

50-59

e
[

60-69

70-79 1

o |o |o

>80 (o}

Sex

[}

Female

O [N
v

Male

Diagnosis®

ILI

Bronchitis

Common cold

(W |00

Tonsillitis

N[O |]O (N |O

Pneumonia

(=]

Symptoms?

Acute® 14

(=]

Cough

[
w
[

Fever 13

Rhinorrhoea

Sore throat

Fatigue

Myalgia

Dyspnoea

8
8
6
Headache 5
4
4
1

Diarrhoea

N |JOo [NV |[O|]O|O|O |O |O

Underlying disease® 5

No clinical data

o
1%,

reported

ARI: acute respiratory infection; ILI: influenza-like illness.

2 In ILI/ARI surveillance, diagnosis and symptoms are checkable
items on the specimen form; in the enterovirus surveillance they
are reported in a free text item.

® A prodromal stage of three or four days.

¢ In ILI/ARI and enterovirus surveillance, underlying disease is
reported in a free text item on the specimen form.

EV-D68 cases were detected all over the country; no
localised outbreak was detected. Phylogenetic analy-
sis of the VP1 genomic region showed that the Dutch
EV-D68 from 2014, and from 2012 and 2013 as well,
clustered with the US 2014 outbreak sequences in
major group 1 in two sublineages and in major group
3 in one of the sublineages (Figure 2). Other Dutch
EV-D68 from 2011 through 2014 clustered in other sub-
lineages of major group 3. The sequences in the two
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sublineages of major group 1 had highly similar amino
acid signatures, whereas sequences in the sublineages
of major group 3 had clearly different amino acid sig-
natures, with most differences located in the immuno-
genic BC and DE loops (Figure 3).

Discussion

Although rarely detected worldwide, our combined pre-
vious and current results over the period 1996-2014
show that EV-D68 seems to circulate every year in a
seasonal pattern in the northern hemisphere in pre-
dominantly the autumn through early winter period,
causing relatively mild respiratory illness in a number
of individuals large enough to be picked up by the GP
ILI/ARI surveillance [5]. The national enterovirus sur-
veillance shows that a number of EV-D68 cases are
admitted to hospital each year with more severe respir-
atory disease. Clinical presentation ranging from mild
to severe respiratory disease is in line with our previ-
ous findings, and has been described before [1-6].
None of the patients described in this paper had symp-
toms of neurological disease or paralysis. A causative
link between EV-D68 infection and paralysis has not
been established to date [11]. Given the acute flaccid
paralysis rate (AFP) indicator used by the World Health
Organization for optimal polio surveillance (1-2 cases
per 100,000 children below 15 years of age) one can
expect that during a large EV-D68 outbreak, also sev-
eral AFP patients will be shedding EV-D68. The present
outbreak in Northern America provides an opportunity
to investigate the link.

The difference in age distribution of EV-D68 cases
between the ILI/ARI surveillance and the national
enterovirus surveillance in our dataset is biased by the
fact that 95% of enteroviruses identified by enterovi-
rus surveillance are from children [7]. The male/female
ratio of 1.3 among EV-D68 cases in the ILI/ARI sur-
veillance was slightly lower compared to 1.5 over the
period 1996 through 2010, but showing the usual male
predominance among enterovirus infected persons [5].
Hence, the female predominance among EV-D68 cases
in the national enterovirus surveillance is unusual, but
likely the result of the low number of cases.

The number of hospitalised EV-D68 cases identi-
fied through the national enterovirus surveillance in
the Netherlands is likely underestimated. When first
described, EV-D68 was found to be relatively acid
resistant and was distinguished from the acid-sensitive
human rhinovirus type 87 (HRV87) on this basis [12].
However, in 2002, HRV87 was reclassified as EV-D68
based on phylogenetic analysis [13]. Many RT-PCR
diagnostic tests for enteroviruses as well as rhinovi-
ruses are targeted at the 5’ untranslated region of the
genome [8]. Many of these tests are capable of detect-
ing EV-D68 despite mismatches in primers and probes
with the EV-D68 target sites, although with varying
sensitivity depending on reagents and equipment used
for RT-PCR [8]. This might also result in a false nega-
tive or a false rhinovirus-positive result [8]. Performed
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FIGURE 2

Phylogenetic analysis of partial VP1 genomic region sequences of enterovirus D68, nucleotides 132 through 471 relative to
the VP1 genomic region of the Fermon strain®, covering the BC and DE immunogenic loops in the VP1 protein®
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¢ One enterovirus D68 from 2013 could only be identified by
sequencing of the 5’ untranslated region diagnostic RT-PCR
product and is therefore not included in Figures 2 and 3.

The maximum likelihood tree is shown with the percentage
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on respiratory specimens, these tests might therefore
wrongly identify an EV-D68 virus as a rhinovirus, and
further investigation by typing in the national entero-
virus surveillance protocol will not be performed [7,8].
Furthermore, a number of Dutch laboratories have
started to type enteroviruses themselves and share
data through the national enterovirus surveillance,
although this is done with delay and infrequently.
These laboratories participate in VIRO-TypeNed (for-
merly called TYPENED) [14] to provide a year-round sur-
veillance and current efforts are directed at updating
VIRO-TypeNed with EV-D68 detections.

Previous work has indicated that co-circulation of the
different phylogenetic lineages of EV-D68 is the result
of increased variability of the VP1 genomic region, i.e.
the BC and DE loops, leading to reduced cross-neutral-
ising antibodies raised against viruses of the major
groups [5,10,15]. Variation of the highly conserved inter-
nal ribosome entry site in the 5’ untranslated region,
present in major group 1 and 2 viruses, has been sug-
gested to be associated with increased virulence [10].
However, the US 2014 outbreak viruses are located in
major groups 1 and 3, and similar viruses have been
detected in the Netherlands, but associated with mild
disease. Nevertheless, underlying disease like asthma
seems to be an important factor for development of
severe disease following EV-D68 infection [6]. Further
in depth analysis of the EV-D68 full genomes from mild
and severe cases and linked virological, clinical and
epidemiological information should provide further
insight in the factors determining severity of EV-D68
infection.
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