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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 

[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-KM975350). 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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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 

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).

Figure 1
Enterovirus D68 detections by source, the Netherlands, week 1 2011–week 40 2014

ARI: acute respiratory infections; ILI: influenza-like illness.
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Table 1
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

Year Number of clinical specimens 
tested

Number of enterovirus positive 
specimens (% of specimens 

tested)a

Number of enterovirus D68 
positive specimens (% of 

enterovirus positive specimens)
ILI/ARI surveillance
2011 1,369 19 (1.4) 0
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.
a	 In 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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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 

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 

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

Parameter
ILI/ARI surveillance 

(N = 16)
n

Enterovirus 
surveillance (N = 11)

n
Age groups (years)
< 10 5 8
10–19 3 0
20–29 1 2
30–39 0 0
40–49 1 0
50–59 4 1
60–69 1 0
70–79 1 0
≥ 80 0 0
Sex
Female 7 6
Male 9 5
Diagnosisa

ILI 8 0
Bronchitis 4 2
Common cold 3 0
Tonsillitis 1 0
Pneumonia 0 2
Symptomsa

Acuteb 14 0
Cough 13 1
Fever 13 0
Rhinorrhoea 8 0
Sore throat 8 0
Fatigue 6 0
Headache 5 0
Myalgia 4 0
Dyspnoea 4 2
Diarrhoea 1 0
Underlying diseasec 5 2
No clinical data 
reported 0 5

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

b	 A prodromal stage of three or four days.
c	 In ILI/ARI and enterovirus surveillance, underlying disease is 

reported in a free text item on the specimen form.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2014.19.42.20935&domain=pdf&date_stamp=2014-10-23


4 www.eurosurveillance.org

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 straina, covering the BC and DE immunogenic loops in the VP1 proteinb

a 	 GenBank ID: AF081348.1.
b 	 Figure 3.
c	 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 
bootstrap support for branching events after 1,000 iterations 
indicated at the nodes. Major phylogenetic groups as described 
in references 5 and 10 are indicated on the right of the tree. 
Dutch sequences covering the period 2011–2014 and sequences 
from the 2014 outbreak in the US are enlarged. 

 Sequences from the US, 2014 

Blue labels indicate sequences from the Netherlands:  
 2011 (n=1) 
 2012 (n=9) 
 2013 (n=4c) 
 2014 (n=12)

Major group 3
(Tokarz: A)

Major group 1
(Tokarz: B)

Major group 2
(Tokarz: C)

KM975332|3101400473|NL14

KM975333|3101400474|NL14

KM975350|4311400743|NL14

KM975330|3101400307|NL14

KM975331|3101400309|NL14

KM975334|3101400542|NL14

KM975346|4311400668|NL14

KM975328|3101300356|NL13

KM975329|3101400018|NL14

KM975345|4311301187|NL13

KF254913.1|ID72|ES13

KM975326|3101200440|NL12

KF254923.1|SO9306|ES12

KM975327|3101200566|NL12

KC763169.1|ITA/24518/12|IT12

KM975342|4311201039|NL12

KC763167.1|ITA/23695/12|IT12

KM851230.1|US/IL/14-18952|US14

KM851229.1|US/KY/14-18951|US14

KF254924.1|SO9406|ES12

KF254921.1|SO9411|ES12

KF254920.1|SO9277|ES12

KF254919.1|SO9320|ES12

KF254918.1|SO9493|ES12

KF254917.1|SO9336|ES12

KC763164.1|ITA/22516/12|IT12

KF254922.1|SO9288|ES12

JF830048.1|4310901880|NL09

JF896311.1|NL_200912598|NL09

JQ586224.1|09-115|UK09

AB902837.1|EV68/Okinawa/174/2010|JP10

JF896303.1|NL_201012467|NL10

JF896302.1|NL_201013557|NL10

JQ586221.1|09-56|UK10

JF830047.1|4310901514|NL09

JF896307.1|NL_201012867|NL10

JF896305.1|NL_201014073|NL10

JQ586223.1|09-86|UK09

JQ586222.1|09-85|UK09

JF896306.1|NL_201013230|NL10

JF830045.1|4310900947|NL09

JF896310.1|NL_200914918|NL09

JF830049.1|4310902042|NL09

JF896309.1|NL_200914986|NL09

JF896308.1|NL_200913563|NL09

JQ586226.1|09-398|UK09

JF896304.1|NL_201011595|NL10

AB614437.1|2161-Yamagata-2010|JP10

AB614409.1|1975-Yamagata-2010|JP10

AB614433.1|2086-Yamagata-2010|JP10

AB614432.1|2163-Yamagata-2010|JP10

AB614431.1|2145-Yamagata-2010|JP10

AB614430.1|2082-Yamagata-2010|JP10

AB614427.1|2035-Yamagata-2010|JP10

AB817715.1|TTa-11-Ph344|PH11

AB817713.1|TTa-11-Ph269|PH11

AB817712.1|TTa-11-Ph257|PH11

AB817711.1|TTa-11-Ph245|PH11

AB817716.1|TTa-11-Ph395|PH11

AB817703.1|TTa-08-Ph451|PH08

AB817704.1|TTa-08-Ph513|PH08

AB817709.1|TTa-08-Ph608|PH08

AB817706.1|TTa-08-Ph560|PH08

AB817705.1|TTa-08-Ph519|PH08

AB817708.1|TTa-08-Ph597|PH08

KJ556327.1|CSP329|KH11

AB817702.1|TTa-08-Ph343|PH08

JQ411807.1|TH_CU124|TH11

JQ924867.1|CQ-5759|CN11

KM975338|4311200780|NL12

JX898785.1|CQ5585|CN11

KM361524.1|CU171|TH11

KM361523.1|CU134|TH11

JQ411804.1|TH_CU101|TH11

KC763162.1|ITA/20528/12|IT12

KM975343|4311300117|NL13

KM851228.1|US/MO/14-18950|US14

KM851227.1|US/MO/14-18949|US14

KM975347|4311400698|NL14

KM851226.1|US/MO/14-18948|US14

KM851225.1|US/MO/14-18947|US14

KJ472886.1|HEV196011|KE11

AY426492.1|MD02-2|US02

AY426491.1|MD02-1|US02

JF830079.1|V493|NL04

JF830074.1|V031|NL04

JF830078.1|V213|NL04

JF830075.1|V049|NL04

JF830027.1|4310600466|NL06

JF830085.1|VR960|NL08

JF830042.1|4310800806|NL08

KC763173.1|ITA/27708/08|IT08

JF830037.1|4310800704|NL08

KC763171.1|ITA/26505/08|IT08

KC763168.1|ITA/24281/08|IT08

JF830040.1|4310800762|NL08

JF830050.1|4310902284|NL09

JF830041.1|4310800795|NL08

KC763172.1|ITA/26868/08|IT08

KC763158.1|ITA/19179/08|IT08

JF830084.1|VR932|NL08

KC763160.1|ITA/19962/08|IT08

JF830033.1|4310700548|NL07

KC763157.1|ITA/18641/08|IT08

AB601881.1|JPOC10-618|JP10

AB601880.1|JPOC10-616|JP10

AB667895.1|1703-Yamagata-2007|JP07

JF830082.1|VR057|NL06

JF830030.1|4310600517|NL06

AB667892.1|2124-Yamagata-2005|JP05

JF830081.1|VR048|NL06

JF830080.1|VR045|NL06

AB667885.1|1989-Yamagata-2005|JP05

AB667893.1|2218-Yamagata-2005|JP05

AB667886.1|1991-Yamagata-2005|JP05

AB667887.1|2037-Yamagata-2005|JP05

AB667888.1|2038-Yamagata-2005|JP05

AB667889.1|2043-Yamagata-2005|JP05

AB667890.1|2050-Yamagata-2005|JP05

AB667891.1|2062-Yamagata-2005|JP05

AB667894.1|2251-Yamagata-2005|JP05

JF830031.1|4310600545|NL06

JX101786.1|ARI192|US09

AB601885.1|JPOC10-404|JP10

AB601872.1|JPOC10-200|JP10

AB601884.1|JPOC10-396|JP10

AB601883.2|JPOC10-378|JP10

AB614428.1|2037-Yamagata-2010|JP10

AB601882.2|JPOC10-290|JP10

AB601876.1|JPOC10-441|JP10

AB601874.1|JPOC10-402|JP10

AB601873.1|JPOC10-373|JP10

AB601875.1|JPOC10-412|JP10

AB601877.1|JPOC10-445|JP10

AB601878.1|JPOC10-471|JP10

AB601879.1|JPOC10-573|JP10

AB614439.1|2167-Yamagata-2010|JP10

AB614426.1|2032-Yamagata-2010|JP10

AB614408.1|1946-Yamagata-2010|JP10

AB614425.1|2016-Yamagata-2010|JP10

AB614410.1|1976-Yamagata-2010|JP10

AB614406.1|1939-Yamagata-2010|JP10

AB614429.1|2052-Yamagata-2010|JP10

AB614438.1|2166-Yamagata-2010|JP10

AB614436.1|2146-Yamagata-2010|JP10

AB614435.1|2116-Yamagata-2010|JP10

AB614434.1|2101-Yamagata-2010|JP10

AB614424.1|2015-Yamagata-2010|JP10

AB614423.1|2011-Yamagata-2010|JP10

AB614422.1|2192-Yamagata-2010|JP10

AB614421.1|2158-Yamagata-2010|JP10

AB614420.1|2155-Yamagata-2010|JP10

AB614419.1|2150-Yamagata-2010|JP10

AB614418.1|2079-Yamagata-2010|JP10

AB614417.1|2071-Yamagata-2010|JP10

AB614416.1|2070-Yamagata-2010|JP10

AB614415.1|2058-Yamagata-2010|JP10

AB614414.1|2034-Yamagata-2010|JP10

AB614413.1|1989-Yamagata-2010|JP10

AB614412.1|1981-Yamagata-2010|JP10

AB614411.1|1980-Yamagata-2010|JP10

AB614407.1|2013-Yamagata-2010|JP10

AY426494.1|WI00|US00

AY426493.1|MO00|US00

JF830021.1|3000000227|NL00

AY426495.1|TX02-1|US02

JF830020.1|3009903700|NL99

JX101800.1|SA792|ZA00

JX101795.1|SA402|ZA01

JX101799.1|SA563|ZA00

KJ472888.1|HEV016008|KE08

AY426496.1|TX02-2|US02

JF830017.1|3009604041|NL96

EF107098.1|37-99|FR99

JF830019.1|3009804577|NL98

JF830018.1|3009704826|NL97

JX101801.1|SA726|ZA00

AY426498.1|TX99|US99

JX101798.1|SA553|ZA00

JX101797.1|SA551|ZA00

JX101796.1|SA498|ZA01

AY426497.1|MN98|US98

AY426499.1|MD99|US99

JX101802.1|SA1354|ZA00

JF830022.1|4300100300|NL01

JF830023.1|4300100349|NL01

JF830026.1|4310300014|NL03

JF830025.1|4300300279|NL03

AB667896.1|2311-Yamagata-2006|JP06

JF830029.1|4310600502|NL06

AY426500.1|TX03|US03

JF830024.1|4300100370|NL01

KJ556321.1|CSP174|KH09

KJ556320.1|CSP166|KH09

KJ556322.1|CSP175|KH09

KJ556323.1|CSP177|KH09

KJ556325.1|CSP180|KH09

KJ556324.1|CSP178|KH09

AB667899.1|1737-Yamagata-2008|JP08

JX898784.1|CQ4278|CN10

AB817707.1|TTa-08-Ph561|PH08

JN169112.1|PUMCH7487Aug08|CN08

JN169118.1|PUMCH3543Sep06|CN06

JN169110.1|PUMCH3271Aug06|CN06

JN169113.1|PUMCH3653Oct06|CN06

JN169111.1|PUMCH3391Sep06|CN06

JN169116.1|PUMCH3266Aug06|CN06

JN169115.1|PUMCH3245Aug06|CN06

JN169114.1|PUMCH3223Aug06|CN06

JN169109.1|PUMCH3036Aug06|CN06

KJ556326.1|CSP204|KH09

JQ411802.1|TH_B1512|TH09

JN169117.1|PUMCH3747Oct06|CN06

JN169108.1|PUMCH3542Sep06|CN06

JF830077.1|V084|NL04

JF830076.1|V071|NL04

JX569073.1|SHAPHC2388T/SH/CHN/10|CN10

KF254914.1|SO9770|ES13

KM975335|3101400593|NL14

KM851231.1|US/KY/14-18953|US14

KM975344|4311301078|NL13

JX898786.1|CQ5914|CN12

JQ411805.1|TH_CU54|TH11

KM975337|4311200761|NL12

KM975349|4311400720|NL14

GQ466485|A2119|FI04

GQ466487|K1105|FI04

GQ466486|A2145|FI05

KJ472878.1|HEV044008|KE08

KM975348|4311400703|NL14

JX101793.1|GA427|GM08

JX101792.1|GA424|GM08

JX101794.1|GA431|GM08

JX101790.1|GA420|GM08

JX101791.1|GA421|GM08

JN169107.1|PUMCH7495Aug08|CN08

AB667897.1|2118-Yamagata-2007|JP07

AB667898.1|1833-Yamagata-2008|JP08

JF830035.1|4310700615|NL07

JF830034.1|4310700565|NL07

JF830032.1|4310700531|NL07

JF830028.1|4310600468|NL06

JF830083.1|VR568|NL07

KJ472884.1|HEV126010|KE10

KJ472883.1|HEV124010|KE10

KJ472882.1|HEV156010|KE10

KJ472880.1|HEV085008|KE08

KJ472885.1|HEV137010|KE10

JX101806.1|NYC403|US09

AB817714.1|TTa-11-Ph272|PH11

AB817710.1|TTa-11-Ph224|PH11
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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. 

Acknowledgements
We thank Anne-Marie van den Brandt, Sharon van den 
Brink, Jeroen Cremer, Edin Jusic, Pieter Overduin, Bas van 
der Veer from the National Institute for Public Health and 
the Environment, Bilthoven, The Netherlands for labora-
tory support and Marianne Heshusius-van Valen from NIVEL 
Netherlands Institute for Health Services Research, Utrecht, 
the Netherlands for excellent assistance with data collection. 
We thank the participating Dutch clinical virological labora-
tories for submitting enteroviruses for typing, and general 
practitioners and their patients for participation in the ILI/
ARI sentinel surveillance. This work was partly funded by the 
Ministry of Health, Welfare and Sport, the Netherlands.

Conflict of interest
None declared.

Authors’ contributions
Adam Meijer, Harrie van der Avoort and Kimberley Benschop 
collected data. Gé Donker coordinated the sentinel GP net-
work collecting specimens. Adam Meijer performed the 
analysis of the data and wrote the first draft of the paper. All 
other authors reviewed the manuscript critically, and com-
ments and suggestions were incorporated in the final ver-
sion by Adam Meijer.

References
1.	 Khetsuriani N, Lamonte-Fowlkes A, Oberst S, Pallansch MA; 

Centers for Disease Control and Prevention. Enterovirus 
surveillance--United States, 1970-2005. MMWR Surveill Summ. 
2006;55(8):1-20.

2.	 Centers for Disease Control and Prevention (CDC). Clusters of 
acute respiratory illness associated with human enterovirus 
68--Asia, Europe, and United States, 2008-2010. MMWR Morb 
Mortal Wkly Rep. 2011;60(38):1301-4.

3.	 European Centre for Disease Prevention and Control (ECDC). 
Rapid Risk Assessment – Enterovirus 68 detections in the USA 
and Canada. Stockholm: ECDC. 26 Sep 2014. Available from: 
http://www.ecdc.europa.eu/en/publications/Publications/
enterovirus-68-USA-Canada-rapid-risk-assessment.pdf

4.	 Rahamat-Langendoen J, Riezebos-Brilman A, Borger R, van der 
Heide R, Brandenburg A, Schölvinck E, et al. Upsurge of human 
enterovirus 68 infections in patients with severe respiratory 
tract infections. J Clin Virol. 2011;52(2):103-6. http://dx.doi.
org/10.1016/j.jcv.2011.06.019

5.	 Meijer A, van der Sanden S, Snijders BE, Jaramillo-Gutierrez 
G, Bont L, van der Ent CK, et al. Emergence and epidemic 
occurrence of enterovirus 68 respiratory infections in The 
Netherlands in 2010. Virology. 2012;423(1):49-57. http://
dx.doi.org/10.1016/j.virol.2011.11.021

6.	 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(36):798-9.

7.	 van der Sanden SM, Koopmans MP, van der Avoort HG. 
Detection of human enteroviruses and parechoviruses as part 
of the national enterovirus surveillance in the Netherlands, 
1996-2011. Eur J Clin Microbiol Infect Dis. 2013;32(12):1525-31. 
10. Epub 2013 Jun 19.

8.	 Jaramillo-Gutierrez G, Benschop KS, Claas EC, de Jong AS, 
van Loon AM, Pas SD, et al. September through October 2010 
multi-centre study in the Netherlands examining laboratory 
ability to detect enterovirus 68, an emerging respiratory 
pathogen. J Virol Methods. 2013;190(1-2):53-62. http://dx.doi.
org/10.1016/j.jviromet.2013.02.010 

9.	 Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: 
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol 
Evol. 2013;30(12):2725-9. http://dx.doi.org/10.1093/molbev/
mst197

10.	  Tokarz R, Firth C, Madhi SA, Howie SR, Wu W, Sall AA, et al. 
Worldwide emergence of multiple clades of enterovirus 68. J 
Gen Virol. 2012;93(Pt 9):1952-8. http://dx.doi.org/10.1099/
vir.0.043935-0

11.	 Pastula DM, Aliabadi N, Haynes AK, Messacar K, Schreiner T, 
Maloney J, et al. Acute neurologic illness of unknown etiology 
in children - Colorado, August-September 2014. MMWR Morb 
Mortal Wkly Rep. 2014;63(40):901-2.

12.	 Schieble JH, Fox VL, Lennette EH. A probable new human 
picornavirus associated with respiratory diseases. Am J 
Epidemiol. 1967;85(2):297-310.

13.	 Ishiko H, Miura R, Shimada Y, Hayashi A, Nakajima H, Yamazaki 
S, et al. Human rhinovirus 87 identified as human enterovirus 
68 by VP4-based molecular diagnosis. Intervirology. 
2002;45(3):136-41. http://dx.doi.org/10.1159/000065866

14.	 Niesters HG, Rossen JW, van der Avoort H, Baas D, Benschop 
K, Claas EC, et al. Laboratory-based surveillance in the 
molecular era: the TYPENED model, a joint data-sharing 
platform for clinical and public health laboratories. Euro 
Surveill. 2013;18(4):20387. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=20387

15.	 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(5):2374-84. Epub 2013 Dec 26. 
http://dx.doi.org/10.1128/JVI.03070-13

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2014.19.42.20935&domain=pdf&date_stamp=2014-10-23

