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A B S T R A C T

Background: Enteroviruses are responsible for a wide range of clinical symptoms.Enterovirus D68 was already
known to cause mild to severe respiratory infections, but in the last few years, it has also been associated with
neurological symptoms and acute flaccid paralysis.
Objectives: In this epidemiological surveillance in Belgium, 1521 enteroviruspositive samples were genotyped.
Study design: Enterovirus-positive patient samples were collected from the University Hospitals Leuven and
other hospitals and medical practices in Belgium from 2007 to 2018. Molecular typing was done by RT-PCR
using different primers sets. EV-A and EV-B were typed by sequencing part of VP1. For EVC and EV-D, the VP4/
VP2 region was used together with the non-coding region.
Results: In this epidemiological survey with samples collected over 12 years, 35 different EV types were detected
in 1521 patient samples. Enterovirus species B was by far the most dominant species in our samples (93%).
Echovirus 30 was most frequently found (24%), followed by echovirus 6 (8%) and echovirus 9 (7%). In 2018,
there was an outbreak for the first time of enterovirus D68 with severe respiratory infections but no acute flaccid
paralysis. Phylogenetic analyses showed that the collected outbreak strains coexist in different clades.
Conclusions: For more than a decade, the circulating enterovirus strains were investigated in Belgium. During
this time span, echovirus 30 was the most frequently detected and peaked every 3 years. Enterovirus D68 began
an upsurge in 2018, but thus far without being clinically associated with acute flaccid paralysis.

1. Background

Each year, human enteroviruses (EV) infect millions of people
worldwide. They can be responsible for a common cold, meningitis,
encephalitis, paralysis, and even death. Enteroviruses B are the most
common cause of aseptic meningitis worldwide, which mainly affects
young children and is an important cause of hospitalization [1]. En-
terovirus D68 (EV-D68) and enterovirus A71 (EV-A71) most commonly
causes respiratory illness and hand, foot, and mouth disease (HFMD),
respectively. Sometimes they are linked to acute flaccid paralysis (AFP)
but also other non-polio enteroviruses (NPEV) can be responsible for
paralysis [2].

Molecular techniques such as reverse transcriptase PCR (RT-PCR)
and subsequent nucleotide sequencing have gained significant

importance above the conventional techniques of virus culture and
seroneutralization testing for the diagnosis and characterization of en-
terovirus infections [3]. Molecular sequence data and comparative
genomics (sequence homology search in GenBank and phylogenetic
analysis) are the methodologies preferentially used to identify the en-
terovirus type [4,5].

The second half of the 5′noncoding region (5′NCR) is extremely
conserved among all enteroviruses and therefore used extensively in
diagnostic RT-PCR assays. Because of the genetic conservation in the
5′NCR, sequencing of this region does not allow accurate identification
of the enterovirus type. The standard method for genotyping of en-
teroviruses is to sequence the amino terminal part of the VP1 capsid
protein [6,7]. However, the lower sequence conservation in this region
complicates the amplification of all enteroviruses using one primer set
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[8]. The VP1 gene encodes important serotype-specific neutralization
epitopes and therefore its sequence has shown to correlate very well
with the classical serotype classification [9]. Sequence homology cri-
teria have been defined: a VP1 nucleotide sequence identity of more
than 75% to a certain reference strain in GenBank indicates that the
sample is homologous to that specific serotype, provided that the
second-highest identity score is less than 70% [5]. Sequencing part of
the VP1 is the gold standard for EV typing [9,3]. The protocol of Nix
et al. [10] is adopted by the WHO as recommendation for EV typing and
is widely used in national reference laboratories (WHO EV surveillance
guidelines 2015). This protocol is rather time consuming and therefore
a non-nested one-step RT-PCR with different primer sets was used for
typing directly from clinical specimens.

Since 2014, EV-D68 gained epidemiological and clinical relevance
because of a large outbreak of severe respiratory infections associated
with nervous system diseases in the USA [11]. Since then, EV-D68 is
reported all over Europe [12–14]. Outbreaks can include genetically
different strains, belonging to different clades of the phylogenetic tree.
EV-D68 is divided into four clades (A, B, C and D), the B clade is further
divided into three subclades (B1, B2 and B3) [15]. Some papers divides
the A cluster into two subclades A1 and A2 [16]. Other papers describe
clade D which is divided into two subclades (D1 end D2) [17,15]. Since
the epidemiology of EV-D68 in Belgium is unknown, we performed
phylogenetic analysis of the Belgian EV-D68-positive samples to in-
vestigate the clustering of the samples in the different clades.

2. Objectives

Our laboratory started collecting EV-positive samples for epide-
miological surveillance purposes in 1999 [8]. To further investigate the
epidemiology of enteroviruses, EV-positive samples collected in Bel-
gium over more than 10 years were molecularly typed. Different types
of patient samples with diverse clinical manifestations were used for
typing purposes. Since 2010, our laboratory serves as the Belgian Na-
tional Reference Center for enteroviruses, including polioviruses and
parechoviruses. Therefore, enterovirus-typing results are officially re-
ported to the Belgian Institute of Health (Sciensano) every year. Since
2017, our laboratory joined the European non-polio enterovirus net-
work (ENPEN) which is a large collaborative network providing re-
searchers in Europe a platform for EV surveillance and data sharing [3].

3. Study design

Our surveillance study consist out of 1521 samples, 80% originated
from patients admitted to the University Hospital Leuven, and 20%
came from other regional hospitals and laboratories.

3.1. Sample collection and preparation

Samples were collected from patients hospitalized at the University
Hospital, Leuven, from 2007 until 2018. In addition, samples from
external laboratories were collected since 2010. Different types of
samples such as cerebrospinal fluid (CSF), feces, skin lesions, and
samples from the lower and upper respiratory tract were used for the
diagnosis of EV infections.

Viral RNA was extracted from CSF and respiratory samples with an
easyMAG instrument (bioMérieux, Marcy l'Etoile, France). The viral
RNA extraction kit (QIAGEN Benelux) was used for all other sample
types.

3.2. Diagnostic qPCR and cell cultures in the University Hospital Leuven

3.2.1. Diagnostic qPCR
In a decade of EV detection, different primer and probe sets were

used in a qPCR (supplementary data). CSF samples were tested with an
EV qRT-PCR targeting the 5′ NCR. Before 2013, primers E4KB-F/E1R

were used with probe EVTM2. From 2013 primer set EVWV1/EVWV2
and probe EVWVSC from Verstrepen et al. [18] were used in order to
detect EV-D68. From 2016 onwards, the forward primer EVWV1 was
slightly adapted to primer EVfw1. From 2016, respiratory samples were
tested with a lab-developed respiratory panel detecting 29 different
respiratory pathogens (including EV-D68) in 12 multiplex reactions
(not published). In this panel, the RHEV-1/2/3 primer set was used
together with probe RHEV-VT for the detection of all enteroviruses and
rhinoviruses.

3.2.2. Cell culture
Respiratory samples (before the introduction of the respiratory

panel in 2016) and fecal samples were filtered and inoculated on three
different cell-lines: PLC/PRF-5, RD and Hela. Cell cultures showing
typical cytopathogenic effect (CPE) for enterovirus were diagnosed as
positive. All positive cell cultures were molecularly typed. Supernatant
of the enterovirus-positive cell culture was 1/100 diluted with PBS and
directly used for one-step RT-PCR, no extraction step was needed for
this type of samples. This method reduces workload and avoids con-
tamination during extraction. All cell-cultured samples yielded a posi-
tive NCR PCR.

3.3. RT-PCR of the NCR, VP1 and VP4/VP2

A 231bp gene fragment in the second half of the 5′ NCR was am-
plified through the QIAGEN® One-step RT-PCR (QIAGEN Benelux)
using primers E4KB-F and E1R and PCR conditions as described pre-
viously [8]. To detect rhinoviruses and EV-D68 (formally rhinovirus
89), the NCR primers from Kiang et al. [19] were additionally used
since 2014.

Only the inner degenerate primer set ENTNES-F/R of a previously
developed nested PCR [8] was used for the amplification of the amino
terminal part of VP1 (350bp). The ENTNES primers detect only group B
enteroviruses. If this primer set failed to amplify the RNA, different
primer pairs were used based on the results of the 5′NCR (Fig. 1). For
sequencing the VP4/VP2 region the nested PCR protocol was used of
Wisdom et al [20].

3.4. Sequence and sequence analysis

PCR amplicons (5 μl) were purified with 1 μl ExoSAP-IT (Affymetrix,
Santa Clara, CA, USA) and Sanger sequenced with the respective PCR
primers using the Big Dye Terminator v3.1 Cycle Sequencing Kit (Life
Technologies) according to manufactures protocol. Sequencing pro-
ducts were analyzed in an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems). From 2017, purified PCR products were send to the
Macrogen sequencing facility.

Chromatogram sequencing files were inspected with Chromas
(Technelysium Pty Ltd, Tewantin Qld, Australia) and compared to all
corresponding EV sequences available in GenBank using BLAST (Basic
Local Alignment Search Tool). In order to identify the EV type, a VP1
nucleotide sequence similarity of more than 75% to a certain reference
strain in GenBank must be achieved. The partial VP1 sequence was also
submitted to the Enterovirus Genotyping Tool: https://www.rivm.nl/
mpf/typingtool/enterovirus/ [21].

3.5. Sequence strategy

The VP1 is most applicable for typing; ENTNES F/R was therefore
the first primer set used for genotyping positive samples. At the same
time, a NCR enterovirus (E4KB-F/E1R) and rhinovirus (RV-5′UTR F/R)
PCR was performed (Fig. 1). When the VP1 PCR was negative, different
primers sets were used depending on the sequence outcome of the NCR.
This conserved region among enteroviruses has been extensively used
for diagnostic purposes but cannot be used for molecular typing.
However, the NCR result can be an indication of EV species (A, B, C or
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D) after BLAST analyses or the Enterovirus Genotyping Tool. If the
species was indeed an EV-B type, other primers sets were used that were
slightly adapted from the ENTNES primers over the years (supple-
mentary data). If an Enterovirus A was the result of the NCR sequence,
the primer set of Leich et al. [22] (HEVA-OS and HEVA-OAS) was used
to identify the genotype in the VP1. EV-D68 was detected with the
sequence of the NCR RV primers [19] and confirmed with the se-
quencing of the VP4/VP2 PCR product. All EV-C were detected with the
NCR EV primers [8] and also confirmed with the Wisdom primers [20].
A flow chart of this sequence strategy is included in Fig. 1. All primers
are available in the supplementary data. In some cases, a phylogenetic
tree was constructed using 5′NCR sequences of unknown samples to-
gether with samples that were already typed with the VP1 region. A
dataset of more than 1000 partial 5′NCR sequences was created (data
not shown).

All the graphical representation of the data was performed in R
using the ggplot2 package [23,24].

3.6. Phylogenetic analyses of EV-D68

The VP4/VP2 region was used for the phylogenetic analyses of EV-
D68. Alignments were made with our samples and other strains from
GenBank including several EV-D68 strains belonging to different clades
and subclades [14,25,26,17].

A phylogenetic tree was constructed with the maximum-likelihood
method after model testing in Mega10 [27]. The Kimura 2 parameter
model with gamma distribution was the best fitting model for our data
set.

4. Results

From the beginning of 2007 until the end of 2018, 1521 EV positive
Belgian samples were molecularly typed, presenting 35 different en-
teroviruses as showed in Table 1. Our sample set exist out of 64% CSF
and 36% other sample types (respiratory samples, fecal samples or skin
lesions) and were associated with several clinical manifestations. In
total, over a decade, 89% (1521/1702) of all EV-positive samples that
our lab received were molecularly typed with our method, with a de-
crease of 19% (28/144) non-genotyped samples in 2007 to 2% (4/166)
non-genotyped samples in 2018. EV-B is the causal agent of the ma-
jority of aseptic meningitis cases. Our sample set consisted mostly of
CSF from patients with meningitis. The single RT-PCR with the inner
primer set (ENTNES F/R) [8] gave an adequate positive result in ap-
proximately 70% of our samples, because most of the Belgium strains
are EV-B species. The other samples were genotyped with different
primer sets (Fig. 1). EV-B was the predominant species in our 12 year-

survey; in 1419/1521 samples (93.3%). EV-A was detected in 63 cases
(4.1%), EV-D was detected in 36 cases (2.4%) and EV-C was only de-
tected in three cases (0.2%).

The heat map (supplementary data) represents the percentage of
samples positive for the different EV genotypes per year from 2007 to
2018. The five most abundant enteroviruses in our data set are echo-
virus 30 (E-30), echovirus 6 (E-6), echovirus 9 (E-9), echovirus 11 (E-
11) and coxsackievirus B5 (CV-B5). The abundance percentage of these
four enteroviruses was projected over a 12-year window in a line plot
(Fig. 2). Every three years we see a peak abundance for E-30 (2007,
2010, 2013, and 2016). For E-6, a 2-, 4- and 2-year interval was seen
with peaks in 2009, 2011, 2015 and 2017. E-9 peaked in 2011 and
2014, mostly together with the peak of E-6 and in between the E-30
peaks. The heat map in Fig. 3 represents the percentage of positive
samples in different age categories. All EV genotypes can infect all ages.
E-30 was more present in children and adults than in infants. In 12
years, EV-A71 was detected in 23 samples (1.5%) and was mostly de-
tected in children under the age of four. EV-D68 was detected in 36
samples (2.4%) and infects almost all ages but mostly the age group
between 40–80 years. Another heat map was created to show the dis-
tribution of different genotypes on different sample types in Fig. 4. E-30
was mostly detected in CSF but also in feces samples and in the upper
respiratory tract. EV-D68 was detected in the lower and upper re-
spiratory tract. CV-A6 was mostly detected in skin lesions.

There was a sampling bias for EV-D68 because we received 20 po-
sitive respiratory samples from AZ Sint.Jan Brugge for sequencing. In
2018, this hospital in Bruges detected more than 80 positive EV-D68
samples in daily practice by using TAC (Taqman Array Card) tech-
nology for broad respiratory screening of all received respiratory sam-
ples (83/7986 samples). In 2015 a specific real-time PCR for EV-D68
[12] was integrated on this micro-array card additional to several
broader PCR’s for rhino-, entero-and parechovirus screening. Before the
outbreak of 2018, EV-D68 was only detected sporadically in Belgium.
Not all samples from Bruges were sequenced in the VP4/VP2 region;
only 20 samples are included in our data set. In Fig. 5, the phylogenetic
analyses show that the respiratory samples from 2016 cluster in sub-
clade B3. Only one sample of 2014 clusters in clade A1, this strain
originated from a baby with neurological problems. Two strains from
2017 cluster in A2 (D2) and 2018 samples cluster in subclades B3 and
A2 (D1), regardless of the location of detection, Leuven (L) or Bruges
(B). All patients in 2018 had mild to severe respiratory symptoms but
no neurological symptoms or AFP was reported.

5. Discussion

Typing enteroviruses is important for studying the relationship

Fig. 1. Flowchart of the strategy for genotyping Enteroviruses.
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between EV genotype and clinical syndrome, for finding new types or
variants, and for epidemiological surveillance. By directly using the
nucleotide sequence of the VP1-amplicons in BLAST and/or the
Enterovirus Genotyping Tool, most of the EV-B samples were molecu-
larly typed with only one PCR. When the VP1 RT-PCR was negative, the
highly conserved 5′NCR was used as a prediction of the enterovirus type
[28]. A major drawback of using 5′NCR-based RT-PCR assays is their
inability to identify the enterovirus type, furthermore, recombination of
EV is a frequent event and appears in the same species between struc-
tural and non-structural region mostly in species A–C [29]. However,
the predictive value of the 5′NCR can be exploited in subsequent VP1
molecular typing strategies [28].

Our approach is very sensitive and a rapid method to identify the EV
type in different types of patient samples. All EV positive samples are
typed and reported to the physician in less than one week. The most
frequently isolated EV type in our surveillance study of more than a
decade is E-30. This EV type is a known cause of massive outbreaks of
aseptic meningitis in temperate climates. The genotype distribution we
observed largely corresponds with observations in other European
countries and in the United States [30–32]. The predominant en-
terovirus type varies from year to year. Every 3 years E-30 is the most
prevalent EV in our dataset alternated with E-6 and E-9 peaks. E-30
epidemics occurs usually as repeated cycles of emerging and dom-
inating virus lineages that causes outbreaks every 3–5 years. They can
cover large geographical areas and can disappear to re-emerge later
[33,34].

EV-C104 was found once in 1521 samples. This relatively rare EV
was first described in 2009 in Switzerland [35] since then, it was found
only sporadically. In Europe, there were some cases reported with EV-

C104 in Italy [36], the Netherlands [37] and Denmark [38].
Outbreaks of EV-D68 are detected since 2014 all over Europe. In

2016, there was an outbreak in the Netherlands [39], in Stockholm [14]
and in Italy [25]. In our data set, there was only an upsurge in 2018, all
with severe respiratory symptoms but no neurological problems or
paralysis. Phylogenetic analyses showed that all Belgium samples are
located in three different clades A1, B3 and A2 (D1). Only the one strain
in clade A1 gave neurological symptoms but no AFP. The samples from
the outbreak in 2018 coexisted in two subclades, B3 and A2 (D1) and
only mild to severe respiratory infections were seen. To improve the
monitoring of the clinical and molecular epidemiology of EV-D68 a
global consensus of the nomenclature of clades and subclades should be
pursued.

During a decade of EV surveillance, our EV genotyping strategy
allowed 89% of all EV-positive samples to be molecularly typed. This
strategy improved over time and genotyped 98% of the EV strains in
2018. Between 2007 and 2018, EV-B was the most detected species and
E-30 the most identified genotype with epidemic peaks every three
years. In total, 35 different EV genotypes were encountered. Typing
enteroviruses remains an interesting challenge and next generation
sequencing will continue to improve genotyping in the future.

Author statement

All authors provided critical feedback and helped shape this
manuscript.

Table 1
Overview of all enterovirus types that were found in 12 years. The numbers indicate the number of samples that were typed per year.

SPECIES Enterovirus 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

EVA Enterovirus A71 0 0 0 8 0 0 3 0 4 2 0 6 23
EVA Coxsackie A6 1 0 0 0 0 0 1 0 1 3 5 7 18
EVA Coxsackie A10 0 0 0 1 0 0 0 2 0 1 0 1 5
EVA Coxsackie A16 0 0 0 0 0 0 2 0 0 0 2 1 5
EVA Coxsackie A2 0 0 0 0 0 0 0 1 1 0 2 1 5
EVA Coxsackie A4 0 0 0 0 0 0 0 0 2 1 0 0 3
EVA Coxsackie A8 0 0 0 0 0 0 1 0 0 0 0 1 2
EVA Coxsackie A5 0 0 0 0 0 0 0 0 0 0 1 0 1
EVA Coxsackie A7 0 0 0 0 0 0 0 0 0 0 1 0 1
EVB Echovirus 30 89 4 14 52 1 4 40 2 10 123 4 22 365
EVB Echovirus 6 1 4 8 2 10 2 8 21 21 5 27 11 120
EVB Echovirus 9 2 3 2 1 8 5 2 42 4 11 8 19 107
EVB Echovirus 5 0 0 0 0 0 37 1 0 11 13 36 0 98
EVB Coxsackie B5 1 7 5 5 3 8 7 17 3 11 21 1 89
EVB Echovirus 11 4 7 5 8 2 20 0 2 15 1 0 20 84
EVB Coxsackie B4 1 0 10 8 7 5 1 15 2 13 5 9 76
EVB Coxsackie B1 0 38 0 3 8 1 1 2 5 1 0 2 61
EVB Coxsackie B3 0 7 0 10 2 1 13 4 2 10 5 3 57
EVB Echovirus 18 0 1 4 0 1 9 2 7 1 3 23 1 52
EVB Echovirus 7 0 7 3 0 9 0 0 11 11 2 6 0 49
EVB Coxsackie A9 3 0 0 16 2 0 14 0 3 0 2 8 48
EVB Coxsackie B2 4 2 5 10 1 5 5 3 1 2 3 4 45
EVB Echovirus 16 0 0 0 0 0 0 21 8 0 0 0 0 29
EVB Echovirus 25 2 0 1 9 3 1 1 4 0 1 0 7 29
EVB Echovirus 21 0 0 0 0 4 15 1 0 0 1 6 1 28
EVB Echovirus 20 1 0 0 0 4 9 0 2 1 0 0 7 24
EVB Echovirus 14 2 5 0 0 0 1 0 1 1 6 0 1 17
EVB Echovirus 13 5 0 0 0 0 0 1 0 4 0 0 2 12
EVB Echovirus 17 0 1 0 8 3 0 0 0 0 0 0 0 12
EVB Echovirus 3 0 2 0 0 5 0 0 1 0 3 1 0 12
EVB Echovirus 4 0 0 0 0 0 0 0 0 0 1 2 1 4
EVB Echovirus 2 0 0 0 0 0 0 0 1 0 0 0 0 1
EVC Coxsackie A21 0 0 0 0 0 0 0 0 0 0 1 1 2
EVC Enterovirus C104 0 0 0 0 0 0 0 0 0 0 0 1 1
EVD Enterovirus D68 0 0 0 0 0 0 0 2 0 8 2 24 36
Total typed 116 88 57 141 73 123 125 148 103 222 163 162 1521
Not typed 28 23 17 25 12 9 21 25 6 6 5 4 181
Total samples 144 111 74 166 85 132 146 173 109 228 168 166 1702
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Fig. 2. Line plot showing the percentage of samples that are positive for the four most abundant enteroviruses (E-30, E-6, E-9 and E-11) detected from 2007 to 2018.

Fig. 3. Heat map of EV genotypes in relation with the age distribution. The color bar indicates the percentage of samples per age category (y-axis) that were positive
for every enterovirus (x-axis).

Fig. 4. Heat map of EV genotypes in relation with the sample type distribution. The color bar indicates the percentage sample type (y-axis) that were positive for
every enterovirus (x-axis).
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Fig. 5. Phylogenetic analysis using the VP4/VP2
gene of 47 EV-D68 strains (557 nucleotides). The
trees were constructed after model testing using the
Maximum Likelihood method and Kimura 2-para-
meter model with Gamma distribution 5. Bootstrap
values calculated from 1000 trees. Evolutionary
analyses were conducted in MEGA X. Different
clades were detected and Belgium strains are in-
dicated in bold as BE and the year of origin, place of
detection L= Leuven, B=Bruges with the age of
the patient. The color green indicates samples from
Bruges and red are the samples from Leuven in the
upsurge of 2018. We submitted our EV-D68 se-
quences to GenBank under accession numbers
MN310412-MN310440.
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