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ABSTRACT

This report provides the findings of a retrospective surveillance study on the emergence and circulation
of enteroviruses with their associated clinical symptoms over a nine-year period detected at the National
Enterovirus Reference Laboratory in Hungary between 2010–2018.

Enterovirus (EV) detection and genotyping were performed directly from clinical samples. From
4,080 clinical specimens 25 EV types were identified with a median age of patients of 5 years and 68% of
all cases affected children aged 10 years or younger, although infections occurred in all age-groups. In
130 cases neurological symptoms were recorded, in 123 cases the infection presented in skin related
signs including hand, foot, and mouth disease (HFMD), herpangina and rash. In 2010 EV-A71 was
found to cause the majority of diagnosed EV infections while in 2011 and from 2014–2018, Cox-
sackievirus (CV)-A6 was identified most often. Echovirus E6 accounted for the most cases in 2012 and
Echovirus 30 dominated in 2013. EV-D68 was identified only in 2010 and 2013.

Widespread circulation of several EV-A and EV-B viruses with occasional occurrence of EV-C and
EV-D was detected. The ability of EVs to cause severe infections in sporadic cases and regular outbreaks
highlight the importance of continued monitoring of circulating EV types.

KEYWORDS

Enterovirus, direct detection, HFMD, neurological infection, Hungary

INTRODUCTION

The genus Enterovirus within the family Picornaviridae includes polioviruses (PV), cox-
sackieviruses (CV) A and B, echoviruses (E), and the numbered enteroviruses (EVs) adding
up to more than 100 types. They are classified into four species, Enterovirus A to D, based
largely on phylogenetic relationships in multiple genome regions [1].

EVs circulate worldwide causing sporadic or regular outbreaks of disease and can lead to
significant morbidity and mortality, although most infections are subclinical. As >90% of
enterovirus infections are asymptomatic the infections with clinical symptoms represent less
than 10% of enterovirus infections [2]. The individual genotypes are associated with different
clinical manifestations and different enterovirus types have also been associated with the
same clinical manifestations. Symptoms range from mild respiratory illness, skin rash, hand,
foot, and mouth disease (HFMD), through myocarditis, meningitis and encephalitis, to severe
neonatal sepsis-like disease and acute flaccid paralysis/myelitis (AFP/AFM), while the most
common neurological manifestation is aseptic meningitis [3, 4].

HFMD, a disease characterized by vesicular exanthema on the hands, feet, and oral
mucosa was mostly linked to CV-A16 and EV-A71 occasionally leading to severe or fatal
complications [5]. The widely circulating CV-A6 was previously generally linked to mild or
asymptomatic infections, although it was known to cause herpangina (HA), an illness
exhibiting painful mouth blisters. A change in the clinical phenotype of CV-A6 became
evident when a large outbreak of HFMD caused by CV-A6 in Finland in 2008 was reported
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[6]. This was followed by several reports of CV-A6 associ-
ated HFMD from Europe [7–9], North America [10, 11] and
Asia [12–15]. In the last decade CV-A10 was also reportedly
an agent of HFMD [16, 17].

Species B EVs have been widely described as the most
common cause of aseptic meningitis cases and outbreaks [3,
18, 19] Clinical presentation of enterovirus meningitis varies
with the patient’s age and immune status [20]. As well as
neurological infections, Enterovirus B viruses were also
implicated in pneumonitis, pancreatitis, dilated myocarditis,
and exanthems, including HFMD [3, 21, 22].

Severe respiratory infections linked to EV-D68, a species
D enterovirus, have been described in Europe and North
America in 2010, 2014 and 2016 [23, 24], including out-
breaks associated with AFP/AFM (reviewed in [25]).

The classical method to diagnose Enterovirus (EV)
infection has been virus isolation by cell culture from clinical
specimens, followed by cross-neutralisation assay to deter-
mine the serotype [26]. The relationships between sequence
data and enterovirus serotypes was first shown in the 1990s
(reviewed in [27]) and was confirmed by several subsequent
studies, hence enterovirus identification became synony-
mous with genome amplification and sequencing (reviewed
in [28]).

Although EV surveillance is mainly carried out based on
the recommendations set out by the World Health Orga-
nization (WHO) as a component of the Global Poliovirus
Elimination Action Plan, it also provides parallel data on
non-polio EV detection. In Europe non-polio EV surveil-
lance commonly focuses on EV detected in specimens from
hospitalized individuals with neurological infections [29].

The ability of EVs to cause large outbreaks, severe
neurological infections and considerable disease burden
highlight the need for the monitoring of EV types associated
with severe or specific clinical presentations.

MATERIALS AND METHODS

Samples

The National Enterovirus Reference Laboratory receives
specimens for diagnostic EV testing in cases of AFP/AFM
symptoms, from hospitalized patients with severe neuro-
logical infections or otherwise suspected EV etiology i.e.
HFMD, viral meningitis. Duplicate samples and repeat
testing from the same patient were excluded from typing.
Unfortunately, the specific clinical signs, acute or otherwise,
did not always accompany the sample received.

Detection and typing of enteroviruses

Viral nucleic acids purified directly from the clinical speci-
mens were first tested with pan-enterovirus nested RT-PCR
targeting the 50 untranslated region to detect enteroviral
RNA following the protocol from Kapusinszky et al. [30].
Positive specimens were inoculated onto susceptible cell
lines for poliovirus exclusion. EVs were directly typed by
partial amplification and subsequent sequencing of the VP1

genome region using previously published primers [30–32]
or, when necessary, by sequencing the diagnostic PCR
amplicon. Viral sequences were subjected to nucleotide–
nucleotide BLAST® analysis using the online server to
determine genotype.

Data collection

All data accompanying the received specimen were recorded
on arrival. Information about symptoms and clinical signs
provided by the clinician requesting the test were categorised
for this study with assistance from a medical professional
based on the affected organ or leading symptom into the
following categories: neurological, skin, HFMD, cardiac,
sepsis, enteric, fever, exitus, unknown.

RESULTS

Between 2010 and 2018 an average of 453 clinical samples
were received annually for EV testing, with the lowest
number (340 tests) requested in 2012 and the most (656
tests) in 2018 (data not shown). Of these, an average of 9.5%
were found to be EV-positive. The detection rate varied
between 4.7% (19 positives of 405 samples) in 2015 and
17.6% (85 positives of 482) in 2016.

During the 9 years study period, 387 clinical specimens
out of the 4,080 received samples tested positive for EV,
corresponding to 284 cases. Typing was unsuccessful in 6
cases and in three cases EV type could only be determined to
genogroup level (1 of species A, 2 of species B). In 1 CV-B
case and in 3 echovirus cases the actual genotype could not
be identified. 25 different EVs were identified, with the
majority, 14 types belonging to species B, followed by 8 types
of species A, two types of species C and one type of species
D. Between 2010 and 2018 the most frequently detected
genotype in Hungary was CV-A6, identified in 40.1% of all
cases, the second most frequent type was E-30, with 8.5%,
the third, EV-A71 representing 7.8% of all cases, followed by
CV-A16 detected in 7.4% of cases (Table 1).

The most frequently detected species and EV types
varied between the years during the study period. In 2012
and 2013 species B were identified more often than other
species, whilst in all the other seven years more cases were
linked to Genogroup A than to Genogroup B. In 2010 EV-
A71 caused most reported infections, in 2011 and 2014–
2018 the majority of EV infections were linked to CV-A6.
Echovirus 6 and 30 were detected in most enteroviral
infection cases in 2012 and 2013 causing 25 and 42.4% of
yearly reported infections respectively. CV-A16 was the
second most frequent EV type identified in 5 years (2010–
12, 2016–17) while EV-A71 was among the top three EV
type 3 times with both CV-A16 and EV-A71 being detected
in 7 of the 9 years of the study. Coxsackievirus B genotypes
represented 7.4% of all EV positive cases, causing the most
reported infections in 2012, while in 2011 and 2015 there
was no CV-B detected. Eight different Echovirus types were
found with 6 of them occurring in more than one year. E-6
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and E-30 were each detected in 5 of the nine years studied,
causing most cases in 2012 and 2013 respectively. In 2012,
the yearly sample number was well below average compared
to the whole period. Each year either Genogroup A or B
dominated the landscape with species C and D only
sporadically detected. In 2016 five different echovirus types
were identified in the received specimens.

Most EV-positive samples were received in the second
half of the year (Fig. 1a). Overall numbers peaked in August
and September (58 cases, 20.4% and 40 cases, 14.1%
respectively) and lowest numbers of positive samples were
observed between February and April (5–7 cases per
month). There were differences in the monthly distribution
of positive samples between the years. In 2016 most cases
were recorded in November (20.1%), while in 2017 more
infections were detected during the last two months of the
year, than during August and September. EV-D68 was
detected in August and September (1 and 3 cases respec-
tively). CV-A6 was detected throughout the year, while most
cases occurred in September and December. EV detection,
excluding CV-A6 cases, peaked in August and over a third of
the reported infections occurred between September and

November. During the study period Echoviruses were
detected in all months apart from March and April.

The age of patients with confirmed EV infection varied
between 0 and 74 years, with a median age of 5 years. Most
patients were aged between 1 and 5 years (43%, n 5 122),
followed by the age group of 6–15 years with 20.1% (n 5
57), patients aged 26–45 years (15.1%, n 5 43) and young
adults 16–25 years (10.2%, n 5 29). Children under 1 year
represented 9.5% of all cases (n 5 27). The least affected
were adults over 45 years with 2.1% (n 5 6). Overall 52.5%
of cases (149/284 EV positive cases) involved children of 5
years or younger. The 16 cases affecting babies under 3
months old included 3 cases each of CV-A16 and CV-B5
infections with the remaining 10 cases evenly distributed
between 9 further types (CV-A4, CV-B1, CV-B3, CV-B4,
CV-A9, E-3, E-11, E-18), leaving one such case typed as
echovirus and one, that was untypeable by our methods.
There was one case during the study period involving a
person over 65 years, a 74-year-old patient with a CV-A4
infection. CV-A6 affected all age groups between 3 months
and 65 years with 44.9% of all EV cases involving patients of
16 years or older linked to CV-A6. Echoviruses were

Table 1. Case numbers of detected enterovirus (EV) types in Hungary, 2010–2018

Type 2010 2011 2012 2013 2014 2015 2016 2017 2018 2010–2018

Species A EV-A71 10 3 3 1 2 2 1 22
CV-A2 1 1 2
CV-A4 1 3 1 1 6
CV-A5 2 1 3
CV-A6 1 8 4 16 6 38 22 19 114
CV-A8 1 1
CV-A10 1 5 1 1 8
CV-A16 4 4 3 1 1 4 4 21
CV-Aa 1 1

Species B CV-B1 1 1
CV-B2 3 2 5
CV-B3 2 2
CV-B4 1 2 1 4
CV-B5 1 3 1 1 2 8
CV-Ba 1 1
CV-A9 1 1 2 4
E-3 1 1
E-6 2 1 4 1 2 10
E-9 1 9 10
E-11 2 1 4 6 13
E-18 1 1
E-20 1 1 2
E-25 3 3
E-30 2 14 2 2 4 24

Echovirusa 2 1 3
EV-Ba 1 1 2

Species C CV-A13 1 1
CV-A24 1 1

Species D EV-D68 2 2 4
Untypedb 1 2 3 6
Total All 26 17 16 33 32 15 62 35 48 284

Note:
aPartially typed, EV- BLAST nucleotide sequence identity score not high enough to call a definitive genotype
bDiagnostic PCR positive, molecular typing unsuccessful
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detected in samples from people of all age groups under 46
years with more cases affecting patients over 16 years than
children of 5 years or younger (38.6 and 32.9% of reported
echovirus cases respectively) (Fig. 1b). Two patients with
confirmed EVD68 infections were aged 8 months, 1 patient
was 6 years old and the fourth had an age of 9 years.

The most frequent specimen types that tested positive for
EV were faeces/rectal swabs (213, 55% of 387 positive
samples) and respiratory samples (102, 26.4%), followed by
cerebrospinal fluid (61, 15.8%), vesicle/skin swab (9, 2.3%)
and biopsy (2, 0.5%) (Fig. 2). Most CV-A6 infections were
confirmed in faeces (63.2%, 96 of 152 CV-A6 positive
samples), followed by respiratory specimens (27%, 41 posi-
tive samples), skin/vesicle swab (5.9%, 9 samples) and CSF
(3.9%, 6 samples). The second highest number of EV posi-
tive samples, 39 specimens were received from patients
infected with E-30. A third of EV-30 positive specimens
were CFS samples (13 of 39 samples), slightly more, 41%
were faecal samples (16 of 39 samples) and 25.6% (10 of 39

samples) were respiratory specimens. Very similar ratios
were observed in the case of all detected echoviruses com-
bined: 44.4% faecal samples, 34.3% CSF, 21.2% respiratory
specimens (44, 34 and 21 echovirus positive samples
respectively of a total of 99). The third and fourth most EV
positive samples were taken from patients with EV-A71 and
CV-A16 infections (30 and 27 samples). Over half of EV-
A71 and CV-A16 positive samples were faecal samples (19
of 30 samples 15 of 27 samples respectively), followed by 10
positive respiratory sample of each EV type, plus 1 CSF
sample positive for EV-A71 and 2 CSF samples positive for
CV-A16. Most CV-B infections were detected in faecal
samples (14 samples, 45.2%), followed by CSF (8 samples,
25.8%), respiratory specimens (7 samples, 22.6%) and
postmortem tissue samples (2 specimens, 6.5%). EV-D68
was identified in 4 cases of EV infection, corresponding to 2
faecal, 2 CSF and 2 respiratory specimens.

Neurological symptoms were recorded as affecting the
individuals with detected EV infection most often (recorded

Fig. 2. Specimen types from infections with common EV types

Fig. 1. Distribution of confirmed EV infections by “a” month of detection “b” age of patient
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in 130 cases), followed by symptoms affecting the skin or
mucous membrane (123 cases), including cases of HFMD
(55 cases) (Fig. 3). Species B EVs were detected in most cases
with neurological symptoms (60%, 78 cases of 130), while
over a third were linked to Species A viruses (35.4%, 46/
130). EV-D68 infections were proved in 3 cases in patients
with neurological symptoms and in 1 case with non-specific
fever. Both detected infections by Species C EVs, one case of
CV-A13 and one of CV-A24 infection were received from
individuals suffering from neurological symptoms. In 13
cases of detected EV infections information regarding
symptoms were not available to the laboratory. Skin related
symptoms were affecting individuals with infection of one of
9 EV types (CV-A6, CV-A10, CV-A16, CV-A4, EV-A71,
CV-A2, CV-B4, E-9, E-11), while HFMD were only related
to three EV types, CV-A6, CV-A10 and EV-A71. Cardiac
problems were reported in 9 cases and a third of these, 3
cases were linked to E-11 infections, in the rest of the
samples received from these individuals EV-A71, CV-A6,
CV-A5, CV-B4 and E-9 were identified. Enteric symptoms
accompanied 6 cases of EV infections, with Enterovirus A
identified in all of them. The laboratory detected EV in
specimens from two cases of sepsis, one was linked to E-3,
the other to E-11 infection. CV-B5 was found in samples
received from the one recorded fatal case. Non-specific fever
was the lone recorded symptom in four patients with EV
positive samples. One patient with EV-A71 infection suf-
fered neurological and cardiac symptoms simultaneously,
while another individual with EV-A71 infection had a
combination of enteric and neurological symptoms. Exan-
thems and neurological symptoms were both recorded in
one case of CV-A6 and in one case of CV-B4 infection.

DISCUSSION

This study reports EV types detected in clinical specimens in
Hungary during a nine-year period. It also provides infor-
mation in association with patients’ age and symptoms.
Results demonstrate the circulation of several EV-A and EV-
B viruses, with occasional occurrence of EV-C and EV-D

strains. During the study period frequent changes in EV type
frequencies were observed.

Reports on national enterovirus detection data from
European countries from the past decade is scarcely avail-
able. Most studies focus either on certain symptoms (aseptic
meningitis or HFMD) or EV type (CV-A6, EV-A71 or EV-
D68 mostly), often reporting regional as opposed to coun-
try-wide results. Our data represents the results of testing
specimens received from across the whole country but is not
a result of a national EV surveillance programme. Current
legislation in Hungary orders samples to be sent to the na-
tional reference laboratory for investigation primarily in
cases of neurological symptoms indicative of AFP.

The 25 EV types detected in this study differed slightly
from those of a previous study of enteroviruses in Hungary,
when 29 samples from 28 patients diagnosed with hand, foot
and mouth disease, meningitis and encephalitis were
molecularly typed. As a result between June 2000 and
August 2008 echovirus type 2, 4, 6, 7, 9, 11, 13, 25, 30, CV-
A16, -A19, -B5, and EV-A71 were reported [30]. Differences
between the variety of EV types identified could be explained
by the great difference in sample numbers and the 10 years
shift between the study periods. Detected EV genotypes in
the 2000–2008 Hungarian study showed great alignment
with results of a surveillance report from the Netherlands
between 1996 and 2011 enteroviruses of species B were the
major cause of enterovirus infections reported and for
several types sharp increases in the number of reports
occurred at intervals of ∼ 2–3 years [33]. In Hungary in
2010 and 2011 more infections with EV-A than with EV-B
were detected, although lower than average case numbers
were observed in those years with 26 and 17 yearly cases
respectively, while in the Netherlands species B viruses
dominated in both years.

A study by the European Centre for Disease Control
collected data from 24 European countries on non-polio EVs
detected during a 3-year study period revealed 66 types of
EVs of which 16 types were also detected in Hungary [34].
The most frequently reported enterovirus type between
2015–2017 in both studies was CVA6, representing 13% of
typed EVs in Europe and 59% of detected EV infections in
Hungary. These results highlight the prevalence and wide-
spread circulation of CVA6.

In Spain 34 different EV types were identified (26 from
EV species B and 8 from species A) during a 4-year study
period (2010–2013) in 1430 EV positive samples [35]. In
contrast, during the same period in ∼Hungary 18 EV types
were detected (11 types of EV-B, 5 types of EV-A and 1 type
of EV-D) in 92 reported EV infection cases with 134 EV
positive clinical samples.

EV infections occurred in all age groups of patients and
the group most affected was 1–5 years, younger than in
earlier reports from France [36], but older than previously
found in USA [37]. In the current study the proportion of
infections affecting neonates under 3 months at 5.6% was
lower than in Spain (17%) [35] or the Netherlands (46.8%)
[38], which might indicate a lower detection rate in this age
group.Fig. 3. Leading symptoms associated with detected EV cases
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According to our data, since 2014 samples from
enterovirus infections from patients with symptoms
affecting skin on average accounted for 62% of all yearly
cases, apart from year 2015, when it was 33.3%, but total
received sample number fell well below study average.
During the past decade CVA6 has become the predominant
pathogen causing HFMD across Europe and Asia. We
detected CV-A6 in all study years, apart from 2012, but the
first confirmed Hungarian HFMD associated with CV-A6
was only received in 2013, 5 years after the CV-A linked
HFMD in Finland [6]. During the first four years of our
study all, but one CV-A6 was detected in patients with skin
related symptoms including hand-foot-and-mouth disease
(HFMD), while after 2015 solely neurological symptoms
were recorded in 5–22% of individuals with CV-A6 in-
fections per year. Atypical HFMD was linked to newly
emerging variants of CV-A6 infection in children in 2014
[39]. Novel recombinant forms of the virus have been linked
to clinically unusual HFMD and are believed to be circu-
lating widely and contributing to an increased incidence of
HFMD worldwide [40]. CA6-associated HFMD is also
characterized by a high incidence in adults, with onset in
winter and a tendency to experience onychomadesis (shed-
ding of the nails) after recovery [41]. In our study in 43% of
cases of CV-A6 infections HFMD was reported, while a
more general, skin or mucous membrane related symptom
was noted in 36% of CV-A6 cases. The yearly ratio between
the two symptom categories varied greatly. Without the
availability of detailed and accurate description of all
symptoms it cannot be determined which, if any cases could
be attributed in presentation to atypical HFMD as outlined
before [11] or herpangina. There are no surveillance data
available on the incidence of HFMD in Hungary since it is
not a notifiable disease.

Co-circulation of CV-A6 with CV-A10 and CV-A16 was
already reported previously [7, 39] and in a study of HFMD
cases in Poland between 2013–2016 the emergence and co-
circulation of CV-A6 with CV-A10 and CV-A16 was also
confirmed [9]. In our study CV-A6, CV-A16 and EV-71
were the only three types identified in specimens associated
with HFMD, however only CV-A6 was detected in any
HFMD samples since 2013. CV-A10 was also detected in 6
cases with mouth blisters and exanthems affecting the torso
or the palms and soles.

Among the EV-B viruses detected in Hungary during the
study period E-30, E-11, E-9 and E-6 dominated, these 4
types were also in the overall top 7 most often identified
EVs. This data shows a good correlation to those reported
elsewhere, even if they cover different periods. In an
Amsterdam hospital (2007–2011) five echoviruses E-30, E-
25, E-6, E-9 and E-7 ranked among the top 10 types found
overall [38]. Echoviruses were also among the types detected
most frequently as part of hospital-based enterovirus sur-
veillances in France (2000–2004) and the USA (1970–2005)
[33, 34]. E-30, E-9, and E-6 followed the predominant E-4 in
a study that investigated the etiology of aseptic meningitis
and infant febrile syndromes in 2008 in Spain, [42]. Simi-
larly, in the Slovak Republic a program monitoring sewage

water and AFP cases between 2001–2011 revealed the
dominance of CV-Bs (40%) and echoviruses (37%, mostly E-
3, E-11 and E-7) [43].

Between 2011 and 2014 in samples from enteroviral
aseptic meningitis from two regions in Poland the three
predominant EV types identified by serological methods
were E-30, E-6, and E-11, with E-7, CV-A9 and CVB viruses
also detected [44]. Results during the same period in
Hungary were similar with slight variation in EV types. In
Hungary EV-A71 was identified in most reported EV in-
fections from patients with neurological symptoms in 2011,
while EV-B viruses (E-6, E-30, CV-B3) dominated between
2012–14, with E-9 and E-11 also detected.

In another nine-year study in Austria (1999–2007) E-30
accounted for most cases (26.5%) of AFP or aseptic men-
ingitis, with fifteen more echovirus serotypes also detected.
Cases of infection with CV-B strains accounted for 18.8%
and CV-A viruses for 18.2%, while EV71 was found in 8.8%
[45]. In the current study in Hungary too, E-30 was detected
in most cases where neurological symptoms were recorded,
however EV-71 and CV-A viruses accounted for slightly
more, 14.6% and 22.3% respectively, while CV-B strains
were detected in less, 13.1% of such cases.

For some echovirus serotypes (6, 9, 11, and 30), as well as
for CV-B4 and 5, periodicity in detection or increase in case
numbers with intervals of a few years could be observed,
although case numbers were not always high enough to
positively establish circulation patterns for comparison with
earlier experiences reported.

The higher than average annual case numbers due to the
increase in the detection rate of E-30 in 2013 and to CV-A6
in 2014 and 2016–2018 could be attributed to outbreaks and
endemic circulation respectively.

In our study EV-D68, which primarily causes respiratory
infections, was identified only in 2010 and 2013, in years,
when samples from patients with neurological symptoms
still counted for over two-thirds of total processed samples.
EV-D68 cases might have been missed because specimens
from patients with respiratory diseases are usually not tested
for EV infection. As it was established, existing diagnostic
screening of stool samples together with occasional CSF
samples was ineffective for the detection of EV-D68 as this
EV type is only rarely detected in stool or CSF samples [46],
which can also explain the low detection rate experienced
during the study period.
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