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Worldwide emergence of enterovirus (EV) D68 caus-
ing severe respiratory illness particularly in children,
between 2008 and 2014, has been described in numer-
ous articles. In 2014, EV-D68 gained particular atten-
tion when a large outbreak in children, associated with
severe respiratory illness and possible neurological
illness, occurred in the United States [1-3]. This event
triggered a number of surveillance activities in various
countries, some of them published in Eurosurveillance
[4-8]. In our current issue we present investigations
into the occurrence of EV-D68 in two European coun-
tries namely France and Germany.

The articles present data from patients hospitalised or
visiting hospital emergency departments with respira-
tory symptoms. Schuffenecker et al. report on samples
collected by eleven laboratories of the French EV sur-
veillance network from eight of 22 Regions over six
months in 2014 [9]. These eleven laboratories represent
about one-third of the laboratories participating in the
French EV network. Bottcher et al. analysed samples
during two entire years, 2013 and 2014, at three large
tertiary hospital laboratories in Germany [10]. These
laboratories, situated mainly in the western part of the
country, contribute ca 25% of the EV-positive samples
in the nationwide RespVir surveillance [11].

Both reports are based on a considerable number of
screened respiratory samples: 6,229 samples with
212 EV-D68 detections corresponding to 200 cases in
France; 14,838 samples with 39 EV-D68-positive cases
in Germany.

In line with the literature, the German analysis suggests
seasonality of EV-D68 infections, with most cases
occurring between September and November (weeks
36-48), and even though covering only six months,
also the French analysis shows peaks in October (week
43) and November (week 48). Moreover, cases in both
countries occurred mainly in children younger than
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five years, although French authors caution that a bias
towards preferential sampling of children cannot be
ruled out.

Clinical manifestation in children was characterised
by asthma and bronchiolitis in France where ca 11% of
the hospitalised paediatric cases and 14% of the hos-
pitalised adult cases needed treatment in intensive
care units, mostly due to severe respiratory symptoms.
In Germany, clinical details were only available for a
limited number of cases and in these pneumonia or
obstructive bronchitis were the most common causes
for hospitalisation. It should be noted that no neuro-
logical involvement was described over the two years
for any of the EV-D68 cases diagnosed in the three
German university hospital laboratories. In France
however, four patients presented with neurological
signs including one child who developed acute flaccid
paralysis following EV-D68-associated pneumonia [6].

Sequence data show that the EV-D68 strains from all
three German hospitals detected in 2013 and 2014
cluster together with worldwide circulating strains.
The majority of sequences belonged to the B2 lineage;
however, in both countries, clade A EV-D68 viruses
were more frequent in adults than children. All German
strains assigned to subclade A2 were identified in
adult patients and the authors demonstrated insertion
of two amino acids at the C-terminus of VP1 of subclade
A2 strains. However, there are at present no clear clini-
cal implications associated with this change.

The two reports add to the body of evidence on EV-D68
epidemiology and circulating strains in Europe. They
also illustrate the importance and usefulness of con-
tinuous molecular surveillance of EV in respiratory
samples in combination with clinical information to
detect changing trends and increasing severity of infec-
tions early. Last but not least they show that existing
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surveillance systems for respiratory infections can be
adapted for such purposes.
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In 2014, the United States (US) experienced a nation-
wide outbreak of enterovirus D68 (EV-D68) infection
with 1,152 cases reported mainly in hospitalised chil-
dren with severe asthma or bronchiolitis. Following the
US alert, 11 laboratories of the French enterovirus (EV)
surveillance network participated in an EV-D68 survey.
A total of 6,229 respiratory samples, collected from 1
July to 31 December 2014, were screened for EV-D68
resulting in 212 EV-D68-positive samples. These 212
samples corresponded to 200 EV-D68 cases. The over-
all EV-D68 positivity rates among respiratory samples
were of 5% (184/3,645) and 1.1% (28/2,584) in hos-
pitalised children and adults respectively. The maxi-
mum weekly EV-D68 positivity rates were of 16.1%
for children (n=24/149; week 43) and 2.6% for adults
(n=3/115; week 42). Of 173 children with EV-D68 infec-
tion alone, the main symptoms were asthma (n=83;
48.0%) and bronchiolitis (n=37; 21.4%). One child
developed acute flaccid paralysis (AFP) following
EV-D68-associated pneumonia. Although there was no
significant increase in severe respiratory tract infec-
tions reported to the French public health authorities,
10.7% (19/177) of the EV-D68 infected children and
14.3% (3/21) of the EV-D68 infected adults were hos-
pitalised in intensive care units. Phylogenetic analysis
of the viral protein 1 (VP1) sequences of 179 EV-D68

cases, revealed that 117 sequences (65.4%), including
that of the case of AFP, belonged to the B2 variant of
clade B viruses. Continuous surveillance of EV-D68
infections is warranted and could benefit from existing
influenza-like illness and EV surveillance networks.

Introduction

Enterovirus D68 (EV-D68) was first identified in the
United States (US) in 1962 in four paediatric patients
with acute respiratory infections (ARI) [1-11]. Until 2014,
only sporadic cases of infection with this virus as well
as small outbreaks (10 publications during 2006-2011)
were reported in Asia, Europe and the US [1-11], with
disease manifestations mainly ranging from mild res-
piratory symptoms to severe ARI requiring intensive
care and mechanical ventilation.

In 2014, the US experienced a nationwide outbreak of
EV-D68 infection associated with an upsurge of severe
respiratory cases admitted to emergency departments.
Between mid-August and mid-December, 1,152 EV-D68
cases were reported by the Centers for Disease Control
and Prevention (CDC) in 49 states, mainly in hospital-
ised children with severe asthma or bronchiolitis and
occasionally in children with acute flaccid myelitis [12].
The overall disease burden was however, probably
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FIGURE 1

Distribution of enterovirus D68 cases by week and by age, France, July-December 2014 (n=209)
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much higher [13,14]. During the autumn, European
countries did not report a global increase in hospital
admissions for severe respiratory infections or a sig-
nificant upsurge of ARI [15]. However, reports from
Norway and the Netherlands suggested that EV-D68
circulation might have increased [16,17].

In France, enterovirus (EV) surveillance and molecular
typing involve a network of hospital virology labora-
tories and focus mainly on EV neurological infections
in hospitalised patients [18]. In hospitalised patients
with respiratory infections, human rhinoviruses and
enteroviruses (HRV/EV) infections have been more sys-
tematically investigated since early 2010, due to the
recent development of HRV/EV and commercial multi-
plex reverse-transcription polymerase chain reaction
(RT-PCR) assays, but they remain underdiagnosed. In
addition, no routine typing of EV and HRV is performed,
even in severe respiratory cases. In late September
2014, a French child developed severe acute flac-
cid paralysis (AFP) following EV-D68 pneumonia [19].
Taking all these factors into account, the National
Institute of Public Health encouraged the French EV
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surveillance network to conduct a systematic analy-
sis of respiratory samples collected from hospitalised
patients to evaluate both the level of EV-D68 circula-
tion and its clinical impact.

Methods

French enterovirus surveillance network

EV surveillance in France involves 34 virology/microbi-
ology laboratories in university and general hospitals,
including the two EV National Reference Laboratories
(NRLs) (based in Lyon and Clermont-Ferrand). Each lab-
oratory reports monthly on a specific website (http://
cnr.chu-clermontferrand.fr/CNR) the number and type
of samples analysed for EV, the relevant clinical data
and EV serotype (when available). Throughout the
year, EV-positive samples including mainly cerebro-
spinal fluid (CSF) specimens are genotyped in nine
laboratories of the EV surveillance network (including
the two NRLs) [18]. On 9 October 2014, the French EV
surveillance laboratories were contacted by the Lyon
NRL to take part in a national EV-D68 surveillance
study. Participation in the French EV-D68 project was



FIGURE 2

Distribution of human rhinovirus/enterovirus-and enterovirus D68-positive samples per week, France, July-December 2014
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EV: enterovirus; HRV/EV: human rhinovirus/enterovirus.

Orange line: proportion of HRV/EV-positive samples among respiratory samples; green line: proportion of EV-D68-positive samples among
respiratory samples; blue line: proportion of EV-D68 among HRV/EV-positive samples; grey histogram: number of respiratory samples

tested.

voluntary. Some of the virological data (available as of
1 December, 2014) were also included in a European-
wide EV-D68 surveillance study [20].

Screening of respiratory samples for
enterovirus D68

Each participating laboratory was requested to test all
the respiratory tract specimens collected from 1 July
to 31 December 2014 from children (<16 years of age)
and adults (=16 years of age) admitted to or visiting
the emergency unit of hospitals or university hospitals.
Respiratory tract samples were systematically tested
for HRV/EV by the RT-PCR assays routinely used at each
participating laboratory. EV or HRV/EV-positive samples
were thereafter tested for EV-D68 either by a specific
EV-D68 real-time RT-PCR assay [17] or by sequencing of
the partial viral protein (VP)4—VP2 sequences [21]. The
sensitivity of the HRV/EV and the EV-D68 assays was
initially evaluated in each laboratory with a titrated ali-
quot of the Fermon strain provided by the Lyon NRL.
Detection of HRV/EV and EV-D68 in samples was per-
formed either in the participating laboratories, or at
the NRLs. Besides HRV/EV screening, all other viral and
bacteriological tests were performed according to the
physicians’ requests.

Molecular typing of enterovirus D68-positive
samples and phylogenetic analyses

Complete VP1 sequences of EV-D68 strains were
amplified using EV-D68-specific in-house primers and
sequenced using the Sanger method. When a com-
plete VP1 sequence could not be obtained, a partial

VP1 or VP4-VP2 sequence was determined [21-23].
All the sequences were generated by the EV NRLs and
deposited into the GenBank database under accession
numbers KP196362-78, KP307989-92, KP406467—
96, KT220441-6, KT220448-505, LN681318-38, and
LN874222-53.

A nucleotide (nt) alignment (340 nt, n=391) includ-
ing all the EV-D68 VP1 sequences available from
GenBank (as of 4 June, 2015) and those determined in
this study was compiled. Redundant sequences (shar-
ing 100% nt homology) were discarded. Phylogenetic
relationships between sequences were inferred using
a Bayesian method implemented in the Bayesian
Evolutionary Analysis Sampling Trees (BEAST) pack-
age (v1.7) (http://beast.bio.ed.ac.uk) [24]. The uncor-
related lognormal molecular clock was employed with
a flexible Bayesian skyline plot coalescent prior (15
piece-wise constant groups) and the generalised time
reversible (GTR) model of nt substitution. The Markov
chains Monte Carlo (MCMC) were run for 200 million
generations, with subsampling every 10,000 iterations.
Maximum Clade Credibility trees were calculated with
the TreeAnnotator programme (vi.5.4). Topological
support was assessed by estimating the values of the
posterior probability (pp) density of each node.

Patients and clinical characteristics

For each EV-D68-infected patient, a review of the medi-
cal chart was carried out retrospectively to document
the following data: age and sex; symptoms including
fever (238.5°C), cough, rhinitis, pharyngitis, bronchitis
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or bronchiolitis, acute respiratory distress, pneumo-
nia, meningitis, polyradiculoneuritis; severity criteria
[25,26] at admission such as need for intensive care
and/or need for oxygen; length of hospitalisation
including in intensive care unit (ICU); final diagnosis;
presence or absence of underlying asthma or wheezing,
prematurity, atopy, and chronic respiratory disease.
Informed consent was not required for this surveillance
study. A standardised Excel sheet including all the
items was specifically designed for the present study
and completed by each participating laboratory. The
Lyon NRL compiled and analysed all the anonymised
data.

Statistical analysis

Categorical variables with two or more than two lev-
els (e.g. main diagnosis) were analysed using Fisher’s
exact test and G-test, respectively. The association
between explanatory variables and severity was ana-
lysed using univariate logistic regression. Continuous
variables (e.g. hospitalisation duration) were treated
as binary variables and classified according to their
median value. Statistical analysis was conducted using
R software.

Results

Detection and distribution of enterovirus D68
cases

Eleven laboratories of the French EV network (includ-
ing the Lyon and Clermont-Ferrand NRLs) participated
in the EV-D68 enhanced surveillance. These labora-
tories were located in eight administrative regions
(Table 1). Two of the laboratories analysed only speci-
mens collected from patients under 16 years of age.
Performances of the HRV/EV assays and the EV-Dé68
real-time RT-PCR were comparable among the partici-
pating laboratories, as tested on dilutions of a titrated
EV-D68 Fermon strain (data not shown).

A total of 6,229 respiratory samples were systemati-
cally screened, including 3,645 from children and 2,584
from adults (Table 1). Among the respiratory samples
collected from children, 1,501 (41.2%) were HRV/EV
positive, of which 184 (12.3%) were positive for EV-D68.
Among the respiratory samples collected from adults,
368 (14.2%) were HRV/EV positive, of which 28 (7.6%)
were positive for EV-D68. The overall EV-D68 positiv-
ity rates among the respiratory samples tested were
of 5.0% and of 1.1% in children and adults, respec-
tively (Table 1). Overall the EV-D68-positive respiratory
samples (n=212) corresponded to 200 EV-D68 cases
including 178 children and 22 adults (Table 1).

While routinely genotyping EV-positive clinical samples
that had been detected in laboratories not involved in
the EV-D68 study, the NRLs identified nine additional
cases (5 children and 4 adults) during the study period.
Seven of these were hospitalised patients and two
lived in an elderly nursing home. The nine cases were

considered in the overall epidemiological analysis,
which therefore comprised a total of 209 cases.

Overall, the first EV-D68 case was detected on 11 July
2014 (Figure 1; week 28). The majority (179/209; 85.6%)
of the EV-D68 cases were detected from weeks 39 to
49 and two peaks could be observed, one in October
(week 43) and one in November (week 48).

The samples of the nine cases, which were detected
through routine analysis, were not taken into account to
calculate positivity rates, which were based on the total
of 212 systematically screened respiratory samples.
At week 43, in children, the EV-D68-positive samples
represented up to 16.1% (n=24/149) of the respiratory
samples tested in that week and 26.7% (n=24/90) of
the HRV/EV-positive-samples (Figure 2). At week 42, in
adults, the EV-D68-positive samples represented up to
2.6% (n=3/115) of the respiratory samples tested and
10% (n=3/30) of the HRV/EV-positive samples (Figure
2). Circulation of the virus persisted until at least the
end of December 2014.

EV-D68 infections were detected in all the regions
covered by the participating laboratories, i.e. eight of
the 22 French administrative regions (Suppl. Figure 1,
available from: http://cnr-chu-clermontferrand.fr/CNR/
Pages/Accueil/Publis.aspx).

Clinical characteristics of patients infected by
enterovirus D68

EV-D68 infections were detected in both children and
adults (Figure 1). Based on medical chart review and
final diagnosis, a bacterium or a parasite was likely to
be responsible for the symptoms of six children and
five adults. The six paediatric patients presented with
arthritis due to Kingella kingae (1 case); pyelonephri-
tis due to Escherichia coli (1 case); gastroenteritis due
to norovirus and conjunctivitis due to Haemophilus
influenzae (1 case); sepsis due to Streptococcus para-
sanguis (1 case); febrile syndrome due to Plasmodium
falciparum (1 case); meningitis-like syndrome due to
Haemophilus influenzae (1 case). The five adult patients
had either severe sepsis and acute respiratory dis-
tress syndrome (ARDS) due to Pneumocystis carinii or
pneumopathy due to Pneumocystis jirovecii (2 cases),
Streptocococcus pneumoniae (1 case) or Escherichia
coli (1 case). Detailed clinical characteristics of the 11
patients are available upon request. These patients
were excluded from the 209 previously described
patients, when considering the overall description
of clinical characteristics, which thus comprised 198
patients, including 177 children and 21 adults (Table 2).
The 11 EV-D68 co-infected patients were also not con-
sidered in the univariate analyses that were performed
to determine if certain characteristics were associated
with disease severity.

Paediatric patients

In the 177 children taken into account to investigate the
clinical characteristics, EV-D68 was detected in all age
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TABLE 1

Detection of human rhinovirus/enterovirus and enterovirus D68 through systematic screening of respiratory samples,
France, July-December 2014 (n=6,229 respiratory samples)

EV-D68- EV-D68-
positive positive
samples samples
among HRV/ among
EV positive samples tested
samples for HRV/EV
n (O/o) n (O/o)

Samples HRV/
tested for EV-positive
HRV/EV samples
n n (%)

EV-D68-

positive

patients
n

RT—PCR assay
used for HRV/EV
detection

Town of the laboratory, Screening

administrative region period

Paediatric patients (<16 years)
Amiens, Picardie 1Jul-31 Dec Lumlnel:);\)gl;AG RVP 397 125 (31.5) 18 (14.4) 18 (4.5) 18
RespiFinder SMART
Brest, Bretagne 1 Jul-14 Dec 22 FAST v 142 75 (52.8) 7(9.3) 7 (4.9) 7
. 1 Sep-31 RespiFinder SMART
Caen, Normandie Dec 22 FAST v 614 353 (57.5) 50 (14.2) 50 (8.1) 48
Clermont-Ferrand, Auvergne 1 Jul-31 Dec Rhln(:_agr:::]EV/Cc 289 121 (41.9) 24 (19.8) 24 (8.3) 23
Dijon, Bourgogne 1Jul-31 Dec Rhln(:_agr:::]EV/Cc 115 36 (31.3) 6 (16.7) 6(5.2) 5
Lyon, Rhdne-Alpes 1 Jul-31 Dec Rhln(:_agr:::]EV/Cc 1,060 349 (32.9) 35 (10.0) 35 (3.3) 33
. . . RespiFinder SMART
Paris, lle de France (Saint Louis) 1 Jul-7 Dec 22 FAST v 77 35 (45.5) o0 (0.0) 0 (0.0) o
Paris, lle de France (Paul Brousse) | 1 Jul-31 Dec Rhln(:_agr::lnEV/Cc 321 122 (38.0) 6 (4.9) 6 (1.9) 6
C e N 10 Oct-31 Rhino and EV/Cc
Saint-Etienne, Rhone-Alpes Dec r—gene 204 80 (39.2) 14 (17.5) 14 (6.9) 14
19 Sep-31 Luminex xTAG RVP
Strasbourg, Alsace Dec FAST 304 147 (48.4) 11 (7.5) 11 (3.6) 11
Versailles, Ile de France 1 Jul-31 Dec Rhln(:_agnednEV/Cc 122 58 (47.5) 13 (22.4) 13 (10.7) 13
Total - - 3,645 |1,501(41.2) | 184 (12.3) 184 (5.0) 178
Adult patients (216 years)
Amiens, Picardie 1Jul-31 Dec LumlneF);\);'I;AG RVP 216 36 (16.7) 7 (19.4) 7(3.2) 4
RespiFinder SMART
Brest, Bretagne 1 Jul-14 Dec 22 FAST v 130 29 (22.3) 4 (13.8) 4 (3.2) 4
. 1 Sep-31 RespiFinder SMART
Caen, Normandie Dec 22 FAST v 416 78 (18.8) 1(1.3) 1(0.2) 1
Clermont-Ferrand, Auvergne 1 Jul-31 Dec Rhln(:_agnednEV/Cc 367 54 (14.7) 4 (7.4) 4 (1.2) 3
Dijon, Bourgogne 1Jul-31 Dec Rhln(:_agnednEV/Cc 214 25 (11.7) 1(4.0) 1 (0.5) 1
. 1Sep-31 Rhino and EV/Cc
Lyon, Rhdne-Alpes Dec r—gene 1,036 123 (11.9) 11 (8.9) 11 (1.2) 9
Paris, lle de France (Paul Brousse) | 1 Jul-31 Dec Rhln(:_agnednEV/Cc 40 7 (17.5) 0 (0.0) 0 (0.0) o
C e « 10 Oct-31 Rhino and EV/Cc
Saint-Etienne, Rhone Alpes Dec r—gene 41 1(2.4) 0 (0.0) 0 (0.0) o
Versailles, Ile de France 1 Jul-31 Dec Rhln(:_agnednEV/Cc 124 15 (12.1) 0 (0.0) 0 (0.0) o
Total - - 2,584 368 (14.2) 28 (7.6) 28 (1.1) 22

EV: enterovirus; HRV/EV: human rhinovirus/enterovirus; RT-PCR: reverse-transcription polymerase chain reaction.

The study involved 11 voluntary laboratories of the 34 in the EV surveillance network (including two different virology laboratories from
the Paris area). A total of 212 EV-D68-positive samples corresponding to 200 EV-D68 cases were detected by the systematic screening
of respiratory tract samples collected from children (<16 years-old) and adults (216 years-old) admitted to or visiting emergency units of
hospitals or university hospitals.
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groups and the most affected age group was<2 years
(<2 years: 76 patients, including=28 days: 6 patients;
2-5 years: 73 patients; 6-15 years: 28 patients). The
median age of the patients was 2.33 years (range: 3
days—13.5 years). Information on hospitalisation was
available for 174 patients. A total of 160/174 (92.0%)
patients were hospitalised and 14/174 (8.0%) were out-
patients (short stay at the emergency unit but no over-
night hospitalisation). A final diagnosis was available
for 173 (97.7%) patients and a total of 166/173 (96.0%)
presented with acute respiratory infections. The main
diagnoses were asthma (n=83; 48.0%) and bronchi-
olitis (n=37; 21.4%). Other diagnoses are summarised
in Table 2. Among the children hospitalised for asthma
(82/83; Table 2), 64 (78.0%) had a previous history of
asthma or wheezing. In univariate analysis however,
the history of asthma or wheezing as a determinant of
severity or hospitalisation in ICU was not statistically
significant (Table 3).

Four patients (2.3%) presented with neurological signs
(Table 2). One four-year-old patient developed AFP fol-
lowing EV-D68 associated pneumonia; CSF showed
pleocytosis with normal protein and glucose levels and
spinal magnetic resonance imagery showed gadolinium
enhancement of the ventral nerve roots of the cauda
equine [19]. One patient aged 20 months developed
meningitis-like symptoms. Two infants with underly-
ing epilepsy developed severe seizures in a context of
bronchiolitis or pneumonia. Three children presented
with isolated neonatal fever, one with a severe sepsis
syndrome and one with hypotonia. One EV-D68 infec-
tion was diagnosed in the context of a sudden infant
death syndrome (SIDS) in a two-month-old girl; detec-
tion of EV-D68 in blood was negative and no other
pathogen was detected.

Nineteen children (10.7%) were hospitalised in ICUs
(median duration: 3 days; range: 1-137 days) (Table 2).
Of these, two ex-premature babies with bronchopulmo-
nary dysplasia were infected by EV-D68 while already in
neonatal ICU and developed severe respiratory decom-
pensation. Among the 17 remaining patients (see clini-
cal presentation in Table 2), 15 had pre-existing chronic
conditions (prematurity: 4; asthma/wheezing: 9; pul-
monary vein atresia: 1, ventricular septal defect: 1,
drepanocytosis: 1; epilepsy: 2) and two patients, who
presented with pneumothorax (without asthma) or AFP,
had no underlying disease. All but one patient hospital-
ised in ICU had favourable outcomes. The patient who
developed AFP was extubated after 4.5 months in ICU,
but still showed severe sequelae of right upper limb
after 12 months. No death could be directly imputed to
EV-D68.

Adult patients

The median age of the 21 adult patients was 36.7 years
(range: 17.2—98.9 years). Fourteen were hospitalised
and five were outpatients (2 patients not documented)
(Table 2). A diagnosis and clinical signs were avail-
able for 17 patients. The diagnoses were as follows:
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asthma (n=4; all with underlying history of asthma);
pneumonia (n=4), chronic obstructive pulmonary
disease (COPD) exacerbation (n=3; all with stage llI
COPD), upper respiratory tract infection (n=2), bron-
chitis (n=1), influenza-like illness (n=1) and pneumo-
thorax (n=1). One patient was asymptomatic (allograft
follow-up).

Three patients were hospitalised in ICU for two, three
and six days, respectively; two of them presented with
pneumonia: a 25 year-old patient who developed a
severe respiratory distress without underlying risk fac-
tors during the week 29 of gestation and a 23 year-old
patient with underlying Duchenne muscular dystrophy;
the third patient presented with exacerbation of COPD.
All the adult cases had favourable outcomes.

Enterovirus D68 sequencing and phylogenetic
analysis

EV-D68 was tentatively sequenced in 207 of 209
patients. Among these 207, EV-D68 infection was
confirmed in 201 patients either by VP1 sequenc-
ing (n=179) or by VP4-VP2 sequencing (n=22). In
six patients, the virus could not be sequenced, prob-
ably because of the low viral load (cycle thresholds of
EV-D68 real-time RT-PCRs were between 39.3 and 40.7).
A total of 178/201 (88.6%) EV-D68 viruses belonged to
clade B and 23/201 (11.4%) belonged to clade A [27]. Of
the 159 clade B viruses for which the VP1 sequence was
obtained, 42 (26.4%) and 117 (73.6%) were assigned
to the sublineage B1 and B2, respectively (data not
shown). Clade A and B viruses were identified through-
out the screening period and the proportion of A and
B viruses per week did not vary significantly (data not
shown). Clade A viruses were detected more frequently
in adults (10/23, 43.5%) than in children (13/178, 7.3%)
(p<0.001). Proportions of A and B viruses did not differ
significantly between patients hospitalised in ICU and
patients not hospitalised in ICU.

To investigate a large sample drawn from different geo-
graphical origins, a Bayesian analysis was performed
on partial VP1 sequences, including those of 93 viruses
from France and 298 viruses from other geographical
regions (Figure 3 and Suppl. Figure 2, available from:
http://cnr-chu-clermontferrand.fr/CNR/Pages/Accueil/
Publis.aspx). The results suggested that all the recent
EV-D68 strains formed one genogroup which could be
further divided in two major lineages: the first corre-
sponded to clade A lineage while the second included
clades B and C [27]. This phylogenetic topology was
confirmed by a Bayesian analysis on complete VP1
sequences (data not shown) and was concordant with
the topology described by Lauinger et al. [11]. Sixteen
French strains fell within the clade A and clustered
in two highly supported lineages (posterior prob-
ability, pp»0.97) designated A1 (n=5 strains) and A2
(n=11 strains). The French A1 viruses clustered with
strains collected in 2013-2014 in the US, Spain and
the Netherlands. The French A2 viruses clustered with
viruses recovered between 2012 and 2014 from three
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TABLE 2

Clinical characteristics of enterovirus D68 cases, France, July-December 2014 (n=198 patients)®

Paediatric patients (<16 years)

Adult patients (=16 years)

Characteristic Patients Hospitalised Patients in ICU Patients Hospitalised Patients in
N patients N N patients ICU
\ N N
Sex-ratio (M/F) 1.39 (103/74) 0.62 (8/13)
Median hospitalisation duration 4 days (range: 1-172 days) (n=147)° 3 days (2-18) (n=12)"
mﬁdian hospitalisation duration in 3 days (range: 1-132 days) (n=17)° 3 days (2-6) (n=3)
yhueT:;; of patients with oxygen 78 (n=171)b¢ 6 (n=17)"¢
gl:trﬂrt;zr/‘(,)vfhiitziienngts with history of 85 (N=168)° 4 (h=10)°
Respiratory presentation
Asthma 83¢ 82¢ 8 4 4 o
Severe asthma 24° 24° 8 1 1 o
Bronchiolitis 37¢ 34¢ 4 o o o
Severe bronchiolitis 4° 4¢ 4 o o o
COPD exacerbation o 3 3 1
Respiratory distress only 4 4 3 o o o
Pneumonia 11° 11° 1f 4 4 2
Upper respiratory tract infection 26 18 ¢} 2 o (o]
Other 78 7 2 3" 2 o
Neurological presentation
Acute flaccid paralysis 1 1 1 o o ¢}
Seizures 2° 2° 2f 0 0 o
Other (meninglitis-like) ! 0 ° ° 0
Other presentation
Hypotonia 1 1 o o o o
Neonate fever (238.5°C) 3 2 0 o o [¢)
Other 2! 1 o o o o
Asymptomatic o 0 0 1 o o
Not documented 4 1 o 4 1 o
Total 177 160 19 21 14 3

COPD: chronic obstructive pulmonary disease; EV: enterovirus; F: female; ICU: intensive care unit; M: male.

A given patient could have more than one clinical characteristic.

2 We excluded six paediatric and five adult patients for whom the clinical signs were likely to be due to a bacterium or a parasite, from the

total of 209 cases.

® The number of patients for whom the information was available is indicated in parentheses.

¢ Two ex-premature babies with bronchodysplasia were already under continuous oxygen therapy.

4 Four patients with underlying COPD (n=3) or Duchenne muscular dystrophy (n=1) were already under continuous oxygen therapy.

¢ Three patients presented with asthma and pneumonia; one patient with bronchiolitis and seizures; one with pneumonia and seizures.
fOne patient presented with bronchiolitis and seizures; one with pneumonia and seizures.

s Pneumothorax (n=1); acute thoracic syndrome (n=1); bronchitis (n=5).

" Influenza-like illness (n=1); pneumothorax (n=1); bronchitis (n=1).
"Infant sepsis (n=1); sudden infant death syndrome (n=1).
I Allograft follow-up.

different continents. The remaining 77 French strains
belonged to two lineages designated B1 (pp=0.94;
n=18 strains) and B2 (pp=1; n=59) within the clade B.
The B1 lineage included most of the strains sampled in
2014 in the US and 18 French strains, while the B2 line-
age was almost exclusively composed of strains recov-
ered in Europe and comprised the majority of strains
detected in France in 2014 (59/93, 63.4%). The AFP
case was associated with a B2 strain [19]. The EV-D68

www.eurosurveillance.org

sequences detected in Europe between 2012 and 2014
were closely related to those from viruses detected in
2014 in Israel (n=2), US (n=4) and Canada (n=1).

Discussion

From mid-August 2014 until the end of December,
EV-D68 caused a geographically widespread outbreak
of respiratory disease of unprecedented magnitude
in the US, leading to substantial hospitalisation for
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TABLE 3

Univariate analysis of potential factors for severe disease in children infected with enterovirus D68, France, July-December
2014 (n=177)

Severity? ICU admission Oxygen therapy Hospitalisation duration®

Characteristic " Ves OR (95% Cl) Yes (%?/o No Yes (9:%/0 dxs d;‘;s ORC(35%

Sex

Male 75% | 232 0.90 90 |12 1.22 54 |45 |0.98 55 30 1.06

Female 53* | 182 | (0.44-1.85) 0.7781 64 |7 (30445_ 0-6937 39 |33 5%52‘)" 0-9608 41 |21 |(0.54-2.14) 0-8579

Prematurity

Yes 18 |6 20 |4 1.72 15 |9 0.65 8 8

No 104 |35 ?(3;-9394—2‘57) 0-9850 129 |15 !(;032)6_ 0:3755 74 |68 505;)6‘ 03476 85 |41 (26?772—6.02) 0.1729

History of asthma or wheezing

Yes 59 |22 130 76 |8 0.72 32 |51 3.48 50 26 0.98

No 66 |19 | (0.64-2.65) 0.4733 s |1 50827?— 0.5005 59 |27 (616856)— 0.0001 i 2y | ©.49-1.95) 0.9423

History of atopy

Yes 18 |8 1.49 27 |2 0.60 13 (16 |1.59 21 8 0.65

No 10431 |(0:57-3.67) 03970 1 1, 15 (2?'32)9_ 0-5171 76 |59 (3?'67)1_ 0-2630 70 |41 |(0.25-1.55) 0:3494

History of chronic respiratory insufficiency

Yes 3 4 4.29 5 2 3.39 4 3 0.86 0 3

No 19 |37 (0.91-22.6) 0.0642 v |17 E(;f;‘)_ 0.1632 85 |74 2001;)— 0.8484 92 47 NA (NA) NA

EV-D68 clade

A 9 1 10 |1 1.32 5 6 0.71 8 1

5 3 | 38 ?6?51—56.72) 0.3009 136 |18 (205.)23— 0.7949 82 | 70 (2?'426_) 0.5870 51 |as 12;-23'2535()0.77- 0.1699

Age

<2 years 59 |15 |Ref Ref 64 |10 |Ref 40 |33 |Ref Ref 35 28 Ref Ref
134 0.57 1.25 04

2-5 years 44 |15 (0.59-3.05) 0.4806 (56 |5 50715— 0.3325 |30 (31 (;.4683)— 0.5173 |41 13 (0.17-0.87) 0.0230
1.73 075 0.74 0.63

Y5 years 25 |11 (0.69-4.29) 0.2363 |34 |4 (;.412)— 0.6516 |23 |14 5%3423_ 0.4611 |20 10 (0.25-1.53) 0.3100

Cl: confidence interval; EV: enterovirus; ICU: intensive care unit; NA: not applicable because of the small number of reports; OR: odds ratio;

P:p-value; Ref: reference.

2 Severity criteria were defined as elsewhere [25,26] and included the need for intensive care and need for oxygen. Severity criteria were only

known for 169 cases.

® Dichotomised according to median value. Median hospitalisation time (for inpatients)was four days.

severe respiratory disease. In the context of the US
alert, a systematic screening of EV-D68 was performed
by 11 voluntary hospital laboratories of the French EV
surveillance network on 6,229 respiratory samples col-
lected between 1 July and 31 December 2014.

This report concerns the largest number of EV-D68
cases ever documented for France. Due to the imple-
mentation of systematic screening of EV-D68, a total of
200 EV-D68 infections were diagnosed and EV-D68 was
detected in all the administrative regions from where
the participating laboratories were involved (i.e. 8 of
the 22 administrative regions), suggesting that EV-D68
might have circulated even more widely throughout
the country. Previously, two small clusters of cases
had been reported in 2008 (19 cases; Oct—Nov; Basse-
Normandie region) and 2009 (10 cases; Sep—Nov;
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Champagne-Ardennes region), respectively [8,9] and
only 66 EV-D68 cases were reported to the National
Institute for Public Health between 2006 and 2013.
However, during the 2007 to 2013 period, EV-D68 infec-
tions were probably underestimated, because HRV/EV
screening in ARl was restricted to a limited number of
laboratories (particularly before 2010), genotyping of
HRV/EV-positive samples was rarely performed and the
specific detection of EV-D68 by real-time RT-PCR was
unavailable. On the other hand, no EV-D68 case was
detected by systematic screening of respiratory sam-
ples collected in Lyon from September until December
2013 (data not shown), whereas 42 cases were identi-
fied between July and December 2014. This suggests
that the circulation level of EV-D68 was higher in 2014
thanin 2013, at least in the Lyon area and possibly else-
where in France. In this respect, surveillance studies in
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the Philippines [28], Italy [10] and the Netherlands [7]
showed that EV-D68 may follow a cyclic pattern of cir-
culation with a two-year interval.

The overall EV-D68 detection rate that we observed in
a hospital-based setting between July and December
2014 in France (3.4%; maximum 8.4% on week 43) was
similar to that observed in a European-wide survey
(2.1% [20]) conducted on 17,384 respiratory samples
from 17 countries collected mainly from hospitalised
patients between July and November 2014 — and in
which the virological results for 117 French patients,
available as of 1 December, 2014, were included. It was
much lower than that reported by the CDC during the
August to December period (36% of 2,600 respiratory
samples) (http://www.cdc.gov/non-polio-enterovirus/
about/EV-D68.html). However, the proportion reported
by the CDC was calculated mainly from severe cases,
which may hamper comparisons. Comparison between
findings in France and the US may also be hampered by
increased public/physician awareness and more active
case finding in the US.

At the time of the US alert, and despite existing sur-
veillance systems for respiratory tract illness (RTI) or
influenza-like illness [29,30], no upsurge of the num-
ber of hospitalisations for RTI, or of the number of
HRV/EV positive respiratory samples, was reported in
France. This suggests that the impact of the circulation
of EV-D68 on public health was more limited in France
and Europe than in the US and may explain why only
rare alerts were reported in Europe [15-17].

Our longitudinal study provided a comprehensive
description of the epidemiological and clinical charac-
teristics of EV-D68 infections in hospitalised patients
during the entire study period. Most cases (87.5%)
were detected in children, as observed in the US [14].
The EV-68 detection rate in respiratory samples from
children was of 9.7% (n=100/1,035) in the September
to October period and was similar to that observed at
the same period in hospitalised children from the Oslo
area [16]. Most children (93%) with an EV-D68 infection
presented with respiratory symptoms, mainly asthma
and bronchiolitis, as described in hospitalised patients
in the 2014 US outbreak, an outbreak in Canada in
the same year, and in previous reports [6,8,13,14,31].
EV-D68 could also be associated with respiratory dis-
tress without underlying asthma or bronchiolitis, espe-
cially in ex-premature babies with bronchopulmonary
dysplasia. Among the children who were hospitalised
for asthma, 78% had a history of asthma or wheezing,
consistent with US reports. In our study, underlying
asthma or wheezing was not identified as a risk factor
for developing more severe asthma or being hospital-
ised in ICU, however statistical power may have been
limited by the sample size.

Viral factors may also contribute to the disease. Even

though identical VP1 sequences were detected in both
mild and severe RTI cases, full length analysis of viral
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genomes is warranted to determine whether specific
mutations in coding or non-coding regions influence
severity, as observed for poliovirus or EV-A71 [32,33].

Neurological signs were observed in four patients.
Only one AFP case was reported during this survey
[19] and no increase in AFP cases was reported to the
public health authorities during the EV-D68 circulation
period. For the three remaining cases of patients with
meningitis-like symptoms or with seizures, although
such disease manifestations have not been previously
described with EV-D68, they are frequently associ-
ated with EV infections particularly in young children.
However, we cannot rule out the possibility that other
viral or bacterial infection could have contributed to
these neurological signs. Of note, in 2014, no EV-D68
was detected in 1,197 CSF specimens genotyped
throughout the EV national surveillance. So, apart from
the AFP-associated case, the spectrum of illnesses
associated with EV-D68 was similar to that of rhinovi-
ruses, as previously reported [1,3-10,13,14,16,17,19,31].
Although no significant increase in severe respiratory
disease was reported to the French national public
health authorities in autumn 2014, the present study
showed that EV-D68 did have a clear clinical impact,
with 10.7% of the paediatric cases and 14.3% of the
adult cases being hospitalised in ICUs. Moreover, its
implication in nosocomial infections should be consid-
ered [17,34]. This highlights the need for clinical labo-
ratories to take EV-D68 in account in the differential
diagnosis of patients with severe respiratory symp-
toms, including in adult patients.

EV-D68 infections in France in 2014 were mainly
associated with the B2 variant, as in other European
countries [20]. However, it was not possible to deter-
mine whether the B2 variant was circulating in France
before 2014 because the molecular characterisation of
EV/HRV-positive respiratory samples is not routinely
performed, as exemplified by our finding of only one
French EV-D68 VP1 sequence in GenBank from prior
to 2014 (sequence from genogroup C; 1999). In the
Netherlands, virus surveillance between 2004 and
2014 provided evidence of the successive replace-
ment of the major lineage by another lineage in each
period of increased virus reporting. While clade C pre-
dominated until 2008, an outbreak in 2010 was mainly
associated with the circulation of clade A strains [7].
The B2 viruses also circulated in 2010 but to a lesser
extent, [6,7] and became predominant in 2014 [17]. This
type of circulation pattern — the replacement of an ear-
lier variant during periods of low virus incidence - is
reminiscent of that observed for EV-A71 [35,36]. The
succession of predominant lineages could be driven by
the immunity of the general population. In this respect,
Imamura et al. [37] showed that there were antigenic
differences between the recent lineages of EV-D68
circulating strains. Finally, the different lineages were
present simultaneously over several countries and con-
tinents. The close genetic relatedness between EV-D68
strains sampled from distant countries suggests that
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this virus is subject to frequent geographical turnover.
Further studies based on larger samples of complete
VP1 sequences are needed to investigate the dynamics
of EV-D68 geographical transportation between coun-
tries and over continents.

This study comprised some limitations. The screening
was not population-based as it depended on the volun-
tary participation of only about one-third of EV network
laboratories in France. We also lacked historical EV-D68
screening data at a national level for comparison, and
the sample size was limited in terms of the statisti-
cal power support in univariate analyses. Moreover,
we cannot exclude that respiratory samples may have
been collected for viral screening more frequently from
children than from adults and that EV-D68 positivity
rate may have been underestimated in adults. Our data
were however likely not biased towards more severe
infections as they were based on testing results of res-
piratory samples collected for routine viral screening of
respiratory infections.

The autumn of 2014 was marked by increased EV-D68
detection in many parts of the world [12-17,31], asso-
ciated, at least in parts of the US and Canada, with a
significant upsurge of severe respiratory infections,
sometimes followed by neurological signs. A simi-
lar outbreak may possibly also occur in Europe in the
future, and the results of our study show that in France,
a number of EV-D68 infections had a clinical impact.
This justifies the need for continuous surveillance of
EV-D68 infections in Europe. The surveillance could
rely on existing and effective surveillance programmes
such as the influenza and influenza-like illness surveil-
lance systems, the EV surveillance networks and the
surveillance of AFP cases. The increasing awareness
of HRV/EV as major respiratory pathogens and the
development of commercial molecular assays for these
viruses has allowed the implementation of HRV/EV
diagnosis in an increasing number of virology laborato-
ries [33,38]. Moreover, virus characterisation should be
encouraged, at least in the event of severe respiratory
signs.
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Enterovirus D68 (EV-D68) has been recognised as a
worldwide emerging pathogen associated with severe
respiratory symptoms since 2009. We here report
EV-D68 detection in hospitalised patients with acute
respiratory infection admitted to three tertiary hospi-
tals in Germany between January 2013 and December
2014. From a total of 14,838 respiratory samples
obtained during the study period, 246 (1.7%) tested
enterovirus-positive and, among these, 39 (15.9%)
were identified as EV-D68. Infection was observed in
children and teenagers (0—19 years; n=31), the major-
ity (h=22) being under five years-old, as well as in
adults » 50 years of age (n=8). No significant differ-
ence in prevalence was observed between the 2013
and 2014 seasons. Phylogenetic analyses based on
viral protein 1 (VP1) sequences showed co-circulation
of different EV-D68 lineages in Germany. Sequence
data encompassing the entire capsid region of the
genome were analysed to gain information on amino
acid changes possibly relevant for immunogenic-
ity and revealed mutations in two recently described
pleconaril binding sites.

Introduction

Within the picornaviridae family the genus Enterovirus
is known to include more than 120 human enterovirus
(EV) serotypes, causing a broad range of symptoms
mainly in children below the age of five years. The
major clinically relevant manifestations of non-polio
enteroviruses (NPEV) include meningitis/encephalitis
or acute flaccid paralyses (AFP), atypical hand, foot
and mouth-disease or myocarditis. Some serotypes
have been identified to be predominantly associated
with respiratory diseases. Of those, EV-D68 has, since
its first description in 1962, been detected sporadi-
cally worldwide until 2009 [1]. Subsequently, several
epidemic clusters of EV-D68 associated with increases
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of respiratory illnesses have been reported, [1,2]. The
largest outbreak so far was reported in autumn 2014
from the United States (US) with more than 1,100
EV-D68 detections in children hospitalised with acute
severe respiratory infections [1,3].

In Germany, surveillance of respiratory virus infections
is conducted mainly with regards to influenza repre-
senting a vaccine preventable disease, and is based
on sentinel surveillance systems including outpatients
with influenza like illness (ILI) and/or acute respiratory
infection (ARI) (AGI Influenza RKI [4]; ARE NLGA [s5]).
Furthermore, a laboratory network reporting detec-
tion of respiratory viruses in hospitalised patients was
established in 2009 (RespVir [6]). Besides influenza,
pathogens recorded within these systems include
respiratory syncytial virus (RSV), human metapneu-
movirus (HMPV), parainfluenza viruses (HPIV), coro-
naviruses (HCoV), adenoviruses (HAdV), rhinoviruses
(HRV), and EV. Since the latter viruses are not routinely
differentiated, no valid data on EV circulation including
EV-D68 in Germany are available.

The aim of the study was to investigate the prevalence
of EV-D68 in Germany by analysing EV-positive respira-
tory tract samples collected from patients admitted to
three German university hospitals in two consecutive
years. Furthermore, nucleotide (nt) sequence analysis
of the complete viral protein 1 (VP1) region was per-
formed for comparison of EV-D68 strains circulating
in Germany with recent published strains from other
countries. Complete capsid sequences from selected
strains based on phylogenetic analysis were obtained
to provide more data for better understanding of any
changes in antigenicity.

www.eurosurveillance.org



FIGURE 1

Number of enterovirus (EV)-positive samples obtained by three university laboratoriesa stratified as EV-D68 and non-

EV-D68, by week, Germany, 2013-2014 (n=246)
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2 The laboratories were the Institute of Virology and Immunobiology, University of Wiirzburg, the Institute of Virology, University Hospital of
Diisseldorf and the Institute of Virology, University of Bonn Medical Centre.

Methods

Setting

Three German university laboratories provided data
and samples collected from January 2013 through
December 2014 to this study: the Institute of Virology
and Immunobiology, University of Wiirzburg (labora-
tory 1), the Institute of Virology, University Hospital of
Diisseldorf (laboratory 2) and the Institute of Virology,
University of Bonn Medical Centre (laboratory 3).

Sample collection

Respiratory samples (e.g. nasopharyngeal swabs,
bronchial lavages) were collected from patients with
respiratory diseases admitted to the affiliated tertiary
hospitals. The samples were routinely screened for a
broad panel of respiratory pathogens including EV/HRV
and other respiratory viruses (influenza A and B, RSV,
HMPV, HPIV 1-4, HCoV 229, NL63, HKU1, 0C43, HAdV,
parechoviruses, bocavirus) according to the individual
laboratory protocols. All samples positive for EV or EV/
HRV were included in this study. These EV samples
represent about one fourth of the overall number of EV
positive samples detected in the nationwide RespVir
surveillance [6].

The diagnostic procedures for the detection of respira-
tory viruses of the three university laboratories are as
follows: laboratory 1: FTD ‘Respiratory Pathogens 21’
(Fast track Diagnostics, Luxembourg), laboratory 2:
Bonzel et al., 2008 [7], laboratory 3: Dierssen et al.,
2008 [8] and Poelman et al., 2014 [9]. All methods have
been proven to detect EV-D68 in national and interna-
tional proficiency tests.

www.eurosurveillance.org

Polymerase chain reaction amplification of
enterovirus D68 viral protein 1 region

For highly sensitive amplification of the complete VP1
region of EV-D68 strains directly from clinical material
a specific one-step reverse-transcription polymerase
chain reaction (RT-PCR) assay was established at the
German National Reference Centre for Poliomyelitis
and Enteroviruses (NRZ PE). Amplification was per-
formed using One-Step-RT-PCR Kit (Qiagen, Hilden,
Germany) followed by a nested PCR using HotStarTag-
Mastermix (Qiagen, Hilden Germany) according to the
manufacturer’s protocol. RT-PCR and nested PCR were
done with 600 nM of primers (Table 1). The RT-PCR was
conducted with primers NRZ 267/268 and with the fol-
lowing temperature profile: 10 min 22°C, 45 min 50°C,
15 min 95°C for RT followed by 40 cycles (30 s 94°C;
30 s 55°C; 90 s 72°C) and final elongation for 10 min
at 72°C. The nested PCR was carried out with primers
269/270 by using a touchdown protocol with 10 cycles
(30 5 94°C; 30 s 60°C; 90 s 72°C) with a decrease of
1°C per cycle of the initial 60°C annealing temperature,
followed by 30 cycles (305 94°C;30550°C; 90 s 72°C)
and final elongation for 10 min at 72°C. The result-
ing product of 1,129 bp was treated with ExoSAP-IT
(Affymetrix) before cycle sequencing with primers NRZ
269, NRZ 270 and NRZ 271 using the BigDye 3.1 kit
(Applied Biosystems, Weiterstadt, Germany).

Phylogenetic analysis

Sequences were assembled using Sequencher soft-
ware version 5.2.4. Alignments were performed using
MAFFT [10] and the phylogenetic relationships among
the strains circulating in Germany and representative
strains taken from GenBank were estimated using
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FIGURE 2

Phylogenetic analysis® of enterovirus D68 sequences (n=37) obtained by three university laboratories®, Germany, 2013-2014
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the maximum likelihood (ML) method based on the
Tamura—Nei model conducted with molecular evolu-
tionary genetics analysis (MEGA6) using a bootstrap
procedure with 1,000 replicates [11].

Molecular typing of non-enterovirus D68
enteroviruses

Molecular typing of non-EV-D68 enteroviruses was car-
ried out by sequencing of the VP1 region using pub-
lished PCR systems with slightly modified conditions
due to use of the Qiagen One Step RT-PCR kit instead
of Invitrogen Superscript Il and Il as described in ref-
erences [12,13]. Details of methodology are available
upon request. For those samples remaining VP1 PCR
negative, sequencing of partial 5’non-coding region
(5’NCR) [14] allowed assignment to enterovirus group
A-D. Samples with no clear basic local alignment
search tool (BLAST) result were classified as NPEV.

Analysis of immunogenic sites in the capsid
proteins of enterovirus D68

To provide sequence data for further understand-
ing of possible changes in the immunogenic sites of
the capsid, 23 strains representing members of all
three current subclades (A2, B1, B2) were selected for
sequencing of the entire capsid (P1) genomic region
encoding all four capsid proteins as well as adjacent
5’NCR region. Amplification of the VP4/VP2/VP3 region
of the genome from clinical material was performed
with primers listed in Table 1 using the following
cycling protocol: 45 min 50°C, 15 min 95°C followed by
25 cycles (30 s 94°C; 30 s 55°C; 90 s 72°C) and final
elongation for 10 min at 72°C. Nested PCR was carried
out 15 min at 95°C followed by 25 cycles (30 s 94°C;
30 5 55°C; 30 s 72°C) and final elongation for 10 min
at 72°C. PCR products were directly sequenced after
EXOSAP-IT treatment with primers used for nested
PCR. Amplification and sequencing of partial 5’NCR
was done as described recently [14].

Results

Enterovirus D68 detection

From January 2013 to the end of December 2014, 14,838
respiratory samples from patients admitted to three
tertiary university hospitals were analysed, with 246
(1.7%) being EV- positive. EV-positive samples were
retrospectively typed with molecular methods result-
ing in a total of 39 EV-D68 detections with 17 (0.2%)
detections in 2013 and 22 (0.3%) detections in 2014
(Table 2).

When analysed in more detail, variations in EV-D68
prevalence among patients admitted to each of the
three hospitals were noticed. While in one hospital a
moderate raise in EV-D68 infections among total sam-
ples analysed was observed in 2014 compared with
2013 (0.2% in 2013 Vs 0.6% in 2014), another hospital
showed a higher EV-D68 rate in 2013 (0.6% in 2013 vs
0.1% in 2014).
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Weekly distribution of EV-D68 positive samples,
as shown in Figure 1, peaked in late summer and
autumn months (September—November). This was
also reflected by the EV-D68-positivity rates among
EV-positive samples, which in calendar weeks 36 to 48
corresponding to September to November (last column,
Table 2) ranged from 23.8 to 54.5%. Regarding the indi-
vidual hospitals, EV-D68 was detected nearly consist-
ently among EVs during weeks 36 to 48 in hospital
1 and 2 (54.5% in 2013 vs 50.0% in 2014; and 27.3%
in 2013 vs 23.8% in 2014). Hospital 3 showed higher
EV-D68 rate in 2013 (45.5%) than in 2014 (25.0%), how-
ever, some caution is needed concerning this hospital
because of the relatively small number of EV-D68- pos-
itive samples which might be biased by the overall low
number of EV detections. On average, no substantial
differences in EV-D68 rates could be found between
2013 and 2014 suggesting two regular seasons.

The 39 EV-D68 samples detected over the whole study
period were from young children aged o-9 vyears
(n=28), teenagers aged 10-19 years (n=3) and adults
aged »5o years (n=8). Within the group of young chil-
dren, the majority of EV-D68 patients was under the
age of five years (n=22). The male/female ratio for
EV-D68-positive patients was 1.4:1 (m=23, f=16).
Co-infection with other viruses was observed in two
EV-D68-positive samples (Cox A10, n=1; HCoV 0C43,
n=1). Specified clinical details were not accessible for
all EV-D68 patients. For patients where data were avail-
able (n=15), pneumonia (n=6) or obstructive bronchi-
tis (n=6) were most commonly reported.

Amplification and phylogenetic analysis based
on viral protein 1 region

Amplification of the complete VP1 sequence was
achieved for 37 of 39 EV-D68 samples. For phyloge-
netic analysis complete VP1 sequences of EV-D68
strains available in GenBank were used. The ML tree
confirmed the previously observed divergence of
EV-D68 strains circulating since 2005 into three major
subgroups A, B, and C (Figure 2) [15]. Furthermore,
as recently described, subgroups A and B segregated
in two subclades [16]. Among the 37 EV-D68 strains,
seven belonged to clade A2 and 30 belonged to clade B
(B1: n=5, B2: n=25). All sequences were deposited in
GenBank under accession numbers KP745729-43 and
KR066438-61.

Amplification and sequencing of partial VP1 region
from non-EV-D68 viruses revealed serotypes from
enterovirus species EV-A (n=87) and EV-B (n=68).
Typing results are shown in more detail in Table 3.
Samples remaining negative in VP1 amplification were
categorised as EV-A (n=3), EV-B (n=6), and EV-C (n=1)
by 5"NCR sequencing. Fifteen samples were identified
as rhinovirus (HRV-A: n=8, HRV-C: n=7). Twenty-nine
samples gave no clear BLAST result and were classified
as NPEV (Table 3).
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TABLE 1

Primers used for amplification and sequencing of the complete capsid (P1) region of enterovirus D68

Target region and primer Sequence 5'-3' Orientation Location?
VP1

NRZ 267 ATG YTA GST ACW CAT RTB GTB TGG GAY TT Sense 2,125-2,153
NRZ 268 ATC CAY TGR ATM CCW GGG CCY TCRAAR C Antisense 3,557-3,530
NRZ 269 AAT GCY AAY GTT GGY TAY GTY ACHTGTT Sense 2,239-2,266
NRZ 270 AAG AYC CYA CAA ARA CYC CHC CRW ARC CKG G Antisense 3,358-3,327
NRZ 271 CAA GCA ATG TTY GTA CCH ACT GG Sense 2,854-2,876
VP2/4

NRZ 272 GTG GTC CAG GCT GCG TTG GCG Sense 350-370
NRZ 273 TTR AAC TCA CAA CAC ATT GGA GCRATT G Antisense 1,658-1,631
NRZ 274 ATG AAC AAG GTG TGA AGA GTC TAT TGA GC Sense 405-433
NRZ 275 ACT GGT ATT ATT GCT AGY GTC CAC TG Antisense 1,580-1,555
VP3

NRZ 276 TGA CAT CAT GAA AGG TGA AGA AGG AGG Sense 1,371-1,397
NRZ 277 GTG CGA GTT TGT ATG GCT TCY TCT GG Antisense 2,564-2,539
NRZ 278 GTT CTT CCC TGG ATG AAT GCY GCT CC Sense 1,504—-1,529
NRZ 279 CTC TCR ATY TGR TAG GCT GCC TCT G Antisense 2,432-2,408

VP: viral protein.

2 Nucleotide locations are relative to the genome of EV-D68 prototype strain Fermon (GenBank accession number: AY426531).

Analysis of complete capsid region (P1)

amino acid- and partial 5’non-coding region
sequences

Twenty-three EV-D68 sequences of strains belonging
to subclades A2, B1, and B2 from this study were com-
pared with 40 sequences available through GenBank.
There were only few amino acids exclusively defining
a single clade, however clade A was characterised by
E143 and V291in VP2, N525and V533 in VP3 and a dele-
tion of N692 in VP1. Strains assigned to subclade A2
carried an arginine and lysine insertion at position 859
of VP1. No differences between strains circulating in
2014 and strains circulating before 2014 were observed
with regard to the defined loop structures of the capsid
proteins VP1, VP2, and VP3 representing neutralising
immunogenic sites (VP2 EF loop, VP3 BC loop, VP1 BC
loop and DE loop; alignment available upon request).
Notably, two amino acid positions that have been
reported to interact with the antiviral pleconaril dif-
fered in strains assigned to subclade B1 compared with
the other EV-D68 strains: M341A(VP3) and V7461(VP1)
[17]. Whether or not these changes influence pleconaril
efficacy requires experimental confirmation.

Within the 3° end of the 5’NCR, all strains included in
the comparison showed a 23 or 24 nt deletion (681—
703/704 compared with prototype strain Fermon). In
addition, all B and C strains carried a 12 or 13 nt dele-
tion (713-724/725 compared with Fermon), except
strain KM892501 (Figure 3).

Discussion

In this study we provide epidemiological and phyloge-
netic information on EV-D68 in hospitalised patients
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admitted with respiratory diseases to three tertiary hos-
pitals in Germany from January 2013 through December
2014. During this period, EV-D68 circulation appeared
to have a seasonal pattern, with an increase in num-
bers of patient samples testing positive for this virus
from the beginning of the autumn until the early winter
months. The apparent seasonality was also reflected in
the EV-D68 positivity rates among enterovirus-positive
samples from September to November (calendar week
36-48), which ranged between 23.8% and 54.5%,
compared to between 8.3% and 23.4% annually.

Overall EV-D68 infections could be detected in chil-
dren and teenagers, with most detections in those
under five years-old. Adults over 50 years of age were
also affected. The male/female ratio of 1.4:1 among all
respiratory isolates indicated a male predominance,
which has also been previously described for enterovi-
rus-infected patients [18].

Among the total annual numbers of analysed respira-
tory samples, EV-D68 was detected at a rate of 0.2%
(2013) and 0.3% (2014). The similar rates between the
two years suggest that each year was characterised by
a regular season. In support of this, similar prevalences
have been reported for hospitalised patients [19-21] as
well as outpatients [18,22] from several studies world-
wide in non-epidemic years. In contrast, for years with
described increased EV-D68 activity, an overall annual
EV-D68 detection rate of>1% has been observed in
hospitalised patients [20,23,24] as well as outpatients
[22,25].
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TABLE 2

Overview of respiratory samples analysed and enterovirus (EV) and EV-D68 detection rates by three university
laboratories®, Germany, 2013-2014 (n=14,838 respiratory samples)

EV positive

Respiratory N (% of EV-D68 positive EV-D68/EV Number of EV-D68/EV
Laboratory/hospital samples o N (% of respiratory positives (%) positives (%) in
respiratory
I\ samples) annually calendar week 36 - 48
samples)
X 2013 3,526 46 (1.3) 6 (0.2) 6/46 (13.0) 6/11 (54.5)
2014 2,696 64 (2.4) 15 (0.6) 15/64 (23.4) 12/24 (50.0)
, 2013 3,351 55 (1.6) 6 (0.2) 6/55 (10.9) 3/11 (27.3)
2014 3,753 44 (1.2) 6 (0.2) 6/44 (13.6) 5/21(23.8)
3 2013 813 25 (3.1) 5 (0.6) 5/25 (20) 5/11 (45.5)
2014 699 12 (1.7) 1 (0.1) 1/12 (8.3) 1/4 (25.0)
Total 2013 7,690 126 (1.6) 17 (0.2) 17/126 (13.5) 14/33 (42.4)
Total 2014 7,148 120 (1.7) 22 (0.3) 22/120 (18.3) 18/49 (36.7)
Total 2013-2014 14,838 246 (1.7) 39 (0.3) 39/246 (15.8) 32/82 (39.0)

2 The laboratories were the Institute of Virology and Immunobiology, University of Wiirzburg, the Institute of Virology, University Hospital of

Diisseldorf and the Institute of Virology, University of Bonn Medical Centre.

A more detailed data analysis revealed variation in
EV-D68 prevalence among patients admitted to each
of the three hospitals in our study between the years,
suggesting a broad range in EV-D68 positivity rates
from one season to another. The annual rates of EV-D68
positivity among all respiratory samples for each hos-
pital during the study period remained however<1%.

Worldwide reports on the detection of EV-D68 in
patients with respiratory diseases increased rapidly
during the last few years especially during the 2008
to 2010 period [2]. The observation of an upsurge in
hospitalised patients due to EV-D68 infection in the US
and Canada in 2014 [1,3,26] resulted in the recognition
of EV-D68 as an (re)emerging pathogen. In response to
this, the European Society for Clinical Virology (ESCV)
launched a study in collaboration with the European
Centre for Disease Prevention and Control (ECDC) to
collect information on EV-D68 infections in paediatric
patients in September/October 2014 in Europe [16].
We contributed to this study and therefore samples
collected between September 2014 and November
2014 reported here were also included in that study.
However, no epidemiological data on EV-D68 in
Germany covering a period as extended as this current
study have been described so far. The only data avail-
able to date came from an EV-D68-specific screening of
samples collected within the German ILI/ARI outpatient
study during the August to October 2014 period, result-
ing in identification of 25 EV-D68-positive samples
among 325 samples (7.7%) screened [27].

Coinciding with the upsurge of severe acute respira-
tory diseases in the US and Canada in 2014, a cluster
of 12 paediatric patients with AFP following respiratory
illness was reported from Colorado [28,29]. Among 11
of these children, five (45%) tested EV-D68 positive in
respiratory specimens [28,29]. A further investigation
of AFP cases reported nationwide in the US during the
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same period (August through October) found 88 cases
of AFP in 32 States, revealing a similar EV-D68 positive
rate [30]. In contrast, no development of central nerv-
ous system (CNS) complications was reported in the
patients from this study. Furthermore, in the context of
the Global Polio Eradication Initiative programme, the
German enterovirus surveillance [31] reported no sig-
nificant increase of AFP cases in 2013 and 2014 com-
pared to the 2006 to 2014 average in Germany (Katrin
Neubauer, personal communication 15 May 2015).

As part of the EVSurv, laboratory diagnostics focus
mainly on stool samples from patients with symp-
toms of aseptic meningitis/encephalitis and/or AFP to
exclude polioviruses. Stool samples are nevertheless
not suitable for EV-D68 detection, due to the biological
properties of this virus [32,33]. In spite of this, among
24,246 specimens tested for enteroviruses between
2006 and 2014 within the EVSury, three stool samples
from paediatric patients with signs of aseptic menin-
gitis were reported as EV-D68-positive (2 in 2010, 1 in
2013). These most probably resulted from spill-over
from the respiratory tract, but nevertheless suggest
circulation of EV-D68 in Germany before 2013 and pre-
sumably possible association with CNS disorders.

As different EV-D68 clades are evolving over time [15],
the increased detection of EV-D68 in the recent dec-
ade may have been due to changes in antigenicity [34].
Comparison of the complete capsid sequences of 23
strains isolated in 2013 and 2014 in Germany with ref-
erence strains obtained from GenBank did not reveal
any amino acid residues in antigenic sites that were
unique to the 2013 or 2014 strains.

Furthermore, all German strains described here
showed clade specific deletions within the 3’ end of
5’NCR as reviewed in Imamura and Oshitani in 2014
[2]. All clade A strains identified in this study displayed

www.eurosurveillance.org



TABLE 3

Enterovirus typing results from respiratory samples,
Germany, 2013-2014 (n= 207 samples)®

Species Serotype Number?
Cox A10 12
Cox A2 8
Cox Ag4 21
Cox Ag 3
EV-A Cox A6 23
Cox A8 1
Cox A16 10
EV-A71 9
NA 3
Cox B2 6
Cox B3 8
Cox B4 7
Cox Bs 5
Echo 11 2
Echo 18 5
EV-B Echo 25 2
Echo 27 1
Echo 3 5
Echo 6 1
Echo 30 19
Cox Ag 7
NA 6
EV-C NA 1
EV-D EV-D68 39
HRV A NA 8
HRV C NA 7
NPEV NA 29

NA: not applicable.

2 Due to two samples carrying two different serotypes, the total
number of serotypes in the table differ from the total number of
samples analysed.

the previously described deletion within the DE loop
in VP1 [21]. Interestingly, all German strains assigned
to subclade A2 were identified in seven of eight adult
patients. Those strains carried a subclade A2 specific
insertion of two amino acids (arginine and lysine) at
the very end of the C-terminus of VP1. So far, no func-
tion has been assigned to this region. Comparison with
prototype sequences of all other known enterovirus
serotypes revealed a highly diverse C-terminus of VP1
downstream from a conserved proline-rich region (data
not shown, available upon request). Furthermore, we
recognised two amino acid exchanges in subclade B1
strains (M341A in VP3 and V746! in VP1) at positions
that have been described to interact with pleconaril
[17] (data not shown, available upon request).

In summary, no significant changes in the EV-D68
prevalence in patients admitted to three German ter-
tiary hospitals could be observed in 2014 compared
with 2013. On the basis of amino acid sequences of
the capsid proteins no unique changes in 2014 strains
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compared with 2013 strains or clade specific differ-
ences were found. However, the insertion of two amino
acids at the C-terminus of VP1 of subclade A2 strains,
combined with their occurrence in adults, warrants
further experimental investigation regarding neutrali-
sation properties of antibodies directed against (i)
the strains not containing this insertion versus (ii) the
strains containing the insertion. Furthermore, continu-
ous molecular surveillance of enteroviruses in respira-
tory samples using defined criteria is a necessity to be
able to interpret potential epidemiological and clini-
cal situations like those recently reported from North
America and Canada.
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The recent, and rapid, emergence of injection of the
short-acting stimulant mephedrone (4-methylmeth-
cathione) has resulted in concerns about increased
infection risks among people who inject drugs (PWID).
Data from the bio-behavioural surveillance of PWID
in the United Kingdom were analysed to examine the
impact of mephedrone injection on infections among
PWID. During the year preceding the survey, 8.0% of
PWID (163/2,047) had injected mephedrone. In multi-
variable analyses, those injecting mephedrone were
younger, less likely to have injected opiates, and more
likely to have injected cocaine or amphetamines, used
needle/syringe programmes or sexual health clin-
ics, been recruited in Wales and Northern Ireland or
shared needles/syringes. There were no differences
in sexual risks. Those injecting mephedrone more
often had hepatitis C antibodies (adjusted odds ratio
(AOR)=1.51; 95% confidence interval (Cl): 1.08-2.12),
human immunodeficiency virus (AOR=5.43; 95% Cl:
1.90-15.5) and overdosed (AOR=1.70; 95% Cl: 1.12—
2.57). There were no differences in the frequency of
injecting site infections or prevalence of hepatitis B.
The elevated levels of risk and infections are a con-
cern considering its recent emergence. Mephedrone
injection may currently be focused among higher-risk
or more vulnerable groups. Targeted responses are
needed to prevent an increase in harm.

Introduction

Over the past decade, the emergence of the use of
‘new psychoactive substances’ has caused major con-
cerns in many countries [1,2]. New psychoactive sub-
stances encompass a range of synthetic substances,
including synthetic cannabinoids, cathinones, pipera-
zines, tryptamines and phenethylamines, that are not
controlled by two United Nations Conventions (the 1961
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Convention on Narcotic Drugs and the 1971 Convention
on Psychotropic Substances), but which may pose a
public health threat that is comparable to that of the
substances listed in these conventions [3]. The use of
synthetic cathinones, and especially drugs marketed
as mephedrone have caused particular concern in a
number of countries including the United Kingdom (UK)
(3-6].

Mephedrone is the common name for 4-methylmeth-
cathione, it is a relatively short-acting stimulant with
reported effects similar to amphetamine and MDMA
[5,7]. It can be administered in a variety of ways,
including snorting, ingestion and injection, and com-
pulsive re-dosing over a period of many hours has been
reported, due to rapid comedown when snorted or
induced tolerance when injected repeatedly [5,8]. The
use of drugs marketed as ‘mephedrone’ under street
names such as ‘drone’, ‘m-cat’ and ‘meow meow’, have
increased since its use was first reported around 2007.
The subsequent emergence of the injection of syn-
thetic cathinones, including mephedrone, has caused
particular concerns in Europe [9], with the injection of
these drugs having been associated with increases in
human immunodeficiency virus (HIV) infections and
risk behaviours among people who inject drugs (PWID)
in several central European countries [10,11]. The use,
and in particular the injection, of mephedrone by some
populations of men who have sex with men (MSM), par-
ticularly during sex, has also recently been reported in
Europe and elsewhere [12-14], often in settings where
unsafe sex and sharing of injecting equipment occur
[12,13].

In the UK, the use of mephedrone was first noted in
2008 [15,16], leading to 4-methylmethcathione being
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FIGURE

Variations in the extent of mephedrone injecting, by age, time in years since first injection, region of recruitment, and
sexual activity, United Kingdom, 2013 (n = 2,047)
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controlled under the Misuse of Drugs Act in 2010 [17].
The injection of this drug is a more recent practice that
was first reported in the UK in 2012; it occurred among
people who had switched from snorting as well as
among people who had previously injected other drugs
including opioids and stimulants [18]. Of particular con-
cern is the compulsion to re-dose when using mephe-
drone, increasing the frequency of injecting from two
or three times daily to 15—20 times, raising the risk of
injecting site damage and of infection through poor
injection hygiene and the reuse and sharing of inject-
ing equipment [19].

In response to the emergence of mephedrone injecting
and the associated concerns about the risks, mephed-
rone was added to the list of drugs specifically asked
about in the UK’s national bio-behavioural surveillance
system of infections and risks among PWID in 2013.
In this paper, we used data from this large national
survey to (i) assess the current extent of mephedrone
injecting in the UK, (ii) examine the factors associated
with mephedrone injecting and (iii) describe the fre-
quency of a range of health harms among those inject-
ing mephedrone.

Methods

PWID have been recruited into a voluntary unlinked
anonymous monitoring system in the UK since 1990;
methodological details of this series of annual cross-
sectional surveys have been published previously
[20,21]. Briefly, agencies providing services to PWID
(e.g. needle and syringe programmes (NSPs) and pro-
viders of addiction services such as opiate substitu-
tion therapy (OST)) at sentinel locations (n=67 in 2013)
throughout the UK except Scotland, invite clients who
have ever injected psychoactive drugs to participate in
the survey each year. The sentinel sites are selected
so as to reflect both the geographical distribution and
range of services offered to PWID. Those who consent
to participate provide a biological sample, currently
a dried blood spot (DBS), and self-complete a brief
questionnaire focused on the injection of psychoactive
drugs. In 2013, the answer categories to the question
asking about the drugs injected during the preceding
year was revised to include a new response category:
‘mephedrone (m-cat)’. The survey has multi-site ethics
approval.

The DBS specimens were tested for antibodies to HIV
(anti-HIV), the hepatitis B core antigen (anti-HBc) and
hepatitis C virus (anti-HCV). The anti-HIV test was an
in-house IgG capture enzyme-linked immunosorbent
assay (GACELISA) with similar performance to the HIV
1+2 GACELISA (Abbott Murex Diagnostics Ltd, Dartford,
UK). Reactive specimens underwent further testing
according to an algorithm that included a second ELISA
and Western blot [22]. Anti-HCV testing employed a
previously validated commercial enzyme-immunoassay
(Ortho HCV 3.0 SAVe, Ortho Diagnostics, New Jersey)
[23]. For hepatitis C, a previously described algorithm
using antibody avidity testing was applied to the survey
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samples to identify probable recent hepatitis C infec-
tions, i.e. samples with weak antibody avidity<40% in
the presence of HCV RNA [24]. For anti-HBc, an in-house
IgG class-specific antibody capture enzyme immunoas-
say (EIA) was used.

For those who had injected during the preceding year,
bivariate associations (p<o0.05) between the outcome
variable, i.e. having injected mephedrone, and covari-
ates (demographics, injecting practices, drugs injected,
sexual practice and use of health services) were exam-
ined using Pearson’s chi-squared test. Where possible
associations were found (p<o.10), these were further
examined via logistic regression using the forward
stepwise procedure to select variables for inclusion
in the model, with selection based on the likelihood
ratio test (p<o.05). All analyses were undertaken using
SPSS 19.

Associations between mephedrone injecting and a
range of health harms were explored by examining
the frequency of mephedrone injecting among those
with and without harms (anti-HIV, anti-HBc, anti-HCV,
reported recent symptoms of injection site infections
or injuries, and reported recent overdose). Data were
adjusted for age, sex and region as these factors are
known to be associated with these harms [20,21,25,26].

Results

Sample characteristics

During 2013, the survey recruited 2,047 individuals
who had injected psychoactive drugs during the pre-
ceding year. Almost half (47%; n = 953) were aged 35
years or older (mean age: 36 years, median: 35 years),
26% (n = 522) were women and 5% (n = 107) had been
born outside of the UK. Almost one fifth, 18% (n = 369),
reported that they had been homeless during the pre-
ceding year and almost three quarters, 72% (n = 1,471),
reported that they had ever been imprisoned.

The majority, 85% (n =1,733), reported using an NSP
service during the preceding year and 69% (n = 1,418)
were currently in receipt of a maintenance drug regime
such as OST or on detoxification. During the year pre-
ceding the survey, 10% (n = 204) had visited a sexual
health (genito-urinary medicine) clinic, 20% (n = 411) a
walk-in (minor injury/primary care) clinic, 30% (n = 617)
an Emergency Department and 65% (n = 1,331) a gen-
eral practitioner. Overall, 75% (n = 1,531) had ever had
a voluntary confidential test for HIV, 81% (n = 1,667) for
hepatitis C, and 72% (n = 1,471) had received at least
one dose of hepatitis B vaccine.

Drugs injected and injecting risks

The most commonly injected drug during the year pre-
ceding the survey was heroin (92%; n =1,879). Two-
fifths reported that they had injected crack cocaine
(43%; n =2885), almost three-tenths had injected
amphetamines (29%; n = 591) and just over one-tenth
had injected powder cocaine (12%; n = 245). Injecting
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TABLE 1

Factors associated with injecting mephedrone during the preceding year among people who inject drugs, United Kingdom,
2013 (n = 2,047)

Characteristic? Injected mephedrone in the preceding year?
p 0dds o Adjusted
Total \olue  ratio 95% Cl 5 dds ratio g5 Gl
All 8.0| 163 | 2,047 NA
Demographic characteristics
<25 years 19 28 144
25-34 years 93| 75 | 809
<0.001 NA
Age 35-44 years 6.5| 53 811
245 years 2.5 7 283
Per year increase in age 0.94 0.92-0.96 0.95 0.92-0.97
<5 years 12 41 356 1.00 Ref
5—9 years 10 36 349 0.88 0.55-1.42
Number of years since first 10-14 years 85| 35 413 0.71 0.44-1.14
- 0.003 b
injected 15-19 years 5.4 | 23 429 0.44 0.26-0.74
=20 years 6.1| 27 442 0.50 0.30-0.83
Not known 1.7 1 58 0.13 0.02-1.00
Midlands and Eastern
England 7.2 | 46 640 1.00 Ref 1.00 Ref
. London and Southern
Region/Country England 4.2 24 567 | <0.001 0.57 0.34-0.95 0.60 0.35-1.02
Northern England 7.5 | 46 613 1.05 0.69-1.60 0.91 0.58-1.43
Wales and Northern Ireland | 21 | 47 227 3.37 2.17-5.23 3.06 1.91-4.89
. Not last year/never 7.4 | 125 | 1,678 1.00 Ref
Homeless preceding year 0.067 b
Yes last year 10 | 38 369 1.43 0.97-2.09
Men who had sex with men | 8.2 7 85 1.64 0.70-3.84
Men who had sex with o 1 1 1.20-2.06
. . women only 971 9 93 -95 -29-2.9
Anal or vaginal sex during W P— h 0.017 b
receding vear omen who had sex wi . _
P gy men and/or women ¢ 8.2| 34 415 1.63 0.99-2.68
Not had sex (men and 52| 32 616 1.00 Ref
women)
Injecting practice during the preceding year
. . No 21| 35 168 1.00 Ref 1.00 Ref
Injected heroin <0.001
Yes 6.8 | 128 | 1,879 0.28 0.18-0.42 0.35 0.22-0.56
|njected amphetamine No 4.7 68 1,456 0.001 1.00 Ref 1.00 Ref
(speed) Yes 16 | 95 591 ' 3.91 2.82-5.43 2.42 1.68-3.50
. . No 6.8| 123 | 1,802 1.00 Ref 1.00 Ref
Injected cocaine <0.001
Yes 16 40 245 2.66 1.81-3.91 2.36 1.53-3.63
Used needles or syringes No 6.8| 117 | 1,729 1.00 Ref 1.00 Ref
previously used by <0.001
someone else Yes 14 | 46 318 2.33 1.62-3.35 1.95 1.31-2.92
Health services usage
Used needle and syringe Not last year /Never 4.8| 15 314 1.00 Ref 1.00 Ref
. 0.02
programme preceding year Last year 8.5 | 148 | 1,733 3 1.86 1.08-3.21 1.89 1.04-3.42
Prescribed opiate Previously/Never 10 | 63 629 p 1.00 Ref b
S 0.01
substitution therapy Currently 70| 99 | 1,418 0.67 0.48-0.93
Used sexual health No 6.9 | 114 | 1,649 1.00 Ref 1.00 Ref
(genito-urinary medicine) Yes 17 35 204 <0.001 2.79 1.85-4.20 2.10 1.32-3.35
clinic preceding year Not known 7.2 | 14 194 1.05 0.59-1.86 0.99 0.54-1.82

Cl: confidence interval; NA: not applicable; Ref: reference value.

2 No associations with: sex; being born in the United Kingdom, ever being imprisoned, injecting crack during the preceding 12 months, using a
walk-in (minor injury/primary care) clinic during the preceding 12 months, using an emergency department during the preceding 12 months,
visiting a general practitioner during the preceding 12 months, ever having had a voluntary confidential test for human immunodeficiency
virus, ever having had a voluntary confidential test for hepatitis C, and uptake of vaccine against hepatitis B.

® Entered in multivariate analyses but not in the final model.
¢ The number of women reporting sex with women was small (< 50) and they are thus not reported separately.
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mephedrone during the preceding year was reported
by 8% (n = 163) of participants. Overall, 41% (n = 847)
of the participants reported injecting only one of these
five drugs during the preceding year and 19% (n = 391)
reported injecting three or more of them. Those report-
ing that they had injected mephedrone were more likely
to report injecting three or more of the other four drugs
(63% (n=102) vs 15% (n =289); p<o.001). Of those
who reported injecting mephedrone, 13% (n = 21) had
also injected all of the other four drugs (i.e. heroin,
crack cocaine, amphetamines and powder cocaine);
8% (n =13) had not injected any of these four other
drugs.

Those injecting mephedrone were younger (mean age:
32 years, median: 31 years vs mean age: 36 years,
median: 35 years; p<0.001), had been injecting for
fewer years (mean duration: 11 years, median: 10.5
years vs mean duration: 14 years, median: 13 years;
p=0.001), and were more likely to be living in Wales
or Northern Ireland (p<0.001, the level of use was very
similar in both of these areas) (Figure). Overall, 16%
(n = 318) of all of the participants reported that they
had knowingly receptively shared needles or syringes
(i.e. injected with needles or syringes that had previ-
ously been used by someone else) during the preced-
ing year. Reporting sharing was more common among
those injecting mephedrone than those not (28%;
n=46 vs 14%; n=272; p<o0.001). Similarly, those
injecting mephedrone were more likely to report having
ever receptively shared a needle or syringe (59%; n =
96 VS 46%; n = 864; p=0.001).

Sexual risk and condom use

The majority of all survey participants were sexu-
ally active, with just over two-thirds (70%; n = 1,431)
reporting that they had had anal or vaginal sex in the
preceding year; 5.6% (n = 85) of the men reported sex
with other men. Heterosexual men were more likely
to report injecting mephedrone than MSM or women
(p=0.017, Figure). Of those sexually active, 35%
(n = 503) reported having two or more sexual partners
during the preceding year overall; 53% (n = 45) of the
MSM had two or more partners, 37% (n = 348) of het-
erosexual men, and 27% (n = 110) of the women (who
either had sex with men and/or women, there were<so
women reporting female partners). Of those with two
or more partners, 17% (n = 84) reported always using
condoms; 13% (n =6) of the MSM, 17% (h =59) of
heterosexual men, and 17% (h=19) of the women.
Mephedrone injection was not associated with the
extent of condom use among those with two or more
sexual partners.

Factors associated with mephedrone injecting

The bivariate and multivariable associations are shown
in Table 1. In the multivariable analysis, mephed-
rone injecting during the preceding year was associ-
ated with younger age. It was more common in Wales
and Northern Ireland, among those who had injected
amphetamine or powder cocaine, those who had
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shared needles or syringes, those using NSPs or sex-
ual health (genito-urinary medicine) clinics. It was less
common among those who had injected heroin.

Health harms and mephedrone injecting

Testing of the DBS samples collected in the survey
found that overall, 1.1% (n = 23) of the participants had
anti-HIV, 15% (n = 311) anti-HBc, and 50% (n = 1,027)
anti-HCV. Having had an abscess, sore or open wound
at an injection site during the preceding year was
reported by 25% (n = 502) of the participants, and an
overdose during the preceding year was reported by
14% (n = 277). After adjustment, injecting mephedrone
was found to be more common among those with anti-
HIV or anti-HCV, and among those reporting an over-
dose during the preceding year (Table 2).

Those who reported that they had ever had a voluntary
confidential test for HIV or hepatitis C were also asked
about the result of their last test. These data were used
to assess the proportion of those with anti-HIV and
anti-HCV who were aware of their infections. Of those
anti-HCV-positive, it was possible to assess awareness
for 87% (n = 898); of these, 46% (n = 417) were aware
of their infection and awareness was similar among
those injecting mephedrone and those not (43% vs
47%, p=0.393). Among those with HIV, it was possible
to assess awareness for 87% (n = 20); of these, 95%
(n = 19) were aware of their infection and again there
was no difference in awareness between those inject-
ing and those not injecting mephedrone (100% vs 94%
respectively, p=1.000, Fisher's exact test).

A laboratory testing algorithm was applied to the sam-
ples collected in the survey to identify probable recent
infections with HCV [24], i.e. those with weak anti-HCV
avidity in the presence of HCV RNA. This algorithm
identified 28 probable recent infections among those
participants who had been at risk of hepatitis C infec-
tion (n=1,048); thus overall, 2.7% of those who had
been at risk had recently become infected with HCV.
There was no difference in the extent of these probable
recent infections between those who reported inject-
ing mephedrone and those who did not (2.5% vs 2.7%
respectively, p=0.936).

Discussion

Considering the recent, and rapid, emergence of the
injection of mephedrone, the elevated levels of risk
and harm found in our study among those who had
injected mephedrone are a concern. Within two years
of mephedrone injection first being reported in the UK
it was being injected by one in 12 PWID. Worryingly,
those with HIV were more than five times as likely to
report mephedrone injecting, and mephedrone inject-
ing was also more common among those with anti-
bodies to HCV and those who had recently overdosed.
Although there were no differences in sexual risk,
injecting risks were significantly higher among those
injecting mephedrone.
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TABLE 2

Health harms and extent of mephedrone injecting among people who inject drugs, United Kingdom, 2013 (n = 2,047)

Injected mephedrone during the preceding year? Had harm

0dds
ratio

Adjusted odds

(95% Cl) ratio

(95% Cl)?

Had an abscess, sore or open wound during preceding year

Not injected mephedrone 24% | 461 | 1,884 0.846 1.00 Ref 1.00 Ref
Injected mephedrone 25% 41 163 1.04 0.72-1.50 1.10 0.75-1.62
Had antibodies to hepatitis C

Not injected mephedrone 50% | 941 | 1,884 1.00 Ref 1.00 Ref
Injected mephedrone 53% 86 163 0-491 1.12 0.81-1.54 1.51 1.08-2.12
Had antibodies to hepatitis B core antigen

Not injected mephedrone 16% | 298 | 1,884 1.00 Ref 1.00 Ref
Injected mephedrone 8.0% | 13 163 0-007 0.46 06.2862_ 0.73 0.40-1.33
Had antibodies to HIV

Not injected mephedrone 1.0% | 18 | 1,884 1.00 Ref 1.00 Ref
Injected mephedrone 3.1% 5 163 0-014 3.28 182905_ 5.43 1.90-15.5
Had an overdose during preceding year

Not injected mephedrone 13% | 243 | 1,884 1.00 Ref 1.00 Ref
Injected mephedrone 21% 34 163 0-004 1.78 1.19-2.66 1.70 1.12-2.57

Cl: confidence interval; HIV: human immunodeficiency virus; Ref: reference value.
2 Adjusted for age, sex and region/country as these factors are known to be associated with the outcomes.

Our findings suggest the spread of mephedrone inject-
ing within the UK has been fairly rapid since this was
first reported in 2012. The rapid emergence of the injec-
tion of synthetic cathinones, often as substitute for or
in addition to other drugs, has also been reported in
several central European countries [9-11]. However, the
extent of mephedrone injecting varied markedly across
the UK, from around one in 25 in London and the south
of England, through around one in 14 elsewhere in
England, to one in five in both Wales and Northern
Ireland. This indicates that the emergence of mephe-
drone injecting in both Wales and Northern Ireland
has been more extensive and rapid than in England.
The reasons for these geographical differences are
unknown and further research is required to explore
this.

Mephedrone injecting was more common among those
who reported injecting other stimulants (amphetamine
and powder cocaine) and was less common among
those injecting heroin. This is perhaps to be expected
given that mephedrone is also a stimulant. This find-
ing suggests that the emergence of mephedrone inject-
ing might, in part at least, be driven by issues such as
drug availability, price and/or drug purity, leading to
drug substitution among existing populations of peo-
ple who inject stimulants [27]. As opiate injecting has
most probably declined in the UK [28], particularly in
England [29], and is now focused in an ageing cohort
[30], the emergence of mephedrone injecting may also
be part of a generational shift towards the injection
of stimulants [31]. Those who had injected mephed-
rone were overall younger and had been injecting for
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a shorter time than those who had only injected other
drugs. Considering this, and that a small number of
those sampled reported injecting only mephedrone, it
is possible that a new group of PWID who inject mephe-
drone, either alone or in conjunction with other drugs,
might be emerging [18]. These findings thus indicate
that currently mephedrone injecting is mostly occurring
among existing populations of PWID, but they also sug-
gest the emergence of a new group of younger PWID
with potentially higher risks.

Those reporting mephedrone injection were twice as
likely to report sharing injecting equipment, indicat-
ing that they are a high risk group. This is supported
by the higher HIV and hepatitis C prevalence and
overdoses being more common among those inject-
ing mephedrone. The data on the proportions aware
of their infection with HIV or hepatitis C indicate that
awareness does not vary between those injecting and
those not injecting mephedrone, which suggests that
there might be no difference in the recency of these
infections (recent infections are probably less likely to
have been diagnosed than longer standing ones). This
is corroborated by our data on probable recent HCV
infections, which indicate that there is no difference in
the incidence of HCV infection between those injecting
mephedrone and those not injecting mephedrone. Our
findings thus suggest that mephedrone injection in the
UK is currently mainly concentrated among groups of
PWID that already have elevated levels of risk, infec-
tion and harm.
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Considering the higher levels of injecting risk behav-
jours and infections among those injecting mephe-
drone, our findings indicate that the emergence of
mephedrone injection in the UK has the potential to
increase the transmission of infections among PWID,
particularly if its use is sustained or becomes more
widespread. The rapid emergence of the injection of
synthetic cathinones has already been implicated in
increases in viral hepatitis and HIV transmission in a
number of other European countries [10,11,32].

Mephedrone injection was not associated with
increased sexual risk in our study, although it was
more commonly reported among those who were sex-
ually active and younger. However, overall levels of
unsafe sexual practice were high. Mephedrone use and
injecting has been associated with sexual risk in some
populations, specifically subgroups of MSM where
it has been linked to high risk behaviours and infec-
tions [12,13,33,34], and mephedrone use has also been
reported to have positive effects on libido [35]. Those
injecting mephedrone in our study were more likely
to have used a sexual health service, suggesting that
mephedrone injection may be related to increased sex-
ual health needs that may not have been detected by
the limited data on sexual behaviour collected in our
study, and further investigation is required.

The findings presented here suggest that interven-
tions are needed to address mephedrone injec-
tion. Responses should first look at ways to improve
injection practice and hygiene, as well as promoting
awareness among PWID of the risks and harms that
are associated with injecting mephedrone [9,18,19].
However, to date, the UKs response to the injection of
psychoactive drugs has had a strong focus on the tradi-
tional predominant drug, heroin, with an emphasis on a
combination of high coverage NSPs and easy to access
OST, which have been shown to be effective for reduc-
ing infections [36]. Although stimulant injection is not
a new phenomenon in the UK, this has predominantly
been in the form of crack cocaine injection alongside
heroin (both need to be dissolved in acidic solutions),
whereas the injection of amphetamines has been com-
paratively rare but may have increased in recent years
[31]. With the emergence of mephedrone injection,
responses will need to adapt to the increased use of
water-soluble drugs and make greater use of treat-
ments that are appropriate for users of stimulant drugs
[37]. There may also be a need to explore the provision
of these services in non-traditional settings, such as
community-based outreach services and sexual health
clinics.

This study has a number of potential limitations.
Firstly, the illicit and marginalised nature of injecting
drug use makes the recruitment of a representative
sample problematic. To maximise representativeness,
this survey used an accepted approach for surveillance
surveys involving recruitment at multiple sites through
targeted services for PWID as a sampling frame [38,39].

www.eurosurveillance.org

In the UK, there is extensive provision of such targeted
services, and the uptake and use of these is high, with
very few of the PWID recruited through community-
based studies found not to be in contact with these
services [40]. For emerging drugs such as mephedrone,
there may be new groups of users or populations where
new patterns of injecting have emerged, such as some
sub-groups of MSM. These groups may be less likely to
be in contact with services or have different patterns
of service use. This may possibly lead to such users
being under-represented. Secondly, the behavioural
data used here are based on self-reports, the accuracy
of which may be subject to recall bias; however, the
reliability of self-reported risk behaviours among PWID
has been shown in other studies [41,42]. Considering
these issues, the findings presented here should be
generalised with caution.

Conclusion

Although the associations found here need further
investigation, they suggest that the injection of mephe-
drone may be focused among younger and higher-risk
groups of PWID, who may be particularly vulnerable to
harm. Most of those injecting mephedrone were also
using other drugs; however, a number were not. These
findings, together with the younger age of those inject-
ing mephedrone, suggest that new groups of PWID
may also be emerging. Services in contact with PWID,
including NSPs and sexual health clinics, will need to
be alert to these elevated infection risks and the harm
reduction needs of those injecting mephedrone. In the
UK, the level of reported needle and syringe sharing
among PWID is currently stable and lower than it was
a decade ago, while the overall prevalences of HIV and
hepatitis C among PWID have changed little in recent
years; targeted responses, such as risk reduction inter-
ventions for those injecting mephedrone, are therefore
needed to prevent an increase in the transmission of
infections among PWID. Considering the increasing
range of new psychoactive substances [43], vigilance
should also be maintained for possible emergence
other injected substances.
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On 10 May 2016, the European Centre for Disease
Prevention and Control (ECDC) published a risk
assessment [1] on the ’Potential risks to public health
related to communicable diseases at the Olympic and
Paralympic Games in Rio de Janeiro, Brazil 2016’. The
Games will start in early August 2016.

The risk assessment states that visitors to the Games
will be mostly at risk to acquire a vector-borne infec-
tion or gastrointestinal illness. Therefore, visitors are
advised to adopt protective measures against mos-
quito bites such as wearing long-sleeved shirts and
trousers, and to apply mosquito repellent. Standard
hygiene measures, for example drink factory produced
beverages, consume thoroughly cooked meals and
wash fruits and vegetables before eating these, to pre-
vent gastrointestinal illnesses, are also recommended.

Since the Games will be held during the winter sea-
son in Rio de Janeiro the weather conditions are less
favourable for mosquitoes leading to significant reduc-
tion for risk for mosquito-borne infections such as chi-
kungunya, dengue and Zika virus disease, except for
the area of Manaus where some of the football matches
will take place. Still it cannot be excluded that travel-
lers can become infected.

In respect to the outbreak of Zika virus disease in
Brazil, the risk assessment points out that ECDC infor-
mation to travellers, in particular pregnant women and
women who are planning to become pregnant as well
as travellers with immune disorders or severe chronic
illnesses remains valid and should be recalled [2].

Ahead of travel, visitors should inform themselves
of the advice issued by the Pan American Health
Organisation as well as by Brazilian and other national
health authorities regarding vaccine-preventable dis-
eases which they could contract during the visit.
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The detailed risk assessment considers also other
risks such as colonisation (digestive tract carriage)
with multidrug-resistant Enterobacteriaceae, sexually
transmitted diseases.
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