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Summary Objective: To assess the etiological role and the clinical characteristics of HRV and
HEV infections in pediatric patients hospitalized for acute respiratory tract infections (ARTIs).
Methods: RT-qPCR assays and molecular sequencing methods were used to identify HRV and
HEV strains in nasopharyngeal aspirates of 309 hospitalized pediatric patients with microbio-
logically unexplained ARTIs and in 210 hospitalized pediatric patients without respiratory
symptoms from September 2009 to June 2010 in France.
Results: Among the 309 ARTI cases, 15 HEV and 172 HRV strains were identified whereas only 1
HEV and 37 HRV strains were observed in control patients (187 vs. 38: P < 10�3). HRV strains
were identified in 150 of the 164 lower ARTIs whereas HEV strains were identified in only 14
of these cases. Among bronchiolitis and asthma exacerbation cases (n Z 133), HEV infected
cases were older (Median age (months) 36 vs. 11, P Z 0.003) and were more frequently asso-
ciated with a respiratory distress (P Z 0.01) and a need for oxygen supply at the time of ad-
mission (P Z 0.01) than cases infected by HRV strains.
Conclusion: HRV and HEV strains were identified as potential etiological causes of 60.5% of mi-
crobiologically unexplained ARTIs diagnosed in hospitalized pediatric cases. A higher clinical
severity was observed in HEV infected bronchiolitis or asthma exacerbation cases in compari-
son to HRV infected cases.
ª 2013 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction

The Enterovirus (EV) genus (Picornaviridae family) consists
of small non-enveloped positive RNA viruses classified in 12
species of which 7 are pathogenic for humans: four species
(AeD) of human enterovirus (HEV) and three species (AeC)
of human rhinovirus (HRV).1 Among the EV genus, HEV and
HRV are recognized as leading causes of Acute Respiratory
Tract Infections (ARTIs) in humans.2e5

Human rhinovirus (HRV) of both species A and B are
generally considered to be responsible for upper ARTIs, but
they are increasingly reported to be associated with lower
ARTIs such as bronchiolitis or pneumonia in infants or young
children.4,6 In 2006, a third species was identifiedwith highly
prevalence,HRV speciesC (HRV-C) that could bemore specif-
ically responsible for lower ARTIs in pediatric patients.6e8

Human enterovirus (HEV) can induce non-specific upper
and lower ARTIs including severe or fatal bronchiolitis or
pneumonia in infants and young children.2,5,9 Recently, the
use of new molecular tools have demonstrated that new
HEV respiratory genotypes have emerged or re-emerged,
(e.g. enteroviruses 68, 104, 109, 117 and coxsackievirus A-
21) and that these circulating strains could be also responsi-
ble for acute bronchitis, bronchiolitis, asthma exacerbation
and severe or fatal pneumonia in pediatric patients.10e21 Re-
cent HEV respiratory outbreaks in Japan, the Philippines and
theNetherlands aswell as several clusters in theUnited King-
domhave identifiedHEV-D68 confirming the rapid circulation
of this new emerging respiratory pathogen.10,12e16,18,19 The
clinical presentation of HEV-D68 infections in these out-
breaks ranged from mild illness to rare severe pneumonia
cases requiring admission in intensive care unit and leading
potentially to death.12e14

The HEV and HRV genotypes detection in the respiratory
tract samples remains difficult even using molecular tools
because of the large EV genetic diversity, leading to an
underestimation of the prevalence and role of HRV and HEV
in pediatric ARTIs.4 The detection, identification and moni-
toring of EV genotypes in ARTIs would be helpful to under-
stand the (re)-emergence of strains responsible for
epidemics characterized by severe respiratory symptoms.4

In the present study, we first screened respiratory samples
taken from a large cohort of pediatric patients hospitalized
in our institution during a 10-month period22e24 for the pres-
ence of EV using reliable specific “Pan-entero-rhino” and
HEV molecular detection tools. We secondly performed
a VP4-VP2 capsid gene genotyping identification of the EV
strains detected. Finally, we assessed the etiological role
and the clinical characteristics of HRV and HEV infections
in pediatric patients hospitalized for ARTIs.

Patients and methods

Patients

Of the 1195 patients hospitalized in the pediatric depart-
ment of the University Medical Centre of Reims (Champagne-
Ardennes, France) from September 2009 to June 2010 who
underwent nasopharyngeal aspirations (NPAs), 519 were
retrospectively selected because they were negative by
use of classical virological tests consisting of Direct
Fluorescent Antibody targeting common respiratory patho-
gen (respiratory syncytial viruses A and B (RSV), Influenza vi-
ruses A and B (Flu A&B), Parainfluenza viruses (PIV) and
adenoviruses (Adv)) antigens and negative by use of classical
assays for direct detection or isolation of potential bacterial
respiratory pathogens (Streptococcus pneumoniae, Haemo-
philus influenzae, Moraxella catarrhalis, Pseudomonas aer-
uginosa, Staphylococcus aureus, Enterobacteriaceae).5,25

Demographical (age; sex; prematurity), epidemiological
(passive smoking at home; familial antecedent of atopia); vi-
rological, bacteriological and clinical data (personal ante-
cedent of asthma or infants asthma; symptoms and
severity respiratory symptoms at the time of admission: fe-
ver, cough, rhinorrhea, wheezing, respiratory distress symp-
toms and need for oxygen therapy; need for admission to
intensive care unit; prescription of antibiotics; length of hos-
pitalization; death and final diagnosis at the end of hospital-
ization) were extracted from patient records. Of these 519
hospitalized patients negative for the detection of common
viral and bacterial respiratory pathogens, 309were admitted
for ARTIs (see definition below) and 210 without any clinical
signs consistent with ARTIs were considered as controls pa-
tients hospitalized for various non-respiratory diseases and
systematically sampled for prevention and control of nosoco-
mial viral infections in pediatric wards (Fig. 1). Each control
subject was selected during the same period month in re-
gards of selected patients (1e2 patients for one control sub-
ject per month; data not shown). Informed consent was
obtained from the infants’ parents and the hospital’s ethics
committee (Institutional Review Board of the Reims Univer-
sity hospital) approved the present study.
Definitions

The patients were classified in the ARTIs group when they
had symptoms consistent with the final diagnosis of rhinitis,
bronchitis, bronchiolitis, exacerbated asthma or pneumo-
pathy (e.g. fever, rhinorrhea, cough and wheezing dysp-
nea). When these symptoms were absent, the patients
were classified in the control group. Rhinitis was defined as
upper ARTIs whereas bronchitis, bronchiolitis, exacerbated
asthma or pneumopathy were defined as lower ARTIs.

Exacerbated asthma corresponded to the majoration of
a wheezing dyspnea in a child with personal antecedent of
asthmaor infant asthma. Asthmawasdefinedas the presence
of one episode of wheezing dyspnea in a child of more than 2
years, whereas infant asthma was defined as the presence of
more than two events of wheezing dyspnea in a child of less
than 2 years. Bronchiolitis was defined according to French
consensus conference.26 Briefly, thediagnosis of bronchiolitis
was established in case of wheezing dyspnea requiring con-
ventional chest physical therapy in a child of less than 2 years
without personal antecedentof infant asthma.Rhinitis, bron-
chitis and pneumopathy have been defined elsewhere.27,28

Prematurity was defined as a birth before 37 weeks of
amenorrhea. Fever was defined as the presence of an
external body temperature > or Z to 38 �C. Respiratory
distress was defined as the presence of a dyspnea associ-
ated with one of the following clinical symptoms: chest in
drawing, accessory respiratory muscle use, paradoxical
breathing or nasal flaring.



Acute Respiratory tract infections (ARTIs)
n = 309

Age  (months) median  [range] = 13 [0-176] ; M/F = 1.8

Hospitalized pediatric patients negative for RSV, Flu, PIV, Adv, S. pneumoniae, S. aureus, H. influenza, M. catarrhalis, 

P. aeruginosa, Enterobacteriaceae detection in NPAs by classical microbiological techniques
n = 519

Age  (months) median  [range] = 8 [0-178] ; M/F = 1.5

Patients without ARTIs systematically sampled (NPAs) for 
prevention of nosocomial infections

n = 210
Age  (months) median  [range] = 2 [0–178] ; M/F = 1.2

Positive Enterovirus genus detection (RT-qPCR) in NPAs
n = 187 (60.5%)

Age  (months) median  [range] = 11 [0-176] ; M/F = 1.9

Positive Enterovirus genus detection (RT-qPCR) in NPAs
n = 38 (18.1%)

Age  (months) median  [range] = 6.5 [0-126] ; M/F = 1.6

HEV molecular typing
n = 15 (8.0%)

- 10 (66.6%) HEV-D68
- 5   (33.3%) untyped HEV 

HEV molecular typing
n = 1 (2.6%)

- 1 (100.0%) untyped HEV

HRV molecular typing
n = 172 (92.0%)

- 40   (23.2%) HRV-C
- 21   (12.2%) HRV-A
- 1     (0.6%) HRV-B
- 110 (64.0%)  untyped HRV

HRV molecular typing
n = 37 (97.4%)

- 5   (13.5%)  HRV-C
- 2   (5.4%)    HRV-A
- 30 (81.1%)  untyped HRV

Figure 1 Study design and frequency of detection of human enterovirus and human rhinovirus strains by real-time RT-qPCR in
nasopharyngeal aspiration samples (NPAs) of pediatric patients hospitalized for acute respiratory tract infections from September
2009 to June 2010 in Northern east of France. HEV (Human enterovirus, specie), HRV (Human rhinovirus, specie), RSV (Respiratory
Syncytial Virus), Flu (Influenza viruses), PIV (Parainfluenza Virus), Adv (Adenovirus).
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Clinical specimens

Nasopharyngeal aspiration (NPA) was collected for each
patient using sterile physiological saline fluid with a dispos-
able mucus extractor at time of hospital admission accord-
ing to the recent European Respiratory Society
guidelines.26e28 Only one sample per patient was consid-
ered, even in case of multiple admissions. Specimens
were then rapidly transported to the laboratory where
they were divided between two sterile tubes. The first
tube was prospectively used to perform routine microbiol-
ogy diagnostic tests whereas the second tube was immedi-
ately stored at �80 �C until doing retrospective molecular
analyses.

DNA and RNA extraction from respiratory samples

Total nucleic acid extraction (DNA and RNA) was retro-
spectively performed from each respiratory specimen
using the NucliSens EasyMAG instrument (BioMerieux,
Lyon, France) according to the manufacturer’s instruc-
tions. Briefly, 200 mL (mL) of the nasopharyngeal secretions
were subjected to proteinase K (250 mg/ml) (Ambion, Life
Technologies, Saint-Aubin, France) digestion in buffer
containing 20 mM TriseHCl pH 8.3 (SigmaeAldrich, Saint-
Louis, USA) and 0.5% SDS (SigmaeAldrich, Saint-Louis, USA)
for 20 min in a water bath at 56 �C. Afterward, it was
added to 2 mL of lysis buffer in a plastic vessel and
incubated for 10 min at room temperature. Fifty mL of
silica were then added to the mixture. This was followed
by an automatic magnetic separation step. Nucleic acids
were recovered in 50 mL elution buffer and stored at
�80 �C until use.
“Pan-entero-rhino” one-step quantitative real-
time RT-PCR assay

One-step quantitative real-time RT-PCR (RT-qPCR) assay
targeting the highly conserved 50 nontranslated region of En-
terovirus genus (EV) ((human enterovirus (HEV) and human
rhinovirus (HRV)) genome was carried out to analyze the
clinical samples collected in the course of the study and
quantify the viral load in each EV positive specimen. Briefly,
2 mL of total nucleic acid extract were amplified in a 10 mL
RT-PCR mixture containing 5 mL 2� Reaction Mix, 2U Super-
Script III RT/Platinum TaqMix (Invitrogen, Life Technologies,
Saint-Aubin, France), 0.4 mM of each primer and probe. The
primer sequences used were 50-AGCCTGCGTGGCKGCC-30

and 50- GAAACACGGACACCCAAAG-30 and the probe was
50-[FAM]-CTCCGGCCCCTGAATGYGGCTAA-30.22 Reverse tran-
scription (RT) was performed at 55 �C for 30 min, the RT heat
inactivated at 94 �C for 2 min, then the cDNA amplified in 40
cycles as follows: denaturation at 94 �C for 15 s and anneal-
ing/extension step at 63 �C for 1 min. At the end of the ex-
tension step, the Step-One-Plus Real-time PCR Detection
system (Applied Biosystem, Saint Aubin, France) monitored
real-time PCR amplification by quantitative analysis of the
fluorescence emissions. The copy number of viral RNA was
determined based on a standard curve of C (t) level versus
the copy number of positive-strand transcripts of the CVB3
genome transcribed from pCR21C10A cDNA clone kindly pro-
vided by N.M. Chapman (University of Nebraska Medical Cen-
ter, Omaha NE USA). Transcripts were prepared with
MEGAscript High Yield Transcription Kit and purified with
MEGAclear (Ambion, Life technologies, Saint-Aubin, France)
according to the manufacturer’s instructions. A GAPDH real-
time RT-PCR assay allows viral load normalization among the
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clinical samples analyzed using the following calculation: EV
RNA load quantified in the NPA divided by GAPDHmRNA copy
number assessed in the same specimen.29

HEV and HRV identification

To discriminate HEV from HRV strains in EV positive clinical
samples, we performed a specific HEV one-step real-time RT-
PCR assay using the primers NC1M-F and E2-R and the probe
OL27LC targeting the 50untranslated region as described
previously.30 HEV- and HRV-positive specimens were geno-
typed in a part of the VP4/VP2 capsid proteins coding region:
amplification was performed using the primers VP4/VP2-
Pikorna-444-FandVP4/VP2-9565-1193-Raccording toaprevi-
ously described protocol23; VP1 amplification of HEV-D68 was
performed using the primers VP1-2547-F and VP1-2772-R.16

After amplification, the PCR products were subjected to aga-
rose gel electrophoresis and bands were excised from gel and
purifiedusing theQIAquickPCRpurificationKit (Qiagen,Cour-
taboeuf, France). Both strands were sequenced directly with
the same PCR primers using the Big Dye terminator v3.1 se-
quencing kit (Applied Biosystems, Saint Aubin, France). The
sequencing products were then analyzed on an ABI 3130 ge-
netic analyzer (Applied Biosystems, Saint Aubin, France).
These sequences have been deposited in the GenBank data-
base under accession numbers: HEV-D68: JX402051.1 to
JX402060.1; HRV-A: JX876800.1 to JX876814.1; HRV-B:
JX876815.1; HRV-C: JX876763.1 to JX876799.1.

Phylogenetic analysis

Molecular phylogeny of Enterovirus strains detected in
clinical samples was based on the partial VP4/VP2 region
nucleotide sequence. Sequences were aligned using Clustal
W version 1.81 (www.clustal.org/). Genetic distances be-
tween sequences were calculated using the Kimura 2-
parameter method. Trees were constructed using the
neighbor-joining method as implemented in MEGA 5 soft-
ware (www.megasoftware.net). Bootstrap values from
1000 replicates are shown at the nodes. Scale bar indicates
number of nucleotide substitutions per site.

Statistical analysis

Quantitative variables were described as
median � extreme values and qualitative data as number
and percentage. Pearson’s chi-square test or the Fisher
exact test was used as appropriate to compare qualitative
variables and the Mann Whitney U test was used to compare
quantitative variables. Results were considered as statisti-
cally significant for two-sided P values <0.05. All statistical
analyses were performed using the SAS system release 9.0
(SAS Institute Inc, Cary, NC, USA).

Results

Virological findings

Viral RNA belonging to the EV genus (HEV and HRV species)
was detected by RT-qPCR assay in 187 (60.5%) of the 309
hospitalized children with ARTIs (Fig. 1), whereas positive
EV detection was observed in only 38 of the 210 control pe-
diatric patients (18.1%) (187 vs. 38; P < 10�3). The viral
loads assessed in respiratory specimens were not signifi-
cantly different between patients suffering from ARTIs
(median Z 6.3 � 107 copies/ml [2.1 � 104e6.5 � 1010])
and control pediatric cases without respiratory symptoms
and who were sampled at the same hospital during the
same study period (median Z 1.88 � 107 copies/ml
[6 � 105e5.5 � 1010]; P Z 0.16).

Of the 187 EV genus strains detected in hospitalized
children with ARTIs, the specific HEV real-time RT-PCR
assay evidenced 15 (8%) HEV and 172 (92%) HRV strains.
Among the 15 identified HEV strains, HEV-D68 genotype was
identified in 10 (67%) cases by phylogenetic analysis on
a part of both VP1 and VP4/VP2 coding genes, correspond-
ing to 10/15 (66.6%) and 10/187 (5.3%) of the HEV and EV
strains detected respectively (Figs. 1 and 2). Among the 172
HRV infected patients, partial VP4/VP2 sequencing and
phylogenetic analysis evidenced 40 HRV-C (23.2%), 21
HRV-A (12.2%) and 1 HRV-B (0.6%) while no molecular se-
quencing subtype identification was possible for 110 strains
(64%) (Figs. 1 and 2).

Epidemiological findings

The seasonal pattern of EV genus infections showed an
endemic HRV (subtypes A, B and C) co-circulation during
the 10-month study period with 2 epidemic peaks in the fall
2009 (October to November) and in the spring 2010 (April to
May during which HRV were detected up to 80% of our study
children with ARTIs (Fig. 3). Interestingly, HEV respiratory
infections demonstrated autumnal predominance with 14/
15 (93.3%) of HEV and 10/10 (100%) of HEV-D68 infections
occurring from September to November 2009 (Fig. 3).

Clinical findings

Of the 187 EV positive hospitalized pediatric patients, 164
were suffering from lower ARTIs (bronchiolitis or asthma
exacerbation (n Z 133), bronchitis (n Z 10), pneumonia
(n Z 21)) and 23 from upper ARTIs (rhinitis). HRV strains
were identified in 150 (91%) of the 164 lower ARTIs whereas
HEV was identified in only 14 (9%) of these cases. Of these
164 HEV or HRV positive ARTI cases, 86 were antibiotics
treated during the time of hospitalization whereas in only
7 of them a potential respiratory bacterial pathogen
(S. pneumoniae (n Z 2), H. influenzae (n Z 4) M. catarrha-
lis (n Z 1)) had been evidenced during the hospitalization
stage. These bacterial infections had been isolated after
the time of hospitalization; they were all associated with
the presence of HEV or HRV strains and they were consid-
ered as superinfections.

Because bronchiolitis and asthma exacerbation were the
most frequently lower ARTIs reported in the present in-
vestigation (133/164), we compared the clinical parameters
between HEV and HRV infected patients suffering from these
two illnesses (Table 1). Among the bronchiolitis and asthma
exacerbation cases (nZ 133), HEV infected cases were older
(Median age (months) 36 vs. 11, P Z 0.003) and were more
frequently associated with a respiratory distress (11 vs. 62,

http://www.clustal.org/
http://www.megasoftware.net
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Figure 3 Seasonal distribution of human enterovirus (HEV) and human rhinovirus (HRV) detection in nasopharyngeal aspiration
samples (NPAs) of pediatric patients hospitalized for acute respiratory tract infections (ARTIs) from September 2009 to June 2010.
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PZ 0.01) and a need for oxygen supply at the time of admis-
sion (8 vs. 45, P Z 0.01) than cases infected by HRV strains
(Table 1). Moreover, respiratory viral load levels appeared
to be lower in HEV positive patients than those infected by
HRV (median values 7.4 � 106 vs. 4.9 � 107 copies/ml,
PZ 0.005). Taken together our findings suggested that respi-
ratory HEV strainsmight bemore pathogenic thanHRV strains
and could induce more severe clinical symptoms in hospital-
ized lower ARTI cases. Among HRV positive lower ARTIs cases
with bronchiolitis or exacerbated asthma (n Z 121), there
was no statistical difference between HRV-C and other HRV
subtypes for respiratory distress (PZ 0.72), the need for ox-
ygen supply (P Z 0.32) and for admission in intensive care
unit (P Z 0.99). Only 4 patients infected by HRV (1 HRV-C
and 3 untyped HRV) were admitted in intensive care unit
and all of them presented a good clinical outcome (Table 1).

Discussion

Viruses belonging to the Enterovirus genus (HEV and HRV)
are well recognized as etiological causes for upper and
lower ARTIs in human beings.2e5 Their prevalence ranged
from 1 to 25% of children hospitalized for bronchiolitis indi-
cating that EV might be the second etiological cause of viral
lower ARTIs after RSV.31,32 However, despite their recog-
nized etiological role in pediatric respiratory infections,
Figure 2 Molecular phylogeny of enterovirus based on the partial
using clustal W version 1.81 (www.clustal.org/). Genetic distanc
parameter method. Trees were constructed using the neighbor-
megasoftware.net). Bootstrap values from 1000 replicates are show
stitutions per site. Strains belonging to the control group and strain
cated respectively by open and full circles. A reference strain is sh
815255), HRV-B (JN-815243), HRV-C (NC-009996) and HEV-D68/HRV
EV detection in respiratory samples remains an important
challenge for the routine virological diagnosis in pediatric
patients hospitalized for ARTIs. Because of a large EV ge-
netic diversity combined with the continuous discovery of
new species and new serotypes, the EV molecular detection
by in-house or commercially available RT-PCR assays could
fail and lead to an underestimation of the etiological and
clinical role of HRV and HEV strains in pediatric ARTIs.4

Moreover, genotyping by capsid proteins coding region se-
quencing and phylogenetic analyses are presently required
to distinguish between HEV and HRV respiratory infections.4

In the present time, it remains to assess the respective
pathogenicity of respiratory HEV and HRV strains in pediat-
ric patients, to identify genotypes or species specifically in-
volved in upper and lower human respiratory diseases and
to understand the epidemiology and the molecular mecha-
nisms responsible for emergence of EV epidemic strains.4

In the present study, we retrospectively detected HEV
and HRV strains in the respiratory tract of pediatric patients
hospitalized for microbiologically unexplained ARTIs by use
of a generic “Pan-entero-rhino” one-step RT-qPCR assay
that was previously designed to overcome the genetic
diversity of both HRV and HEV circulating in humans.22 Vi-
ruses belonging to the EV genus were detected in 60.5%
of the NPAs and were identified as the potential etiological
cause of ARTI in these hospitalized patients. These pediat-
ric patients had been identified as negative for the classical
VP4/VP2 region nucleotide sequence. Sequences were aligned
es between sequences were calculated using the Kimura 2-
joining method as implemented in MEGA 5 software (www.
n at the nodes. Scale bar indicates number of nucleotide sub-
s belonging to the acute airways respiratory diseases are indi-
own for each virus: Poliovirus Sabin 1 (JN-105290), HRV-A (JN-
-68 (AY-040243).

http://www.clustal.org/
http://www.megasoftware.net
http://www.megasoftware.net


Table 1 Clinical characteristics of pediatric patients hospitalized for microbiologically unexplained bronchiolitis or exacer-
bated asthma and positive for human enterovirus or human rhinovirus detection of by real-time RT-qPCR in nasopharyngeal as-
piration samples (NPAs).

HEV HRV md P

Total number of strains nZ (%) 12 (100.0%) 121 (100.0%) 0
Age (months) median [range] 36 [6e83] 11 [0e155] 0 0.003

Sex ratio (M/F) 2 2.3 0 0.99
Length of hospitalization (days) median [range] 3 [1e5] 3 [0e22] 2 0.6
Admission in intensive care unit nZ (%) 0 4 (3.3%) 0 0.99
Clinical outcome: number of death n Z Medical
history:

0 0 0

Asthma or infantile asthmaa nZ (%) 6 (50.0%) 44 (36.3%) 0 0.36
Prematurityb nZ (%) 3 (25.0%) 21 (17.3%) 37 0.70
Passive smoking nZ (%) 2 (16.6%) 31 (25.6%) 70 0.24
Family atopic history nZ (%) 6 (50.0%) 58 (47.9%) 49 0.23

Symptoms at the time of admission:
Feverc n Z (%) 8 (75.0%) 43 (35.5%) 12 0.12
Respiratory distressd n Z (%) 11 (91.6%) 62 (51.2%) 2 0.01

Need for Oxygen therapy nZ (%) 8 (75.0%) 49 (40.4%) 17 0.01

Viral load per ml of NPAs samples at the time of
admission: Median values copies/ml [range]

7.4 � 106

[2 � 105e5.4 � 107]
4.9 � 107

[2 � 105e7.2 � 1010]
0 0.005

md: missing data.
Statistical significant values (P < 0.05) are shown in bold.
a Asthma is defined as one episode of wheezing dyspnea in a child of more than 2 years. Infantile asthma is defined as more than two

episodes of wheezing dyspnea in a child of less than 2 years.
b Prematurity is defined as a birth occuring before 37 weeks of amenorrhea.
c Fever was defined as the presence of an external body temperature > or Z to 38 �C.
d Respiratory distress was defined as the presence of dyspnea associated with one of the following clinical symptoms: chest indrawing,

accessory respiratory muscle use (e.g. scalene muscles), paradoxical breathing or nasal flaring.
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detection of common bacterial and virological respiratory
pathogens known as major etiological causes of bronchioli-
tis or asthma exacerbation in the Northern east of
France.5,33 In the present study, we did not test our sam-
ples for the presence of Human Metapneumoviruses and Hu-
man Coronaviruses because these viral agents had been
previously identified as potential etiological agents in less
than 10% of bronchiolitis and asthma exacerbation cases
hospitalized in Northern of France.33

Interestingly, EVs were only detected in 18.1% of the
children hospitalized during the same period without
clinical respiratory symptoms consistent with ARTIs. The
differential of EV detection levels between our patient and
control groups strongly supported the importance of HRV
and HEV strains as major etiological agents in the de-
velopment of ARTIs in hospitalized pediatric patients.2,5,9

Moreover, we observed high EV load levels in cases of ARTIs
supporting the hypothesis of an EV ongoing replication in-
stead of an EV viral shedding in the respiratory tract of
study patients with respiratory symptoms (Table 1). How-
ever, viral load levels appeared to be similar between
symptomatic and asymptomatic patients suggesting that
the clinical symptoms observed were more likely due to
inter-individual susceptibility factors to the EV infection
rather than to EV determinants of virulence. The inter-
individual factors leading to the development of symptom-
atic EV infections in humans remained to be determined
and could be related to the induction of a local efficient
antiviral immune response in the human respiratory
tract.34
Distinction between HEV and HRV in pediatric ARTIs
revealed the predominance of HRV infections.4,35 Indeed,
only 15 HEV infections have been evidenced in comparison
with the 172 HRV infections detected in our 309 pediatric
ARTI cases. In our study, all successfully typed HEV strains
(10/15) were HEV-D68. This recently emerging virus was
isolated from respiratory specimens for the first time in
1962 in the U.S. in children with pneumonia and bronchio-
litis.36 However, until recently, reports of respiratory infec-
tions due to HEV-D68 were rare.37 Over the past three
years, outbreaks in Japan, the Philippines and the Nether-
lands as well as epidemic clusters in the United Kingdom
have implicated HEV-D68 as an emerging respiratory path-
ogen.12e14,18 In the present study, HEV-D68 strains were re-
sponsible for a low proportion of pediatric cases
hospitalized for ARTIs. Our findings provide further insights
into the potential specific lower respiratory tract tropism
of HEV-D68 and increase our awareness of the clinical
role of these strains. Among our genotyped HRV strains,
the HRV-C species appeared to be the leading cause of in-
fection far ahead of HRV-A and B species. However in the
present work, the high number of untypable HRV strains
highlighted the difficulty to amplify and sequence viral
capsid gene RNA sequences extracted from clinical respira-
tory samples.

Clinical severity between HEV and HRV infections was
compared among bronchiolitis and asthma exacerbation
cases that were the most frequent lower ARTIs reported in
our study. HEV infections were more frequently associated
with severity criteria such as respiratory distress and the
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need for oxygen supply in comparison to HRV infections,
despite the fact that HEV strains infected older children
than HRV strains (Table 1). Moreover, HEV positive pa-
tients were infected with lower viral loads than those
with HRV infections (Table 1) and HEV asymptomatic
shedding cases were less frequent in control patients (1
out of 210) than in HRV asymptomatic shedding cases
(37 out of 210) (Fig. 1). Taking into account all these re-
sults, HEV respiratory strains might be more pathogenic
and virulent than HRV strains. Moreover, we did not evi-
dence a higher pathogenicity of HRV-C in comparison to
HRV-A/B in lower respiratory tract illnesses as reported
in recent publications6e8: this could be linked to the
high proportion of untyped HRV strains in the present
study (Fig. 1).

In the present retrospective study, we observed that 86
of the 187 HRV or HEV positive pediatric patients with ARTIs
received antibiotics whereas only 7 of them had developed
a bacterial superinfection that had been evidenced (S.
pneumoniae (n Z 2), H. influenzae (n Z 4) and Branha-
mella catarrhalis (n Z 1)) during the course of hospitaliza-
tion. This suggested that the severity and duration of HRV
or HEV respiratory symptoms could have been responsible
for an inadequate and probabilistic prescription of antibi-
otics by the pediatricians. These findings highlighted the
potential interest to routinely perform an RT-PCR assay al-
lowing a rapid EV detection in NPAs samples taken from pe-
diatric patients hospitalized for ARTIs. Moreover it could be
interesting to implement the most popular commercially
available multiplex respiratory virus assays like the RVP
and FilmArray by adding a specific HEV molecular identifi-
cation using specific probes.38 Indeed, such implemented
multiplex RT-PCR assays might allow to reinforce clinical
monitoring of HEV positive children and to discontinue an-
tibiotic treatments in case of a positive EV etiological iden-
tification. The benefits would include not only economic
savings but also the prevention of emergence of antibiotic
resistance.

In conclusion, HRV and HEV strains were identified as
potential etiological causes of 60.5% of microbiologically
unexplained ARTIs diagnosed in hospitalized pediatric
cases. A higher clinical severity was observed in HEV-
induced bronchiolitis or asthma exacerbation cases in
comparison to HRV-related similar cases during the study
period. The present work highlights the need to perform
a broad HEV and HRV molecular detection in the re-
spiratory samples of pediatric patients hospitalized for
lower ARTIs, which results could improve the clinical and
therapeutic management of children hospitalized in pedi-
atric wards.
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