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Abstract

Background: Enteroviruses (EVs) are an important cause of illness, especially in neonates and young infants. Clinical
and laboratory findings at different ages, brain imaging, and outcomes have been inadequately investigated.

Methods: We retrospectively investigated EV infections occurring at an Italian tertiary care center during 2006–2017.
Cases were confirmed with a positive polymerase chain reaction on blood or cerebrospinal fluid. Clinical and laboratory
findings according to age at presentation were analyzed.

Results: Among 61 cases of EV infection, 56 had meningitis, 4 had encephalitis, and 1 had unspecific febrile illness. Forty-
seven cases (77.0%) presented at less than 1 year of age, and most were less than 90 days of age (n = 44). Presentation
with fever (p < 0.01), higher median temperature (p < 0.01), and irritability (p < 0.01) were significantly more common
among infants aged less than 90 days, who also had significantly higher peak temperatures during the course of the
disease (p < 0.01). In contrast, gastrointestinal symptoms were more common in infants and children aged over 90 days
(p = 0.02). Only 4 of 61 infections (6.5%) were severe and all affected younger infants (p < 0.01).

Conclusions: We detail epidemiological, clinical, and laboratory findings in a cohort of 61 children. Infants aged less than
90 days have more severe disease; they are more likely to present with fever, higher median temperature, and irritability
and less likely to develop gastrointestinal symptoms.
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Background
Enteroviruses (EVs) are small, single-stranded, positive
sense RNA viruses belonging to the family Picornaviri-
dae. Currently, more than 100 EV serotypes are known
to infect humans and have been classified into 4 species
(from A to D) [1]. EVs have a worldwide distribution
and show seasonal patterns of incidence [2]. EVs are pri-
marily transmitted from person to person via fecal-oral
or respiratory routes. The primary replication sites are
the epithelial cells of the oropharyngeal and intestinal mu-
cosa. A viremia may lead to secondary infections of the
central nervous system, myocardium, liver, and pleura [3].

Due to immaturity of the immune system, both the inci-
dence and severity of EV infections are higher among
younger infants. Risk factors in neonates include absence
of neutralizing antibodies to the specific infecting sero-
type, maternal illness prior to or at delivery, prematurity,
illness onset within the first few days of life, multi-organ
disease, severe hepatitis, and infecting serotype [4]. Al-
though infections in the pediatric population are mostly
asymptomatic, clinical manifestations may range from
minor febrile illnesses to severe, sometimes fatal condi-
tions, including aseptic meningitis, encephalitis, acute flac-
cid paralysis, myocarditis, and acute hepatitis [5–8]. The
polymerase chain reaction (PCR) represents the gold
standard for the diagnosis of EV infections [9], and helps
to reduce the length of stay and inappropriate antibiotic
use [10–12].
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Previous studies have reported the molecular epidemi-
ology of EV infections [13–15], but data regarding the
clinical presentation at different ages and their short-term
outcomes have not been investigated in detail. Further-
more, there are no recommendations for managing neo-
nates with confirmed EV infection, so that the decision to
perform accurate investigations (such as MRI or EEG) is
left to individual clinician. The aim of this study was to
define the burden and short-term outcome of EV infec-
tions in a cohort of children admitted to an Italian tertiary
care center. Furthermore, in order to define the clinical
spectrum and to assess whether patterns of disease may
vary according to age, we compared clinical and labora-
tory findings of cases aged less or more than 90 days.

Methods
Study design
This is a single center, retrospective cohort study of EV in-
fections carried out at Azienda Ospedaliero-Universitaria
Policlinico (Modena, Italy), a tertiary care center. This is a
pediatric referral hospital for the whole city, with approxi-
mately 3500 live births/year, 400 neonatal and 1600
pediatric admissions/year. The laboratory database was
searched for cases of positive EV-PCR in cerebrospinal
fluid (CSF) or plasma samples of children admitted to the
nursery, neonatal intensive care unit (NICU), and
pediatric units between January 2006 and December 2017.
Characteristics of each EV infection were recorded using a
standardized form. Details included maternal history, sex,
age at presentation, clinical symptoms, laboratory data,
catecholamine support, antibiotic therapies, length of stay,
imaging and outcomes. For neonates and infants, mater-
nal data (mode of delivery, breastfeeding) were also re-
corded. The project was approved by the local ethical
committee (No 4658/2017).

Virological methods
Nucleic acids were extracted from 1mL of CSF or plasma
by using NucliSENS EasyMAG instrument (bioMérieux,
Marcy l’Etoile, France) and submitted to amplification by
Real Time Reverse Transcriptase Polymerase Chain Reac-
tion for EVs. The sensitivity of the method was 10 copies/
reaction. The specificity was 100% for negative samples
whereas cross reactivity was absent (ELITechGroup, S.p.A,
Turin, Italy). Both sensitivity and specificity were evaluated
by external quality control as NEQAS and QCMD.

Definitions
Aseptic meningitis was a clinical state indicating menin-
gitis with a positive CSF EV-PCR (in absence of bacterial
pathogens).
Encephalitis was aseptic meningitis associated with re-

duced consciousness (lasting more than 24 h) and at
least 3 of the following: seizures, focal neurologic signs,

raised CSF white blood cell (WBC) count (defined as
≥20/μL, 0–30 days of life; ≥15/μL, 30–60 days of life; or ≥
5/μL, > 60 days of life) [16, 17], neuroimaging suggestive
of encephalitis, and abnormal electroencephalography
(EEG) consistent with encephalitis [18].
Hepatic necrosis with coagulopathy was associated

with aspartate transaminase or alanine transaminase > 3
times the upper limit of normal and platelet count <
100,000/μL, plus an abnormal coagulation profile [19].
Myocarditis was a positive CSF and/or plasma EV-PCR

plus an abnormal heart ultrasound study (ejection frac-
tion < 50%, signs of congestive heart failure), or in-
creased troponin I [20].
Severe infection included at least one of the following: en-

cephalitis, mechanical ventilation, catecholamine support.

Neurodevelopmental assessment
Neurodevelopmental assessment was performed in high-
risk patients (neonates with documented brain lesions on
magnetic resonance imaging [MRI] and/or severe infection)
and consisted of serial clinical evaluations at 3, 6, 12, and
24months of age. Neurological assessment was performed
according to the Amiel-Tyson evaluation. Moreover, the
Griffiths Mental Development Scale III [21] was performed
to assess the rate of development at 6, 12, and 24months.

Statistical analysis
Analyses were performed using Medcalc version 9.3.0.0
for Windows. Continuous variables were expressed as
mean ± SD or median and range; categorical data were
expressed as numbers (percentages). Student’s t-test and
Levene’s test for assessing homoscedasticity or the Mann-
Whitney rank sum test were used to compare continuous
variables, whereas the μ2 test or 2-tailed Fisher’s exact test
was used to compare categorical variables between groups.
All p values refer to 2-tailed tests of significance; p < 0.05
was considered significant.

Results
Characteristics of the population and epidemiological
data
Figure 1 shows the number of positive samples in blood
or CSF and the final diagnosis in the entire population.
There were 68 EV-PCR-positive samples among 964
tested. Most samples were obtained from CSF. Among
878 CSF samples, 62 (7.1%) were EV positive.
Samples belonged to 61 children (boys, n = 35; girls,

n = 26), of which 7 (11.5%) were admitted to the NICU,
and 54 (88.5%) were admitted to the Pediatric Unit. Most
cases had aseptic meningitis (cases aged less than 90 days:
n = 39), a few had encephalitis (aged less than 90 days: n =
4). Lumbar puncture could not be performed in 1 infant
aged less than 90 days and his illness was therefore
classified as “unspecific febrile illness”. Age at presentation
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of EV infections ranged from 2 days to 9 years. Forty-
seven of 61 (77.0%) presented within age 1 year (of
which 44 were under 90 days). The remaining 14
(23.0%) presented after age 1 year. All 4 cases of severe
EV infection were aged less than 2 weeks. Figure 2a de-
tails cases of EV infection during the 12-year study and
Fig. 2b details month of presentation, according to age.
There was a wide fluctuation in the annual number of
cases during the study, and in some years no cases

occurred among older children. Most cases had a sea-
sonal pattern and presented during summer, with a
peak in June–July.

Mode of delivery and mode of feeding among infants
aged 0 to 90 days
Most infants were born full-term (n = 37, 84.1%), after an
uncomplicated pregnancy and delivery (n = 36, 81,8%). His-
tory of concomitant upper respiratory tract infection among

Fig. 1 Virological samples, patients and diagnoses. CSF, cerebrospinal fluid; PCR, polymerase chain reaction

Fig. 2 Yearly (a) and monthly (b) distribution of enteroviral infections according to age at presentation
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family members was reported in 10 cases (22.7%). Median
5-min Apgar score was 10 (range 8–10). Seven (15.9%) were
born preterm (median gestational age 35weeks, range 31–
36). Median birth weight was 3205 g (IQR 2870-3683) and
median gestational age was 39weeks (IQR 38–40). Most
cases were exclusively breastfed (n = 23, 52.3%).

Clinical characterization
Among infants aged 0 to 90 days, severe cases were more
likely to be younger at presentation than non-severe cases
(median age 6.2 vs 26.3 days, p = 0.003). Clinical findings
at presentation and during the course of the disease are
detailed in Table 1 according to age [21].
Presentation with fever, higher median temperature, and

irritability were significantly more common among infants
aged less than 90 days. During the course of the disease, the
peak temperature was significantly higher among infants
aged less than 90 days, whereas gastrointestinal symptoms
were more common in the older population. Cutaneous
rash (characterized by small, erythematous macular or
maculopapular lesions), tachycardia and capillary refill
time > 2 s did not differ between the 2 age groups.

Laboratory tests, instrumental data
Blood tests and CSF parameters according to age [16, 17, 23]
are detailed in Table 2.
CSF pleocytosis (with wide variation in cell count) and

increased WBC count were significantly more common
among children older than 90 days, whereas a low WBC
count was more common among younger patients.

At presentation, C-reactive protein levels were mostly
within a normal range or mildly raised, but a few cases
(< 10% of children) had levels over 5 mg/dL. During the
course of the disease, C-reactive protein levels increased
to over 5 mg/dL in 18% of the entire population, without
significant differences between the 2 age groups (data
not shown).
Bilirubin levels were only assessed in younger infants.

Most levels were within a normal range, but levels were
markedly raised in 2 cases with severe infection (22 and
17mg/dl respectively).
Platelet count and alanine transaminase levels were

within normal range in most children. A few cases had
elevated CSF protein or low CSF glucose levels.
Table 3 details heart and brain investigations. Most in-

fants younger than 90 days underwent ultrasound study;
brain MRI or computed tomography was only performed
in a few children. Brain lesions were documented in 3 of 4
severely infected newborns who underwent MRI.

Therapies and outcome
Median duration of antibiotic therapy was calculated by
excluding all children with concomitant bacterial urinary
tract infection (n = 6). Median was 6 days for infants
aged less than 90 days (interquartile range [IQR] 5.5–8.0
range 3–13 days; μ 5 days, n = 27) and 7 days for infants
aged more than 90 days (IQR 5.0–7.0, range 3–9 days; ≥
5 days, n = 10). A few infants were given antiepileptic
drugs (n = 3), underwent mechanical ventilation (n = 2),
or catecholamine support (n = 1). One newborn under-
went extracorporeal membrane oxygenation. No deaths

Table 1 Clinical findings of enteroviral infections in all age groups

Clinical features Total
(n = 61)

0–90 days
(n = 44)

> 90 days
(n = 17)

p

At presentation

Fever, n (%) 42 (68.9) 36 (81.8) 6 (37.5) < 0.01

Temperature, median (IQR) 38 (37.4–38.2) 38 (37.7–38.3) 37.4 (37.2–37.8) < 0.01

Irritability, n (%) 29 (47.5) 26 (59.1) 3 (17.6) < 0.01

Poor feeding, n (%) 18 (29.5) 14 (31.8) 4 (23.5) 0.74

Capillary refill time > 2″, n (%) 17 (27.9) 15 (34.1) 2 (11.8) 0.15

Tachycardia, n a 23 (37.7) 14 (31.8) 9 (52.9) 0.22

Convulsions, n (%) 3 (4.9) 3 (6.8) 0 0.65

During the course of the disease

Fever, n (%) 58 (95.1) 41 (93.2) 17 (100) 0.66

Duration (days), median (IQR) 2 (1–3) 2 (2–4) 2 (1–2) 0.05

Peak temperature (°C), median (IQR) 38.5 (38–39) 38.6 (38.2–39) 38.2 (38–38.5) 0.02

Gastrointestinal symptomsb, n (%) 27 (44.3) 13 (29.5) 14 (82.3) < 0.01

Rash, n (%) 13 (21.3) 12 (27.3) 1 (5.9) 0.14

NA Not assessable
a Normal values according to age reported in reference [22]
b One or more episodes of diarrhea and/or vomiting
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Table 2 Laboratory tests at presentation

Total
(n = 61)

NA 0–90 days
(n = 44)

NA > 90 days
(n = 17)

NA p

Blood testing

WBC count, (/μL), median (IQR) a 10,550 (6900-13,225) 0 9110 (6508-11,568) 0 12,010 (10,578-15,680) 0 NC

Raised WBC count, n (%) 10 (16.4) 0 1 (2.3) 0 9 (52.9) 0 < 0.01

Low WBC count, n (%) 16 (26.2) 0 16 (36.4) 0 0 0 0.01

CRP (mg/dL), median (IQR) b 0.81 (0.10–1.40) 6 0.81 (0.30–1.38) 6 0.91 (0.10–2.85) 0 0.60

CRP > 1 mg/dL, n (%) 24 (43.6) 16 (42.1) 8 (47.1) 0.60

CRP > 5mg/dL, n (%) c 4 (7.3) 2 (5.3) 2 (11.8) 0.66

PLT (thous/μL), median (IQR) a 305 (250–380) 0 309 (244–392) 0 293 (267–345) 0 0.65

Low PLT count, n (%) 1 (1.6) 0 1 (2.3) 0 0 0 0.62

ALT (mg/dL), median (IQR) a 22 (15–30) 2 25 (19–34) 2 14 (9–17) 0 NC

Raised ALT levels, n (%) 7 (11.9) 2 7 (16.7) 2 0 0 0.17

Total bilirubin (mg/dL), median (IQR) 3.56 (1.27–5.83) 32 3.56 (1.27–5.83) 15 – 17 NC

CSF parametersd

CSF cell count (/μL), median (IQR, range) 39 (4–250, 0–1864) 11 8 (2–185, 0–1864) 9 108 (44–339, 12–1256) 2 NC

CSF pleocytosis, n (%) 30 (60.0) 16 (45.7) 15 (100) < 0.01

CSF protein (mg/dL), median (IQR) 45.5 (33–68) 11 58.5 (39–101) 9 24 (15–42.8) 2 NC

Raised CSF protein, n (%) 15 (30.0) 13 (37.1) 2 (13.3) 0.18

CSF glucose (mg/dL), median (IQR) 46 (40–51) 5 43.5 (39–46.5) 4 58.5 (48–71) 1 NC

Low CSF glucose, n (%) 4 (7.1) 3 (7.5) 1 (6.3) 0.68

CRP C-reactive Protein, CSF Cerebrospinal fluid, Hb Haemoglobin, NA Number of cases for which data were not available; NC Not comparable; PLT Platelets; WBC
White blood cell
a Normal values according to age reported in reference [23]
b Children with concomitant urinary tract infection were excluded from the analysis
c Peak CRP > 5mg/dL during the course of the disease was present in 8 (18.2%) infants aged 0 to 90 days and 3 (17.6%) aged more than 90 days (11, 18.0% of
the total population);
d Traumatic lumbar punctures were excluded from the comparison of CSF cell count and protein levels. Pleocytosis was defined as ≥ 20/μL, 0–30 days of life; ≥
15/μL, 30–60 days of life; or ≥ 5/μL, > 60 days of life. Raised CSF protein level was > 90 mg/dL, 0–30 days of life; and > 45mg/dL, > 30 days of life. Low CSF glucose
was < 37 mg/dL, 0–30 days of life; and < 40, > 30 days of life [16, 17].

Table 3 Heart and brain study of enteroviral infections in all age groups

0–90 days
(n = 44)

> 90 days
(n = 17)

Total
(n = 61)

Performed, n Abnormal, n Performed, n Abnormal, n Performed, n Abnormal, n

ECG recording, n (%) 44 1 (2.3)a 17 0 61 1 (1.6)

Heart US study, n (%) 30 3 (10) b 7 0 37 3 (8.1)

Brain US study, n (%) 27 3 (11.1) c – 27 3 (11.1)

Brain MRI, n (%) 8 3 (37.5) d 1 0 9 3 (33.3)

Brain CT, n (%) – 7 0 7 0

EEG recording, n (%) 10 3 (30) 8 2 (25) 18 5 e (27.8)

CT Computed tomography, ECG Electrocardiogram, EEG Electroencephalography, MRI Magnetic resonance imaging, US Ultrasound
a Abnormal repolarization
b Low ejection fraction (n = 1), hyperechoic interventricular septum (n = 1), pericardial effusions (n = 1)
c Hyperechoic spots in the white matter and basal ganglia (n = 2), thinned brain ventricle (n = 1)
d Hyper-intense signal areas of brain white matter in T1 or T2-weighted images
e Anterior slow dysrhythmia (n = 4), status epilepticus, (n = 1), suppression burst patterns (n = 1) excess of theta rhythm (n = 1)
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were recorded. Median length of stay was 7 days (IQR
6–10). Neurodevelopmental outcome at age 2 years in
the 4 severely infected newborns with documented MRI
brain lesions was within normal range, but 1 developed
epilepsy at age 6 years.

Discussion
The current study provides detailed information regard-
ing clinical characteristics of neonatal and pediatric EV
infections from an Italian University-Teaching Hospital
over a 12-year period. No case fatalities were recorded.
In the past, EV infections have been an important cause
of mortality and morbidity in the pediatric age group,
with most symptomatic and severe cases occurring dur-
ing the first months of life. Neonatal mortality rates vary
widely (from 0 to 83%) in the literature, according to the
study population (children, neonates, severe infections)
[7, 24, 25], but lower mortality rates (0–10%) have re-
cently been reported [20, 26–29]. Myocarditis and hepa-
titis with coagulopathy are associated with greater risks
of death [19, 30].
In the present study, the total number of cases of EV in-

fection showed large fluctuations, and in some years, no
cases were recorded among older children. Consistent
with previous studies, we found that most cases had a sea-
sonal pattern with a peak during summer [1], and most
cases presented under age 90 days in full-term newborns
who had an uncomplicated pregnancy and delivery [8]. A
maternal history of viral illness is frequently (59–68%) re-
ported in previous studies [25]. Although we found that
concomitant upper respiratory tract infection among fam-
ily members was uncommon (22%), this information may
have been biased by the retrospective design of our study.
Most newborns had aseptic meningitis and a few had en-

cephalitis. This finding is consistent with large epidemio-
logical studies that describe EV as a primary cause of viral
meningitis (48–95%) in high-income settings [31, 32]. In the
current study, approximately 7% of CSF samples collected
because of clinical suspicion were confirmed EV positive.
The earlier the age at presentation, the greater the sever-

ity of disease; in fact, all severe cases occurred within age
2 weeks. This finding is consistent with previous literature
[7, 8]. Furthermore, we compared clinical findings be-
tween infants younger and older than 90 days. Fever was
common in both populations, and seizures and cutaneous
rashes were prominent among younger children, whereas
gastrointestinal symptoms and nuchal rigidity were pre-
dominant among older ones.
Although limits of CSF pleocytosis (defined according to

age) were different, infants aged less than 90 days were
more likely to present with a lower WBC count and less
likely to present with CSF pleocytosis. Consistent with pre-
vious studies [30], total bilirubin levels were significantly
higher in more severe EV infections, although this finding

would be related to the higher bilirubin levels at younger
ages rather than the severity of the disease. Only 5% of
children had seizures requiring antiepileptic treatment. All
children without concomitant bacterial infection underwent
antibiotic therapy that lasted 5 or more days in approxi-
mately 2/3 of cases. C-reactive protein levels increased in
only a few cases and could not account for the prolonged
antibiotic treatments, since more recent literature suggests
discontinuing therapy when EV infection is confirmed [33].
This study has a number of limitations. First, the retro-

spective design may have biased some information. Fur-
thermore, we could not associate clinical findings with
molecular / genomic data. Indeed, the medical literature
reports variations in the clinical presentation and CSF find-
ings with different EV subtypes. Furthermore, the diagnosis
of EV infection did not include PCR on stool and respira-
tory specimens (as reported in more recent studies by
others) [34]. MRI represents the most sensitive imaging
technique in patients with severe infection and focal neuro-
logic signs, and is advisable in the presence of profound
lethargy or neurologic deterioration [35]. In the current
study, most but not all children with abnormal neurological
signs (i.e. hypotonia, abnormal EEG) underwent MRI;
therefore, encephalitis and severe disease may have been to
some extent underestimated. Finally, only a few children
(mostly those with severe infection, convulsions, or myo-
carditis) underwent neurodevelopmental follow-up. Early
studies reported white matter abnormalities and long-term
impairment (such as neurodevelopmental delay, cerebral
palsy, and epilepsy), in surviving neonates after NICU
admission due to EV infection. During the 80s, Wilfert [36]
showed that receptive language function was significantly
diminished in 9 children with EV infection compared to
that in 9 controls. More recently, Verboon-Maciolek [35]
studied 6 infants aged less than 60 days with meningo-
encephalitis presenting with seizure or hypotonia; 2 of 6
developed cerebral palsy and epilepsy. Among 17 con-
firmed EV encephalitis cases, Pillai [37] reported abnormal
outcomes in 8 cases, of which 3 developed epilepsy. How-
ever, there is a lack of large studies detailing the neurodeve-
lopmental outcome of EV infections.

Conclusions
We reviewed cases of EV infections from an Italian
pediatric cohort and we confirmed that EV represent a
relevant cause of illness and CNS infection. Clinical char-
acteristics may vary according to age of presentation, but
more severe infections occur among infants aged less than
90 days. Our findings suggest that neurodevelopmental fol-
low-up should be planned after CNS EV infections.

Abbreviations
CNS: Central nervous system; CSF: Cerebrospinal fluid;
EEG: Electroencephalogram; EV: Enterovirus; IQR: Interquartile range;

Berardi et al. Italian Journal of Pediatrics           (2019) 45:94 Page 6 of 8



MRI: Magnetic resonance imaging; NICU: Neonatal intensive care unit;
PCR: Polymerase chain reaction; WBC: White blood cell

Acknowledgments
We thank Lorenza Baroni MD at NICU - ASMN Reggio Emilia for her
contribution to data collection.

Authors’ informations
Not applicable.

Authors’ contributions
All authors made substantive intellectual contributions to the published
study and approved the final manuscript as submitted. AB, MS, CT and AB
conceptualized and designed the study and drafted the initial manuscript.
AB and MS carried out the initial analyses and reviewed the manuscript. WG,
LL, MBB and LI designed the data collection instruments, coordinated and
supervised data collection, and critically reviewed the manuscript.

Funding
The authors declare that they have no funding source.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The project was approved by the local ethical committee (No 4658/2017).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Struttura Complessa di Neonatologia, Azienda Ospedaliero-Universitaria
Policlinico, Via del Pozzo, 71, 41124 Modena, MO, Italy. 2Scuola di
Specializzazione in Pediatria, Università di Modena e Reggio Emilia, Modena,
Italy. 3Struttura Complessa di Microbiologia e Virologia-Azienda
Ospedaliero-Universitaria Policlinico, Modena, Italy. 4Struttura Complessa di
Pediatria, Azienda Ospedaliero-Universitaria Policlinico, Modena, Italy.

Received: 27 March 2019 Accepted: 24 July 2019

References
1. Pallansch MA, Obserte MS, Whitton JL. Enteroviruses: polioviruses, cox-

ackieviruses, echoviruses, and newer enteroviruses. In: Knipe DM,
Howley P, editors. Fields virology 2. 6th ed. Philadelphia: Lippincott
Williams & Wilkins; 2013.

2. Pons-Salort M, Parker EP, Grassly NC. The epidemiology of non-polio
enteroviruses: recent advances and outstanding questions. Curr Opin Infect
Dis. 2015;28:479–87.

3. De Crom SCM, Rossen JWA, van Furth AM, et al. Enterovirus and parechovirus
infection in children: a brief overview. Eur J Pediatr. 2016;175(8):1023–9.

4. Abzug MJ. Presentation, diagnosis, and Management of Enterovirus
Infections in neonates. Pediatr Drugs. 2004;6(1):1–10.

5. Tebruegge M, Curtis N. Enterovirus infections in neonates. Semin Fetal
Neonatal Med. 2009;14(4):222–7.

6. Morens DM. Enteroviral disease in early infancy. J Pediatr. 1978;92(3):374–7.
7. Kaplan MH, Klein SW, McPhee J, et al. Group B Coxsackievirus infections in

infants younger than three months of age: a serious childhood illness. Rev
Infect Dis. 1983;5(6):1019–32.

8. Abzug MJ, Levin MJ, Rotbart HA. Profile of enterovirus disease in the first
two weeks of life. Pediatr Infect Dis J. 1993;12(10):820–4.

9. Rotbart HA, Ahmed A, Hickey S, et al. Diagnosis of enterovirus infection by
polymerase chain reaction of multiple specimen types. Pediatr Infect Dis J.
1997;16(4):409–11.

10. Byington CL, Taggart EW, Carroll KC, et al. A polymerase chain reaction-
based epidemiologic investigation of the incidence of nonpolio Enteroviral

infections in febrile and afebrile infants 90 days and younger. Pediatrics.
1999;103(3):e27.

11. Ramers C, Billman G, Hartin M, et al. Impact of a diagnostic cerebrospinal
fluid Enterovirus polymerase chain reaction test on patient management.
JAMA. 2000;283(20):2680–5.

12. King RL, Lorch SA, Cohen DM, et al. Routine cerebrospinal fluid
Enterovirus polymerase chain reaction testing reduces hospitalization
and antibiotic use for infants 90 days of age or younger. Pediatrics.
2007;120(3):489–96.

13. Khetsuriani N, LaMonte A, Oberste MS, et al. Neonatal Enterovirus infections
reported to the National Enterovirus Surveillance System in the United
States, 1983-2003. Pediatr Infect Dis J. 2006;25(10):889–93.

14. Cabrerizo M, Díaz-Cerio M, Muñoz-Almagro C, et al. Molecular epidemiology
of enterovirus and parechovirus infections according to patient age over a
4-year period in Spain. J Med Virol. 2017;89(3):435–42.

15. Bubba L, Martinelli M, Pellegrinelli L, et al. A 4-year study on epidemiologic
and molecular characteristics of human Parechoviruses and enteroviruses
circulating in children younger than 5 years in northern Italy. Pediatr Infect
Dis J. 2017;36(1):13–9.

16. Nizet V, Klein JO. Bacterial Sepsis and meningitis. In: Remington and Klein’s
infectious diseases of the fetus and newborn infant. 8th ed. Philadelpia:
Elsevier Health Sciences; 2015. p. 217–71.

17. Prober CG, Srinivas NS, Mathew R. Central nervous system infections. In:
Nelson textbook of pediatrics. 20th ed. Philadelpia: Elsevier Health Sciences;
2016. p. 2936–48.

18. Venkatesan A, Tunkel AR, Bloch KC, et al. Case definitions, diagnostic
algorithms, and priorities in encephalitis: consensus statement of the
international encephalitis consortium. Clin Infect Dis. 2013;57(8):1114–28.

19. Abzug MJ. Prognosis for neonates with enterovirus hepatitis and
coagulopathy. Pediatr Infect Dis J. 2001;20(8):758–63.

20. de Graaf H, Pelosi E, Cooper A, et al. Severe Enterovirus infections in
hospitalized children in the south of England: clinical phenotypes and
causative genotypes. Pediatr Infect Dis J. 2016;35(7):723–7.

21. Griffith R, ARICD. Griffiths III. 3rd ed. Oxford: Hogrefe; 2017.
22. Bernstein D. The cardiovascular system - history and physical examination.

In: Nelson textbook of pediatrics. 20th ed. Philadelpia: Elsevier Health
Sciences; 2016. p. 2163–70.

23. Stanley F. Reference intervals for laboratory tests and procedures. In: Nelson
textbook of pediatrics. 20th ed. Philadelpia: Elsevier Health Sciences; 2016. p.
3464–73.

24. Modlin JF. Perinatal echovirus infection: insights from a literature review of
61 cases of serious infection and 16 outbreaks in nurseries. Rev Infect Dis.
1986;8(6):918–26.

25. Lake AM, Lauer BA, Clark JC, et al. Enterovirus infections in neonates. J
Pediatr. 1976;89(5):787–91.

26. Rittichier KR, Bryan PA, Bassett KE, et al. Diagnosis and outcomes of Enterovirus
infections in young infants. Pediatr Infect Dis J. 2005;24(6):546–50.

27. Verboon-Maciolek MA, Krediet TG, Gerards LJ, et al. Clinical and
epidemiologic characteristics of viral infections in a neonatal intensive care
unit during a 12-year period. Pediatr Infect Dis J. 2005;24(10):901–4.

28. Verboon-Maciolek MA, Krediet TG, Gerards LJ, et al. Severe neonatal
Parechovirus infection and similarity with Enterovirus infection. Pediatr
Infect Dis J. 2008;27(3):241–5.

29. Braccio S, Kapetanstrataki M, Sharland M, et al. Intensive care admissions for
children with Enterovirus and human Parechovirus infections in the United
Kingdom and the Republic of Ireland, 2010–2014. Pediatr Infect Dis J. 2017;
36(3):339–42.

30. Lin T-Y, Kao H-T, Hsieh S-H, et al. Neonatal enterovirus infections: emphasis on
risk factors of severe and fatal infections. Pediatr Infect Dis J. 2003;22(10):889–95.

31. Rotbart HA. Viral Meningitis. Semin Neurol. 2000;20(03):277–92.
32. Michos AG, Syriopoulou VP, Hadjichristodoulou C, et al. Aseptic meningitis

in children: analysis of 506 cases. Mylonakis E, ed. PLoS One. 2007;2(8):e674.
33. Drysdale SB, Kelly DF. Fifteen-minute consultation: enterovirus meningitis

and encephalitis—when can we stop the antibiotics? Arch Dis Child Educ
Pract Ed. https://doi.org/10.1136/archdischild-2016-310632.

34. Antona D, Kossorotoff M, Schuffenecker I, et al. Severe paediatric conditions
linked with EV-A71 and EV-D68, France, May to October 2016.
Eurosurveillance. 2016;21(46):30402.

35. Verboon-Maciolek MA, Groenendaal F, Cowan F, et al. White matter
damage in neonatal enterovirus meningoencephalitis. Neurology. 2006;
66(8):1267–9.

Berardi et al. Italian Journal of Pediatrics           (2019) 45:94 Page 7 of 8

https://doi.org/10.1136/archdischild-2016-310632


36. Wilfert CM, Thompson RJ, Sunder TR, et al. Longitudinal assessment of
children with Enteroviral meningitis during the first three months of life.
Pediatrics. 1981;67(6):811–5.

37. Pillai SC, Hacohen Y, Tantsis E, et al. Infectious and autoantibody-associated
encephalitis: clinical features and long-term outcome. Pediatrics. 2015;
135(4):e974–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Berardi et al. Italian Journal of Pediatrics           (2019) 45:94 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Virological methods
	Definitions
	Neurodevelopmental assessment
	Statistical analysis

	Results
	Characteristics of the population and epidemiological data
	Mode of delivery and mode of feeding among infants aged 0 to 90 days
	Clinical characterization
	Laboratory tests, instrumental data
	Therapies and outcome

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ informations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

