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a b s t r a c t 

The European Center for Disease Prevention and Control has reported 19 cases of severe echovirus 11 infections 
in neonates since 2022, nine of which were fatal. We report a new fatal neonatal case that occurred in a male 
twin for which we evaluated the respiratory and intestinal mucosal innate immune response. 
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Infections caused by enteroviruses (EV) are a significant warning in
he neonatal disease burden and public health [ 1–5 ]. The main clinical
igns of EV infections are fever, lethargy, and lack of appetite. EV infec-
ion usually resolves without complications. However, in a small per-
entage of cases, it can cause serious diseases such as hepatitis [ 1–5 ]. In
his report, we describe a fatal neonatal case of congenital echovirus 11
EV11) infection and the mucosal expression of innate immune media-
ors in the respiratory and intestinal mucosa of the infected twins. 

ase series 

ase description and microbiological investigation 

In December 2023, two male dizygotic twins (T1 and T2) were born
o a healthy mother at 35 weeks of gestation by cesarean section at the
niversity Hospital of Varese (Italy). T1 was born with a birth weight
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f 2.710 g and an Apgar score of 10 at 5 minutes but, after 1 week, was
ransferred to the neonatal intensive care unit (NICU) and intubated be-
ause of respiratory distress and meningeal signs. In contrast, T2 (birth
eight: 2.000 g; Apgar score 9 at 5 minutes) did not show any clinical

igns of infection. 
The clinical course of T1 was complicated by coagulopathy and

hrombocytopenia requiring plasma and platelet concentrates infusion.
-ray done showed bi-basal accentuation of lung interstitium compat-

ble with transient tachypnea of the newborn. Clear laboratory signs
f massive hepatic involvement were reported (aspartate transami-
ase > 7000 mU/ml, alanine transaminase 729 mU/ml) with concurrent
ulti-organ involvement (troponin 279 ng/l, creatinine 1.27 mg/dl).
erebrospinal fluid (CSF) and bronchoalveolar lavage (BAL) were sent to
he laboratory for culture-based and molecular assays. CSF white blood
ell count was 20 cells/ 𝜇l, protein concentration was 61 mg/dl and CSF
lucose was 65 mg/dl. CSF was tested using the FilmArray Meningi-
is/Encephalitis panel (BioMerieux, Marcy l’Étoile, France) detects 14 of
he most common pathogens in encephalitis, including bacteria, fungi
24 
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Figure 1(a). The mucosal expression of innate immune mediators parallels EV load in respiratory samples of infected newborns. 
IFNL1 (A), IFNL2 (B), IFNB1 (C), IL 6 (D), and IL1B (E) mRNA expression was evaluated in respiratory samples of EV-positive newborns described in this report. 
Each symbol represents a newborn. The median with range is depicted. Cytokine mRNA expression is plotted against mean viral RNA CT as log2 (gene/GAPDH 

mRNA + 0.5 x gene-specific minimum). 
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nd viruses, while the BAL was processed with the FilmArray Respira-
ory Panel 2 plus panel (BioMerieux, Marcy l’Étoile, France) recognizing
4 targets of which certain antimicrobial resistance genes as well as the
ost common causes of bacterial, viral, and yeast pneumonia. 

Both samples tested positive for EV. The clinician in charge was im-
ediately notified and EV genotyping was performed. Antibiotic treat-
ent with ceftazidime and vancomycin plus antiviral acyclovir was

tarted. EV RNA was also detected in rectal swab (RS) and plasma
rom T1 using the quantitative EV ELITe MGB reverse transcription-
olymerase chain reaction test (ELITech Group, Turin, Italy) featur-
ng EV RNA viral load of 83.803 copies/mL (corresponding to cy-
le threshold [CT] 28) and 676.241 copies/ml (CT 25), respectively.
nterestingly, at the respiratory level, a preferential involvement of
he lower tract was observed in T1, featuring a negative nasal swab
NS) notwithstanding the strongly positive BAL (2.245.180 copies/ml -
T 22). 

NS and RS samples were collected also from T2, despite the absence
f any sign of ongoing infection. Both samples tested positive, featuring
.557 copies/ml (CT 32) in RS and 1.708.215 copies/ml (CT 24) in NS.
he asymptomatic mother (M) of T1 and T2 was also tested for EV at
he nasal, rectal, and vaginal (VS) level, resulting negative in NS but
ositive in both RS (693 copies/ml; CT 35) and VS ( < 500 copies/ml; CT
8). 

At the same time, EV surveillance was initiated in the NICU, includ-
ng 24 NS and 24 paired RS from each little inpatient and 28 NS from
ealthcare workers. Two newborns (N1 and N2) admitted to the NICU
ested positive for low-grade EV ( < 500 copies/ml - CT 38) in the NS,
hereas none of the NS from healthcare workers was positive. Neither
 T  

2

1 nor N2 showed any clinical sign of infection and both tested negative
ithin a few days. 

ethods 

nterovirus molecular subtyping 

EV genotyping was performed by Sanger sequencing of conserved
enomic regions (5 ′ UTR, 2 C, 3Dpol ) [ 6 ] on all EV-positive samples, in-
luding CSF, BAL, RS, and blood for T1, NS and RS for T2, RS and VS
or M, and NS for N1 and N2. All samples were positive for E11 featur-
ng a very high nucleotide identity with the strains described in France
97.73%) and in Italy (97.28%). The E11-positive samples were sent to
he regional reference laboratories (Fondazione IRCCS Policlinico San
atteo, Pavia and The Department of Biomedical Sciences for Health,
niversity of Milan) for whole genome sequencing, (accession numbers
P498690 and PP498691), evidencing an average nucleotide identity of
8.9% with other Italian strains [ 5 ]. 

valuation of respiratory and rectal mucosal innate immune response 

It is well known that a balanced mucosal innate immune response is
undamental to properly control viral replication and prevent more se-
ere complications, as repeatedly confirmed by the most severe COVID-
9 cases driven by SARS-CoV-2 infection [ 7–11 ]. Based on this evidence,
e assessed the levels of a panel of innate immune mediators in the res-
iratory and intestinal mucosa. In particular, RS and NS, or BAL for
1, were utilized to assess multiple inflammatory mediators by quan-
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Figure 1(b). The mucosal expression of innate immune mediators is lower in the newborn with a fatal outcome, suggesting the ineffective primary control of EV 

replication at the gastrointestinal level. 
IFNL1 (A), IFNL2 (B), IFNB1 (C), IL 6 (D), and IL1B (E) mRNA expression was evaluated in rectal swabs of EV-positive newborns described in this report. Each symbol 
represents a newborn. The median with range is depicted. Cytokine mRNA expression is plotted against mean viral RNA CT as log2 (gene/GAPDH mRNA + 0.5 
x gene-specific minimum). Only positive EV-11 positive rectal swabs were reported. BAL, bronchoalveolar lavage; CT, cycle threshold; EV, enterovirus; GAPDH, 
Glyceraldehyde 3-phosphate dehydrogenase; IFN, interferon; IL, interleukin; mRNA, messenger RNA; NS, nasal swab; RS, rectal swab. 
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itative polymerase chain reaction. Based on our previous studies in
atients with severe COVID-19 [ 9 ], we included both antiviral (inter-
eron beta-1 [IFN-B1] and IFN lambda -1 and -2 [IFNL1 and IFNL2])
nd pro-inflammatory (interleukin-1-beta [IL1B] and IL-6) molecules in
ur analysis. The level of each cytokine was then compared to the local
11 load for all the positive newborns described in our report (T1, T2,
1, and N2). 

At the respiratory level, the expression of both antiviral and pro-
nflammatory cytokines was apparently driven by E11 replication and
ocal viral load ( Figure 1a ). 

Interestingly, an opposite trend was observed when analyzing the
S, in which we found very low cytokine levels in T1, the newborn with

he highest E11 load, which was also the patient experiencing the worst
utcome ( Figure 1b ). 

iscussion 

EV, including echoviruses such as E11, are a common cause of pedi-
tric infections often with seasonal occurrence and a self-limiting clin-
cal evolution, although newborns may present a higher risk of severe
omplications. Recently, fatal neonatal cases with massive liver failure
3

aused by a new variant of E11 have been described, with a peculiar
nvolvement of male non-homozygotic twins [ 2 , 3 ]. Our report confirms
hat this variant is still circulating in Europe and deserves attention to
ontrol and limit its spread. No specific evidence regarding viral fac-
ors justifying the increased pathogenicity of the new E11 variants has
een described to date but, among other factors, the severity of the in-
ection may also be determined by a differential immune control of the
iral replication at the mucosal level. Local viral replication may then
nfluence the risk of systemic spread. Most EVs infect preferentially the
astrointestinal tract (and/or the upper respiratory tract) with a pos-
ible subsequent spread to several organs, such as the central nervous
ystem, the heart, or, as in the case of E11, the liver [ 10 ]. In the re-
orted cases, we observed a massive local interferon response both in
he airways and intestine in the newborn with no clinical complications.
n the contrary, the sibling undergoing the fatal outcome was charac-

erized by a potent antiviral response in the airways, but by a very low
esponse at the gastrointestinal level associated with a very high viral
oad in the rectum. We, thus, speculate that the lack of viral control in
he intestinal mucosa is a key factor favoring the systemic dissemination
f E11 and, possibly, its massive spread from the gut to the liver and to
ther organs. 
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onclusion 

As also recently described by ongoing surveillance [ 4 , 5 ], our report
onfirms that E11 is still circulating in Italy and can be fatal in newborns.
wareness must be maintained via control and prevention measures to
inimize the spread of EV infections in neonatal units. The elements

eading to the increased pathogenicity of the circulating E11 strain are
ot clear yet but, beyond still unidentified viral factors, host-related
actors certainly deserve attention. No definitive conclusions may be
rawn by our report, but the low levels of the antiviral innate immune
esponse observed at the gastrointestinal level in the newborn with the
atal outcome support the hypothesis of viral spread from mucosal tissue
o other organs, starting from the liver. Multi-organ involvement upon
11 infection, and stochastically upon EV infection, is associated with
evere cases and the factors favoring it warrant to be studied in larger
ohorts. These observations may strengthen the importance of several
roposed antiviral approaches (potentially including all viruses with a
ivotal phase of mucosal replication) focused on the importance of po-
entiating the local antiviral innate containment in at-risk categories of
atients [ 11 ]. 

eclarations of competing interest 

The authors have no competing interests to declare. 

unding 

This research did not receive any specific grant from funding agen-
ies in the public commercial, or not-for-profit sectors. 

thical statement 

Ethical approval was not needed for this retrospective study because
he study was part of routine management and treatments for children.
evertheless, parents of children have been informed and consented to

his report. 

uthor contributions 

All the authors contributed significantly to this manuscript. Feder-
ca Novazzi wrote the first draft; Angelo Paolo Genoni, Francesca Drago
errante, Federica Maria Giardina, Guglielmo Ferrari, and Laura Pel-
egrinelli analyzed the clinical specimens and processed sequencing;
austo Baldanti, Antonio Piralla, Elena Pariani, Ivan Zanoni, Nicola
4

lementi, contributed to the critical analysis of the data and revised
he manuscript; Massimo Agosti and Simona Perniciaro collected the
linical data and revised the manuscript; Antonio Piralla and Elena Par-
ani were involved in the sequence analyses; Nicasio Mancini designed
he study and supervised the manuscript. All the authors reviewed and
pproved the final submission. 

ata availability 

The partial viral genome sequence is available in GenBank under ac-
ession number PP256153 (Tween1). The total viral genome sequences
re available in GenBank under accession numbers PP498690 (Tween2)
nd PP498691 (Tween1). 

eferences 

[1] European Centre for Disease Prevention and Control (ECDC). Epidemiological up-
date: echovirus 11 infections in neonates 19 July 2023, https://www.ecdc.europa.
eu/en/news-events/epidemiological-update-echovirus-11-infections-neonates ; 
2023 [accessed 19 July 2023]. 

[2] Grapin M, Mirand A, Pinquier D, Basset A, Bendavid M, Bisseux M, et al.
Severe and fatal neonatal infections linked to a new variant of echovirus
11, France, July 2022 to April 2023. Euro Surveill 2023; 28 :2300253.
doi: 10.2807/1560-7917.ES.2023.28.22.2300253 . 

[3] Piralla A, Borghesi A, Di Comite A, Giardina F, Ferrari G, Zanette S, et al. Fulminant
echovirus 11 hepatitis in male non-identical twins in northern Italy, April 2023. Euro

Surveill 2023; 28 :2300289. doi: 10.2807/1560-7917.ES.2023.28.24.2300289 . 
[4] Pellegrinelli L, Galli C, Giardina F, Ferrari G, Uceda Renteria SCU, Ceriotti F, et al. In-

creased circulation of echovirus 11 in the general population and hospital patients as
elicited by the non-polio enterovirus laboratory-based sentinel surveillance in north-
ern Italy, 2023. Int J Infect Dis 2024; 142 :106998. doi: 10.1016/j.ijid.2024.106998 . 

[5] Piralla A, Giardina F, Ferrari G, Gaiarsa S, Romano G, Pellegrinelli L, et al. Molec-
ular characterization of emerging Echovirus 11 (E11) shed light on the recombi-
nant origin of a variant associated with severe hepatitis in neonates. J Med Virol

2024; 96 :e29658. doi: 10.1002/jmv.29658 . 
[6] Genoni A, Canducci F, Rossi A, Broccolo F, Chumakov K, Bono G, et al. Revealing

enterovirus infection in chronic human disorders: an integrated diagnostic approach.
Sci Rep 2017; 7 :5013. doi: 10.1038/s41598-017-04993-y . 

[7] Bastard P, Rosen LB, Zhang Q, Michailidis E, Hoffmann HH, Zhang Y, et al. Auto
antibodies against type I IFNs in patients with life-threatening COVID-19. Science

2020; 370 :eabd4585. doi: 10.1126/science.abd4585 . 
[8] Wang EY, Mao T, Klein J, Dai Y, Huck JD, Jaycox JR, et al. Diverse func-

tional autoantibodies in patients with COVID-19. Nature 2021; 595 :283–8.
doi: 10.1038/s41586-021-03631-y . 

[9] Sposito B, Broggi A, Pandolfi L, Crotta S, Clementi N, Ferrarese R, et al. The inter-
feron landscape along the respiratory tract impacts the severity of COVID-19. Cell

2021; 184 :4953–68. doi: 10.1016/j.cell.2021.08.016 . 
10] Tapparel C, Siegrist F, Petty TJ, Kaiser L. Picornavirus and enterovirus di-

versity with associated human diseases. Infect Genet Evol 2013; 14 :282–93.
doi: 10.1016/j.meegid.2012.10.016 . 

11] Walker FC, Sridhar PR, Baldridge MT. Differential roles of interferons in in-
nate responses to mucosal viral infections. Trends Immunol 2021; 42 :1009–23.
doi: 10.1016/j.it.2021.09.003 . 

https://www.ecdc.europa.eu/en/news-events/epidemiological-update-echovirus-11-infections-neonates
https://doi.org/10.2807/1560-7917.ES.2023.28.22.2300253
https://doi.org/10.2807/1560-7917.ES.2023.28.24.2300289
https://doi.org/10.1016/j.ijid.2024.106998
https://doi.org/10.1002/jmv.29658
https://doi.org/10.1038/s41598-017-04993-y
https://doi.org/10.1126/science.abd4585
https://doi.org/10.1038/s41586-021-03631-y
https://doi.org/10.1016/j.cell.2021.08.016
https://doi.org/10.1016/j.meegid.2012.10.016
https://doi.org/10.1016/j.it.2021.09.003

	A new case of Echovirus 11 neonatal fulminant hepatitis involving male twins in a Northern Italy Tertiary University Hospital: Insight on a possible immunological clue
	Introduction
	Case series
	Case description and microbiological investigation

	Methods
	Enterovirus molecular subtyping
	Evaluation of respiratory and rectal mucosal innate immune response

	Discussion
	Conclusion
	Declarations of competing interest
	Funding
	Ethical statement
	Author contributions
	Data availability
	References


