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Echovirus 11 (E11) has recently been associated with 
a series of nine neonatal cases of severe hepatitis 
in France. Here, we present severe hepatitis caused 
by E11 in a pair of twins. In one of the neonates, the 
clinical picture evolved to fulminant hepatitis. The 
E11 genome showed 99% nucleotide identity with E11 
strains reported in the cases in France. Rapid genome 
characterisation using next generation sequencing 
is essential to identify new and more pathogenetic 
variants.

The World Health Organization (WHO) has recently 
reported an increasing number of severe neonatal 
infection associated with a specific species B enterovi-
rus type, echovirus 11 (E11) [1]. By July 2022, nine cases 
of neonatal sepsis with liver disease and multi-organ 
failure had been reported in France from three metro-
politan regions [2]. The European Centre for Disease 
Prevention and Control (ECDC) has recently included 
this virus in the ECDC Communicable Disease Threat 
Report [3]. According to the WHO, the public health risk 
for the general population is low, but the increase in 
reported cases remains a concern. Here, we report life-
threatening E11 infection in a pair of dichorionic twins 
with a presentation and clinical course closely resem-
bling those reported in the French cases [1,2].

Description of cases and laboratory 
investigations
In April 2023, two non-identical, male, late-preterm 
twin brothers, P1 and P2, were transferred from the 
nursery to the neonatal intensive care unit (NICU) due 
to episodes of apnoea requiring respiratory support. 
They were later diagnosed with life-threatening E11 
infection.

Pregnancy history
The two infants were born to a healthy pregnant 
woman at 35 weeks and 3 days gestational age, fol-
lowing a spontaneous pregnancy. During pregnancy, 
their mother was given acetylsalicylic acid up to 35 
weeks of gestation due to high risk of pre-eclampsia as 
assessed at the Bi-test, and enoxaparin sodium due to 
three previous spontaneous abortions. No other com-
plications of the pregnancy were reported. All serologi-
cal and biochemical laboratory tests during pregnancy 
were unremarkable. No episodes of diarrhoea were 
reported before partum by the mother or father. At 35 
weeks and 1 day of gestation, the mother was admitted 
to the obstetrics unit for onset of labour with increased 
C-reactive protein (63 mg/L, norm: < 5.0), and beta-
methasone for the prophylaxis of neonatal respiratory 
distress and antibiotics were administered. A vaginal 
swab performed at admission later proved negative for 
group B streptococcus colonisation. One single fever 
episode with spontaneous resolution was registered at 
35 weeks and 2 days of gestational age. The mother 
underwent a Caesarean section because of podalic 
presentation of P1 and progression of labour. Birth 
weights were 2,610 g (54th percentile) and 2,660 g 
(59th percentile), and Apgar scores 9 and 10 and 9 and 
9 at 1 and 5 min for P1 and P2, respectively. No further 
virological investigations were performed on clinical 
specimens from the mother (i.e milk, plasma or stool).

Neonate P1
On day 4 of life, P1 presented with episodes of apnoea 
and cyanosis and was transferred to the NICU on the 
following day for respiratory support with high flow 
nasal cannula (HFNC, maximum flow: 2 L/min). The 
infant underwent blood withdrawal for blood culture, 
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later proven negative (5 days of monitoring), and was 
started on antibiotics. On day 6, a nasal swab for viro-
logical analyses, performed for the appearance of fever 
despite administration of broad-spectrum antibiotic, 
demonstrated the presence of enterovirus by specific 
real-time RT-PCR. Chest X-ray imaging on day 7 was 
normal. Antibiotics were stopped on day 7. Following 
clinical improvement, the respiratory support was 
stopped on day 10 of life, with further management of 
the infant in room air.

Further virological testing on day 9 demonstrated the 
presence of enteroviral RNA in plasma (2.6 × 103  RNA 
copies/mL) and urine (4.9 × 103  RNA copies/mL). 
Laboratory testing was consistent with acute hepatitis 
with elevated liver enzymes and normal renal function, 
bilirubin levels and blood clotting values; the laboratory 
values at day 9 of life are reported in the Table. In the 
following days, the infant showed progressive clinical 
improvement with normalisation of liver enzymes on 
day 18 and was discharged home in good clinical con-
dition on day 25 of life.

Neonate P2
At the clinical disease onset, on day 6 of life, the infant 
presented with hypoxaemic respiratory distress requir-
ing respiratory support on HFNC. On day 12, because 
his respiratory condition worsened and pleural effu-
sion appeared, the infant received nasal continuous 
positive airway pressure with a maximum fraction of 
inspired oxygen (FiO2) of 0.25. The infant was weaned 
from any respiratory support on day 18.

On day 9 of life, a blood count revealed thrombocy-
topenia (12,000/μl) with an extremely severe coagu-
lopathy, undetectable clotting factors and fibrinogen, 
low haemoglobin (7.5 g/dL) and severely altered liver 
function; the laboratory values at days 9 of life are 
reported in the Table. EV RNA was detected in plasma 
(5.2 × 105  RNA copies/mL) and urine (6.3 × 103  RNA 

copies/mL). The infant underwent intensive daily 
transfusion treatment including 1–3 fresh frozen 
plasma and 1–2 platelet units per day, red blood 
cells (on days 10, 12 and 15) (transfusion volumes of 
15–20 mL/kg), intravenous immunoglobulins (0.5 g/
kg/day for 4 days) and albumin transfusion. Despite 
slow but progressive decrease in the liver enzymes 
and increase in cholinesterase levels, the infant 
remained transfusion-dependent until day 21. A first 
exchange transfusion due to high bilirubin levels (total 
bilirubin: 25.74 mg/dL; direct bilirubin: 12.35 mg/dL) 
was performed on day 17, and a second exchange 
transfusion due to persistently high bilirubin levels 
(total bilirubin: 26.7 mg/dL; direct bilirubin: 12.3 mg/
dL) and elevated plasma ammonium (300 μg/dL) was 
performed on day 20 of life. Lumbar puncture was not 
performed due to the high risk of bleeding. The cerebral 
ultrasound on day 7 of life revealed enlarged lateral 
ventricles and two hyperechoic cerebellum lesions of 
haemorrhagic origin. No seizures were detected on 
electroencephalographic monitoring.

On day 21, the infant was transferred to another pae-
diatric intensive care unit for further management and 
possible consideration for liver transplantation. He was 
breathing spontaneously in room air and still transfu-
sion-dependent. At the time of this report, the patient 
is still hospitalised, intubated in weaning from mechan-
ical ventilation; thrombocytopenia persists without the 
need for platelet transfusion; the liver enzymes have 
normalised, but bilirubin concentration is still high 
(> 20 mg/dL, norm: 0.2–1.1) and due to coagulopathy, 
the infant requires plasma and cryoprecipitate transfu-
sions at occurrence. Due to the persistence of severe 
hepatic insufficiency with ascites, the patient will be 
evaluated for liver transplantation.

Table
Laboratory testing results on day 9 of life, twin neonates with echovirus 11 infection, Italy, April 2023

Laboratory test P1 P2 Reference range
Aspartate transaminase (mU/mL) 294 2,740 11.0–39.0
Alanine transaminase (mU/mL) 291 11,925 11.0–34.0
Gamma-GT (mU/mL) 191 202 11.0–53.0
Creatinine (mg/dL) 0.39 0.46 0.30–0.70
Total bilirubin (mg/dL) 2.11 11.28 0.2–1.1
Direct bilirubin (mg/dL) Not available 2.73 0.00–0.25
Plasma prothrombin (%) 94.00 Undetectable 70.00–120.00
Thromboplastin time (s) 42.90 Undetectable 20.00–32.00
Fibrinogen (mg/dL) 374 Undetectable 170–410
International normalised ratio 1.03 Unmeasurable 0.90–1.20
Hepatic cholinesterase (mU/mL) 5,656 2,986 5,300–12,900
Plasma ammonium (µg/dL) 160 192 19.0–94.0
Ferritin (ng/mL) 2,542 124,801 8–398
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Figure 
Phylogenetic tree of echovirus 11 complete genome sequences (n = 112)

 OQ928000
 OQ927999
 OQ969168 FRA 2022
 OQ969167 FRA 2022
 OQ969170 FRA 2022

 OQ927998
 OQ923264

 OQ969169 FRA 2022
 E11/ITA/01032786/2023

 OQ969165 FRA 2023 
 OQ969164 FRA 2023 

 OQ927567 FRA 2022 
 OQ928001
 Oq927567 Echovirus E11 isolate E11 220068053201 FRA22 
 OQ928002-

 OQ928004
 OQ928003

 OQ969171 FRA 2023
 Mk652137 Echovirus E11 strain USA/2018-23090 

 MH361020 Echovirus E11 isolate SCO SWG 2015 Echovirus E11.1 
 OQ842426 Echovirus E11 isolate E11/USA/11N9/2014 
 OQ842425 Echovirus E11 isolate E11/USA/11M9/2014 

 MH361031 Echovirus E11 isolate SCO SWG 2015 Echovirus E11.3 
 MT641355 Echovirus E11 strain CLI-B1-4-E11 

 MT641367 Echovirus E11 strain CLI-B1-15-E11 
 MW015059 Echovirus E11 isolate E1103 

 MW015061 Echovirus E11 isolate E1105 
 Mw015060 Echovirus E11 isolate E1104 

 ON380663 Echovirus E11 isolate EchoE11 Han2020 
 MH361021 Echovirus E11 isolate SCO SWG 2015 Echovirus E11.2 

 MZ389228 Echovirus E11 strain E11/Spain LCR484/2015 
 MN749159 Echovirus E11 strain 10S1 

 MZ597838 Echovirus E11 isolate Iso Pt2 S 
 MZ597839 Echovirus E11 isolate Iso Pt3 S 
 MZ597840 Echovirus E11 isolate Pt1 L 
 KX527626 Echovirus E11 isolate ISO VR Echo11 

 MK791152 Echovirus E11 isolate 2017-122-R2 
 MN541021 Echovirus E11 strain E-11/SWG53/SD/CHN/2018 

 MZ491037 Echovirus E11 strain E11/Wuxi43/China/2019 
 MN597952 Echovirus E11 isolate HFMD1311-GD-CHN-2018 

 MN541020 Echovirus E11 strain E-11/SWG52/SD/CHN/2018 
 MN597926 Echovirus E11 isolate HFMD1241-GD-CHN-2018 

 MN597950 Echovirus E11 isolate Sewage34-1-1/GD.GZ/CHN/2018 
 MN597948 Echovirus E11 isolate Sewage22-1-1/GD.GZ/CHN/2018 

 MN597924 Echovirus E11 isolate AFP336-GD-CHN-2017 
 MN541026 Echovirus E11 strain E-11/SWG58/SD/CHN/2018 

 MN597927 Echovirus E11 isolate Sewage30-1-3/GD.GZ/CHN/2018 
 MN597944 Echovirus E11 isolate Sewage10-1-1/GD.GZ/CHN/2019 
 Ol519575 MAG: Echovirus E11 isolate xz010-HEV

 MN597953 Echovirus E11 isolate Sewage15-2-1/GD.GZ/CHN/2019 
 MZ229649 Echovirus E11 isolate Swab-1/HB.WH/CHN/2019 
 MZ229650 Echovirus E11 isolate Swab-2/HB.WH/CHN/2019 
 MZ229651 Echovirus E11 isolate Swab-10/HB.ES/CHN/2019 
 MZ229640 Echovirus E11 isolate Swab-1/HB.ES/CHN/2019 

 MZ229655 Echovirus E11 isolate Swab-1/HB.XY/CHN/2019 
 MN597937 Echovirus E11 isolate Sewage035-1-2/GD.GZ/CHN/2018 

 MW883610 Echovirus E11 isolate 01/GZ/CHN/2019 
 MW883614 Echovirus E11 isolate 05/GZ/CHN/2019 

 MN597928 Echovirus E11 isolate Sewage13-1-2/GD.GZ/CHN/2019 
 MN597947 Echovirus E11 isolate Sewage16-2-2/GD.GZ/CHN/2019 

 MN597930 Echovirus E11 isolate Sewage2-1-1/GD.GZ/CHN/2019 
 MZ229641 Echovirus E11 isolate Swab-2/HB.ES/CHN/2019 
 MZ229647 Echovirus E11 isolate Swab-8/HB.ES/CHN/2019 
 MZ229648 Echovirus E11 isolate Swab-9/HB.ES/CHN/2019 
 MZ229646 Echovirus E11 isolate Swab-7/HB.ES/CHN/2019 

 MZ229643 Echovirus E11 isolate Swab-4/HB.ES/CHN/2019 
 MZ229654 Echovirus E11 isolate Swab-13/HB.ES/CHN/2019 
 MZ229653 Echovirus E11 isolate Swab-12/HB.ES/CHN/2019 

 MW883613 Echovirus E11 isolate 04/GZ/CHN/2019 
 MW883612 Echovirus E11 isolate 03/GZ/CHN/2019 

 MN597931 Echovirus E11 isolate Sewage8-2-1/GD.GZ/CHN/2019 
 MN597940 Echovirus E11 isolate SD036/GD/CHN/2019 

 MN597932 Echovirus E11 isolate ZJ463/GD/CHN/2019 
 MZ229652 Echovirus E11 isolate Swab-11/HB.ES/CHN/2019 

 MN597925 Echovirus E11 isolate SewageNV-9-6/GD.JM/CHN/2019 
 MN597949 Echovirus E11 isolate ZJ461/GD/CHN/2019 
 MN597942 Echovirus E11 isolate SY315/GD/CHN/2019 
 MN597946 Echovirus E11 isolate Sewage14-1-2/GD.GZ/CHN/2019 

 MN597945 Echovirus E11 isolate SewageNV-2-1/GD.FS/CHN/2019 
 MN597923 Echovirus E11 isolate ZJ441/GD/CHN/2019 
 MN597933 Echovirus E11 isolate ZJ469/GD/CHN/2019 
 MZ229642 Echovirus E11 isolate Swab-3/HB.ES/CHN/2019 

 OQ969172 FRA 2022
 MN597951 Echovirus E11 isolate Sewage4-2-1/GD.GZ/CHN/2019 

 MN597954 Echovirus E11 isolate Sewage6-1-1/GD.GZ/CHN/2019 
 MZ229644. 2409-4403 Echovirus E11 isolate Swab-5/HB.ES/CHN/2019 

 Mz229645 Echovirus E11 isolate Swab-6/HB.ES/CHN/2019 
 Mn597943 Echovirus E11 isolate Sewage45-1-1/GD.GZ/CHN/2018 
 Mn597936 Echovirus E11 isolate SD063/GD/CHN/2019 

 Mn597941 Echovirus E11 isolate SD679/GD/CHN/2019 
 Mn597939 Echovirus E11 isolate SD506/GD/CHN/2019 
 MN597938 Echovirus E11 isolate SD034/GD/CHN/2019 
 MN597935 Echovirus E11 isolate SD057/GD/CHN/2019 
 Mn597934 Echovirus E11 isolate SD039/GD/CHN/2019 
 MW883611 Echovirus E11 isolate 02/GZ/CHN/2019 

 Mt641362 Echovirus E11 strain CLI-B1-12-E11 
 MZ389234. 2412-4406 Echovirus E11 strain E11/Spain LCR1106/2018 

 Mz389233 Echovirus E11 strain E11/Spain LCR1059/2018 
 Mn541033 Echovirus E11 strain E-11/SWG65/SD/CHN/2018 

 Mn597929 Echovirus E11 isolate Sewage37-1-1/GD.GZ/CHN/2018 
 Mh828522 enterovirus B strain vzecho1

 Oq842424 Echovirus E11 isolate E11/USA/11A1/2013 
 Oq791552 Echovirus E11 isolate E11/USA/11A4/2013

 MW015057 Echovirus E11 isolate E1101 
 MW015058 Echovirus E11 isolate E1102 

 MW015062 Echovirus E11 isolate E1106 
 MH752989 Echovirus E11 strain USA/MI/2016-23031 

 KY981561 Echovirus E11 strain 1000/ISR/1999 
 KY981565  Echovirus E11 strain 1510/ISR/1999 
 KY981558  Echovirus E11 strain 535/ISR/1999 c

 KY981566 Echovirus E11 strain 1512/ISR/1999 

100

100

92
91

83
81

100

75

100

100

100

100

73
100

100

100

99

100

99

100

89

83

93

100

99

83

100

99

100

100

83

82

99

99

95

93

96

95
91

92

80
71

100

100

91
99

100

89

100

99

79

99

90

99

97

76
78

84

93

100

0.02

 E11/ITA/01032793/2023 Lineage 1 

Green: sequences from the two neonates reported in this manuscript; orange: sequences from neonatal cases reported in France [2].
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Phylogenetic and molecular analysis of the 
E11 strains
Enterovirus typing was performed in urine for P1 and 
in plasma samples for P2 by whole genome sequenc-
ing (WGS) and showed the presence of E11 strains. For 
WGS, we used the metagenomic approach as previ-
ously described by Kufner et al. [4]. Reads were mapped 
to the reference genome OQ927998 using the INSaFLU 
pipeline (https://insaflu.insa.pt) [5]. Phylogenetic anal-
ysis was performed on complete genome sequences 
obtained from urine of P1 (E11/ITA/01032786/2023) 
and plasma samples of P2 (E11/ITA/01032793/2023) 
(Figure). A maximum likelihood phylogenetic tree was 
inferred using the IQ-TREE web server (v1.6.8) [6], and 
the robustness of branches was evaluated using the 
Shimodaira–Hasegawa approximate likelihood-ratio 
test (SH-aLRT) and ultrafast bootstrap approxima-
tion tests. The Italian strains clustered with French 
strains collected in 2023 [2] (Figure), which together 
composed a divergent lineage. The average nucleotide 
identity based on the complete genome sequence was 
99.3% (range: 98.9–99.6) between Italian and French 
E11 strains belonging to lineage 1, and it was 81.6% 
(range: 72.7–89.9) between the Italian strains and all 
other E11 genomes of good quality that were available 
and retrieved from GenBank (n = 93). 

Discussion
An increase in the incidence and severity of acute and 
fulminant hepatitis associated with an emerging line-
age of E11 in neonates, with marked prevalence in male 
twins, is currently observed in France [1,2]. The E11 and 
other non-polio enteroviruses have been circulating 
continuously in the European Union [7]. Several E11 lin-
eages were circulating in the same geographical region 
at the same time [8]. A recombinant origin of the strain 
found in France was hypothesised by Grapin et al. [2], 
however, further analyses are needed to elucidate the 
origin of this divergent lineage as previously done for 
other E11 lineages [8].

Manifestations of neonatal E11 infections may range 
from asymptomatic to severe fatal multi-system dis-
ease [9]. In accordance with some other studies, severe 
E11 infection in our neonates was associated with a 
haemorrhage-hepatitis syndrome that causes hepatitis 
with liver dysfunction and coagulopathy as previously 
reported [2,10]. The clinical course of the twin broth-
ers described here was consistent with that reported in 
the French cohort: fulminant, with sudden onset, quick 
worsening of the clinical conditions and liver function 
and development of life-threatening hepatitis, although 
with different severity and duration in the two infants. 
For both infants, survival was strictly dependent on 
rapid recognition of the infection and timely adminis-
tration of intensive care. According to the French report 
and ours, a host genetic predisposition in male and 
twin categories might be hypothesised [2].

Conclusion
The present report together with data of recent E11 
cases in France direct public health attention to non-
polio enteroviruses and their rare but severe clinical 
presentations. The risk factors for a severe course and 
the underlying causative mechanisms still need to be 
elucidated. The hospital-based enterovirus surveil-
lance in France and Italy is voluntary, but these two 
reports highlight the need for active surveillance pro-
tocols in all cases with unexpected clinical presenta-
tions. In addition, complete genome sequencing could 
help with precise typing and molecular characterisa-
tion of emerging and re-emerging pathogenic variants, 
including identifying recombinant strains.
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