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A severe outbreak of influenza A(HiN1pdmog) infection
in seven children (median age: 52 months) occurred
between December 2023 and January 2024 in Tuscany,
Italy. Clinical presentation ranged from milder enceph-
alopathy to acute necrotizing encephalopathy (ANE)
with coma and multiorgan failure; one child died. This
report raises awareness for clinicians to identify and
treat early acute encephalopathy caused by HiN1 influ-
enza and serves as a reminder of severe presentations
of influenza in young children and the importance of
vaccination.

Influenza infection in young children can present
with severe complications, especially during the peak
season [1]. The risk of severe outcome can be exac-
erbated by low rates of influenza vaccination in chil-
dren [2]. Here, we describe an outbreak of influenza
A(H1N1)pdmog with severe neurological involvement in
seven children admitted between December 2023 and
January 2024 to Meyer Children’s Hospital (Florence,
Italy), a tertiary care referral centre in Tuscany with a
catchment area of ca 600,000 children.

Clinical characteristics

All seven patients (median age: 52 months (interquar-
tile range (IQR): 25-70), n =5 males) presented with
febrile illness and encephalopathy. Five children were
previously healthy, while two had experienced seizures
in the past. Four patients were directly admitted to the
paediatric intensive care unit (PICU), and three were
admitted to the hospital wards. Three PICU patients
were diagnosed with acute necrotizing encephalopathy

www.eurosurveillance.org

Article received on 01 Apr 2024 / Accepted on 25 Apr 2024 / Published on 25 Apr 2024

(ANE) [3]. Clinical characteristics are summarised
in Table 1 and brain magnetic resonance imaging (MRI)
findings are shown in Figure 1.

None of the children had been vaccinated for influenza.
Six of seven patients received oral oseltamivir [4] for
5—12 days upon admission.

Immunomodulatory treatment and
outcome in severe cases

A previously healthy child (PICU 1) was transferred to
our PICU on the fourth day of fever because of liver fail-
ure and severe coagulopathy with spontaneous gastro-
intestinal bleeding and multiorgan failure with rapid
neurological deterioration. The patient was given high
dose methylprednisolone (30 mg/kg once daily) and
received only two doses before the child died on the
fifth day of illness.

A previously healthy child (PICU 2) was transferred to
our PICU because of convulsive febrile status epilepti-
cus. The child was intubated and put on a midazolam
drip to treat ictal-interictal continuum/non-convulsive
status epilepticus. Immunomodulation started at 48 h
of illness and consisted of dexamethasone 1 mg/kg/
day for 2 days, high dose methylprednisolone (30 mg/
kg once daily) for 5 days, intravenous immunoglobulin
(IVlg) 1 g/kg/day for 3 days, anakinra 10 mg/kg/day for
7 days, and one dose of tocilizumab 9 mg/kg. The child
was extubated on day 7 of mechanical ventilation and
required gastrostomy tube placement, but no trache-
ostomy was necessary. Neurological examination on
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TABLE 1

Demographic and clinical characteristics of children admitted to Meyer Children’s Hospital for influenza A(HIN1)pdmO09
infection with neurological involvement, Florence, Italy, December 2023-January 2024 (n = 7)

Oseltamivir
Outcome

Presentation Video EEG Brain MRI
Age Antiseizure
(months) (days after fever (days after fever (days after medications

onset) onset) fever onset)

| dulat
MMUnomoatiator Relevant laboratory

(G results

fever when

PRI (days after

fever onset)

(days of treatment)

started)

PLT: 23x10%/L,
. AST: 11,291 IU/L,
Coagulopathy Diffuse ALT: 4,398 IU/L,
K basal
(2); multiorgan | Moderate slow anslia Cr: 3.49 mg/dL,
PICU 1 52 failure (3); (4); suppression tghalimi, None MTP (2) Yes (4) INR: 2.89, Death (5)
encephalopathy (5) brai > aPTT: 106 s,
rainstem
(4) injury () CRP: 3.74 mg/dL,
PCT: 290.0 ng/mL,
Fib: 128 mg/dL
AST: 2,968 IU/L
ALT: 2,212 IU/L
Fib: 166 mg/dL Gastrostomy
. tube (no
N . DD: 24,382 ug/L tracheostomy),
. . egative L
Ictal-interictal . minimally
N (2); diffuse INR: 2.05 .
. continuum X DEX (1), MTP (5), conscious
PICU 2 1 Febrile status | ;") ot white DZP, MDZ, 1 y1¢ (3), ANK (7) Yes (1) state
epilepticus (1) 3J; bur matter, LCM, PHT §13) 7), aPTTs53s .
suppression thalam! TOC (1) autonomic
4-7) L . storms,
injury (4) CRP: 1.81 mg/dL spastic
. quadriplegia
PCT: 42.6 ng/mL 63)
CSFWBC: 4x1/uL
Glu: 105 mg/dL
TP: 35 mg/dL
AST: 64 IU/L
ALT: 43 1U/L
Bilateral
temporal, CRP: 6.06 mg/dL
Mild slow thalami, . .
PICU 3 77 Enceph(j;opathy (1-2); frontal pons CBZ ’¥|(-)rg gf))’ll\(g(%))‘ Yes (1) PCT 51.7 ng/mL Mild ta;])orama
discharges (6) injury (1); ’
evolution of CSFWBC? 35x1/uL
injury (7)
Glu 58 mg/dL
TP 79 mg/dL
Complex febrile | Moderate slow MDZ, PHT, Full recovery
PICU 4 86 seizures (3) (G-1) N/A CLB None Yes (3) N/A ®)
Mild
Complex febrile bilateral Full recovery
Wards 1 63 seizures (2) Mild slow (1) post white CcLo None Yes (2) N/A ©)
matter
hyper (5)
CSFWBC: 1x1/uL
Cough (1); Focal bilateral
Wards 2 16 febrile status occipital slow | Negative (4) DZP, MDZ, DEX (3) Yes (2) Glu: 73 mg/dL Full recovery
N . PHT 6)
epilepticus (2) (1); normal (8)
TP: 11 mg/dL
Cough (1); CSFWBC: 1x1/ul
generalised Mild
Wards 3 34 refvl::::(:oe:vsa’lk encephalopathy Ne%lalt)lve None None No Glu: 50 mg/dL Full r?;)overy
’ | (4); normal (9)
enceph(zl)opathy TP: 14 mg/dL

aPTT: activated partial thromboplastin time; ALT: alanine aminotransferase; ANK: anakinra; AST: aspartate aminotransferase; CBZ: carbamazepine;

CLB: clobazam; CLO: clonazepam; Cr: creatinine; CRP: C-reactive protein; CSF: cerebrospinal fluid; DD: d-dimer; DEX: dexamethasone; DZP:diazepam;
EEG: electroencephalogram; Fib: fibrinogen; Glu: glucose; INR: international normalised ratio; IVIg: intravenous immunoglobulin; LCM: lacosamide;

MDZ: midazolam; MRI: magnetic resonance imaging; MTP: methylprednisolone; N/A: not applicable; PCT: procalcitonin; PHT: phenytoin; PLEX: plasma
exchange; PLT: platelets; s: seconds; TOC:tocilizumab; TP:total protein; WBC: white blood cell.

Normal ranges for the laboratory results are as follows: ALT (5—19 IU/L), aPTT (29-38 s), AST (5-41 1U/L), Cr (0.30-0.50 mg/dL), CRP (0—0.50 mg/dL), CSF Glu
(50-80 mg/dL), CSF TP (20-50 mg/dL), CSF WBC (< 10x1/uL), DD (< 500 ug/L), Fib (200-400 mg/dL), INR (0.92-1.14), PCT (< 0.5 ng/mL), PLT (210-590x10°/L),

2Traumatic tap from needle insertion, with bleeding into the subarachnoid space, artificially increasing the white blood cell count.
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FIGURE 1

Brain magnetic resonance imaging in children

with influenza A(HIN1)pdm09 acute necrotizing
encephalopathy admitted to Meyer Children’s Hospital,
Florence, Italy, December 2023—-January 2024 (n = 3)

ADC: apparent diffusion coefficient; FLAIR: fluid attenuated inversion
recovery; MRI: magnetic resonance imaging; PICU: paediatric intensive
care unit.

A-D: MRI brain images from patient PICU 1. Diffusion weighted imaging
(DWI) sequence (A) and ADC map (B) highlighting restricted diffusion
in the putamen bilaterally. T2-FLAIR image showing oedema and
hyperintense signal involving the thalami, putamen and caudate nuclei
(C) and brainstem (D).

E-F: MRI brain images from patient PICU 2: T2-weighted images on the
initial MRI (E) and 60 h later (F) showing progression from normal
myelination pattern to diffuse white matter injury.

G-J: MRI brain images from patient PICU 3: T2-FLAIR images showing
diffusely hyperintense signal in the midbrain and bilateral temporal
lobes on the initial MRI (G) and 6 days later (H), and in the thalami on the
initial MRI (1) and 6 days later ().

the 63 day of illness showed a severe outcome with
minimally conscious state, autonomic storms, and
severe dystonic spastic quadriplegia.

A previously healthy child (PICU 3) was admitted to our
PICU because of encephalopathy after 2 days of fever.
All immunomodulatory drugs were started within 24
h of illness and consisted of high dose methylpredni-
solone (30 mg/kg once daily) for 5 days, followed by
an oral taper over 1 month, 1IVlg 1 g/kg/day for 3 days,
plasma exchange every other day for 3 sessions, and
tocilizumab (9 mg/kg/dose) once weekly for 1 month.
The child was extubated after 6 days of mechani-
cal ventilation. Neurological examination on the
48™ day of illness showed mild dyspraxia as the only
manifestation, highlighting good clinical outcome.

The fourth child (PICU 4) admitted to the PICU was
extubated and transferred out of the PICU in less than
48 h. No immunomodulation was pursued. The child
made a full recovery.

Two patients admitted to the wards did not receive
immunomodulatory treatment; the third patient was
given dexamethasone 1 mg/kg/day for 3 days. All three
children experienced full recovery before discharge.

Genotyping and epidemiological data
According to our institutional surveillance protocol, all
children admitted with fever and respiratory or neuro-
logical symptoms are tested for viral infection. A naso-
pharyngeal swab taken from all patients tested positive
for influenza A(HiN1)pdmog. Viral PCR was negative in
the cerebrospinal fluid (CSF) of the four patients who
underwent a lumbar puncture. Patients were tested for
other respiratory viruses: influenza A(H1N1), influenza
A(H3N2), influenza B, respiratory syncytial virus (RSV),
rhinovirus, adenovirus, parainfluenza virus types 1-3,
metapneumovirus, SARS-CoV-2 and bocavirus; no co-
infections were identified.

Sequencing of the influenza A(H1iN1)pdmog strains
from swab samples collected from the three most
severe PICU patients showed that all strains belonged
to clade 6B.1A.5a.2a. We did not identify any amino
acid substitutions of particular interest in patients with
ANE (Table 2).

Epidemiological data recorded at our institution from 1
November 2023 to 20 March 2024 for children admitted
with fever and respiratory or neurological symptoms
revealed 251 A(H1iN1)pdmog-positive nasopharyngeal
swabs (Figure 2), of which 226 were admitted during
the study period between week 49 2023 and week 4
2024.

Discussion

In the post-COVID-19 pandemic seasons, influenza-like
illness (ILI) incidence has increased in the European
Union/European Economic Area (EU/EEA) [s]. In Italy,
during the 2022/23 season, ILI peaked early, during
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TABLE 2

Genetic characterisation of the influenza A(HIN1)pdmO09 strains from the most severely affected children admitted to
Meyer Children’s Hospital, Florence, Italy, December 2023-January 2024 (n = 3)

Identified amino acid substitutions on haemagglutinin (HA) gene from PB2A/

Patient Virus lineage Victoria/4897/2022(H1N1)

PICU 1 Fl‘;ﬁf:;gl) 6B.1A.5a.2a N55D, T137A, S154P, R159K, K186Q, A233T, R240Q, E277D, A294T, D373E, H468N, K497R
FluA(H1N1)

PICU 2 pdmog 6B.1A.5a.2a R159K, A233T, R240Q, E277D, A294T, D373E, H416R, H468N, I550L
FluA(H1N1)

PICU 3 pdmog 6B.1A.5a.2a T137A, S154P, R159K, K186Q, A233T, R240Q, E277D, A294T, D373E, H468N

All mutations are not known to alter the virulence of the virus, cause strong drug resistance or reverse the effects of the premature STOP
codon in the PB1-F2 gene of pandemic HiN1 (https://flusurver.bii.a-star.edu.sg).

the week ending with 27 November 2022, driven pre-
dominantly by influenza A (96.3% H3N2) and RSV [6].
The 2023/24 season has been characterised by high
intensity activity, a later ILI peak between week 49
2023 and weeks 2—-3 2024 and a dominance of A(H1N1)
pdmog viruses. These observations reflect the ILI peak
identified through molecular surveillance in our insti-
tution, with A(HiN1)pdmog reaching 92.4% of circulat-
ing viruses during week 48 [7]. The 6B.1A.5a.2a clade
starting from week 40 of 2023 was the most prevalent
type A virus [5]. At the beginning of January 2024, the
United States (US) Centers for Disease Control and
Prevention (CDC) raised an alert on severe influenzaill-
ness including deaths among children in the US, mainly
by influenza A viruses. However, no subtyping was per-
formed, and no description of symptoms or neurologi-
cal involvement is available [8].

Paediatric mortality data in Italy forthe 2023/24 season
are not yet available. Our institutional data show that
influenza cases with severe neurological involvement
comprise 3% (7/226) of all children admitted during
the study period for fever associated with respiratory
or neurological symptoms. Because our institution
used a different surveillance protocol after the COVID-
19 pandemic, we are not able to compare the present
data with pre-pandemic data concerning neurological
involvement in children admitted for ILI. However, no
case of ANE was recorded at least since 2017.

Based on a comparison between the genotype of
identified virus and PB2A/Victoria/4897/2022(H1N1)
available on the NEXTCLADE dataset (https://clades.
nextstrain.org), we did not identify any amino acid sub-
stitutions of particular interest (in PB2, HA or in other
genes) in our cases of ANE. The identified mutations do
not belong to the category of mutations known to alter
the virulence of the virus, cause strong drug resistance
or reverse the effects of the premature STOP codon in
the PB1-F2 gene of pandemic HiN1. Therefore, we can
assume that the causative virus in our severe cases is
not different from the virus circulating in the current
season and is the virus used for the available vaccines.

Acute necrotizing encephalopathy is a rare and
very severe neurological disorder characterised by

inflammation and necrosis in the brain. The global inci-
dence of ANE is unknown, and most cases have been
described in Asia, with a peak between age 18 months
and 6 years [3]. The pathophysiology would result from
a ‘cytokine storm’ in response to the viral infection,
with increased vascular permeability, neuronal cyto-
toxicity and eventually neuronal cell death [3]. There
are no data to suggest that the influenza A(H1N1) virus
has a direct neurotoxicity effect based on findings
from pathological and cerebrospinal fluid investiga-
tions [3] that we observed in our patients. There is no
consensus on the best treatment strategy for ANE [9].
Anecdotally, different drugs, including high-dose ster-
oids [10], plasma exchange [11], anakinra [12] and toci-
lizumab [13] have been used. Of our three most severe
cases, the best outcome was observed in the child
who received aggressive immunomodulation within 24
h of the onset of illness. Further studies are needed to
define optimal treatment strategies based on higher
level of evidence.

Interim 2023/24 A(HiN1)pdmog influenza vaccine
effectiveness in children was high (62-85%) in Canada
[14] and Europe [15]. Although the risk for unfavour-
able outcomes in children with influenza is known,
influenza vaccination coverage in children in Italy
remains low (less than 10% in children under 4 years
nationwide; ca 12% in the Tuscany region). The Italian
Ministry of Health, following recommendations from
the World Health Organization, recommends influenza
vaccination in all children aged 6 months to 6 years.
A poor influenza vaccine uptake could be the conse-
quence of parental beliefs that influenza is a not-seri-
ous illness [16] and paediatricians’ belief that influenza
vaccine has low effectiveness against mild to moderate
illness [17]. However, influenza vaccine reduces the risk
of critical illness in children [2], even in seasons when
vaccine-mismatched influenza viruses circulate.

Conclusion

In summary, we observed an outbreak of life-threaten-
ing influenza A(HiN1)pdmog illness in young children,
resulting in a range of outcomes including severe neu-
rological sequelae and death. Overall, these observa-
tions amounted to 3% of all patients hospitalised for
fever and respiratory or neurological symptoms at our
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FIGURE 2
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Influenza A(HIN1)pdmO09 institutional surveillance data,
Meyer Children’s Hospital, Florence, Italy, 2023/2024
season

A. Total A(H1N1)pdmog cases at Meyer Children's Hospital

60 - mm Meyer Children's Hospital (n = 251)
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B. Distribution of A(H1N1)pdmog cases in Italy vs Meyer Children’s Hospital

e Italy(n =5,918)
20 w= Meyer Children's Hospital (n = 251)
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B. The per cent was calculated as weekly cases/total cases using data from
Italy and from the hospital. The source for Italy data: https://respivirnet.
iss.it/pagine/rapportolnflunet.aspx

institution. We urge public health authorities and deci-
sionmakers in the paediatric scientific community to
join efforts to implement widespread influenza vacci-
nation in young children.

Ethical statement

For this report, we obtained written informed consent from
the legal guardians and followed the Declaration of Helsinki
guidance.

Funding statement

This report was supported in part by the Annual Funding for
Current Research of the Italian Ministry of Health 2023.

Data availability

Data will be made available upon reasonable request by ac-
credited researchers.

Use of artificial intelligence tools

None declared.

www.eurosurveillance.org

None declared.

Authors’ contributions

Luca Bartolini, MD, FAAN, FAES: study design, data collec-
tion and analysis/interpretation, manuscript writing and
reviewing for intellectual content. Silvia Ricci, MD: data in-
terpretation, manuscript writing and reviewing for intellec-
tual content. Chiara Azzari, MD, PhD: data interpretation,
manuscript writing and reviewing for intellectual content.
Maria Moriondo, PhD: data analysis and interpretation,
manuscript writing and reviewing for intellectual content.
Francesco Nieddu, PhD: data analysis and interpretation,
manuscript writing and reviewing for intellectual content.
Manuela L’Erario, MD: data collection, manuscript writing
and reviewing for intellectual content. Zaccaria Ricci, MD:
data collection, manuscript writing and reviewing for intel-
lectual content. Gabriele Simonini, MD: data interpretation,
manuscript writing and reviewing for intellectual content.
Marzia Mortilla, MD: data interpretation, manuscript writ-
ing and reviewing for intellectual content. Giuseppe Indolfi,
MD: data interpretation, manuscript writing and review-
ing for intellectual content. Carlotta Montagnani, MD: data
interpretation, manuscript writing and reviewing for intel-
lectual content. Elena Chiappini, MD: data interpretation,
manuscript writing and reviewing for intellectual content.
Luisa Galli, MD: supervision of research conduct, data inter-
pretation, manuscript writing and reviewing for intellectual
content. Renzo Guerrini, MD, FRCP, FAES: supervision of re-
search conduct, data interpretation, manuscript writing and
reviewing for intellectual content.

References

1. Principi N, Esposito S. Severe influenza in children: incidence
and risk factors. Expert Rev Anti Infect Ther. 2016;14(10):961-
8. https://doi.org/10.1080/14787210.2016.1227701 PMID:
27560100

2. Olson SM, Newhams MM, Halasa NB, Feldstein LR, Novak T,
Weiss SL, et al. Vaccine effectiveness against life-threatening
influenza illness in US children. Clin Infect Dis. 2022;75(2):230-
8. https://doi.org/10.1093/cid/ciabg31 PMID: 35024795

3. Shukla P, Mandalla A, Elrick MJ, Venkatesan A. Clinical
manifestations and pathogenesis of acute necrotizing
encephalopathy: the interface between systemic infection and
neurologic injury. Front Neurol. 2022;12:628811. https://doi.
org/10.3389/fneur.2021.628811 PMID: 35058867

4. Centers for Disease Control and Prevention (CDC). Influenza
antiviral medications: summary for clinicians. Atlanta: CDC.
[Accessed: 21 Apr 2024]. Available from: https://www.cdc.gov/
flu/professionals/antivirals/summary-clinicians.htm

5. European Centre for Disease Prevention and Control (ECDC);
World Health Organization Regional Office for Europe (WHO/
Europe). European Respiratory Virus Surveillance Summary
(ERVISS). Overview of respiratory virus epidemiology in the
EU/EEA. Weekly overview. Stockholm and Copenhagen: ECDC
and WHO/Europe. [Accessed: 21 Apr 2024]. Available from:
https://erviss.org

6. lIstituto Superiore di Sanita (ISS). Sorveglianza virologica

dell’influenza. Dati relativi alla settimana 47/2022. [Virological
surveillance of influenza. Data for week 47/2022]. Rome:
ISS. [Accessed: 3 Feb 2024]. Italian. Available from: www.
salute.gov.it/portale/temi/documenti/virologica/Influnet_
Virol_2022-47.pdf

7. Istituto Superiore di Sanita (ISS). RespiVirNet. Rome: ISS.

[Accessed: 21 Apr 2024]. Available from: https://www.
epicentro.iss.it/influenza/respivirnet

8. Centers for Disease Control and Prevention (CDC). Weekly U.S.
influenza surveillance report. Fluview. Atlanta: CDC. [Accessed:
21 Apr 2024]. Available from: https://www.cdc.gov/flu/weekly/
index.htm

9. Mizuguchi M, Ichiyama T, Imataka G, Okumura A, Goto T,
Sakuma H, et al. Guidelines for the diagnosis and treatment of
acute encephalopathy in childhood. Brain Dev. 2021;43(1):2-
31. https://doi.org/10.1016/j.braindev.2020.08.001 PMID:
32829972

5

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.17.2400199&domain=pdf&date_stamp=2024-04-25

10.

11.

12.

13.

14.

15.

16.

17.

Fischell Sz, Fischell J, Kliot T, Tumulty J, Thompson SJ, Raees
MQ. Case report: Acute necrotizing encephalopathy: a report of
a favorable outcome and systematic meta-analysis of outcomes
with different immunosuppressive therapies. Front Neurol.
2023;14:1239746. https://doi.org/10.3389/fneur.2023.1239746
PMID: 37745654

Li K, Zhang T, Liu G, Jin P, Wang Y, Wang L, et al. Plasma
exchange therapy for acute necrotizing encephalopathy of
childhood. Pediatr Investig. 2021;5(2):99-105. https://doi.
org/10.1002/ped4.12280 PMID: 34179705

Koh S, Wirrell E, Vezzani A, Nabbout R, Muscal E, Kaliakatsos
M, et al. Proposal to optimize evaluation and treatment of
Febrile infection-related epilepsy syndrome (FIRES): A Report
from FIRES workshop. Epilepsia Open. 2021;6(1):62-72.
https://doi.org/10.1002/epi4.12447 PMID: 33681649

Hosie PH, Lim C, Scott TRD, Cardamone M, Farrar MA, Frith C,
et al. Treatment of severe acute necrotizing encephalopathy
of childhood with interleukin-6 receptor blockade in the first
24 h as add-on immunotherapy shows favorable long-term
outcome at 2 years. Brain Dev. 2023;45(7):401-7. https://doi.
org/10.1016/j.braindev.2023.03.002 PMID: 36967317

Smolarchuk C, Ickert C, Zelyas N, Kwong JC, Buchan SA. Early
influenza vaccine effectiveness estimates using routinely
collected data, Alberta, Canada, 2023/24 season. Euro
Surveill. 2024;29(2):2300709. https://doi.org/10.2807/1560-
7917.ES.2024.29.2.2300709 PMID: 38214082

Maurel M, Howard J, Kissling E, Pozo F, Pérez-Gimeno G, Buda
S, et al. Interim 2023/24 influenza A vaccine effectiveness:
VEBIS European primary care and hospital multicentre
studies, September 2023 to January 2024. Euro Surveill.
2024;29(8):2400089. https://doi.org/10.2807/1560-7917.
ES.2024.29.8.2400089 PMID: 38390651

Price T, McColl E, Visram S. Barriers and facilitators of
childhood flu vaccination: the views of parents in North East
England. ) Public Health (Berl). 2022;30(11):2619-26. https://
doi.org/10.1007/510389-022-01695-2 PMID: 35194545

Okoli GN, Racovitan F, Abdulwahid T, Righolt CH, Mahmud

SM. Variable seasonal influenza vaccine effectiveness across
geographical regions, age groups and levels of vaccine
antigenic similarity with circulating virus strains: A systematic
review and meta-analysis of the evidence from test-negative
design studies after the 2009/10 influenza pandemic.
Vaccine. 2021;39(8):1225-40. https://doi.org/10.1016/j.
vaccine.2021.01.032 PMID: 33494964

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2024.

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.17.2400199&domain=pdf&date_stamp=2024-04-25

