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a b s t r a c t

Influenza B is one of the infective agents that can cause rapid and fatal myocarditis in children. Here, we 
describe a fatal case of myocarditis in a previously healthy child, after infection with an influenza B/Victoria- 
lineage virus during the 2022–23 epidemic season in Italy. Influenza B virus was isolated also in a second 
case, a younger family member showing only a mild influenza-like illness. Genotypic and phenotypic 
analyses have been performed on both virus samples and results showed that HA1 sequences were identical 
and genetically and antigenically related to other B viruses circulating in 2022–23 season in Italy. However, 
a D129N substitution was found in the receptor binding domain of the HA of the two viruses, not detected 
in other circulating viruses in Italy but only in a proportion of those circulating in other European countries. 
Phenotypic analyses assessed the susceptibility towards either neuraminidase inhibitors and baloxavir. 
Annual influenza vaccination remains one of the best interventions to prevent complications such as 
myocarditis, particularly in children.
© 2024 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li
censes/by-nc-nd/4.0/).

Introduction

Influenza is generally considered an infrequent cause of myo
carditis, which may occur in up to 10% of all influenza cases, either in 
children or in adults [1–4]. The incidence of this severe complication 
during influenza epidemics may depend on the nature of circulating 
strains and rates may be higher during severe seasons [2]. Here, we 
report the characterization of an influenza B virus isolated in a child 
with a rapid fatal myocarditis outcome (case 1). A second mild case 
in the same family was also studied (case 2).

Case report

On 24th of March 2023, a 6-year-old girl (case 1) presented to the 
emergency unit with vomit, asthenia and abdominalgia. At the 
hospital, the case was afebrile with a hearth rate of 96 beats/min. 
The child did not receive vaccination against either flu or COVID-19. 
No history of travels, serious illnesses or allergies were described. 
Nevertheless, 3 months before admission the child suffered of a 
Streptococcal infection treated with antibiotics and it is also to un
derline that, the week before symptoms onset, the child attended a 
public event crowded with people coming from all over Europe.

Laboratory findings showed a troponin I level of 1416.6 ng/L 
(normal range-n.r.: < 12 ng/L), creatine kinase (CK) of 329 IU/L (n.r.: 
0–172 IU/L) and CK MB of 15.1 ng/mL (n.r.: 0.6–6.3 ng/mL). An 
electrocardiogram (ECG) showed sinus rhythm and low electro
cardiographic QRS voltage. Few hours after hospitalization, hearth 
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rate was 164 beats/min and the echocardiogram demonstrated dif
fuse ipokinesia, severely compromised pump function (ejection 
fraction: 20% max.) and mitral insufficiency. Antiviral therapy was 
not initiated due to the rapid worsening of clinical conditions. The 
patient was then transferred to an intensive pediatric care unit in 
another Hospital, for further management. During the transfer, in
travenous adrenalin was administered. Cardiac arrest occurred ra
pidly and the child died during the night, 5 days after symptoms 
onset. Moreover, a 3-year-old girl (case 2), a family member related 
to case 1, showed mild symptoms of an influenza-like illness (ILI) 
and resulted positive to influenza B.

RT-PCR analysis of a nasopharyngeal swab collected after hospital 
admission was positive for influenza B and confirmed by the regional 
reference InfluNet laboratory in Parma. The sample was subse
quently sent to the laboratory of the WHO National Influenza Centre 
at ISS (NIC) in Rome for isolation and further genotypic and phe
notypic characterizations. NIC also received a nasopharyngeal swab 
collected on 27th March 2023 from case 2. Both influenza B positive 
samples, that formerly tested negative to a multiplex real-time PCR 
for SARS-CoV-2 and RSV (Panther Fusion™ SARS-CoV-2/Flu A/B/RSV 
Assay - Hologic), were grown in MDCK cells. The sample from the 
fatal case was also examined for the detection of specific Enterovirus 
5′-UTR region by Real Time PCR analysis (RIDA®GENE Enterovirus, r- 
BioPharm) and resulted negative.

Phylogenetic analysis was performed on the HA1 portion of the 
hemagglutinin (HA) gene of the virus isolates and compared with 
other sequences from Italy and Europe, available on GISAID [Fig. 1]. 
The results showed that HA1 from case 1 and case 2 were identical 
(100% nt. identity) and belonged to the B/Victoria lineage, subgroup 
V1A.3a.2 (represented by the 2022–23 NH vaccine strain, B/Austria/ 
1359417/2021); V1A.3a.2 clade was dominant among influenza B 
viruses circulating across Europe in the 2022–23 season. The phy
logenetic tree also showed that the two viruses were genetically 
similar to other influenza B viruses circulating in Italy in the same 
period, including those from some mild cases from the same Region. 
No mutations of note were detected in the viral HA1, except for a 
D129N amino acid substitution found in both viruses, if compared to 
B/Austria/1359417/2021 [Table 1]; this amino acid is located in the 
receptor binding domain (RBD) of HA [5]. The above substitution was 
not detected in other B/Victoria viruses circulating in Italy during the 
season, but it was found in other B/Victoria viruses identified in EU 
in 2023 [Fig. 1]. With regard to neuraminidase (NA) genes, no sig
nificant mutations were detected and both viruses were susceptible 
to the NA inhibitors, oseltamivir and zanamivir [6]. Phenotypic 
evaluation, using the MUNANA fluorescence-based NA-enzyme in
hibition assay [7], confirmed the susceptibility toward both drugs. 
Moreover, molecular analysis on the polymerase acidic protein (PA) 
gene did not identify markers associated with reduced susceptibility 
for baloxavir [8]. Antigenic characterization by hemagglutination 
inhibition (HI) assay [9], showed that the viruses isolated were well 
recognized by antiserum raised against B/Austria/1359417/2021.

Discussion

Influenza B viruses mostly cause mild to moderate respiratory 
illness in healthy children. However, some pulmonary and extra
pulmonary complications, including myocarditis, have been re
ported to be associated with influenza B infection, particularly in 
children [10]. The viral infection may contribute to myocardial injury 
in different ways: it may involve a specific effect linked to the in
fluenza virus infection (direct damage), systemic inflammatory re
sponse, or a combination of both [11]. However, the mechanisms 
leading to mortality are still unclear.

Hereby, we performed a characterization of an influenza B/ 
Victoria virus associated with a fatal case of pediatric myocarditis 
and of the B/Victoria virus isolated from a family member with mild 

ILI. Phylogenetic analysis of the HA1 sequences, although similar to 
other influenza B viruses circulating in 2022–23 season in Italy, 
showed the presence of a common D129N amino acid substitution in 
the RBD region. This mutation was not detected in other B/Victoria 
viruses circulating in Italy, but was found in a proportion of those 
circulating in EU, retrieved from GISAID. The public event attended 
by the child the week before symptoms onset might explain the 
observed clustering of the two HA1 sequences with other EU strains 
[Fig. 1]. To our knowledge, there are not scientific evidences showing 
an association of this amino acid change with extrapulmonary 
complications. Moreover, it is not possible to exclude that the pre
vious bacterial infection might have played a role in the fatal out
come. Due to the current evidences and to the open questions on 
viral genetic determinants of influenza B pathogenicity, host factors 
and environmental features, further studies should be carried out to 
better comprehend why some previously healthy patients recover 
without any residual injury, whereas others develop fatal out
come [1].

It should be mentioned that the 2022–23 season in Italy, as well 
as in Europe, has been characterized by a sustained influenza virus 
circulation, attributable to both type A and B viruses, with these 
latter prevailing from March 2023 onwards. On the other hand, the 
reduced influenza virus circulation during the preceding 2020–21 
and 2021–22 seasons worldwide, after the onset of the COVID-19 
pandemic, and the consequent limited exposure of the population to 
these viruses, may have had an impact on the population immunity 
to the currently circulating influenza viruses [12,13]. Severe cases of 
influenza B among children and adolescent, requiring critical in
tensive care were also reported in Sweden in March 2023 [12]. An
nual influenza vaccination remains one of the main actions to 
prevent complications such as myocarditis, particularly in children.
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Fig. 1. Phylogenetic analysis of the HA1 nucleotide sequences of the influenza B/Victoria viruses from the fatal case (Case 1: in orange with †) and the family mild case (Case 2: in 
blue with ▲), compared to other B strains detected in Italy in the 2022–23 epidemic season (in blue) and to a selection of B/Victoria viruses detected in Europe in the same period 
(in black), retrieved from GISAID. In addition to the HA1 sequence from Case 1, further four sequences of influenza B/Victoria viruses from mild cases identified in children in the 
same Emilia-Romagna region (in blue with ▲) were included in the analysis and compared with the WHO-recommended vaccine strain for the Northern hemisphere (in red) and 
other reference strains (in black, bold font). Amino acid substitutions defining specific genetic clusters are indicated at nodes. The scale bar represents the nucleotide substitutions 
per site. The phylogenetic tree was constructed using the Neighbor-Joining method and the Kimura 2-parameter model, (MEGA software v.7.0.26).
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Table 1 
GISAID accession numbers of sequences from case 1 and case 2 and from other four mild cases identified in the same Region among children, Italy, 2023. 

Sample Isolate ID HA segment ID NA segment ID PA segment ID

Case 1_2023-03-24 EPI_ISL_18059000 EPI2666703 EPI2665236 EPI2665237
Case 2_2023-03-27 EPI_ISL_18059131 EPI2666702 EPI2665403 EPI2665404
Case A_2023-03-14 EPI_ISL_18062864 EPI2666704 - -
Case B_2023-02-23 EPI_ISL_18059069 EPI2666700 - -
Case C_2023-03-07 EPI_ISL_18062766 EPI2666701 - -
Case D_2023-02-14 EPI_ISL_18063187 EPI2666705 - -
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