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A B S T R A C T

We report the first Italian case of SARS-CoV-2 and influenza A virus super-infection. Laboratory diagnosis
revealed the presence of both agents’ RNA specific sequences by molecular methods and infectious influenza
A virus by cell culture methods.

© 2022 Elsevier Inc. All rights reserved.
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1. Case report

The emerging severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causing Coronavirus Disease 2019 (COVID-19) was
revealed for the first time in December 2019 in Wuhan, China. To
date, it is still spreading all over the world resulting in millions of
cases of infection and deaths and still represents a relevant threat to
public health [1,2]. Possible co-infections with known respiratory
viruses could complicate recognition of the full disease extent and
thus need an accurate laboratory diagnosis.

Despite a consistent prevalence of SARS-CoV-2 and a concomitant
drop of the upper and lower respiratory tract infections caused by
other known respiratory viruses during the present pandemic, co-
infections including influenza A have been described and reported as
potential worsening conditions to the clinical outcome of the disease
[3−8]. A co-infection can be defined as concomitant infection, while
super-infection as the sequential infection by 2 different pathogens
[9,10].

We report a case of super-infection by influenza A H3 virus
occurred in a SARS-CoV-2 positive young woman who had just given
birth. The medical order reported the observation of a peak of
hyperpyrexia and no antiviral/antibacterial prophylaxis/therapy
administration with an outcome of residual interstitial pneumonia
observed by CT scan. The first detection of SARS-CoV-2 RNA dated
back to January 2022, while on 3 February 2022 influenza A H3 virus
RNA, together with SARS-CoV-2 RNA, was revealed. To the best of our
knowledge, no previous data of SARS-CoV-2 and influenza A H3
super-infection have been reported in Italy.

Laboratory diagnosis was performed on a nasal swab by multiplex
real-time polymerase chain reaction and Retro-Transcriptase-real-
time polymerase chain reaction assays and rapid and conventional
cell culture methods.

The molecular techniques, allowing to simultaneously detect spe-
cific genomic sequences of up to 20 respiratory viruses (BioFire
Respiratory Panel 2.1 plus, BioM�erieux: adenovirus, influenza A virus
H1, H3 and H1-2009, influenza B virus, parainfluenza virus 1−4, RSV,
metapneumovirus, rhinovirus/enterovirus, coronavirus 229E, HKU1,
NL63, OC43, MERS-CoV and SARS-CoV-2; Allplex Respiratory Panel 3
assay, Seegene: bocavirus 1−4), evidenced the presence of SARS-
CoV-2 and Influenza A H3 RNA.

Concerning cell culture methods, the nasal swab was tested by:
(1) immunofluorescence assay in exfoliated cells directly derived
from the sample, to detect Respiratory Syncytial virus and Influenza
antigens (monoclonal antibodies to Respiratory Syncytial Virus and
Influenza A and B species; IMAGENTM Respiratory Syncytial Virus kit
and Influenza Virus A and B kit, OXOID), that was positive for Influ-
enza virus; (2) the same immunofluorescence technique after a 24-
hours incubation of inoculated cell monolayers grown on a chamber-
slide to detect influenza (A and B), parainfluenza (1−3), RSV-specific
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Fig. 1. (Panels A): Immunofluorescence analysis of Influenza A (FLU A) antigen expression in MDCK SIAT-1 cell monolayers at 24h p.i. (right panel) by rapid cell culture method.
(Panels B): virus-induced cytopathic effect in MDCK SIAT-1 cell monolayers at day 4 p.i. (right panel) by conventional cell culture method. CC = control (uninfected) cells.
Bar = 50mm.
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antigens (rapid cell culture method) performed as previously
described [3,11,12]; it resulted positive for Influenza A virus (Fig. 1A);
(3) conventional cell culture method by sample inoculation in differ-
ent cell type monolayers to detect cytopathogenic respiratory viral
agents by daily microscopic observation, according to previously
described methods [3,11,12].

A cytopathic effect was detected in Madin-Darby canine kidney
cells stably transfected by the cDNA of human a-2,6-sialyltransferase
receptor (MDCK SIAT-1) at day 4 post-infection (Fig. 1B); the cyto-
pathogenic agent was then identified as influenza A virus by immu-
nofluorescence assay.

No cytopathic effect related to SARS-CoV-2 infection was evi-
denced in African green monkey kidney cells (VERO), a highly per-
missive cell line for the pandemic coronavirus [13], up to 2 weeks of
microscopic observation.

Co-infections by SARS-CoV-2 and influenza A virus, a well-known
viral agent associated to considerable morbidity and mortality world-
wide, have been described during the 2019 to 2020 seasonal Influ-
enza period, mostly in United States, China and Middle East [4−7].

On the other hand, most likely due to mask wearing and social
distancing, significantly fewer cases of influenza, as well as other
respiratory viruses and co-infections, were observed during the 2020
to 2021 Influenza season.

The peculiar features of the first Italian case, here reported, con-
sisted in the fact that the young woman had already been infected by
SARS-CoV-2 at the beginning of 2022, and then super-infected by
influenza A virus 1 month later, with the first viral agent still persist-
ing and detectable only as genomic RNA. The patient was reported as
long COVID 19 on the medical order according to Center for Diseases
Control and Prevention [14].

Despite the detection of the RNA alone cannot demonstrate the
viability of SARS- CoV-2, and the prolonged RNA shedding could be
associated with non-infectious viral recovery, infectious virus from
patients with extended RNA shedding has been previously reported
in particular for immunocompromised ones [15,16]. Indeed, recent
studies demonstrate that SARS-CoV-2 infection is associated with
accelerated replication, high viral RNA titers and isolation of
infectious virus during the acute phase, which is followed by a rapid
decrease after the first 2 to 3 weeks [17−20]. Nevertheless, the con-
tinuous detection of SARS-CoV-2 RNA in clinical specimens for long
time could be due to slow replication of a persistent virus [16,17] and
this cannot be excluded in the case here reported. Obviously, in this
case, it cannot also be excluded that the long COVID observation
could be partially affected by the Influenza infection 1 month later.
Interestingly, using an animal model for SARS-CoV-2 infection, a
strong correlation between the infection transmission and isolation
of viable virus in cell cultures has been found; on the other hand, no
correlation was observed between transmissibility and prolonged
detection of viral RNA from the nasopharyngeal swab, further corrob-
orating that infectivity decreases precipitously and prolonged detec-
tion of viral RNA does not necessarily mean that the individual is
infectious [21].

In this context, since in COVID-19 patients a diminished and
delayed production of both interferon-λ and type I interferon was
reported, it could be reasonably assumed that SARS-CoV-2 infection
does not follow the conventional paradigm of antiviral immunity,
[17,22,23] and this could account for SARS-CoV-2 persistence, also
opening the route to co-infections, as in the case presented here,
where only pandemic coronavirus RNA was detected, together with
infectious influenza A virus. In conclusion, as demonstrated by the
first case of SARS-CoV-2 detected in our area [13], to accomplish an
accurate and complete laboratory diagnosis, molecular techniques
should be used in parallel with viral culture, the latter representing
the only reference laboratory method able to reveal the presence of
cytopathogenic viral agents and demonstrate their infectivity.
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