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Abstract

The 9th National Congress of the Italian Society for Virology (SIV-ISV), entitled “One
Virology—One Health”, took place in Turin at the Centro Congressi Lingotto from 22 to
24 June 2025. The meeting highlighted recent multidisciplinary and translational devel-
opments in virology, with a strong focus on the integration of the One Health perspective.
Major themes included viral emergence and surveillance, genomic sequencing and bioin-
formatics, virus–host interactions, viral immunology and vaccines, structural and physical
virology, environmental and food virology, zoonoses and animal infections, diagnostics
and antiviral therapy, virus-based biotechnology and plant virology. The Congress aimed
to: (i) bring together clinicians, basic researchers, veterinarians, environmental microbiolo-
gists, bioinformaticians, public-health professionals and industry to share methodologies
and best practices; (ii) provide an interactive scientific environment promoting discussion
and collaboration between senior investigators and trainees through plenaries, joint soci-
ety sessions, invited talks, oral communications selected from abstracts, poster sessions,
and mentoring panels; and (iii) identify priorities and inspire new research directions at
the interface of human, animal and environmental health. More than 400 participants
from national and international institutions attended the meeting, featuring distinguished
plenary speakers, joint sessions with global networks, and numerous presentations of
original unpublished data. This report summarizes the meeting’s scientific highlights,
cross-disciplinary discussions, and proposed actions to strengthen One Health surveillance,
computational infrastructures, and translational applications of viral biology.

Viruses 2026, 18, 684 https://doi.org/10.3390/v18060684

https://crossmark.crossref.org/dialog?doi=10.3390/v18060684&domain=pdf&date_stamp=2026-06-18
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/viruses
https://www.mdpi.com
https://orcid.org/0000-0002-0395-7962
https://orcid.org/0000-0003-4256-5774
https://orcid.org/0000-0002-1923-9033
https://orcid.org/0000-0001-9725-7977
https://orcid.org/0000-0001-7991-8700
https://orcid.org/0000-0002-2073-2415
https://orcid.org/0000-0002-4849-0980
https://orcid.org/0000-0003-0215-3521
https://orcid.org/0000-0002-1576-6290
https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 2 of 30

Keywords: SIV-ISV; virology; One-Health; virus–host interaction; environmental virology;
food virology; antiviral therapy; plant virology; conference report

1. Introduction
The 9th National Congress of the Italian Society for Virology (SIV-ISV), “One

Virology—One Health”, convened in Turin from 22 to 24 June 2025 at the Centro
Congressi Lingotto (Via Nizza 280). The meeting assembled a wide and diverse
community—academic and clinical virologists, veterinarians, environmental and ecologi-
cal microbiologists, bioinformaticians, public health professionals, representatives from
regulatory bodies and industry, and a large contingent of early career researchers and
students—united by the shared recognition that viruses shape health, society, and science
in multiple, interconnected ways. The Congress took place against the background of recent
global infectious emergencies, which have made vividly clear that viral threats rapidly
transcend species, ecosystems, and national borders, and that effective preparedness and
response require integrated One Health frameworks combining human, animal, and envi-
ronmental perspectives. At the same time, several talks showed that viruses themselves
are indispensable research tools and platforms: from viral vectors applied in gene therapy
and vaccinology to virus-based systems for studying molecular assembly, immunity, and
oncogenic processes, the discipline of virology now operates at the intersection of basic
biology, translational medicine, and biotechnology.

The Congress has been organized under the presidency of Arnaldo Caruso and chaired
by Rossana Cavallo, Cristina Costa, Giorgio Gribaudo, and David Lembo, with a scientific
secretariat formed by Marco De Andrea, Manuela Donalisio, and Anna Luganini, which
together with the SIV-ISV Executive Board (Enzo Tramontano, Massimiliano Galdiero,
Luisa Rubino, and Gabriele Vaccari) oversaw program and policy. The Congress offered a
comprehensive program designed to foster cross-disciplinary dialogue, highlight recent
advances, and catalyze new collaborative initiatives. The planned program combined
plenary sessions, joint society symposia, notably the SIV-ISV/AMCLI joint session, invited
keynote lectures, thematic sessions, and parallel tracks. These covered a broad spectrum of
virology: viral immunology and vaccines; virus–host interactions and cell death pathways;
structural virology and biotechnology; environmental and food virology; viruses and
cancer; zoonoses and animal infections; diagnostics in human virology; antiviral therapy;
emerging and reemerging viruses; and plant virology. Each session integrated basic,
translational, and applied perspectives to reflect the modern practice of virology, which
spans molecular mechanisms and population-level surveillance, laboratory diagnosis, and
public health implementation.

The Congress placed special emphasis on genomic surveillance and virus bioinfor-
matics, topics that have become central as sequencing and high-throughput metagenomic
methods produce ever larger datasets. Dedicated talks and roundtables addressed how to
adapt analytical tools to the specific needs of virology, the development and governance
of cloud-based pipelines, assessment of computational resources, and mechanisms for
rapid and secure cross-border data sharing. Participants discussed concrete priorities: the
standardization of metadata, harmonization of pipelines for clinical and environmental
sequencing, integration of genomic data with epidemiological and ecological information,
and training programs to build bioinformatics skills among virologists. These discussions
recognized that scalable computational infrastructures and well-designed data sharing
policies are prerequisites for timely detection of variants, real-time surveillance of pathogen
spread, and coordinated One Health responses.
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Plenary lectures and joint sessions exemplified the Congress’s translational and One
Health focus. International and national speakers examined the effects of climate change
and ecosystem alteration on pathogen emergence and transmission dynamics; presented
advances in sequencing technologies and genomic epidemiology for respiratory viruses in-
cluding SARS-CoV-2, Influenza, and RSV; summarized lessons from viral vectored vaccine
development and their implications for future vaccine platforms; and reported structural
biology studies elucidating mechanisms of viral entry, assembly, and antigenicity. Sessions
on environmental monitoring and food safety highlighted methods for wastewater and
foodborne virus surveillance, risk assessment frameworks, and the integration of environ-
mental virology into public health decision-making. Equally, sessions on viruses and cancer
bridged clinical oncology and viral pathogenesis, showcasing biomarker development,
serology-based screening strategies, and translational research on HPV related cancers.
Animal health and zoonosis sessions—covering topics such as hepatitis E, lentiviral evolu-
tion in small ruminants, and the animal reservoirs of emerging pathogens-reinforced
the message that surveillance and control strategies must span species barriers and
ecological contexts.

The program balanced high-profile invited talks with presentations selected from
submitted abstracts, enabling a large portion of the scientific community to contribute. Oral
sessions drawn from submitted abstracts offered visibility to new results, while extensive
poster sessions provided occasions for in-depth, face-to-face discussion. Scholarships,
travel grants, and awards, funded in part by sponsors and society resources, were allocated
to maximize trainee participation and to encourage geographical and institutional diversity
among presenters.

The social and networking components of the meeting played an important role in
seeding collaborations and fostering community. Extended coffee breaks, poster viewing
sessions, a faculty dinner, and a social dinner created informal settings for exchange; these
convivial moments often spawned project ideas, inter-institutional partnerships, and men-
toring relationships. The Organizing Committee intentionally designed the schedule to
maximize opportunities for such interactions while preserving time for in-depth scientific
discussion. The SIV-ISV Award 2025 and other recognitions celebrated outstanding con-
tributions across career stages and disciplines, emphasizing both scientific excellence and
leadership within the virology community.

The attendance reflected wide participation from Italy and abroad, with delegates
representing universities, research institutes, clinical centers, public health agencies, and
industry partners. This mixture of stakeholders enriched debates and ensured that sessions
addressed both fundamental research questions and operational challenges.

Importantly, about 101 young virologists participated in the event and sent 82 abstracts.
Finally, we warmly thank the Editors of “Viruses” for supporting the publication of a Special
Issue also entitled “Virology in Italy 2025—9th National Congress of the Italian Society
for Virology,” and that will bring together this meeting report and peer-reviewed original
articles and reviews. We are confident that this Special Issue will be attractive to all,
including those of our colleagues who could not attend the 9th SIV-ISV 2025 National
Congress, and that it will represent a comprehensive source of information for all interested
in virology.

2. Conference Sections: Selected Invited Lectures
2.1. Session 1: Viral Immunology and Vaccines—Chaired by Roberto Burioni, Roberta Rizzo, and
Carolina Scagnolari (Figure 1)

On the inaugural day, in Session 1 entitled “Viral Immunology and Vaccines”, Prof.
Raul Andino (Department of and Immunology, University of California, USA) held a
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lecture on “Live-attenuated vaccines: virus evolution, immunity, and protection”, in which
he first reminded the key progress and facts in the eradication of poliovirus. Since 1988,
global efforts have led to a 99.9% reduction in wild poliovirus cases. At that time, polio was
endemic in over 125 countries with around 350,000 cases annually. Today, wild poliovirus
remains endemic in only two countries: Afghanistan and Pakistan. Of the three poliovirus
serotypes, types 2 and 3 were declared eradicated in 1999 and 2020, respectively. Only wild
poliovirus type 1 is still circulating. Vaccination efforts have prevented paralysis in over
20 million people and saved more than 1.5 million lives. These achievements are largely due
to the Global Polio Eradication Initiative (GPEI), a partnership led by national governments
and six key organizations: WHO, Rotary International, CDC, UNICEF, the Bill & Melinda
Gates Foundation, and Gavi. GPEI strategies and tactics encompass high immunization
coverage, robust surveillance, rapid response to outbreaks, and community engagement.
However, several challenges hinder global polio eradication efforts: access and security,
mobile and hard-to-reach populations, vaccine hesitancy and misinformation, weak health
systems, and cross-border coordination. Prof. Andino pointed out the advantages of the
Oral Polio Vaccine (OPV) versus the Inactivated Polio Vaccine (IPV). OPV offers several
key benefits over IPV, including community protection (it not only protects individuals but
also stops virus transmission), ease of use, early protection of newborns through maternal
antibodies, herd immunity, and broader immunity due to stimulation of innate immunity
that may protect against other viruses. He described the molecular bases of de-attenuation
of OPV, pointing out that only 3 mutations drive the initial path to virulence (2 in the
5’UTR and 1 in capsid protein VP1). Studies have revealed that mutations accumulate
fast post-vaccination, as soon as 14 days after vaccination with trivalent OPV, support-
ing a model in which an increase in fitness follows a defined evolutionary pathway [1].
RNA viruses, those replicating via an RNA-dependent RNA polymerase, exhibit high
mutation rates and frequent recombination. Insertions and deletions have a pivotal role in
virus evolution, emergence, and regulation of viral infection [2]. Genetic recombination
is frequent among human enteroviruses, including polioviruses, EV-A71, EV-D68, and
coxsackieviruses. These RNA viruses recombine both intra- and inter-specifically, facili-
tating the emergence of novel variants. Notably, recombination between attenuated OPV
strains and circulating non-polio enteroviruses, such as asymptomatic coxsackieviruses, can
generate circulating Vaccine-Derived Polioviruses (cVDPVs), representing a key obstacle to
polio eradication [3]. Indeed, both mutations and recombination play a central role in the
emergence of cVDPV, by replacement of viral sequences where attenuation determinants
map, with similar sequences generated de novo by mutations or by recombining with
co-circulating enteroviruses that do not possess attenuating determinants. The emergence
of cVDPVs, particularly from Sabin type 2 strains, poses a major challenge to global PV
eradication. To counteract these threats, the team directed by Prof. Andino has devel-
oped novel oral poliovirus vaccine type 2 (nOPV2) candidates incorporating polymerase
mutations and changes to an RNA structure that reduce evolutionary potential. In detail,
an RNA structure within the 5’UTR region involved in attenuation of virus replication in
neurons (domain V) was stabilized, the cis-acting replication element (cre) was relocated
to the 5’UTR, and two amino acid substitutions in the RNA polymerase were introduced
to improve fidelity. Clinical trials have demonstrated that nOPV2 is safe and immuno-
genic. Since March 2021, nOPV2 has been deployed in outbreak responses under the World
Health Organization’s Emergency Use Listing (EUL). Additionally, the WHO reported that
between March 2021 and December 2023, approximately 1.3 billion doses of nOPV2 were
administered across around 41 countries, in nearly 250 outbreak response campaigns. In
December 2023, nOPV2 received full licensure from Indonesia’s regulatory agency (Badan
POM) and achieved WHO Prequalification, marking a significant step toward broader
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use [4,5]. Future strategies for PV vaccine amelioration encompass rationally engineer-
ing live attenuated virus vaccines. The tissue-specific expression patterns of microRNAs
(miRNAs), and the RNA interference (RNAi) response can be exploited to control virus
replication in tissues where the virus can cause disease. Poliovirus strains engineered to
become the target of neuro-specific miRNAs have been shown to replicate in the central
nervous system and exhibit significantly attenuated neurovirulence, even though retaining
the ability to replicate in non-neuronal tissue. Notably, production of high levels of neu-
tralizing antibodies has been reported, confirming effective immune responses [6]. These
innovative strategies could contribute to the Polio Eradication program.

Figure 1. Session 1.

2.2. Session 2: Viral Pathogenesis and Diseases—Chaired by Fausto Baldanti and Giovanni
Giammanco (Figure 2)

With the lecture “Facing the Rising Dengue Challenges,” Prof. Luisa Barzon (De-
partment of Molecular Medicine, University of Padua, Italy) kicked off Session 2, “Viral
pathogenesis and diseases” of the SIV ISV 2025, demonstrating the critical issues that
have emerged in recent years related to the Dengue virus (DENV), even in countries with
temperate climates. The presentation offered a detailed review of the Dengue virus, from
its structure to its epidemic potential in Europe and Italy, including molecular, diagnostic,
epidemiological, environmental, and preventive features. DENV, which has four known
serotypes (DENV-1, DENV-2, DENV-3, and DENV-4), is the arbovirus (of the Flaviviridae
family) that causes dengue disease. The infection is transmitted to humans by mosquitoes
of the genus Aedes, whose vector species is Aedes aegypti, although transmission is now
attributable to the species Aedes albopictus, as well as japonicus and koreicus, invasive species
native to East Asia, which have spread to North America, Europe, and now also Italy.
Dengue fever is mainly endemic in Africa, Asia, and Central and South America, and
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DENV, like the Zika and Chikungunya viruses, is considered an emerging virus. De-
pending on the infecting serotype and its severity, the disease is usually divided into two
clinical manifestations: a more severe form in the case of secondary infections with DENV-1
serotype in a subject previously infected with DENV-2 or DENV-3, while uncomplicated
dengue generally shows mild symptoms. In her presentation, Prof. Barzon outlined the
biology of DENV, a positive RNA virus with an icosahedral capsid that acquires its en-
velope through budding from the endoplasmic reticulum (ER). The surface of the virion
contains the envelope glycoprotein E, whose mature conformation is responsible for the
recognition and binding of the virus to specific receptors on the surface of host cells (im-
mune cells and endothelial cells), triggering infection. The difference between mature and
immature viral particles is crucial, as only mature virions expose E protein epitopes that are
crucial for the development of vaccines targeting the synthesis of neutralizing antibodies.
Currently, there is no specific treatment for DENV, which is generally supportive based
on the severity of clinical manifestations, but since 2022, a live/attenuated tetravalent
vaccine that protects against all DENV serotypes (TAK-003 or DENVax, sold under the
brand name Qdenga) has been available in Europe and parts of the world, excluding the
US [7]. This vaccine is 61% effective in preventing infection and 84% effective in preventing
hospitalizations, with an expected coverage of 7–10 years. In non-endemic settings, a
multimodal diagnostic approach is recommended to detect the non-structural protein NS1
and viral RNA by RT-PCR during the acute phase (~7–10 days). Thanks to the presence
of IgM and IgG, serological testing guides the diagnosis, which is confirmed by PRNT,
especially in the presence of suspected cross-reactivity with other flaviviruses such as
West Nile virus (WNV), since in co-circulating contexts or in populations with previous
infections or vaccines directed against other flaviviruses, standard serological methods
can generate false positives [8]. A central section was devoted to climate change and the
geographic expansion of Aedes albopictus, encouraged by global tourism, which has led to an
increased risk of dengue in temperate countries. In 2024, 693 cases were confirmed in Italy,
of which 213 were autochthonous, two and a half times more than in the previous year. The
systematic review conducted by Cattaneo et al. 2025 also showed a 25% annual increase in
local arbovirus transmission [9]. Prof. Barzon then listed the autochthonous outbreaks that
occurred in Italy: in 2020 in Vicenza (DENV-1), in 2023 in Rome and Lombardy (DENV-1
and DENV-3) [10,11], and the 2024 outbreak in Fano (DENV-2) with 199 cases [12], demon-
strating a progressive tropicalization of the territory that favors the sustained transmission
of DENV, historically typical of tropical areas [13]. In fact, epidemiological-entomological
analyses have shown that in Italy, the potential for transmission of the infection is R0 ≈ 1.3
and that approximately 90% of secondary transmissions occurred within 500 m of the source
of the outbreak, thus supporting the idea that targeted interventions at the local level can
limit and potentially block the spread of the virus by directly attacking the vector. Finally,
Prof. Barzon highlighted the recent strengthening of European laboratory infrastructure
with the establishment of the EURL PH VBV (EU Reference Laboratory for Public Health on
Vector-borne Viral Pathogens), a European reference laboratory that has been operational
since 1 January 2025, and is coordinated by the RIVM in the Netherlands. The goal of this
laboratory is to provide accurate and rapid diagnosis across Europe, standardize laboratory
techniques, and improve the overall capacity to respond to arbovirus threats. Finally, Prof.
Barzon’s lecture demonstrated that Dengue is no longer a threat limited to tropical areas
and that the succession of confirmed epidemics in Italy requires a multisectoral response
that integrates molecular, entomological, and vaccine approaches to enable virologists to
respond rapidly and effectively to future dengue challenges in Europe.

In the same Session 2, Prof. Maria Rosaria Capobianchi (Department of Infectious,
Tropical Diseases and Microbiology, IRCCS Sacro Cuore Don Calabria Hospital, Italy)
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presented a Lecture titled “Ebola as a paradigm of deadly virus pathogenesis”. The Ebola
virus (EBOV) is a paradigmatic model for the study of lethal viral pathogenesis because of
its high mortality rate, which can reach 90%, and systemic involvement of vital organs like
the spleen, liver, kidney, and vascular system. Near the Ebola River, which gives the disease
its name, in the Democratic Republic of the Congo, Ebola viral disease (EVD) was initially
identified in 1976. Interhuman spread happens when infected people’s blood, secretions,
organs, or other bodily fluids come into direct touch with humans, while transmission
to humans happens when humans come into contact with wild animals including fruit
bats, porcupines, and nonhuman primates, while interhuman spread occurs through direct
contact with blood, secretions, organs, or other bodily fluids of infected individuals, or
through surfaces contaminated with such fluids [14]. There is not any proof of aerogenic
transfer between people as of yet. According to pathogenetic theory, the infection initially
affects dendritic cells and monocytes/macrophages before moving on to the liver, spleen,
lungs, and central nervous system. The cytokine storm causes “bystander” death in
lymphocytes, but necrosis and vacuolization in infected cells compromise the immune
response. According to Schieffelin et al. (2014), hemorrhagic signs are very uncommon, but
common clinical symptoms include fever above 38 ◦C, vomiting, and diarrhea, all of which
are frequently linked to an unfavorable outcome [15]. In individuals who have passed away,
metabolic acidosis, electrolyte abnormalities, and septic shock are commonly noted. The
significance of early and focused treatment based on rehydration, metabolic monitoring,
and prompt injection of antivirals and monoclonal antibodies was underlined by Prof.
Capobianchi. In a study conducted by Colavita and colleagues (2019) on 44 patients,
it was observed that in deceased subjects, viremia was associated with a pronounced
inflammatory response, with increased CSF1, IL-6, CXCL1 and CCL2, while in survivors
there was an early antibody response, with IgM and IgG production within the first 12 days,
associated with control of viral replication [16]. These data underline the critical role of the
balance between humoral response and containment of the cytokine storm. An important
finding that emerged during the 2014–2016 outbreak in West Africa concerns the persistence
of viral RNA in body fluids. In some cases, the virus was isolated from infected cells up
to 82 days after clinical onset [17], while viral genetic material was detected up to more
than 500 days after the end of infection. Such persistence has facilitated documented
episodes of symptomatic reactivation and secondary transmission, confirming that EBOV
can persist in immunoprivileged sites, such as the eye, testes, and central nervous system,
with the risk of reactivation of infection or delayed sexual transmission. A key aspect of the
presentation was the virus’s ability to remain active in survivors; indeed, in patients with
post-Ebola uveitis, the virus could be isolated from the ocular fluid (aqueous humor), while
in subjects with post-acute meningitis, EBOV was detected in the cerebrospinal fluid [18].
These data suggest that the disease does not necessarily occur following new exposure
but can emerge from endogenous viral reservoirs. Next, Prof. Capobianchi described
in detail the main pathogenetic mechanisms of the virus: direct damage caused by viral
replication, responsible for systemic dissemination and activation of the inflammatory
response (with production of TNF-α, IL-1, IL-6, and MIP-1α/β); vascular damage, due to
loss of endothelial integrity, coagulopathy, and development of disseminated intravascular
coagulation; and finally, the ability of the virus to evade the immune system. Clinical data
obtained on two Italian EVD patients treated at INMI Spallanzani [19] showed a novel
immunopathogenic mechanism induced by EBOV. Early CD4+ cell depletion, accompanied
by massive T-cell activation, with increased expression of the depletion marker PD-1
and reduced IFN-γ production, was observed in infected subjects. Gradual recovery of
immune function occurred only in the convalescent phase. Finally, Prof. Capobianchi
highlighted three key aspects that emerged from the study of EBOV infection: (i) the active
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nature of viral persistence, as opposed to the classical concept of latency; (ii) the need for
long-term monitoring of survivors, especially in immunoprivileged compartments and
well beyond the acute phase; and (iii) the related public health implications, as survivors
can serve as reservoirs for the virus’s reemergence and trigger new epidemics, making
clinical, virological, and sexual follow-up essential. In conclusion, the Lecture offered
an integrated and up-to-date view of EBOV as a model of high-lethality viral infection.
Combining molecular biology, clinical data, and recent epidemiological observations, Prof.
Capobianchi demonstrated how the knowledge gained from the study of Ebola is critical to
address future emerging viral epidemics.

Figure 2. Sessions 2 and 3.

2.3. Session 3: Plant Virology—Chaired by Emanuela Noris and Luisa Rubino (Figure 2)

The “Plant Virology” session opened with a talk by Prof. Stéphane Blanc (PHIM,
Université Montpellier, IRD, CIRAD, INRAE, Institut Agro, France) on multipartite viruses,
which represent one of the most intriguing and conceptually challenging architectures in
virology. In these systems, the viral genome is divided into multiple nucleic acid segments,
each encased in a separate particle, so that the complete genetic information can only
be reconstituted at the population level. Classical theoretical models predict that as the
number of genome segments increases, the probability of all of them being transmitted
together to a new host becomes extremely small, rendering such viruses nonviable [20].
Considering this evidence, multipartite viruses represent nearly a fifth of all known viral
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species, suggesting the existence of evolutionary strategies that compensate for the inherent
risks of genome fragmentation [21,22].

In this context, Stéphane Blanc and his team have undertaken an elegant experimental
exploration of multipartite activity using a nanovirus with eight genomic segments. Their
results reveal that the relative abundance of viral segments varies depending on the host
plant, suggesting a mutation-free transcriptional regulation mechanism through gene
dosage. The results highlight an unexpected level of flexibility in the control of gene
expression among multipartite viruses [23]. Even more strikingly, the study demonstrates
that spatial colocalization of all genome segments within a single cell is not a mandatory
requirement for viral functionality. Instead, distinct genes can act cooperatively at the
supracellular level, allowing the virus to maintain systemic infectivity even when individual
cells contain incomplete genome sets [23].

Equally innovative is the observation that natural transmitters of nanoviruses (aphid
vectors) do not need to acquire all genome segments simultaneously. Different segments can
be acquired separately from distinct infected plants, either by a single vector in successive
feeding events or by multiple vectors and subsequently reassembled into a complete and
functional genome in a new host. This finding suggests a remarkable adaptive capacity in
virus-vector interactions, potentially involving mechanisms that increase the likelihood of
genome reconstitution despite spatial and temporal separation of viral segments.

2.4. Session 4: Virus–Host Interactions—Chaired by Arianna Calistri and Giorgio Gribaudo
(Figure 3)

The session “Virus-Host Interactions” started with Prof. Wolfram Brune (Leibniz Insti-
tute of Virology, Hamburg, Germany), who held a lecture on “Apoptosis, necroptosis, and
pyroptosis: many ways for a cell to die and for a virus to interfere” in which he reminded
the audience of apoptosis, necroptosis, and pyroptosis as three important programmed
cell death modalities (PCD). Particularly, he focused on the different signaling pathways
involved in inflammation and in programmed cell death [24], with attention on the well-
known and studied Cytomegaloviruses (CMVs). Regarding this, Prof. Brune summarized
how human and murine CMVs interfere with cell death in many ways [25]. Particularly,
he described that viral inhibitor of caspase-8-induced apoptosis (vICA) M36 and UL36 in
MCMV and HCMV, respectively, inhibit extrinsic apoptosis by blocking Caspase-8 acti-
vation; while viral mitochondrial inhibitor of apoptosis (vMIA) and viral inhibitor of Bak
oligomerization (vIBO) inhibit intrinsic apoptosis by blocking BAX and BAK activation.
MCMV inhibits necroptosis by blocking RHIM-dependent RIPK3 activation, while HCMV
inhibits necroptosis by blocking MLKL activation. Finally, MCMV inhibits pyroptosis by
interacting with the inflammasome.

The second speaker, Prof. Mirko Cortese (Department of Environmental, Biological
and Pharmaceutical Sciences and Technologies, University of Campania Luigi Vanvitelli,
Italy) held a lecture on “Molecular architects: how +RNA viruses restructure the cell”,
in which he explained the capability that positive-sense single-stranded RNA (+RNA)
viruses possess to remodel the host endomembrane system during infection. The virus
must have an environmental system for viral replication. Particularly, he described the
most striking among the alterations induced by the infection of +RNA viruses, represented
by the formation of the viral replication organelle (RO), a specialized membrane-delimited
organelle where the viral genome replication takes place [26]. In this regarding he showed
that the remodeling of the host cells might contribute to the cytopathogenic effect observed
during SARS-CoV-2 infection. In fact, there are two morphotypes of viral replication
organelles: an invaginated spherule and a double-membrane vesicle. Using a CryoEM, he
analyzed the density of the viral proteins that act as a pore or a platform for the recruitment
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of other structural proteins in the vesicle lumen to study the remodeling, also in the Zika
virus and other flaviviruses.

Figure 3. Session 4.

2.5. Session 5: Structural Virology and Biotechnology—Chaired by Massimiliano Galdiero and
Anna Luganini (Substituting for Giuseppe Portella) (Figure 4)

The session “Structural virology and biotechnology” started with the lecture “Virus
vectored genetic vaccines: what have we learnt from pre-clinical and clinical experience”
delivered by Prof. Alfredo Nicosia (Department of Molecular Medicine and Medical
Biotechnologies, University of Naples Federico II, Italy). Prof. Nicosia opened by fram-
ing viral vectors as now-mature platforms for genetic vaccination, whose development
accelerated markedly during the COVID-19 pandemic. He reviewed the biological and en-
gineering features that determine vector performance, comparing adenoviral and poxviral
(notably MVA) systems [27–29]. For adenoviral vectors, he highlighted strong single-dose
immunogenicity, robust induction of both neutralizing antibodies and CD8+ T cells, and
discussed how preexisting anti-adenovirus immunity and vector persistence complicate
booster strategies and have driven the adoption of heterologous prime-boost regimens [30].
Turning to poxvirus-derived vectors, Prof. Nicosia emphasized the exceptional safety
profile of replication-deficient platforms such as MVA and their capacity to elicit potent
cellular immunity, making them well-suited for prime-boost combinations and cancer
vaccine applications. He reviewed preclinical data demonstrating how vector backbone
choice, capsid or envelope modifications, promoter selection, and antigen design (full-
length versus engineered immunogens) modulate antigen expression kinetics, antigen
presentation, and the balance of humoral versus cellular responses.

Prof. Nicosia described rational vector engineering approaches his group has pur-
sued: attenuation strategies to minimize reactogenicity, capsid and transgene cassette
optimization to enhance dendritic-cell targeting and cross-presentation, and use of molec-
ular adjuvants encoded within vectors to shape innate signals. He illustrated how route
of administration and formulation influence tissue tropism and mucosal versus systemic
immunity, citing preclinical models where intranasal or intramuscular delivery produced
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distinct immunoprofiles [31,32]. Prof. Nicosia reviewed clinical experience, stressing that
trials of adenoviral-vectored COVID-19 vaccines validated many preclinical predictions
on efficacy, safety, and logistic advantages while also revealing rare but important adverse
events that necessitate refined screening and risk mitigation. He discussed MVA-based
candidates’ favorable tolerability and pronounced T-cell readouts in clinical studies, not-
ing their particular promise for therapeutic cancer vaccination [33,34]. Importantly, he
summarized evidence from oncology trials where viral vectors, used alone or combined
with immune checkpoint inhibitors, induced tumor-specific T-cell responses and, in several
cases, early signals of clinical activity [35]. He also discussed strategies to circumvent
anti-vector immunity, including the use of rare human or non-human serotypes, capsid
chimerization, and heterologous prime-boost regimens, all supported by both preclinical
and clinical data.

In conclusion, Prof. Nicosia presented a balanced synthesis: decades of preclinical
and clinical work, culminating in the pandemic-era deployments, confirm adenoviral
and poxvirus vectors as mature, adaptable vaccine platforms. Continued engineering,
improved manufacturing, and better integration with immunomonitoring and combination
therapies, he argued, will further expand their role across infectious disease prevention
and cancer immunotherapy.

The presentation by Prof. Ignacio Fernández (Institut Pasteur, Université Paris Cité,
Unité de Virologie Structurale, France) reported high-resolution structural and functional
studies that illuminate how foamy virus (FV) envelope glycoproteins mediate receptor
engagement and membrane fusion, with implications for viral evolution and vector de-
sign. Prof. Fernández began by contextualizing FVs as ancient spumaretroviruses with
distinctive molecular biology relative to orthoretroviruses (e.g., HIV) and noted their
endemicity in non-human primates and zoonotic potential, features that may encour-
age their development as gene-therapy vectors [36,37]. Despite extensive knowledge of
HIV Env, the FV Env architecture and fusion mechanism remained poorly characterized.
The group led by Fernandez solved the first crystal structure of an FV receptor-binding
domain (RBD), revealing a novel two-subdomain fold; structure-guided mutagenesis iden-
tified specific RBD residues required for binding to heparan-sulfate and for infectivity
in cell-based assays, establishing the molecular determinants of initial attachment [38].
Complementary cryo-EM single-particle analyses yielded high-resolution reconstructions
of the Env ectodomain in both pre-fusion and post-fusion conformations; these struc-
tures defined inter-subunit contacts and intramolecular interactions that stabilize Env in a
metastable pre-fusion state and traced the large-scale rearrangements that drive membrane
merging [36]. Strikingly, comparative structural analyses disclosed unexpected homology
between FV Env and fusion glycoproteins from phylogenetically distant virus families,
including pneumoviruses, paramyxoviruses, and coronaviruses—suggesting convergent
or ancient evolutionary relationships among viral fusogens and highlighting shared mech-
anistic principles of membrane fusion [39]. This observation supports maintaining FVs
in a distinct retroviral subfamily while revealing broader structural parallels relevant to
classification and mechanistic inference.

Prof. Fernández emphasized how the structural snapshots clarify potential targets
to block entry and reduce zoonotic risk [38]. Methodologically, the combination of X-ray
crystallography for the RBD and cryo-EM SPA for full ectodomain assemblies illustrated a
powerful pipeline for dissecting envelope glycoprotein dynamics [36,38]. In conclusion,
the talk described pre- and post-fusion architectures that explain fusion activation and
reveal broader evolutionary connections. These findings advance basic understanding of
an ancient retroviral fusogen and provide actionable insights for therapeutic vector design,
entry inhibitors, and future structure-function studies.
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Figure 4. Sessions 5 and 6.

2.6. Session 6: Diagnostics in Human Virology—Chaired by Guido Antonelli and Cristina Costa
(Figure 4)

Prof. Ombretta Turriziani (Department of Molecular Medicine, University of Rome
“La Sapienza”, Italy) held a lecture on “Update on diagnosis and monitoring of chronic
persistent infections”.

In her keynote lecture, Prof. Turriziani gave an update on the evolution of diagnostic
and monitoring strategies for persistent chronic viral infections, such as those established
by HIV, HBV, and HCV. These viral infections are characterized by viral reservoirs, consist-
ing of infected cells or viral genetic material that persists despite antiviral therapy, thus
influencing long-term clinical outcomes for patients.

In recent decades, diagnostic virology laboratories underwent profound transforma-
tions driven by the introduction of advanced molecular technologies, the development
of novel antiviral agents, and the growing need for detailed information concerning viral
load, virus genotypes, and antiviral resistance.

The lecture traced the shift from canonical serological testing—such as ELISA and West-
ern Blot—to more sophisticated molecular methodologies. In the past, methods including
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PCR, quantitative PCR, and nucleic acid testing have allowed for earlier and more sensitive
detection of HIV RNA. However, recent innovative techniques—such as CRISPR-based
diagnostics, biosensor platforms, and lab-on-a-chip systems—further enhance rapidity.

The quantification of plasma HIV-RNA is essential for clinical monitoring of patients;
nevertheless, HIV-DNA represents a marker of viral reservoir. Digital droplet PCR has
significantly improved the ability to detect residual viremia, although its routine clinical
use is constrained by cost, technical complexity, and limited throughput. While the next-
generation sequencing approach provides precious insights into minority drug-resistant
quasi-species, this approach still has to overcome barriers related to cost, infrastructure,
and the need for standardized data interpretation.

For HBV infection, standard markers including HBsAg, anti-HBc, HBeAg, anti-HBe,
and HBV-DNA are of high importance for diagnosis and follow-up of patients. However,
these markers are not always able to fully predict the disease progression or therapeutic
outcomes. Recently, new biomarkers have proved to be useful for a more exhaustive picture
of viral activity. For instance, HBsAg isoforms may represent a promising predictor of
the probability to achieve successful cure, even if current analytical limitations preclude
routine implementation; HBV core-related antigen may describe the activity of intrahepatic
covalently closed circular DNA (cccDNA), also when HBV-DNA in plasma is undetectable,
thus HBcrAg is emerging as a marker for monitoring treatment response, predicting relapse,
and assessing the risk of liver disease progression; serum HBV-RNA, reflecting active
transcription from cccDNA, may represent a promising non-invasive marker of the viral
reservoir. Integrated HBV-DNA represents the main contributor to HBsAg production and
is implicated in hepatocarcinogenesis. However, its detection requires complex techniques,
thus being inapt for routine diagnostics.

The lecture highlighted the need for the introduction of emerging technologies into
the healthcare system, along with closer cross-disciplinary collaboration between clinicians
and diagnostic virologists.

In conclusion, the diagnosis and monitoring of persistent chronic viral infections are
rapidly evolving. The advances achieved represent an important step forward in chronic
viral management. These changes are crucial for infection control, thus enabling earlier
identification of patients at higher risk of complications, prediction of treatment response,
and accurate monitoring of viral reservoirs, thus paving the way for new therapeutic
strategies aimed at reaching a successful cure or viral suppression.

2.7. Session 7: SIV-ISV/AMCLI Joint Session: The New Frontiers of Virus Sequencing—Chaired
by Rossana Cavallo and Tiziana Lazzarotto (Figure 5)

The Joint Session entitled “The New Frontiers of Virus Sequencing” opened with the
plenary lecture “Genomics on Human Respiratory Viruses: SARS-CoV-2, Influenza, RSV”
delivered by Prof. Paola Stefanelli (Department of Infectious Diseases, Istituto Superiore di
Sanità, Italy). Prof. Stefanelli provided an overview of the major applications of genomic
sequencing in respiratory virus research, emphasizing its pivotal role in identifying genetic
variations and host factors that influence viral infectivity and pathogenesis. She highlighted
how genomic surveillance enables real-time monitoring of viral evolution, the emergence
and spread of new lineages, and the assessment of public health interventions. Particular
attention was devoted to the importance of early genomic warning signals for anticipating
outbreaks and designing rapid countermeasures. Using SARS-CoV-2 as a paradigmatic
example, Prof. Stefanelli illustrated how the analysis of mutational patterns and the tracking
of variants associated with increased transmissibility or immune escape have allowed
scientists to integrate genomic and epidemiological data for effective surveillance. This
approach is especially crucial for viruses with high mutation rates, such as influenza. Due to
frequent recombination and reassortment events, influenza viruses undergo antigenic drift
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and shift, requiring dedicated surveillance systems. In Italy, the Respivirnet Flu Network,
coordinated by ISS, involves 27 laboratories across the country and is supported by the I-Flu-
Gen genomic platform for infectious disease surveillance. This infrastructure continuously
monitors the circulation of influenza and other respiratory viruses with pandemic potential,
characterizing their genetic and antigenic diversity to inform annual vaccine updates. Prof.
Stefanelli also discussed the need for an effective genomic surveillance for the respiratory
syncytial virus (RSV), a leading cause of hospitalization in infants under one year of
age. Given that different RSV genotypes are associated with distinct clinical profiles,
whole-genome sequencing—beyond the diagnostic assessment of the F and G genes—is
essential to track viral evolution and guide timely preventive measures. In conclusion, Prof.
Stefanelli underscored that robust technical methodologies, adequate personnel training,
and adherence to best practices for data sharing and transparency are fundamental to
ensuring accurate detection and interpretation of viral mutations. These elements are
indispensable for maintaining an effective and trustworthy genomic surveillance system
capable of responding rapidly to emerging and potentially harmful viral lineages.

Figure 5. Session 7.

2.8. Session 8: Viruses and Cancer—Chaired by: Marisa Gariglio and Aldo Venuti (Figure 6)

The session “Virus and Cancer” was attended by Prof. Nicole Fisher (Institute of
Molecular Virology and Tumor Virology, Hamburg, Germany), who discussed “Merkel
cell polyomavirus infection and persistence modelled in skin organoids”. She studied this
virus, which represents one of the few known human tumor viruses. Due to its direct role
in the development of this skin cancer, it is an excellent model for viral tumorigenesis and
tumorigenesis in general. Specifically, using a system of skin organoids (SkO) derived
from induced pluripotent stem cells (iPSCs) and covered with hair, he demonstrated that
they could support viral infection to prove the effectiveness of infection, progression, and
long-term persistence [40,41]. Finally, this infection model has enabled us to understand
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the interactions between viruses and the immune system during infection, test treatment
strategies to control reactivation, and map the processes involved in tumor development.

The last guest speaker, Prof. Tim Waterboer (Infections and Cancer Epidemiology,
German Cancer Research Center, Heidelberg, Germany) gave a lecture entitled “HPV16
serology-based screening and early diagnosis of HPV-induced oropharyngeal cancer.”
After describing the global incidence rate trend, he explained how serological detection of
antibodies against HPV16 early proteins, particularly E6, represents a promising strategy
for identifying people at risk of HPV-related oropharyngeal cancer (HPV-OPC) [42]. In this
context, he highlighted the biological and clinical relevance of HPV16 E6 antibodies, which
can appear years before the development of cancer. He reported that solid prospective
evidence has been provided that HPV16-E6 seropositivity, although rare in the general
population (<1%), is highly predictive of subsequent HPV-OPC, with a risk of up to 25%
in 10 years in men [43] in addition to the fact that HPV16 can successfully detect early
and asymptomatic cases of HPV-OPC [44], demonstrating that population-based screening
using HPV16 serology can successfully detect early and asymptomatic cases of HPV-OPC.
Finally, it showed that HPV16-E6 antibodies have high specificity and long-term stability,
making them ideal for risk stratification and targeted surveillance, offering a powerful
opportunity for secondary prevention and early detection of HPV-driven oropharyngeal
cancer, potentially shifting diagnosis toward earlier, more curable stages.

Figure 6. Sessions 8 and 9.
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2.9. Session 9: Zoonosis and Viral Infections in Animals—Chaired by Vito Martella and Gabriele
Vaccari (Figure 6)

Prof. Barbara Colitti (Department of Veterinary Sciences, University of Turin, Italy) re-
viewed the biology, epidemiology, and evolutionary history of small ruminant lentiviruses
(SRLVs), highlighting their global distribution and long-term impact on goat and sheep
health and productivity. Emphasis was placed on the multisystemic disease spectrum,
pneumonia, encephalitis, mastitis, arthritis, and wasting that SRLVs induce and on the so-
cioeconomic burden for intensive dairy systems, where close contact favors horizontal and
vertical transmission. Prof. Colitti traced the viruses’ dissemination through both modern
trade and ancient domestication routes, arguing that the current phylogeographic structure
reflects millennia of host movement from the Fertile Crescent into Europe and North Africa.
Molecular phylogenetics reveals extensive genetic and antigenic heterogeneity driven by
high reverse transcriptase mutation rates, recombination, and host-movement patterns [45].
Mediterranean populations show particularly complex histories characterized by multiple
introductions and recombination hotspots. This genetic plasticity undermines diagnos-
tic performance; in fact, Prof. Colitti highlighted cases where divergent or recombinant
strains escape standard serological and PCR assays due to mutations in immunodomi-
nant epitopes, producing false negatives and complicating control. Drawing on her own
work, Prof. Colitti outlined advances in molecular surveillance, including sequence-based
typing and quasi-species analyses that improve detection of divergent lineages and track
recombination events.

Prof. Colitti concluded by underlining research priorities: expanded genomic surveil-
lance with open, shared sequence databases; development of broadly reactive diagnostics
and standardized classification schemes; studies on host genetic resistance and immune
correlates. Prof. Colitti highlighted that only by integrating evolutionary, molecular, and
field epidemiology can durable, context-appropriate SRLV control be achieved [46,47].

The second invited speaker of the session, Dr. Ilaria Di Bartolo (Department of Food
Safety, Nutrition and Veterinary Public Health, Unit of Emerging Zoonoses, Istituto Supe-
riore di Sanità, Italy), reviewed hepatitis E virus (HEV) biology, epidemiology, and food-
safety implications with emphasis on genotype 3 (HEV-3) as a zoonotic threat in Europe.
Dr. Di Bartolo summarized surveillance and source-attribution data showing domestic
pigs and wild boar as principal reservoirs, and documented outbreaks and sporadic human
cases linked to consumption of raw or undercooked pork liver products and wild game [48].
She reported the widespread detection of HEV RNA and high seroprevalence across the
swine production chain—on farms, at slaughterhouses, and in retail pork products (liver,
sausages, pâtés), highlights the pervasive contamination risks in the food supply. Dr. Di
Bartolo highlighted methodological advances enabling recent progress: validated molecular
assays for detection, sequencing for phylogeographic tracing, and, crucially, the advent of
robust cell-culture systems that permit viral infectivity assessment [49]. Using these culture
systems, evidence has shown that HEV-3 can survive common food-processing conditions,
displaying partial resistance to heating, tolerance to prolonged freezing, and persistence
at ambient storage [50], thereby refining risk assessments for culinary practices involving
raw or minimally processed pork products. She further emphasized genotype-dependent
disease severity, noting that immunocompromised patients and those with underlying liver
disease are at particular risk of chronic infection and severe outcomes.

Dr. Di Bartolo concluded that HEV-3 represents a paradigmatic One Health pathogen:
its control requires molecular epidemiology, infectivity assays, coordinated surveillance, and
pragmatic interventions throughout the food chain [51]. Continuous monitoring, improved
diagnostics, and cross-sector collaboration, she argued, are essential to reduce zoonotic trans-
mission and prevent human cases linked to contaminated pork and wild game products.
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2.10. Session 10: Antiviral Therapy—Chaired by David Lembo, Mauro Pistello, and Enzo
Tramontano (Figure 7)

The plenary Session 10 devoted to “Antiviral Therapy” was opened by the Lecture
of Prof. Pierre-Olivier Vidalain (CIRI, Centre International de Recherche en Infectiolo-
gie, Université Claude Bernard Lyon 1, France). Prof. Vidalain clearly illustrated how
fundamental cellular metabolism is in the context of viral infections and the potential
therapeutic strategies involved. Over the past decade, findings from metabolomics studies
have revealed how viruses are able to significantly alter host cell metabolism. Indeed, they
activate metabolic pathways such as glycolysis, lipogenesis, and NAD(H) synthesis to
ensure the energy and precursors needed for effective viral replication [52]. To overcome
the drawbacks of the present direct antiviral medicines (DAAs), Prof. Vidalain noted that fo-
cusing on cellular metabolism may be a viable approach for the creation of broad-spectrum
antivirals, concentrating especially on: (i) metabolic enzymes, (ii) metabolic pathways, and
(iii) metabolites that are thought to be antiviral agents. Acute infection-causing viruses
like Dengue, Influenza, and SARS-CoV-2, as well as chronic infection-causing viruses
like HBV and HCV, require particular metabolic pathways to aid in their reproduction.
Hexokinase 2 (HK2), one of the essential enzymes of glycolysis, is directly bound by the
HCV viral protein NS5A, which increases its activity [53,54]. This binding promotes the
development of viral lipo-viroparticles by facilitating the uptake of glucose, the synthesis
of lactate, and the process of lipogenesis. Concurrently, the PI3K/Akt and JNK pathways
also promote gluconeogenesis, and the transcription factors FoxO1 and HNF-4α facilitate
the upregulation of PEPCK and G6Pase. Acute viruses, including Dengue, Influenza, and
SARS-CoV-2, exhibit a similar behavior, early activation of both lipid and glycolysis path-
ways. In the particular instance of Dengue, the regulatory protein GCKR, which typically
suppresses glucokinase (GCK), interacts with the viral protein NS3 to increase hepatic
glycolysis. The activation of GCK by the binding of NS3 to GCKR promotes glycolysis
and the NAD(H) pathway, offering a promising pharmaceutical avenue to combat viral
infections [55]. Prof. Vidalain pointed out that targeting cellular metabolism could be a
promising strategy for the development of broad-spectrum antivirals, overcoming the limi-
tations of current direct antiviral therapies (DAAs). Specifically focusing on: (i) enzymes
involved in metabolism, (ii) metabolic pathways, and (iii) metabolites understood as an-
tiviral agents. Viruses responsible for acute infections, such as Dengue, Influenza, and
SARS-CoV-2, as well as those causing chronic infections such as HBV and HCV, exploit
specific metabolic pathways to facilitate their replication. A significant example is HCV
viral protein NS5A, which binds directly to hexokinase 2 (HK2), one of the key enzymes
of glycolysis, increasing its activity [54]. This binding facilitates glucose uptake, lactate
production, and lipogenesis, events that contribute to viral lipo-viroparticle formation.
Simultaneously, gluconeogenesis is also stimulated via the PI3K/Akt and JNK pathways,
with increased expression of PEPCK and G6Pase mediated by the transcription factors
FoxO1 and HNF-4α. A similar phenomenon is observed in acute viruses: Dengue, In-
fluenza, and SARS-CoV-2, which activate both glycolysis and lipid pathways early. In
the specific case of Dengue, hepatic glycolysis is enhanced by an interaction between the
viral protein NS3 and the regulatory protein GCKR, which normally inhibits glucokinase
(GCK). The binding between NS3 and GCKR activates GCK, thereby promoting glycolysis
and the NAD(H) pathway, providing an interesting pharmacological opportunity to act
against viral infections [55]. Viruses such as HBV and Vaccinia also manipulate NAD(H)
metabolism, altering redox levels and synthesis of nucleic acids and lipids. This has
sparked growing interest in cell–host-targeted antivirals (HTAs): instead of directly tar-
geting the virus, these therapies modulate metabolic pathways exploited by the pathogen,
resulting in broad-spectrum effects and reducing the risk of resistance. Some examples
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of HTAs include: 6-Aminonicotinamide (6-AN), which inhibits the pentose-phosphate
pathway; FK866, which blocks NAD+ synthesis [56]; FXR agonists such as vonafexor and
GW4064, which modify hepatic lipid metabolism and hinder HBV replication; and BEZ235,
a dual inhibitor of PI3K/mTOR, which has been shown to significantly reduce influenza
virus infectious particles but does not interfere with the early stages of infection [57]. An-
other novel approach is to use the metabolites as antivirals, such as succinate, which has
shown strong activity against influenza A virus (strains A/H1N1 and A/H3N2), reducing
metabolic changes and inflammatory responses related to viral infection. This metabolite
induces post-translational succinylation of the viral nucleoprotein (NP) on residue K87,
thereby modifying electrostatic interactions with RNA and hindering trafficking of viral
ribonucleoprotein complexes [58]. Screening metabolism-oriented compound libraries has
also led to the discovery of novel antiviral molecules, such as molidustat, which acts on
prolyl-hydroxylases (PHDs) that in turn degrade the transcriptional factor HIF-α, thereby
modulating key metabolic pathways (glycolysis, lipogenesis, nucleotide biosynthesis) con-
trolled by HIF-α for viral replication. Although antiviral HTAs may have a wide range of
action with less risk of resistance emergence, a more potent therapeutic approach could
rely on the synergistic combination of DAAs, which directly target the virus, and HTAs,
which act on the cellular metabolic environment. This duplicity not only reduces the risk
of resistance development but also provides effective protection against emerging viral
variants or strains, representing a significant advance in antiviral therapy.

Figure 7. Session 10.

2.11. Session 11: Emerging and Re-Emerging Viruses—Chaired by Francesca Caccuri and
Clementina Cocuzza (Figure 8)

Prof. Carlo Federico Perno (UniCamillus University—International Medical Univer-
sity, Italy; Microbiology Unit, IRCCS Ospedale Pediatrico “Bambino Gesù”, Italy) held a
lecture on “Re-emerging viruses: a journey between pathogens and humans”.

In his keynote lecture, Prof. Perno provided an overview of emerging and re-emerging
viral infections, with particular attention to their epidemiology, clinical implications, and
diagnostic approaches.
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A central subject in his lecture was the multifactorial nature of viral emergence. The
COVID-19 pandemic generated alterations in the immunity of the population, which,
together with environmental dynamics and pathogen evolution, have contributed to the
reshaping of viral circulation patterns. This phenomenon can be exemplified by the atypical
off-season peaks of human metapneumovirus (hMPV) observed between 2021 and 2023,
soon after the reduction in pandemic mitigation measures [59].

Also, Bordetella pertussis underwent a marked resurgence in 2024 after several years of
minimal circulation [60]. Prof. Perno discussed how pediatric surveillance data from the
Bambino Gesù Children’s Hospital revealed a marked increase in positive tests accompa-
nied by a high incidence of respiratory co-infections, suggesting intricate viral–bacterial
interactions within the respiratory ecosystem.

Among the re-surged infections, the theme of parvoviruses has been discussed. In
2023–2024, an uncommon increase in Parvovirus B19 infections has been reported in several
European countries [61]. At the Bambino Gesù Children’s Hospital, the incidence of Par-
vovirus B19 infections increased considerably during 2024. These infections were associated
with severe disease manifestations—including myocarditis, encephalitis, and hematologic
abnormalities—with some requiring extracorporeal support. The most circulating geno-
type, as assessed by viral genomic characterization, revealed the exclusive circulation of
genotype 1A with low intra-population variability, thus supporting the hypothesis that the
epidemiological surge was most likely driven by population dynamics rather than viral
genetic diversification [62,63].

Also, infections caused by human adenoviruses (HAdV) were deeply considered
due to their clinical relevance in immunocompromised populations. The emergence of
recombinant HAdV variants is facilitated by their ability to establish latency within mucosa-
associated lymphoid tissues, combined with frequent recombination events in capsid and
immune-modulatory genes. The recombinant variants are of particular importance be-
cause they exhibit altered tissue tropism and virulence. This event is exemplified by the
recombinant strain HAdV-B55, which possesses enhanced replication in respiratory ep-
ithelial cells and increased pathogenic potential as compared with its parental strains [64].
Since viral genotype distribution differs between immunocompetent and immunocom-
promised pediatric patients, it is of particular importance to apply genotype-informed
risk stratification.

Prof. Perno also stressed the increasing importance of advanced molecular diagnostics,
in particular, metagenomic next-generation sequencing (mNGS). Different from targeted
PCR-based assays, mNGS allows unbiased detection of all microbial nucleic acids present
in a sample, allowing the identification of unpredicted or novel pathogens, the characteri-
zation of microbial populations, and the definition of transmission clusters. Literature data
showed the powerful mNGS diagnostic support, as attested by the detection of Aspergillus
oryzae in a child with persistently negative conventional microbiological tests [65–67].

Finally, the integration of artificial intelligence into clinical microbiology has been
discussed as an evolving and ground-breaking edge. It provides automated colony quan-
tification, pathogen classification, resistance prediction, and high-throughput analysis of
genomic datasets, thus enhancing diagnostic accuracy and laboratory efficiency.

In conclusion, the lecture highlighted the urgent need for a drastic change in pathogen
surveillance and diagnostics. Moving from the limited investigations of presumed
pathogens, it is fundamental to adopt strategies able to detect the unexpected. Metage-
nomics and artificial intelligence—integrated with clinical expertise—constitute an essen-
tial tool for prompt identification, control, and prevention of emerging and re-emerging
viral infections.
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Figure 8. Sessions 11 and 12.

2.12. Session 12: Food and Environmental Virology—Chaired by Giuseppina La Rosa and
Elisabetta Suffredini (Figure 8)

Session 12 was focused on environmental viral monitoring that emerged as a critical
component of One Health strategies, linking human, animal, and ecosystem health. Prof.
Annalaura Carducci (Laboratory of Hygiene and Environmental Virology, Department
of Biology, University of Pisa, Italy) emphasized the pivotal role of the environment in
viral epidemiology, highlighting its function as a reservoir and conduit for pathogen
transmission via water, air, soil, surfaces, fomites, and food. Pathogenic viruses excreted
through feces, urine, respiratory secretions, and blood can contaminate these matrices,
facilitating both zoonotic and anthroponotic spillover events 1 [68].

Historical evidence, including early poliovirus studies, demonstrated the environ-
mental transmission potential of viruses, but recognition of this phenomenon increased
significantly in the late 20th century with emerging outbreaks and the implementation of
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WHO surveillance [69]. Key viral features—high excretion rates, resistance to inactivation,
low infectious doses, multiple transmission routes, and genetic variability—make environ-
mental monitoring essential for risk assessment, exposure evaluation, and control measure
effectiveness [70]. Wastewater-based epidemiology (WBE) exemplifies the application of
environmental surveillance for both waterborne and non-waterborne viruses, enabling
molecular epidemiology, variant tracking, and early-warning detection at the community
level [71]. Effective monitoring relies on sample concentration, purification, and standard-
ized process controls, coupled with biomolecular methods such as PCR, digital PCR, and
next-generation sequencing. Prof. Carducci underscored the need to integrate technological
advances with targeted applications, including exposure risk assessment, wastewater treat-
ment evaluation, and surveillance of endemic and emerging pathogens. These strategies
are fundamental for prevention, preparedness, and rapid response to current and future
epidemic threats, reinforcing the central role of environmental virology in public health.

3. Sponsored Symposia
3.1. Sponsored Symposium 1—Chaired by Simona Fiorentini and Giovanni Delogu (Figure 9)

During the Sponsored Symposium with the unrestricted grant of ELITech Group
entitled “CMV RNA: translating Diagnostics into Clinical practice—Insights from a Clinical
Microbiologist and a Paediatric Gastroenterologist”, Prof. Tiziana Lazzarotto (Department
of Medical and Surgical Sciences, University of Bologna, Italy) delivered a lecture entitled
“CMV RNA: Translating Diagnostics into Clinical Practice—Insights from a Clinical Micro-
biologist”. Currently, the quantification of cytomegalovirus (CMV) DNA in blood samples
(CMV-DNAemia) represents the gold standard for identifying active viral replication, pre-
venting CMV-related disease, and monitoring response to drugs targeting CMV-DNA
polymerase. The recent introduction of letermovir (LMV) showed that CMV-DNAemia
may not be an accurate marker of active viral replication. Indeed, by blocking the terminase
complex, LMV induces the release of free CMV-DNA fragments (abortive infection), which
could lead to potential misinterpretation of molecular testing results. Additional methods,
such as CMV-viremia (shell vial method) and CMV-DNAemia post-DNase (DNase test),
could be used to prove active viral replication. CMV viremia detects CMV infectious
particles in cell culture, whereas the DNase test exploits the digestion activity of DNase I
added to the sample before extraction to differentiate free naked DNA from the genome en-
capsidated into virions. Both methods, therefore, identify the presence of infectious virions
in blood samples. However, the procedures are laborious and not standardized. In a study
published by Piccirilli et al. (2024), it has been demonstrated that detectable low DNAemia
levels during LMV administration may reflect abortive rather than productive infection,
suggesting that CMV-RNAemia could be useful for detecting active CMV replication in
patients receiving antiviral therapy, especially with drugs that do not act on the viral DNA
polymerase, such as LMV and maribavir (MBV) [72]. In addition, CMV-RNAemia UL21.5
allows identification of episodes of active viral replication and not blips of self-resolving
DNAemia. The CMV-RNAemia assay is automated and more standardized than the CMV-
viremia and DNase assay procedures. Peak viral loads are reached simultaneously, in the
downstream phase, negative results are reached earlier with CMV-RNAemia than with
CMV-DNAemia, demonstrating more rapid viral clearance [72]. In another study published
by Giardina et al. (2025) [73], it has been shown that CMV UL21.5 mRNA is detectable in
plasma during clinically significant episodes of CMV DNAemia in immunocompromised
patients. The mRNA detected in plasma is mostly virion-encapsidated, and its levels
correlate with those of CMV DNAemia. UL21.5 mRNA is absent in the plasma of patients
showing transient self- resolving DNAemia blips during LTV prophylaxis (i.e., abortive
infection), whereas it is detectable in patients with CMV DNAemia because of CMV in-
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fection resistant to LMV or MBV (i.e., productive virus replication) [73]. In the second
part of the Symposium, Dr. Emanuele Nicastro (Pediatric Hepatology, Gastroenterology
and Transplantation, Hospital Papa Giovanni XXIII, Bergamo, Italy) delivered a lecture
entitled “Cytomegalovirus-RNA accurately identifies clinically significant infection need-
ing preemptive therapy in liver transplanted children: a proof-of-concept study”. CMV
infection poses a significant risk in solid organ transplantation, especially in pediatric liver
transplant (LT) recipients, who are often CMV-naïve. While prophylaxis with ganciclovir
or valganciclovir helps prevent early CMV infection, it carries risks like neutropenia and
delayed reactivation. Preemptive therapy (PET), which initiates antiviral treatment based
on viral load thresholds, is safe and effective in controlling CMV infection after LT. Current
PET protocols rely on blood CMV-DNA load to identify subjects likely to develop overt
CMV disease. CMV-DNA determination by PCR exhibits high sensitivity, reliability, even in
severely neutropenic patients, and short turnaround time. However, the viral load detected
as CMV-DNAemia could represent a free viral genome released from cells or tissues rather
than infectious viral bodies, as suggested by the relatively longer persistence of CMV-DNA
in plasma (i.e., cell-free) compared to whole blood (i.e., cell-free and intracellular) spec-
imens of HSCT and kidney transplant recipients [74,75]. Comparative monitoring of a
CMV-specific mRNA transcript has shown promising accuracy in differentiating between
true CMV infection and abortive CMV-DNAemia in solid organ transplant and adult HSCT
treated with letermovir. CMV UL21.5 mRNA is thought to mark active viral replication in
immunosuppressed patients [73]. The team directed by Dr. Nicastro assessed its accuracy
in identifying clinically significant CMV infection (csCMVi) needing PET in LT children.
Plasma quantitative UL21.5 mRNA (CMV-RNA) and whole blood CMV-DNA were ob-
tained weekly after LT, and patients were followed for 6 months. CsCMVi was defined as
the achievement of the criterion for PET (CMV-DNA ≥ 100,000 IU/mL or 50,000 in high-risk
children). PET consisted of standard ganciclovir or valganciclovir until negative CMV-
DNA. One hundred forty-four quantitative CMV-RNA and CMV-DNA determinations
were obtained from 12 children. Of 52 CMV-DNA-positive specimens, 17 (32%) were also
CMV-RNA-positive, while CMV-RNA was undetectable in CMV-DNA-negative specimens.
All children with csCMVi had early detectable CMV-RNA, peaking simultaneously to CMV-
DNA (median CMV-DNA: 65,906 cp/mL; median CMV-RNA: 767 cp/mL); conversely,
none of those with persistently low DNAemia proved CMV-RNA-positive. In this first
pilot study, CMV-RNA had 100% sensitivity and specificity in identifying children needing
PET after pediatric LT [75]. The detection of UL21.5 CMV-RNA clearly identifies children
with csCMVi after LT, thus allowing prompt antiviral administration without the risk of
overtreatment. CMV-RNA might replace CMV-DNA monitoring in the decision-making of
anti-CMV PET.

These findings support the integration of CMV-RNA testing into clinical practice as
a valuable tool for improving diagnostic accuracy and guiding targeted, patient-tailored
management of CMV infections.

Figure 9. Sponsored symposia 1.
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3.2. Sponsored Symposium 2—Chaired by Cristina Costa (Figure 10)

The Sponsored Symposium with the unrestricted grant of Diasorin “HDV, a small
virus for aggressive hepatitis” opened with a lecture by Prof. Mario Rizzetto (Department of
Medical Sciences, University of Turin, Italy) entitled “From Beginnings to Latest Guidelines
and Clinical Evidence.” Prof. Rizzetto recalled that HDV is a major hepatotropic pathogen
distributed worldwide, characterized by a defective, non-autonomous replication that de-
pends on hepatitis B virus (HBV) co-infection or superinfection. HDV exploits HBV surface
antigen (HBsAg), produced both from episomal HBV cccDNA and integrated HBV DNA,
to enter hepatocytes through the sodium taurocholate cotransporting peptide (NTCP), the
same receptor used by HBV. Once inside the cell, the HDV RNA genome is replicated in the
nucleus by cellular RNA polymerase II, and virion assembly occurs through farnesylation-
dependent interaction between the large delta antigen (L-HDAg) and HBsAg. From a
clinical standpoint, chronic HDV superinfection in asymptomatic HBV carriers leads to
clinical worsening in approximately 90% of cases, with up to 70% developing cirrhosis
within 10 years. The introduction of HBV vaccination has dramatically changed HDV
epidemiology, leading to a marked decline in incidence in high-income countries, while in
low-resource regions—particularly parts of Africa and Asia—the burden remains closely
linked to HBV endemicity. Diagnosis of HDV infection begins with serological detection of
anti-HDV antibodies, followed by confirmatory testing for HDV RNA to assess active viral
replication. Historically, testing was limited to patients with advanced liver disease; how-
ever, the most recent EASL Clinical Practice Guidelines (European Association for the Study
of the Liver, 2025) recommend universal HDV screening in all HBsAg-positive individuals
to avoid missed diagnoses [76]. Regarding therapeutic strategies, Prof. Rizzetto empha-
sized that HDV poses unique challenges due to its replication mechanism: a rolling-circle
process driven by host RNA polymerase, making it intrinsically resistant to conventional
antivirals targeting viral polymerases (such as for HBV and HCV). Novel targets include
the HDV ribozyme and host cellular enzymes such as RNA ligase. Apart from replication
players, another antiviral strategy involves the use of entry inhibitors: Bulevirtide (BLV),
an HBsAg-derived lipopeptide that binds NTCP with high affinity, blocks HDV entry
into hepatocytes. However, its efficacy is limited as it does not inhibit viral replication
in already infected cells, where HBsAg continues to be produced from integrated HBV
DNA. Moreover, HDV’s high infectivity (even at 10−11 serum dilutions) and the persis-
tence of low-level viremia below current detection thresholds (≈6 IU HDV RNA/mL)
contribute to post-treatment relapses. Therefore, the only definitive therapeutic endpoint
remains HBsAg clearance, a rare event in clinical practice. Surrogate endpoints include
sustained virologic response (SVR), defined as long-term undetectable HDV RNA. Recent
therapeutic research explores combination regimens and novel agents. The combination
of BLV with pegylated interferon (peg-IFN) aims to both block new infections and reduce
intrahepatic replication [77]. Other promising strategies directly target HBsAg, such as
Tobevibart (VIR-3434), a monoclonal antibody against the conserved antigenic loop of
HBsAg, evaluated in combination with Elebsiran (VIR-2218), an siRNA that silences HBV
transcripts [78]. Another innovative approach involves BJT-778, a human anti-HBsAg
monoclonal immunoglobulin currently under investigation [79].

In the second part of the symposium, Prof. Gian Paolo Caviglia (Department of Med-
ical Sciences, University of Turin, Italy) presented a lecture on “Circulating HDV RNA
and Alternative Markers in Patients with Chronic HDV Infection: Ongoing Studies.” He
emphasized that chronic HDV infection represents the most severe and progressive form
of viral hepatitis, with persistent viremia being the strongest predictor of liver disease
progression. In particular, the implementation of reflex screening—i.e., testing all HBsAg-
positive individuals for anti-HDV antibodies and HDV RNA—is crucial, having increased
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diagnostic yield fivefold [80]. Data from the PITER cohort (5494 HBsAg-positive patients
from 59 Italian centers, 2019–2023) revealed a 10% national HDV prevalence [81], rising to
84% in Turin in the DESCRIBE Study Cohort (515 patients from 32 centers, 2022–2024) [82].
Prof. Caviglia also discussed diagnostic challenges arising from assay variability and
genotype distribution: in Italy, genotype 1 accounts for ~99% of infections, in both natives
and immigrants, with genotype 5 detected in ~1% [82]. A national quality-control study
compared diagnostic performances of genotype 1 HDV-RNA quantification assays used
in clinical practice by 30 Italian centers, including both commercial (n = 27) and in-house
(n = 3) assays. Results revealed assay sensitivity ranging from 3 to 300 U/mL and up to
30% inter-laboratory variability according to the assay used [83]. Additionally, the method
of RNA extraction influenced sensitivity, with manual extraction providing ≈1 log IU/mL
higher detection [84]. Given these analytical limitations, alternative indicators such as
HD antigen (HD-Ag) and anti-HDV antibodies are being explored as potential direct and
indirect surrogate markers for HDV serological assessment, respectively. HD-Ag detection
faces technical obstacles due to immune complex formation and viral particle shielding,
while anti-HDV IgM titers show only moderate correlation with HDV RNA levels. Prof.
Caviglia’s group reported preliminary findings in 52 patients demonstrating a strong
correlation between total anti-HDV titers and HDV RNA levels (r = 0.718; AUC = 0.908),
suggesting promising diagnostic potential. Larger multicenter studies are needed to vali-
date anti-HDV titration as a surrogate marker for active infection and to define clinically
meaningful cut-offs for risk stratification, he concludes.

Figure 10. Sponsored Symposium 2.

4. Awards and Prizes
SIV-ISV AWARD 2025—Chaired by Arnaldo Caruso
Prof. Paolo Lusso (Laboratory of Immunoregulation and Infectious Diseases, National

Institute of Allergy and Infectious Diseases, NIH, Bethesda, USA) delivered a compelling,
career-spanning lecture that flowed like a detective story of molecular discovery and trans-
lational persistence. He recounted how a young clinician-scientist from Torino with mentors
like Robin Foà and Felice Gavosto, he stepped into Robert Gallo’s Laboratory of Tumor
Cell Biology (NCI, Bethesda), where his career in human retrovirology took shape and,
over three decades, moved the field from fundamental insights about chemokine biology
to cutting-edge vaccine design [85]. Prof. Lusso narrated scientific turning points with
vivid detail, how a puzzling CD8+ T-cell suppressive activity was tracked, characterized
and finally resolved into three chemokines (RANTES, MIP-1α, MIP-1β), transforming our
understanding of innate antiviral control and revealing the chemokine–coreceptor axis
as a central determinant of HIV-1 tropism and pathology [86–88]. He illustrated these
discoveries with personal recollections of experiments, debates, and collaborations that

https://doi.org/10.3390/v18060684

https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 25 of 30

shaped the era. After a short comeback in Italy in 2006, he moved back to the USA to
lead a section at NIAID’s Laboratory of Immunoregulation (at Anthony Fauci’s invitation)
broadened his translational focus, bridging mechanistic studies of viral entry and immune
regulation with vaccine and therapeutic development.

Prof. Lusso then wove chemokine biology into a broader tapestry of virus–virus
and virus–host interactions. He reviewed his group’s work elucidating the interplay be-
tween HHV-6 and HIV-1, showing how herpesvirus co-infections modulate HIV replication
and immune responses, as well as the identification of cellular receptors for HHV-6 and
HHV-7 [89]. He emphasized how these findings sharpened concepts of cellular susceptibil-
ity, viral modulation of immune trafficking, and the ecological niches that favor persistence
or disease progression.

Turning to receptor biology, Prof. Lusso summarized in vitro and in vivo studies that
defined chemokine receptor usage by HIV-1, clarifying the R5/X4 dichotomy and its clinical
significance [90]. He described the discovery of a second CD4-binding site on HIV-1 Env,
a mechanistic insight that refined models of entry and exposed new vulnerabilities for
neutralization and vaccine targeting.

Throughout, he emphasized methodological enablers that shaped his career: iden-
tification of molecular correlates of entry and suppression, structural virology of Env,
longitudinal cohort studies, neutralization mapping, and systems vaccinology to iden-
tify early biomarkers of efficacy. He concluded with a forward-looking perspective that
expresses cautious optimism: convergence of improved structural immunogen design,
advanced adjuvants, novel delivery platforms, and global trial infrastructures increases the
likelihood of achieving progressively effective preventive and therapeutic vaccine strategies
against HIV-1 [91,92].

In recognition of his towering scientific record, Prof. Lusso was awarded the SIV-
ISV AWARD 2025 for lifetime achievement, a fitting capstone to a lecture that combined
rigorous science, human stories, and translational vision.

In line with our commitment to supporting the next generation of virology researchers,
three awards were presented to Dr. Sante Scognamiglio (Department of Life and Envi-
ronmental Sciences, University of Cagliari, Italy), Prof. Luca Zinzula (iHuman Institute,
ShanghaiTech University, China), and Dr. Giulia Venneri (Department of Molecular and
Translational Medicine, University of Brescia, Italy).

5. Concluding Remarks
In summary, the 9th SIV-ISV National Congress successfully combined scientific

excellence, translational relevance, and a strong One Health ethos. By convening experts
across disciplines and career stages, the meeting fostered the exchange of unpublished and
published findings, stimulated debate on pressing methodological and policy questions,
particularly around genomics, bioinformatics, and surveillance, and promoted initiatives
to support the next generation of virologists. The outcomes of Turin include concrete
scientific insights, reinforced networks for collaborative research, and a clarified agenda
for future investments in infrastructure, training, and integrated surveillance systems.
The Organizing Committee thanks all speakers, chairs, participants, sponsors, and the
staff of Centro Congressi Lingotto, and above all, the Nadirex staff for their contributions;
the discussions and connections generated at the Congress lay a durable foundation for
continued multidisciplinary efforts to understand, prevent, and mitigate viral threats while
harnessing viral biology for therapeutic and technological innovation.
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preparation, A.D.F., M.D., A.L., F.C., F.E., N.G. and C.Z.; writing—review and editing, L.R., E.T., G.V.,
M.G. and A.C. All authors have read and agreed to the published version of the manuscript.

https://doi.org/10.3390/v18060684

https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 26 of 30

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are contained within
the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Stern, A.; Yeh, M.T.; Zinger, T.; Smith, M.; Wright, C.; Ling, G.; Nielsen, R.; Macadam, A.; Andino, R. The Evolutionary Pathway

to Virulence of an RNA Virus. Cell 2017, 169, 35–46.e19. [CrossRef] [PubMed]
2. Aguilar Rangel, M.; Dolan, P.T.; Taguwa, S.; Xiao, Y.; Andino, R.; Frydman, J. High-resolution mapping reveals the mechanism

and contribution of genome insertions and deletions to RNA virus evolution. Proc. Natl. Acad. Sci. USA 2023, 120, e2304667120.
[CrossRef] [PubMed]

3. Dolan, P.T.; Whitfield, Z.J.; Andino, R. Mechanisms and Concepts in RNA Virus Population Dynamics and Evolution. Annu. Rev.
Virol. 2018, 5, 69–92. [CrossRef] [PubMed]

4. Yeh, M.T.; Smith, M.; Carlyle, S.; Konopka-Anstadt, J.L.; Burns, C.C.; Konz, J.; Andino, R.; Macadam, A. Genetic stabilization of
attenuated oral vaccines against poliovirus types 1 and 3. Nature 2023, 619, 135–142. [CrossRef] [PubMed]

5. Guglielmi, G.J.N. What polio’s UK presence means for global health. Nature 2022, 607, 225. [CrossRef] [PubMed]
6. Barnes, D.; Kunitomi, M.; Vignuzzi, M.; Saksela, K.; Andino, R. Harnessing Endogenous miRNAs to Control Virus Tissue Tropism

as a Strategy for Developing Attenuated Virus Vaccines. Cell Host Microbe 2008, 4, 239–248. [CrossRef] [PubMed]
7. Malavige, G.N.; Sjo, P.; Singh, K.; Piedagnel, J.M.; Mowbray, C.; Estani, S.; Lim, S.C.L.; Siquierra, A.M.; Ogg, G.S.; Fraisse, L.; et al.

Facing the escalating burden of dengue: Challenges and perspectives. PLoS Glob. Public Health 2023, 3, e0002598. Correction in
PLoS Glob. Public Health 2024, 4, e0003499. [CrossRef] [PubMed]

8. Hunsperger, E.; Beltran, M.; Acosta, L.N.; Jordan-Munoz, J.; Torres, J.; Luce, R.; Tomashek, K.M. Serological evaluation of
suspected West Nile virus human cases following its introduction during a dengue outbreak in Puerto Rico in 2007. Clin. Vaccine
Immunol. 2011, 18, 978–983. [CrossRef] [PubMed]

9. Cattaneo, P.; Salvador, E.; Manica, M.; Barzon, L.; Castilletti, C.; Di Gennaro, F.; Huits, R.; Merler, S.; Poletti, P.; Riccardo, F.; et al.
Transmission of autochthonous Aedes-borne arboviruses and related public health challenges in Europe 2007–2023: A systematic
review and secondary analysis. Lancet Reg. Health Eur. 2025, 51, 101231. [CrossRef] [PubMed]

10. Vita, S.; Lalle, E.; Caputi, P.; Faraglia, F.; D’Abramo, A.; Bordi, L.; De Carli, G.; Sberna, G.; Giancola, M.L.; Maffongelli, G.; et al.
Dengue fever as autochthonous infectious disease in Italy: Epidemiological, clinical and virological characteristics. Travel Med.
Infect. Dis. 2024, 62, 102762. [CrossRef] [PubMed]

11. Rovida, F.; Faccini, M.; Molina Granè, C.; Cassaniti, I.; Senatore, S.; Rossetti, E.; Scardina, G.; Piazza, M.; Campanini, G.; Lilleri, D.;
et al. The 2023 dengue outbreak in Lombardy, Italy: A one-health perspective. Travel Med. Infect. Dis. 2025, 64, 102795. [CrossRef]
[PubMed]

12. Santilli, L.; Canovari, B.; Balducci, M.; Corbelli, G.; Maracci, M.; Polenta, A.; Farinaccio, Y.; Ginevri, F.; Anzalone, N.; Franca, L.;
et al. Outbreak of autochthonous dengue in Fano, Pesaro-Urbino Province—Marche region, Italy, September 2024. Infection 2025,
53, 1213–1218. [CrossRef] [PubMed]

13. Barzon, L.; Gobbi, F.; Capelli, G.; Montarsi, F.; Martini, S.; Riccetti, S.; Sinigaglia, A.; Pacenti, M.; Pavan, G.; Rassu, M.; et al.
Autochthonous dengue outbreak in Italy 2020: Clinical, virological and entomological findings. J. Travel Med. 2021, 28, taab130.
[CrossRef] [PubMed]

14. Baseler, L.; Chertow, D.S.; Johnson, K.M.; Feldmann, H.; Morens, D.M. The pathogenesis of Ebola virus disease. Annu. Rev. 2017,
12, 387–418. [CrossRef] [PubMed]

15. Schieffelin, J.S.; Shaffer, J.G.; Goba, A.; Gbakie, M.; Gire, S.K.; Colubri, A.; Sealfon, R.S.; Kanneh, L.; Moigboi, A.; Momoh, M.; et al.
Clinical illness and outcomes in patients with Ebola in Sierra Leone. N. Engl. J. Med. 2014, 371, 2092–2100. [CrossRef] [PubMed]

16. Colavita, F.; Biava, M.; Castilletti, C.; Lanini, S.; Miccio, R.; Portella, G.; Vairo, F.; Ippolito, G.; Capobianchi, M.R.; Di Caro, A.;
et al. Inflammatory and Humoral Immune Response during Ebola Virus Infection in Survivor and Fatal Cases Occurred in Sierra
Leone during the 2014–2016 Outbreak in West Africa. Viruses 2019, 11, 373. [CrossRef] [PubMed]

17. Diallo, B.; Sissoko, D.; Loman, N.J.; Bah, H.A.; Bah, H.; Worrell, M.C.; Conde, L.S.; Sacko, R.; Mesfin, S.; Loua, A.; et al. Resurgence
of Ebola Virus Disease in Guinea Linked to a Survivor With Virus Persistence in Seminal Fluid for More Than 500 Days. Clin.
Infect. Dis. 2016, 63, 1353–1356. [CrossRef] [PubMed]

https://doi.org/10.3390/v18060684

https://doi.org/10.1016/j.cell.2017.03.013
https://www.ncbi.nlm.nih.gov/pubmed/28340348
https://doi.org/10.1073/pnas.2304667120
https://www.ncbi.nlm.nih.gov/pubmed/37487061
https://doi.org/10.1146/annurev-virology-101416-041718
https://www.ncbi.nlm.nih.gov/pubmed/30048219
https://doi.org/10.1038/s41586-023-06212-3
https://www.ncbi.nlm.nih.gov/pubmed/37316671
https://doi.org/10.1038/d41586-022-01802-z
https://www.ncbi.nlm.nih.gov/pubmed/35788712
https://doi.org/10.1016/j.chom.2008.08.003
https://www.ncbi.nlm.nih.gov/pubmed/18779050
https://doi.org/10.1371/journal.pgph.0002598
https://www.ncbi.nlm.nih.gov/pubmed/38100392
https://doi.org/10.1128/cvi.00040-11
https://www.ncbi.nlm.nih.gov/pubmed/21508167
https://doi.org/10.1016/j.lanepe.2025.101231
https://www.ncbi.nlm.nih.gov/pubmed/40213502
https://doi.org/10.1016/j.tmaid.2024.102762
https://www.ncbi.nlm.nih.gov/pubmed/39306188
https://doi.org/10.1016/j.tmaid.2025.102795
https://www.ncbi.nlm.nih.gov/pubmed/39755224
https://doi.org/10.1007/s15010-025-02476-1
https://www.ncbi.nlm.nih.gov/pubmed/39883264
https://doi.org/10.1093/jtm/taab130
https://www.ncbi.nlm.nih.gov/pubmed/34409443
https://doi.org/10.1146/annurev-pathol-052016-100506
https://www.ncbi.nlm.nih.gov/pubmed/27959626
https://doi.org/10.1056/nejmoa1411680
https://www.ncbi.nlm.nih.gov/pubmed/25353969
https://doi.org/10.3390/v11040373
https://www.ncbi.nlm.nih.gov/pubmed/31018522
https://doi.org/10.1093/cid/ciw601
https://www.ncbi.nlm.nih.gov/pubmed/27585800
https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 27 of 30

18. Whitmer, S.L.M.; Ladner, J.T.; Wiley, M.R.; Patel, K.; Dudas, G.; Rambaut, A.; Sahr, F.; Prieto, K.; Shepard, S.S.; Carmody, E.;
et al. Active Ebola Virus Replication and Heterogeneous Evolutionary Rates in EVD Survivors. Cell Rep. 2018, 22, 1159–1168.
[CrossRef] [PubMed]

19. Agrati, C.; Castilletti, C.; Casetti, R.; Sacchi, A.; Falasca, L.; Turchi, F.; Tumino, N.; Bordoni, V.; Cimini, E.; Viola, D.; et al.
Longitudinal characterization of dysfunctional T cell-activation during human acute Ebola infection. Cell Death Dis. 2016, 7, e2164.
[CrossRef] [PubMed]

20. Iranzo, J.; Manrubia, S.C. Evolutionary dynamics of genome segmentation in multipartite viruses. Proc. Biol. Sci. 2012, 279,
3812–3819. [CrossRef] [PubMed]

21. Zwart, M.P.; Blanc, S.; Johnson, M.; Manrubia, S.; Michalakis, Y.; Sofonea, M.T. Unresolved advantages of multipartitism in
spatially structured environments. Virus Evol. 2021, 7, veab004. [CrossRef] [PubMed]

22. Johnson, M.L.; Boezen, D.; Grum-Grzhimaylo, A.A.; van der Vlugt, R.A.A.; de Visser, J.; Zwart, M.P. Living Together Apart:
Quantitative Perspectives on the Costs and Benefits of a Multipartite Genome Organization in Viruses. Viruses 2025, 17, 1275.
[CrossRef] [PubMed]

23. Sicard, A.; Michalakis, Y.; Gutierrez, S.; Blanc, S. The Strange Lifestyle of Multipartite Viruses. PLoS Pathog. 2016, 12, e1005819.
[CrossRef] [PubMed]

24. Ketelut-Carneiro, N.; Fitzgerald, K.A. Apoptosis, Pyroptosis, and Necroptosis-Oh My! The Many Ways a Cell Can Die. J. Mol.
Biol. 2022, 434, 167378. [CrossRef] [PubMed]

25. Muscolino, E.; Luoto, L.M.; Brune, W. Viral Induced Protein Aggregation: A Mechanism of Immune Evasion. Int. J. Mol. Sci. 2021,
22, 9624. [CrossRef] [PubMed]

26. Cortese, M.; Lee, J.-Y.; Cerikan, B.; Neufeldt, C.J.; Oorschot, V.M.J.; Köhrer, S.; Hennies, J.; Schieber, N.L.; Ronchi, P.; Mizzon, G.;
et al. Integrative Imaging Reveals SARS-CoV-2-Induced Reshaping of Subcellular Morphologies. Cell Host Microbe 2020, 28,
853–866.e5. [CrossRef] [PubMed]

27. Sadoff, J.; Gray, G.; Vandebosch, A.; Cardenas, V.; Shukarev, G.; Grinsztejn, B.; Goepfert, P.A.; Truyers, C.; Fennema, H.;
Spiessens, B.; et al. Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against COVID-19. N. Engl. J. Med. 2021, 384,
2187–2201. [CrossRef] [PubMed]

28. Sasso, E.; D’Alise, A.M.; Zambrano, N.; Scarselli, E.; Folgori, A.; Nicosia, A. New viral vectors for infectious diseases and cancer.
Semin. Immunol. 2020, 50, 101430. [CrossRef] [PubMed]

29. D’Alise, A.M.; Nocchi, L.; Garzia, I.; Secli, L.; Infante, L.; Troise, F.; Cotugno, G.; Allocca, S.; Romano, G.; Lahm, A.; et al.
Adenovirus Encoded Adjuvant (AdEnA) anti-CTLA-4, a novel strategy to improve Adenovirus based vaccines against infectious
diseases and cancer. Front. Immunol. 2023, 14, 1156714. [CrossRef] [PubMed]

30. Hartnell, F.; Brown, A.; Capone, S.; Kopycinski, J.; Bliss, C.; Makvandi-Nejad, S.; Swadling, L.; Ghaffari, E.; Cicconi, P.;
Del Sorbo, M.; et al. A Novel Vaccine Strategy Employing Serologically Different Chimpanzee Adenoviral Vectors for the
Prevention of HIV-1 and HCV Coinfection. Front. Immunol. 2018, 9, 3175. [PubMed]

31. Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, P.M.; Aley, P.K.; Angus, B.; Baillie, V.L.; Barnabas, S.L.;
Bhorat, Q.E.; et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An interim analysis of
four randomised controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99–111. [CrossRef] [PubMed]

32. Barouch, D.H.; Stephenson, K.E.; Borducchi, E.N.; Smith, K.; Stanley, K.; McNally, A.G.; Liu, J.; Abbink, P.; Maxfield, L.F.;
Seaman, M.S.; et al. Protective efficacy of a global HIV-1 mosaic vaccine against heterologous SHIV challenges in rhesus monkeys.
Cell 2013, 155, 531–539. [CrossRef] [PubMed]

33. Green, C.A.; Sande, C.J.; Scarselli, E.; Capone, S.; Vitelli, A.; Nicosia, A.; Silva-Reyes, L.; Thompson, A.J.; de Lara, C.M.; Taylor, K.S.;
et al. Novel genetically-modified chimpanzee adenovirus and MVA-vectored respiratory syncytial virus vaccine safely boosts
humoral and cellular immunity in healthy older adults. J. Infect. 2019, 78, 382–392. [CrossRef] [PubMed]

34. Troise, F.; Leoni, G.; Sasso, E.; Del Sorbo, M.; Esposito, M.; Romano, G.; Allocca, S.; Froechlich, G.; Cotugno, G.; Capone, S.; et al.
Prime and pull of T cell responses against cancer-exogenous antigens is effective against CPI-resistant tumors. Mol. Ther. Oncol.
2024, 32, 200760. [CrossRef] [PubMed]

35. Passariello, M.; D’Alise, A.M.; Esposito, A.; Vetrei, C.; Froechlich, G.; Scarselli, E.; Nicosia, A.; De Lorenzo, C. Novel Human
Anti-PD-L1 mAbs Inhibit Immune-Independent Tumor Cell Growth and PD-L1 Associated Intracellular Signalling. Sci. Rep.
2019, 9, 13125. [CrossRef] [PubMed]

36. Fernandez, I.; Bontems, F.; Brun, D.; Coquin, Y.; Goverde, C.A.; Correia, B.E.; Gessain, A.; Buseyne, F.; Rey, F.A.; Backovic, M.
Structures of the Foamy virus fusion protein reveal an unexpected link with the F protein of paramyxo- and pneumoviruses. Sci.
Adv. 2024, 10, eado7035. [CrossRef] [PubMed]

37. Dynesen, L.T.; Fernandez, I.; Coquin, Y.; Delaplace, M.; Montange, T.; Njouom, R.; Bilounga-Ndongo, C.; Rey, F.A.; Gessain, A.;
Backovic, M.; et al. Neutralization of zoonotic retroviruses by human antibodies: Genotype-specific epitopes within the
receptor-binding domain from simian foamy virus. PLoS Pathog. 2023, 19, e1011339. [CrossRef] [PubMed]

https://doi.org/10.3390/v18060684

https://doi.org/10.1016/j.celrep.2018.01.008
https://www.ncbi.nlm.nih.gov/pubmed/29386105
https://doi.org/10.1038/cddis.2016.55
https://www.ncbi.nlm.nih.gov/pubmed/27031961
https://doi.org/10.1098/rspb.2012.1086
https://www.ncbi.nlm.nih.gov/pubmed/22764164
https://doi.org/10.1093/ve/veab004
https://www.ncbi.nlm.nih.gov/pubmed/33614160
https://doi.org/10.3390/v17091275
https://www.ncbi.nlm.nih.gov/pubmed/41012703
https://doi.org/10.1371/journal.ppat.1005819
https://www.ncbi.nlm.nih.gov/pubmed/27812219
https://doi.org/10.1016/j.jmb.2021.167378
https://www.ncbi.nlm.nih.gov/pubmed/34838807
https://doi.org/10.3390/ijms22179624
https://www.ncbi.nlm.nih.gov/pubmed/34502533
https://doi.org/10.1016/j.chom.2020.11.003
https://www.ncbi.nlm.nih.gov/pubmed/33245857
https://doi.org/10.1056/nejmoa2101544
https://www.ncbi.nlm.nih.gov/pubmed/33882225
https://doi.org/10.1016/j.smim.2020.101430
https://www.ncbi.nlm.nih.gov/pubmed/33262065
https://doi.org/10.3389/fimmu.2023.1156714
https://www.ncbi.nlm.nih.gov/pubmed/37180141
https://www.ncbi.nlm.nih.gov/pubmed/30713538
https://doi.org/10.1016/s0140-6736(20)32661-1
https://www.ncbi.nlm.nih.gov/pubmed/33306989
https://doi.org/10.1016/j.cell.2013.09.061
https://www.ncbi.nlm.nih.gov/pubmed/24243013
https://doi.org/10.1016/j.jinf.2019.02.003
https://www.ncbi.nlm.nih.gov/pubmed/30742894
https://doi.org/10.1016/j.omton.2024.200760
https://www.ncbi.nlm.nih.gov/pubmed/38596303
https://doi.org/10.1038/s41598-019-49485-3
https://www.ncbi.nlm.nih.gov/pubmed/31511565
https://doi.org/10.1126/sciadv.ado7035
https://www.ncbi.nlm.nih.gov/pubmed/39392890
https://doi.org/10.1371/journal.ppat.1011339
https://www.ncbi.nlm.nih.gov/pubmed/37093892
https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 28 of 30

38. Fernández, I.; Dynesen, L.T.; Coquin, Y.; Pederzoli, R.; Brun, D.; Haouz, A.; Gessain, A.; Rey, F.A.; Buseyne, F.; Backovic, M. The
crystal structure of a simian Foamy Virus receptor binding domain provides clues about entry into host cells. Nat. Commun. 2023,
14, 1262. [CrossRef] [PubMed]

39. Harrison, S.C. Viral membrane fusion. Virology 2015, 479–480, 498–507. [CrossRef] [PubMed]
40. Nomburg, J.; Zou, W.; Frost, T.C.; Datta, C.; Vasudevan, S.; Starrett, G.J.; Imperiale, M.J.; Meyerson, M.; DeCaprio, J.A. Long-read

sequencing reveals complex patterns of wraparound transcription in polyomaviruses. PLoS Pathog. 2022, 18, e1010401. [CrossRef]
[PubMed]

41. Albertini, S.; Czech-Sioli, M.; Günther, T.; Virdi, S.; Blümke, P.; Röpke, L.; Brinschwitz, V.; Dandri, M.; Allweiss, L.; Reimer, R.J.B.
Merkel cell polyomavirus infection and persistence modelled in skin organoids. bioRxiv 2025. [CrossRef]

42. Johnson, D.E.; Burtness, B.; Leemans, C.R.; Lui, V.W.Y.; Bauman, J.E.; Grandis, J.R. Head and neck squamous cell carcinoma. Nat.
Rev. Dis. Primers 2020, 6, 92. [CrossRef] [PubMed]

43. Robbins, H.A.; Ferreiro-Iglesias, A.; Waterboer, T.; Brenner, N.; Nygard, M.; Bender, N.; Schroeder, L.; Hildesheim, A.; Pawlita, M.;
D’Souza, G.; et al. Absolute Risk of Oropharyngeal Cancer After an HPV16-E6 Serology Test and Potential Implications for
Screening: Results From the Human Papillomavirus Cancer Cohort Consortium. J. Clin. Oncol. 2022, 40, 3613–3622. [CrossRef]
[PubMed]

44. Busch, C.J.; Hoffmann, A.S.; Viarisio, D.; Becker, B.T.; Rieckmann, T.; Betz, C.; Bender, N.; Schroeder, L.; Hussein, Y.; Petersen, E.;
et al. Detection of stage I HPV-driven oropharyngeal cancer in asymptomatic individuals in the Hamburg City Health Study
using HPV16 E6 serology—A proof-of-concept study. EClinicalMedicine 2022, 53, 101659. [CrossRef] [PubMed]

45. Colitti, B.; Coradduzza, E.; Puggioni, G.; Capucchio, M.T.; Reina, R.; Bertolotti, L.; Rosati, S. A new approach for Small Ruminant
Lentivirus full genome characterization revealed the circulation of divergent strains. PLoS ONE 2019, 14, e0212585. [CrossRef]
[PubMed]

46. Borge, A.J.; Colitti, B.; Rosati, S.; Nordstoga, A.B.; Gjerset, B.; Udjus, K.; Nogarol, C.; Chellappa, S.; Samdal, I.A.; Lybeck, K.
Development of a Bead-Based Multiplex Fluorescent Immunoassay to Detect Antibodies against Maedi-Visna Virus in Sheep.
Animals 2024, 14, 1442. [CrossRef] [PubMed]

47. Bouzalas, I.; Apostolidi, E.D.; Scalas, D.; Davidopoulou, E.; Chassalevris, T.; Rosati, S.; Colitti, B. A Combined Approach for the
Characterization of Small Ruminant Lentivirus Strains Circulating in the Islands and Mainland of Greece. Animals 2024, 14, 1119.
[CrossRef] [PubMed]

48. Montone, A.M.I.; De Sabato, L.; Suffredini, E.; Alise, M.; Zaccherini, A.; Volzone, P.; Di Maro, O.; Neola, B.; Capuano, F.;
Di Bartolo, I. Occurrence of HEV-RNA in Italian Regional Pork and Wild Boar Food Products. Food Environ. Virol. 2019, 11,
420–426. [CrossRef] [PubMed]

49. Ianiro, G.; Monini, M.; Ammendolia, M.G.; De Sabato, L.; Ostanello, F.; Vaccari, G.; Di Bartolo, I. In Vitro Replication of Swine
Hepatitis E Virus (HEV): Production of Cell-Adapted Strains. Animals 2023, 13, 276. [CrossRef] [PubMed]

50. Monini, M.; Ianiro, G.; De Sabato, L.; Bivona, M.; Ostanello, F.; Di Bartolo, I. Persistence of hepatitis E virus (HEV) subtypes 3c
and 3e: Long-term cold storage and heat treatments. Food Microbiol. 2024, 121, 104529. [CrossRef] [PubMed]

51. Mulder, A.C.; Kroneman, A.; Franz, E.; Vennema, H.; Tulen, A.D.; Takkinen, J.; Hofhuis, A.; Adlhoch, C. Members of HEVnet.
HEVnet: A One Health, collaborative, interdisciplinary network and sequence data repository for enhanced hepatitis E virus
molecular typing, characterisation and epidemiological investigations. Euro Surveill. 2019, 24, 1800407. [CrossRef] [PubMed]

52. Bappy, S.S.; Haque Asim, M.M.; Ahasan, M.M.; Ahsan, A.; Sultana, S.; Khanam, R.; Shibly, A.Z.; Kabir, Y. Virus-induced host cell
metabolic alteration. Rev. Med. Virol. 2024, 34, e2505. [CrossRef] [PubMed]

53. Ramière, C.; Rodriguez, J.; Enache, L.S.; Lotteau, V.; André, P.; Diaz, O. Activity of Hexokinase Is Increased by Its Interaction with
Hepatitis C Virus Protein NS5A. J. Virol. 2014, 88, 3246–3254. [CrossRef] [PubMed]

54. Lavie, M.; Dubuisson, J. Interplay between hepatitis C virus and lipid metabolism during virus entry and assembly. Biochimie
2017, 141, 62–69. [CrossRef] [PubMed]

55. Ogire, E.; Perrin-Cocon, L.; Figl, M.; Kundlacz, C.; Jacquemin, C.; Hubert, S.; Aublin-Gex, A.; Toesca, J.; Ramière, C.; Vidalain, P.-O.;
et al. Dengue Virus dependence on glucokinase activity and glycolysis Confers Sensitivity to NAD(H) biosynthesis inhibitors.
Antivir. Res. 2024, 228, 105939. [CrossRef] [PubMed]

56. Ren, F.; Yang, X.; Hu, Z.-W.; Wong, V.K.W.; Xu, H.-Y.; Ren, J.-H.; Zhong, S.; Jia, X.-J.; Jiang, H.; Hu, J.-L.; et al. Niacin analogue,
6-Aminonicotinamide, a novel inhibitor of hepatitis B virus replication and HBsAg production. eBioMedicine 2019, 49, 232–246.
[CrossRef] [PubMed]

57. Smallwood, H.S.; Duan, S.; Morfouace, M.; Rezinciuc, S.; Shulkin, B.L.; Shelat, A.; Zink, E.E.; Milasta, S.; Bajracharya, R.;
Oluwaseum, A.J.; et al. Targeting Metabolic Reprogramming by Influenza Infection for Therapeutic Intervention. Cell Rep. 2017,
19, 1640–1653. [CrossRef] [PubMed]

58. Guillon, A.; Brea-Diakite, D.; Cezard, A.; Wacquiez, A.; Baranek, T.; Bourgeais, J.; Picou, F.; Vasseur, V.; Meyer, L.; Chevalier, C.;
et al. Host succinate inhibits influenza virus infection through succinylation and nuclear retention of the viral nucleoprotein.
EMBO J. 2022, 41, EMBJ2021108306. [CrossRef] [PubMed]

https://doi.org/10.3390/v18060684

https://doi.org/10.1038/s41467-023-36923-0
https://www.ncbi.nlm.nih.gov/pubmed/36878926
https://doi.org/10.1016/j.virol.2015.03.043
https://www.ncbi.nlm.nih.gov/pubmed/25866377
https://doi.org/10.1371/journal.ppat.1010401
https://www.ncbi.nlm.nih.gov/pubmed/35363834
https://doi.org/10.1101/2025.02.11.637697
https://doi.org/10.1038/s41572-020-00224-3
https://www.ncbi.nlm.nih.gov/pubmed/33243986
https://doi.org/10.1200/jco.21.01785
https://www.ncbi.nlm.nih.gov/pubmed/35700419
https://doi.org/10.1016/j.eclinm.2022.101659
https://www.ncbi.nlm.nih.gov/pubmed/36147627
https://doi.org/10.1371/journal.pone.0212585
https://www.ncbi.nlm.nih.gov/pubmed/30789950
https://doi.org/10.3390/ani14101442
https://www.ncbi.nlm.nih.gov/pubmed/38791660
https://doi.org/10.3390/ani14071119
https://www.ncbi.nlm.nih.gov/pubmed/38612358
https://doi.org/10.1007/s12560-019-09403-2
https://www.ncbi.nlm.nih.gov/pubmed/31512058
https://doi.org/10.3390/ani13020276
https://www.ncbi.nlm.nih.gov/pubmed/36670816
https://doi.org/10.1016/j.fm.2024.104529
https://www.ncbi.nlm.nih.gov/pubmed/38637065
https://doi.org/10.2807/1560-7917.es.2019.24.10.1800407
https://www.ncbi.nlm.nih.gov/pubmed/30862334
https://doi.org/10.1002/rmv.2505
https://www.ncbi.nlm.nih.gov/pubmed/38282396
https://doi.org/10.1128/jvi.02862-13
https://www.ncbi.nlm.nih.gov/pubmed/24390321
https://doi.org/10.1016/j.biochi.2017.06.009
https://www.ncbi.nlm.nih.gov/pubmed/28630011
https://doi.org/10.1016/j.antiviral.2024.105939
https://www.ncbi.nlm.nih.gov/pubmed/38909960
https://doi.org/10.1016/j.ebiom.2019.10.022
https://www.ncbi.nlm.nih.gov/pubmed/31680002
https://doi.org/10.1016/j.celrep.2017.04.039
https://www.ncbi.nlm.nih.gov/pubmed/28538182
https://doi.org/10.15252/embj.2021108306
https://www.ncbi.nlm.nih.gov/pubmed/35506364
https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 29 of 30

59. Kivit, C.; Groen, K.; Jongbloed, M.; Linssen, C.; van Loo, A.; van Gorp, E.; van Nieuwkoop, S.; den Hoogen, B.V.; Kruif, M. An
off-season outbreak of human metapneumovirus infections after ending of a COVID-19 lockdown. J. Infect. 2022, 84, 722–746.
[CrossRef] [PubMed]

60. Rodrigues, C.; Bouchez, V.; Soares, A.; Trombert-Paolantoni, S.; Ait El Belghiti, F.; Cohen, J.F.; Armatys, N.; Landier, A.; Blanchot, T.;
Hervo, M.; et al. Resurgence of Bordetella pertussis, including one macrolide-resistant isolate, France, 2024. Eurosurveillance 2024,
29, 2400459. [CrossRef] [PubMed]

61. Prasad, S.; Khalil, A.; Yinon, Y.; Regev, N.; Brawura-Biskupski-Samaha, R.; Massoud, M.; Mazanowska, N.; Sileo, F.G.; Prefumo, F.;
Kosinski, P.; et al. Is parvovirus B19 infection upsurge in 2023-2024 associated with adverse pregnancy outcome? Ultrasound
Obstet. Gynecol. 2025, 66, 307–313. [CrossRef] [PubMed]

62. Beligni, G.; Alessandri, G.; Cusi, M.G. Genotypic Characterization of Human Parvovirus B19 Circulating in the 2024 Outbreak in
Tuscany, Italy. Pathogens 2025, 14, 121. [CrossRef] [PubMed]

63. Bichicchi, F.; Guglietta, N.; Rocha Alves, A.D.; Fasano, E.; Manaresi, E.; Bua, G.; Gallinella, G. Next Generation Sequencing for the
Analysis of Parvovirus B19 Genomic Diversity. Viruses 2023, 15, 217. [CrossRef] [PubMed]

64. Cheng, Z.; Yan, Y.; Jing, S.; Li, W.G.; Chen, W.W.; Zhang, J.; Li, M.; Zhao, S.; Cao, N.; Ou, J.; et al. Comparative Genomic Analysis
of Re-emergent Human Adenovirus Type 55 Pathogens Associated With Adult Severe Community-Acquired Pneumonia Reveals
Conserved Genomes and Capsid Proteins. Front. Microbiol. 2018, 9, 1180. [CrossRef] [PubMed]

65. Liu, Y.; Deng, N.; Lu, Y.; Peng, J.; Yuan, S. Comparison of metagenomic next-generation sequencing (mNGS) technology with
routine laboratory culture for bacterial and fungal detection in bronchoalveolar lavage fluid. J. Thorac. Dis. 2025, 17, 10036–10044.
[CrossRef] [PubMed]

66. Wesdorp, E.; Rotte, L.; Chen, L.T.; Jager, M.; Besselink, N.; Vermeulen, C.; Hagen, F.; van der Bruggen, T.; Lindemans, C.; Wolfs, T.;
et al. NGS-based Aspergillus detection in plasma and lung lavage of children with invasive pulmonary aspergillosis. npj Genom.
Med. 2025, 10, 24. [CrossRef] [PubMed]

67. Machida, M.; Asai, K.; Sano, M.; Tanaka, T.; Kumagai, T.; Terai, G.; Kusumoto, K.; Arima, T.; Akita, O.; Kashiwagi, Y.; et al.
Genome sequencing and analysis of Aspergillus oryzae. Nature 2005, 438, 1157–1161. [CrossRef] [PubMed]

68. Rodriguez-Lazaro, D.; Cook, N.; Ruggeri, F.M.; Sellwood, J.; Nasser, A.; Nascimento, M.S.; D’Agostino, M.; Santos, R.; Saiz, J.C.;
Rzezutka, A.; et al. Virus hazards from food, water and other contaminated environments. FEMS Microbiol. Rev. 2012, 36, 786–814.
[CrossRef] [PubMed]

69. Hovi, T.; Stenvik, M.; Partanen, H.; Kangas, A. Poliovirus surveillance by examining sewage specimens. Quantitative recovery of
virus after introduction into sewerage at remote upstream location. Epidemiol. Infect. 2001, 127, 101–106. [CrossRef] [PubMed]

70. Carducci, A.; Arzilli, G.; Atomsa, N.T.; Lauretani, G.; Verani, M.; Pistelli, F.; Tavoschi, L.; Federigi, I.; Fornili, M.; Petri, D.;
et al. Integrated environmental and clinical surveillance for the prevention of acute respiratory infections (ARIs) in indoor
environments and vulnerable communities (Stell-ARI): Protocol. PLoS ONE 2024, 19, e0309111. [CrossRef] [PubMed]

71. Bivins, A.; North, D.; Ahmad, A.; Ahmed, W.; Alm, E.; Been, F.; Bhattacharya, P.; Bijlsma, L.; Boehm, A.B.; Brown, J.; et al.
Wastewater-Based Epidemiology: Global Collaborative to Maximize Contributions in the Fight Against COVID-19. Environ. Sci.
Technol. 2020, 54, 7754–7757. [CrossRef] [PubMed]

72. Piccirilli, G.; Lanna, F.; Gabrielli, L.; Motta, V.; Franceschiello, M.; Cantiani, A.; Pavoni, M.; Leone, M.; Borgatti, E.C.; Gibertoni, D.;
et al. CMV-RNAemia as new marker of active viral replication in transplant recipients. J. Clin. Microbiol. 2024, 62, e0163023.
[CrossRef] [PubMed]

73. Giardina, F.; Paolucci, S.; Mele, D.; Mura, O.; Ramus, M.; Sammartino, J.C.; d’Angelo, P.; Pitrolo, A.M.G.; Campanini, G.;
Pattonieri, E.F.; et al. Human Cytomegalovirus Virion-Associated mRNA as a Marker of Productive Infection in Immunocompro-
mised Patients. J. Med. Virol. 2025, 97, e70378. [CrossRef] [PubMed]

74. Lazzarotto, T.; Chiereghin, A.; Piralla, A.; Gibertoni, D.; Piccirilli, G.; Turello, G.; Campanini, G.; Gabrielli, L.; Costa, C.; Comai, G.;
et al. Kinetics of cytomegalovirus and Epstein-Barr virus DNA in whole blood and plasma of kidney transplant recipients:
Implications on management strategies. PLoS ONE 2020, 15, e0238062. [CrossRef] [PubMed]

75. Nicastro, E.; Severi, E.; Passera, I.; Totaro, M.; Matarazzo, L.; Fornataro, L.; Morotti, F.; Tebaldi, A.; Bonanomi, E.; Bravi, M.; et al.
Cytomegalovirus-RNA Accurately Identifies Clinically Significant Infection Needing Preemptive Therapy in Liver Transplanted
Children: A Proof-of-Concept Study. J. Med. Virol. 2025, 97, e70347. [CrossRef] [PubMed]

76. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on the management of hepatitis B virus
infection. J. Hepatol. 2025, 83, 502–583. [CrossRef] [PubMed]

77. Yurdaydin, C.; Abbas, Z.; Buti, M.; Cornberg, M.; Esteban, R.; Etzion, O.; Gane, E.J.; Gish, R.G.; Glenn, J.S.; Hamid, S.; et al.
Treating chronic hepatitis delta: The need for surrogate markers of treatment efficacy. J. Hepatol. 2019, 70, 1008–1015. [CrossRef]
[PubMed]

78. Asselah, T.; Rizzetto, M. Hepatitis D Virus Infection. N. Engl. J. Med. 2023, 389, 58–70. [CrossRef] [PubMed]

https://doi.org/10.3390/v18060684

https://doi.org/10.1016/j.jinf.2022.01.042
https://www.ncbi.nlm.nih.gov/pubmed/35123959
https://doi.org/10.2807/1560-7917.es.2024.29.31.2400459
https://www.ncbi.nlm.nih.gov/pubmed/39092529
https://doi.org/10.1002/uog.29301
https://www.ncbi.nlm.nih.gov/pubmed/40737630
https://doi.org/10.3390/pathogens14020121
https://www.ncbi.nlm.nih.gov/pubmed/40005498
https://doi.org/10.3390/v15010217
https://www.ncbi.nlm.nih.gov/pubmed/36680257
https://doi.org/10.3389/fmicb.2018.01180
https://www.ncbi.nlm.nih.gov/pubmed/29922263
https://doi.org/10.21037/jtd-2025-1647
https://www.ncbi.nlm.nih.gov/pubmed/41376957
https://doi.org/10.1038/s41525-025-00482-8
https://www.ncbi.nlm.nih.gov/pubmed/40097415
https://doi.org/10.1038/nature04300
https://www.ncbi.nlm.nih.gov/pubmed/16372010
https://doi.org/10.1111/j.1574-6976.2011.00306.x
https://www.ncbi.nlm.nih.gov/pubmed/22091646
https://doi.org/10.1017/s0950268801005787
https://www.ncbi.nlm.nih.gov/pubmed/11561962
https://doi.org/10.1371/journal.pone.0309111
https://www.ncbi.nlm.nih.gov/pubmed/39348341
https://doi.org/10.1021/acs.est.0c02388
https://www.ncbi.nlm.nih.gov/pubmed/32530639
https://doi.org/10.1128/jcm.01630-23
https://www.ncbi.nlm.nih.gov/pubmed/38534109
https://doi.org/10.1002/jmv.70378
https://www.ncbi.nlm.nih.gov/pubmed/40326958
https://doi.org/10.1371/journal.pone.0238062
https://www.ncbi.nlm.nih.gov/pubmed/32841308
https://doi.org/10.1002/jmv.70347
https://www.ncbi.nlm.nih.gov/pubmed/40232168
https://doi.org/10.1016/j.jhep.2025.03.018
https://www.ncbi.nlm.nih.gov/pubmed/40348683
https://doi.org/10.1016/j.jhep.2018.12.022
https://www.ncbi.nlm.nih.gov/pubmed/30982526
https://doi.org/10.1056/nejmra2212151
https://www.ncbi.nlm.nih.gov/pubmed/37407002
https://doi.org/10.3390/v18060684


Viruses 2026, 18, 684 30 of 30

79. Agarwal, K.; Dobryanska, M.; Jucov, A.; Kennedy, P.; Gane, E.; Yuen, M.-F.; Wong, G.; Strasser, S.; Holmes, J.; Roberts, S. BJT-778,
anti-HBsAg monoclonal antibody, achieved 100% virologic response in subjects with chronic hepatitis D (CHD): Phase 2 study
results. In Hepatology; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2024; pp. S892–S893.

80. Cossiga, V.; Brusa, S.; Montalti, R.; De Conte, A.; Jannuzzi, G.; Ranieri, L.; Sorrentino, R.; Vallefuoco, L.; Pignata, L.; Guarino, M.;
et al. Anti-HDV reflex testing in HBsAg-positive subjects: An efficacious strategy to identify HDV infection. Liver Int. 2024, 44,
148–154. [PubMed]

81. Kondili, L.A.; Brancaccio, G.; Tosti, M.E.; Coco, B.; Quaranta, M.G.; Messina, V.; Ciancio, A.; Morisco, F.; Cossiga, V.; Claar, E.;
et al. A holistic evaluation of patients with chronic Hepatitis D virus (HDV) infection enrolled in the Italian PITER-B and delta
cohort. Int. J. Infect. Dis. 2024, 146, 107115. [CrossRef] [PubMed]

82. Caviglia, G.P.; Dileo, E.; Olivero, A.; Mengozzi, G.; Ciancio, A.; Loglio, A.; Vigano, M.; Fagiuoli, S.; Colombatto, P.; Coco, B.; et al.
The Medical Impact of Hepatitis D Virus Infection in Natives and Immigrants: The Italian Paradigm. Liver Int. 2025, 45, e70242.
[CrossRef] [PubMed]

83. Salpini, R.; Piermatteo, L.; Caviglia, G.P.; Bertoli, A.; Brunetto, M.R.; Bruzzone, B.; Callegaro, A.; Caudai, C.; Cavallone, D.;
Chessa, L.; et al. Comparison of diagnostic performances of HDV-RNA quantification assays used in clinical practice: Results
from a national quality control multicenter study. J. Clin. Virol. 2025, 180, 105850. [CrossRef] [PubMed]

84. Anolli, M.P.; Renteria, S.U.; Degasperi, E.; Borghi, M.; Facchetti, F.; Sambarino, D.; Perbellini, R.; Monico, S.; Ceriotti, F.;
Lampertico, P. Quantification of serum HDV RNA by Robogene 2.0 in HDV patients is significantly influenced by the extraction
methods. Liver Int. 2024, 44, 831–837. [CrossRef] [PubMed]

85. Lusso, P.; De Maria, A.; Malnati, M.; Lori, F.; DeRocco, S.E.; Baseler, M.; Gallo, R.C. Induction of CD4 and susceptibility to HIV-1
infection in human CD8+ T lymphocytes by human herpesvirus 6. Nature 1991, 349, 533–535. [CrossRef] [PubMed]

86. Cocchi, F.; DeVico, A.L.; Garzino-Demo, A.; Arya, S.K.; Gallo, R.C.; Lusso, P. Identification of RANTES, MIP-1 alpha, and MIP-1
beta as the major HIV-suppressive factors produced by CD8+ T cells. Science 1995, 270, 1811–1815. [CrossRef] [PubMed]

87. Cocchi, F.; DeVico, A.L.; Garzino-Demo, A.; Cara, A.; Gallo, R.C.; Lusso, P. The V3 domain of the HIV-1 gp120 envelope
glycoprotein is critical for chemokine-mediated blockade of infection. Nat. Med. 1996, 2, 1244–1247. [CrossRef] [PubMed]

88. Scarlatti, G.; Tresoldi, E.; Björndal, Å.; Fredriksson, R.; Colognesi, C.; Kui Deng, H.; Malnati, M.S.; Plebani, A.; Siccardi, A.G.;
Littman, D.R.; et al. In vivo evolution of HIV-1 co-receptor usage and sensitivity to chemokine-mediated suppression. Nat. Med.
1997, 3, 1259–1265. [CrossRef] [PubMed]

89. Santoro, F.; Kennedy, P.E.; Locatelli, G.; Malnati, M.S.; Berger, E.A.; Lusso, P. CD46 is a cellular receptor for human herpesvirus 6.
Cell 1999, 99, 817–827. [CrossRef] [PubMed]

90. Nardese, V.; Longhi, R.; Polo, S.; Sironi, F.; Arcelloni, C.; Paroni, R.; DeSantis, C.; Sarmientos, P.; Rizzi, M.; Bolognesi, M.; et al.
Structural determinants of CCR5 recognition and HIV-1 blockade in RANTES. Nat. Struct. Mol. Biol. 2001, 8, 611–615. [CrossRef]
[PubMed]

91. Lusso, P. HIV and chemokines: Implications for therapy and vaccine. Vaccine 2002, 20, 1964–1967. [CrossRef] [PubMed]
92. Liu, Q.; Parsons, R.J.; Wiehe, K.; Edwards, R.J.; Saunders, K.O.; Zhang, P.; Miao, H.; Tilahun, K.; Jones, J.; Chen, Y.; et al.

Acquisition of quaternary trimer interaction as a key step in the lineage maturation of a broad and potent HIV-1 neutralizing
antibody. Structure 2025, 33, 1325–1336.e5. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18060684

https://www.ncbi.nlm.nih.gov/pubmed/37789576
https://doi.org/10.1016/j.ijid.2024.107115
https://www.ncbi.nlm.nih.gov/pubmed/38801968
https://doi.org/10.1111/liv.70242
https://www.ncbi.nlm.nih.gov/pubmed/40729522
https://doi.org/10.1016/j.jcv.2025.105850
https://www.ncbi.nlm.nih.gov/pubmed/40784197
https://doi.org/10.1111/liv.15795
https://www.ncbi.nlm.nih.gov/pubmed/38247385
https://doi.org/10.1038/349533a0
https://www.ncbi.nlm.nih.gov/pubmed/1846951
https://doi.org/10.1126/science.270.5243.1811
https://www.ncbi.nlm.nih.gov/pubmed/8525373
https://doi.org/10.1038/nm1196-1244
https://www.ncbi.nlm.nih.gov/pubmed/8898753
https://doi.org/10.1038/nm1197-1259
https://www.ncbi.nlm.nih.gov/pubmed/9359702
https://doi.org/10.1016/s0092-8674(00)81678-5
https://www.ncbi.nlm.nih.gov/pubmed/10619434
https://doi.org/10.1038/89653
https://www.ncbi.nlm.nih.gov/pubmed/11427892
https://doi.org/10.1016/s0264-410x(02)00079-8
https://www.ncbi.nlm.nih.gov/pubmed/11983255
https://doi.org/10.1016/j.str.2025.04.020
https://www.ncbi.nlm.nih.gov/pubmed/40412376
https://doi.org/10.3390/v18060684

	Introduction 
	Conference Sections: Selected Invited Lectures 
	Session 1: Viral Immunology and Vaccines—Chaired by Roberto Burioni, Roberta Rizzo, and Carolina Scagnolari (Figure 1) 
	Session 2: Viral Pathogenesis and Diseases—Chaired by Fausto Baldanti and Giovanni Giammanco (Figure 2) 
	Session 3: Plant Virology—Chaired by Emanuela Noris and Luisa Rubino (Figure 2) 
	Session 4: Virus–Host Interactions—Chaired by Arianna Calistri and Giorgio Gribaudo (Figure 3) 
	Session 5: Structural Virology and Biotechnology—Chaired by Massimiliano Galdiero and Anna Luganini (Substituting for Giuseppe Portella) (Figure 4) 
	Session 6: Diagnostics in Human Virology—Chaired by Guido Antonelli and Cristina Costa (Figure 4) 
	Session 7: SIV-ISV/AMCLI Joint Session: The New Frontiers of Virus Sequencing—Chaired by Rossana Cavallo and Tiziana Lazzarotto (Figure 5) 
	Session 8: Viruses and Cancer—Chaired by: Marisa Gariglio and Aldo Venuti (Figure 6) 
	Session 9: Zoonosis and Viral Infections in Animals—Chaired by Vito Martella and Gabriele Vaccari (Figure 6) 
	Session 10: Antiviral Therapy—Chaired by David Lembo, Mauro Pistello, and Enzo Tramontano (Figure 7) 
	Session 11: Emerging and Re-Emerging Viruses—Chaired by Francesca Caccuri and Clementina Cocuzza (Figure 8) 
	Session 12: Food and Environmental Virology—Chaired by Giuseppina La Rosa and Elisabetta Suffredini (Figure 8) 

	Sponsored Symposia 
	Sponsored Symposium 1—Chaired by Simona Fiorentini and Giovanni Delogu (Figure 9) 
	Sponsored Symposium 2—Chaired by Cristina Costa (Figure 10) 

	Awards and Prizes 
	Concluding Remarks 
	References

