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Abstract. Knowledge sharing in medical education is a
continuous exchange of skills and expertise between scientists.
Paediatric virology is a rapidly developing, new scientific field of
medicine, which enhances multidisciplinary, expertise knowledge
sharing between paediatric health professionals and scientists of
different subspecialties. The present review discusses the recent
core topics in paediatric viral infectious diseases discussed
during the 11th Workshop on Paediatric Virology organised by
the Institute of Paediatric Virology and presents its key messages,
including: i) The history of smallpox vaccination; ii) the role of
viral co-infections triggering invasive bacterial diseases; iii) the
surge of invasive group A streptococcal disease during the
post-coronavirus disease 2019 (COVID-19) era; iv) foetal brain
imaging findings in maternal severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection; v) the diabetogenic role
of Coxsackie viruses in childhood; vi) adenovirus-related central
nervous system manifestations in the paediatric population;
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vii) new challenges and opportunities of hepatis D virus infection
in children; viii) the Swedish up-to-date human papillomavirus
vaccination experience in childhood.
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1. Introduction

The recent coronavirus disease 2019 (COVID-19) pandemic
has emphasized the value of innovative approaches in sharing


https://www.spandidos-publications.com/10.3892/etm.2026.13288

2 MAMMAS et al: EXPERTISE KNOWLEDGE SHARING IN PAEDIATRIC VIROLOGY

expertise and the importance of multidisciplinary medical
education (1-3). Expert knowledge sharing is a continuous
process of exchanging skills and information across medical
specialties; it plays a fundamental role in medical educa-
tion (4,5). Effective sharing of knowledge and experience can
be achieved through international communication and multi-
disciplinary interaction. The creation of accessible resources
including targeted workshops, can encourage this sharing and
promote international knowledge interchange, networking and
teamwork (6,7). The value of knowledge and skills interchange
was highlighted at the 11th Workshop on Paediatric Virology
organised on December 20, 2025 by the Institute of Paediatric
Virology (IPV, http://www.paediatricvirology.org), located on
the island of Euboea in Greece.

Taking advantage of the proceedings of this workshop,
which brought together several experts in different fields, the
present narrative review provides a comprehensive discus-
sion of the historical perspectives, immunopathogenesis,
epidemiology, clinical management and preventive strate-
gies across a broad spectrum of viral infections. The topics
discussed illustrated the value of multidisciplinary coop-
eration and knowledge interchange, with paediatric virology
being the overriding theme. Such interactions can lead to
collaborations, which are valuable in exposing the different
experts to multiple specialties, leading to ‘out-of-the box’
conceptualization of the challenges and opportunities facing
paediatric virology, in the post-COVID era. In this field of
specialization, it is important to broaden the exposure and
outlook.

The key messages of the topics discussed during the
workshop (Table I) focused on the following: i) The history
of smallpox vaccination; ii) the role of viral co-infections
triggering invasive bacterial diseases; iii) the surge of invasive
group A streptococcal disease during the post-COVID-19
era; iv) foetal brain imaging findings in maternal severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection;
v) the diabetogenic role of Coxsackie viruses in childhood;
vi) adenovirus-related central nervous system (CNS) manifes-
tations in the paediatric population; vii) new challenges and
opportunities of hepatis D virus (HDV) infection in children;
and viii) the Swedish up-to-date vaccination against human
papillomavirus (HPV) experience in childhood.

2. On the history of smallpox vaccination: Dr Emmanuel
Timonis, Dr Jacob Pylarinos and the Greek women of
18th-century Constantinople

The evolution of vaccination can be traced back to the early
18th century, when variolation, which involved the deliberate
insertion of smallpox matter into the skin of healthy people,
led to a mild infection and subsequent immunity (8). Historical
consensus credits the influential role of Lady Mary Wortley
Montagu, wife of the British ambassador to the Sublime Porte,
in promoting smallpox inoculation among the English elite (9).
However, more recent research reveals the key contribution of
two Greek medical professionals, Dr Emmanuel Timonis from
Chios (1669-1720) and Dr Jacob Pylarinos from Cephalonia
(1659-1718) (10-16). Their reports to the Royal Society in
London introduced variolation to Western medicine and
transformed folk wisdom into documented, evidence-based

medicine, laying the critical groundwork for Dr Edward
Jenner's development of the safe cowpox vaccine almost a
century later.

The biographies of these two Greek physicians and diplo-
mats merit closer examination in order to acknowledge the role
of lesser-known individuals, whose status did not gain histor-
ical visibility, in the practice of vaccination. Both Timonis and
Pylarinos had witnessed the effective application of variolation
across multiple regions of the eastern Mediterranean and, by
documenting the method in their writings, they significantly
contributed to the legitimisation of folk medical practices
commonly employed within the Greek communities of the
Ottoman empire.

Variolation was extensively practiced throughout the
Ottoman empire, with women serving as key agents in
its dissemination (10,17,18). Describing how experienced
older women ‘engrafted’ children with smallpox matter in
communal gatherings in Constantinople ‘every autumn in the
month of September’, Lady Montagu wrote that ‘the Grecians
have commonly the superstition of opening one [wound] in the
middle of the forehead, in each arm, and on the breast to mark
the sign of the cross’ (19). In his account, Pylarinos also noted
that women made incisions in the form of a cross as a ritual
accompaniment that would ensure success.

Although variolation was commonly perceived as both a
religious act and an effective prophylactic measure, it found
strong resistance by the Christian churches in Constantinople
that viewed it as a usurpation of the divine prerogative. The
French traveller Aubry de la Motraye relates how, in the face
of fierce ecclesiastical opposition, Dr Timonis and his friend
Dr Charles Le Duc, another doctor resident in the Ottoman
capital, defended variolation as a life-saving prevention
method: ‘I remember the doctors Timonis and Le Duc, both
great promoters of inoculation at Constantinople, having drawn
the Greek and Armenian clergy upon their backs, as well as
the Romish, on that account, answered them by way of raillery
that their invectives against the inoculation, as disturbing the
order of Providence, hinted that death was more agreeable to
that order than life, but seemed to proceed only from a selfish
spleen, because they were, by this method of practice, deprived
of the profit of burying so many children as died before every
day of the smallpox’ (20).

Dr Timonis and Dr Pylarinos are now recognised as
key precursors to Dr Edward Jenner, whose development of
smallpox vaccination using cowpox in 1796 would eventually
supplant variolation (Fig. 1). Taken together, the illustrious
careers of these two Greek physicians challenge Eurocentric
assumptions that locate the origins of modern medicine solely
in Western Europe. But they also destabilise mainstream
histories of vaccination that present medical innovation as
the exclusive domain of elite, male physicians. Instead, they
reveal a far more complex history of healthcare-one shaped
by gendered labour, vernacular knowledge and transcultural
exchange. While Dr Timonis and Dr Pylarinos provided the
scientific framing that appealed to European audiences, their
medical reports incorporated indigenous understandings of
disease and prevention that had been current in the multi-ethnic
and multi-religious milieu of the Ottoman empire for centu-
ries. In this regard, their life stories place smallpox inoculation
at the crossroads of medical history, social studies of science,
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Table I. Key messages from the 11th Workshop on Paediatric Virology organised by the Institute of Paediatric Virology.

Topic

Key messages

Smallpox vaccination (8-20)

Viral and bacterial
co-infections (21-41)

SARS-CoV-2 (42-53)

Adenovirus (54-70)

Coxsackie virus (71-83)

HDV (84-109)

Dr Emmanuel Timonis (1669-1720) from the island of Chios and Dr Jacob Pylarinos (1659-
1718) originating from the island of Cephalonia played a crucial role in validating folk medical
practices against smallpox, which were prevalent among the Greek Orthodox communities,
and introducing them into Western medicine, during the early eighteenth-century.

Throughout the history of the Venetian and Ottoman empires, the folk medical practice of
smallpox inoculation highlights the contribution of Greek women in early eighteenth-century
Constantinople, which should be integrated into the mainstream history of vaccination.
Viruses can predispose to bacterial invasion through epithelial disruption, altered cytokine
responses, and transient immune suppression even in previously healthy hosts.

Recent paediatric cohort studies demonstrate higher incidence of pneumonia as well as higher
PICU admission rates in children with viral co-infection, underscoring its role in severe disease.
The COVID-19 pandemic and implementation of NPIs profoundly disrupted the epidemiology
of communicable diseases. The subsequent ‘immunity gap’, driven by reduced exposure to
pathogens and decreased vaccine uptake, contributed to atypical surges in respiratory infections
once NPIs were lifted. This phenomenon coincided with a remarkable rise in iGAS disease in
children.

The pre-pandemic rise in iGAS disease followed a sharp decline during the 2020-2021
lockdown era along with the suppression of viral circulation. From late 2022, however, both
North America and Europe reported early and severe rebounds of paediatric iGAS disease,
temporally aligned with large outbreaks of influenza and RSV.

These findings highlight the importance of strengthening integrated surveillance of respiratory
viruses and iGAS, alongside reinforcing vaccination programmes against influenza viruses,
RSV and VZV, as key strategies to mitigate future invasive bacterial outbreaks in the
post-pandemic era.

In mild, vaccinated/Omicron-era's, maternal SARS-CoV-2 infection, there are usually no
detectable findings on foetal brain MRI regarding foetal brain growth and cortical evolution
compared with controls.

In the presence of foetal brain abnormalities, usually following severe maternal infection, the
most likely mechanism is placental vascular/inflammatory injury rather than direct foetal brain
infection.

Foetal brain MR1 is indicated in higher-risk scenarios, where placental assessment and postnatal
follow-up imaging should be considered.

HAGJV infection is rarely implicated in CNS disorders, but it can present with signs and
symptoms ranging from mild altered consciousness and seizures to encephalitis and severe
encephalopathy.

Often the diagnosis is not based on HAdV detection in the CSF or pleocytosis, but rather on a
positive PCR test from another site, mainly nasopharynx or stool.

Management of CNS manifestations requires hospitalisation and supportive care; outcome is
usually favorable with most patients returning to normal life or experiencing only minor
sequelae.

The destruction of the pancreatic insulin producing cells is a result of genetic susceptibility and
environmental interaction, with gradual progression over many months or years.

Among several viruses reported as diabetogenic, the most studied are CVB and particularly, the
B4 subtype.

There is some evidence that antiviral therapies against CVB can reverse the diabetogenic
process, and thus a safe and effective vaccine could potentially preserve insulin production by
preventing the disease itself.

A number of studies have shown relatively high prevalence of anti-HDV seropositivity in HBV
HBsAg-positive pregnant women. Preterm delivery and poor outcomes can occur in HBV/
HDYV infected pregnant women. Assessment of the seroprevalence of HDV in pregnant women
and perinatal MTCT is under-represented globally, and should be prioritised in order to prevent
PMTC HDV (and HBV).
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Table I. Continued.

Topic

Key messages

HPV vaccination (110-126)

The birth dose vaccination against HBV, followed by completion of a subsequent 3-dose series
in infants at 6, 10 and 14 weeks, can protect against both viral infections as well as liver cancer.
Although HBV vaccination has resulted in the decrease of HDV incidence in areas where
vaccination has been successfully implemented, high risk practices, such as tattooing and
scarification, multiple pregnancies and immigration from endemic HDV regions have been
identified as risk factors leading to an increase in prevalence of HDV in areas of low endemicity.
Historically, the standard of care for the prevention of HDV-associated liver disease progression
has been the use of peg-interferon-a. In recent years, several new therapies have emerged,
including bulevirtide, the first agent approved for use in chronic HDV infections by the EMA.
In Sweden, HPV vaccination was available early on after 2006 when the first HPV vaccine was

acknowledged by the FDA; current guidelines generally recommend two doses for children
below 15 years of age, while for individuals above 15 years of age, three doses are

recommended.

In 2010, it was possible for 10-12-year-old girls to be HPV vaccinated free of charge, but it was
not until 2012, that HPV vaccination was offered to girls of the same age group through the
school based-vaccination programme. In 2020, also boys, 10-12 years of age, were offered
HPV vaccination through the school-based vaccination programme.

Research has shown that HPV prevalence of the vaccine types has decreased considerably in
both the genital and oral tracts, particularly among vaccinated youth, while herd immunity has

also been observed.

PICU, paediatric intensive care unit; COVID-19, coronavirus disease-2019; NPIs, non-pharmaceutical interventions; iGAS, invasive group A
Streptococcus; RSV, respiratory syncytial virus; VZV, varicella zoster virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
MRI, magnetic resonance imaging; HAdV, human adenovirus; CNS, central nervous system; CSF, cerebrospinal fluid; PCR, polymerase chain
reaction; CVB, Coxsackie group B; HDV, hepatitis D virus; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; MTCT, mother to child
transmission; EMA, European Medicines Agency; HPV, human papillomavirus; FDA, Food and Drug Administration.

and cross-cultural perspectives on health and healing, while
also shedding light on people, places, and stories that were
once central but have since faded into obscurity.

3. Viral co-infections: Immunological and pathogenic
mechanisms triggering invasive bacterial disease

Viral infections can predispose to invasive bacterial disease.
Looking back in history, during the 1918 Spanish flu pandemic,
as well as the 2009 HIN1 influenza season, streptococcal
superinfections with Streptococcus pneumoniae and group
A Streptococcus (GAS), as well as Staphylococcus aureus
were associated with increased mortality rates (21-23). Basic
research has shown that this bacterial invasion may take place
through direct epithelial disruption in the respiratory tract as
has been observed with influenza viruses that facilitate strep-
tococcal adherence. Similarly, varicella zoster virus (VZV)
may breach the skin, leading to invasion by bacteria, paving
the way to GAS necrotizing fasciitis (24). Viral co-infections
can trigger immune modulation and dysregulation. Influenza
type A infection induces type I and type II interferons and
cytokines (e.g. tumour necrosis factor o (TNF-a), interleukin
(IL)-12, interferon (IFN)-vy that deplete or suppress alveolar
macrophages and neutrophil function by inhibiting the produc-
tion of some key antibacterial proinflammatory cytokines,
such as IL-23 and IL-17. Another suppressive mechanism is

the impaired function of immune cells, such as dendritic cells,
as well as the proliferation and cytotoxicity of T-cells and
natural killer cells (25). In murine models, a prior influenza
infection caused elevated systemic cytokines (IFN-y, TNF-a,
etc.), which paradoxically hampered GAS clearance from the
bloodstream and increased mortality (22).

Although less extensively studied, respiratory syncytial
virus (RSV) likely functions in a similar manner. RSV causes
airway epithelial damage and strong inflammatory responses,
which, in animal models, enhance susceptibility to bacterial
superinfection (e.g., with Streptococcus pneumoniae) (26).
Epidemiologically, RSV peaks coincided with invasive GAS
(IGAS) outbreaks, and co-detection of RSV with iGAS is often
reported (24). Similar to influenza viruses, RSV can skew
cytokine profiles, including IL-6 and IFNs, and impair neutro-
phil trafficking, potentially promoting streptococcal invasion.
Notably, an Australian paediatric surge study found that
children with viral co-infection (often with influenza viruses
or RSV) were almost twice as likely to develop severe iGAS
as those without viral co-infection; these mechanisms likely
explain the post-COVID-19 pandemic iGAS resurgences coin-
cide with unprecedented respiratory virus waves (27).

Chicken pox caused by VZV is a well-known potent
risk factor for iGAS in children (28). Apart from skin
lesions providing portals, VZV infection causes transient
immune suppression (e.g., of neutrophils and cell-mediated
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First letter on smallpox inoculation by Lady Mary

Wortley Montagu written in Constantinople

Publication on smallpox inoculation by Dr Jacob Pylarinos at
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the Philosophical Transactions of the Royal Society of London

Publication on smallpox inoculation by Dr Emmanuel Timonis at

the Philosophical Transactions of the Royal Society of London

Early 18" century

Folk medical practice of smallpox inoculation

by Greek women in Constantinople

Dr Edward Jenner introduces the first
scientific method of vaccination against

smallpox using cowpox

Figure 1. Dr Edward Jenner's precursors against smallpox during the 18th century A.D.

immunity) (29). Prior to the introduction of vaccination, data
show that 15-36% of paediatric necrotizing fasciitis cases were
associated with VZV infection. Of note, iGAS superinfec-
tions sometimes occurred even without obvious skin lesions,
implying a systemic innate immunosuppression due to the
VZV itself (21,29). Consequently, strengthening the surveil-
lance of viral and bacterial disease burden, particularly during
extreme situations, such as pandemics caused by novel strains
or the implementation of strict public health measures, may
facilitate the early recognition and management of future
outbreaks (Fig. 2).

4. The role of viral co-infection in the surge of invasive
group A streptococcal disease during the post-coronavirus
disease 2019 (COVID-19) era

The COVID-19 pandemic along with the implementation
of non-pharmaceutical interventions (NPIs) significantly
disrupted the epidemiology of many communicable diseases.
The ‘immunity gap’ theory has been conceived and adopted
by experts in the field as a plausible reason for the upsurge
of respiratory illnesses when NPIs were lifted across the
globe (30,31). Apparently, reduced exposure to respiratory
pathogens, as well as a significant decrease in the uptake of
routine vaccinations observed during the pandemic, led to
an attenuated depletion of immune stimulation and a ‘herd
immunity’ gap, in the population level. Moreover, viral and
bacterial respiratory pathogens have explosively resurged in
various time frames to fill the gap of prolonged circulation
disruption (32,33).

This is partly depicted in the post-pandemic epidemio-
logical trends in Europe and the USA that exhibited global
outbreaks of viral infections and were associated, at least
temporally, with GAS surges and iGAS cases, in particular.
Prior to the COVID-19 pandemic, the incidence of iGAS had
been rising in a number of countries, including the USA and
the European Union (34); however, from 2020 to 2021, iGAS
rates plummeted worldwide as NPIs halted both GAS and viral
transmission. Globally, respiratory viruses, such as influenza
viruses and RSV, also nearly vanished in that period, leaving
a population with reduced recent exposure to these common
pathogens (31,34).

After NPIs were lifted in 2022, the US Centers for
Disease Control and Prevention (CDC) recorded a ‘high
season’ rebound with a paediatric iGAS rise earlier than usual
(September-November), which also coincided with surges of
influenza viruses and RSV (33). Similarly, several European
countries, including the UK, Ireland, The Netherlands,
Sweden and France, exhibited an unusual rise in paediatric
iGAS cases from autumn 2022 onward that coincided with
epidemic peaks of viral respiratory illnesses (35-38). In
addition, a population-based case series covering a 30-year
period (1992-2023) of paediatric iGAS infections in Canada
highlighted the increased number of viral co-infections, as
well as a significant rise in iGAS infections of the upper and
lower respiratory tract in the post-pandemic period, statisti-
cally associated with increased paediatric intensive care unit
(PICU) admissions. Notably, PICU admissions due to iGAS
rose from 9.2% during the 1992-2001 period to 26.8% during
the 2022-2023 period (39).
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Viral co-infections

Influenza + RSV

Influenza + SARS-CoV-2
Influenza + RSV + SARS-CoV-2
other

Viral infections
Influenza
SARS-CoV-2
RSV

Varicella

other viruses

Influenza + GAS

Influenza + Streptococcus pneumoniae

Viral and bacterial co-infections

Bacterial infections

GAS

Streptococcus pneumoniae
Staphylococcus aureus
other

Invasive bacterial infections
GAS

Streptococcus pneumoniae
Staphylococcus aureus
other

SARS-CoV-2 + Influenza + GAS

other

Figure 2. Evaluating the co-existence of viral infections, viral co-infections, bacterial infections and invasive bacterial infections. RSV, respiratory syncytial
virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; GAS, group A Streptococcus.

Despite the large increase in lower respiratory tract infec-
tions (LRTIs), as well as iGAS disease in children, in the
aftermath of the COVID-19 pandemic, studies have shown
that there was some benefit from the mitigation strategies in
terms of averted hospitalisations and iGAS disease morbidity
and mortality (40,41). A lesson well-learned from the
COVID-19 pandemic is that enhanced public health measures
such as sophisticated surveillance systems both for iGAS
and respiratory viruses will shed light on the dynamics of
pathogen-pathogen interactions. Similarly, solid and uninter-
rupted immunisation programmes against common viruses
such influenza viruses, VZV and RSV may avert future
outbreaks of invasive bacterial disease and lead to a less
vulnerable paediatric population.

5. Foetal brain MRI findings in maternal SARS-CoV-2
infection

Maternal SARS-CoV-2 infection during pregnancy has raised
concerns about the in utero development of the foetal brain,
due to the known effect of other maternal infections on the
anticipated course of normal neuronal migration (42), but
also due to the documented hypercoagulable predisposition
of certain subjects affected by SARS-CoV-2 (43). During the
recent years, SARS-CoV-2 infections have revealed numerous
neurological side-effects in children and adults, of which
imaging findings may be subtle or absent (44). Limited infor-
mation was available during the early years about the effects
on foetal brain development and imaging findings in the case
of maternal SARS-CoV-2 infections during pregnancy.
Foetal brain magnetic resonance imaging (MRI) is a
well-established method that provides a detailed evaluation
of the foetal brain, especially of the cortical development,
and complements high-quality ultrasound, in order to clarify
ambiguous or subtle sonographic findings (45). Current

evidence suggests that uncomplicated maternal infection,
particularly in vaccinated, Omicron-era cohorts, is not consis-
tently associated with abnormal foetal brain growth or cortical
maturation on foetal brain; specific patterns have, however,
been described in selected subgroups, via indirect placental
pathways (46,47). In cases with placental and neonatal MRI
findings, the most likely pathogenic mechanisms are assumed
to involve vascular and inflammatory procedures rather than
direct foetal neurotropism (48-51).

Placental vascular lesions and placentomegaly were
detected on antenatal MRI in prospective studies during the
variant waves, whereas foetal effects depended on certain vari-
ants and maternal illness severity (46). Of note, a case-control
foetal brain MRI study, assessing brain biometry and cortical
development, resulted in no significant differences in the
pattern of sulcation or cortical mantle thickness among foetuses
of mildly symptomatic mothers vs. controls, concluding that
cortical maturation is not affected in low-severity maternal
infection (47). Although slightly discordant, these results
suggest that even in presence of placental pathology, if
maternal disease is mild and oxygenation is preserved, foetal
brain morphology is preserved.

A longitudinal cohort, using quantitative neonatal brain
MRI, found subtle differences in early newborn brain develop-
ment following antenatal exposure, implicating white-matter
and microstructural pathways, lacking universal significant
functional effects (48). Parallel multimodal foetal MRI work
during the pandemic examined association of maternal psycho-
logical distress with altered foetal brain measures; the concept
that maternal immune/psychosocial activation can shape foetal
brain microstructure is supported, even in the absence of severe
maternal respiratory disease (49,50). A mechanistic review
synthesising placental angiotensin-converting enzyme 2 expres-
sion, maternal cytokine signalling (e.g., IL-6/IL-17) and vascular
injury describes how placental insufficiency and inflammation
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could yield hypoxic-ischemic susceptibility of the developing
brain, aligning with perinatal imaging phenotypes (51).

Severe post-COVID-19 placentitis, as described by
pathology series, appears to represent a vascular route of
injury as it is characterised by massive perivillous fibrin
deposition and trophoblast necrosis, which results in foetal
hypoxic-ischemic demise without necessarily concurrent foetal
infection (50). This mechanism provides a plausible substrate
for the rare foetal and neonatal MRI lesions reported following
severe maternal COVID-19. These usually include thalamic
infarction and white-matter injury (46). On the contrary, large
prenatal imaging cohorts from the Omicron/vaccinated period
show preserved overall foetal brain growth on foetal brain
MRI, suggesting variant tropism and immunity meaningfully
modulate risk (46,52).

Indications to consider foetal brain MRI in maternal
COVID-19 include the following: i) Severe/critical maternal
disease; ii) severe sonographic abnormalities (growth restriction,
doppler changes); iii) suspected placental disease; and iv) severe
maternal distress with concerns about foetal neurobehavior. In
these cases, foetal brain MRI protocols should emphasise in
volumetry, cortical evaluation, diffusion sequence (ADC/DTI)
for assessing white matter and placental protocol when feasible.
Additionally, counselling should balance reassuring data for
mild maternal disease with vigilance for placental-mediated
injury in severe cases (46-53). Ongoing longitudinal studies are
required to connect prenatal MRI with later neurodevelopment
and delayed brain imaging of the child.

6. Adenovirus-related CNS manifestations in children

Human adenoviruses (HAdVs) are medium-sized, non-envel-
oped viruses with an icosahedral nucleocapsid enclosing
a double-stranded DNA genome of ~34 kb in length. They
consist of a family of >60 serotypes divided into seven
subgroups (A through G) based on immunological, biological
and biochemical characteristics (54). HAdVs are among the
most common viruses isolated from young children with
febrile illnesses. Pharyngitis, otitis media, bronchiolitis and
pneumonia are the main presentations of respiratory tract
infections (54-56). Pharyngoconjunctival fever and diarrheal
illness are also frequent adenoviral syndromes. Although sero-
type 41 was detected in 65% of the tested cases in the UK, its
role as the causative agent of the 2022 outbreak of severe acute
hepatitis in children remains uncertain (57).

HAdVs have been rarely described as causes of CNS
disease, particularly in immunocompetent children and most
publications consist of case reports or small case series. The
clinical spectrum is highly variable, ranging from mild altered
consciousness to severe encephalopathy and acute necrotising
encephalitis (55,58,59), with seizures and encephalitis-menin-
goencephalitis being the most common presentations.
Serotype C was documented as the cause of meningoencepha-
litis and severe sepsis in a previously healthy 15-month-old
girl (60) and type 7 in a fatal case of a 20-month-old boy (61).
Straussberg et al (62) described 7 infants 7-34 months old with
transient encephalopathy, characterised by decreased level of
consciousness without seizures or signs of meningeal involve-
ment associated with adenoviral infection. Concomitant
respiratory and gastrointestinal symptoms were frequently
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observed. In the systematic review by Schwartz et al (63), 5% of
children with confirmed HAdV infection exhibited neurologic
symptoms with an encephalitis incidence of 0.4%, while 3.3%
presented with seizures; alternatively, 1.9% of encephalitis
cases were attributed to HAdV. A similar rate (3.3%, 109 out of
3298) of children with culture-confirmed HAdV infection and
neurological dysfunction was recorded in a retrospective study
from Taiwan (64). Both studies demonstrated a predominance
in males, mostly in children <5 years of age. In the majority
of the studies, the incidence of HAdV-confirmed encephalitis
was estimated between 1.08 and 1.5% (65-67). However, in
a cohort study conducted in Finland, HAdV was implicated
in 5% of childhood encephalitis cases (68), highlighting the
importance of clinical suspicion and advanced diagnostic
tools, given that a significant proportion of viral encephalitis
cases remain unattributable.

Certain HAdVs serotypes are associated with distinct
clinical manifestations and serotypes 1, 2, 3,4, 5,6, 7, 11, 12,
26,32 and 41 have been implicated in CNS disorders; however,
the pathogenesis remains unclear. HAdVs rarely invade the
CNS, since their receptors are expressed at low levels in brain
tissue. It has been proposed that the adenovirus penton antigen,
a component of the capsid, induces a T-lymphocyte-mediated
response that triggers a cascade leading to perivascular oedema,
vascular wall degeneration and presence of inflammatory cells
within the brain. This hypothesis may explain the severity of
CNS disorders in individuals with immunodeficiencies.

In a number of studies, the diagnosis of HAdV-associated
CNS infection was not based on the detection of HAdV in
cerebrospinal fluid (CSF) by viral culture or PCR, but rather
on a positive PCR test from another site (nasopharynx, throat,
sputum or stool) in children with neurologic manifesta-
tions (58,59,62,64). Indeed, in the review by Schwartz et al (63),
HAAJV was identified in CSF in only 15% of cases. In recent
years, this rate has increased due to the widespread use of
multiplex real time PCR assays (65). CSF findings are often
unexceptional, with numerous patients demonstrating normal
profiles (59,62) or only mild pleocytosis (white blood cells,
<30/mm?®) (63-65). There are limited data regarding neuro-
imaging or electroencephalogram (EEG) findings. Several
patients exhibit abnormal results on an EEG examination,
most commonly generalised slow rhythm and epileptiform
discharges (62,64,67); more rarely, abnormal findings are
revealed on brain MRI (58,64,67).

The majority of HAdV infections are self-limiting and
treatment is mainly supportive. Patients with CNS involve-
ment require hospitalisation, even admission to the PICU, if
intubation is necessary for airway protection or status epilep-
ticus (60,61). Antiviral therapy with cidofovir, ganciclovir,
ribavirin and vidarabine has been used in case reports or
uncontrolled series (69). Among these agents, cidofovir appears
to be most the effective; however, its use is recommended for
disseminated disease and immunosuppressive patients due to
severe nephrotoxicity (69). T-cell immunity is crucial for the
recovery of adenoviral infections (70). Hematopoietic stem
cell or solid organ transplant recipients may benefit from
transfer of donor-derived, virus-specific memory T-cells.
In the study by Leen et al (70), the management of HAdV
infections in 17 paediatric stem cell transplant recipients with
banked third-party virus-specific T-cells from individuals with
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common human leukocyte antigen polymorphisms, resulted in
a complete or partial response in 78% of patients.

Although deaths have been reported (61,63), the majority
of children suffering from HAdV-associated neurological
disorders experience a favourable outcome (59,60,62,65).
In a Taiwanese study >90% of children with CNS involve-
ment returned to normal health, 6.5% recovered with minor
sequelae (seizure disorder) and no deaths were recorded (64).
According to Tian et al (66), 42% of affected individuals
developed complications, but only 1% were associated with
CNS such as epilepsy, cerebral hernia and paralysis. A young
age, particularly <2 years, convulsions and pre-existing condi-
tions are predictors of a worse prognosis (64). When analysing
the causes of death, all fatalities are attributed to respiratory
insufficiency, septic shock and multiple organ dysfunction
rather than neurologic manifestations. This highlights the
importance of monitoring systemic complications in addition
to neurological symptoms.

7. Diabetogenic role of Coxsackie viruses: The feasibility
of a vaccine

Type 1 diabetes (T1D), also known as insulin-dependent
diabetes mellitus, is an autoimmune disease characterised
by inadequate insulin production from the pancreatic [3-cells
in the pancreatic islets of Langerhans (71). The destruc-
tion of the pancreatic insulin producing cells is a result of
genetic susceptibility and environmental interaction, with
gradual progression over many months or years (71-73).
Viral infections have been extensively studied and associ-
ated as the most common trigger factors of autoimmune
conditions in general and T1D in particular (74). Studies are
trying to clarify whether such infections can be the cause
of pancreatic autoimmunity or, once the autoantibodies
against islet autoantigens are present, then the viral infection
accelerates the disease process and establishes the clinical
outcome (73,74). It was in 1899, when Dr Henry Fauntleroy
Harris first suggested that T1D developed due to a viral
infection (measles) (75). Among several viruses reported
as diabetogenic, the most extensively studied are Coxsackie
viruses group B (CVB), particularly B4 subtype (76,77).
The theory that links the enteroviral infection with T1D, is
believed to have existed for >40 years (71).

There are scientific observations connecting exposure to
enteroviruses, in utero and in childhood, to the damage of
[-pancreatic cells and the establishment of diabetes, caused by
a possible migration of the virus from the mucus membrane
of the intestines to the pancreas (71,78,79). Such a hypothesis
may be supported by the observation that there is a rise in
the prevalence of T1D following enterovirus epidemics (80).
In the DiViD study (Diabetes Virus Detection Study), small
pancreatic tail tissue particles from living adult patients
newly diagnosed with T1D (4-9 weeks after diagnosis) and
from controls, were analysed to detect possible mechanisms
that interfere with the destruction of the f-cells (e.g., cell
stress, DNA damage, inflammation etc.) (72). Tissues from
nose, throat, intestine, blood and stools were also taken and
stored, for virus examination and future investigation. A
low-grade enteroviral infection was detected in the pancreatic
tissue of all adult patients (72). In a phase 2, randomised,

placebo-controlled, double-blind trial (DiViD Intervention
Trial) which included 96 children and adolescents (6-15 years
of age) with newly diagnosed T1D, when antiviral treatment
was given, it led to the preservation of the residual insulin
production compared with placebo (72,81).

Several autoantigens within the pancreatic f-cells may
play a key role in the onset or progression of autoimmune islet
injury, such as glutamic acid decarboxylase (GAD), insulin,
insulinoma-associated protein 2 (IA-2) and zinc transporter
(ZnT8) (82). GAD can be found in the islets, but also in the
central nervous system and testes (82). Antibodies against
GAD are detected in almost 70% of patients with T1D at
the time of diagnosis. Molecular mimicry due to homology
between GAD and F2C protein of CVB subtype B4 may be
a possible mechanism for T1D development (78,79). Studies
have revealed the presence of CVB-specific immunoglobulin
M (IgM) in 39% of children with new-onset T1D against
6% of normal children; the existence of significantly higher
Coxsackie virus antibody titres in pregnant women whose
children developed T1D in comparison with other pregnant
women whose children did not become diabetic and siblings
of diabetic children who developed T1D themselves, had expe-
rienced enteroviral infection 2-fold higher than siblings who
remained non-diabetic (74,78,79,82).

As aforementioned, the tropism of CVB for pancreatic
tissue appears very strong, suggesting that scientific research
should be directed toward developing appropriate therapies,
but most importantly in producing a vaccine against the
viruses, to prevent acute infection and potentially many cases
of TID (74). Several antiviral agents are being tested to halt
the viral invasion. During the DiViD Intervention study, the
combination of pleconaril and ribavirin was administered to
children and adolescents with newly diagnosed T1D stage 3
for 6 months, leading to the preservation of the residual insulin
production after 1 year, compared with placebo (72,81).
Natural remedies such as flavonoids targeting 2C CVB protein
appeared promising as antiviral therapy in the study by
Ullah et al (71); however, it remains unclear whether the effect
of the drug reduced the diabetogenic process.

The observation that the offspring of mothers with
anti-CVB antibodies exhibit a ~50% reduction in the
CVB-infection-associated risk of islet autoantibodies, stands
as a strong advocate for the preventive role of a vaccine against
the disease and the risk of T1D (74). A formalin-inactivated
non-adjuvanted pentavalent intramuscular vaccine comprising
the five most common serotypes (CVBI to CVBS) is being
tested (phase I safety trial) in healthy adults (83); studies
with similar vaccines in mice and non-human primates, have
demonstrated that these have proven to be safe, immunogenic
and preventive of CVB infection, as well as of CVB-induced
diabetes and CVB-myocarditis (83). In the event that such a
vaccine turns out to be preventive, it will be feasible to demon-
strate whether the hypothesised diabetogenic action of CVB
types is really causal (74,83).

8. Hepatitis D virus infection in children: Challenges and
opportunities

HDV, a member of the genus Deltavirus, is an RNA satellite
virus, that can replicate only in the presence of hepatitis B virus
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(HBV), as it requires the envelope protein of HBV to exit the
liver cell. An individual can be infected concurrently with both
viruses or chronic HBV carriers can be super-infected with HDV,
resulting in the most severe form of viral hepatitis. Children
with HDV infection exhibit more aggressive liver disease with
an early progression to cirrhosis, mainly in males of a younger
age (84-86). Within 2.3 years of prospective follow-up, a higher
incidence was recorded in children in Greece compared with
adults (2.2 new HDV-infected adults vs. 8.7 children per 1,000
HBsAg-positive annually) (86). Recently, HDV has been clas-
sified as a carcinogenic virus (87). The birth dose vaccination
against HBV, followed by completion of a subsequent 3-dose
series in infants at 6, 10 and 14 weeks (88), can protect against
both viral infections and liver cancer.

The standard serological marker for both clinical diagnosis
and epidemiological surveillance is antibody against HDV
(anti-HD), whereas the detection of HDV-RNA in serum is
the biomarker for active infection (89). The lack of surveil-
lance, standardisation of assays, diagnosis and data render
the global prevalence of HDV difficult to map. A previous
meta-analysis estimated a global HDV prevalence of 4.5%
among all HBV carriers (90). However, areas of high ende-
micity include Africa and Asia, with Mongolia documenting
the highest documented prevalence of 60% of HBV carriers
being infected with HDV (91). Following a systematic review
of HDV seroprevalence in HBsAg-positive individuals in
sub-Saharan African, marked differences were observed in the
different geographical regions: western Africa had a pooled
seroprevalence of 7.33 and 9.57% and Central Africa with
25.6 and 37.8%, in the general population and liver disease
patients, respectively, whereas eastern and southern Africa had
lower levels of 0.05% in the general population (92). Among
HBsAg-positive individuals 7.5% tested anti-HDV positive
in the Ukraine in 2021 (93), whereas a study conducted in
Oman revealed a 5.63% prevalence rate (94). In Bulgaria, the
prevalence was found to be 16.6% in liver disease patients,
which is comparable with the prevalence found in this popula-
tion in Spain, but lower in than that observed in Greece (95).
However, comparisons are confounded by different methods
of surveillance and diverse populations surveyed.

Although HBV vaccination has resulted in the decrease of
HDV incidence in areas where vaccination has been success-
fully implemented (96), high-risk practices (tattooing and
scarification), multiple pregnancies and immigration from
endemic HDV regions have been identified as risk factors
leading to an in increase in prevalence of HDV in areas of
low-endemicity (95). Changes in the epidemiology of HDV
have been described in European countries with high levels of
immigration including Italy, Greece, Spain and the UK (97-99).

As HDV is a blood-borne virus similar to HBV and HIV,
it may be transmitted from mother-to-child. Several studies
have demonstrated a relatively high prevalence of anti-HDV
seropositivity in HBsAg-positive pregnant women: 4 to 32.3%
in Cameroon, 14,7% in Mauritania, 20,3% in Pakistan and
3% in France (100-104). Preterm delivery and poor outcomes
can occur in HBV/HDV-infected pregnant women (105).
The assessment of the seroprevalence of HDV in pregnant
women and perinatal mother-to-child transmission (MTCT)
is under-represented globally (106) and should be prioritised
in order to prevent MTCT of HDV (and HBV), and the
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consequent chronicity of viral infections and the development
of hepatocellular carcinoma.

Historically, the standard of care for the prevention of
HDV-associated liver disease progression has been the use of
peg-interferon-a. (107). In recent years, several novel therapies
have emerged, with bulevirtide, an entry inhibitor, the first agent
approved for use in chronic HDV infections by the European
Medicines Agency (EMA) (108). Bulevirtide is administered
daily by subcutaneous injection and is not curative, requiring
lifelong therapy. The currently available tools for both the
prevention and the treatment of HDV should prevent the posi-
tive testing of children to HDV. The increased awareness of
this life-threatening infection, concerted surveillance and the
implementation of preventive measures are therefore essential to
ensure the elimination of HDV as a public health concern (109).

9. School-based HPV vaccination in childhood: The
Swedish experience

HPV is a family of >200 members of small double-stranded
DNA viruses with circular genomes of ~7,900 bp (110). The
genome is arbitrarily divided into an early region, a late region
and the long control region. The early region codes for the
functional proteins E1, E2, E5-E7, where E6 and E7 are in
high-risk HPV types regarded as oncogenes, while the late
region codes for the major and minor capsid proteins L1 and
L2 respectively (110). Notably, in this context, it was known
early on that the L1 protein can self-assemble into virus-like
particles and these are then used as antigens in the HPV
vaccines available today (111,112). Although ample knowledge
was available about the association of HPV with cervical
cancer in the 1980s, it was not until 1995 that HPV16 and 18,
and potentially some other HPV types were acknowledged as
being carcinogenic for humans by the International Agency on
Research against Cancer (IARC) (113).

Studying HPV in head and neck cancer, the research team
at the Department of Oncology-Pathology at the Karolinska
Institute (Stockholm, Sweden) detected HPV in tonsillar
squamous cell carcinoma and base of tongue squamous cell
carcinoma (114,115). Shortly thereafter, the same research
team found that the prevalence of HPV was increasing in
these tumours and that they were increasing epidemically in
incidence, and this was quite unexpected (116-118). However,
similar data were also obtained from the USA and other
Western countries (119,120). During the same time period, in
2006, the first HPV vaccine was approved by the Food and
Drug Administration (FDA) (112). This led the research team
at the Department of Oncology-Pathology at the Karolinska
Institute to initiate a contact with the Swedish Institute for
Disease Control, and in parallel, to investigate the pres-
ence of HPV in the genital and oral tracts of youths aged
14-23 years at a youth clinic in Stockholm. Notably, between
2008-2010, the prevalence of genital HPV (69.5%) was high in
non-vaccinated women at a youth clinic in Stockholm (121).
Moreover, during the same period at the same youth clinic,
oral HPV infection was also common in both young women
and men (122). These data initiated a study on oral HPV
infection in school classes, and the team's work to promote
HPV vaccination within the school-based-vaccination
programme (123).
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In Sweden, although already since 2010, it has been
possible for 10-12-year-old girls to be vaccinated for HPV free
of charge, it was not until 2012 that the HPV vaccination option
was offered to them through the school based-vaccination
programme (124). In 2020, boys were also offered the HPV
vaccination through the school-based vaccination programme.
To examine the effects of HPV vaccination, researchers in the
team continued to follow the prevalence of genital and oral
HPV at the same youth clinic as the one aforementioned.
Already since 2013-2015 (and also later), it could be shown that
the prevalence of HPV of the vaccine types decreased consid-
erably in the genital and oral tracts, particularly of vaccinated
youths; however, herd immunity was also observed [for further
information, please see the review by Du er al (125). HPV
vaccination has obviously been very successful and, of note,
over the past few years the incidence of cervical cancer has
decreased; this is prominent, particularly in younger women
in Sweden (126). Further research is required to translate
existing data into improved HPV vaccination coverage among
adolescents.

10. Conclusions

The 11th Workshop on Paediatric Virology organised on
December 20, 2025 by the IPV based on the island of Euboea
in Greece met its objective of bringing together clinicians
and scientists to advance this critical subspecialty in order to
shape the future of child healthcare by addressing virology
and interactions with a number of disciplines including
virology, history of science, bacteriology, neurology
imaging, immunology, diabetology, hepatology, paediatrics
and maternal health.

The history of smallpox vaccination clearly illustrated the
value of knowledge interchange at multiple levels, including
folklore medicine providing a foundation for scientific innova-
tion. By sharing observations and techniques across borders,
humanity transitioned from dangerous traditional remedies
to the first modern vaccines. Gratitude should be paid to the
unacknowledged founding Greek fathers of vaccinology, Dr
Emmanuel Timonis and Dr Jacob Pylarinos. By studying
viral-bacterial interaction, two critical disciplines virology
and bacteriology can be bridged. This cross-disciplinary
research reveals how viruses exploit bacteria for stability and
cellular entry, and how viral infections trigger opportunistic
bacterial diseases, through synergistic mechanisms, including
viral-mediated epithelial damage, upregulation of bacterial
receptors, and immune dysregulation.

The importance of public health and surveillance in
paediatric disease has been a valuable lesson taught by the
COVID-19 pandemic. The COVID-19 pandemic and its
associated NPIs drastically reshaped global disease patterns.
Lockdowns, physical distancing, mask mandates, and travel
restrictions induced a historic drop in common airborne
pathogens (influenza, RSV) and associated secondary bacte-
rial infections, while also causing significant reductions in
routine immunisations for other infections. The lifting of the
NPIs in the post-COVID 19 era resulted in resurgence of many
paediatric infections. The post-COVID era highlighted that
robust, active surveillance is critical to managing paediatric
infectious diseases.

Neurodevelopment in the foetus and during childhood is
vital in ensuring a healthy population of children. Maternal
viral infections can affect the neurodevelopment of the foetus;
thus, it is important that viral infections in pregnant women
are monitored and prevented, to protect foetus from long-term
neurological complications, cognitive impairments, and
increased risk of neurodevelopmental disorders. HAdVs have
been implicated in CNS complications, such as encephalitis and
meningoencephalitis, particularly in immunocompromised
children, highlighting the importance of a robust immune
system in ensuring neurological sequelae following paedi-
atric viral infections. The crossroads of virology, neurology,
maternal health, diagnostic imaging technology and immu-
nology were aptly illustrated.

Viral infections have been well-studied and associated
as the most common trigger factors of autoimmune condi-
tions in general and T1D in particular, further supporting
the requirement for an intact, well-functioning immune
system. CVB has been implicated as being diabetogenic
and there is a call to develop both preventative vaccines and
antiviral therapy to interrupt the virus-to-autoimmunity
course of T1D following CVB infection. The importance of
the development of both preventative and antiviral modali-
ties was further emphasized by the importance of the HBV
vaccine in preventing not only HBV, but also HDV infection
and the ultimate development of hepatocellular carcinoma.
HPV vaccination can be further promoted within the
school-based-vaccination programme.
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