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Abstract. The present review article presents the key messages
of the 8th Workshop on Paediatric Virology organised virtu-
ally by the Institute of Paediatric Virology based on the island
of Euboea in Greece. The major topics covered during the
workshop were the following: i) New advances in antiviral
agents and vaccines against cytomegalovirus; ii) hantavirus
nephropathy in children; iii) human rhinovirus infections in
children requiring paediatric intensive care; iv) complica-
tions and management of human adenovirus infections;
v) challenges of post-coronavirus disease 2019 (COVID-19)
syndrome in children and adolescents; and vi) foetal magnetic
resonance imaging in viral infections involving the central
nervous system. The COVID-19 era requires a more intensive,
strategic, global scientific effort in the clinic and in the labora-
tory, focusing on the diagnosis, management and prevention of
viral infections in neonates and children.
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1. Introduction

The recent coronavirus disease 2019 (COVID-19) pandemic
has prioritised multifaced international scientific effort for
adequate, state-of-the-art, health and medical care, world-
wide (1). The COVID-19 era has been a very demanding and
challenging period for all individuals, including paediatric
health professionals, newborns, children and parents (2).
Moreover, it has highlighted the value of multi-disciplinary
international scientific cooperation and medical education,
including online learning using virtual, hybrid teaching
modes (3). Paediatric viral infections continue to represent
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an educational, clinical and research field with increasing
needs and future perspectives. The present review describes
the key messages addressed during the recent 8th Workshop
on Paediatric Virology, which was organised through the
COVID-19 era by the Institute of Paediatric Virology (IPV;
https://www.paediatricvirology.org) on October 20, 2022 (4).
The workshop was coordinated virtually by the Paediatric
Virology Study Group (PVSG); this is the third year that this
workshop adopted a hybrid format and did not require the
physical presence of its participants due to the COVID-19
pandemic (5,6). The workshop focused on the following
factors: i) New advances in antiviral agents and vaccines
against cytomegalovirus (CMV); ii) hantavirus nephropathy
in children; iii) human rhinovirus (HRV) infections in chil-
dren requiring paediatric intensive care; iv) complications
and management of human adenovirus (HAdV) infections;
v) challenges of post-COVID-19 syndrome (PCS) in children
and adolescents and vi) foetal magnetic resonance imaging
(MRI) in viral infections involving the central nervous system
(CNS) (Table I).

In the context of the workshop, Professor Anna Kramvis,
Professor of Virology at the University of the Witwatersrand
(Johannesburg, South Africa), was awarded (2022 Paediatric
Virology Award) for her outstanding academic, research,
teaching and publishing contribution in hepatitis B virus
research in Africa (7-9). Dr Fergus Maher, Consultant in
Palliative Medicine at the Norfolk and Norwich University
Hospitals, NHS Foundation Trust (Norwich, UK) and Honorary
Associate Professor in Palliative Medicine at the Norwich
Medical School of the University of East Anglia (Norwich,
UK), was also awarded (2022 George N. Papanicolaou
Humanitarian Award) due to his state-of-the art clinical and
academic contribution to palliative medicine in the UK (10).

2. Developing antiviral agents and vaccines against
cytomegalovirus: New advances

CMV causes one of the most common infections globally,
with most individuals being infected at some point in life (11).
For most, it results in a mild, self-resolving illness that leads
to lifelong, latent infection. However, for some high-risk indi-
viduals, such as those who are immunocompromised, CMV
infection can result in severe disease and even mortality (12).
In addition, foetuses infected in utero can develop congenital
CMV infection with sequelae ranging from asymptomatic
infection through to multiorgan failure, severe neurodisability
and mortality (13). To date, several antiviral medications are
already available to treat CMV infection. Ganciclovir, valgan-
ciclovir, foscarnet and cidofovir have been used for a number
of years (12,13). Aciclovir/valaciclovir, primarily used to treat
varicella-zoster virus (VZV) and herpes simplex virus (HSV)
infections, have activity against CMV infection and are used
to treat pregnant women to reduce the risk of transmission of
CMV to the foetus; the antivirals acyclovir/valaciclovir are less
toxic than other CMV antivirals (14). Different doses for each
medication have been suggested for different clinical scenarios
(e.g., congenital CMV infection, immunocompromised
children, those with renal issues, prematurity and various
ages) (12-14). Newer agents, such as brincidofovir, letermovir
and maribavir, have recently been developed, although their

use remains limited (15). Novel antivirals are in early-stage
development. These include classes of small molecules, such as
distinct acyclic nucleoside phosphonate analogues, non-nucle-
oside inhibitors of DNA polymerase, monoclonal antibodies,
and host-targeted antivirals, such as sirtuins (16). The pipeline
for CMV antivirals is certainly very promising.

The search for a CMV vaccine has been ongoing for a
number of decades; however, new vaccine platforms, particu-
larly those developed during the COVID-19 pandemic have
recently led to significant advances. CMV vaccines are
being designed to target two key groups, namely women of
child-bearing potential/pregnant women, to try to reduce
the burden of congenital CMV, and those who are severely
immunosuppressed, to prevent the complications of acute and
chronic CMV infection in this population. There are three
main vaccines in clinical development. The first, and currently
most promising, is a mRNA-based CMV vaccine, which uses
the same technology as that used in some of the COVID-19
vaccines. This vaccine is being studied in several ongoing
phase 1-3 clinical trials in healthy adults and adolescents and
patients, who have received a haemopoietic stem-cell trans-
plant to assess safety, immunogenicity and efficacy potential
[for further information please visit the official website
of the National Institutes of Health (NIH), US National
Library of Medicine, ClinicalTrials.gov: https://clinicaltrials.
gov/ct2/results?’cond= CM V&term=vaccine%2C+Moderna&
cntry= &state=&city=&dist=&Search=Search]. Results from
these studies are expected over the ensuing years. A condi-
tionally replication-defective CMV vaccine (17) was recently
assessed in a phase 2 clinical trial in women of child-bearing
potential (for further information visit the official website of
the NIH, U.S. National Library of Medicine, ClinicalTrials.
gov: https://clinicaltrials.gov/ct2/show/NCT03486834). It was
shown to be safe and immunogenic, and reduced the quantity
and duration of CMV shedding in those who received three
doses of the vaccine (18). However, neither the three-dose
nor the two-dose regimen demonstrated significant efficacy
against CMV infection (18). It is unclear whether the devel-
opment of this vaccine will continue. The third is a CMV
recombinant protein subunit vaccine consisting of a combina-
tion of glycoprotein B and pentamer antigens, being evaluated
in a phase 1 clinical trial in healthy adults (for further infor-
mation visit the official website of the NIH, US National
Library of Medicine, ClinicalTrials.gov: https://clinicaltrials.
gov/ct2/show/NCT05089630?term=vaccine%2C+gsk&cond=
CMV&draw=2&rank=3). Although there is clearly a long road
ahead, advances in vaccine development consequent to the
COVID-19 pandemic, suggest that the prospect of a licensed
CMV vaccine is becoming increasingly promising.

3. Hantavirus nephropathy in children: Cases in Europe

In children, hantaviruses can cause a wide spectrum of
clinical manifestations, which have recently been grouped
into two clinical syndromes: i) Haemorrhagic fever with renal
syndrome (HFRS), which is endemic in Europe; and ii) hanta-
virus cardiopulmonary syndrome (19-22). Children can be
infected following exposure to aerosolized urine, droppings or
saliva of infected rodents or following exposure to dust from
their nests; rodents are the main hosts of hantaviruses. The
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Table I. Top key messages of the 8th Workshop on Paediatric Virology.

Topic

Key messages

CMV

Hantavirus

HRV

HAdV

SARS-CoV-2

Foetal MRI and viral infections

CMYV is a common infection in neonates and children and has a significant healthcare burden.
Several antivirals are available with more in development; different doses for each medication
have been suggested for different clinical scenarios (e.g., congenital CMV infection, immuno-
compromised children, those with renal issues, prematurity and various ages).

There are CMV vaccines in the pipeline although one getting to licensure is several years away
at least.

Hantaviruses should be considered as possible causes of interstitial nephritis with decreased
GFR in children even in areas with a low incidence of this infection.

In children with fever, thrombocytopenia and haematuria or proteinuria, differential diagnosis
should include hantavirus induced nephropathy.

HRVs have been recently associated with increased morbidity, hospitalisation rates and PICU
admissions; recent advances in NGS analyses have highlighted the significant burden in PICU
admissions due to SARI caused by HRV as well as CNS disease and MODS.

As there is no antiviral-specific treatment for HRV, recognition of signalling pathways involved
and the profiling of patients according to disease phenotypes may lead the way to future treat-
ment modalities in hyperinflammatory antiviral response.

HAdVs are common causes of self-limited febrile illnesses in young children; however, in
some cases, it may lead to disseminated disease, which requires hospitalisation and intensive
management with antivirals and immunotherapy.

The most common adenovirus infection in healthy children involves the respiratory system
and eyes; outbreaks of epidemic keratoconjunctivitis can occur in hospitals due to the rapid
transmission of HAdVs via the hands of health care workers, contaminated instruments or eye
drops.

Neonates and immunocompromised individuals are at a risk of increased morbidity and
mortality; in these groups antiviral therapy with cidofovir, ganciclovir, ribavirin and vidara-
bine has been used in case reports or uncontrolled series, leading to inconclusive evidence for
efficacy.

PCS appears to be an existing entity in the paediatric population; its prevalence is as yet unde-
termined and can occur in SARS-CoV-2 positive children, even if asymptomatic; the most
frequent symptoms are headache, fatigue-weakness, sleep disturbances, cognitive disorders
and myalgia-arthralgia.

The clarification of PCS diagnostic criteria and management may help to improve the health of
young patients and guide health policy makers.

Congenital infections represent a serious cause for foetal CNS injury with serious sequelae in
the neonate.

In the case that maternal viral infection is suspected, combining prenatal ultrasound and foetal
MRI may document the extent of tissue damage and therefore contribute to treatment and
counselling.

CMYV, cytomegalovirus; GFR, glomerular filtration rate; HRV, human rhinovirus; PICU, paediatric intensive care unit; NGS, next-generation
sequencing; SARI, severe acute respiratory infections; CNS, central nervous system; MODS, multiple organ dysfunction syndrome; HAdV,
human adenovirus; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2; PCS, post-COVID-19 syndrome; COVID-19, coro-
navirus disease 2019; MRI, magnetic resonance imaging.

virus is transmitted through the exposure of injured skin or
mucous membranes (eyes or nose) to these materials; trans-
mission from one human to another has rarely been described;
however, it is not impossible (19-22).

HFRS usually appears between the 7th and the 14th day
after contact with the virus through the infectious material,
although in some occasions, it may take up to 2 months to
manifest. Symptoms of the acute phase include intense

headaches, back and abdominal pain, fever, chills, nausea and
blurred vision. Affected patients may experience flushing of
the face, inflammation or redness of the eyes, or a rash. Low
blood pressure, acute shock and acute kidney injury can appear
later on. Each virus is responsible for different manifestations
of the illness (23-25). The Hantaan and Dobrava viruses are
associated with severe disease, while the Seoul, Saaremaa and
Puumala virus can cause milder symptoms. The recovery can
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vary from several days to months. The key to the diagnosis
of HFRS is the detection of hantavirus RNA sequences in
blood or tissue. The optimal strategy with which to control
the disease is by treating the basic symptoms and supporting
the patient with the management of fluids and electrolytes;
in the case that this is not applicable, dialysis may be used.
Intravenous ribavirin has been shown to decrease illness and
mortality associated with HFRS, if used in the very early
stages of the disease (26,27).

Cases in Europe. Dusek et al (28) referred to the first three
children with Puumala virus nephropathy diagnosis in the
Czech Republic. A boy and two girls were diagnosed with
interstitial nephritis. Their initial symptoms were similar
to those of the ‘common cold’. The children presented with
mild fever and a high erythrocyte sedimentation rate and
C-reactive protein levels, and low haemoglobin levels (28).
Kidney injury was verified by the presence of proteinuria,
the high serum creatinine levels and a renal biopsy. The
serological tests for Puumala virus antigen antibodies were
positive. All children reacted positively to the supportive
therapy, which led to a clinical improvement within
1 month (28). van der Werff ten Bosch et al (29) described
a young girl from Belgium diagnosed with hantavirus infec-
tion; in that case, the main symptoms and signs were high
fever, proteinuria, haematuria and eye lesions. No kidney
injury or haematological discrepancies were documented.
The diagnosis was based on the detection of hantavirus in
the blood tests. No specialised therapy was required and the
child had a rapid recovery (29). Eboriadou et al (30) described
a case of an 11-year-old boy from Northeastern Greece with
haemorrhagic fever with HFRS caused by hantavirus infec-
tion. The child presented with a mild fever with total lack of
other symptoms. The creatinine and urea levels progressively
increased to 23 and 930 mg/1, respectively, accompanied with
oligoanuria, proteinuria and haematuria. The glomerular
filtration rate (GFR) was 47.3 ml/min. The IgG Hantaan
viral antibody titer was 1:2,048; no IgM antibody titer was
quantified. The symptomatic therapy with fluids and electro-
lytes was in this case of crucial significance and concluded to
a complete renal recovery after 6 months of follow-up.

4. Human rhinovirus infections requiring paediatric
intensive care

HRYV of the Enterovirus genus, belonging to the family
Picornaviridae, has been traditionally recognised as the
‘common cold’ pathogen. However, the association with
severe acute respiratory infection (SARI) in children needs
to be highlighted as there is increasing evidence to indicate
the implication of HRV with increased rates of hospitalisation
and paediatric intensive care unit (PICU) admissions (31-33).
Of note, a prospective cohort study including >600 infants
linked severe HRV-associated respiratory tract illness with
maternal atopic disease and HRV species, with HRV group B
being associated with longer hospital stay (34). Similarly, other
authors have highlighted the presence of comorbidities, such
as bronchopulmonary dysplasia, a very low birth weight and
congenital heart disease, as significant risk factors for SARI
caused by HRV (35-37).

To date, an increasing number of studies have shown the
increased rate of HRV in PICU admissions due to SARI in
paediatric, as well as adult populations (31-39). In a recent
retrospective study, Smith and Wilson (33) demonstrated that
1 in 3 children with HRV infection admitted to a PICU had
severe respiratory insufficiency, and 14% of these children met
the diagnostic criteria for paediatric acute respiratory distress
syndrome (ARDS). Similarly, Spaeder et al (38) conducted
a multicentre cohort study, including 519 patients with HRV
infection admitted to a PICU, providing insightful morbidity
and mortality data. It is worth noting, however, that 12.5
and 6.4% of the patients had viral and bacterial coinfection,
respectively (38). In the same study (38), clinical presenta-
tion to the PICU consisted of wheezing (36%), apnoea (3%),
stridor or croup (1.2%) and seizures (3%). In addition, 1 in
4 patients required mechanical ventilation, 3% were diag-
nosed with multiple organ dysfunction syndrome (MODS),
2% developed ARDS and 2 patients underwent extracorporeal
membrane oxygenation; the mortality rate was 2%. Notably,
HRYV infection prevailed in PICU admissions among other
usual suspects, such as respiratory syncytial virus (RSV) and
influenza viruses (38). Finally, Asner et al (32) conducted a
retrospective cohort study in 750 children randomly selected
from a cohort of >5,000 outpatients, exploring the clinical
severity of single positive HRV cases compared with other
viral infections. They concluded that children with HRV had a
more severe course of disease than those with RSV and influ-
enza A and B, and often had significant comorbidities, such
as cardiorespiratory, metabolic and immunocompromise that
also leading to a relatively higher mortality rate (4.7%) (32).
Of note, during the past decade, HRV C, a previously unrec-
ognised genogroup of HRVs, has been discovered and linked
to severe respiratory illness associated with PICU admis-
sion, mechanical ventilation support and prolonged hospital
stay in addition to its association with the exacerbation of
asthma (39-41).

Furthermore, HRV infection has been implicated in crit-
ical illness with extrapulmonary complications, mainly CNS
involvement and multiple organ dysfunction (42). Liu et al (43)
described the case of a 10-year-old female patient without
comorbidities infected with HRV, who presented with seizures
attributed to significant diffuse encephaloedema, and subse-
quently developed septic shock requiring intubation, inotropes
support and continuous renal replacement treatment. She had
a prolonged hospital stay of 75 days and her MODS was attrib-
uted to HRV A45 confirmed by metagenomic next-generation
sequencing (NGS) (43). Similar cases have been reported in
previously healthy children, whereas in a large analysis of
unexplained cases of encephalitis using metatransciptomic
sequencing, HRV was implicating in a considerable proportion
of them (44,45). Triantafilou et al (46) attempted to elucidate
the mechanism of host hyperinflammatory response to HRV
via translational studies in human cell lines. According to their
experimental results, the Toll-like receptors (TLR) 2, 7 and 8
and melanoma differentiation-associated (MDA) protein 5
signalling pathways mediated the recognition of the virus
in non-immune cells, which further triggered a synergistic
pro-inflammatory cytokine release and hyperinflamma-
tory phenotype, components that may be targeted for future
treatment modalities (46).
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5. Complications and management of human adenovirus
infections in children

First isolated in the 1950s, HAdVs are double-stranded DNA
viruses, which consist of a family (Adenoviridae) of >60
serotypes, divided into seven subgroups, A to G (47). Certain
serotypes are associated with distinct clinical manifestations,
reflecting preferential infection of the respiratory, gastrointes-
tinal and urinary tracts and conjunctiva; however, the majority
of infections are asymptomatic (47). HAdVs are among the
most common viruses isolated from young children with
febrile illness. Pharyngitis, exudative tonsillitis, otitis media,
bronchiolitis and pneumonia are common presentations of
respiratory tract infections. There is a high incidence of
pulmonary sequelae following adenoviral pneumonia in young
children, including restrictive lung disease, bronchiectasis and
bronchiolitis obliterans (48). Extrapulmonary complications
include meningoencephalitis, hepatitis, myocarditis, nephritis,
neutropenia and disseminated intravenous coagulation (47).

Pharyngoconjunctival fever is a classic adenoviral
syndrome that consists of a benign conjunctivitis often accom-
panied by a febrile pharyngitis and cervical adenitis (47,49).
Outbreaks have been described, particularly in summer camps
and swimming pools. Epidemic keratoconjunctivitis is a more
severe disease characterized by bilateral conjunctivitis with
preauricular adenopathy, followed by the development of
painful corneal opacities. It may be transmitted in hospitals
via the hands of healthcare workers, contaminated instru-
ments or eye drops. As previously demonstrated, in a neonatal
intensive care unit, an outbreak of HAdV type 8 conjunctivitis
occurred in seven premature infants who had undergone
ophthalmological examination (49). In an American study by
Bowles et al (50), polymerase chain reaction (PCR) testing
identified HAdV as the most detected virus in the myocar-
dium of children and adults with acute myocarditis and dilated
cardiomyopathy.

It is unclear whether HAdV infection is a cause of the
recent 2022 outbreak of unexplained hepatitis in children. As
of July 8, 2022, 35 countries had reported to the World Health
Organization (WHO) probable cases of children with severe
acute hepatitis of unknown aetiology (51). To date, there is no
established link with COVID-19 or hepatitis viruses A, B, C,
D and E. Although HAdV serotype 41 was detected by PCR in
65% of the tested cases in the UK and 44.6% in the USA (52),
it remains uncertain whether the virus is the causative agent,
as HAdV does not typically cause hepatitis in healthy chil-
dren. Preprints from the UK suggest that co-infection with
HAdV-associated virus 2, a member of the parvovirus family
may play a role (53); however, additional studies are required
to confirm this. Management includes supportive therapy and
treatment of coagulopathy disorders and hepatic encepha-
lopathy (51).

HAGdVs are rare causes of CNS disease, particularly in
immunocompetent children. The diseases spectrum is highly
variable, ranging from febrile seizures and mild aseptic
meningitis to severe, acute necrotizing encephalopathy,
leading to death. In a retrospective study by Schwartz ef al (54)
conducted at the Hospital for Sick Children (Toronto, Canada),
5% of children with microbiologically confirmed HAdV
infection had neurologic symptoms with an encephalitis

incidence of 0.4%; alternatively, 1.9% of encephalitis cases
were attributed to HAdV. (54). In another paediatric study
from Taiwan by Huang et al (55), a similar rate (3.3%) of chil-
dren with culture-confirmed HAdV infections had symptoms
or signs of neurological dysfunction. Notably, in the study
by Schwartz et al (54), HAdV in cerebrospinal fluid or brain
tissue was only isolated in 15% of the cases; the most prevalent
recorded serotype was type 7, followed by serotypes 3 and 2.
Complex seizures, coagulopathy, younger age and serotype 2
were associated with adverse outcomes.

Hemophagocytic lymphohistiocytosis (HLH) is a
life-threatening condition of immune dysregulation (56,57).
It is characterized by a prolonged fever, hepatosplenomegaly,
cytopenia and abnormal laboratory tests, including elevated
levels of aspartate aminotransferase, alanine transami-
nase, triglycerides, ferritin and serum soluble interleukin-2
receptor. Young children often have a genetic predisposi-
tion for primary or familiar HLH, while others suffer from
secondary HLH as a complication of infection, malignancy
or rheumatologic disease. In the literature, there are few
reports on HAdV-associated HLH in healthy children (56,57).
Otto et al (56) described five cases of HAdV 7 associated
HLH and HLH-like illness in children aged 2 months-16 years
old during the 2018-2019 season. In another report (57), two
neonates with disseminated HAdV infection, developed
ARDS and cardiovascular failure attributed to virus-related
HLH. No specific therapeutic protocols have been established;
however, intravenous immunoglobulin, dexamethasone, cyclo-
sporin A, etoposide and methotrexate have been used with
beneficial effects.

HAAdVs can cause disease during the post-transplantation
period in patients who have received haematopoietic stem
cell or solid organ transplants (58). The spectrum of infection
ranges from asymptomatic shedding to fatal disseminated
disease. Common manifestations include pneumonia, hepa-
titis, haemorrhagic cystitis/nephritis (accompanied by acute
renal failure at ~90%), colitis and encephalitis. In a retrospec-
tive study by Munoz et al (58), 11 of 440 children with HAdV
infection had disseminated disease; among these, 54% (6 of
11) were immunocompromised. Mortality from disseminated
disease was 73%, overall (83% among immunocompromised
and 60% among immunocompetent hosts).

The majority of HAdV infections are self-limiting and
treatment is supportive. Patients with CNS involvement, severe
respiratory disease, severe keratitis and immunosuppression
require hospitalisation. Neonates and immunocompromised
individuals are at a risk of increased morbidity and mortality.
In these groups, antiviral therapy with cidofovir, ganciclovir,
ribavirin and vidarabine has been used in case reports or
uncontrolled series; however, the evidence of efficacy is incon-
clusive (59). Cidofovir appears more efficient against HAdV
than other antiviral drugs, although severe nephrotoxicity is
a major dose-limiting adverse event. In a retrospective study
on 45 patients with HAdV infection following allogeneic
haematopoietic stem cell transplantation, 69% were success-
fully treated with cidofovir, even though 40% experienced
toxicity (60). Intravenous immunoglobulin has also been used
in conjunction with antivirals (61). T-cell immunity is critical for
the recovery from HAdV infection following haematopoietic
stem cell transplantation. The rapid transfer of donor-derived,
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virus-specific memory T-cells offers substantial promise in
controlling severe disease with low adverse effects in those
with intolerance or nonresponse to antivirals. In the study by
Leen et al (62), the treatment of HAdV infections in 17 paedi-
atric stem cell transplant recipients with banked third-party
virus-specific T-cells from individuals with common human
leukocyte antigen polymorphisms, resulted in a complete or
partial response in 78% of patients; 7 patients with complete
response and 7 patients with partial response.

6. Post-COVID-19 syndrome in children and adolescents:
Exploring current terminology, symptomatology and
management

Even though acute severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection has proven to be a mild
disease for the majority of children, it has been recognized
that symptoms from various systems may persist, re-emerge
or recur months following the acute phase, constituting the
PCS or ‘long COVID’ (Fig. 1). This syndrome, which has been
described primarily in adults, was first mentioned in May 2020
on Twitter by patients themselves (adults), trying to commu-
nicate inexplicable symptoms following acute SARS-CoV-2
infection, that made their everyday living difficult (63). In
September 2020, WHO established the codes U09 in the
International System of Classification of Diseases (ICD-10
and ICD-11) for this new condition (64) without mentioning
the children. Once again, in November, 2020, the media
highlighted that children may also be affected by PCS (65).
Since then, there have been numerous attempts made to define
this new condition, mainly for the adults, but lately also for
the children, the most acceptable of which are presented in
Table I1.

To date, numerous terms have been used in order to
describe this syndrome, such as ‘long-haulers’, ‘long COVID’,
‘post-acute sequalae of COVID-19 (PASC)’, ‘post-COVID’,
‘long term effects of COVID’, ‘long-post-COVID’ and ‘chronic
COVID’ (66,67). Symptoms and signs from almost all systems
have been reported, including cardiovascular (chest pain,
palpitations, orthostatic intolerance), neurological-neuropsy-
chiatric (brain fog, concentration disorders, sleep disorders,
headaches, memory disorders, behavioural disorders, irrita-
bility, smell/taste disorders, dizziness, night sweats, anxiety,
depression, convulsions), dermatological (rash, chilblains),
gastrointestinal (abdominal pain, epigastric pain, diarrhoea,
vomiting), musculoskeletal (myalgia, arthralgia), respiratory
(cough, dyspnoea, sore throat, nasal congestion), haemato-
logical (coagulation disorders, haemorrhagic diathesis) and
endocrinological (hyperglycaemia) (68-70).

The reported prevalence varies widely, from <4 to >66%,
depending on the symptom and the methodology of the
study (68,71-73). The most frequently reported symptoms are
headache, fatigue-weakness, sleep disturbances, cognitive
disorders and myalgia-arthralgia (71). Lower prevalence rates
(<2-3%) are usually observed in children with no history of
hospitalisation and mild-to-moderate disease, whereas higher
rates (>10%) are recorded in children with more severe disease,
with comorbidities, who may had been hospitalised (72,74).
Therefore, it is crucial for studies to specify the level of severity
of the initial disease. Of note however, numerous children with

ACUTE COVID-19
POST-ACUTE COVID-19

CHRONIC COVID-19

t 3 Weeks

ONSET OF SYMPTOMS

Figure 1. Classification of post-COVID-19 syndrome.
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a negative history of infection also exhibit symptoms, such as
anxiety, sleep disturbances, headaches and a decline in mental
functions, attributed to the COVID-19 pandemic itself (75,76).

The clinical spectrum of PCS should be treated with ample
attention, whether originating from pathophysiological altera-
tions, or it is the result of increased stress and aggravation of
pre-existing psychological issues, which developed due to the
pandemic. The question that remains unanswered, is which is
the most appropriate management of those individuals who
believe they are suffering from it. The majority of studies
focus on the care of the adult population, and propose the
provision of supportive, holistic, individualized treatment
of people with PCS, initially at primary care level, but with
immediate referral to specialists whenever serious conditions
emerge (77).

For the paediatric population, some advocate that there
should be a clinical assessment of children with a history
of SARS-CoV-2 infection, either confirmed or suspected,
4-12 weeks after the primary infection (78,79). During the
first visit, a clinical examination should be performed and a
detailed history should be taken, aiming to detect symptoms,
even of low intensity, that make the daily lives of children
difficult and may not have been evaluated properly, either by
the child, or by the caregiver (68,73,78). Subsequently, there
should be re-evaluation visits, whenever symptom patterns
change (79). Further management should be undertaken on
an individualized basis, consisting of laboratory investiga-
tion (e.g., chest X-ray, blood biochemistry test, respiratory
tests, and other tests) or referral to an appropriate specialty
depending on the clinical manifestations. The manage-
ment of PCS means primarily listening to the patients, and
validating their experience (77). Special care should be
taken when assessing previously healthy adolescents, who
present with psychological issues, to not reinforce their
possibly false concept of being unwell (73,80). When the
specialized examination/investigation (pulmonological,
neurological, rheumatological, cardiological, allergological
and psychiatric) reveals specific conditions, the appropriate
treatment (inhaled bronchodilators, anti-inflammatories,
p-blockers, antihistamines, anxiolytics, etc.) should be
administered (68,73,81).

Health care professionals should be trained and informed
about this new PCS condition. The long COVID-19 clinics,
which have been established by the majority of hospitals,
play a crucial role; however, it is critical to train primary
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Table II. Definitions of the post-COVID-19 syndrome (PCS).

Scientific corporation/institute/group

Definitions

WHO

CDC

NICE

NIHR

CLoCk Consortium

In October 2021, the WHO defined the post-COVID-19 syndrome as ‘the condition that
occurs in people with a history of definite or probable SARS-CoV-2 infection, usually
within 3 months of the onset of the COVID-19 disease, with symptoms that last at least
2 months and cannot be attributed-explained by another diagnosis’ (64). These symptoms
may follow an initial period of recovery or persist from the initial infection and generally
have an impact on the functions of daily life. This definition does not include children.
In July 2021, the CDC introduced post-COVID-19 as the condition where there is no
complete return to previous health status, where patients of all ages experience new,
recurrent, or persistent symptoms, at least 4 weeks after SARS-CoV-2 infection (90).
Symptoms can recur after a period of recovery from the initial infection and can occur
regardless of the severity of the acute infection.

In February 2022, NICE defined long COVID-19 as persistent symptoms originating
from the infection (ongoing symptomatic COVID-19) and lasting for 4 up to 12 weeks but
also symptoms after the infection (post-COVID-19 syndrome) lasting =12 weeks (91).
The NIHR has proposed that post-COVID-19 syndrome consists of different syndromes
that include post-intensive care syndrome, post-viral fatigue syndrome, long-term
COVID-19 syndrome and chronic disease that can result from organ damage due to
of COVID-19, with patients likely to suffer from more than one syndrome and some
showing different clusters of symptoms or patterns of symptoms (92).

At the end of 2021, the scientific group ‘CLoCk Consortium’ published a definition for
children and young people, corresponding to the WHO definition (93). Post-COVID-19
condition occurs in children and young people with a history of confirmed SARS-CoV-2
infection, with one or more persistent physical symptoms, for a minimum period of
12 weeks following the initial diagnosis and cannot be explained by another diagnosis.
Symptoms must affect daily functioning, may persist or develop after COVID-19, and
may fluctuate or recur over time.

WHO, World Health Organization; COVID-19, coronavirus disease 2019; CDC, Centers of Disease Control and Prevention; NICE, National

Institute for Health and Care Excellence; NIHR, National Institute for Health Research.

health care (PHC) professionals in this new entity, as they are
going to face the majority of such patients (73). In a Centers
for Disease Control and Prevention (CDC) publication by
Kompaniyets et al (70) on PCS syndrome in children, who
were 0-17 years of age, conditions that were more likely to
occur among children with a history of SARS-CoV-2 infec-
tion than without, included the following: Acute pulmonary
embolism, myocarditis and cardiomyopathy, acute renal
failure and type I and type II diabetes mellitus. These are
very severe conditions, which are not commonly found in
paediatric patients; thus, PHC workers should be aware of and
prepared to combat these. The majority of symptoms subside
after 12 weeks from the infection and the most valid criterion
for recognizing improvement is the testimony of the patient
that they feel better. As more guidelines are becoming avail-
able for the management of PCS, it is important that these are
followed by the health care workers involved (68,73,78,81).
Studying and understanding this new entity is essential, as it
will not only help improve the health of young patients, but
will also help health policy makers to re-examine measures
against the pandemic and re-evaluate the need for different
protection and management strategies against SARS-CoV-2
infection in children.

7. Foetal magnetic resonance imaging and viral infections:
Indications and findings

Foetuses are susceptible to a wide variety of viral infections,
which can result in significant health issues associated with
morbidity and disabilities in the affected children (82,83). CMV,
HSV, human immunodeficiency virus (HIV), enteroviruses,
VZV, parvovirus B19 and Zika virus account for transplacental
foetal infection and most commonly involve the CNS (83).
Neurosonography, including a foetal ultrasound brain scan,
is the primary technique for assessing the foetal brain, while
foetal MRI complements the ultrasound (82). Maternal infec-
tions represent one of the main indications for performing
foetal CNS MRI, particularly if the ultrasound is abnormal or
equivocal (82,84). Although imaging is practically unable to
set the diagnosis of a viral infection in foetal life and reveal
the pathogens, it has the potential to accurately suggest this
scenario in foetal life, map the extent of involvement and direct
the investigation, the parental consultation and the neonatal
care accordingly. In fact, the developing brain is particularly
sensitive to neurotropic viruses and infections acquired early
in pregnancy, which may interfere with normal brain devel-
opment (83). Each pathogen has a predilection for specific
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anatomical region/s. However, the sequelae of an intrauterine
infection reflect a combination of the pathogens and the stage of
foetal development at which the exposure has occurred (85,86).
CMV appears to represent the most frequent and critical
maternal infection. The findings of microcephaly, gyration
anomalies and parenchymal lesions may provide a clue,
although they are usually non-specific to foetal CMV infec-
tion (84). As a neurotropic virus, CMV haematogenously seeds
the choroid plexus and replicates in the ependymal, germinal
matrix and capillary endothelium (83). It may severely affect
the foetal brain and cause permanent sequelae in almost 50%
of symptomatic neonates, but also in up to 25% of the asymp-
tomatic infants, who will develop sensorineural hearing loss
usually by the age of 2 (83,86). Thus, foetal CNS MRI is indi-
cated in these pregnancies, even if the ultrasound is negative.
If CMV infection is acquired early in the second trimester,
by predilection of the germinal matrix cells, it appears to
interfere with normal neuro-glial migration and cause migra-
tional and cortical abnormalities, such as agyria/pachygyria,
polymicrogyria, schizencephaly, cerebellar hypoplasia and
ventriculomegaly (83,86). Capillary involvement may lead to
thrombosis and brain ischaemic lesions (83). This interesting
association is examined in the literature, where there is an
attempt to associate imaging findings with the timing of infec-
tion during pregnancy. In late gestation infections, different
kinds, usually less sever, anomalies are noted, such as ventric-
ulomegaly and myelin delay (focal, patchy or confluent with
posterior distribution but sparing of the periventricular and
subcortical white matter). Periventricular cysts are more char-
acteristic of CMV infection, with variable locations,commonly
in the anterior temporal lobes where white matter abnormali-
ties are also noted. The differential diagnosis includes other
cysts and parenchymal lesions. Parenchymal calcifications
of variable configuration may be seen throughout pregnancy
but they are not pathognomonic of CMV infection. These are
better appreciated on neonatal ultrasound or CT (83).
Intrauterine HSV infection is rare and may lead to foetal
hydrops, encephalomalacia, ventriculomegaly, microcephaly
and foetal demise (83). Foetal HIV infection is globally
decreasing due to preventative measures. In HI'V-infected
foetuses, calcifications of the subcortical white matter of the
frontal lobes are typically seen and their severity is associated
with the viral load. Foetuses affected by Zika virus at any time
of the gestation present with a variety of severe brain defects,
including microcephaly, brain atrophy, ventriculomegaly,
cortical, callosal and posterior fossa abnormalities and ocular
anomalies. Congenital varicella infection, caused by in utero
transmission of VZV, causes variable imaging findings, which
range from lobar destruction, basal ganglia necrosis and
cerebellar hypoplasia to polymicrogyria and ventriculomegaly.
Congenital infections represent a serious cause for foetal CNS
injury with severe sequelae in the neonate (86). In suspicion of
maternal viral infection, combining prenatal ultrasound and
foetal MRI may document the extent of tissue damage and
contribute to targeted treatment and counselling (87,88).

8. Conclusions and future perspectives

The management and prevention of CMV infection requires
the administration of antiviral agents and the development

of effective vaccines approved by the international scientific
community. Hantaviruses should be considered as possible
causes of interstitial nephritis with decreased GFR in chil-
dren. Recent advances in NGS analyses have emphasized
the contribution of non-RSV, non-influenza viruses in the
PICU disease burden. Among these, HRV appears to be
a common pathogen causing severe respiratory disease
requiring mechanical support, whereas CNS involvement
and hyperinflammatory response with multi-organ involve-
ment are being recognised as extrapulmonary HRV infection
complications in critically ill children. HAdVs can also lead
to disseminated disease, which requires hospitalisation and
PICU management with antivirals and immunotherapy. PCS
has been proposed as a new entity in the paediatric popula-
tion; its prevalence is as yet undetermined and can occur in
SARS-CoV-2 positive children, even if asymptomatic. The
clarification of its definition and management may help
improve the health of young patients, and may also guide
health policy makers. Congenital infections represent a
severe cause of foetal CNS injury with severe sequelae
in the neonate. In the case that maternal viral infection is
suspected, combining prenatal ultrasound and foetal MRI
may document the extent of tissue damage and contribute
to treatment and counselling. The COVID-19 era requires
continuous, intensive, systematic, global scientific efforts in
the clinic and in the laboratory, focusing on the diagnosis,
management and prevention of all neonatal and paediatric
viral infections.
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