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CHAPTER 1
INTRODUCTION
I.

Cytomegalovirus infection

Human cytomegalovirus (HCMV) is one of the nine herpesviruses that are capable of infecting humans and is also
called human herpesvirus 5 (HHV-5). It belongs to the Betaherpesvirinae within the Herpesviridae family. [1] The
viral particles are formed by a double-stranded DNA genome (approx. 230 kb), an icosahedral capsid, a
proteinaceous layer (tegument) and a coating (pericapsid or envelope). (fig1)

Figure 1. Cytomegalovirus particle. (source: Shutterstock.com)
Cytomegalovirus infection has a broad cellular tropism: it can infect epithelial cells of glandular and mucous
tissues, smooth muscle cells, fibroblasts, macrophages, hepatocytes, dendritic cells and vascular endothelial cells.
[1,2] As a consequence, CMV can spread to almost all organs with the liver, gastro-intestinal tract, lungs, retina
and brain as most affected sites of infection in immunocompromised hosts. [3] Primary infection with CMV is
usually resolved by an effective immune response in the immunocompetent host, but HCMV is never cleared.
[4,5] The virus has the ability to establish a life-long latency from which periodic reactivation is possible. [1,4]
Mostly, latency occurs in the myeloid cells, but endothelial and neuronal progenitor cells also seem to be sites of
latency.[6]
When HCMV infection occurs in healthy individuals, it usually results in a mild or asymptomatic disease.
Sometimes, it causes a mononucleosis-like syndrome which can present with fever, fatigue, elevated liver
enzymes or jaundice. [1] In the case of immunocompromised patients, an uncontrolled CMV replication may lead
to dissemination of the virus to multiple organs causing pneumonitis, retinitis, hepatitis or gastro-enteritis. [1,4,7]
Hence, the host immune status determines the outcome of the infection: immunocompromised patients have a
higher risk of serious HCMV infection and are more prone to reactivation of the latent virus. [1]
CMV is a common pathogen with worldwide clinical relevance. The virus spreads easily in the global population,
not only because of the mainly asymptomatic course of the infection but also because of the continuous shedding
of the virus through body fluids, which can last for months or years. [1] Worldwide seroprevalence ranges from
56 to 94% and is correlated with socioeconomic level and race, similarly to other herpesviruses. [1,5] A review by
Zuhair et al. found an estimated global CMV seroprevalence of 83% in the general population, 86% in women of
childbearing age, and 86% in donors of blood or organs. For each of these three groups, the highest
seroprevalence was seen in the World Health Organisation (WHO) Eastern Mediterranean region (90%) and the
lowest in WHO European region (66%). [7] Age is also an important risk factor for high seroprevalence: CMV
seroprevalence ranges from about 30% in childhood to 50% in women of childbearing age and up to 60–70% in
adults. [5]
Infection with HCMV can occur after primary infection, re-infection with a new strain or reactivation of the latent
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virus. Both re-infection with a new strain and reactivation are considered secondary infections. When a person is
infected with HCMV, the virus is shed for a long period of time in body fluids such as semen, breast milk, urine,
tears, vaginal secretions, oropharyngeal secretions, and blood. [1,8] Hence, CMV can be transmitted both
vertically and horizontally. (figure 2) Vertical transmission takes place through the placenta, by contact with
genital secretions at birth or through breast milk. Horizontal transmission occurs through organ transplant, blood
transfusion or direct contact with body fluids from an infected person (urine, saliva, tears, sexual contact). [1]

Figure 2. Transmission modalities of CMV (source: shutterstock.com)
Studies have shown that younger children pose greater transmission risk than older children because CMV is
present in higher concentration in their body fluids. This is important since younger children also introduce more
fluids into the environment (e.g., through drooling, kisses on the mouth, etc.) where adults can be exposed to. [9]
Recently, it has been stipulated that saliva might have a higher viral load than urine. This finding in addition to the
fact that parents are more likely to be exposed to saliva than to urine, highlights the potential importance of saliva
exposure for child-to-woman transmission of CMV. [9] So, healthy, young, CMV-seropositive children can shed
CMV for months at high, relatively stable concentration and in this way, they are an important source of maternal
infection.
Congenitally infected newborns are considered at risk for serious CMV disease because of their naïve immunity.
Congenital CMV infection can occur as the result of a primary CMV infection during pregnancy or reinfection
with a new strain or reactivation of a latent infection [4,7,10,11]
II.

Congenital CMV infection

II.1 Epidemiology
Congenital cytomegalovirus infection (cCMV) is the most common congenital infection affecting about 0,15-2%
of all live births worldwide and 0,5% in Europe [10,11,12,13]. In the United States (US), Canada, Western
Europe, and Australia, cCMV occurs in about 5–7 per 1000 live births overall. In other parts of the world, such as
Latin America, Africa, and most Asian countries, cCMV rates are higher at approximately 10–30 per 1000 live
births. [14] Currently, there are no data on prevalence of cCMV in Flanders, Belgium.
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II.2 Transmission
Congenital CMV infection can occur as the result of a primary CMV infection during pregnancy or a reinfection
with a new strain or reactivation of a latent infection (i.e., non-primary infection). [4,7,10,11,15] Literature states
that the majority of congenital CMV infections worldwide are due to non-primary infections. [16,1718] This is in
contrast with what initially was thought. It has become clearer over the years that rates of congenital CMV
infection due to non-primary infections are possibly underestimated. Reports on higher prevalence of cCMV in
populations with a high seroprevalence of CMV in women of reproductive age, have contributed to this idea. The
diagnosis of non-primary infection was made retrospectively because of cCMV infection children born to seroimmune mothers. [14,19,20] Although the risk of intrauterine transmission after non-primary infection is low at
an individual level, it is important at a population level because of the significant number of seropositive women
of reproductive age worldwide [20, 21].
De Vries et al. developed a mathematical model which predicted that non-primary infections accounted for the
majority of congenital CMV infections and CMV-related hearing loss. [22] Puhakka et al. analysed serum
samples (end of the first trimester) from mothers of symptomatic CMV children for CMV antibodies. Infection
was considered non-primary if there was high avidity IgG. Infection was considered primary if avidity IgG was
low or CMV IgG/IgM was absent in prior samples. They found that 54% of the symptomatic cCMV infections
came from non-primary infection. [18] A recent systematic review and meta-analysis by Maltezou et al. also
emphasizes the importance of non-primary CMV infection among pregnant women. [23]
Both after primary or non-primary maternal infection, an important question remains if and how we can predict
which women will transmit CMV infection to the fetus. The knowledge regarding the aspects of the maternal
immune response correlated with protection against congenital CMV transmission, advances but no conclusive
answers have been found so far. Studies have shown that both innate (natural killer cell) and adaptive (CD4+ and
CD8+ T cell, virus-neutralizing, and high-avidity antibody) immune responses are considered to provide
protection of the placenta and fetus. [16,17,24]
During primary infection, up to 35-40% of foetuses will be infected. In case of reactivation, the risk of
transmitting the virus is 1-1,7% [10,11,15,25]. Of all infected children, 15-20 % will be symptomatic at birth
[2,4,5]. These symptomatic children are at high risk (40-58%) of developing serious neurological sequelae
[11,12]. Although most asymptomatic children develop normally, still 15-20% of them will develop long-term
sequelae, particularly sensorineural hearing loss [10,11,12]. Maternal CMV infection early in pregnancy is less
likely (20-30%) to be transmitted to the fetus, however, the infected fetus is more likely to be symptomatic at birth
and to have disabilities than with infection later in gestation. Maternal infection in the third trimester will be
transmitted to the fetus in approximately 40-70% of cases. [26,27] Recent studies have shown that newborns with
cCMV infection due to non-primary infection have similar risk of symptomatic disease at birth and long-term
neurodevelopmental sequelae as children born after primary infection. [23,26] In 2020, a meta-analysis was
published on available data from studies to see whether type of maternal CMV infection (primary versus nonprimary) is associated with symptomatic cCMV and with the incidence of SNHL and adverse neurodevelopmental
outcome. All studies included were non-randomized cohort studies. Some studies only enrolled symptomatic or
asymptomatic children, other studies recruited neonates through universal screening. Both groups were analysed
separately. The accepted criteria for classification of maternal infection in this meta-analysis are described in fig.
3. Results show that symptomatic cCMV infection at birth is not associated with type of maternal infection.
Remarkably, also the risk of long-term sequelae is similar in children born after primary and non-primary CMV
infection. [23] The need to focus on the impact of maternal non-primary infection is supported by many experts
worldwide.[28]
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Figure 3. Criteria for classification of maternal CMV infection and congenital CMV infection.
(Maltezou et al. Journal of Clinical Virology, 2020)
II.3 Prenatal management
II.3.1 Diagnosis
The gold standard for determining maternal primary CMV infection is serologic testing: detection of specific
CMV-IgG and IgM, associated with CMV-IgG avidity in case of positive CMV-IgM. Diagnosis of a primary
infection cannot rely on a positive IgM alone. [29] CMV IgM can persist up to 6 to 9 months after infection and
positive results can also be due to nonspecific cross-reactive IgM (mostly from herpes simplex virus, varicellazoster virus and Epstein-Barr virus infections) or viral reactivation or reinfection with a different CMV.
[26,27,29,30,31]
If CMV IgG is also detected, next to CMV IgM, it is important to date the time of infection by performing CMV
IgG avidity assay. IgG avidity increases with time: low-avidity IgG is an accurate indicator of a primary infection
within 3-4 months after seroconversion, while a high avidity excludes primary infection within the preceding 3
months. [29,31,32,33,34] Enders et al. found that a very low IgG avidity (< 20%) predicted a primary infection
within the last 12 weeks in 98,2%. [34]
Until now, there are no validated tools (serological or virological) to diagnose non-primary CMV infections.
[26,32] The routine serology testing will not always detect recurrent infections. Non-primary infections may be
recognized by the presence of positive CMV-IgG prior to conception or in early gestation in combination with a
positive CMV-IgM and CMV-IgG with a high avidity or by a significant increase in CMV-IgG titer during
gestation. [35]
The use of presence of viral shedding in mothers during pregnancy to detect non-primary infections has been
suggested. CMV reactivation or reinfection with a new strain can result in shedding of infectious CMV in saliva,
urine and other bodily secretions. [36] However, some considerations must be made. First, viral shedding (urine,
saliva, genital secretions) can persist for a long period (months rather than weeks). [36] So, the presence of viral
shedding may still be caused by the primary infection months before the pregnancy. Second, CMV shedding is
frequently intermittent and shedding can be more in frequent in some specimens than others. [36] Hence, testing
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viral shedding in only one specimen type at one point in time might result in false-negative findings. The use of
viral shedding in detecting non-primary infections needs to be studied further.
Routine antenatal screening for CMV is currently not recommended in pregnancy. This is due to the fact that
CMV does not meet some of the Wilson and Junger criteria commonly applied to screening tests.[37] CMV is an
important condition for which diagnostic testing is available and the natural history of the infection is well-known.
However, an important criterium for screening is the availability of a safe, cost effective and accepted treatment or
intervention to reduce the risk of CMV-infection among pregnant women or the risk of cCMV in the fetus once
infection occurred. At this point, this not the case. [26,38] Hence, it is internationally recommended that women
are only tested in case of flu-like symptoms or if ultrasound is suggestive of cCMV infection. [26]
II.3.2 Prenatal investigations
Once seroconversion is diagnosed, a thorough follow-up of the pregnancy is mandatory to identify possibly
(seriously) affected children. Identifying which fetuses are affected and to what extent, is challenging. Structural
fetal ultrasound, amniocentesis for culture or PCR and prenatal magnetic resonance imaging (MRI) all have their
strengths and limitations in diagnosing cCMV and its outcome. [39] The sensitivity of prenatal investigations for
identifying infected fetuses varies depending on the population selected, the gestational age at the time of the
investigation and the gestational age at time of infection. [26]
Prenatal ultrasound can help in identifying structural or growth abnormalities that may suggest fetal infection, but
many of these findings (e.g., IUGR, echogenic bowel, ventriculomegaly, calcifications, hepatosplenomegaly) are
non-specific for CMV. [33,39] At present, only severe cranial abnormalities, such as ventriculomegaly and
microcephaly, have been associated with poor prognosis in surviving infants with symptomatic congenital CMV
infection. [39,40]
Amniocentesis is commonly used to diagnose fetal infection. It is generally accepted that it has to be performed
after 20-21 weeks of gestation and at least 6 weeks after maternal infection. [26] It can take up to 6-8 weeks after
infection before excretion of CMV in the fetal urine is seen and to avoid false-negative results, this interval has to
be respected. It is also important that amniocentesis is not performed until fetal urination has been established,
hence not before 20 weeks. [41] A recent monocentric study showed that amniocentesis can be scheduled 8 weeks
after primary infection and from 17 weeks onward. [32]
As for amniocentesis, a negative PCR on amniotic fluid does not rule out congenital CMV infection. Hence,
confirmation of diagnosis by neonatal testing is essential. Moreover, studies show no significant difference in
neonatal outcome of infected children between those with positive PCR and those with negative PCR on
amniocentesis. Therefore, amniocentesis does not rule out congenital CMV and if positive, amniocentesis will
also not predict the development and severity of symptomatic disease at birth. [27,39,42,43]
Cordocentesis has a similar sensitivity (range 41-92,3%) and specificity (95-100%) as amniocentesis but the risk
of complications is higher, which makes amniocentesis the preferred diagnostic technique. [26]
In Flanders, amniocentesis plays a key-role in deciding which prenatal follow-up is offered to parents when
seroconversion occurred. Current prenatal management in Flanders advocates that amniocentesis can be offered in
case of proven seroconversion in the first 16-17 weeks of the pregnancy. In case of positive PCR on amniotic
fluid, an MRI can be performed at gestational age of 32 weeks. If prenatal MRI shows that the fetus is severely
affected, termination of pregnancy can be offered after approval by the ethics committee. If parents refuse
amniocentesis or amniocentesis is negative, further follow-up of the pregnancy consists of frequent US, without
prenatal MRI.
The use of prenatal MRI has increased over the last years. Prenatal cerebral MRI is a valuable tool adding
information to fetal ultrasound if performed at the right time (> 32 weeks of gestation) and if interpreted by people
who are experienced in evaluation of fetal brain imaging. [44,45,46] Appropriate integration of fetal MRI into
prenatal diagnostics can lead to more accurate counselling and/or more appropriate management. [44]
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II.3.3 Prenatal therapy
In utero therapeutic options for fetal infection are limited. Many options have been studied but until now none of
them have conclusively shown any benefit. [26]
Vaccine
At this point, there is no licensed vaccine available for the prevention of CMV. [26] For over more than 20 years,
the search for an effective CMV vaccine to reduce the risk of CMV infection was a priority. Many years of
research in this field have shown that the development of a vaccine, capable of reducing the risk of cCMV
infection and preventing both primary and nonprimary infections, is very difficult. [24] The complex nature of
CMV protective immunity, with the possibility of reactivation or reinfection with a new strain, poses a major
challenge for the development of a vaccine. [10] In addition, the recommended schedule and identification of
patients who need vaccination to obtain maximal protection need to be defined once a vaccine is available. [24]
Further studies are warranted.
Immunoglobulins
Administration of CMV hyperimmune globulin (CMV HIG) during pregnancy has been evaluated for the
prevention of transmission of CMV from mother to fetus after a primary infection. Until 2020, no conclusive
studies have been performed and treatment with HIG was not recommended. [33] However, recent studies have
shown a potential beneficial effect (significant reduction of transmission rates) of infusions of CMV HIG and
found the administration for prevention of maternal-fetal CMV transmission during pregnancy to be safe and
effective. In these studies, infusion of HIG at a dose of 200 IU/kg was given with a 2-week interval and this as
soon as possible after detection of CMV infection. [47,48,49] These data need to be confirmed by randomized
controlled trials. If these results are confirmed, testing seronegative women could become useful. [33]
Valaciclovir
Routine antiviral therapy to treat fetal CMV during pregnancy is not recommended at this time. [33] However, it
was recently suggested that treatment of moderately symptomatic fetuses in utero can be helpful. Case reports
have shown that valacyclovir, given to affected mothers, decreases fetal CMV viral loads and is able to reach
therapeutic concentrations in utero. [50] A nonrandomized phase II open label trial of oral valacyclovir, 8 g daily
(CYMEVAL study) given to pregnant women with a moderately infected fetus, defined by abnormal cerebral
ultrasound findings, showed an increase in the proportion of asymptomatic neonates compared to a historical
cohort (82% with treatment vs 43% without). [51] Further randomized studies with new emerging and more
potent drugs are needed to confirm these preliminary findings.
II.3.4 Prevention
Since there is no vaccine therapy available at this time to reduce the risk for CMV infection during pregnancy,
hygiene promotion seems to be the key element in prevention. Children are the most important source of CMV
infection. [9] Hence, pregnant women caring for children are at high risk for CMV infection, not only in workrelated interactions but even more within the own household, through the siblings. [27,33] Studies have shown the
importance of adequate education of parents during pregnancy regarding the possible preventive hygienic
measures to lower the risk of CMV infection, both in seronegative and in seropositive women. (Figure 4) The aim
of preventive hygienic measures is to avoid contact with bodily fluids of young children (urine, saliva, tears)
Possible measures to take are not kissing on the mouth, not sharing food and thorough handwashing after contact
with bodily fluids. [26,27,33,52] A review by Billette de Villemeur et al in 2020 concluded that the primary
measure to prevent CMV infections during pregnancy is to promote hygiene reinforcement. [53]
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Figure 4. Hygienic measures to prevent CMV infection.
(Source : https://www.nationalcmv.org/resources/educational-downloads)
II.4 Neonatal management
II.4.1 Diagnosis
When cCMV is suspected in a newborn, diagnosis of cCMV needs to be confirmed at birth. There has been a
change in diagnostic tools over the years. Where viral isolation in urine has been the golden standard for many
years, PCR on urine is now the preferred diagnostic tool in newborns < 21 days old. [12] Saliva samples are an
alternative and are easy to perform. However, they can be contaminated through breast milk or genital secretions
so if PCR on saliva is positive, this should be confirmed by PCR on urine. [12,42] CMV PCR in urine or saliva
need to be collected within 3 weeks after birth. [12,54] Current testing strategy for cCMV in Flanders consists of
testing in case of known maternal seroconversion, in case of clinical signs suggestive for CMV-infection or in
case of failed hearing screening. This is in concordance with what is recommended in literature. [54] No universal
neonatal CMV screening is performed at this point.
All late diagnoses (> 21 days of age), suspected because of hearing loss or other reason, are made by PCR for
CMV-DNA on dried blood spot (DBS) on the guthriecard. In view of the routes of metabolic and genetic
screening programs existing in many countries, dried blood spots (DBS) have been hypothesized as a practical
screening specimen for congenital CMV infection. PCR for CMV DNA on dried blood spot can be performed but
has not been proven to be adequate for diagnostic purposes. [54,55,56,57,58] The main utility of this technique
remains the retrospective diagnosis of cCMV, i.e., in children > 21 days old. [54,58]. All children in Flanders are
screened for 12 metabolic diseases and mucoviscidosis at birth. Blood is collected on filter cards (dried blood spot
cards) which are stored for 5 years after being used for the metabolic screening. Hence, this makes it possible to
use the blood on these cards for retrospective diagnosis of cCMV. A positive PCR on DBS will identify children
with cCMV but a negative result will not rule out the diagnosis. [56]. Using this technique for retrospective
diagnosis of cCMV in a population with a high likelihood of having cCMV, has a high sensitivity and specificity.
[56,57,58] However, it has some limitations. Contamination from other cards may occur as cards for metabolic
screening are not stored separately or treated in sterile conditions. Also, if the device to punch the cards is not
cleaned after each punch, contamination may occur, causing false-positive results. [57,59]
II.4.2 Management
When a child is diagnosed with cCMV, additional investigations are necessary to assess the extent of disease.
Luck et al. published a European expert consensus statement on diagnosis and management of congenital CMV in
2017.[12] They recommend following investigations in any baby in whom a diagnosis of cCMV is confirmed.
o
o

Complete blood count, liver enzymes, (conjugated) bilirubin
Renal function (before initiating therapy)
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o
o
o

Cranial ultrasound
Audiologic testing (brainstem-evoked response)
Ophthalmological assessment

MRI is the preferred neuroimaging modality if additional CNS imaging is deemed necessary. There is no full
agreement on the use of MRI in every child with cCMV. Luck et al. stated that MRI should always be performed
in babies with clinically detectable neurologic findings or crUS abnormalities and can be performed in babies with
cCMV and evidence of CMV disease. [12] All recommended investigations to evaluate involvement of central
nervous system, hearing and vision, are preferably performed within 1 month after birth to identify children
eligible for antiviral treatment. For children with diagnosis later than 28 days of age, additional investigations like
MRI and/or crUS are not performed. [10] Audiological testing will be performed in these children as this is part of
the recommended long-term follow-up.
II.4.3 Classification
The earliest reports [60,61] on cCMV infection define symptomatic cCMV infection as the triad of petechiae,
hepatosplenomegaly and jaundice. It was called ‘cytomegalic inclusion disease’. Children with severe infections
also showed thrombocytopenic purpura, microcephaly, intrauterine growth restriction (IUGR) and chorioretinitis.
The diagnosis was exclusively based on clinical symptoms and signs.
Table 1 shows the signs and symptoms encountered in cCMV.

However, with the advent of ultrasound, CT and MRI, anomalies seen on imaging such as intracranial
calcifications, ventriculomegaly and white matter disease were incorporated in the definition. [12,28] So this is
partly the reason why it is difficult to compare earlier reports on cCMV with more recent reports.
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But even the most recent definition of symptomatic disease differs between study groups. These differences make
interpreting literature challenging and may contribute to some of the variability in the prevalence of symptomatic
infection in different research groups. [12] Recently, it is suggested that the symptomatic children should be
classified as mildly, moderately or severely symptomatic, since the traditional dichotomy between ‘apparent’ and
‘unapparent’ disease is becoming less meaningful. [12,28] Most of the research group agree on the following:
mildly symptomatic children have < 2 isolated manifestations that are mild and transient. Moderately and severely
symptomatic children show multiple manifestations or have central nervous system involvement. [10,12,28]
The most important difference between the study groups is whether or not to include hearing loss in the definition.
Rawlinson et al. describe 4 categories: mildly symptomatic cCMV, moderately to severely symptomatic cCMV,
asymptomatic cCMV with isolated SNHL and asymptomatic cCMV. [28] Chiopris et al [10] also use this
classification. In their expert opinion consensus statement, Luck et al. didn’t reach a full agreement on
incorporating hearing loss in the symptomatic group either. Although, the majority thought that isolated hearing
loss should be classified as symptomatic disease. [12] However, Nicloux et al. classify their children with isolated
hearing loss as moderately/severely symptomatic. [62] In Flanders, we decided to include hearing loss at birth in
the definition of symptomatic disease.
It remains difficult to make this classification but as is suggested by Luck et al. it would be beneficial to develop a
validated clinical scoring system for disease severity at presentation and risk of sequelae. In this way, we could
make classification more uniform worldwide. [12]. Table 2 shows the classification of mildly, moderately and
severely symptomatic disease as used in Flanders, Belgium, based on the European expert consensus statement.

II.4.4 Therapy
Currently, no antiviral drugs are licensed for the treatment of cCMV.
Indications for treatment and treatment regimens have changed over the years. Initially, treatment consisted of
intravenous ganciclovir during 6 weeks at a regimen of 6 mg/kg, twice daily. Since 2011, oral treatment with
valganciclovir for 6 weeks, 16 mg/kg twice daily, has been introduced. A study by Kimberlin et al. in 2015
showed a beneficial effect of 6 months valganciclovir therapy. The first trial with 6 weeks IV ganciclovir showed
improvement in hearing and more favourable neurodevelopmental outcome at 1 year. [63,64] A second trial
compared 6 weeks oral therapy with 6 months oral therapy and found a modest benefit on both 2-year hearing and
neurodevelopmental outcomes. [64] All trials were performed in children under 30 days old. Currently, there are
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insufficient data to advice treatment beyond the neonatal period in congenitally infected children and further
studies are warranted. [65]
Treatment is offered to severely symptomatic neonates and can be considered in moderately symptomatic children
based on expert opinion.
When considering treatment, it is important to inform the parents of the potential toxicity of the antiviral drugs.
Short-term effects include neutropenia, thrombopenia and hepatotoxicity. When one of these side-effects appear,
therapy may be interrupted for a period. These short-term effects are temporary and will resolve with cessation of
treatment. As for the long-term effects, gonadal toxicity and carcinogenicity have been described in animal
models but have not been seen in humans so far. However, parents are informed on these potential long-term
effects. [10,65] After being informed on the possible benefits and short- and long-term side-effects of antiviral
therapy, parents are involved in the decision whether or not to start therapy. [10,12,62]
II.5 Long-term follow-up
As congenital CMV can result in significant long-term sequelae, it is important that all children with cCMV are
offered thorough audiological, neurodevelopmental and ophthalmologic follow-up. [12] Luck et al. suggested
frequent audiologic follow-up during the first 2 years of life since this is the period of highest risk for
development of cCMV-associated hearing loss and a critical period for language development. However, close
follow-up should be performed during early childhood because deterioration in hearing may ensue at any moment
throughout early life. As for neurodevelopmental follow-up, it is suggested to perform a formal
neurodevelopmental assessment at 1 and 2 years of age. Ophthalmological follow-up is recommended annually in
children with clinically detectable disease at birth, but not in those without. [12] Follow-up regimens may differ
between various research groups.

Table 3. Long-term follow-up as recommended by the Flemish society of pediatrics and neonatology.
II.6 Long-term outcome of congenital CMV
The most important sequelae of cCMV are those involving the developing CNS, since CNS injury usually is
irreversible. Neurological deficits can be evident at birth and typically persist for life or become evident (SNHL,
developmental problems) later in childhood. [66]
Symptomatic children are at high risk (40-58%) of developing serious neurological sequelae [10,12]. Although
most asymptomatic children develop normally, still 15-20% of them will develop long-term sequelae [10,12,62].
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II.6.1 Hearing outcome
Congenital CMV is the leading cause of non-genetic congenital or early-onset sensorineural hearing loss (SNHL).
SNHL is the most frequently detected long-term impairment in children with cCMV. [62,67] However, the
mechanism of hearing loss caused by cytomegalovirus infection is still not fully understood.
Studies have shown that CMV infection may lead to damage to the stria vascularis in the inner ear, resulting in a
disruption of the endocochlear (endolymphatic) potential (EP) with an accumulation of potassium in scala media.
This may lead to dysfunctional cochlear hair cell transduction and hence, sensorineural hearing loss. [68,69,70]
Recent studies have revealed that part of the damage-causing deafness also involves the immune response induced
by HCMV infection: the activity of natural killer cells and the expression of proinflammatory cytokines lead to
the destruction of the blood-labyrinth barrier. [69]
A review by Goderis et al. described that SNHL was present in 12,6% of all children with cCMV. In symptomatic
children, 32,8% experienced hearing loss, in the asymptomatic group hearing loss was found in 9,9%. [71] Other
studies have described similar results [72,73,74] Hearing loss can be unilateral or bilateral.
Hearing loss in children with cCMV is also characterized by the possibility of delayed-onset and
fluctuation/progression of hearing loss. [72,73] The mechanism of this finding is not known. Literature suggests
that it is possible that progression and/or fluctuation of hearing loss are related to virus reactivation and replication
or host immunologic response to infection. [75]
Foulon et al. studied a group of 157 cCMV infected children and found improvement, progression, and
fluctuations of hearing thresholds in 45%, 53.8%, and 5.7% of the children, respectively. [72] A study by Dahle et
al. showed that hearing loss can occur up to the age of 6 years. They found the median age of delayed onset
hearing loss to be 33 months in the symptomatic children and 44 months in the asymptomatic group. [74] These
findings highlight the need for a thorough long-term follow-up of all children with cCMV.
Some risk factors for developing hearing loss have been described e.g., primary maternal infection before the 14th
week of pregnancy, the presence of a disseminated infection at birth and imaging abnormalities in the newborn.
[61] But prediction of delayed or progressive SNHL remains a challenge. [62]
II.6.2 Vestibular disorders
cCMV can impair not only the auditory but also the vestibular function. Vestibular disorders are frequently found,
and they can be severe in CMV-infected children. Research has shown that cCMV can cause virus-induced
labyrinthitis which can affect both the auditory and vestibular structures. [76,77]
Similar to hearing loss, vestibular loss in cCMV can be unilateral or bilateral, limited or extensive, stable or
progressive, and early or delayed in onset. [76,77] Zagolski described that abnormal vestibular test results
occurred more frequently than abnormal auditory brainstem response results in children with symptomatic CMV.
On the other hand, vestibular disorders are significantly associated with the presence of hearing loss or deafness.
[78] Since vestibular function can deteriorate over time and can affect even normal-hearing subjects, some authors
suggest that vestibular evaluation should be part of the standard otolaryngology follow-up in all children with
cCMV. [76,78]
II.6.3 Neurodevelopmental outcome
cCMV infection can affect neurodevelopmental outcome and can result in either cognitive, motor or neurobehavorial impairment. What kind of long-term neurodevelopmental sequelae and their severity are dependent on
the which brain abnormalities induced by cCMV are found on MRI.
It is suggested that the large spectrum of CMV-induced brain abnormalities is caused not only by tissue
destruction but also by the vulnerability of stem cells during early brain development. The earlier the brain
development is disrupted by a CMV infection, the more severe the outcome will be. [79] However, since
neurogenesis of the stem cells in the hippocampus and olfactory bulb persists throughout life, infections in these
cell types may lead to neurocognitive and sensorineural handicap even in cases of infection at late stages of in
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utero development. [79] Periventricular cysts develop during the second trimester; cerebellar lesions are the result
of fetal infection before 18 weeks of gestation and abnormal sulcations probably are due to injury between 18 and
24 weeks. [66]
Some possible mechanisms of developmental disruption due to CMV infection are the loss of neural stem cells or
intermediate progenitors (which may have potential effects on brain size and maturation), alterations in stem cell
migration (which are important for normal pattering and function of neural structures) and infection of astroglia
(which are critical for neural circuitry guidance, synaptic integration and development of the functionally
integrated mature neuron). [80]
Overall neurodevelopmental outcome has been described by various research groups. A review by Dollard et al.
on the prevalence of long-term sequelae reported permanent impairment in 40-58% of the symptomatic children
and 13,5% in the asymptomatic group. [81] Korndewal et al. found moderate to severe long-term impairment in
24,8% of their population (53,8% in symptomatic, 17,8% in asymptomatic children). [82] In the study by
Townsend et al. sequelae were found in 42% of symptomatic children, versus 14% in asymptomatic children. [65]
Townsend at al. described the overall long-term outcome of children with cCMV as mild, moderate and severe
impairment and found the average of mild, moderate and severe impairment in the symptomatic group was 10,5%,
5,3% and 26,4% respectively. In the asymptomatic group the average was 6,7%, 4,4% and 3%, respectively. [21]
A recent study by Turriziani Colonna showed that in their population both symptomatic and asymptomatic
newborns with cCMV infection develop long-term sequelae, particularly in the behavioral and communicative
areas, independently from the trimester of maternal infection. [83]
II.6.4 Neuro-behavioral impairment
An association between cCMV and autism spectrum disorder (ASD) and attention-deficit hyperactivity disorder
(ADHD) has been suggested in literature.
Case reports of children with cCMV and autism have been published for more than 40 years. [84,85,86] Over the
years, studies have found a relation between cCMV and ASD. In children with confirmed diagnosis of ASD a
higher incidence of cCMV is found. [87,88,89] A meta-analysis by Maeyama et al. suggested a statistically
significant association between cCMV and ASD. However, the small sample size in these studies limits the
conclusions of this meta-analysis. [90] Korndewal et al. also found a slightly higher percentage of ASD in the
CMV-positive population (3%) compared to the control group (1,8%). [82] The role of cCMV in the occurrence
of ASD is yet to be elucidated but some authors recommend systematically screening for cCMV in autistic
disorders. [89]
II.6.5 Motor impairment
cCMV is a risk factor for delay in early motor development. [91] Korndewal et al. found that fine and gross motor
impairment was 8 times more frequent in both symptomatic and asymptomatic cCMV infected children (12,5%)
compared to cCMV-negative children (1,5%). [82] Previous research has already shown that neurodevelopmental
outcome is worse in symptomatic cCMV infected children in comparison with asymptomatic children. [83,92] A
study in 2016 by De Kegel et al. found that symptomatic children and children with isolated SNHL performed
significantly weaker for all gross motor functions. The higher risk of vestibular dysfunction in children with CMV
induced hearing loss, can explain this finding since vestibular disorders can have a significant impact on balance
and gross motor performance. [78,92]
II.6.6 Cognitive impairment
Most of the studies describing cognitive impairment are performed in relatively small groups of patients. Overall,
cognitive impairment occurs less in the asymptomatic group. Korndewal et al. reported cognitive impairment in
6% of their population, which was higher than in their control group (1,1%). [82] Townsend et al. described
abnormal cognitive development in 19%. [21]
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A remarkable finding within the cCMV-population is the high number of children with speech-language
impairment in the group of cognitive impaired children. In the population of Korndewal et al. speech and
language problems occurred twice as often compared to the control group (16,5% versus 7,3%).[82] Obviously,
hearing loss can lead to speech and language impairment and one would expect that associated hearing loss is the
main reason for this finding. In the DECIBEL study by Korver et al., children with hearing loss due to cCMV
showed lower developmental quotients than children with hearing loss without cCMV and the difference in
language development was significant. [93] Another study described speech impairment in 32% while hearing
loss was present in only 5% of their population [94].
II.6.7 Visual outcome
Visual and ocular sequelae in cCMV patients may be caused by cortical, optic nerve, and/or retinal abnormalities.
It is suspected that the virus’s high tropism to rapidly developing neurons during the first trimester of pregnancy is
responsible for the neuron-related damages as seen in retina scar, optic nerve atrophy and cortical visual
impairment. [80] Data on visual outcome are limited and are based on few studies, since large follow-up studies
have mainly focused on hearing and neurodevelopmental outcomes. [95]
Coats et al. found visual impairment and strabismus to be common in patients with symptomatic congenital CMV
infection but not in asymptomatic patients. [96] These findings were confirmed by Jin et al. in 2017. [97] The
high prevalence of strabismus in symptomatic patients is most likely due to optic nerve atrophy and chorioretinal
scars. [80]
The authors also described progressive chorioretinitis to be rare and found no evidence that cCMV can lead to late
onset or reactivation of chorioretinitis. Caprettti et al. also found ophthalmological abnormalities to be common in
symptomatic infants, often not associated with long-term visual impairment and correlated with the presence of
central nervous system involvement. [95] An annual follow-up in case of abnormal ophthalmological examination
at birth or symptomatic cCMV is recommended. When normal, children may be re-examined as clinically
indicated by signs or symptoms. [95,97]
II.7 Screening
Currently, there are insufficient data to recommend universal screening of all pregnant mothers and/or all
newborns. Screening for CMV during pregnancy is not supported by international guidelines or KCE and
reimbursement for CMV IgM/IgG in pregnancy is discarded in Belgium since 2017. [98] Some research groups
suggest that prenatal screening might be beneficial. Universal prenatal screening will detect the majority of
cytomegalovirus seroconversions during pregnancies. In this way, adequate follow-up and management during
pregnancy can be offered and children in need of testing at birth, will be identified. However, prenatal screening
in all pregnancies will have important consequences. Given the limitations of prenatal investigations, given the
fact that possible prenatal therapeutic options (vaccine, immunoglobulins, valaciclovir) are still under
investigation, given the high cost and possible psychologic burden after diagnosis and given the higher risk for
termination of pregnancy in case of seroconversion, standard screening for CMV seroconversion during
pregnancy poses some ethical issues and further studies are needed. [26,39]
The potential benefit of neonatal screening is also a matter of discussion. A strategy for universal neonatal
screening could allow early detection of cCMV (following primary and non-primary infection) and induce early
intervention and hence, improve outcome. On the other hand, universal screening carries the risk for needlessly
inducing anxiety in families of children who will remain asymptomatic throughout their lives. The associated
healthcare cost of working-out and follow-up of all these children is also an important factor in deciding whether
universal screening should be recommended or not. [33,99,100]
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CHAPTER 2
Outline and aims of this thesis
Congenital CMV has a significant long-term impact on affected children, being the major cause of non-hereditary
sensorineural hearing loss and the major infectious cause of neurodevelopmental abnormalities in infants born in
developed countries. Despite this important disease burden, cCMV remains largely unrecognized and there is
limited evidence on which to base management and therapy of children with cCMV infection. Worldwide,
research groups emphasize the importance and the need for collecting accurate data on diagnosis, clinical signs,
additional investigations and therapy in children with cCMV. Since large-scale screening programs are not
available at this point, we can only base our guidelines for consensus and management on data obtained by
registries, like the Flemish registry.
In 2006, the Flemish Society of Pediatrics’ Neonatology and Perinatal Epidemiology Working Group reached a
consensus about diagnosis, management, follow-up and indications for treatment for children with cCMV. In
2007 the registration of diagnosis, treatment and follow-up of patients that presented with cCMV in the
collaborating hospitals was initiated. The registration was approved by the Ethics Committee and was enlisted at
the Privacy Commission. Inclusion in the register was performed after written informed consent of a parent or a
legal guardian.
Through our Flemish CMV registry we have collected perinatal, neonatal and follow-up data on 1059 children
with congenital CMV in Flanders since 2007. Based on these data, we aim to describe the results of how
clinicians deal with cCMV in Flanders today and hope this will aid in optimizing management of children with
cCMV and counselling their parents.
Chapter 3 describes the current management and recommended follow-up of children with congenital CMV in
Flanders. In this chapter a schematic general overview of our Flemish CMV population is given.
Initially, all data were collected on paper and sent to the database manager until 2013 when an electronic database
(www.cmvreg.be) was developed, enabling entry of all data in a uniform manner by every physician with access
to the database. In chapter 4, a short description is given of the development of this electronic database.
At enrolment of the patient in the registry, data are collected concerning the timing of seroconversion, fetal
ultrasound, amniocentesis, prenatal MRI, indication for diagnostic testing at birth, age at diagnosis, diagnostic
techniques, demographic features, clinical features at birth, laboratory results, results of central nervous system
imaging (crUS, MRI), audiological testing, ophthalmologic investigation at birth and antiviral therapy. In chapter
5 we discuss the perinatal characteristics of our population with congenital CMV, from prenatal diagnosis over
neonatal management to therapy.
Long-term follow-up for hearing, vision and neurodevelopmental outcome of children with congenital CMV
infection is very important. The Flemish consensus statement underscores this need and all cCMV infected
children are offered a thorough follow-up until the age of six years. In chapter 6 the modalities of neurological
evaluation and results of this long-term follow-up are described.
Over the years, an important loss to follow-up was noticed for neurodevelopmental evaluation. To address this
problem, a patient-reported questionnaire was developed to evaluate the neurological development of children of
5-6 years of age. Since 2013 we send this questionnaire to the parents of every child in our registry when they
reach the age of 5-6 years. The results of this questionnaire were also entered in the database and hence, described
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in chapter 4. In chapter 7 we discuss whether self-reporting questionnaires can aid in optimizing data gathering in
the Flemish registry for congenital cytomegalovirus infection.
With SNHL being the most frequently detected long-term impairment, audiological follow-up in all children in
our population is very important. The first results of a longitudinal study of hearing in our population can be
found in chapter 8.
In chapter 9 we discuss the limitations and possible shortcomings of conducting a registry and how we managed
to overcome them in the past few years.
Whether or not MRI and cranial ultrasound are complementary in the assessment of central nervous system
involvement in children with congenital CMV is still a matter of debate. In chapter 10 we compare the results of
MRI and crUS in a subgroup of children who underwent both examinations to address this question.
To evaluate the potential of dried blood spots (DBS) as a congenital cytomegalovirus (cCMV) testing specimen,
the laboratory diagnostic accuracy of polymerase chain reaction (PCR) on DBS was compared to viral urine
cultures from neonates suspected for cCMV. Results are described in chapter 11.
In chapter 12, the topics in this thesis are discussed with focus on the implications of the findings for the
management, treatment and counselling of children with congenital CMV and their parents. Finally, suggestions
for future studies are made.
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CHAPTER 3
Management and outcome of children with cCMV in Flanders
In 2006, the Flemish Society of Pediatrics’ Neonatology and Perinatal Epidemiology Working Group reached a
consensus about management, follow up and indications for treatment for children with cCMV. The initial
consensus on indication for treatment was made by review of the literature by the working group and published in
2006. [1]
This working group consists of neonatologists, ear-nose-throat specialists and pediatric neurologists from the
participating centers (Ghent University hospital, University hospital Leuven, University Hospital Antwerp,
Middelheim Antwerp, Hospital Network Antwerp and AZ Sint Jan Bruges). Over the years the consensus has
been adapted to the most recent international recommendations. The latest Flemish consensus is based on the
recommendations by European experts in 2017. [2]
I.

Management at birth

I.1
Diagnostics
In case of known maternal seroconversion in pregnancy or in presence of signs suspect for cCMV in a neonate,
diagnosis of cCMV must be confirmed.
Golden standard for diagnosis is PCR for CMV-DNA on a urine sample, taken before the age of 21 days.
PCR on saliva sample could also be used, if taken just before or at least 2hours after breastfeeding to avoid falsepositive results. If PCR on saliva is positive, confirmation on urine is expedient.
I.2
Working-out at birth
In patients with proven congenital CMV infection, it is recommended that the following examinations be
scheduled within the first month of life.
I.2.1 Laboratory investigations
Peripheral blood count, electrolytes, kidney function, transaminases, bilirubine and PCR in serum.
I.2.2 Ophthalmological evaluation by fundoscopy
I.2.3 Audiological evaluation
When the initial audiological screening with screening ABR fails, the hearing loss needs to be confirmed
with more elaborate audiological evaluation by tympanoscopy (to rule out middle ear effusion) and
detailed ABR.
I.2.4 Central imaging
Cranial ultrasound needs to be performed by someone with expertise in neonatal cranial imaging in every
child with cCMV.
Cranial MRI can be considered, dependent on the choice of the attending physician. However, it is
mandatory to perform a cranial MRI in case of the following: abnormal cranial ultrasound or the presence
of any clinical sign. (e.g., hearing loss)
In case of hearing loss, MRI should also be used to rule out any anatomical abnormality or problem with
the auditory nerve.
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II.

Classification symptomatic/asymptomatic cCMV

After all additional investigations are performed, the child can be classified as symptomatic or asymptomatic.

Table 1. Definition of the classification (a)symptomatic cCMV in Flanders.
III.

Indications for treatment

Therapy can be offered to the severely symptomatic group and may be considered in the moderately symptomatic
group after consultation with experts in the field. Therapy is not offered to the mildly symptomatic group.
In case of severe bilateral hearing loss (bilateral thresholds of > 100 dBnHL on ABR), starting therapy is of little
use because it is unlikely that functional hearing will be achieved. These children are not offered therapy unless
there are other abnormalities that warrant therapy (e.g., clinical signs, abnormalities on CNS imaging)
Treatment is offered when eligible and parents decide on whether or not to start therapy after counselling. Parents
should be informed of the potential side effects of treatment with valganciclovir. Short term effects might be
neutropenia and hepatotoxicity.
With regard to the long-term effects, only data are available from experimental animal studies, ie theoretical risk
of gonadotoxicity and carcinogenicity. Although these have not yet been described in humans, it is recommended
that this be mentioned in the therapy counseling.
IV.

Treatment regimen

Valganciclovir sirup 16 mg/kg/12h for a period of 6 months. Dosage is adjusted every 2 weeks. Because of the
possible short-term effects, laboratory monitoring during the treatment period is mandatory. (once a week during
the first month, twice a month during the second month and monthly after that)
If neutrophils are < 500/mm3: stop treatment until neutrophils are > 750/mm3. If neutropenia re-occurs, use half
dosage when restarting therapy. If neutropenia persists, stop treatment.
In case transaminases are 3 times the normal value, half the dosage should begiven until normalisation.
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Long term follow-up
All children are offered a long-term follow-up, which differs slightly between symptomatic and asymptomatic
children.

Table 2 Schematic follow-up of cCMV patients in Flanders.
V.
General overview of our cCMV-population in Flanders
Hereby an overview is presented of our registry population. Both outcome at birth (i.e. results of the
additional investigations performed within 1 month after birth) and the long-term outcome are described.
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CHAPTER 4
The development of the electronic database
Research groups worldwide emphasize the need for collecting accurate data on diagnosis, clinical signs,
additional investigations and therapy in children with cCMV. Ideally, these data are obtained through large-scale
screening programs. Since they are not available, registries could be useful for collecting data. [1,2,3,4] This was
also the goal of the development of the Flemish CMV Registry in 2007.
The first 5 years of the registry, data were obtained by written forms that had to be filled in and sent to the
database manager. As for follow-up results, the database manager had to distillate the needed data from reports
from consultations which differed from center to center. This way of collecting and analyzing data was timeconsuming, labour-intensive and with high risk of uncomplete or fault data. There was a need for an easily
accessible electronic database to optimize data gathering and report all data in a uniform manner to make it
description of the results easier. [5]
A first attempt at developing an electronic registry was made in 2012 in collaboration with the department of
Information Technology, Ghent University. [6] This resulted in the development of the NEOREG system but in
practice the system never functioned as expected. The additional high cost for further development and
implementation of this electronic database, has added to the fact that this NEOREG system was never used.
However, the need for an electronic version of the database remained.
In 2013, Ir, PhD Geert Rombouts offered to develop on electronic version of the registry. The technical aspects
and design of the software of this electronic database is extensively described in addendum I.
This electronic database has a lower cost and has been an answer to our expectations: easily accessible, userfriendly, uniform data gathering, secure data storage and data output in excel.
Since 2013 patients and their follow-up data are entered in the database by their attending physician. The patients
included before 2013, have also been entered in this electronic database.
The entry to the registry can be found on the website www.cmvreg.be, on which information on cCMV for both
parents and professionals can be found. Only after receiving a login and password from the database manager, a
physician can register a patient and/or follow-up data. (fig. 1)

Figure 1. Login form
For privacy reasons, physicians can only see the data of the children included by themselves or their center. All
patients are pseudonymized once entered in the database and awarded a number based on which center they are
recruited from. The database is conform the safety requirements for data collection. Hence, all data are protected
and secure.
The registration and follow-up forms were developed in consensus with all members of the working group.
Through a drop-down box the physician can choose which form to fill in. (fig. 2)

45

Figure 2. Drop-down box for different forms
The registration form contains all perinatal data: prenatal and neonatal diagnosis and management and therapy.
For audiological and neurodevelopmental follow-up separate forms are available for different ages. (fig. 3)

Figure 3. Example of registration form, audiological and neurodevelopmental follow-up form.
To enhance the completeness of our data, the boxes of some data were made mandatory to check to be able to
save the form. In this way, we aimed to reduce the number of missing data.
Data can be extracted from the database through excel-sheets which makes it easier to analyze the results. Every
center has the possibility to ask an overview of all entered data of their children to use for research or educational
purposes. Only the database manager has access to all entered data.
With the implementation of the electronic available database, we have seen an increase in the average number of
children entered yearly (62 before 2013 to 85 since 2013). We hope this positive trend will continue. We believe
that the implementation of this electronic database has facilitated data gathering, enhanced uniformity in reporting
and hence, enabled us to describe our population in a more precise manner.
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CHAPTER 5

Results of a multicenter registry for congenital cytomegalovirus infection in Flanders, Belgium: from
prenatal diagnosis over neonatal management to therapy.
Keymeulen A, De Leenheer E, Casaer A, Cossey V, Laroche S, Mahieu L, Van Mol C, Dhooghe I, Smets K.
Early Hum Dev. 2021 Dec;163:105499. doi: 10.1016/j.earlhumdev.2021.105499. Epub 2021 Oct 26.
PMID: 34743933.

In 2006, a consensus was made on management and follow up of children with congenital cytomegalovirus
infection (cCMV) in Flanders, Belgium. Since 2007 systematic registration of those children was initiated. In this
report, focus is on the perinatal data of our population.
Study design
Children with confirmed diagnosis of cCMV were eligible for registration. Information on prenatal/neonatal
investigations, management and therapy in those children was obtained.
Results
Over 14 years, 1059 children were included. Symptomatic disease was diagnosed in 319/1059 (30,5 %) children.
Of those 13,5 % were classified as mild, 16 % as moderate and 70,5 % as severe infections. Clinical signs at birth
were present in 9,1%, central nervous system involvement in 31,2 % and hearing loss in 15,5 %. Antiviral therapy
was given in 63,9 % of patients eligible for therapy. Some of our data seem to confirm some hypotheses regarding
cCMV or support the current recommendations for counselling and management. However, some data, although
sometimes acquired in small groups, add to the discussion on some topics. Neonatal/prenatal screening or not,
correlation between viral load and neonatal outcome or the use of both MRI and US in every child are some of
those topics.
Conclusions
This is the first report on perinatal characteristics of children with cCMV in Flanders, Belgium during a 14-year
period, based on a large multicenter CMV dataset. Worldwide, the systematic registration and follow-up of
children with cCMV infection will become increasingly important to document the impact of forthcoming
preventive and therapeutic measures.
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Background: In 2006, a consensus was made on management and follow up of children with congenital cyto
megalovirus infection (cCMV) in Flanders, Belgium. Since 2007 systematic registration of those children was
initiated. In this report, focus is on the perinatal data of our population.
Study design: Children with confirmed diagnosis of cCMV were eligible for registration. Information on prenatal/
neonatal investigations, management and therapy in those children was obtained.
Results: Over 14 years, 1059 children were included. Symptomatic disease was diagnosed in 319/1059 (30,5%)
children. Of those 13,5% were classified as mild, 16% as moderate and 70,5% as severe infections. Clinical signs
at birth were present in 9,1%, central nervous system involvement in 31,2% and hearing loss in 15,5%. Antiviral
therapy was given in 63,9% of patients eligible for therapy. Some of our data seem to confirm some hypotheses
regarding cCMV or support the current recommendations for counselling and management. However, some data,
although sometimes acquired in small groups, add to the discussion on some topics. Neonatal/prenatal screening
or not, correlation between viral load and neonatal outcome or the use of both MRI and US in every child are
some of those topics.
Conclusions: This is the first report on perinatal characteristics of children with cCMV in Flanders, Belgium during
a 14-year period, based on a large multicenter CMV dataset. Worldwide, the systematic registration and followup of children with cCMV infection will become increasingly important to document the impact of forthcoming
preventive and therapeutic measures.

1. Introduction
Congenital cytomegalovirus infection (cCMV) is the most common
congenital infection worldwide affecting about 0,15–2% of all live births
[1,2,3,4,5]. Currently, there are no data on prevalence of cCMV in

Flanders, Belgium. Congenital CMV infection can occur as the result of a
primary CMV infection during pregnancy or a reinfection with a new
strain or reactivation of a latent infection [2,4,5]. During a primary
infection up to 35–40% of fetuses will be infected. In case of nonprimary infections, the transmission rate of the virus is undefined but
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CNS, central nervous system; CMV, cytomegalovirus infection; CT, computed tomography; DBS, dried blood spot; IUGR, intra-uterine growth restriction; MRI,
magnetic resonance imaging; OAE, otoacoustic emission; PCR, polymerase chain reaction; SNHL, sensorineural hearing loss.
* Corresponding author at: Ghent University Hospital, Corneel Heymanslaan 10, 9000 Ghent, Belgium.
E-mail addresses: annelies.keymeulen@ugent.be (K. Annelies), els.deleenheer@uzgent.be (D. Leenheer), alexandra.Casaer@azsintjan.be (C. Alexandra), veerle.
cossey@uzleuven.be (C. Veerle), Sabrina.Laroche@uza.be (L. Sabine), Ludo.Mahieu@uza.be (M. Ludo), Christine.Vanmol@GZA.BE (V.M. Christine), Ingeborg.
Dhooge@ugent.be (D. Ingeborg), Koenraad.smets@ugent.be (S. Koenraad).
https://doi.org/10.1016/j.earlhumdev.2021.105499
Received 16 March 2021; Received in revised form 27 August 2021; Accepted 20 October 2021
Available online 26 October 2021
0378-3782/© 2021 Elsevier B.V. All rights reserved.

K. Annelies et al.

Early Human Development 163 (2021) 105499

probably lower than in primary infections and the prevalence of cCMV is
1–1,7% [2,4,5,6,7]. Of all infected children, 15–20% will be symptom
atic at birth [2,4,5]. These symptomatic children are at high risk
(40–58%) of developing serious neurological sequelae [1,2]. Although
most asymptomatic children develop normally, still 15–20% of them
will develop long-term sequelae, particularly sensorineural hearing loss
[1,2,4].
In 2006, the Flemish Society of Pediatrics' Neonatology and Perinatal
Epidemiology Working Group reached a consensus about management,
follow up and indications for treatment for children with cCMV. The
initial consensus on indication for treatment was made by review of the
literature by the working group and published in 2006. [8] The latest
Flemish consensus is adapted to most recent international recommen
dations in 2018. [1]
In 2007 the registration of diagnosis, follow up and treatment of
patients that presented with cCMV in the collaborating hospitals was
initiated. The purpose of this report is to describe perinatal data of all
patients included in the register, forming a cohort representative for the
newborns in the Flemish region of Belgium.
2. Patients and methods
2.1. Data collection
Six centers in Flanders, Belgium (Ghent University hospital, Uni
versity hospital Leuven, University Hospital Antwerp, Middelheim
Antwerp, Hospital Network Antwerp and AZ Sint Jan Bruges) initially
participated in the registry. This registration was approved by the Ethics
Committee and was enlisted at the Privacy Commission. Inclusion in the
registry was performed after written informed consent of a parent or a
legal guardian.
In the first years, data were collected on paper and sent to the
database manager. In 2013 an electronic database [9] was developed,
enabling entry of all data in a uniform manner by every physician with
access to the database. Where possible, missing data were completed by
searching the medical files.
2.2. Patients
Patients are included in the registry only after diagnosis of cCMV is
confirmed by viral isolation and/or CMV-DNA positive PCR on urine/
saliva sampled within the first 3 weeks of life or by retrospective

diagnosis (> 21 days of age), made by CMV-DNA positive PCR on dried
blood spot (DBS). Current testing strategy for cCMV in Flanders consists
of testing in case of known maternal seroconversion or in case of clinical
signs suggestive for CMV-infection. No universal neonatal screening is
performed.
At enrolment, data are collected concerning the timing of serocon
version, fetal ultrasound, amniocentesis, prenatal MRI, reason for
testing at birth, timing of diagnosis, diagnostic tools, demographic fea
tures, parity, clinical features at birth, laboratory results, results of
central nervous system imaging (crUS, MRI), audiological testing,
ophthalmologic investigation and antiviral therapy. All recommended
investigations to evaluate involvement of central nervous system,
hearing and vision, are preferably performed within 1 month after birth
to identify children eligible for antiviral treatment. For children with
diagnosis later than 28 days of age, these additional investigations have
not been performed. Data of audiological and neurodevelopmental
follow-up are collected in the database up to the age of 6 years. From
2007 to 2018, neonates were classified as ‘symptomatic’ or ‘asymp
tomatic’. Recently, it was suggested that the symptomatic children
should be classified as mildly, moderately or severely symptomatic. [1]
The working group subscribed this recommendation and all the children
in the registry were re-classified as mildly, moderately or severely
symptomatic based upon the results of the first investigations at birth.
[9] Fig. 1 shows the definition of the new classification. Patients with
late diagnosis of cCMV (beyond age of 28 days) are classified asymp
tomatic, since there was no reason to screen them for cCMV at birth.
Methods for hearing evaluation at birth are oto-acoustic emissions
(OAE), automated auditory brainstem response or auditory brainstem
evoked responses (ABR). Preference is given to ABR for hearing
evaluation.
Central nervous system imaging includes cranial ultrasound (crUS),
magnetic resonance imaging (MRI), computed tomography scan (CT) or
a combination of these.
Examination of cerebrospinal fluid was not routinely performed.
Ophthalmologic evaluation was performed by fundoscopy.
Indication for treatment has changed over the years and is conform
the most recent consensus of the Flemish society of Pediatrics' Neona
tology and Perinatal Epidemiology Working Group (2018). Treatment is
offered to severely symptomatic neonates and can be considered in
moderately symptomatic children based on expert opinion. After being
informed on the possible benefits and short- and long-term side-effects
of antiviral therapy, parents are involved in the decision whether or not

Fig. 1. Classification in mildly, moderately and severely symptomatic.
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to start therapy.
Initially, treatment consisted of intravenous ganciclovir during 6
weeks at a regimen of 6 mg/kg, twice daily. Since 2012, oral treatment
with valganciclovir for 6 weeks, 16 mg/kg twice daily, has been intro
duced. Since end of 2017, valganciclovir therapy duration has been
prolonged to 6 months.
3. Study objectives
In this report we focus on the perinatal characteristics of cCMV: from
prenatal diagnosis over neonatal management to therapy. Results of
long-term audiological follow-up and neurological follow-up are beyond
the scope of this article. In 2016 first results of the audiological follow up
in our population were published [6]. As for neurological follow up data,
we now have follow-up data at any age (ranging from 4 months to 6
years) in 64,4% of our children.
4. Results
4.1. Demographic features
From January 2007 until December 2020, 1059 children with cCMV
were registered. Male/female ratio is 1,18 (571males/486 females). The
median gestational age at birth was 39 weeks (IQR = 2) and prematurity
(< 37 weeks) was present in 7,6% of our population. On average 76
children were included in the registry per year.
4.2. Characterisation of the population
Eight hundred eighty-nine children were diagnosed with cCMV in
the neonatal period (< 28 days old; 83,9%). Most of these children were
diagnosed after known maternal seroconversion during pregnancy
(746/889, 83,9%). In 63/1059 (5,6%) diagnosis was made in the
post‑neonatal period (age > 28 days), in the majority (41 of them) as a
result of diagnostic working-out of hearing loss. Other indications for
testing for CMV in the neonatal and post‑neonatal period are listed in
Table 1.
4.3. Pregnancy related features
In 648 pregnancies with known timing of seroconversion, 290
(44,7%) had seroconversion in the first trimester, 232 (35,8%) in the
second trimester and 126 (19,4%) in the third trimester. In 411/1059
(38,8%), time of seroconversion in pregnancy is missing in the database,
partly because the precise timing of seroconversion is not always known
and hence not entered in the database, and partly due to the small group
of retrospective diagnoses in which seroconversion was never diag
nosed. We cannot exclude the possibility that part of these children were
born after a non-primary infection.
Presence of older siblings has been registered since introduction of
the electronic database in 2013, i.e. in 707 of 1059 children (66,7%).
Table 1
Reason for testing for cCMV in relation to timing of diagnosis (TDx).
Reason for testing
Unknown
Maternal seroconversion
Hearing
Dysmaturity
Standard screening
CNS imaging
Developmental delay
Hematologic abnormalities
Other, unspecified

TDx unknown

TDx < 28 days

TDx > 1 months

97 (90,7%)
10 (9,3%)
0
0
0
0
0
0
0
107

47 (5,2%)
746 (83,9%)
12 (1,4%)
15 (1,7%)
27 (3%)
6 (0,7%)
0
7 (0,8%)
29 (3,3%)
889

9 (14,3%)
0
43 (68,4%)
3 (4,8%)
0
1 (1,5%)
1 (1,5%)
0
6 (9,5%)
63

The majority of parents (81,5%) had at least one other child in their
household.
Amniocentesis (> 21 weeks of gestation) was performed in 18,2% of
our patients. In 23,3% of them, CMV PCR on amniotic fluid was nega
tive. Table 2 shows the distribution of symptomatic/asymptomatic dis
ease in relation to PCR results on amniotic fluid (AF-PCR). There is no
significant correlation between positive/negative AF-PCR and classifi
cation in asymptomatic/symptomatic (p = 0,24).
Results of fetal ultrasound (>20 weeks gestational age) are available
for 791 pregnancies (74,7%) and are normal in 734 (92,7%) of cases. Of
those children with normal fetal US, 31,7% were diagnosed as symp
tomatic (mild in 4,2%, moderate in 5,8%, severe in 21,7%) after birth
and therapy was given in 22,5%. Abnormal fetal ultrasound (57/791)
included intra-uterine growth restriction (IUGR), microcephaly, oligo
hydramnios, ascites, periventricular cysts, hyperechogenic bowel, cal
cifications, hepatosplenomegaly and/or ventriculomegaly or a
combination of those. In this group of children with abnormal fetal US,
41/57 (71,9%) children were symptomatic at birth of which 3 moder
ately and 38 severely symptomatic.
Fetal MRI is increasingly performed as part of the prenatal man
agement of cCMV since 2012 and is usually performed at 31–32 weeks
gestational age. Overall, fetal MRI was performed in 89/1059 (8,4%)
patients in our population of which 11 before 2012 and 78 since then.
Thirty-three fetal MRI's (37,1%) were described as abnormal. Leu
koencephalitis, ventriculomegaly and the presence of cysts were among
the most frequently described anomalies. In 8/33 (24,2%) children with
abnormal fetal MRI's, no anomalies were found on postnatal MRI. In 18/
56 children with normal fetal MRI's (32,1%), postnatal MRI was
described as abnormal and 21/56 (37,5%) were diagnosed as symp
tomatic CMV.
In our population, there is an abnormal fetal US in 15,8% of the
children with positive amniocentesis and abnormal fetal MRI in 28,6%
of them (Table 2).
4.4. Neonatal investigations
Diagnostic tools for cCMV used in our population are virusisolation
in urine (65,1%), virusisolation in saliva (1,3%), PCR on urine (24,7%),
PCR on saliva (2,5%) or PCR on dried blood spot (3,9%). In 26 children
(2,5%) no information on diagnostic testing was available.
CMV IgM, IgG and PCR in serum were performed in respectively
33%, 33,2% and 29,7% of our population. The majority of the tested
children had positive IgG (96,7%). IgM was positive in 106 of 349 tested
children (30,4%). There was a significant higher percentage of positive
IgM after first trimester infection compared to third trimester infections
(p = 0,01). When comparing first/s and second/third trimester in
fections no significant differences on IgM were seen. Of the 314 children
in which PCR on serum was performed, the result was positive in 233
(74,2%).
White blood cell count, thrombocyte count and liver set were
Table 2
Results of fetal US/MRI and classification symptomatic/asymptomatic disease in
relation to PCR on amniotic fluid.(AF-PCR).
Asymptomatic
Mild symptomatic
Moderate symptomatic
Severe symptomatic
Unknown
Fetal ultrasound normal
Fetal ultrasound abnormal
Fetal MRI normal
Fetal MRI abnormal

AF-PCR positive

AF-PCR negative

148 (63,5%)
13 (5,6%)
17 (7,3%)
55 (23,6%)
0
233
117 (84,2%)
22 (15,8%)
139
40 (71,4%)
16 (28,6%)
56

49 (60,5%)
3 (3,7%)
12 (14,8%)
17 (21%)
0
81
39 (95,1%)
2 (4,9%)
41
1 (100%)
0
1
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performed in respectively 58,3%, 58,5% and 45,6% of children. A mi
nority of children showed abnormal haematological parameters or
abnormal liver set (AST/ALT/gamma-GT): leukopenia <5000/ μl in
1,5%, thrombopenia <50,000/μl in 4,9% and disturbed liver set in 3%.
In 95/1059 neonates (9%) clinical signs of cCMV were present at
birth: small for gestational age (34,7%), petechiae (11,5%), hep
atosplenomegaly (11,5%), microcephaly (2,1%) or a combination of
those (20%). In 26/95 (27,3%) it was not specified which clinical signs
were seen.
CNS imaging was performed in 983/1059 children (92,8%). Cranial
ultrasound (crUS) and MRI are most frequently used, both together and
as sole imaging technique. (Table 3) In 40 of 147 children with missing
result of crUS in the database, no crUS was performed since they were
diagnosed beyond the neonatal period. In 331/971 neonates (34,1%)
anomalies were seen either on ultrasound, MRI or CT. Table 4 lists the
wide diversity of anomalies described on crUS and MRI. Some of them
appear as isolated anomalies but many different combinations of CNS
lesions are found. Hyperintensity of the white matter is the most
frequent described anomaly on MRI and is the sole anomaly found on
MRI in 119 (56,7%) of 210 patients with abnormal MRI findings. As for
crUS, next to striatal vasculopathy, any kind of cysts (periventricular,
subependymal, caudothalamic groove) are among the most frequently
described lesions, isolated as well as in combination with other anom
alies. Looking at concordance between crUS and MRI, it is noted that in
children who have had both investigations, 19,4% with normal crUS
have a pathologic MRI and in 35,2%, a normal MRI is described in case
of pathologic crUS.
Results on hearing testing at birth are available in 1041/1059
(98,3%) of patients. Hearing is normal in 877/1041 (84,2%). Of the 164
children with abnormal findings, hearing loss was unilateral in 58,5%.
In children with late diagnosis of cCMV, abnormal hearing is described
in 43/63 (68,3%) of cases. In children diagnosed in the neonatal period,
abnormal hearing is found in 11,4% (105/901).
Ophthalmological evaluation was performed in 993/1059 (93,7%)
and normal in 988. Only one child was diagnosed with chorioretinitis, 4
others had findings on ophthalmologic evaluation not related to cCMV.
Based on above-described investigations, 740/1059 children
(69,9%) were classified as asymptomatic in our population. Of all chil
dren with symptomatic disease (30,5%),13,5% were classified as mild,
16% as moderate and 70,5% as severe infections. Fig. 2 gives a sche
matic overview of the characteristics of our population at birth after
classification has been made.
When looking at a correlation between timing of seroconversion and
classification of symptomatic disease, a significant higher percentage of
symptomatic cCMV was found in children with first (43,4%, p 〈0,000) or
second trimester seroconversion (27,2%, p = 0,025) compared to third
trimester seroconversions (16,7%). When comparing the outcome in the
group of combined first and second trimester infections to the group
with third trimester seroconversion, this difference remains significant
Table 3
The use and results of CNS imaging in our population.
CrUS and MRI
Only crUS
No CNS imaging
Only MRI
crUS, MRI and CT
Only CT
crUS and CT
CT and MRI

Normal
Abnormal

n

%

613
266
76
54
26
12
7
5

57,9%
25,1%
7,2%
5,1%
2,5%
1,1%
0,7%
0,5%

crUS

MRI

CT

688 (75,4%)
224 (24,6%)
912

488 (69,9%)
210 (30,1%)
698

39 (78%)
11 (22%)
50

Table 4
Distribution of anomalies described on crUS and MRI as unique findings and in
combination.
crUS

n

MRI

n

Striatal vasculopathy
Periventricular cysts
Subependymal cysts
Ventriculomegaly
Cystic PVL
Hyperechogenic caudal pit
Cystic germinolysis
Calcifications
Hyperintensity white matter
Intraventricular adhesions
Intraventricular hemorrhage
Cystic lesion in plexus chorioideus
Combinations
Unspecified

53
30
12
11
10
9
8
7
5
1
1
1
56
20

Hyperintensity white matter
Cystic PVL
Periventricular cysts
Ventriculomegaly
Calcifications
Cysts
Cortical atrophy
Polymicrogyria
Sudural bleeding
Aplasia N. Cochlearis
Intraventricular adhesions
Cerebellar hypoplasia
Combinations
Unspecified

119
6
5
4
2
2
1
1
1
1
1
1
55
11

(p < 0,000). This difference was also significant when only considering
severely symptomatic infection. There is no significant difference in
outcome between first and second trimester infections. (Table 5).
Based on our most recent consensus for treatment, 225 severely and
51 moderately symptomatic children (276) were eligible for antiviral
therapy. Table 6 gives an overview of which children received which
treatment over the years. Overall, 209 of 276 children (75,7%) of
moderately/severely symptomatic children were treated with IV or oral
therapy. Since 2012 (start of oral therapy) there has been an increase in
the percentage of children, eligible for treatment, who receive therapy.
5. Discussion
With the development of the Flemish consensus on diagnosis, man
agement, treatment and follow-up of children with congenital CMV in
2006, a first step was taken to standardize the approach of cCMV in
Flanders. Over the years this consensus has been adapted to the most
recent insights and recommendations by international experts and for
some items, based on the analysis of our own results. [1,10]
This is, to our knowledge, one of the largest cohorts of children with
cCMV described. Since known maternal seroconversion was the main
reason for testing and our population is not the result of universal
neonatal screening, we have to assume that the proportion of cCMV
infections due to secondary infections are underestimated in this
described population. Hence, we are not able to describe the prevalence
of cCMV in Flanders and we present here a specific group of children
with cCMV (mostly primary infections). However, our results show the
‘real-life experience’ of cCMV in Flanders as we encounter it by the
current Flemish approach for testing for cCMV.
When comparing our population to what is known on cCMV, we see
many similarities. This suggests that our data, although not complete,
seem to be a good representation of cCMV in our population. Part of our
data seems to confirm some hypotheses on different topics regarding
cCMV or support the current recommendations for counselling and
management.
There is a trend towards a higher proportion of children with cCMV
who have older siblings (81,5%). This finding seems to confirm the
hypothesis that pregnant women caring for children are at high risk for
CMV infection, not only in work-related interactions but even more
within the own household, through the siblings. [11,13] This un
derscores the importance of adequate education of parents during
pregnancy regarding the possible preventive hygienic measures to lower
the risk of CMV infection as suggested in literature, both in seronegative
as in seropositive women. [11,12,13] It is also important to guide future
prevention campaigns in pregnant women.
Structural fetal ultrasound, amniocentesis for culture or PCR and
prenatal MRI all have their strengths and limitations in diagnosing
cCMV and its outcome. [14] Prenatal ultrasound can help in identifying
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Fig. 2. Schematic overview of classification at birth.
Table 5
Correlation between timing of seroconversion and (a)symptomatic disease.
Asymptomatic
Timing seroconversion
0–13 weeks
164 (56,6%)
>28 weeks
14–27
weeks
>28 weeks
Trim 1 &
trim 2
>28 weeks

105 (83,3%)
169 (72,8%)
105 (83,3%)
332 (63,7%)
105 (83,3%)

Mild sy

Moderate
sy

Severe sy

p

11
(3,8%)
3 (2,4%)
14 (6%)

16 (5,5%)

<0,000

3 (2,4%)
25
(4,8%)
3 (2,4%)

8 (6,4%)
27 (5,2%)

99
(34,1%)
10 (7,9%)
38
(16,4%)
10 (7,9%)
137
(26,3%)
10 (7,9%)

8 (6,4%)
11 (4,7%)

8 (6,4%)

0,025

<0,000

Table 6
Overview of therapy regimens in mild, moderate and sever symptomatic in
relation to the year of birth.
Asymptomatic
Mild symptomatic
Moderate symptomatic
Severe symptomatic

No therapy

Therapy

738 (99,7%)
39 (90,6%)
22 (43,1%)
45 (20%)

2 (0,3%)
4 (9,4%)
29 (56,9%)
180 (80%)

740
43
51
225

6 months
oral

therapy/
eligible

6 weeks
IV
n = eligible for therapy
2007–2011 (n =
26
60)
2012–2016 (n =
1
100)
2017–2020 (n =
1
117)

6 weeks
oral
5

0

31/60 (51,7%)

77

0

78/100 (78%)

26

79

109/117
(93,2%

structural or growth abnormalities that may suggest fetal infection, but
many of these findings are non-specific (IUGR, echogenic bowel, ven
triculomegaly, …) for CMV. However, some state that it might be useful
to predict the prognosis of fetal infection. [11,14] Our results on
neonatal outcome in correlation to results of fetal US, seem to confirm
these findings in literature. Moreover, the proportion of children

classified as symptomatic after normal fetal US, reveal the possible
limitations of fetal US to accurately predict neonatal outcome. [14] So,
the results seem to confirm that a normal fetal US will not rule out
symptomatic disease at birth and this needs to be taken into account
when prenatal counselling is performed. Long-term follow-up data are
needed to clarify whether fetal US can predict long-term outcome or not.
As for amniocentesis, a first interesting finding in our population is
that negative PCR on amniotic fluid does not rule out congenital CMV
infection. This is in accordance with what is described in literature
[13,14,15] Second, our results show no significant difference in
neonatal outcome between positive PCR and negative PCR. Although
Bilavsky et al. described that negative amniocentesis seldom presents
with mild clinical symptoms or cerebral ultrasound features at birth, we
have a relatively high number of children with moderate to severe in
fections after negative amniocentesis. [16] No explanation is found for
this finding. Hence, parents need to be counselled that negative
amniocentesis does not rule out congenital CMV and that amniocentesis
will also not predict the development and severity of symptomatic dis
ease. [13,14,15,16] So, one could ask what the use is of performing
amniocentesis if the obtained information seems so limited. In Flanders,
amniocentesis plays a key-role in deciding which prenatal follow-up is
offered to parents when seroconversion occurred. In case of positive PCR
on amniotic fluid, an MRI can be performed at gestational age of 32
weeks, in addition to the standard care with frequent ultrasound. This
prenatal management partly explains the low rate of prenatal MRI's in
our population. However, the use of prenatal MRI has increased over the
last 8 years (87,6% of all prenatal MRI's). Prenatal cerebral MRI is a
valuable tool adding information to fetal ultrasound if performed at the
right time (>32 weeks of gestation) and if interpreted by people who are
experienced in evaluation of fetal brain imaging. [17,18,19] Appro
priate integration of fetal MRI into prenatal diagnostics can lead to more
accurate counselling and/or more appropriate management. [17]
Another question that rises with the upcoming use of prenatal MRI is
whether or not to perform an MRI after birth if prenatal MRI was normal.
In our population, in 18 of 56 (32,4%) normal prenatal MRI's, there were
still anomalies detected on MRI in the neonatal period. Senepati et al.
stated that disorders of myelination will not be seen early in gestation,
may infrequently be seen in the third trimester, and typically will not be
diagnosed until postnatal life. [20] This might explain our findings in
this small group.

K. Annelies et al.

Our data illustrate the change in diagnostic tools over the years.
Where viral isolation in urine has been the golden standard for many
years, PCR on urine is now the preferred diagnostic tool in newborns
<21 days old. [1] PCR on saliva is mostly used for screening. PCR for
CMV DNA on dried blood spot for diagnostic purposes has not been
proven to be adequate. The main utility of this technique remains the
retrospective diagnosis of cCMV [21,22].
Audiologic results constitute the most complete data set in the reg
istry. Hearing loss can be of variable severity and is unilateral in more
than half of the cases. [23,24]. Of children with clinical apparent signs at
birth, up to 40% have SNHL, whereas only 5–10% of the children
without any clinical signs have SNHL. [24] This is also reflected in our
population. The presence of delayed onset hearing loss, not only in
children during follow-up [6] but also as the only and first sign of cCMV
in some confirms the need for long-term audiological follow-up. This
finding accords well with literature and is important in prenatal coun
selling. [25]
In our population, the number of children classified as symptomatic
CMV at birth significantly decreases with advanced gestational age at
seroconversion. Pass et al. described a trend towards greater severity of
newborn disease in the first trimester group but this finding was not
significant. [26] Fauré-Bardon et al. described the neonatal clinical signs
after primary infection according to gestational age in 234 children. In
their population, no SNHL was found in children after second and third
trimester infection. [27] We have similar findings in our population: we
do have children with hearing loss after second and third trimester in
fections, (10 and 7, respectively) but the number is significanty lower
than after first trimester infection (61, p 〈0,00). These results might
suggest a trend towards higher risk of symptomatic disease at birth but
further studies on this topic are warranted. There is however a signifi
cant correlation between gestational age at infection and higher risk of
long-term sequelae. Symptomatic children are more likely to develop
long-term sequelae. [25,26] This needs to be taken into account in
prenatal counselling.
Treatment guidelines have also changed over the years, based upon
the most recent recommendations in literature and is reflected in our
results. [28,29] An increase is seen in the percentage of children
receiving therapy since oral therapy was introduced. This finding sug
gests that when oral therapy became available, parents were more likely
to choose treatment. Another possible explanation for this difference is
that since more is known on the positive effect of antiviral treatment on
neurodevelopmental outcome, counselling has slightly changed over the
years. [29,30]
As is to be expected, some topics on cCMV remain a point of dis
cussion between various research groups and some gaps in our under
standing of cCMV need to be filled. Universal neonatal/prenatal
screening or not, correlation between viral load and neonatal outcome,
the use of both MRI and US in every child or the definition of symp
tomatic/asymptomatic disease are some of those topics. [1] Results from
our database, although sometimes in small groups, add to the discussion
on these topics.
In case of testing for cCMV at birth, the main reason in our popula
tion was known maternal seroconversion. This is remarkable in light of
the fact that screening for CMV during pregnancy is not supported by
international guideline/KCE and that reimbursement for CMV IgM/IgG
in pregnancy is discarded in Belgium since 2017. [31] These results
seem to support the question if standard prenatal screening should be
implemented. In an attempt to answer this, we looked at the presence of
clinical signs or hearing loss in this group with maternal seroconversion
as only reason for testing at birth (n = 746). Our data show that in 653 of
the 746 children (86,5%) no clinical signs or hearing problems sugges
tive of cCMV were present. Hence, in 653 of 1059 children in the overall
population (61,7%), diagnosis of cCMV would have been missed without
knowledge of maternal seroconversion. These results might endorse the
need for prenatal screening. However, we are aware that standard
screening for CMV seroconversion during pregnancy poses at least some
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therapeutical and ethical issues such as difficulty of counselling, high
cost, parental psychologic burden and limited prenatal therapeutic op
tions. [13,14]
The potential benefit of neonatal screening is still a matter of dis
cussion. In our database, a small group of children were tested as a
standard screening policy (n = 27) as some regional hospitals in Flanders
screen all neonates at birth, be it for study purposes or as standard care
in their ward. In 25 of these 27 newborns, cCMV wouldn't have been
tested for cCMV if no standard testing was performed with 6 of them
classified as severe symptomatic and 5 who received treatment.
Although they represent only a small number of patients, these findings
again trigger the question on universal neonatal screening. A strategy for
universal neonatal screening could allow early detection of cCMV (both
primary and non-primary infection), induce early intervention and
hence, improve outcome. On the other hand, universal screening carries
the risk for needlessly inducing anxiety in families of children who will
remain asymptomatic throughout their lives. The associated healthcare
cost of working-out and follow-up of all these children is also an
important factor in deciding whether universal screening should be
recommended or not. [11,32,33,34]
PCR in serum is of particular interest since a possible correlation
between viral load and outcome is widely discussed and no conclusive
answers have been found so far. [35] In our small group of children with
PCR serum performed, no significant higher percentage of symptomatic
children is seen in case of positive PCR compared to negative PCR.
Another remarkable finding in our cohort is that almost 20% of
children with normal crUS show anomalies on MRI. Of those, therapy
was given in 57/93 (61,2%). Again, these are data in a small group, but
it suggests that crUS is not always capable of detecting all children with
CNS involvement who could be eligible for treatment. As for the use of
both US and MRI in every child with cCMV, still no consensus has been
found. The European consensus statement recommended not to perform
both in every child. [1] In our Flemish consensus, this too was a point of
discussion and it was decided that MRI is not mandatory but needs to be
performed in case of any clinical sign, hearing problem or anomaly on
crUS. However, literature has described that both investigations are
complementary. [36,37] An important question in this discussion is
whether or not the lesions on MRI have led to changes in the manage
ment of a child [36,37,38] It seems expedient that further studies are
necessary to establish if a combination of MRI and ultrasound should be
performed in all children with congenital CMV to have a thorough and
complete evaluation of central nervous system involvement.
As Table 4 distinctly shows, a wide variety of CNS anomalies can be
found in children with cCMV with both unique findings and a combi
nation of many. This makes it very difficult to describe the ‘typical’
cCMV patient implicating a difficult counselling of a single patient. [38]
A very remarkable figure is the high percentage of hyperintensity of the
white matter on MRI. The significance of this finding on neurological
outcome as unique finding remains unclear at this point. [38,39,40]
Another important finding is the higher percentage of the whole
group of symptomatic children (30,1%) in our population compared to
what is found in literature. [1,2,3] Definition of symptomatic disease
differs between study groups. These differences make interpreting
literature challenging and may contribute to some of the variability in
the prevalence of symptomatic infection in different research groups.
[1]. This finding can partly be explained by a possible selection bias
since inclusion of CMV-positive newborns depends on the goodwill and
cooperation of pediatricians and otorhinolaryngologists in Flanders.
Also, the symptomatic children (clinical signs, hearing problems or
neurological impairment) could be overrepresented in the registry, as
symptomatic babies are more likely to be referred to tertiary centers,
from where they are recruited. And since there is no universal screening
for CMV at birth, we might miss the asymptomatic children and those
born after non-primary infections. [9] The fact that 8,6% of the children
in our database are diagnosed at later age confirms the fact that not all
children with cCMV are diagnosed or recognized. Notably, the
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percentage of severely symptomatic children in our registry is 21,2%,
which approaches the percentages of symptomatic children in various
research groups. (15%) A point of consideration is the number of chil
dren with hearing loss and/or clinical signs in the group of asymptom
atic children, as this is unexpected. For the children with hearing loss in
the asymptomatic group, this can be explained by the fact that all these
children were diagnosed retrospectively due to their SNHL and hence,
are classified as being asymptomatic at birth. As for the presence of
clinical signs in the asymptomatic group, we see that these children
presented with only one clinical sign. We can only assume that the
respective physicians of those children decided to classify them as
asymptomatic because of the paucity of symptoms.
The missing data on various topics, inherent to all databases, might
cause information bias. Whether these missing data are due to incom
plete registration or to the fact that some investigations are not per
formed, is not clear. Worldwide controversies on management of cCMV
may lead to case-per-case or physician-per-physician variability in how
a patient with cCMV is managed, also resulting in missing data. [10]
This makes it difficult to perform multivariable analyses. Our registry is
a clinical registry where we aim to describe the natural history of cCMV.
We are aware of the limitations and possible shortcomings of conducting
a registry and have tried to overcome some of those problems in the last
years in various manners, as is described in our paper in 2019. [10].
Taking all this into account, we believe we were able to provide a
thorough description of the characteristics of our specific population of
children with cCMV in Flanders. In addition, our results triggered new
research questions that will hopefully fill in some gaps in the under
standing of cCMV. So, further studies are warranted with special
attention given to the need for performing both crUS and MRI at birth,
the (non)sense of prenatal or neonatal screening, the significance of
isolated white matter lesions on MRI, the correlation between viral load/
prenatal investigations and long-term outcome and the effect of therapy.
Hence, follow-up data are important to describe the complete disease
burden of cCMV. As for neurodevelopmental follow-up, data in our
population will be described in a separate paper since data long-term
outcome data are extensive. Data on audiological follow-up in part of
our population were described for the first time in 2016. [6]
6. Conclusion
We described the perinatal characteristics of children with cCMV
based on a multicenter CMV registry in Flanders, Belgium during a 14year period. Some preliminary findings raised interesting research
questions that will require further studies. A next step is to describe the
long-term follow-up of our population. Since large-scale screening pro
grams are not available at this point, we can only base our guidelines for
consensus and management on data obtained by registries, like ours.
Worldwide, the systematic registration and follow-up of children with
cCMV infection will become increasingly important to document the
impact of forthcoming preventive and therapeutic measures for cCMV.
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CHAPTER 6
Long-term neurodevelopmental outcome in children with congenital cytomegalovirus infection: a
prospective multicenter cohort study.
Keymeulen A, Laroche S, Casaer A, Mahieu L, Cossey V, Oostra A, Van Mol C, Dhooghe I, De Leenheer E,
Smets K.
Submitted
Congenital cytomegalovirus infection (cCMV) is the most common congenital infection worldwide and is a major
cause of neurodevelopmental impairment in children. At this point there are insufficient data on long-term
neurodevelopmental outcome of children with cCMV, both symptomatic and asymptomatic.
This study aimed to describe the long-term neurodevelopmental outcome in a large prospective cohort of children
with cCMV.
All children with confirmed diagnosis of cCMV, included in the Flemish cCMV register, were eligible for this
study. Data on long-term neurodevelopmental outcome was available in 753 children. Data on neuromotor,
cognitive, behavioral, audiological and ophthalmological outcome were analysed.
Neurodevelopmental outcome was normal in 530/753 (70,4 %) at any age of last follow-up. Mild, moderate and
severe neurodevelopmental impairment was found in 128/753 (16,9%), 56/753 (7,4%) and 39/753 (5,2%),
respectively. Adverse outcome is found both in the symptomatic and asymptomatic children (53,5% versus
20,1%). Autism spectrum disorder (ASD) was diagnosed more often than in the general population in Flanders
(2,5% versus 0,7%). Speech and language impairment was found in 2%, even in absence of hearing loss.
Conclusion
Both symptomatic and asymptomatic cCMV children are at risk of long-term sequelae, independent of the timing
of seroconversion. During follow-up of this population, special attention should be given to the audiological
follow-up, the presence of hypotonia at young age, the possible higher risk of ASD and the risk of speech and
language impairment even in absence of hearing loss. Our results emphasize the need for multidisciplinary
neurodevelopmental follow-up of all cCMV infected children.
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Introduction
Congenital cytomegalovirus infection (cCMV) is the most common congenital infection affecting about 0,15-2%
of all live births worldwide and 0,5% in Europe [1,2,3]. Congenital CMV infection can occur as the result of a
primary CMV infection during pregnancy, a reinfection with a new strain or reactivation of a latent infection
[2,3]. Of all infected children, 15-20 % will be symptomatic at birth [2,4]. These symptomatic children are at high
risk (40-60%) of developing serious neurological sequelae such as sensorineural hearing loss, cerebral palsy,
mental retardation and visual impairment [1,2,5,6]. Although most asymptomatic children develop normally, still
15-20% of them will develop long-term sequelae, particularly sensorineural hearing loss [1,2,3,5,6].
It is important to have a better understanding of the natural history of cCMV infection and of the long-term
outcome of the infected children to counsel parents and guide follow-up programs and treatment. At this point
there are insufficient data on long-term neurodevelopmental outcomes of children with cCMV, particularly for the
asymptomatic group. [7] It is challenging to perform long-term follow-up and only a few studies of cCMV have
data on neurodevelopmental outcome beyond 1-2 years of age. [5,6,7]
In 2007, a multicenter register was set up to document diagnosis, treatment and follow-up of patients that
presented with cCMV in the collaborating hospitals in the Flanders region of Belgium. This longitudinal study
describes the neurodevelopmental outcome of children with confirmed congenital CMV which are included in the
Flemish register between 2007 and 2020. Both asymptomatic and symptomatic children are entered in the register
and follow-up is offered to all children as suggested by the Flemish consensus. In this report we describe the
results on long-term neurodevelopmental outcome of the patients included in this register, with emphasis on
neuromotor, cognitive and neurobehavioral outcome.
Patients and methods
Patients
Patients were recruited from six centers in Flanders, Belgium who initially participated in the register. This
registration was approved by the Ethics Committee and was enlisted at the Privacy Commission. Inclusion in the
register was performed after written informed consent of a parent or a legal guardian. All data were collected on
paper and sent to the database manager until 2013 when an electronic database [8] was developed, enabling entry
of all data in a uniform manner by each physician with access to the database.
Patients are included in the register only after diagnosis of cCMV is confirmed by viral isolation and/or CMVDNA positive PCR on urine/saliva sampled within the first 3 weeks of life or by retrospective diagnosis (> 21
days of age), made by CMV-DNA positive PCR on dried blood spot (DBS). Current testing strategy for cCMV in
Flanders consists of testing in case of known maternal seroconversion or in case of clinical signs suggestive for
CMV-infection. Universal neonatal screening is not performed.
At enrolment of the patient, data are collected concerning the timing of seroconversion, fetal ultrasound,
amniocentesis, prenatal MRI, indication for diagnostic testing at birth, age at diagnosis, diagnostic techniques,
demographic features, clinical features at birth, laboratory results, results of central nervous system imaging
(crUS, MRI), audiological testing, ophthalmologic investigation and antiviral therapy. All recommended
investigations to evaluate involvement of central nervous system, hearing and vision, are preferably performed
within 1 month after birth to identify children eligible for antiviral treatment.
Classification at birth
Recently, following the international recommendation that symptomatic children should be classified as mildly,
moderately or severely symptomatic [1], all children were re-classified in this way based upon the results of the
first investigations at birth. [9] Figure 1 shows the definition of the classification as used in Flanders, Belgium.
Patients with late diagnosis of cCMV (beyond age of 28 days) are considered asymptomatic, since there was no
reason to test them for cCMV at birth.
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Figure 1. Definition of classification mild/moderate/severe symptomatic
Therapy
Indication for treatment has changed over the years and is in agreement with the most recent consensus of the
Flemish society of Paediatrics’, Neonatology and Perinatal Epidemiology Working Group (2018). Treatment is
offered to severely symptomatic neonates and can be considered in moderately symptomatic children based on
expert opinion. After being informed on the possible benefits and short- and long-term side-effects of antiviral
therapy, parents are involved in the decision making.
Initially, treatment consisted of intravenous ganciclovir during 6 weeks at a regimen of 6 mg/kg, twice daily.
Since 2012, oral treatment with valganciclovir for 6 weeks, 16 mg/kg twice daily, has been introduced. Since end
of 2017, valganciclovir therapy duration has been prolonged to 6 months.
Long-term follow up
Figure 2 shows the recommended long-term follow-up in our population for hearing, vision and
neurodevelopmental outcome.

Figure 2. Schematic follow-up of cCMV patients in Flanders.
Every participating center is responsible for organizing the follow-up of the children from their center included in
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the register. Results of this follow-up are entered in a uniform manner in the electronic database which is available
online. There are separate forms for audiological and neurodevelopmental follow-up.
The neurodevelopmental assessment consisted of evaluation of physical, motor and cognitive development, as
well as behavior and is performed by a multidisciplinary team (pediatric neurologist, neonatologist,
physiotherapist, speech therapist and psychologist) namely, the centers of developmental disorders (COS) in
Flanders. Initially, follow-up was recommended at 4 months, 12 months, 18 months, 24 months and yearly after
that until 72 months. Due to the high workload in the centers for developmental disorders, follow-up was altered
with a first consultation at 4 months in case of symptomatic disease and at 12 months in case of asymptomatic
disease. Thereafter, follow-up is planned as deemed necessary by the specialists of the COS. Neurodevelopmental
evaluation is performed using following tests according to the age of the child: Alberta Infant Motor Scale
(AIMS), Bayley Scales of Infant Development (second/third edition), Wechsler Intelligence scales for children
(third edition).
Over the years, an important loss to follow-up was noticed for neurodevelopmental evaluation. To address this
problem, a patient-reported questionnaire was developed to evaluate the neurological development of children of
5-6 years of age. (addendum II) Different domains are questioned: motor and cognitive development, behavior
and social-affective development. It is based upon validated scoring systems for neurodevelopmental outcome and
was tested for its ease of use by parents of healthy (non-cCMV) children in a kindergarten, as is described in
chapter 7. Since 2013 we send this questionnaire to the parents of every child in our registry when they reach the
age of 5-6 years. The results of this questionnaire were also entered in the database. Table 1 shows the
classification of cognitive outcome per subdomain.
As for audiologic assessment, generally diagnostic ABR during natural sleep is used in children younger than 6
months. Older children are tested by age-appropriate tone audiometry, as described by Goderis et al. [9] In this
report we describe hearing outcome as normal, mildly, moderately or severely impaired.
At this time, all children in Flanders with congenital hearing loss (of all etiology) have a vestibular screening at 6
months. It was decided that also in all children with cCMV (with or without hearing loss) vestibular screening
should be performed at age 6 months. Follow-up of vestibular function is planned if first results are abnormal.
Ophthalmological follow-up is performed by fundoscopy and is scored as normal/abnormal.
Table 1 gives an overview of the classification and scoring in every domain separately.
At the end, based on results of the subdomains, all patients were classified as having a normal development or a
mild, moderate or severe impairment. Development was normal in case of normal neurodevelopmental outcome
(cognitive, neuromotor, behavior), normal hearing and normal vision. If in any subdomain, development was
impaired, the overall development was classified as impaired based upon the ‘worst’ classification. For example,
if a child is bilaterally deaf but wears a cochlear implant and has normal motor, cognitive and behavioral
development, the overall development is classified as severe because of the severe hearing impairment.
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The primary study objective is to describe the long-term neuromotor, cognitive, behavioral, visual and
audiological development. Secondary objective is to assess the association between overall development and
trimester of infection and the association between development and classification as symptomatic/asymptomatic
at birth.
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Results
Demographic features
In December 2020, 527/1059 (49,7%) children in the register reached the age of 6 years and older. The
distribution of the age is shown in table 2. On December 31st, 2020, neurodevelopmental data of 753 children of
1059 children with cCMV infection were available. Male/female ratio in this group is 1,1 (395 males/358
females). The median gestational age at birth was 39 weeks (IQR = 2) and prematurity (< 37 weeks) was present
in 7,9%.

In this study population 493/753 (65,5%) is classified as asymptomatic at birth. Two hundred sixty children are
classified as symptomatic of which 28/753 (3,7%) mildly, 42/753 (5,6%) moderately and 190/753 (25,2%)
severely symptomatic. Treatment with (val)ganciclovir was given in 180 of 260 symptomatic children (69,2%).
Figure 3 shows the number of children in which outcome data are available in the database at the different ages of
follow-up and the proportion of children with normal/abnormal development at their most recent evaluation. The
percentage of children with abnormal development is higher in children with follow-up at later age. Median age of
last follow-up in the study population is 12 months (IQ 12-13 months).

Figure 3. Number of children in which outcome data are available in the database at the different ages of followup with the proportion of children with normal/abnormal development.
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Perinatal characteristics
Imaging of the central nervous system was performed in 717/753 (95,2%) by cranial ultrasound (crUS), computed
tomography scan (CT), magnetic resonance imaging (MRI) or a combination of those.
Hearing and ophthalmological evaluation at birth are available in 749/753 (99,5%) and 729/753 (96,8%),
respectively. Results of all additional investigations are presented in table 3.

Long-term outcome
Normal development at last evaluation was found in 530/753 (70,4 %). Mild, moderate and severe impairment is
found in 128/753 (16,9%), 56/753 (7,4%) and 39/753 (5,2%), respectively. Among those 223 patients with
abnormal outcome 87 (39%) presented with isolated neuromotor impairment, 5 (2,2%) with isolated intellectual
disability, 55 (24,7%) with isolated hearing loss, 8 (3,5%) with isolated behavioural problems and 15 (6,7%) with
combined motor, intellectual, behavioural and hearing disability. The other 53 children presented with
impairments in different combinations of the subdomains.
Neuromotor impairment
Of 753 children, 581 (77,1%) had a normal motor development. Mild neuromotor impairment was found in
131/753 (17,4%); moderate impairment in 23/753 (3,1%) and severe neuromotor impairment in 18/753 (2,4%).
One baby had Down syndrome.
Marked hypotonia and/or hyperlaxity was among the most reported findings in this population. Eighty-one of the
172 impaired children (47%) presented with hypotonia that impaired their motor development. Among all
neuromotor impaired children, 10 (5,8%) are diagnosed with cerebral palsy (table 4). In 78 of 172 (45,3%)
impaired children therapy was initiated (e.g., Bobath therapy, physiotherapy, home guidance, revalidation center,
…). Five of the children are in need of a sitting or walking aid. Three children developed epilepsy.
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Cognitive impairment
Normal cognitive development is present in 675/753 (89,6%). We find a mild impairment in 44/753 (5,7%),
moderate impairment in 8/753 (1,1%) and severe impairment in 7/753 (0,9%) (table 5). Results on cognitive
outcome were not available in 20/753 (2,6%) children. Delayed speech development was described in 16 of 58
cognitive impaired children (27,6%), in 7 of them without hearing loss. Occupational therapy, speech therapy or
need for special education was initiated in 22/58 (37,9%) of the impaired children.
Neuro-behavioral impairment
In 140/753 (18,6%) no information on behavior was found in the database. In 536 of the remaining 613 children
(87%) behavior was reported to be normal. Mild impairment is found in 57/613 (9,3%), moderate impairment in
19/613 (3,1%) and severe impairment only in 1 (0,2%). There is a wide variety in behavioral problems that is not
always specified in the database. Autism spectrum disorder (ASD) was diagnosed in 19 of 77 children (24,6%)
with impaired behavior and attention deficit hyperactivity disorder (ADHD) was found in 7/77 (9%). Other
problems are listed in table 4.
Hearing impairment
Follow-up of hearing was available in 739 children. Normal hearing was found in 623 (84,3%). Hearing loss
defined as ≥ 40dB in the best ear was present in 37/739 (5%), hearing loss between 40 and 55 dB in the best ear
with or without hearing aid in 40/739 (5,4%) and hearing loss > 55 dB in the best ear with or without hearing aid
in 39/739 (5,3%). Hearing loss was present in 29,2% of the asymptomatic children and in 70,8% of the
symptomatic group. Twenty-one children were in need of hearing aids/cochlear implants (table 4).
Vision
No visual problems at last age of follow-up were found in 725/753 (96,3%) of all children. There were no data on
vision in 14/753 (1,8%). Only a minority (1,9%) reported correctable visual problems such as refractive disorders
or amblyopia. There were no cases of late onset chorioretinitis among the 739 children with ophthalmological
follow-up.
Relation between neurological outcome and classification at birth
Table 5 shows the distribution of overall developmental outcome in relation to classification at birth. In 12 of 492
(2,4%) asymptomatic children, overall development outcome was defined as severely impaired. Of those, 11 were
classified as severely impaired because of isolated severe hearing loss. No severe impairment was reported in the
mildly and moderately symptomatic children. In the severely symptomatic group, severe impairment was found in
27/190 children (14,2 %). There was a significant higher proportion of children with severe impairment in the
severe symptomatic group compared to the mildly, moderately and asymptomatic children; (P = 0,00)
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Relation with trimester of infection
In 495/753 (65,7%) children in the study population, data on timing of seroconversion are available. There are
233 (47%) first trimester infections, 166 (33,5%) second trimester infections and 96 (19,5%) of the infections
occurred in the third trimester.

Table 6 shows the numbers of mild, moderate and severe impairment in the population in relation to trimester of
infection. There is a statistically significant lower proportion of children with normal development after first
trimester infections compared to second or third trimester infections first trimester infections. (P = 0,00)
Discussion
To our knowledge, this is the largest cohort of children with cCMV in which neurodevelopmental outcome is
described. For this study, all children in which data on long-term outcome are entered in the database were
included, regardless of age at last follow-up. Hence, the age at last follow-up differs in the study population: in the
majority (66,9%) of the children, last age at follow-up is 4 to 12 months and in 79/753 (10,5%), it was 72 months.
Since 43,6% of the study population is younger than 60-72 months at this moment, this was to be expected.
However, we noticed a decline in the number of children with follow-up at later age, even in the children who
have reached the age of 6 years. Several explanations can be found for this observation. First, the follow-up as
recommended by the Flemish consensus, is not mandatory. Parents may prefer their own pediatrician, who may
organize the follow-up at a different pace according to the findings during follow-up. Secondly, neurological
sequelae are mostly expected in the group of children with abnormal CNS imaging. Hence, parents are reassured
about the development in case of normal CNS imaging at birth which may result in not attending neurological
follow-up consultations. Last, due to the high workload in the COS in Flanders, follow-up in every child until 6
years of age is not feasible. In all children with cCMV a first consultation is planned within the first year of age,
depending on their classification at birth. Consultations beyond that age are planned mostly in case of abnormal
findings or if problems should occur and that also may contribute to the lack of follow-up data at later age in some
patients and may be an explanation for the fact that there is a decline in the percentage of children with normal
development with older age, as table 3 shows.
Mild to severe long-term impairment was diagnosed in 223/753 (29,6%) of all CMV-infected children, 54,7% in
the symptomatic group and 20% in the asymptomatic children. A review by Dollard et al. on the prevalence of
long-term sequelae reported permanent impairment in 40-58% of the symptomatic children and 13,5% in the
asymptomatic group. [4] Although there are methodological differences between various studies on long-term
outcome results, we compared our results with more recent studies and found similar results in the study by
Korndewal et al. [10] They found moderate to severe long-term impairment in 24,8% of their population (53,8%
in symptomatic, 17,8% in asymptomatic children). In the study by Townsend et al. sequelae were found in 42% of
symptomatic children, versus 14% in asymptomatic children. [6] In both studies, the population of CMV-infected
children was the result of screening for cCMV, either at birth [6] or retrospectively by dried blood spot [10] and
all children were matched with cCMV-negative children. In this way, the authors were able to describe the true
disease burden of cCMV in their population. The fact that the results in our population (which is not the result of
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routine screening) are similar to theirs, suggests that our data can be considered representative for the disease
burden of cCMV in Flanders.
Severe neuromotor impairment was found in 18/753 (2,4%) children, of which 10 (1,3%) are diagnosed with any
type of cerebral palsy. The majority of these children (9/10) had abnormal CNS imaging at birth. All of these 9
children showed lesions on MRI. A review by Himpens et al. reported a prevalence for cerebral palsy for term
infants of 0,1%, putting children with cCMV infection at a tenfold higher risk of developing cerebral palsy. [11]
We found a remarkably high number of children with hypotonia/hyperlaxity (46%). In all children, hypotonia had
an impact on motor development, sometimes necessitating physiotherapy in case of motor milestones delay.
Hypotonia may be associated with different conditions, such as neuromuscular, genetic, central nervous system,
connective tissue, and/or metabolic problems but it may also be the only impairment in a child without any
distinct etiology. [12] Depending on the population and the criteria used, prevalence of hyperlaxity/hypotonia
ranges from 6,7% to 39,6%. [13] Whether or not hypotonia may be responsible for delayed motor development is
still a matter of debate. [12] In our cCMV-positive population, the percentage of children with hypotonia is higher
than what is described for other conditions. A possible explanation for this finding is the correlation between
vestibular dysfunction and motor development. A study by Dhondt et al. showed that congenital CMV can also
impair the vestibular function which may have a functional impact on motor development in children. Children
with hearing loss seem to be the most at risk. However, even normal-hearing and/or asymptomatic cCMV
children can present with vestibular dysfunction. [26] This new finding merits further attention in future follow-up
studies. In this population, hypotonia is mostly found in children < 24 months of age and seems to improve with
age. Given the fact that in 471/753 (62,5 %) children most recent outcome data are at age 4 or 12 months,
hypotonia accounts for a large part of the mild to moderate motor impairment in our population and hence
explains the high use for physiotherapy in this group. However, it is reassuring that in most children hypotonia
improves with age and physical therapy with minimal residual impact on the motor abilities of the child, and
parents can be counselled this way. In children with bilateral vestibular dysfunction (often in combination with
deafness), it is shown that both fine and gross motor function can remain impaired throughout the years. [26]
As for cognitive impairment, we see mild to severe impairment in 10,4% of our population. Again, these
percentages are in line with was in found in literature. Korndewal et al. reported cognitive impairment in 6% of
their population, which was higher than in their control group (1,1%). [10] Townsend et al. described abnormal
development in 19%. [6]
The high number of children with speech-language impairment (20,8%) in the group of cognitive impaired
children, is consistent with what is described in literature. In the population of Korndewal et al. speech and
language problems occurred twice as often compared to the control group (16,5% versus 7,3%).[10] Obviously,
hearing loss can lead to speech and language impairment and one would expect that associated hearing loss is the
main reason for this finding. However, in our population, 7 children with speech impairment showed no hearing
loss. As the DECIBEL study by Korver et al. demonstrated, children with hearing loss due to cCMV show lower
developmental quotients than children with hearing loss without cCMV and the difference in language
development is significant. [14] Another study described speech impairment in 32% while hearing loss was
present in only 5% of their population [15]. The need for timely initiation of speech therapy remains important.
No explanation for this finding has been found and further studies to identify mechanisms underlying these
observations are necessary.
A wide variety of behavioral problems have been found in our population. Part of the population is very young (<
18 months) at last follow-up. So, some ‘problems’ encountered (headstrong, self-determining, impulsive
behavior) might be temporary and no longer a problem at later age. Some children of younger age show some
characteristics of autism spectrum disorder (ASD) or attention deficit hyperactivity disorder (AD(H)D). For the
children with difficult social contact or attention problems at age 12-18 months, follow-up at later age would be
interesting to see whether these problems are predictive for the development of ASD or ADHD. In the study
population, 19/753 (2,6%) of the children were diagnosed with autism spectrum disorder whereas the prevalence
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of ASD in Flanders is estimated 1 in 150 (0,6-0,7%). Korndewal et al. also found a slightly higher percentage of
ASD in the CMV-positive population (3%) compared to the control group (1,8%). [10]
An association between cCMV and ASD has been suggested in literature. Case reports of children with cCMV
and autism have been published for more than 40 years. [16,17,18] Over the years, studies have found a relation
between cCMV and ASD. In children with confirmed diagnosis of ASD a higher incidence of cCMV is found.
[19,20,21] A meta-analysis by Maeyama et al. suggested a statistically significant association between cCMV and
ASD. However, the small sample size in the studies limits the conclusions of this meta-analysis. [22] The role of
cCMV in the occurrence of ASD is yet to be elucidated but some authors recommend systematical screening for
cCMV in autistic disorders. [20]
Sensorineural hearing loss is the most common neurodevelopmental deficit in children with cCMV. It is widely
known that cCMV is the leading nonhereditary cause of sensorineural hearing loss. A review by Goderis et al.
reported hearing loss in 12.6% (range 10,2%-16,5%) of children with cCMV, being 3 times more frequent in
symptomatic children than in asymptomatic children. [23] In this cohort 17,2 % developed SNHL necessitating
some form of hearing aid in 16,1% of them. It is important to note that these are findings at various ages between
4 months and 72 months. Since SNHL due to cCMV can be fluctuating over time, the audiological outcome at age
4-6 years might be different from the current reported hearing in some of these children.
Ophthalmological follow-up occurred mostly once at age 12 months without further follow-up, unless visual
problems occur. A recent report on long-term visual and ocular outcome in children with cCMV found
progressive chorioretinitis to be rare and found no evidence that cCMV can lead to late onset or reactivation of
chorioretinitis. The authors recommend an annual follow-up in case of abnormal ophthalmological examination at
birth. When normal, children may be re-examined as clinically indicated by signs or symptoms. [24] We did not
find any ophthalmological abnormalities, such as chorioretinitis, optic atrophy, strabismus or cortical visual
impairment in our cohort.
More than half of the severely symptomatic children show any form of mild to severe impairment, while only
20,1% of asymptomatic children are diagnosed with some form of impairment. Dollard et al. estimated the risk of
sequelae in asymptomatic children to be between 5 and 15%, and between 17 to 60% in symptomatic children. [5]
Eleven of 12 asymptomatic children with severe impairment in this cohort presented with isolated hearing loss.
This finding illustrates that asymptomatic children are at risk of developing severe hearing loss as well. The one
asymptomatic child diagnosed with severe impairment, both neuromotor and cognitive, next to hearing loss, was
classified as asymptomatic since diagnosis of cCMV was made retrospectively at later age.
We found a higher risk of adverse neurodevelopmental outcome after infections acquired in the first trimester,
compared to second and third trimester infections. This corresponds well with findings in literature. [25]
However, even after second or third trimester infections, children are still at risk of long-term sequelae, even with
severe impairments.
The association between outcome and trimester of infection/classification at birth is of importance when
counselling parents on the outcome of cCMV. Parents can be counselled that the highest risk of long-term
sequelae is related to first trimester infections or severe symptomatic presentation at birth. It is important,
however, that they are made aware that long-term sequelae can occur in every child with cCMV. This fact
emphasises the need for long-term follow-up in every child with cCMV.
Our study has some limitations. First, since our population is not the result of universal screening of all newborns,
we may encounter selection bias. This might result in an overrepresentation of symptomatic children and hence,
higher percentages of neurodevelopmental sequelae. However, when comparing our results with what is already
reported on neurodevelopmental outcome in literature, we find similar findings. Secondly, we do not have a
control group of CMV-negative children to estimate what proportion of the sequelae may be attributed to cCMV.
However, our results do correspond well with findings in studies with control group [6,10] so our cohort is likely
to be representative for cCMV in Flanders. Thirdly, the length of follow-up with median age of 12 months poses a
limitation. This might result in an overrepresentation of mild to moderate impairment (due to the high number of
hypotonia reported in this age), an underestimation of behavioral problems (since it might be too early to detect
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ASD or ADHD) and it may also lead to an underestimation of SNHL (since late-onset SNHL may appear beyond
this age).
Last, results on hearing and vison are not described in detail. The aim of this report was to document long-term
neurodevelopmental outcome with emphasis on neuromotor, cognitive and behavioral outcome. Since the
presence of SNHL can have an impact on the overall development, we found it important to report basic results
here. A more detailed description of SNHL and the evolution over time in patients in the Flemish registry, has
been published in 2016 [9] and an update in the most recent larger population is in progress.
Conclusion
We described the long-term neurodevelopmental outcome of children with cCMV, included in the Flemish CMV
registry between 2007 and 2020. It is, to our knowledge, the first time that outcome data are presented in such a
large cohort. Many of our data correspond well with what is known in literature. Our study shows that both
symptomatic and asymptomatic children can develop long-term sequelae, independent of the timing of
seroconversion. During follow-up of children with cCMV infection, special attention should be given to
audiological follow-up, to the detection of hypotonia at young age which might impact motor development, to the
possible higher risk of ASD and to the risk of speech and language impairment even in absence of hearing loss.
Our findings underscore the need for thorough neurodevelopmental follow-up in all cCMV infected children.
There is an ongoing need of reports on long-term follow-up of children with cCMV, in order to estimate the true
long-term disease burden of this most common congenital infection worldwide.
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CHAPTER 7
The use of questionnaires in optimizing data gathering in the Flemish registry for congenital
cytomegalovirus infection.
Keymeulen A, Smets K
Submitted - Under review
In Flanders a prospective multicentre registry was set up to collect data on incidence and outcome of children with
congenital cytomegalovirus infection. One of the major problems encountered in conducting that registry, is
missing data. Most data that are lacking are data on neurodevelopmental evaluation.
In this report we explore whether the use of questionnaires could significantly fill that gap.
A patient-reported questionnaire was developed to evaluate the neurological development of children of 5-6 years
of age. Since 2013 this questionnaire was sent to the parents of every child in our registry when it reaches the age
of 5-6. The questionnaires were scored and labelled as ‘normal’ or ‘suspect for problems’.
From 2013 until 2019, we sent out 361 questionnaires. Only in 6 of the patients (2,9%) who returned the
questionnaire, follow up data until the age of 5-6 were registered in the database. In 196/202 (97%) of the
responders the results of the questionnaire were the only source of follow up data at age 6 years. Overall, we were
able to complete neurological data in 196 (54,3%) of the 361 children we contacted.
We demonstrated in this study that the use of questionnaires is most valuable and helps in filling the data gaps on
long-term neurodevelopmental outcome. Interventions to increase the response rate may enhance our data
gathering even more.
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Introduction
Congenital cytomegalovirus (cCMV) infection is the most common congenital infection worldwide and occurs in
0,3 % to 2,4% of all live births. Congenital CMV has a significant long-term impact on affected children, being
the major cause of non-hereditary sensorineural hearing loss and the major infectious cause of
neurodevelopmental abnormalities in infants born in developed countries. 1,2 Despite this important disease burden,
cCMV remains largely unrecognized and there is limited evidence on which to base management and therapy of
children with cCMV infection. Research groups emphasize the importance and the need for collecting accurate
data on diagnosis, clinical signs, additional investigations and therapy in children with cCMV.1,2,3
In 2007, a prospective multicentre registry was set up to collect data on incidence and outcome until the age of 6
years of children with congenital cytomegalovirus infection in Flanders. One of the major problems encountered
in conducting that registry, is missing data. Most data we are lacking are data neurodevelopmental evaluation. In
this report we explore whether the use of questionnaires could significantly fill that gap.
Materials and Methods
A patient-reported questionnaire (addendum II) was developed to evaluate the neurological development of
children of 5-6 years of age. Different domains are questioned: motor and cognitive development, behavior and
social-affective development. The questionnaire was designed for our population but based upon validated scoring
systems for neurodevelopmental outcome and discussed and approved with specialists in the field (pediatric
neurologists).4-9
Once the questionnaire was developed, it was first tested for its ease of use. We send this questionnaire to parents
of healthy (non- cCMV) children in a kindergarten. We asked them to complete both the questionnaire and an
evaluation form on the questionnaire. Following items were questioned:
- the time it took to complete the questionnaire and the assessment of the time cost,
- the general opinion of the parents about the ease of use of the questionnaire,
- their opinion on the scoring options,
- their opinion on the formulation of the questionnaire items.
Results showed that the majority of parents needed less than 30 minutes to complete the questionnaire and the
length of the questionnaire was acceptable for > 75% of the parents. In addition, most of the parents found the
questionnaire easy to fill in.
Questions that were unclear for the parents were reformulated; others were deleted because of difficulties in
scoring. The adjusted questionnaire has been used in our CMV-population since 2013.10
The questionnaire is sent to parents of every child in the registry that reaches the age of 5-6 years. To increase
response rates stamped return envelopes were used and a reminder by telephone was made. The questionnaires
were scored as follows: if less tan 75% of the questions were answered as expected for their age, that domain was
considered as ‘suspect for problems’. The parents could add if some kind of therapy or other support was initiated
in the past years or not. The children with results ‘suspect for problems’ were contacted if no therapy was
mentioned in the questionnaire.
This study was part of the multicentre registry for congenital cytomegalovirus infection in Flanders, which was
approved by the ethical committee. The children were included after informed consent by the parents.
Results
From 2013 until 2019, 440 children in the registry reached the age of 5-6 years. Of 79 of them, we didn’t have the
correct contact data. In total, we sent out 361 questionnaires. Response rate was 202/361 (55,9%).
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For 75/202 (37,1%) children there were no data on neurological follow up in the database. Of 84 (41,6%) of the
responders results of only a first consultation at 4 or 12 months were available. In 6 of the patients (2,9%) who
returned the questionnaire, we had registered follow up data until the age of 5-6. (fig. 1) In 196 (97%) of the
responders the results of the questionnaire were the only source of follow up data at age 6 years.
In the group of children with no or only one follow up consultation, 97/159 (63,1%) were scored as having a
normal development, so we could identify mild developmental problems in 62/159 (36,9%).
In 37 children we have follow up consultations at later age, varying from 18 to 48 months and here we could
classify 21 (56,8%) children with normal neurological outcome. All of the 16 children who reported suspect
neurological development at age 6 years in this group, had been assigned an abnormal evaluation during follow up
consultations in the previous years. Five of the 6 (83,3%) children who were followed by the Center for
Developmental Disorders until six years of age, were scored as ‘suspect for problems’ by the questionnaire.
Figure 2 shows the distribution of reported problems in the different domains.
Results of the self-reported outcome were compared with the reports of the most recent (48 months or older)
follow-up consultations where available. In the majority the scoring result of the questionnaire corresponded well
with the conclusion of the specialist during the follow up consultation of that particular child.
Overall, we were able to complete neurological data at age 6 in 196 (54,3%) of the 361 children we contacted.
Discussion
Patient registries are described as organized systems that use observational methods to collect uniform data on a
population defined by a particular disease, condition or exposure and that is followed over time.11,12,13 Registries
can help develop clinical research, improve patient care and can be valuable sources of data to support decisionmaking.2 They also can provide outcome results that may be generalizable to a wide range of patients, thus
facilitating more accurate counseling for parents.3 It is known that parents of children with congenital CMV
infection struggle with the uncertainties regarding prognosis, the fear of manifestations of symptoms at later age
and the impact on the daily functioning of their child. 14
The Flemish consensus (last adapted in 2018) states that neurodevelopmental and audiological follow up is
recommended for all children until the age of 6 years. However, we saw an increasing drop out from neurological
follow up with increasing age of the children. Adherence to follow up appointments may be influenced by several
factors. In the first place, due to the high workload in the Centers of Developmental Disorders in Flanders, follow
up until the age of 6 years of every patient is not realizable. In all children with cCMV a first consultation is
planned within the first year of age, depending on their classification at birth as symptomatic (first evaluation at 4
months) or asymptomatic (first evaluation at 10-12 months). But mostly, consultations beyond that age are
planned only in case of abnormal findings or if problems occur. Secondly, the consultations are not mandatory.
Parents are free to decide not to go to the follow up consultation. Last, neurological sequelae are mostly expected
in the group of children with abnormal CNS imaging. Hence, parents are reassured about the development in case
of normal CNS imaging at birth which may result in not attending neurological follow up consultations. This is
different for audiological sequelae, where late-onset hearing loss is a well-known risk and parents are more likely
to focus on that. As we know from the report of the first assessment whether or not follow up was recommended,
we could assume that children, in which follow up was not necessary, have a normal development. However, we
cannot enter this in our registry without any evidence. Furthermore, some developmental problems such as mild
motor problems (e.g. writing difficulties), autistic features, social-affective functioning or behavorial problems
might not be seen in correlation with cCMV by the parents. Hence, they do not contact the Center for
Developmental Disorders and seek help with their own pediatrician or general doctor if needed. The
questionnaires reveal that a large part of the reported problems is situated in the above-mentioned developmental
domains. Even though we cannot be sure that these problems are the consequence of cCMV, it is important to
have this information to explore a possible relationship between both. Recent publications have suggested a
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possible relationship between autism spectrum disorders and cCMV. Further studies and more data are needed to
explore that finding.15,16,17
Taking all this in consideration, we felt the need to complete our data on neurological follow up. The development
of the questionnaire proved to be an important step in addressing this problem. Questionnaires are an efficient
data collection tool for many types of health-care research. Although they may introduce systematic biases due to
poor response rate, they still may contribute to fill in the gap of missing data.18,19 With the use of the
questionnaire, we were able to reach a large group of children in which no follow up data at age 6 years was
present in the database (n= 202). There is no scientifically proven minimally acceptable response rate. A response
rate of 60% has been used as the threshold of acceptability by some. 20 Some of the methods to increase response
rate described by Edwards et al, were also used by us but the relatively low response rate is something we may
need to improve.18,21 Still, by using the questionnaire we were able to complete neurological data at age 6 in
54,3% of the children we contacted.
The fact that the results of the questionnaires corresponded well with the most recent conclusions of the
developmental specialists, suggests that the questionnaire is a reliable tool to assess outcome in our patients. In
case of ‘suspect for problems’, we noticed that in half of the children some kind of therapy (physical,
psychological or speech therapy) was already initiated. So, it is reassuring to see that parents seem to find their
way towards help if needed.
Conclusion
The importance of registries is well established: the provided data can help develop clinical research, improve
patient care and can be a valuable source of data on patient outcomes. Missing data are an important limitation in
conducting a registry that needs to be addressed.
We demonstrated in this study that the use of questionnaires is most valuable and helps in filling the data gaps on
long-term neurodevelopmental outcome. Interventions to increase the response rate may further enhance our data
gathering.
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CHAPTER 8
Hearing in Children with Congenital Cytomegalovirus Infection: Results of a Longitudinal Study
Julie Goderis, MD, Annelies Keymeulen, MD, Koenraad Smets, MD, PhD, Helen Van Hoecke, MD, PhD, Els De
Leenheer, MD, PhD, An Boudewyns, MD, PhD, Christian Desloovere, MD, PhD, Rudolf Kuhweide, MD, Marie
Muylle, MSc, Liesbeth Royackers, MSc, Isabelle Schatteman, MD, and Ingeborg Dhooge, MD, PhD
J Pediatr. 2016 May; 172:110-115. https://doi: 10.1016/j.jpeds.2016.01.024.
Epub 2016 Feb 5.

To evaluate hearing outcome, to characterize the nature of symptomatic and asymptomatic congenital
cytomegalovirus (cCMV) infection and associated hearing loss, and to compare results with data from previous
studies.
A prospective multicenter registry was set up in 2007. Six centers participated in the development of a
standardized protocol for diagnosis, treatment, and follow-up. Data were gathered in an online registry. Children
(n = 379) with a documented cCMV infection and at least 2 separate audiologic evaluations were included.
Audiometric results from a multicenter cohort study of children with cCMV infection with longitudinal
observation were examined.
Results from 123 children with a symptomatic and 256 children with an asymptomatic cCMV infection were
analyzed. In the group with symptomatic cCMV, 63% had hearing loss, compared with 8% in the group with
asymptomatic cCMV. Delayed-onset hearing loss occurred in 10.6% of symptomatic cCMV and in 7.8% of
asymptomatic cCMV. In the group with symptomatic cCMV, 29.3% of children used some kind of hearing
amplifi- cation; 1.6% in the group with asymptomatic cCMV used hearing amplification.
Conclusion
Symptomatic and asymptomatic cCMV infections are a major cause of hearing loss in childhood. Reliable
estimates of the long-term outcome of cCMV infection are mandatory to increase vigilance, especially among
pregnant women and to draw attention to preventive measures, vaccine development, and prenatal and postnatal
therapy. Universal screening of newborns for cCMV infection should be initiated and combined with longitudinal audiometric follow-up.
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Hearing in Children with Congenital Cytomegalovirus Infection:
Results of a Longitudinal Study
Julie Goderis, MD1, Annelies Keymeulen, MD1, Koenraad Smets, MD, PhD1, Helen Van Hoecke, MD, PhD1,
Els De Leenheer, MD, PhD1, An Boudewyns, MD, PhD2, Christian Desloovere, MD, PhD3, Rudolf Kuhweide, MD4,
Marie Muylle, MSc4, Liesbeth Royackers, MSc3, Isabelle Schatteman, MD5, and Ingeborg Dhooge, MD, PhD1
Objectives To evaluate hearing outcome, to characterize the nature of symptomatic and asymptomatic congenital cytomegalovirus (cCMV) infection and associated hearing loss, and to compare results with data from previous
studies.
Study design A prospective multicenter registry was set up in 2007. Six centers participated in the development
of a standardized protocol for diagnosis, treatment, and follow-up. Data were gathered in an online registry. Children (n = 379) with a documented cCMV infection and at least 2 separate audiologic evaluations were included.
Audiometric results from a multicenter cohort study of children with cCMV infection with longitudinal observation
were examined.
Results Results from 123 children with a symptomatic and 256 children with an asymptomatic cCMV infection
were analyzed. In the group with symptomatic cCMV, 63% had hearing loss, compared with 8% in the group
with asymptomatic cCMV. Delayed-onset hearing loss occurred in 10.6% of symptomatic cCMV and in 7.8% of
asymptomatic cCMV. In the group with symptomatic cCMV, 29.3% of children used some kind of hearing amplification; 1.6% in the group with asymptomatic cCMV used hearing amplification.
Conclusions Symptomatic and asymptomatic cCMV infections are a major cause of hearing loss in childhood.
Reliable estimates of the long-term outcome of cCMV infection are mandatory to increase vigilance, especially
among pregnant women and to draw attention to preventive measures, vaccine development, and prenatal and
postnatal therapy. Universal screening of newborns for cCMV infection should be initiated and combined with longitudinal audiometric follow-up. (J Pediatr 2016;172:110-5).

C

ongenital cytomegalovirus (cCMV) infection is the most common congenital infection worldwide and the most important cause of nonhereditary sensorineural hearing loss in the developed world. The overall prevalence of cCMV infection among newborns is 0.58%-0.70% in industrialized countries.1-3 Approximately 10% of infected newborns are
symptomatic at birth. The outcome of these infants is poor, and most survivors suffer from severe neurologic sequelae2-6; however, the majority of children with cCMV infection are asymptomatic at birth. These children usually are not diagnosed with
cCMV infection because of the lack of universal screening for cCMV at birth and during pregnancy. Some of the patients with
clinically asymptomatic cCMV, however, develop late sequelae, with sensorineural hearing loss as the most common feature.711
Because the majority of the group with asymptomatic cCMV remains undiagnosed, the precise extent and nature of the hearing loss in this large group is still unknown. The aim of this study is to evaluate hearing outcome and characterize the nature of
cCMV-associated hearing loss in a contemporary population with cCMV.

Methods
In January 2007, a prospective multicenter registry was set up in Flanders by the Flemish Society of Pediatrics’ Neonatology and
Perinatal Epidemiology Working Group. Pediatricians and otorhinolaryngologists at 6 centers participated in the development
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of a standardized protocol for diagnosis, treatment, and
follow-up of children with cCMV. Data were gathered prospectively in an online registry. Children were followed until
6 years of age.
In this prospective study, 379 children, born between
January 2007 and July 2014, were included. The inclusion
criteria for this study were children with a documented
cCMV infection with at least 2 separate audiologic evaluations.
Six centers in Flanders participated in registration: Ghent
University Hospital (n = 164), Antwerp University Hospital
(n = 50), Leuven University Hospital (n = 93), Sint Augustinus Hospital Antwerp (n = 35), Sint Jan Hospital Bruges
(n = 26), and Middelheim Hospital Antwerp (n = 11). The
registration was approved by the Ethic Committee and was
enlisted at the Privacy commission. Neonates with proven
cCMV infection were included, after written informed consent from the parents was obtained.
At enrollment, data were collected on the prenatal period,
diagnosis, symptoms at birth, results of additional investigations, and therapy. Long-term data were collected on neuromotor skills, hearing, and vision. The audiologic follow-up
results are presented. Results mainly are presented in terms
of patients rather than ears, to be able to provide prognostic
rates for counseling parents of children with cCMV infection.
Some results are displayed for the number of ears, to show the
biological impact of the infection along with the functional
impact.
The Working Group developed guidelines for therapy.12
Antiviral treatment is recommended in all newborns with
cCMV infection who are classified as symptomatic after
neonatal evaluation with the exception of children with isolated bilateral deafness. In this scenario, the preferred treatment is cochlear implantation because the expected
improvement is too small to obtain functional hearing. In
all other children with symptomatic cCMV, treatment is discussed with the parents with consideration of possible harms
and benefits of therapy.

Diagnosis of cCMV Infection
Diagnosis is made by virus isolation or polymerase chain
reaction (PCR) on a urine sample taken within the first
2 weeks of life. Most children are included at birth
through routine clinical management, such as a known
seroconversion of the mother during pregnancy or suspected symptoms at birth. Some children are included
because of a failed universal neonatal hearing screening
(UNHS) with automated auditory brainstem responses
(AABRs), by which every newborn in Flanders is tested
within the first weeks after birth. If hearing loss is
confirmed by formal auditory brainstem response (ABR)
testing, an etiologic evaluation is performed, including
PCR testing for cytomegalovirus (CMV) of the dried
blood spot (DBS) and, if positive, cCMV infection is
diagnosed. A few children are diagnosed retrospectively
by PCR on DBS because of delayed-onset hearing loss
occurring after the UNHS.

Definition of Symptomatic and Asymptomatic
cCMV
In the registry, a child is classified as symptomatic when $1
significant abnormalities are found after neonatal investigations: physical examination, central nervous system imaging,
hearing tests, fundoscopy, and blood tests. Patients with a late
diagnosis of cCMV as the result of delayed-onset hearing loss
are considered asymptomatic, because, as a result of the lack
of symptoms at birth, there had been no reason to screen for
cCMV infection.
Audiologic Assessment
Audiologic testing is performed according to a protocol
(Figure 1; available at www.jpeds.com). Audiologic
evaluation consists of evaluation of the middle ear function
by otomicroscopical inspection and otoadmittance
measurements. The tympanometric probe tone frequency is
1000 Hz in children <9 months of age and 226 Hz in
children $9 months of age. In children <6 months, hearing
generally is assessed by means of diagnostic ABR during
natural sleep. In some cases ABR is performed at a later age
under general anesthesia after insertion of ventilation tubes
in children showing protracted middle ear effusion (MEE),
recurrent acute otitis media, or in cases with equivocal
hearing results. Older children are tested by age-appropriate
tone audiometry.
In the analysis of monaural results, either a click ABR
threshold or a pure tone average (average hearing sensitivity at 500, 1000, 2000, and 4000 Hz, International Bureau for Audiophonologie index) was used. Transientevoked otoacoustic emissions (TEOAEs) also are evaluated
in the case of ventilated middle ears.13 In this age category
(0-6 years), MEE is common. In cases of MEE, the aim is to
test after eradication of middle ear disease. All thresholds
obtained from ears with a possible transient conductive
hearing loss or from unreliable measurements are omitted
in the analysis. If antiviral treatment is administered, an
ABR test is performed before and after therapy. The
neonatal hearing results are based on AABR if hearing is
normal, because AABR is known to have a high sensitivity
and specificity.14 In infants with an abnormal AABR, a
diagnostic ABR is performed within the first month after
birth, combined with otomicroscopy and otoadmittance
to rule out MEE. These results also are included in the
neonatal hearing results.
Classification of Hearing Loss
The threshold obtained by ABR is the lowest intensity at
which wave V can be detected and replicated. A neonatal
ABR is considered normal with a click-threshold of 40 Decibels normal hearing level (dB nHL) in combination with present TEOAEs. In all later ABR measurements, hearing
sensitivity is classified as normal when the click-threshold
is #30 dB nHL. A threshold between 31 and 45 dB nHL is
classified as mild, between 46 and 70 dB nHL as moderate,
between 71 to 90 dB nHL as severe, and $91 dB nHL as profound hearing loss.15 The classification of the pure tone
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audiometry is performed according to an adapted version of
the BIAP classification (International Bureau for Audiophonologie, recommendation 02/1 bis). A hearing threshold of
#25 Decibels hearing level (dB HL) is classified as normal,
a threshold between 26 and 40 dB HL as mild hearing loss,
between 41 and 70 dB HL as moderate hearing loss, between
71 and 90 dB HL as severe hearing loss, and $91 dB HL as
profound hearing loss. In case of behavioral audiometry in
children #30 months of age, hearing sensitivity is assessed
a normal below 30 dB HL.16-18
Progressive hearing loss is defined as a transition from one
hearing class to a more severe hearing class. An improvement
of hearing is defined as a transition from one hearing class to
a better hearing class. A delayed-onset hearing loss is defined
as a normal hearing followed by hearing loss, documented on
2 separate evaluations. When the hearing evaluation is done
by TEOAEs, the hearing is considered normal when TEOAEs
are present. When TEOAEs are absent in case of a ventilated
middle ear, complementary examinations by ABR or pure
tone audiometry are performed.
Statistical Analyses
Descriptive data on patient level and ear level were evaluated.
Data were analyzed with SPSS, version 21 (IBM Corp, Armonk, New York). Demographic and clinical characteristics
from the groups were compared by the use of univariate hypothesis tests such as the c2 and Mann-Whitney U test. Differences in prevalence of hearing loss between symptomatic
untreated and treated children and between children with
symptomatic and asymptomatic cCMV were analyzed with
the c2 and Fisher exact test. Neonatal hearing results and
follow-up measurements of maximal 11 test moments per
child were analyzed. Because of the prospective design of
our study, younger children had fewer audiologic assessments available.

Results
Of 379 enrollees, 123 children had symptomatic cCMV infection at birth, and 256 had asymptomatic cCMV. An overview
of their baseline demographic and clinical characteristics is
presented in Table I (available at www.jpeds.com).
Children with symptomatic cCMV had a significantly
greater number of evaluations, according to the protocol.
They mainly were infected in the first trimester of
pregnancy. In the group with asymptomatic cCMV, there is
a more even distribution of seroconversion over trimesters.
Although children with symptomatic cCMV had a
significantly lower gestational age, lower birth weight,
lower birth length, and smaller head circumference, these
small differences have little consequence biologically.
In both groups, the main reason for CMV screening after
birth was a known maternal seroconversion during pregnancy. In the group with asymptomatic cCMV, some children had abnormalities on physical examination, central
imaging, or blood tests. These abnormalities were considered
not significant or were nonspecific, not suggestive of cCMV,
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eg, an isolated subependymal pseudocyst. Other reasons to
screen could be a professional risk exposure of the mother,
fetal anomalies on prenatal ultrasound, or history of a
CMV-like infection during pregnancy. Hepatosplenomegaly,
dysmaturity, and petechiae were the most frequent physical
findings in children with symptomatic cCMV. In 36 children
with symptomatic cCMV, hearing loss was the only symptom
at birth.
Neonatal Hearing Evaluation
The first hearing evaluation, performed in the first month
after birth, showed 61% hearing loss in the group with symptomatic cCMV; 39% of this group had a normal hearing at
birth. Unilateral hearing loss was more common in this
group at birth, with 33% of the children having symptomatic
cCMV having unilateral hearing loss at birth and 28% having
bilateral hearing loss. According to the definition, there was
no hearing loss in the group with asymptomatic cCMV.
For a single child with asymptomatic cCMV who presented
with a bilateral profound hearing loss at 6 months, no
neonatal hearing evaluation was available; he was classified
as asymptomatic because there was no apparent reason to
screen for CMV.
Final Evaluation
To assess the impact of antiviral treatment on hearing, a comparison of hearing at final evaluation was made between
treated children with symptomatic cCMV and untreated
children with symptomatic cCMV. In the group with symptomatic cCMV, 56 children were treated. To prevent a selection bias, children with symptomatic cCMV with isolated
bilateral profound hearing loss at birth were excluded from
the analysis because they were considered not eligible for
therapy and therefore overrepresented in the untreated
group. Both the c2 test and the Fisher exact test did not
show a significant difference (P-value c2 test = 0.193, 2sided P-value in the Fisher exact test = 0.216, CI 0.4061.200); therefore, for the remainder of the analyses the treated
and untreated children with symptomatic cCMV were
considered as 1 group.
At final evaluation, the overall prevalence of hearing loss in
the group with symptomatic cCMV was 63% and 8% in the
group with asymptomatic cCMV (Table II). In the group
with symptomatic cCMV, there was an equal distribution
of unilateral and bilateral hearing loss; in the group with
asymptomatic cCMV, 71% had a unilateral hearing loss. In
65% of ears in the group with symptomatic cCMV with
hearing loss, the hearing loss was profound. In the group
with asymptomatic cCMV, approximately 48% of the
affected ears had a mild hearing loss, but still in 33% the
hearing loss was profound. The spread of thresholds of all
ears at final evaluation in both groups is shown in Figure 2
(available at www.jpeds.com).
Delayed-Onset Hearing Loss
The occurrence of delayed-onset hearing loss during followup time is 10.6% in children with symptomatic cCMV and
Goderis et al
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Table II. Hearing results at final evaluation
Patients
Normal hearing
HL
Unilateral HL
Bilateral HL
Patients with HL
Unilateral HL
Bilateral HL
Degree of BEST ear
Normal hearing
Mild HL
Moderate HL
Severe HL
Profound HL
Ears
Normal hearing
HL
Ears with HL
Mild HL
Moderate HL
Severe HL
Profound HL

Symptomatic cCMV

Asymptomatic cCMV

n = 123
46 (37.4%)
77 (62.6%)
37 (30.1%)
40 (32.5%)
n = 77
37 (48.1%)
40 (51.9%)

n = 256
235 (91.8%)
21 (8.2%)
15 (5.9%)
6 (2.3%)
n = 21
15 (71.4%)
6 (28.6%)

37 (48%)
7 (9.1%)
9 (11.7%)
2 (2.6%)
22 (28.6%)
n = 246
129 (52.4%)
117 (47.6%)
n = 117
11 (9.4%)
18 (15.4%)
12 (10.3%)
76 (65%)

15 (71.4%)
4 (19%)
1 (4.8%)
0
1 (4.8%)
n = 512
485 (94.7%)
27 (5.3%)
n = 27
13 (48.1%)
3 (11.1%)
2 (7.4%)
9 (33.3%)

HL, hearing loss.

7.8% in children with asymptomatic cCMV (Table III).
Delayed-onset hearing loss in the group with symptomatic
cCMV occurs mostly in children with a preexisting
unilateral hearing loss. Of the children in the group with
asymptomatic cCMV who developed hearing loss, most
developed unilateral hearing loss. Table IV displays age at
diagnosis of delayed-onset hearing loss. Mean age at
diagnosis of delayed-onset hearing loss was 18 months.
Approximately 50% of delayed-onset hearing loss was
diagnosed before 14 months of age, 75% before 24 months.
None of the hearing losses occurred later than 61 months.
In both groups the delayed-onset hearing loss mainly was
unilateral. Five patients with symptomatic cCMV and 7
patients with asymptomatic cCMV developed profound

Table III. Delayed-onset HL
Group
Patients
Developing delayed-onset HL
Patients with normal hearing at birth
Developing delayed-onset HL
Patients with delayed-onset HL
Unilateral delayed-onset HL
Unilateral delayed-onset HL with
preexisting contralateral HL
Bilateral delayed-onset HL
Ears
Developing delayed-onset HL
Ears with delayed-onset HL
Mild HL
Moderate HL
Severe HL
Profound HL
*1 patient with unknown hearing status at birth.

Symptomatic
cCMV

Asymptomatic
cCMV

n = 123
13 (10.6%)
n = 48
13 (27%)
n = 13
3 (23.1%)
6 (46.2%)

n = 255*
20 (7.8%)
n = 255*
20 (7.8%)
n = 20
15 (75%)
0

4 (30.8%)
n = 246
17 (6.9%)
n = 17
4 (23.5%)
6 (35.3%)
2 (11.8%)
5 (29.4%)

5 (25%)
n = 510*
25 (4.9%)
n = 25
13 (52%)
3 (11.5%)
2 (7.7%)
7 (26.9%)

hearing loss in at least 1 ear over time. Four asymptomatic
patients were diagnosed with cCMV infection on DBS as
the result of presentation with delayed-onset hearing loss.
Date of diagnosis ranged from 180 to 1800 days.
Evolution of Hearing Loss
In the group of ears with hearing loss, the evolution of hearing thresholds was analyzed. Table V (available at www.jpeds.
com) shows a comparison of the initial class of hearing loss
with the final class. In the group with symptomatic cCMV,
the hearing was stable in 62%; almost 1 of 3 ears had a
progression of hearing loss and in almost 1 of 10 ears
hearing improved. In the group with asymptomatic cCMV,
82% of ears had stable hearing, 15% showed progression,
and 4% showed improvement of hearing loss.
Hearing Rehabilitation
In the group with symptomatic cCMV, 29.3% of children
used some kind of hearing amplification; 1.6% of children
in the group with asymptomatic cCMV did. In 5.8% of the
children included in the study, cochlear implantation was
performed. Among children with symptomatic cCMV who
needed hearing amplification, 58.3% received a cochlear implantation; the implantation was bilateral in 66.7%.

Discussion
The overall prevalence of sensorineural hearing loss was 63%
in children with symptomatic cCMV infection and 8% in the
group with asymptomatic cCMV. In the literature, hearing
loss in patients with symptomatic cCMV is reported to be between 25% and 55%.19-24 In line with previous investigations,
compared with patients with asymptomatic cCMV, hearing
loss in the group with symptomatic cCMV more often was
bilateral and more severe, with approximately 52% bilateral
and 65% profound. Of patients with symptomatic cCMV,
29% needed some form of hearing amplification, which
was unilateral or bilateral cochlear implantation in 60%.
Hearing loss in the group with asymptomatic cCMV was
less prevalent than in the group with symptomatic cCMV,
which correlates with rates of approximately 10% reported
in previous publications.19,21-25 Because the group with
asymptomatic cCMV is by far the largest group of children
with cCMV, the contribution of asymptomatic cCMV infection to childhood hearing loss is important. In the group with
asymptomatic cCMV, unilateral and mild hearing loss dominated. In patients with asymptomatic cCMV, 29% had bilateral hearing loss, and 33% of ears had profound loss. In this
group, 1.6% needed hearing amplification. Unilateral hearing loss dominated among children with asymptomatic
cCMV infection, so the social and economic impact in this
group may be less tangible; however, the consequences of
unilateral hearing loss cannot be ignored because unilateral
hearing loss is known to be associated with poorer educational achievements and/or behavioral problems compared
with their peers with normal hearing.26-29
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Table IV. Age at diagnosis of delayed-onset HL

Mean age at diagnosis,
mo (SD)
25th percentile
50th percentile
75th percentile
Range, mo

Total group

Symptomatic
cCMV

Asymptomatic
cCMV

17.9 (16.4)

14.6 (11.5)

20 (18.8)

5
14
23.8
1-61

4.5
12
21.5
2-42

5
15
37
1-61

In this study population, approximately 33% of the children had symptomatic infection, and approximately 68%
had asymptomatic infection. These numbers differ from
the known figures in literature at 10% and 90%, respectively.2-6 This might be a consequence of a referral bias
because children with symptomatic cCMV are more likely
to be referred for treatment and follow-up. On the other
hand, before the UNHS, hearing loss often was not diagnosed at birth. Therefore, children with cCMV with isolated
hearing loss and no other clinically apparent signs were not
considered symptomatic. In our study, children with cCMV
and isolated hearing loss were considered symptomatic.
They represented 30% of the group with symptomatic
cCMV (36/123).
Delayed-onset hearing loss occurred in the group with
symptomatic cCMV, with an incidence of 10.6% and
7.8% in the group with asymptomatic cCMV. In the total
group, 10.9% of children with cCMV infection with
normal hearing at birth developed delayed-onset hearing
loss. There is considerable variation in percentages of
delayed-onset hearing loss reported in the medical literature. The definition of delayed-onset hearing loss also
varies, which makes comparison of studies difficult.
Studies that calculated delayed-onset hearing loss as a percentage of children with normal hearing at birth show a
prevalence of approximately 5%,30-32 which is somewhat
lower than the percentage of children developing
delayed-onset hearing loss in our study. The greater prevalence in our registry possibly is attributable to the strict
audiologic follow-up. The most frequently reported prevalence of delayed-onset hearing loss from Fowler et al9,33 is
33%-55%, but in this study delayed-onset hearing loss was
defined as a percentage of all children with hearing loss at
final evaluation.
In both groups, delayed-onset hearing loss mainly was
unilateral but in the group with symptomatic cCMV, unilateral delayed-onset hearing loss occurred not infrequently in
children with a preexisting unilateral congenital hearing
loss, making them bilaterally hearing impaired. In the group
with asymptomatic cCMV, hearing loss by definition was
delayed. In the group with asymptomatic cCMV, 75% of
delayed-onset hearing loss was unilateral. Presumably, an
important number of unilateral hearing losses diagnosed
at school age are attributable to missed asymptomatic
cCMV infection. Moreover, there might be additional subclinical behavioral problems or mild neuromotor disorders,
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related to cCMV infection, which may play a role in the reported scholastic problems. Children with delayed-onset
hearing loss due to cCMV will pass the UNHS and may go
undetected for a long time.
In case of hearing loss, about 2 of 3 patients had stable
hearing, but 1 of 4 experienced progression of hearing loss.
In the group with symptomatic cCMV, 28% had progressive
hearing loss; in the group with asymptomatic cCMV, 15%
did. Improvement occurred in 8.3%. Considering these results, one must be aware that in the group with symptomatic
cCMV, treated and untreated children were analyzed as 1
group, because treatment did not significantly alter the final
hearing outcome. Subtle effects of therapy were not analyzed.
This analysis mainly emphasizes the unstable nature of
cCMV-associated hearing loss.
Because of this unstable nature, as well as to the risk of delayed onset and progression of hearing loss, systematic longitudinal follow-up of these children is of utmost
importance for early detection and adequate rehabilitation
of hearing loss. In the counseling of parents, it is important
to advise them that approximately 50% of delayed-onset
hearing loss is diagnosed in the first 14 months after birth
and 75% within 24 months. To this point, in this cohort,
delayed-onset hearing loss did not occur after 61 months.
Unfortunately, there were a number of children lost to
follow-up, especially in the group with asymptomatic
cCMV. Most authors suggest follow-up until the age of
6 years.20,33-35 Parents consider serial clinical and audiologic
testing as demanding for their otherwise “normal-developing” child. On the basis of the findings of this study, the
follow-up protocol for newborns with asymptomatic
cCMV could be adjusted after the age of 24 months (eg, to
evaluation once every 2 years).
Because of the prospective character of this study, some
young children had a minimal length of follow-up. A considerable proportion of children were younger than 2 years of
age, which might underestimate the final hearing impairment
caused by cCMV infection. The data presented on these infants, however, demonstrate the burden of disease and
sequelae in a contemporary population of infants with
cCMV.
We did not focus on the effects of therapy, because this was
beyond the scope of study. More detailed research on this
topic is necessary. Further data could help broaden the spectrum of indications and selecting the most suited candidates
for therapy.
A systematic screening of newborns for cCMV infection
together with UNHS could first of all give a true estimate
of the burden of disease and second identify candidates
for antiviral therapy. By systematic screening, all oftenmissed newborns with asymptomatic cCMV would be detected, and the full spectrum of the disease revealed. Recent
screening techniques such as PCR on urine or saliva are
potentially simple, highly sensitive and specific, low-cost
methods that could be used in future newborn screening
programs.36,37 Every child with a cCMV infection subsequently should be enrolled in a longitudinal follow-up to
Goderis et al
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detect delayed onset or progressive hearing loss and other
developmental delays. n
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Figure 1. Audiologic test protocol for children with cCMV infection.

Figure 2. Boxplot of final thresholds of all ears for both groups. Box, defined by quartiles Q1 and Q3; bar, median; whiskers,
lowest and highest value; B, outliers; *, extremes.
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Table I. Baseline and neonatal characteristics
Symptomatic
cCMV
Total number
Sex
Boys
Girls
Mean age at last follow-up, mo (SD)
Median age, mo
Mean number of evaluations* (range)
Time of seroconversion*
0-13 wk
14-27 wk
>27 wk
Unknown
Parity
Primiparous
Multiparous
Unknown
Mean gestational age, wk (SD)*
Mean birth weight, g (SD)*
Mean birth length, cm (SD)*
Mean head circumference, cm (SD)*
Reason for CMV screening
Maternal seroconversion
Abnormal physical examination
Abnormal CNS imaging
Confirmed HL (after referral based
on UNHS)
Abnormal blood test
Other

Asymptomatic
cCMV

123 (32.5%)

256 (67.5%)

68 (55.3%)
55 (44.7%)
27.5 (19.5)
23
4.3 (2-11)

141 (55.1%)
115 (44.9%)
30.3 (22.7)
24
3.3 (2-10)

50 (40.7%)
20 (16.3%)
10 (8.1%)
43 (35%)

72 (28.1%)
64 (25%)
53 (20.7%)
67 (26.2%)

16 (13%)
67 (54.5%)
40 (32.5%)
38.1 (1.9)
3082.3 (618)
48.7 (2.9)
33.3 (2.3)

38 (14.8%)
141 (55.1%)
77 (30.1%)
38.8 (1.7)
3330.8 (537)
49.9 (2.7)
34.3 (1.8)

73 (60.2%)
32 (26%)
11 (8.9%)
34 (27.6%)

230 (89.8%)
13 (5.1%)
2 (0.8%)
0

12 (9.8%)
8 (6.5%)

1 (0.4%)
10 (3.9%)

CNS, central nervous system; HL, hearing loss.
*P # .001.

Table V. Threshold variability in affected ears

Progression
Improvement
Stable

Total of ears with HL, n = 144

Symptomatic cCMV: ears with HL,
n = 117

Asymptomatic cCMV: ears with HL,
n = 27

37 (25.7%)
12 (8.3%)
95 (66%)

33 (28.2%)
11 (9.4%)
73 (62.4%)

4 (14.8%)
1 (3.7%)
22 (81.5%)

Patients with symptomatic cCMV with HL at birth (n = 75)
Unilateral HL at birth to normal hearing at final evaluation
Bilateral HL at birth to unilateral HL at final evaluation
Bilateral HL at birth to normal hearing at final evaluation
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4 (5.3%)
3 (4%)
1 (1.3%)
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CHAPTER 9
Congenital cytomegalovirus infection registry in Flanders: opportunities and pitfalls
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Society of Pediatrics’ Neonatology and Perinatal Epidemiology Working Group for cCMV infection
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In 2007, a prospective multicentre registry was set up to collect data on incidence and outcome of children with
congenital cytomegalovirus infection in Flanders. A consensus was reached about management and follow up of
cytomegalovirus-infected children. With this registration, we aimed at gathering information on congenital
cytomegalovirus infection in Flanders and evaluating the consensus on management and therapy. Children with
proven congenital cytomegalovirus infection were eligible for registration in the database. Information on prenatal and neonatal management, therapy and follow up until 6 years was obtained. Between 2007 and 2017, 686
children were registered. Data on the prenatal and neonatal characteristics in children with congenital
cytomegalovirus infection are reported.
Conclusion: In this article, we report on our experience of conducting a registry for cCMV in Flanders. Eleven
years of collecting data on CMV in a multicenter setting have shown us some pitfalls and opportunities. We
address some of the problems and aim at improving our data gathering. We encourage other groups to share their
data. Better knowledge of the burden of the disease will be important to guide future management strategies.
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In 2007, a prospective multicentre registry was set up to collect data on incidence and outcome
of children with congenital cytomegalovirus infection in Flanders. A consensus was reached
about management and follow up of cytomegalovirus-infected children. With this registration,
we aimed at gathering information on congenital cytomegalovirus infection in Flanders and
evaluating the consensus on management and therapy. Children with proven congenital
cytomegalovirus infection were eligible for registration in the database. Information on prenatal and neonatal management, therapy and follow up until 6 years was obtained. Between
2007 and 2017, 686 children were registered. Data on the prenatal and neonatal characteristics
in children with congenital cytomegalovirus infection are reported.
Conclusion: In this article, we report on our experience of conducting a registry for cCMV in
Flanders. Eleven years of collecting data on CMV in a multicenter setting have shown us some
pitfalls and opportunities. We address some of the problems and aim at improving our data
gathering. We encourage other groups to share their data. Better knowledge of the burden of
the disease will be important to guide future management strategies.
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Introduction
Congenital cytomegalovirus (cCMV) infection is the
most common congenital infection worldwide with
a reported prevalence in the developed world being
approximately 7 per 1000 births [1–6]. Congenital CMV
has a signiﬁcant long-term impact on aﬀected children,
being the major cause of non-hereditary sensorineural
hearing loss and major infectious cause of neurodevelopmental abnormalities in infants born in developed
countries [7,8]. Long-term sequelae are more common
in symptomatic children (approximately 50%) but they
are also found in around 13% of the asymptomatic
children [9]. Despite this important disease burden,
cCMV remains largely unrecognized due to lack of
systematic screening. Moreover, there is limited evidence on which to base the management and therapy
of children with cCMV infection [10] Recently, two
research groups published their consensus statement
and recommendations on diagnosis and management
[5,6]. Both groups emphasize the importance of establishing a uniform deﬁnition of symptomatic/asymptomatic disease and the need for collecting accurate data
on diagnosis, clinical signs, additional investigations
and therapy in children with cCMV.
In 2006, the Flemish Society of Pediatrics’
Neonatology and Perinatal Epidemiology Working
CONTACT Annelies Keymeulen
annelies.keymeulen@ugent.be
Heymanslaan 10, Ghent 9000, Belgium
© 2019 Acta Clinica Belgica

Group founded a working group for cCMV infection,
consisting of neonatologists, pediatricians and otorhinolaryngologists. The working group reached
a consensus on about systematic diagnosis, follow up
and indications for treatment for children with cCMV
infection [9]. In 2007 the working group started the
systematic registration of diagnosis, follow-up and
treatment of patients that presented with cCMV in
the six collaborating hospitals. An online registry was
made available since 2013.
In this article, we want to describe our experience
with conducting a registry by highlighting the
strengths and addressing the limitations.

Subjects and methods
Data collection
Six centers in Flanders, Belgium (Ghent University hospital, University hospital Leuven, University hospital
Antwerp, Middelheim Antwerp, Hospital Network
Antwerp and AZ Sint Jan Bruges) initially participated
in the registration. In the 11-year period, two other
hospitals joined this multicenter registration (ZOL
Genk, AZ Turnhout). The registration was approved
by the ethics committee and was enlisted at the privacy commission. Children were included in the register
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only after the written informed consent of the parents
or legal guardians. Where possible, missing data were
completed by searching the medical ﬁles. Some data
remained ‘unknown’ or ‘missing’.

Patients and methods
Patients were included in the registry only after
a conﬁrmed diagnosis of cCMV. Diagnosis in the neonatal period was made by viral isolation and/or PCR on
urine taken within the ﬁrst 3 weeks of life. Over the last 3
years, viral culture of saliva has also been used as
a diagnostic tool. Retrospective diagnosis (after age of
21 days) was made by PCR on dried blood spot (DBS). In
Belgium, this card is kept in store for 5 years.

Deﬁnition of symptomatic/asymptomatic
Following the Flemish consensus, neonates were classiﬁed as ‘symptomatic’ if additional investigations
revealed at least one of the following: at least two or
more clinical ﬁndings at birth suggestive of cCMV
(microcephaly, seizures, intra-uterine growth restriction (IUGR), petechiae, thrombocytopenia, hepatomegaly, splenomegaly), hearing loss, chorioretinitis or
lesions on central nervous system imaging (except
pseudocysts or isolated striatal vasculopathy).
Patients with late diagnosis of cCMV (e.g. because of
delayed onset of hearing loss) were classiﬁed as
asymptomatic, since there had been no reason to
screen for cCMV at birth.
Data
At enrolment, data are collected on the prenatal period
(timing of seroconversion, gravidity/mater and prenatal tests such as ultrasound, MRI, amniocentesis), diagnosis (reason for testing, diagnostic tools,
epidemiologic features), clinical features at birth,
results of additional investigations (blood count, transaminases, CMV IgM/IgG and CMV-DNA polymerase
chain reaction (PCR) on serum, central nervous system
imaging, audiological testing, ophthalmologic

Figure 1. Schematic follow-up of cCMV-patients in ﬂanders.

investigation) and therapy. All additional investigations were performed within 1 month after birth to
identify those children eligible for treatment. Longterm data are collected on neuromotor skills, hearing
and vision. For children with late diagnosis (>21 days
of age), these additional investigations have not been
performed in most of the children.

Hearing
Possible methods for hearing evaluation are otoacoustic emissions (OAE), automated auditory brainstem response with portable ALGOTM or auditory
brainstem-evoked responses (ABR). Preference is
given to ABR for hearing evaluation.
Central nervous system imaging
Central nervous system imaging was done by brain
ultrasound, computed tomography scan (CT), magnetic
resonance imaging (MRI) or a combination of these.
Ophthalmologic testing
Ophthalmologic evaluation
fundoscopy.

was

performed

by

Therapy
Indication for treatment has conformed the consensus of the Flemish society of Pediatrics’
Neonatology and Perinatal Epidemiology Working
Group. Therapy is oﬀered to all symptomatic children (unless bilateral severe neurosensory hearing
loss). After being informed on the possible beneﬁts
and short- and long-term side-eﬀects of antiviral
therapy, parents are involved in the decision
whether or not to start therapy [9]. Between 2007
and 2011, treatment consisted of intravenous ganciclovir during 6 weeks at a regimen of 6 mg/kg,
twice daily. Since august 2011, oral treatment with
valganciclovir during 6 weeks, 16 mg/kg twice daily,
has been introduced. Since January 2017, we apply
the 6 months regimen.
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Follow-up
The follow-up diﬀers slightly between symptomatic and
asymptomatic children as is shown in Figure 1. Data of
audiological and neurodevelopmental follow-up are
collected in the database up to the age of 6 years.

Results
Between January 2007 and July 2017, 686 children
were included, of which 226 (32.9%) were classiﬁed
as symptomatic and 460 (67.1%) as asymptomatic. An
overview of the collected data is presented in Table 1
(prenatal topics), Table 2 (diagnostic tools and reasons
for testing) and Table 3 (results of the additional investigations). The detailed description of these results is
beyond the scope of this article. We also presented the
percentage of missing data on every topic, ranging
from 5.5% to 72. 5%, with one outlier of 93.7% for the
topic ‘prenatal MRI’.
The long-term hearing outcome of our patients has
been published in 2015 [11]. As for the long-term
neurological outcome, we have insuﬃcient data at

Table 2. Reasons for testing for cCMV at birth and diagnostic
tools used for testing. n = number of children entered in the
registry.
Timing of diagnosis
≤21 days of age
> 21 days of age
Missing/unknown
Reason for testing for cCMV
Abnormal central imaging
Dysmaturity
Hearing loss
Known maternal seroconversion
Developmental delay
Hematological disorders
Other*
Diagnostic tool used ≤ 21 days of age
Viral isolation urine
Viral isolation saliva
PCR urine
Diagnostic tool used > 21 days of age
PCR on dried blood spot
PCR urine

n
541
59
86

%
78.9%
8.6%
12.5%

18
21
53
501
2
16
35

2.6%
3.2%
7.7%
73%
0.3%
2.3%
5%

483
5
108
80
20

*cholestasis, cataract, convulsions, hepatosplenomegaly, microcephaly.

this point to describe neurological outcome in an
accurate manner.

Discussion
Table 1. Prenatal characteristics of children in the registry.
n = number of children entered in the registry.
Number of children in registry
Sex distribution
Male
Female
Missing/unknown
Gestational age at birth
24 – 29 + 6 weeks
30 – 36 + 6 weeks
> 37 weeks
Missing/unknown
Gravidity
1
≥1
Missing/unknown
Mater
0
≥1
Missing/unknown
Time of seroconversion
0-13 weeks
14-27 weeks
> 27 weeks
Missing/unknown
Amniocenthesis
PCR positive
PCR negative
Not performed
Missing/unknown
Fetal ultrasound
Normal
Abnormal*
Not performed
Missing/unknown
Prenatal MRI
Normal
Abnormal**
Missing/unknown

686
n

%

350
287
49

51%
41.8%
7.2%

2
53
478
152

0.3%
7.7%
22.4%
22.4%

79
387
220

11.5%
56.4%
32.1%

85
381
220

12.4%
55.5%
32.1%

169
142
91
284

24.6%
20.7%
13.1%
41.4%

83
32
348
223

12.5%
4.6%
50.4%
32.5%

440
41
4
201

64.1%
6%
0.6%
29.3%

25
18
643

3.6%
2.6%
93.7%

*ascites, hydrocephaly, hyperechogenic bowel, oligohydramnios, IUGR,
cysts, microcephaly, organomegaly.
**ventriculomegaly, leuko-encephalitis, hepatosplenomegaly, cysts.

Congenital CMV is the most frequent congenital
infection worldwide. The minority of the infected
children is symptomatic at birth (10–15%) but longterm sequelae (neurodevelopmental delay, sensorineural hearing loss) can develop in both symptomatic and asymptomatic children and can have an
important impact on child, parents and society [1,2].
For that reason, it is important to obtain data on
congenital CMV infection as precisely as possible so
pre- and postnatal management and therapy can be
optimised. Large-scale screening programs could
provide us with the data needed to fully know
and understand the burden of cCMV and to
develop recommendations on the management of
cCMV. However, those screening programs are not
available at this point. The need for registration of
data on cCMV has been addressed by several
research groups [2,4,6,12]. The use of registries has
become increasingly common and has led to
enhancements in the understanding of many diseases [13]. Although the use of registries to describe
a population or disease can have some opportunities, we must be aware of the possible pitfalls.
There are some limitations inherent to the data
collection process that can introduce bias and
hence produce invalid results.
Our database (www.cmvreg.be) has registered children with cCMV since January 2007 in Flanders,
Belgium. In this article, we focus on the strengths and
limitations of our database and make suggestions on
how we can improve our data gathering.
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Table 3. Results of the additional investigations performed in
children with cCMV. n = number of children entered in the
registry.
Apparent clinical signs at birth ?
Yes
No
Missing/unknown
Laboratory investigations
CMV IgM
Positive
Negative
Missing
CMV IgG
Positive
Negative
Missing
White blood cell count
Normal
Leucopenia
Missing
Thrombocytes count
Normal
Thrombocytopenia
Missing
Liver enzymes (AST, ALT, gamma-GT)
Normal
Elevated
Missing
Cranial ultrasound
Normal
Abnormal*
Missing/not performed
MRI
Normal
Abnormal**
Missing/not performed
Hearing evaluation at birth
Bilateral hearing loss
Unilateral hearing loss
Normal
Missing
Ophthalmological evaluation
Normal
Chorioretinitis
Missing/not performed
Symptomatic cCMV ?
Yes
No
Start therapy ?
Yes, IV 6 weeks
Yes, oral 6 weeks
Yes, oral 6 months
No
Missing/unknown

n

%

69
579
38

10.1%
84.4%
5.5%

83
217
385

12.1%
31.6%
56.3%

295
5
386

43%
0.7%
56.3%

343
2
341

50%
0.3%
49.7%

301
39
346

43.9%
5.7%
50.4%

198
17
417

28.9%
2.5%
68.6%

396
127
162

57.7%
18.6%
23.7%

306
98
282

44.6%
14.3%
41.1%

49
62
533
42

7.1%
9%
77.7%
6.2%

597
4
85

87%
0.5%
12.4%

226
460

32.9%
67.1%

29
65
4
493
95

4.2%
9.5%
0.6%
71.9%
13.8%

*cystic leukomalacia, ventricular adhesions, cysts, striatal vasculopathy,
cystic germinolysis, calciﬁcations, vermis hypoplasia.
**Cystic leukomalacia, ventricular adhesions, cysts, gyration disorders,
hyperintensity white matter, striatal vasculopathy, ventriculomegaly, vermis hypoplasia, polymicrogyria, leuko-encephalitis.

Strengths
From January 2007 until December 2017, 686 children
were registered in our database. Children who were
diagnosed at birth, as well as children with late/retrospective diagnosis (i.e. >28 days old), are included. We
have established a cohort study which has given us
a large dataset. This is one of the largest datasets of
children with cCMV, collecting numerous topics of this
disease from the prenatal period until the age of 6. This
enables us to look for possible associations between
risk factors and outcome and in this way helps us in

decision-making, management and counselling. Many
similarities between our data and previously described
cCMV populations were found, which indicates that
our population is representative of children with cCMV.

Changes over the years
Our registry started in 2007, over 10 years ago. The
consensus on management and therapy of cCMV
made by our working group was based on literature
and research from that time. Obviously, the former
guidelines were adapted according to recent literature
and new insights and hence our database forms. (e.g.
the use of prenatal MRI, therapy regimen, choice of
diagnostic tool)
In our population, 32.9% of the children were classiﬁed as symptomatic, which is higher than found in
the literature. This can partly be explained by referral
bias since symptomatic children are more likely to be
referred to tertiary centers. Also, there is no universal
screening so we do not have accurate data on the
asymptomatic group as well, probably underestimating this percentage. Another explanation is the deﬁnition of symptomatic disease which diﬀers between
study groups. When reviewing the literature, variable
deﬁnitions of symptomatic and asymptomatic cCMV
infection are found across diﬀerent studies. The earliest
reports on cCMV infection deﬁne symptomatic cCMV
infection as the triad of petechiae, hepatosplenomegaly and jaundice. It was called ‘cytomegalic inclusion
disease’. Children with severe infections also showed
thrombocytopenic purpura, microcephaly, intrauterine
growth restriction (IUGR) and chorioretinitis. The diagnosis was exclusively based on clinical symptoms and
signs. With the advent of ultrasound, CT and MRI,
anomalies seen on imaging such as intracranial calciﬁcations, ventriculomegaly and white matter disease
were increasingly incorporated in the deﬁnition.
Today the most current deﬁnition of symptomatic
cCMV infection is the presence of one or more of the
following symptoms: petechiae/rash, hepatosplenomegaly, jaundice, microcephaly, chorioretinitis and
intracranial calciﬁcations [5,6]. Signiﬁcant IUGR, prematurity and seizures might be associated, but are aspeciﬁc for cCMV. Hearing loss is often not included in the
deﬁnition.
Since 2000, universal newborn hearing screening is
increasingly implemented in developed and developing countries. Congenital hearing loss is therefore
diagnosed within weeks after birth. As screening for
cCMV infection is part of the standard diagnostic protocol in children born with hearing loss, a large number of cCMV-infected children are diagnosed that way.
We feel that a child with congenital hearing loss due to
cCMV infection, even in the absence of other clinically
apparent symptoms, should be considered as
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a symptomatic child. In our database 55 children of the
226 symptomatic children (24%) were included
because of isolated congenital hearing loss.
More recently, it is suggested that the symptomatic
children should be classiﬁed as mild, moderate or
severe symptomatic since the traditional dichotomy
between ‘apparent’ and ‘unapparent’ disease is
becoming less meaningful [5,6]. It remains diﬃcult to
make this classiﬁcation but as is suggested by Luck
et al. it would be beneﬁcial to develop a validated
clinical scoring system for disease severity at presentation and risk of sequelae. In this way, we could make
classiﬁcation more uniform worldwide [5].
We agree with the consensus of ECCI (European
Congenital CMV Initiative) that standardization of the
deﬁnition of symptomatic and asymptomatic cCMV
infection is important [5]. The actual heterogeneity in
deﬁnitions limits direct comparison in the literature of
prevalence rates and risk ﬁgures of hearing loss in
these groups. So in order to have a clear view on the
burden of disease, to correctly counsel parents and to
develop guidelines for follow-up and treatment of
these children, it is essential that a uniform deﬁnition
of symptomatic and asymptomatic cCMV infection is
used. We should strive for a standardized deﬁnition
adapted to modern diagnostic techniques. Hearing
loss, as a major sequel of the infection, should be
part of the deﬁnition without exception.
As for diagnostic tools, viral isolation in urine was
the golden standard in 2007 being the main diagnostic
tool in our database so far. Since viral isolation in saliva
and PCR (polymerase chain reaction) on urine has
proven to be valuable alternative tools, we have
altered this in our database and the consensus
[3,5,6,14].
Our results on CMV IgM and IgG reﬂect the ﬁndings
in the literature that there is no additional value of
these tests [15]. For that reason, since 2018 performing
IgM and IgG is no longer warranted for patients in our
registry.
Since the introduction of the electronic database in
2013, we have added ‘gravidity’ and ‘mater’ to the
database form. Most cCMV infections occur in neonates with older siblings. As is suggested in the literature, preventive hygienic measures can lower the risk
of seroconversion so it is important that parents are
aware of this. By collecting data on this topic we hope
to persuade the policymakers of the need for raising
awareness of CMV in parents during pregnancy
[3,11,16].
Prenatal MRI has proven to be a useful examination
and complementary to ultrasound [17,18]. So we have
seen an increase in the use of prenatal MRI over the last
4 years. Hence, we added this topic to the database.
The majority of the data on prenatal MRI listed as
‘missing’ is from inclusions before this parameter was
added.

Therapy regimen changed over the years from 6
weeks intravenous Ganciclovir to 6 weeks oral
Valganciclovir in 2011. Since January 2017 we apply
the 6 months regimen of therapy with oral valganciclovir, according to worldwide consensus and recommendations [5,6,19].
As for follow-up, since 2018 all children in
Flanders with a conﬁrmed neonatal hearing loss in
Flanders will undergo a vestibular screening at the
age of 6 months in the reference centers involved
in the neonatal hearing screening program.
Congenital CMV-related labyrinthitis can aﬀect not
only the auditory but also the vestibular function.
This, in turn, can have an impact on the motor
development. Especially cCMV children with
a congenital bilateral severe hearing loss are at
risk for a vestibular dysfunction [20]. However, vestibular dysfunction in cCMV can also be delayed in
onset. Therefore, we feel that in children with cCMV
besides the hearing also the vestibular function and
motor development should be followed longitudinally in the ﬁrst years of life.

Limitations and pitfalls
We are aware of the fact that this registry has its
limitations. The greatest threat to any study is bias.
First, we encounter the problem of selection bias in
our population. Inclusion of CMV-positive newborns
depends on the goodwill and cooperation of pediatricians and otorhinolaryngologists in Flanders and
is realised only after the written informed consent
of the parents. Children with clinical signs, hearing
problems or neurological impairment could be overrepresented in the registry, as symptomatic babies
are more likely to be referred to tertiary centers,
from where they are recruited. And since there is
no universal screening for CMV at birth, we miss
some of the asymptomatic children in our database
if no reason for testing was present at birth. The
fact that 8.6% of the children in our database are
diagnosed at later age conﬁrms the fact that not all
children with cCMV are diagnosed or recognized.
We also realise that the missing data on long-term
follow-up can be due to study drop out. The suggested follow up for our patients is not mandatory,
so parents can decide at any moment not to attend
follow-up consultations. The questionnaire [21] we
send out to all patients at age 6 will hopefully result
in more complete data on neurologic development.
Secondly, we have information bias. As is seen in
the results of the pre- and neonatal data we have
missing data on all items. On some items, the proportion of missing data is quite high. This makes it diﬃcult
to perform multivariable analyses. It is not always clear
whether data are missing due to the fact that the
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requested investigation was not performed or to the
fact that the result is not known. Experts on cCMV
worldwide aim to describe a consensus on diagnosis
and management but they all admit that there are still
some controversies. These controversies may lead to
case-per-case or physician-per-physician variability in
how a patient with cCMV is managed, resulting in
missing data in a registry [4,5,6]. It is something to
bear in mind when aiming for more elaborate/multinational registries.

Addressing the limitations
Eleven years of registrations have not only provided us
with clinical data on our population but it also showed
us the limitations of our registry. We have the opportunity of addressing some of them in order to optimise
our data gathering.
A major change in our data gathering was the introduction of the electronic version of the database [22]. The
ﬁrst 5 years of the registry, data were obtained by written
forms that had to be ﬁlled in and sent to the database
manager. As for follow-up results, the database manager
had to distillate the needed data from reports from consultations which diﬀered from center to center. When
implementing the electronic database we made uniform
forms on registration and follow-up, approved by all
members of the Flanders working group. In this way,
we are sure that al data are reported in a uniform manner
which makes it easier to describe the results in our
population. The electronic database is easily accessible
for every pediatrician, otorhinolaryngologist or other
physician that wants to enter apatient in the registry

Figure 2. Access to the registry.

(Figure 2). The database manager provides a personal
login and password per user of the database. The users
can always enter follow-up data of their own patients but
they can not see any data from other patients. In this
way, privacy of the patient is guaranteed. By making the
database available online we aimed at recruiting more
patients, also from non-tertiary hospitals. In the 11 years
of registration, we have added 2 extra non-tertiary hospitals to our 6collaborating hospitals. And numerous
pediatricians from other hospitals have asked for
a login to enter their patients. We hope this positive
trend will continue. Although this electronic database
makes the data registration easier, it still requires time
investment of the physician.
To enhance the data recruitment of long-term followup of our patients we have already taken some actions.
All children are invited for a hearing evaluation at the age
of 6 years. In this way, we can have a ﬁnal hearing
evaluation in all children before ending the follow-up.
As for neurological follow-up, we send a questionnaire
on neurological development for parents to ﬁll in, to all
patients at 6 years. It provides us with information on the
development of our patients, impaired or not. By this, we
aim at gathering more complete data on neurological
outcome in a larger group of patients and hope to
correlate the described lesions on central imaging with
neurodevelopmental outcomes.
Most of the international guidelines recommend
follow-up until the age of six [5,23,24]. As for the
neurodevelopmental follow-up, this is a good timing.
If developmental problems are expected, they will
appear within the ﬁrst years of life. As for the hearing
screening, timing of follow-up remains a point of discussion. A review by Fletcher et al. has shown that
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studies with shorter follow-up (<3 years) had lower
rates of SNHL than studies where follow-up is performed beyond 5 years. In this review, the median
age at which delayed onset of hearing loss occurred
varied widely, being 44 months in asymptomatic children and 33 months in symptomatic children. For the
progression of hearing loss, the median age also varied
considerably: 12–51 months in asymptomatic children
and 26 months in symptomatic cCMV. All median ages
being well under 6 years of age but most of the studies
do not have longer followup [24]. Only one study in this review of 36 articles
stated that delayed hearing loss or progression of
hearing loss could occur as late as the midteens [25]26. A study by Lanzieri et al. showed that
the risk of developing SNHL in asymptomatic cCMV
children after 5 years of age is the same as in uninfected children,which might make the risk of missing
severe SNHL beyond the age of six rather low [26].
However, this aspect of follow-up should be further
investigated, but for now, international recommendations remain the same.
Raising awareness in health-care professionals in
Flanders for the Flemish consensus of guidelines on management practices remains important. The consensus
made by the Flemish working group in 2018 is published
on the website of the registry [22]]. All pediatricians have
free access to this consensus text.
Continuous stimulating of physicians to enter
patients to the registry is necessary. At the end of our
consensus text, we added a reminder for the database.
But also on the reports of PCR or viral isolation on urine
of our laboratory, a reminder to enter patients is added
at the bottom of the page.
Many research groups advocate the development of
international guidelines regarding uniform, evidencebased recommendations on the management of children
with cCMV. These should be based on data of large-scale
screening programs [2,4–6]. Since large-scale screening
programs are not available at this point, we can only base
our guidelines for consensus and management on data
obtained by registries, like ours.

measures. Both national as international collaboration
is important. Therefore, we aim at providing an easily
accessible database that will lead to more complete
recruitment and data on this population in Flanders
and we hope to share this with international networks.
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CHAPTER 10
Cranial ultrasound and MRI: complementary or not in the diagnostic assessment of children with
congenital CMV infection?
Keymeulen A, De Leenheer E, Casaer A, Cossey V, Herregods N, Laroche S, Mahieu L, Van Mol C,
Vanhaesebrouck S, Vande Walle C, Smets K.
Eur J Pediatr. 2021 Oct 12. doi: 10.1007/s00431-021-04273-y. Online ahead of print.
PMID: 34636957

Whether or not cranial ultrasound (crUS) and cerebral magnetic resonance imaging (MRI) have both a place in the
assessment of children with congenital cytomegalovirus infection (cCMV), remains a topic of discussion between
research groups. Literature suggests that MRI is indicated only in children with abnormal crUS.
In Flanders, Belgium, combined crUS and MRI was performed in 639 children with cCMV, referred for
diagnostic assessment. Cranial US was classified as abnormal in the presence of striatal vasculopathy,
calcifications, cysts, cystic germinolysis and/or ventriculomegaly. MRI findings were classified as abnormal in
the presence of gyration disorders, cerebellar abnormalities, ventriculomegaly, cysts or pathologic white matter
lesions.
One in five children (93/480) with normal crUS showed abnormal findings on MRI. Of them, 85 (91,4%) were
classified as symptomatic. In 37 of those 93 children (39,8%) classification as severely symptomatic was made
based on MRI lesions alone. MRI and crUS proved to be complementary in the assessment of CNS involvement
in children with cCMV. Long-term studies are needed to evaluate the importance of this finding with respect to
outcome and benefit of therapy in this particular subgroup of patients with cCMV infection.
Conclusion
Our findings support an enhanced role of MRI in the diagnosis of CNS involvement in children with cCMV
infection. The ideal assessment should include both imaging techniques,
as the strengths of each test compensate for the other’s weaknesses.
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Abstract
Whether or not cranial ultrasound (crUS) and cerebral magnetic resonance imaging (MRI) have both a place in the assessment of children with congenital cytomegalovirus infection (cCMV) remains a topic of discussion between research groups.
Literature suggests that MRI is indicated only in children with abnormal crUS.
In Flanders, Belgium, combined crUS and MRI was performed on 639 children with cCMV, referred for diagnostic assessment. Cranial US was classified as abnormal in the presence of striatal vasculopathy, calcifications, cysts, cystic germinolysis, and/or ventriculomegaly. MRI findings were classified as abnormal in the presence of gyration disorders, cerebellar
abnormalities, ventriculomegaly, cysts, or pathologic white matter lesions.
One in five children (93/480) with normal crUS showed abnormal findings on MRI. Of them, 85 (91.4%) were classified as
symptomatic. In 37 of those 93 children (39.8%), classification as severely symptomatic was made based on MRI lesions
alone. MRI and crUS proved to be complementary in the assessment of CNS involvement in children with cCMV. Long-term
studies are needed to evaluate the importance of this finding with respect to outcome and benefit of therapy in this particular
subgroup of patients with cCMV infection.
Conclusion: Our findings support an enhanced role of MRI in the diagnosis of CNS involvement in children with cCMV
infection. The ideal assessment should include both imaging techniques, as the strengths of each test compensate for the
other’s weaknesses.
What is Known:
• Congenital CMV infection involves the central nervous system with direct injury to and possible disruption of brain development.
• Experts suggest that MRI is indicated only in children with abnormal crUS.
What is New:
• In almost 20% of our children with a normal cranial ultrasound, abnormalities were detected on MRI.
• Our results suggest that performing both MRI and cranial US is important to obtain a complete assessment of central nervous system
involvement in children with cCMV.

Keywords Congenital cytomegalovirus infection · Imaging techniques · Central nervous system involvement · Management
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Introduction
Congenital cytomegalovirus (cCMV) infection is the most
common congenital infection worldwide and occurs in 0.3
to 2.4% of all live births. Congenital CMV has a significant
long-term impact on affected children, being the major cause
of non-hereditary sensorineural hearing loss and the major
infectious cause of neurodevelopmental abnormalities in
infants born in developed countries. These infections frequently involve the central nervous system with direct injury
to and possible disruption of brain development [1]. This can
lead to a wide spectrum of brain abnormalities, including
microcephaly, calcifications, ventriculomegaly, intraventricular adhesions, periventricular pseudocysts, gyration
disorders, cerebellar abnormalities, and white matter injury.
This wide spectrum of brain lesions can give cause to a wide
variety of clinical manifestations, making counselling very
challenging [1].
All newborns with confirmed diagnosis of cCMV need
neuroimaging examination to assess central nervous system
involvement. This information will contribute to optimal
treatment and follow-up and is helpful in addressing prognosis and counselling of parents [2, 3]. Cranial ultrasound
(crUS) and cerebral magnetic resonance imaging (MRI) are
both valuable neuroimaging techniques for assessment of
children with cCMV infection [4]. Whether or not MRI provides additional information in newborns with normal crUS
remains a topic of discussion between research groups. In
the European expert consensus statement by Luck et al. in
2017, a full agreement was found on performing crUS in
every child with cCMV and the majority agreed that cranial MRI should be performed on any baby with cCMV and
evidence of CMV disease. Only a minority advocated to
perform cranial MRI in all CMV-infected babies [1]. Since
2018, the Flemish consensus states that every child with
cCMV should have a crUS and MRI must be performed
in case of clinical signs, hearing loss, or abnormal crUS.
However, there remain differences in the use of CNS imaging between the different centers, which is a reflection of the
discussion in worldwide literature.
Few studies have been performed to compare MRI and
crUS and often these studies were performed in small groups
[3, 5]. A study by Smiljkovic et al. found that sequential US
and MRI were concordant in the majority of cases in their
population and that additional MRI/CT after crUS did not
influence clinical management of the children. Capretti et al.
described that MRI did find additional pathological findings
in their children with cCMV. As is suggested, studies with
larger groups are needed to clarify whether or not MRI is
necessary to obtain a more complete assessment of central
nervous system involvement which might influence neonatal
management and treatment.
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The Flemish CMV registry collects data on prenatal, neonatal management, and long-term follow-up in children with
cCMV. Between January 2007 and December 2020, 1059
children were included. We compared the results of crUS
and MRI of 639 registered children in which both investigations were performed. With this study, we aim to assess the
diagnostic value of both MRI and crUS compared to crUS
alone to detect CNS lesions and to identify those children
eligible for therapy.

Patients and methods
Study population
In 2007, the systematic registration of children with cCMV
started in 6 collaborating hospitals in Flanders. Children
were included in the registry after written informed consent
of the parent(s)/legal guardians and only after a confirmed
diagnosis of cCMV. Diagnosis in the neonatal period was
made by viral isolation and/or PCR on urine taken within
the first 3 weeks of life. Retrospective diagnosis (after age of
21 days) was made by PCR on dried blood spot (DBS). The
registration was approved by the ethics committee of Ghent
University Hospital and was enlisted at the privacy commission. All children included in the registry and who had
both crUS and MRI after birth were eligible for this study.

Methods
Central nervous system imaging was performed by cranial
ultrasound (crUS) or magnetic resonance imaging (MRI),
or a combination of both. Ultrasound was performed in
the local center by the attending neonatologist/radiologist
with expertise in cranial ultrasound in newborns. CrUS
was classified as abnormal in the presence of striatal vasculopathy, calcifications, cysts, cystic germinolysis, and
ventriculomegaly.
Brain MRI was also performed in the local collaborating
center and images were reported by the (pediatric) radiologists with expertise in the field of neonatal brain imaging.
Magnetic resonance imaging findings were categorized
and scored normal/abnormal according to the presence or
absence of cortical malformations, cerebellar anomalies,
cerebral calcifications, ventricular dilatation, ventricular
adhesions, subependymal cysts, and white matter abnormalities. General anesthesia was used in only one center. In other
centers, a combination of a very mild sedative and feeding
prior to MRI was used to perform MRI.
Based on additional investigations (peripheral blood
count, hearing and vision evaluation, CNS imaging)
and according to the Flemish consensus, children were
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categorized as asymptomatic, mildly, moderately, or severely
symptomatic. All severely symptomatic children were eligible for therapy but ultimately parents decided after counselling whether or not treatment with (val) ganciclovir was
started. Initially, treatment consisted of intravenous ganciclovir during 6 weeks at a regimen of 6 mg/kg, twice daily.
Since 2012, oral treatment with valganciclovir for 6 weeks,
16 mg/kg twice daily, has been introduced. Since the end of
2017, valganciclovir therapy duration has been prolonged
to 6 months.
In moderately symptomatic children, therapy could be
offered if deemed necessary by the attending physician and
after expert opinion.
The recommended follow-up for children with cCMV and
the definition of symptomatic cCMV, both conform Flemish
consensus 2018 can be found in the electronic supplementary material.

Results
Between January 2007 and December 2020, 1059 children
were included in the registry. Of these 1059 children, 639
underwent both cranial MRI and crUS and were eligible
for this study. In 332, only one of the examinations was
performed. Eighty-eight children in this population did not
have any form of cerebral imaging. Of 639 children who
underwent crUS and MRI, 480 (75.1%) had a normal US. Of
those, 93 children (19.4%) had an MRI classified as pathologic. Overall, in 93/639 (14.6%) children with both investigations performed, MRI was abnormal with normal crUS
findings. In 56 children, lesions on crUS were found which
were not detected on MRI (Table 1). The baseline characteristics of all 1059 children in the registry, categorized in
4 groups (no imaging, only crUS, only MRI and both MRI
and crUS performed), are listed in Table 2. Analysis of these
data is restricted to the children with known data on the
different topics. No significant differences on these characteristics are found between the different groups (Table 2).
Table 3 shows which lesions were seen on the MRI in
those children with normal crUS. The majority of them
(79/93, 85%) have white matter hyperintensity and in 1 child
cortical anomaly was detected.
The sensitivity of crUS to assess complete CNS involvement is 52.5%, with a specificity of 75.4%. The positive
predictive value (PPV) of crUS is 64.8% and the negative
predictive value (NPV) is 80.5%. Table 4 shows the sensitivity, specificity, PPV, and NPV of crUS per trimester
of seroconversion.
In the group of children with normal crUS and abnormal MRI, 85 (91.4%) children were classified as symptomatic. Forty-seven of them (50.5%) were diagnosed as
severely symptomatic.

Of the eight children with MRI lesions who were
classified as asymptomatic, one had lesions unrelated
to cCMV and 2 were diagnosed at later age (> 28 days).
The remaining 5 had very mild white matter hyperintensity on T2-weighted sequence and the attending
neonatologist decided to classify those children as
asymptomatic.
The majority of the symptomatic children (72/85;
84.7%) in this subgroup is classified as mildly (23.6%),
moderately (25%) or severely symptomatic (51.4%)
based on abnormal MRI findings alone. Thirteen of
them showed additional abnormal findings (hearing loss
and/or clinical signs) that contributed to the diagnosis
of symptomatic cCMV infection (Fig. 1). In the group
symptomatic children based on MRI findings alone, 37
(51.4%) were diagnosed as severely symptomatic. MRI
findings in this group consisted of extensive white matter
lesions/leuko-encephalitis and ventriculomegaly. In the
mild group, MRI lesions consisted mostly of subependymal cysts or mild white matter abnormalities, referred
to as “suggestive of central involvement of CMV.” The
moderate symptomatic group showed moderate white
matter lesions with/without cysts. In the subgroup of 93
children with normal US and abnormal MRI, 58 children (62.4%) started therapy. Eleven of 58 (18.9%) had
hearing problems or clinical signs besides the abnormal
MRI, contributing to the indication for therapy. So, in
81% of the treated children in our subgroup (47/58), MRI
abnormalities were the sole reason for starting treatment
(Fig. 1). Table 5 shows the different described lesions in
our study population and this in relation to the imaging
modality in which they were detected. In our population,
striatal vasculopathy is only detected by crUS. On the
other hand, MRI is the only technique to detect gyration
disorders, polymicrogyria, cortical atrophy, and white
matter hyperintensity.
Overall, in our study population of 639 children, 245
(38.5%) were classified as symptomatic of which 72 (29.4%)
based on MRI abnormalities alone. Therapy was given in
179/639 (28%) and in 47 of them (26.2%), MRI lesions were
the only indication for treatment.
We see a significant higher percentage of abnormal MRIs
at first trimester seroconversion (37.3%) compared to third
trimester infection (18.3%, p = 0.002). This difference is
not significant when comparing second and third trimester seroconversions nor when comparing first and second
trimester infections. At third trimester infection, the number of abnormal brain MRIs combined with normal crUS
is significantly lower (18.3%) than after infection earlier in
pregnancy (33.3%, p = 0.004).
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Table 1  Results of crUaS
and MRI in 639 children in
which both MRI and crUS are
performed

Discussion
Whether or not both cranial US and MRI have a place in the
assessment of children with congenital CMV remains a topic
of discussion. In the European Expert Consensus Statement
of 2017, only a minority agreed that cranial MRI should be
performed in all CMV-infected babies. There was a major
agreement that MRI should be performed in children with
any sign of CMV disease and a full agreement on performing cranial US in every child with cCMV [1]. In Flanders,
we adapted our consensus on diagnosis and indications for
treatment according to this European consensus statement
in 2018.
crUS is a reliable technique to detect a wide range of
cerebral abnormalities suggestive of cCMV, e.g., striatal
vasculopathy, periventricular pseudocysts, ventriculomegaly, possible white matter hyperintensity, and calcifications.
Performing crUS has many advantages: it comes with a relatively low cost, it can be done bedside even in the most critically ill children, and it is the safest neuro-imaging technique
available [3, 6–8]. However, crUS also has its limitations.
First, there is poor visualization of the posterior fossa, cerebellum, and sub-tentorial spaces. Moreover, crUS is less performant in detecting cortical or gyral abnormalities, delayed
myelinization, and white matter injury [3, 6, 7]. Secondly,
whether cerebral lesions or abnormalities are picked up by
crUS is dependent on the expertise and experience of the
investigator [3, 9]. This is also reflected in our population
where we see that in some children crUS was described as
normal in cases where MRI revealed mild ventriculomegaly
or cysts.
As for magnetic resonance imaging, it is widely
known that it offers greater sensitivity and specificity and
enhanced lesion characterization, without the use of ionized radiation (in contrast to CT) [9]. MRI is superior to
crUS in revealing cortical abnormalities, gyral disorders,
cerebellar hypoplasia, and white matter injury [3, 6, 10,
11]. Again, this technique also comes with some disadvantages. First, the child has to be transported to the radiology
department, which can be challenging in case of a critically ill child. Secondly, the examinations by MRI take a
long time and it is important that the child remains still
for optimal imaging. In some cases, some form of sedation of the child is necessary [8]. In our population, only
in one center was general anesthesia used. Last, MRI may
detect brain abnormalities with no well-known clinical and
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prognostic significance which may have implications on
counselling [6].
Studies have revealed that MRI and crUS are complementary investigations to assess the central nervous system
in children with congenital CMV infection [2, 4]. Oosterom
et al. found that migrational disorders may be present in
infants with mild crUS findings and concluded that MRI
can offer additional information, which can help in more
accurate prediction of outcome [12].
Despite this apparent complementarity between crUS and
MRI, still no consensus is found. The debate on whether or
not both should be performed in every child with cCMV is
still going on, the main question being if, by not performing
MRI in every child with cCMV, we fail to detect abnormal
MRI findings which could lead to a change in classification
in asymptomatic/symptomatic and hence, in counselling of
parents, initiation of therapy or not, and the follow-up of
those children.
In this study, we focused on the group of children in
which investigations have been performed. As Table 2
shows, there are no significant differences in baseline characteristics between this group of 639 children and the total
population. Hence, we cannot detect any characteristics, specific for our study population, which might have influenced
the decision to perform both MRI and crUS.
Special attention is given to the subgroup of 93 children
with normal crUS in which lesions on MRI are found. In 72
children, MRI findings were the only reason to classify those
children as symptomatic. Hence, 1 in 3 symptomatic children (29.4%) in our study population would have been classified as asymptomatic and thus not being offered therapy, if
MRI was not performed. Results show that MRI anomalies
are more frequently found after first and second trimester
infections compared to third trimester. This is in accordance
with the findings of Oosterum et al. [12]. In centers where
general anesthesia is applied for MRI or where there is no
full agreement on performing both investigations in every
child with congenital CMV, restricting MRI to first and second trimester infections may be an option. However, our
results show that even in third trimester infections, abnormal
MRI can be found in children with normal crUS. In these
children, only white matter lesions were found. These results
suggest that performing both investigations in all children
with cCMV could be recommended, regardless of time of
seroconversion, to have a complete evaluation of the central
nervous system involvement in children with cCMV.

European Journal of Pediatrics
Table 2  Baseline characteristics of the 1059 children in the registry (GA gestational + Q3:U44l age, Tsero time of seroconversion)

This complete and thorough evaluation of cerebral
involvement in children with cCMV is of utmost importance

to identify all symptomatic children since this has important
implications.
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Table 3  Described lesions on
MRI in children with normal
crUS

First, being classified as moderately or severely symptomatic makes a neonate eligible for therapy. In Flanders, therapy regimens have changed over the years from
6 weeks of intravenous ganciclovir therapy to 6 weeks
of oral valganciclovir treatment to 6 months of oral valganciclovir therapy since 2017 [1, 13, 14]. A review by
Goderis et al. showed a delayed onset hearing loss of
approximately 18% in symptomatic children, compared
to 9% in the asymptomatic group. [15]. Moreover, studies
(11;12) have shown that children with CNS involvement
have a higher risk for developing hearing loss at later age
[16, 17]. Literature has shown that early treatment with
(val)ganciclovir can prevent hearing deterioration and
improve neurodevelopmental outcomes [1, 13, 14]. These
findings suggest that it might be beneficial to identify all
children with CNS involvement, as they might benefit
from antiviral therapy. In our study population, 18.6%
(40) of all treated children would not have been offered
therapy if MRI had not been performed.
Second, the recommended follow-up in our Flemish
consensus is different for symptomatic and asymptomatic
patients. Symptomatic children are seen more regularly on
audiological and neurodevelopmental follow-up. The main
reason is the higher risk of developing hearing loss [14]
or some degree of neurodevelopmental delay. If diagnosed
timely, patients may benefit from early therapy if necessary
(e.g., speech/physical therapy, hearing aid).
Third, the immediate involvement and cooperation of parents is crucial for successful follow-up of the child, underscoring the need of accurate counselling. Counselling parents is often challenging. The mother might be fraught with

feelings of guilt, so parents need to be informed as soon as
possible. Counselling on outcome starts from the moment
the seroconversion is diagnosed, which was the case in the
majority of our patients. The investigations offered during
pregnancy (e.g., fetal US, amniocentesis, fetal MRI) have
their limitations when it comes to detecting which children
are infected and to what extent [18, 19]. In the majority of
cases, we are unable to predict neonatal and/or long-term
outcome in a precise manner when CMV infection is diagnosed during pregnancy [19]. The anxiety this induces in
parents is well-known. So, counselling after birth with
knowledge of results of all investigations performed in the
newborn is merely a next step in an already ongoing path
of prediction of outcome with all its uncertainties. Parents
expect to receive more accurate answers to their questions
after the baby is born. In our experience, one of the parents’
first questions to be answered is what neurodevelopmental
outcome to expect in their child. If the diagnosis of cCMV
is confirmed and the additional investigations are performed,
a more precise prediction of outcome can be offered. In case
of symptomatic disease, parents are counselled about the
risk of 18–20% for late-onset hearing loss and, depending
on what anomalies were detected on CNS imaging, neurodevelopmental outcome can be discussed in more detail. This
is however not always “clear cut” and in case of “minor”
lesions on MRI, it remains difficult to predict outcome in a
complete manner. On the other hand, a normal MRI result
will reassure parents on the neurodevelopmental outcome
and will reduce their anxiety. Fortunately, this is the case in
the majority of the children, allowing us to reassure the parents of an expected normal neurological development. The

Table 4  Sensitivity, specificity, PPV and NPV of crUS per trimester of seroconversion
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Table 5  Described lesions in the group of 639 children in relation to the imaging modality in which they were found

findings in our study illustrate the value of MRI in evaluation and management of children with cCMV.
However, some considerations must be made. The MRI
lesions described in the group of 93 children with normal
crUS were subependymal cysts (1), mild ventriculomegaly
(1), but mostly leuko-encephalitis and other white matter
abnormalities. Only one child with cortical defects was
found in this subgroup. Where cortical defects and gyration
disorders are known to be associated with poor neurodevelopmental outcome, this is not so clear for white matter
lesions [20]. Abnormal white matter intensity on MRI is
frequently found in children with cCMV and is often made
more impeded by partial myelination [21]. It is known that
in infants, it may be difficult to differentiate abnormally
increased signal intensity of white matter from normal [8].
Moreover, the prognostic role of white matter lesions is still
unclear. A review by Buca et al. showed that hyperintensity
in the temporal lobe is more likely to be associated with
an adverse neurological outcome than hyperintensity in the
frontal and parieto-occipital lobes [22]. Capretti et al. found
that white matter lesions may be the only signs of cCMV and
that these might be related to impaired psychomotor outcome [3]. Kwak et al. described a possible relation between
white matter lesions and epilepsy [10]. However, other
studies have demonstrated the opposite and state that white
matter changes do not correlate with neurological outcome
[6, 19]. This unknown long-term outcome of white matter
lesions might explain the discordance between the finding in
our population where MRI lesions are seen even after third

trimester infections and what Leruez-Ville et al. described
regarding trimester of infection and outcome [23]. They
stated that long-term sequelae are only severe in case of
first trimester infections and that cerebral lesions are mostly
correlated with first trimester infections. As described above,
in our population, after third trimester infections only white
matter lesions were seen. Our data not only describe the
presence of white matter lesions on MRI after birth but also
evaluate their significance and possible impact on neurological outcome; long-term follow-up data need to be studied in
these children.
Not only the impact of white matter lesions on neurodevelopmental outcome is debated; their impact on hearing
outcome is questioned as well. A study by Lanzieri et al.
showed that white matter lucency was significantly associated with SNHL at 5 years [24]. Others found that abnormal
imaging is not predictive for developing delayed onset hearing loss [7, 25]. This controversy demonstrates the need for
further studies on the prognostic role of white matter lesions
in cCMV.
Routine MRI imaging in newborns with cCMV infection may increase the finding of lesions with unclear impact
on outcome. This might induce anxiety in parents. Parents
have come a long way when being confronted with cCMV
infection and hope to receive clear answers after birth [26].
If MRI reveals anomalies with uncertain prognostic role,
counselling remains challenging and uncertain. On the other
hand, normal MRI results may reassure parents on the neurodevelopmental outcome of their children. Craeghs et al.
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Fig. 1  Distribution of asymptomatic/symptomatic disease and therapy in the group of children with normal crUS and abnormal MRI

showed a negative predictive value of normal crUS and
MRI of respectively 91% and 92% on developing delayed
onset hearing loss [25]. Although we might induce anxiety in some parents in case of MRI findings with unclear
prognostic significance, we will be able to reassure a large
part of our parents since MRI is normal in the majority of
our population.
A last consideration to be made is whether it is mandatory to perform an MRI if crUS shows obvious lesions.
Obviously, a child will be classified as having symptomatic
cCMV and might be offered therapy in cases where crUS
is clearly abnormal. However, additional MRI might detect
lesions which have an important impact on neurodevelopmental outcome, and hence might influence counselling.
As Table 5 depicts, serious anomalies such as gyration disorders, polymicrogyria, cerebellar hypoplasia, and cortical
atrophy are only detected by MRI and these lesions will
influence the neurodevelopmental outcome substantially.
Hence, we believe that even in cases of abnormal crUS, it is
beneficial to perform an MRI.
This retrospective study has some limitations. The group
with normal crUS and abnormal MRI is relatively small.
In addition, our population is not the result of universal
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screening but of referrals to the collaborating hospitals, so
our population does not represent the spectrum of the disease in the general population.
We described how results of MRI influenced classification, management, and counselling in children with cCMV
at birth. However, little is known on the clinical outcome
of children with normal crUS and abnormal MRI, so
many questions on management and counselling are still
unanswered.

Conclusion
Whether or not both MRI and crUS are mandatory in all
children with cCMV remains a topic of discussion between
various research groups. So far, no studies have proven nor
disproven the need of performing both. Our findings support
an enhanced role of MRI in the diagnosis of CNS involvement in children with cCMV infection. The ideal assessment
should include both imaging techniques, as the strengths
of each test compensate for the other’s weaknesses. However, a better understanding of the prognostic role of some
“minor” MRI lesions is essential. For this, further studies

European Journal of Pediatrics

with long-term observation of a large number of children
with cCMV are warranted.
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In addition to the published paper 3 cases with normal crUS and abnormal MRI are presented here.
Case 1
Boy, born at 38 weeks
Birth weight, length and head circumference normal for age
Tested because of maternal seroconversion, timing not known
Laboratory testing, audiological and ophthalmological evaluation at birth normal
crUS normal
MRI showed hyperintensity white matter subcortical bifrontal and biparietal and bilateral anterotemporal, as
indicated by the white arrows.
Moderately symptomatic cCMV, no therapy was started.
Long-term outcome
Axial hypotonia at 4 months of age, persisting at 12 months with need of Bobath Therapy. At 36 months moderate
motor impairment with coordination problems. Cognitive development normal.

Axial T2-weighted images

Axial T2-weighted FLAIR
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Axial T2-weighted images

Case 2
Boy, born at 38 weeks
Birth weight, length and head circumference normal for age
Tested because of maternal seroconversion,
Laboratory testing, audiological and ophthalmological evaluation at birth normal
crUS normal
MRI showed white matter hyperintensity subcortical bifrontal and biparietal and bilateral anterotemporal as
indicated by the white arrows.
Moderately symptomatic cCMV, therapy with valganciclovir PO for 6 weeks
Long-term outcome
At 4 months mild spasticity in the legs was noticed, start Bobath therapy. AIMS score at 12 months was < 5 th
percentile with persistent mild spasticity. At 24 months, motor development was age-appropriate with only mild
hypertonia in the legs. Cognitive development normal.

Axial diffusion weighted (DWI) Axial diffusion weighted (DWI)

Axial T2-weighted FLAIR

Axial T2-weighted FLAIR

Axial T2-weighted FLAIR

Case 3
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Girl, born at 38+ 3 weeks
Birth weight, length and head circumference normal for age
Tested because of maternal seroconversion,
Laboratory testing, audiological and ophthalmological evaluation at birth normal
crUS normal, MRI showed moderate white matter hyperintensity as indicated by the white arrows.
Moderate symptomatic disease, therapy with valganciclovir PO for 6 weeks
Mild hypotonia at 4 months, no therapy needed
Normal neurodevelopmental outcome, delayed speech despite normal hearing. Improvement of speech with
speech therapy.

Axial diffusion weighted (DWI)

Axial diffusion weighted (DWI)

Axial T2-weighted FLAIR

Axial T2-weighted FLAIR
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Congenital Cytomegalovirus infection in Flanders:
demography, management and outcome

Annelies Keymeulen
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CHAPTER 11
Prospective multicenter comparison of urine culture with PCR on driedblood spots using 2 different
extraction and PCR methods in neonates suspected for congenital cytomegalovirus infection.
Koen O.A. Vercauteren, Annelies Keymeulen, Ludo Mahieu, Veerle Cossey, Alexandra Casaer, Christine Van Mol,
Koenraad Smets and Elizaveta Padalko
Published in
Diagn Microbiol Infect Dis. 2020 Jul;97(3):115051. doi: 10.1016/j.diagmicrobio.2020.115051. Epub 2020
Mar 26. PMID: 32408061.

To evaluate the potential of dried blood spots (DBS) as a congenital cytomegalovirus (cCMV) testing specimen,
the laboratory diagnostic accuracy of polymerase chain reaction (PCR) on DBS was compared to viral urine
cultures from neonates suspected for cCMV. Two different extraction methods (EasyMAG, bioMérieux versus
Qiagen) and 2 real-time PCR protocols (in-house versus Argene) were compared. We were able to collect both
DBS and urine samples in 6 Belgian neonatal units from 276 neonates suspected for cCMV registered in
CMVREG (an online neonatal registry system). Forty-eight neonates (17.4%) were positive by viral culture in
urine. Laboratory diagnostic accuracy parameters of DBS-PCR were both extraction method and PCR protocol
dependent. Not all DBS-CMV-PCR methods successfully detected urine-culture–positive neonates born after
first-trimester seroconversions. Interestingly, however, all urine-culture–positive neonates having clinical signs of
cCMV did consistently score positive.
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a b s t r a c t
To evaluate the potential of dried blood spots (DBS) as a congenital cytomegalovirus (cCMV) testing specimen,
the laboratory diagnostic accuracy of polymerase chain reaction (PCR) on DBS was compared to viral urine cultures from neonates suspected for cCMV. Two different extraction methods (EasyMAG, bioMérieux versus
Qiagen) and 2 real-time PCR protocols (in-house versus Argene) were compared. We were able to collect both
DBS and urine samples in 6 Belgian neonatal units from 276 neonates suspected for cCMV registered in CMVREG
(an online neonatal registry system). Forty-eight neonates (17.4%) were positive by viral culture in urine. Laboratory diagnostic accuracy parameters of DBS-PCR were both extraction method and PCR protocol dependent.
Not all DBS-CMV-PCR methods successfully detected urine-culture–positive neonates born after ﬁrst-trimester
seroconversions. Interestingly, however, all urine-culture–positive neonates having clinical signs of cCMV did
consistently score positive.
© 2020 Elsevier Inc. All rights reserved.

1. Introduction
Congenital cytomegalovirus infection (cCMV) is the most common
cause of nonhereditary sensorineural hearing loss in childhood
(Goderis et al., 2014). Most children with cCMV infection are asymptomatic at birth and thus remain largely undiagnosed. Therefore, consideration must be given to universal neonatal screening for cCMV.
This could facilitate early detection and therapeutic intervention
(Rawlinson et al., 2017) and help estimate the prevalence (Barbi et al.,
2006) and true burden of disease when combined with longitudinal audiometric follow-up (Goderis et al., 2016).
Belgium, just as many other countries, already has neonatal screening programs in place for metabolic diseases based on dried blood spots
(DBS) as screening specimen. Since DBS could potentially be used for
cCMV universal screening programs as well, CMV polymerase chain
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E-mail address: Elizaveta.Padalko@uzgent.be (E. Padalko).
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reaction (PCR) on this specimen has been validated (Barbi et al.,
2000). CMV PCR on DBS has since been used for screening (Moteki
et al., 2018) and has shown to be especially valuable for delayed diagnosis (Walter et al., 2008; Atkinson et al., 2009; Leruez-Ville et al., 2009;
Meyer et al., 2017). Sensitivity issues for cCMV diagnosis using DBS
(de Vries et al., 2009; Wang et al., 2015) however have triggered investigations into protocol (extraction and PCR) modiﬁcations (Foulon et al.,
2008; Soetens et al., 2008; de Vries et al., 2009; Gohring et al., 2010;
Atkinson et al., 2014; Koontz et al., 2015).
To date, the Belgian national health service only refunds CMV culture
in urine for cCMV diagnosis. Indeed, the isolation of the virus in urine
has a long-standing history of use in epidemiological studies (Pass
et al., 1980; Ahlfors et al., 1984; Preece et al., 1984) and —before the latest consensus statement (Luck et al., 2017)— had long been regarded as
the gold standard against which to compare any other cCMV diagnostic
or screening test. Today, viral culture is increasingly being abandoned
mainly due to pre-analytical and sampling issues. Since DBS are already
taken from every Belgian newborn for metabolic screening purposes,
this specimen holds promise for cCMV universal screening.
In this study, we wished to evaluate PCR on DBS in neonates
suspected for cCMV compared to CMV viral culture in urine. DBS and
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urine samples were collected following a common protocol from 6 neonatal units in Flanders, Belgium. Two extraction methods and 2 realtime CMV PCR methods were compared. When available, clinical ﬁndings of severe cCMV infections —such as hearing loss and/or suggestive
neuroimaging ﬁndings— and timing of maternal seroconversion were
integrated into the laboratory performance comparison.
2. Materials and methods
2.1. Sampling
The 6 participating neonatal units were the University Hospital in
Ghent, the University Hospital in Antwerp, general hospital Sint-Jan in
Bruges, the University Hospital in Leuven, the general hospital Saint
Augustinus in Wilrijk, and the general hospital network of Antwerp
(ZNA). These units register the data of newborns with proven cCMV infection in the CMV database, an online neonatal registry system
(Steurbaut et al., 2013). In the current study, urine samples obtained
24 h after birth and DBS obtained 48 h after birth from selected neonates
(n=276) were collected during a 2-year study period. Inclusion was
based primarily on maternal seroconversion but also on clinical manifestations like intrauterine growth restriction and/or suggestive neuroimaging ﬁndings like cysts, calciﬁcations, ventriculomegaly,
lenticulostriate vasculopathy, white matter lesions, or gyration disorders. Seroconversion during week 0 till 13 and 14 till 27 was regarded
as ﬁrst- and second-trimester maternal seroconversion, respectively.
We then assessed the laboratory diagnostic accuracy of different
methods for laboratory CMV diagnosis on these samples. We therefore
compared 2 different extraction methods (easyMAG, bioMérieux versus
Qiagen) and 2 real-time PCR protocols (in-house versus Argene) with
viral urine culture, which was regarded as the golden standard for
cCMV diagnosis during the time course of the study. The reference
method was performed in the different laboratories connected with
the respective neonatal units in the standard routine setting. In contrast,
CMV PCR on DBS was performed at a central lab (Ghent University). For
CMV analysis on DBS, venous blood from the dorsum of the neonate’s
hand (the routine “heel prick” procedure in Belgium) was spotted (directly from the needle’s end) on Whatman 903® specimen collection
paper and allowed to dry at room temperature for 1 h before transportation to lab. Four DBS of every neonate were collected on an individually dedicated Guthrie card and transported in separate envelopes to the
University hospital in Ghent where DNA isolation and PCR were performed monthly (in-batch analyses). The study was approved by the
Ghent University ethical committee (registration number:
B670201110800, EC/2011/136), and parental consent was obtained
for each neonatal sample.
2.2. CMV urine culture
Urine samples were demanded to be transported to the lab instantly
after collection (maximum transportation time of 4 h followed by immediate processing for shell vial assay; essentially as described in
(Gleaves et al., 1984)). CMV urine culture was unavailable for 11 out
of 287 originally included neonates and hence excluded from further
analyses. In short, urine was allowed to incubate for 24 h on top of
human embryonic lung ﬁbroblasts. CMV-infected cells were detected
after cold methanol ﬁxation using the Light Diagnostics CMV Direct®
ﬂuorescently (FITC) labeled monoclonal CMV antibody (Biognost)
targeting immediate early antigen of human CMV.
2.3. Viral nucleic acid extraction from DBS
2.3.1. EasyMag® automated extraction
Viral DNA was extracted essentially according to manufacturer’s instructions (EasyMag, Biomerieux, dried blood spot sample pretreatment (04/2010)) with following adjustments. A) A single full blood

spot—holding about 80 μL of venous blood—obtained by cutting the
paper with a sterile scalpel was placed in a tube containing 2 mL of
NucliSENS lysis buffer for 30 min at room temperature with gentle rotation (off-board lysis). B) The total volume of lysed sample was transferred to the EasyMag extraction vessel after adding 50 μL of silica
(off-board silica) and presented to the NucliSENS automated extraction
system (settings: protocol, generic 2.0.1; input volume, 50 μL; eluate
volume, 50 μL; type, lysed).
2.3.2. Qiagen® manual extraction
Viral DNA was extracted essentially according to manufacturer’s instructions (QIAamp DNA Mini and blood Mini Handbook (04/2010))
with following adjustments. A) A single full blood spot, obtained by cutting the paper with a sterile scalpel, was used as input material. B) The
total lysed volume of 600 μL was used for extraction and eluted in 50 μL
of buffer AE.
2.4. CMV-PCR
2.4.1. In-house
CMV DNA in 5 μL eluate was ampliﬁed using HotGoldStar DNA polymerase (qPCR Core kit No ROX, Eurogentec), CMV forward primer (AAA
GGT GAC GCG GAG ATC), and CMV reverse primer (ACA AAG CCG CAG
TGT CGT) and visualized with a FAM-TAMRA probe (FAM-CAG AGG ATT
ACG CGA CCA GAT TGC) (Razzaque et al., 1988). The PCR program was
as follows: activation for 10 min at 95 °C followed by 45 cycles of 15 s
at 95 °C and 1 min at 60 °C. PCRs were run in duplicates on a CFX96 platform. Results were scored positive when at least 1 of the duplicates was
positive. For 300 μL of peripheral whole blood, the detection threshold is
set at 300 copies/mL (Bauters et al., 2016).
2.4.2. Argene®
CMV DNA in 10 μL eluate was ampliﬁed using the Quantiﬁcation Kit
CMV Virus R-Gene (Biomerieux) according to manufacturer’s instructions. The PCR program was as follows: activation for 15 min at 95 °C
followed by 45 cycles of 10 s at 95 °C and 40 s at 60 °C. PCRs were run
in singlets on a CFX96 platform. For 300 μL of peripheral whole blood,
the detection threshold is 150 copies/mL.
2.4.3. Viral load calculation
All viral loads are expressed as copies per mL of whole blood. An external CMV DNA standard curve was used that is applied to calculate the
amount of CMV DNA copies in 300 μL of patient blood sample. Since the
DBS card used in here holds about 80 μL of venous blood per single full
blood spot, both the LOD (limit of detection) and individual viral loads
were multiplied by “300/80.” Hence, the LOD of the in-house and
Argene method becomes 1125 and 563 copies/mL of whole blood. Signals below the LOD threshold were set as 0 copies/mL.
The in-house PCR viral loads represent the mean viral loads from
both duplicate wells. In case of absent ampliﬁcation signal above the
LOD threshold in 1 of both wells, the viral load was set as 0 copies/mL
for that well. All combinatory viral load calculations are based on
means of speciﬁc methods (e.g., comparing extraction or PCR methods).
2.5. Graphs and statistics
Prism 5.0 was used for graphical presentation and statistical analyses
unless stated otherwise.
Sensitivity, speciﬁcity, positive and negative predictive values (PPV
and NPV), and exact 95% conﬁdence limits were calculated using standard methods. DBS-PCR results were regarded true positive/negative
in case the matching CMV urine culture (reference method) was positive/negative as well.
The Mann–Whitney test was used to compare 1) CMV viral loads in
DBS from patients consistently scoring positive with all used
extraction–PCR protocol combinations versus DBS from patients with
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at least 1 inconsistent (negative) interpretation over the different
extraction–PCR protocol combinations; 2) CMV viral load detected in
DBS collected from neonates having clinical signs of cCMV (hearing
loss and/or compatible neuroimaging ﬁndings) versus not; and
3) CMV viral load detected in DBS collected from neonates born after
ﬁrst- versus second-trimester maternal seroconversion.
The Spearman test and linear regression analysis were used to determine correlation between 1) extraction methods and 2) PCR methods.
R version 3.6.1 was used to compare laboratory diagnostic accuracy
parameters; the mixed-effects logistic regression model was ﬁtted
(with extraction–PCR protocol combination as independent variable
and sample ID as random intercept; for sensitivity and speciﬁcity calculations, the PCR outcome was used as dependent variable; for PPV and
NPV, urine culture outcome was used as dependent variable).

3. Results
Out of 276 neonates suspected for cCMV, 48 (17.4%) are positive by
viral culture in urine. One of these 48 is not detected by any PCR method
and hence regarded false negative. Ten urine-culture–negative neonates have PCR-positive DBS (Fig. 1) and hence considered false
positives.
Compared to the reference method, sensitivity of the EasyMagArgene combination is the lowest (87.5%). This combination produced
6 false-negative PCR results, the Qiagen-Argene combination 5 (sensitivity: 89.6%), and both the EasyMag-In-house and Qiagen-In-house
tandems 2 (sensitivity: 95.8%). Speciﬁcities, NPVs, and PPVs are reported in Table 1. No statistical difference was observed between diagnostic accuracy parameters of the different extraction–PCR protocol
combinations (P values for sensitivity, speciﬁcity, PPV, and NPV are:
0.14, 0.17, 0.99, and 0.99, respectively). Of note, the in-house assay
was run in duplicates, whereas the Argene method was run in singlets
only, potentially disfavoring the sensitivity of the Argene method.
Quantitative analysis reveals that patients with concomitant positive
viral urine cultures had signiﬁcantly higher CMV viral loads (Fig. 2a) and
that consistency in qualitative interpretation between methods is dependent of DBS CMV viral load (Fig. 2b).
Of all PCR-positive DBS (n=57), 48 (84%) are detected by both extraction methods (EasyMag and Qiagen) independent of the PCR protocol (Fig. 1a). While 45 of which are true positives, 3 should be
considered false positive. Nine DBS —among which 7 are considered
false positive— are uniquely detected with one of both extraction
methods (5 and 4 using EasyMag and Qiagen, respectively). Quantitative CMV PCR results on DBS from urine-culture–positive patients consistently scoring positive with all used extraction–PCR protocol
combinations (n=40) correlate well and signiﬁcantly between both extraction methods (Fig. 2c). CMV viral loads tend to be proportionally
higher using Qiagen compared to EasyMag extraction (slope:
0.52–0.84).

Fifty out of 57 PCR-positive DBS (90%) are detected by both PCR protocols (in-house and Argene) independent of the extraction method
(Fig. 1b). While 45 of which are true positives, 5 should be considered
false positive. The remaining 7—among which 5 are considered false
positive—are recovered by the in-house assay only. Quantitative CMV
PCR results on DBS from urine-culture–positive patients consistently
scoring positive with all used extraction–PCR protocol combinations
(n=40) correlate well and signiﬁcantly between both PCR methods
(Fig. 2d). CMV viral loads tend to be proportionally higher using the
in-house compared to the Argene PCR protocol (slope: 0.60–0.88).
Clinical assessment data are available for 31 out of 48 neonates with
positive urine culture test results. Fifteen out of 31 have hearing loss
and/or neuroimaging ﬁndings suggestive for cCMV. All extraction–PCR
method combinations detect all 15 neonates with clinical signs. The median CMV viral load in DBS is higher in neonates with clinical signs of
cCMV compared to CMV PCR-positive neonates with normal clinical
ﬁndings (Fig. 3a).
Maternal seroconversion data are available for 21 out of 48 neonates
with positive urine culture test results. Three out of 12 and 1 out of 9 neonates infected after seroconversion in the ﬁrst and second trimester,
respectively, were not detected by all diagnostic methods (Table 2 and
Fig. 3b). Median CMV viral loads in DBS do not differ between neonates
born after ﬁrst- and second-trimester maternal seroconversions
(Fig. 3b).
4. Discussion
In general, sensitivities found in here are in line with another prospective study that investigated a population of neonates at high risk
of infection (Leruez-Ville et al., 2011).
A single urine-culture–positive neonate did not have detectable
CMV using any of the investigated PCR methods. This can in theory be
explained by a false-positive urine culture interpretation, a falsenegative CMV PCR result, or the absence of CMV viremia shortly after
birth in this patient. In the absence of PCR results on urine or peripheral
whole blood, the ﬁrst-trimester seroconversion registered for this neonate as such does not prove an actual cCMV infection. Of note, no cCMVrelated clinical signs (hearing loss and/or compatible neuroimaging
ﬁndings) were observed for this neonate.
In total, 10 urine-culture–negative neonates had PCR-positive DBS.
This could be due to false-positive CMV-DBS-PCR results, as reﬂected
in the reported speciﬁcities and PPVs (Table 1). In addition, the PPVs obtained in our population at high risk overestimate the real PPV in
screening setting in the general population of neonates having much
lower cCMV prevalence of approx. 0.5% (Casteels et al., 1999). Although
stringent preanalytical conditions were applied, false-negative urine
culture results cannot be entirely ruled out, especially in the absence
of PCR results on urine (de Vries et al., 2012) —currently considered as
the gold standard. Indeed, 1 of these 10 neonates had hearing loss and
neuroimaging ﬁndings suggestive for cCMV.

Fig. 1. Venn diagrams of CMV-positive results (n=58) using different extraction (EasyMag versus Qiagen) and PCR (Argene versus In-house) method combinations compared to the
reference method (viral culture from neonatal urine). A) Comparison of qualitative PCR results from EasyMag versus Qiagen extracts (counted positive if Argene and/or In-house PCR
protocol result positive). B) Comparison of qualitative PCR results using In-house versus Argene PCR protocols (counted positive if EasyMag and/or Qiagen extract result positive).
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Table 1
Laboratory diagnostic accuracy of different PCR and extraction method combinations using urine culture as reference method.
PCR method

Argene

Extraction method

EasyMag

In-house

PCR result

Pos

Neg

Pos

Neg

Pos

Neg

Pos

Neg

42
3
87.5 (74.8–95.3)
98.7 (96.2–99.7)
93.3 (81.7–98.6)
97.4 (94.4–99.0)

6
225

43
4
89.6 (77.3–96.5)
98.2 (95.6–99.5)
91.5 (79.6–97.6)
97.8 (95.0–99.3)

5
224

46
7
95.8 (85.8–99.5)
96.9 (93.8–98.8)
86.8 (74.7–94.5)
99.1 (96.8–99.9)

2
221

46
5
95.8 (85.8–99.5)
97.8 (95.0–99.3)
90.2 (78.6–96.7)
99.1 (97.0–99.9)

2
223

Qiagen

EasyMag

Qiagen

Urine culture
Positive (n=48)
Negative (n=228)
Sensitivity
Speciﬁcity
PPV
NPV

PPV = positive predictive value, NPV = negative predictive value.

All extraction–PCR method combinations successfully detected
urine-culture–positive neonates (n=15) with clinical signs of cCMV
(hearing loss and/or compatible neuroimaging ﬁndings ). This is in contrast with an important prospective study in a universal screening setting (CHIMES) where CMV-DBS-PCR had low sensitivity and
speciﬁcity to identify infants with CMV-associated hearing loss
(Boppana et al., 2010; Ross et al., 2017) (albeit with a low sensitive
method (Wang et al., 2015)). The presence of cCMV-associated symptoms and the risk of sensorineural hearing loss have been related to
higher CMV viral load at birth by some (Walter et al., 2008; Cannon
et al., 2011) but not by others (Ross et al., 2017). In our cohort, median
CMV viral loads in DBS were signiﬁcantly higher from neonates with
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clinical signs of cCMV compared to CMV PCR-positive neonates with
normal clinical ﬁndings (Fig. 3a).
Maternal seroconversion data were available for 21 neonates. The
EasyMag–in-house tandem performed best in detecting neonates with
recorded ﬁrst-trimester seroconversions (n=12) (sensitivity of 92%).
In total, 3 of these 12 neonates were not consistently detected by all
extraction–PCR method combinations. One of these infants scored negative with all the tested methods, and the other 2 had among the lowest
CMV viral loads (Fig. 3b, closed circles). Since ﬁrst-trimester seroconversion is increasingly being related to a higher chance of neurological
sequelae (Foulon et al., 2008; Faure-Bardon et al., 2019), it is important
not to miss any such event. Interestingly, none of these 3 neonates had
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p < 0.0001
slope = 0,60-0,88
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Fig. 2. Comparison of CMV viral loads in PCR-positive DBS from patients with positive (n=47) versus negative (n=10) viral urine culture test results (A) and from urine-culture–positive
patients of whom DBS consistently scored positive with all used extraction–PCR protocol combinations (n=40) versus DBS with at least 1 inconsistent (negative) interpretation over the
different extraction–PCR protocol combinations (n=7) (B). A single dot represents the mean viral load over all extraction–PCR protocol combinations of a patient-speciﬁc DBS. Correlation
(Spearman test) and linear regression analysis between extraction methods (C) and PCR methods (D) on DBS from urine-culture–positive patients consistently scoring positive with all
used extraction–PCR protocol combinations (n=40). Each dot represents the mean of both PCR methods and extraction methods, respectively. Dotted lines represent linear regression 95%
conﬁdence interval lines. ***P b 0.001 (Mann–Whitney test). The horizontal line indicates group median.
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Fig. 3. A) CMV viral load detected in DBS collected from urine-culture–positive neonates
having clinical signs of cCMV (hearing loss and/or compatible neuroimaging ﬁndings)
versus not (n=15 versus 16). B) CMV viral load detected in DBS collected from urineculture–positive neonates born after ﬁrst- versus second-trimester maternal
seroconversion (n=12 versus 9). Every dot represents the mean of 4 different
extraction–PCR method combinations of a single patient. The horizontal line indicates
group median. *P = 0.026 and ns (not signiﬁcant) = 0.97 for A and B, respectively
(Mann–Whitney test). Rectangles and circles represent neonates with and without
clinical signs, respectively. Closed dots represent neonatal samples in which CMV was
not detected by all extraction–PCR method tandems, or not at all (dot on X-axis).

cCMV-related clinical signs (hearing loss and/or compatible neuroimaging ﬁndings) during a follow-up of at least 1 year after birth. Little is
known about the inﬂuence of maternal seroconversion timing on CMV
viremia at time of birth (hence, sensitivity of CMV-DBS-PCR) in neonates with cCMV. In this study, median DBS CMV levels were not significantly different between neonates born from mothers undergoing ﬁrsttrimester compared to second-trimester seroconversion.
We conclude that the high NPVs support the potential of DBS-CMVPCR in screening settings especially since NPVs obtained in our population at high risk likely underestimate the real NPV in screening settings
with much lower cCMV prevalence. DBS-CMV-PCR successfully detects
cCMV in a population of neonates at high risk of infection. Interestingly,
not all urine-culture–positive neonates infected after ﬁrst-trimester
maternal seroconversion consistently scored positive with all
extraction–PCR method combinations, while this was the case for neonates having clinical signs of cCMV.
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Table 2
Comparison of different PCR and extraction method combination sensitivities on DBS from
patients with positive urine culture test results in relation to seroconversion timing.
PCR method

Argene

Extraction method

EasyMag

Qiagen

In-house
EasyMag

Qiagen

1st trimester (12)
2nd trimester (9)

85 (10/12)
100 (9/9)

77 (9/12)
89 (8/9)

92 (11/12)
100 (9/9)

85 (10/12)
100 (9/9)

Numbers represent percentages and absolute numbers (between brackets).
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CHAPTER 12
GENERAL DISCUSSION
Congenital CMV is the most frequent congenital infection worldwide. The minority of the infected children are
symptomatic at birth (10-15%) but long-term sequelae (neurodevelopmental delay, sensorineural hearing loss) can
develop in both symptomatic and asymptomatic children and can have an important impact on child, parents and
society. [1,2,3] Because of the major disease burden of cCMV, it is important to obtain data on congenital CMV
infection as precisely as possible in order to optimize pre- and postnatal management and therapy. Large-scale
screening programs could provide us with the data needed to fully know and understand the burden of cCMV and
to develop recommendations on management of cCMV. Since those screening programs are not available yet, our
guidelines for consensus and management have to rely on data obtained by registries. [3,4,5] Patient registries are
organized systems that use observational methods to collect uniform data on a population defined by a particular
disease, condition or exposure and that is followed over time. [6,7,8] They can help develop clinical research,
improve patient care and can be valuable sources of data to support decision-making. Moreover, they can provide
outcome results that may be generalizable to a wide range of patients, thus facilitating more accurate counseling
of parents. [9]
The Flemish cCMV registry was founded in 2007 by the Flemish Society of Pediatrics’ Neonatology and
Perinatal Epidemiology Working Group. This research group reached a consensus on diagnosis, management,
treatment and follow-up of children with congenital CMV: a first step to standardize the approach of cCMV in
Flanders. Over the years this consensus has been adapted to the evolving insights and recommendations by
international experts and for some items, based on the analysis of our own results. [9] With the development of
the Flemish registry, we aimed to evaluate the recommended management and even more important, to
characterize the population of children with cCMV in Flanders. Analysing and describing the results of the
collected data, enabled us to look for possible associations between risk factors and outcome and in this way
enhanced our decision-making, management and counselling.
I.

Limitations of conducting a registry and how to address them

We are aware of the fact that conducting a registry has its limitations. The greatest threat to any study is bias.
First, there is the problem of selection bias in our population. Inclusion of CMV-positive newborns depends on
the goodwill and cooperation of pediatricians and otorhinolaryngologists in Flanders and is realised only after
written informed consent of the parents. Children with clinical signs, hearing problems or neurological
impairment could be overrepresented in the registry, as symptomatic babies are more likely to be detected and
hence, more likely to be referred to tertiary centers, from where they are recruited. Moreover, since there is no
universal screening for CMV at birth, we miss some of the asymptomatic children in our database if no reason for
testing was present at birth. The finding that 8,6% of the children in our database are diagnosed at later age
confirms the fact that not all children with cCMV are diagnosed or recognized at birth and might suggest that a
group of asymptomatic children is underrepresented is in this registry.
Another point meriting attention is the fact that our population mostly consists of children with cCMV after
primary infections. The majority of the children who were diagnosed at birth were tested because of known
primary maternal infection in pregnancy (75,7%). In the remaining group of children tested because of clinical
signs, as part of standard testing or with retrospective diagnosis, we cannot exclude the possibility that part of
these children were born after a non-primary infection. As described in chapter 1, recent insights have shown that
the majority of congenital CMV infections worldwide are due to non-primary infections. Smit et al. estimated the
seroprevalence of women of reproductive age in Belgium to be 30% -31% based on CMV serological datasets of
2002 and 2006. A previous meta-analysis-based estimation of the Belgian seroprevalence by Smit et al. found a
seroprevalence of 41%. [10,11] The mathematical model by De Vries et al. estimated that the proportion of nonprimary infections ranged from 57% (95%CI 24-85%) to 96% (95% CI 88-99%) for seroprevalences of 30% to
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95%. [12] When we apply this to the estimated prevalence of Belgium, we might estimate that more than half of
the cCMV infections in Belgium are non-primary infections. Hence, we must be aware of the fact that the group
of children with cCMV after secondary infections might be underrepresented in our population. Also, we do not
have a control group of CMV-negative children to estimate what proportion of sequelae may be attributed to
cCMV. However, some of our results do correspond well with findings in studies with control group or a
screening-based population [2,13] so we can assume that on some topics our results are representative for cCMV
in Flanders. As for the neurologic follow-up, the length of follow-up with median age of 12 months also poses a
limitation. This might result in an overestimation of mild to moderate impairment (due to the high number of
hypotonia reported in this age), an underestimation of behavioral problems (since it might be too early to detect
ASD or ADHD) and it may also lead to an underestimation of SNHL (since late-onset SNHL may appear beyond
this age).
Second, we have information bias. In the database, there are some missing data on all items. This makes it more
challenging to perform multivariable analyses.
It is not always clear whether data are missing due to the fact that the requested investigation was not performed
or to the fact that the result is not known to the person who fills in the database. Adding extra checkboxes where
this difference can be indicated might partly solve this unclarity. Experts on cCMV worldwide aim to describe a
consensus on diagnosis and management but at the same time they admit that there are still some controversies.
These controversies may lead to case-per-case or physician-per-physician variability in how a patient with cCMV
is managed, resulting in missing data in a registry. [3,4,5] We also realise that the missing data on long-term
follow up can be due to study drop out. The suggested follow up for our patients is not mandatory, so parents can
decide at any moment not to attend follow up consultations.
However, over the last 14 years we had the opportunity to address some of the limitations in order to optimise our
data gathering. A first major change in our data gathering was the introduction of the electronic version of the
database. [14] During the first 5 years of the registry, data were obtained by written forms that had to be filled in
and sent to the database manager. As for follow-up results, the database manager had to distillate the needed data
from reports from consultations which differed from center to center. When implementing the electronic database,
uniform forms on registration and follow-up were developed and approved by all members of the Flanders
working group. Since then, data are reported in a uniform manner which makes it easier to describe the results in
our population. By making the database available online for non-tertiary hospitals as well, we succeeded to recruit
more patients. In the 9 years of registration through the electronic database, 2 more non-tertiary hospitals joined
the 6 collaborating hospitals. We aim to continue this recruitment of non-tertiary hospitals over the next years.
Secondly, some actions were taken to enhance the data recruitment of long-term follow up of our patients. All
children are invited for a hearing evaluation at the age of six years. In this way we can have a final hearing
evaluation in all children before ending the follow up. As for neurodevelopmental outcome data, we saw an
increasing drop out from neurological follow up with increasing age of the children. A patient-reported
questionnaire, based upon validated scoring systems for neurodevelopmental outcome, was developed to evaluate
the neurological development of children of 5-6 years of age. [15] This questionnaire is sent to parents of every
child in the registry that reaches the age of 5-6 years. By this, we were able to collect more complete data on
neurological outcome in a larger group of patients.
Last, raising awareness in healthcare professionals in Flanders for the Flemish consensus of guidelines on
management practices remains important. The consensus made by the Flemish working group in 2018, is
published on the website of the Flemish Society of Pediatrics [16]. All paediatricians have free access to this
consensus text. At the end of our consensus text, we added a reminder for the Flemish Registry. Keeping
physicians motivated to enter patients to the registry is necessary. For this purpose, the registry was frequently
presented on seminars, trainings and congresses for pediatricians and ENT-physicians.
However, despite the fact that these interventions have had a positive impact on our data collection, still more
options could be explored to enhance data recruitment and reduce drop-out in follow-up. Next to the attending
physicians, the parents are a very important partner in the follow-up of children with cCMV. In these current
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times of digital supremacy, we might have to look for solutions in that area. Different organisations in healthcare
already implemented digital ways to reach patients and parents. For example, ‘Kind en Gezin’ offers the
possibility for parents to have personal guiding of their pregnancy through a website. By adding personal
information in a secure and privacy proof way (e.g., due date) on this webpage, parent get updates on how their
own child is evolving in every step of the pregnancy, they find answers to frequently asked questions and are
being prepared for birth and parenthood in this way. Also, health insurance companies have experimented with
digital transformation to reach their clients in a better way. Apps are developed in which basic health information
can be added and, in this way, personal advice on diet, weight loss, exercise, health risk, … can be given. The use,
practical implementation and the added value of these health-apps still need to be studied further but we cannot
deny that connecting with patients has been easier with the availability of e-mail, websites and apps.
As for our population, it might be beneficial to develop a system where we can connect with parents of cCMV
children, if possible, patient-tailored to their child. Ideally, such system could send reminders for the
planned/needed follow-up, could send questionnaires on regular times to question the child’s
health/hearing/development, could offer a chatbox for parents to ask personal questions, could provide advice
tailored to their child… It might increase parents’ involvement in the follow-up of their child and hence, our data
collection.
Some considerations must be made for this idea. First, when developing, special attention needs to be given to
privacy issues and the right of parents not to cooperate with such a follow-up system. Second, however promising
this might sound, the cost to develop and support such a digital system is substantial and fundings would be
necessary for this ongoing cost when implemented. And last, the workload to establish and maintain this kind of
digital system should not be underestimated.
Addressing the limitations over the years has already strengthened our data collection but future strategies might
even improve our data gathering, making this database more and more a valuable tool to enhance the knowledge
and understanding of cCMV in Flanders.

II.

Description of the cCMV population in Flanders

Despite the possible flaws described above, we were able to provide a thorough description of our registered
population with cCMV in Flanders, including prenatal and neonatal characteristics, therapy and long-term
outcome. (chapter 5 and 6) In chapter 3, a schematic overview of the characteristics of our population is
presented.
III.

What have we learned from the data in our registry?

This database has provided us with a large amount of data. By analysing these data, new insights and
remarkable findings on cCMV in Flanders were found. Some of them correlated well with literature,
other findings casted a new light on management of and counselling for cCMV. We highlight them here.
III.1 Definition symptomatic/asymptomatic disease
The percentage of symptomatic children is remarkably higher (30,1%) in our population than what is found in
literature (10-15%).[3] This can be explained by the above-described referral bias, the absence of universal
screening and the difference in definition of symptomatic disease between study groups. These differences make
interpreting literature challenging and may contribute to some of the variability in the prevalence of symptomatic
infection in different research groups. [3] The earliest reports on cCMV infection define symptomatic cCMV
infection as the triad of petechiae, hepatosplenomegaly and jaundice. It was called ‘cytomegalic inclusion
disease’. The diagnosis was exclusively based on clinical symptoms and signs. With the advent of ultrasound, CT
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and MRI, anomalies seen on imaging such as intracranial calcifications, ventriculomegaly and white matter
disease were increasingly incorporated in the definition. [3,5] Hearing loss is often not included in the definition.
However, with the universal newborn hearing screening being increasingly implemented in developed and
developing countries, congenital hearing loss is diagnosed within weeks after birth. As screening for cCMV
infection is part of the standard diagnostic protocol in children born with hearing loss, an important number of
cCMV-infected children are diagnosed that way.
More recently, it is suggested that the symptomatic children should be classified as mildly, moderately or severely
symptomatic. It remains difficult to make this classification but as is suggested by Luck et al. it would be
beneficial to develop a validated clinical scoring system for disease severity at presentation and for risk of
sequelae. In this way, we could make classification more uniform worldwide.[3] In Flanders, we followed this
recommendation of the European expert panel and we re-classified all our symptomatic patients. The percentage
of severely symptomatic children in our registry is 21,2%, which approaches the percentages of symptomatic
children in various research groups.
So, in order to have a clear view on the burden of disease, to correctly counsel parents and to develop guidelines
for follow-up and treatment of these children, it is essential that a uniform definition of symptomatic and
asymptomatic cCMV infection is used. We should strive for a standardized definition adapted to modern
diagnostic techniques. In our opinion, children with hearing loss, being a major sequel of the infection, should be
classified as symptomatic.
III.2 Changes / new insights in management over the years
III.2.1 Changes in the use of prenatal investigations
Since the beginning of our registration, diagnostic strategies have altered, and more advanced techniques have
been applied. One of them is prenatal MRI of which the use has increased over the last 8 years. Prenatal MRI is
offered to parents with proven CMV infection during pregnancy, when PCR is positive for CMV-DNA in
amniotic fluid. Prenatal cerebral MRI is a valuable tool adding information to fetal ultrasound if performed at the
right time (> 32 weeks of gestation) and if interpreted by people who are experienced in evaluation of fetal brain
imaging. [17,18,19] Appropriate integration of fetal MRI into prenatal diagnostics can lead to more accurate
counselling and/or more appropriate management. [17] A retrospective study by Cannie et al. suggests that
prenatal MRI imaging seems to be equally predictive at 27 weeks of gestational age as at 32 weeks. Their results
also show that fetal MR imaging has a high negative predictive value in prediction of SNHL and neurological
impairment, however with a low positive predictive value. [20] Further prospective studies are warranted to assess
the right timing of fetal MRI and the prognostic value of the findings.
III.2.2 Changes in diagnostic techniques
As for diagnostic tools, viral isolation in urine was the golden standard in 2007. Since viral isolation in saliva and
PCR (polymerase chain reaction) on urine have proven to be valuable alternatives, we incorporated them in our
consensus. [3,21,22] For screening, PCR on saliva is mostly used. If PCR on saliva is positive, this is confirmed
by PCR on urine. PCR for CMV DNA on dried blood spot for diagnostic purposes has not been proven to be
adequate. The main utility of this technique remains the retrospective diagnosis of cCMV [23,24,25].
III.2.3 Changes in working-out at birth
CMV IgG and IgM
Our results on CMV IgM and IgG reflect the findings in literature that there is no additional diagnostic value of
these tests [26]. For that reason, performing IgM and IgG is no longer warranted for patients in our registry since
2018.

140

Use of MRI and crUS
As for the use of both US and MRI in every child with cCMV, still no consensus has been found. The European
consensus statement reached no full agreement on this topic and recommended not to perform both in every child.
[3] In our very first Flemish consensus in 2006, it was recommended that both MRI and crUS should be
performed. However, this consensus became a point of discussion over the years and in 2018, it was decided that
it is not mandatory to have both MRI and cranial ultrasound in every child with cCMV. Only in the presence of
any sign of cCMV (clinical symptoms, hearing loss, cranial ultrasound abnormalities), MRI can be used.
However, in our center (Ghent University Hospital), both MRI and crUS are being performed in every child with
cCMV since we feel that a complete assessment of CNS involvement is only achieved by performing both.
III.2.4 Therapy changes over the years
Therapy regimen changed from 6 weeks intravenous ganciclovir to 6 weeks oral valaciclovir in 2011. Since
January 2017 we apply a 6-month regimen of therapy with oral valganciclovir, according to worldwide consensus
and recommendations. [3,5,30] We noted an increase in the percentage of children receiving therapy since oral
therapy became available. This finding suggests that with oral therapy, parents were more likely to agree with
treatment of their child. Another possible explanation for this evolution is that increasing knowledge on the
positive effect of antiviral treatment on neurodevelopmental outcome has changed over the years the way parents
are counselled. [27,28,29]
III.2.5 Changes in follow-up
Since 2018 all children in Flanders with a confirmed neonatal hearing loss undergo a vestibular screening at the
age of 6 months. Congenital CMV-related labyrinthitis can affect not only the auditory, but also the vestibular
function. This in turn can have an impact on motor development. Especially cCMV children with congenital
bilateral severe hearing loss are at risk for vestibular dysfunction. [30] However vestibular dysfunction in cCMV
can also be delayed in onset. Therefore, we believe that in children with cCMV, besides hearing, vestibular
function and motor development should be monitored as well in the first years of life.
Most international guidelines recommend follow-up until the age of six. [3,31,32] As for the neurodevelopmental
follow-up, this is a good timing. If developmental problems are expected, they will appear within the first years of
life. As for the hearing screening, timing of follow-up remains a point of discussion. A review by Fletcher et al.
has shown that studies with shorter follow-up (< 3 years) had lower rates of SNHL than studies where follow-up
is performed beyond 5 years. In this review the median age at which delayed onset of hearing loss occurred varied
widely, being 44 months in asymptomatic children and 33 months in symptomatic children. For progression of
hearing loss, the median age also varied considerably: 12-51 months in asymptomatic children and 26 months in
symptomatic cCMV. All median ages mentioned are well under 6 years of age but most of the studies did not
have a longer follow-up. [33] Only one study in this review of 36 articles stated that delayed hearing loss or
progression of hearing loss could occur as late as the mid-teens. [32] A study by Lanzieri et al. showed that the
risk of developing SNHL in asymptomatic cCMV children after 5 years of age is the same as in uninfected
children, making the risk of missing severe SNHL beyond the age of six probably low. [34] However, this aspect
of follow-up should be further investigated. In Flanders, audiological follow-up ends at 4 years of age in children
with normal hearing. Initially, audiological screening in Flanders was performed until 6 years of age. It was
decided to reduce this tot 4 years because no audiological problems were detected after this age. [35] Vestibular
screening should be performed until 6 years of age.
III.3 How can our data guide us in counselling?
It is known that parents of children with congenital CMV infection struggle with the uncertainties regarding
prognosis, the fear of manifestations of symptoms at later age and the impact on the daily functioning of their
child. [36] Counselling parents is often challenging. Counselling on outcome starts from the moment the
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seroconversion is diagnosed during pregnancy, which was the case in the majority of our patients. In the majority
of cases, we are unable to predict neonatal and/or long-term outcome in a precise manner. [37] The anxiety this
induces in parents is well-known. So, counselling after birth with knowledge of results of all investigations
performed in the newborn is merely a next step in an already ongoing path of prediction of outcome with all its
uncertainties. Parents expect to receive more accurate answers to their questions after the baby is born. We found
that our data provided us with some new insights which may help in counselling. We highlight some of them.
III.3.1 Limitations of prenatal investigations
Structural fetal ultrasound, amniocentesis for culture or PCR and prenatal MRI all have their strengths and
limitations in diagnosing cCMV and its outcome. [38,39]
Prenatal ultrasound can help in identifying structural or growth abnormalities that may suggest fetal infection, but
many of these findings are non-specific (IUGR, echogenic bowel, ventriculomegaly, …) for CMV. However,
some state that it might be useful to predict the prognosis of fetal infection. [38,40] Our results on neonatal
outcome in correlation to results of fetal US, seem to confirm these findings in literature. Moreover, the
proportion of children classified as symptomatic after normal fetal US, reveal the possible limitations of fetal US
to accurately predict neonatal outcome. [38,28] So, the results seem to confirm that a normal fetal US will not rule
out symptomatic disease at birth and this needs to be taken into account when prenatal counselling is performed.
As for amniocentesis, an important finding in our population is that negative PCR on amniotic fluid does not rule
out congenital CMV infection. This corresponds well with findings in literature. [37,41] Secondly, our results
show no significant difference in neonatal outcome (symptomatic/asymptomatic disease) between positive PCR
and negative PCR. Although Bilavsky et al. described that negative amniocentesis seldom presents with mild
clinical symptoms or cerebral ultrasound features at birth, we have a relatively high number of children (35%)
with moderately to severely symptomatic infections after negative amniocentesis. [37] Possible explanations for
these findings on positive and negative PCR on amniotic fluid are suggested. First, there is always the risk the test
was not sufficiently sensitive or that the criteria for performing amniocentesis (at least 6–7 weeks after the
presumed time of maternal infection and not earlier than the end of the 21st week of pregnancy) were not met.
One might assume that if amniocentesis was performed in our population, this was done in the best circumstances,
but we can never be sure, resulting in false negatives. Second, as Bilavsky et al. also describe, maybe part of our
children negative amniocentesis was truly negative at time of amniocentesis and got infected later in pregnancy.
[40] A last possibility, is that our results come from a selection-biased population. Symptomatic children might be
overrepresented in our population, which might explain the higher number of symptomatic children with negative
amniocentesis in our children compared to the study by Bilavsky. Our results are confirmed as well as
contradicted by other research groups, so further studies on this topic are needed. [37,41] However, parents need
to be counselled that negative amniocentesis does not rule out congenital CMV, and if positive, amniocentesis
will not predict the development and/or severity of symptomatic disease. [37,40,42,43]
What is the added value of amniocentesis if the obtained information seems so limited? In Flanders, obstetricians
attribute a key-role to amniocentesis in deciding which prenatal follow-up is offered to parents when
seroconversion occurred. Current strategies advocate that amniocentesis can be offered in case of proven
seroconversion in the first 16-17 weeks of pregnancy. In case of positive PCR on amniotic fluid, an MRI can be
performed at gestational age of 32 weeks. If parents refuse amniocentesis or amniocentesis is negative, further
follow-up of pregnancy consists of frequent US, without prenatal MRI. Given these preliminary results in our
population and some small studies, we could say that the role of amniocentesis to rule out fetal CMV infection is
challengeable. Maybe, a possible approach would be to perform repeated fetal ultrasound scans and fetal MRIs in
every pregnancy with confirmed seroconversion, without amniocentesis. However, current data on the topic is
insufficient to draw such conclusions at this point.
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III.3.2 Importance of knowledge of hygienic measures
A higher proportion of children with cCMV in the database (81,5 %) has older siblings. This finding supports the
hypothesis that pregnant women caring for children are at high risk for CMV infection, not only in work-related
interactions but even more within the own household, through the siblings. [40,42] This underscores the
importance of adequate education of parents during pregnancy regarding the possible preventive hygienic
measures to lower the risk of CMV infection, both in seronegative and in seropositive women. [41,4,44] Public
prevention campaigns for pregnant women are needed. The United Kingdom has established an extensive
information campaign for cCMV which is a good example of how such prevention/information campaigns could
be organised: distribution of flyers to all pregnant women, posters with preventive hygienic measures in the
waiting rooms of doctors and videos on different aspects of cCMV have proven to be effective. By collecting data
on cCMV in Flanders and describing the disease burden, we hope to persuade the policymakers of the need of
raising awareness of CMV in parents and caregivers during pregnancy and hence, convincing them to provide
sufficient financial and physical support for this purpose. [21,45]
III.3.3 Correlation of neonatal and long-term outcome with trimester of infection
While the neuropathogenesis of human CMV infection is not clearly understood, clinical and pathologic studies
suggest that CMV infection at different gestational ages has distinct effects on the developmental patterning of the
brain which determine neurologic outcome. [46,47,48]. It is suggested that the large spectrum of CMV-induced
brain abnormalities is caused not only by tissue destruction but also by the particular vulnerability of stem cells
during early brain development. [46] Some possible mechanisms of developmental disruption due to CMV
infection are the loss of neural stem cells or intermediate progenitors (which may have potential effects on brain
size and maturation), alterations in stem cell migration (which are important for normal pattering and function of
neural structures) and infection of astroglia (which are critical for neural circuitry guidance, synaptic integration
and development of the functionally integrated mature neuron). [47] Hence, the earlier the brain development is
disrupted by a CMV infection, the more severe the outcome will be. However, since neurogenesis of the stem
cells in the hippocampus and olfactory bulb persists throughout life, infections in these cell types may lead to
neurocognitive and sensorineural handicap even in cases of infection at late stages of in utero development. [46]
The correlation between trimester of infection and outcome has been described by various research groups.
[49,50,51] In our population, a significant higher percentage of symptomatic cCMV was found in children
exposed to first (p < 0,00) or second trimester seroconversion (p = 0,025) compared to third trimester
seroconversion. As for long-term outcome, a higher risk of adverse neurodevelopmental outcome after infections
acquired in the first trimester, compared to second and third trimester infections was found. Although in small
numbers, in our population symptomatic children with adverse outcome after second and third trimester
seroconversion were found. This is in contrast with one study by Fauré-Bourdon, which collected data on 260
fetuses with known timing of seroconversion and proven primary maternal infection. They found no long-term
sequelae in the children after second or third trimester infection. The authors suggested that a cytomegalovirus
infection can be severe only when the virus hits the fetus in the embryonic or early fetal period and suggest that
specialized follow-up should be recommended only in case of first trimester infections. [52] This is the only study
which describes absolutely no sequelae after second/third trimester infections. A possible limitation is the fact that
in their study only primary infections are described, whereas in other studies, population mostly consists of both
primary and non-primary infections. There are no standard tests to diagnose non-primary infection in pregnancy
and it has become clearer over the years that a large proportion of children with cCMV (with and without
sequelae) are born to women with non-primary infection. [53] In this group of children, we don’t have any
information on time of infection and therefore, we cannot rule out second or third trimester infections in children
who present with sequelae. This might explain the discrepancy between the study by Fauré-Bourdon and our
results and other reports on long-term outcome. [54,55] The association between outcome and trimester of
infection is of importance when providing information to parents. Parents should be informed that the risk for
(severe) symptomatic disease and long-erm sequelae is higher after first and second trimester infections. It is
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important, however, that they are made aware that long-term sequelae can occur in every child with cCMV.
Therefore, long-term follow-up is needed in every child with cCMV.
III.3.4 Clinical presentation at birth and risk of hearing loss
There is a well-known correlation between classification as (a)symptomatic at birth and audiological outcome.
[18,56,57] The results in our population are in line with that finding. In the Flemish registry, children with
symptomatic cCMV infection have a higher overall prevalence of sensorineural hearing loss (63%) than children
with asymptomatic cCMV infection (8%). Parents of symptomatic children are informed about the higher risk of
bilateral and more severe hearing loss and the higher risk to use some form of hearing amplification device.
However, we need to be aware of the fact that because the group with asymptomatic cCMV is the largest group of
children with cCMV, the contribution of asymptomatic cCMV infection to childhood hearing loss is nevertheless
important. [58] Another important issue in counselling is that, although unilateral hearing loss may cause less
social and economic impact, the consequences of unilateral hearing loss cannot be ignored because it is known to
be associated with poorer educational achievements and/or behavioral problems compared with their peers with
normal hearing. [59,60,61,62]
III.3.5 Hypotonia and cCMV infection
We found a remarkably high number of children with hypotonia/hyperlaxity. In all those children, hypotonia had
an impact on motor development, sometimes necessitating physiotherapy in case of motor milestones delay.
Hypotonia may be associated with different conditions, such as neuromuscular, genetic, central nervous system,
connective tissue, and/or metabolic problems but it may also be the only impairment in a child without any
distinct etiology. [63] Depending on the population studied and the criteria used, prevalence of
hyperlaxity/hypotonia ranges from 6,7% to 39,6%. [664] Whether or not hypotonia plays a role in delayed motor
development is still a matter of debate. [63] In our cCMV-positive population, the percentage of children with
hypotonia is higher than what is described for other conditions. A possible explanation for this finding is the
correlation between vestibular dysfunction and motor development. It has been described that hypoactive
labyrinthine function in children with hearing loss, may be associated with hypotonia, severe enough to result in
delayed motor milestones. [65] Others also described a correlation between vestibular dysfunction and delayed
gross motor function. [66,67] A systematic review by Singh showed that children with hearing loss and severe,
bilateral vestibular dysfunction demonstrate delayed gross motor milestones. In this review it was not possible to
conclude on whether milder forms of vestibular dysfunction significantly affect gross motor milestone acquisition
in children with hearing loss. So further studies are warranted. [68] A study by Dhondt et al. showed that
congenital CMV can also impair the vestibular function which may have a functional impact on motor
development in children. Children with hearing loss seem to be the most at risk. However, even normal-hearing
and/or asymptomatic cCMV children can present with vestibular dysfunction. [69] This new finding merits further
attention in future follow-up studies. In cCMV infected children, hypotonia is mostly found in children < 24
months of age and seems to improve with age. Given the fact that in 471/753 (62,5 %) children most recent
outcome data are at age 4 or 12 months, hypotonia accounts for a large part of the mild to moderate motor
impairment in our population and hence explains the high use for physiotherapy in this group. However, it is
reassuring that in most children hypotonia improves with age and physical therapy, with minimal residual impact
on the motor abilities of the child. In children with bilateral vestibular dysfunction (often in combination with
deafness), both fine and gross motor function can remain impaired throughout the years. [69]
III.3.6 Higher risk for autism spectrum disorder in children with cCMV
A wide variety of behavioral problems have been found in our population. Part of the population is very young (<
18 months) at last follow-up. So, some ‘problems’ encountered (headstrong, self-determining, impulsive
behavior) might be temporary and no longer a problem at later age. Some children of younger age show some
characteristics of autism spectrum disorder (ASD) or attention deficit hyperactivity disorder (AD(H)D). For the
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children with difficult social contact or attention problems at age 12-18 months, follow-up results at later age will
be interesting to see whether these problems are predictive for the development of ASD or ADHD. In the study
population, 19/753 (2,6%) of the children were diagnosed with autism spectrum disorder whereas the prevalence
of ASD in Flanders is estimated 1 in 150 (0,6-0,7%). [70] Worldwide, an increase of the prevalence of ASD is
seen over the past 40 years, with about 1 in 60 individuals who suffer from deficits falling under ASD. [71] The
higher prevalence of ASD in our population with cCMV corresponds with what other research groups describe.
[13,71,72,73,74] The earliest case reports of children with cCMV and autism date back more than 40 years ago.
[71,75,76,77] A meta-analysis by Maeyama et al. suggested a statistically significant association between cCMV
and ASD but the small sample size in the studies limits the conclusions of this meta-analysis. [78] The correlation
between cCMV and of ASD needs further clarification but some authors recommend systematic screening for
cCMV in children with autism spectrum disorders. [72] It is of utmost importance to screen all cCMV children for
ASD.
III.3.7 The risk of speech impairment
The high number of children with speech-language impairment (20,8%) in our group of cognitive impaired
children with cCMV, is consistent with what is described in literature. In the population of Korndewal et al.
speech and language problems occurred twice as often compared to the control group (16,5% versus 7,3%).[13]
As hearing loss can lead to language impairment, it is expected that associated hearing loss is the main reason for
this finding. However, in our population, 7 children with speech impairment showed no hearing loss. A study by
Milewska-Bobula et al. described similar findings with speech impairment in 32% of their population while only
5% showed hearing loss. [79] The DECIBEL study by Korver et al. demonstrated that children with hearing loss
due to cCMV have lower developmental quotients than children with hearing loss due to other causes and also the
difference in language development is significant. [80] No explanation for this finding has been found and further
studies to identify mechanisms underlying these observations are necessary. Abnormal speech development is the
most frequent cognitive developmental disorder, with many variations. Next to impaired hearing, also mental
development disorder, emotional-behavioural problems (ADHD) and autism spectrum disorders can be associated
with speech impairment. [81] The latter three are more frequently found in children with cCMV. Moreover, it has
been described that children with injury in the frontal and temporal regions may show delays in the early phases
of language development. [82] Notably, those are regions in the brain where white matter hyperintensity is often
found in children with cCMV. So, perhaps these findings might partly explain the higher occurrence of speech
impairment in our population.
III.4 Research questions studied in this PhD
III.4.1 Can PCR on DBS be used as diagnostic tool for cCMV?
In the diagnosis of congenital cytomegalovirus infection (cCMV) viral culture is more and more abandoned
mainly due to pre-analytical issues. Detection of CMV DNA in dried blood spots (DBS) has been successfully
used for the retrospective diagnosis of cCMV. [83,84,85] As DBS are taken from every neonate born in Belgium
this specimen type could be suitable as screening tool for cCMV in the neonatal period. We compared PCR on
DBS in neonates suspected for cCMV with CMV viral culture in urine. DBS and urine samples were collected in
neonates suspected for cCMV. In order to investigate a potential difference in extraction efficacy, 2 extraction
methods (Qiagen and easyMAG, bioMeriéux) were performed prior to application of realtime in-house CMV
PCR. The results show that the extraction method can strongly influence the final result. The high negative
predictive value of PCR supports the potential of DBS-CMV- PCR in screening settings especially since the
negative predictive values obtained in our population at high risk likely underestimate the real negative predictive
value in screening settings with much lower cCMV prevalence. We conclude that DBS-CMV-PCR is not suitable
as diagnostic tool but can be of value as screening tool. [25] If DBS were to be used as a screening tool, this has
some practical implications. First, it is important that blood is collected on a separate DBS card from the card for
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metabolic screening. Second, the different cards need to be transported and stored separately from each other to
avoid contamination in between. Whether the CMV-PCR should be performed in the laboratory of every local
hospital or centralized in limited laboratories remains to be explored.
III.4.2 Are MRI and crUS complementary or not?
Studies have revealed that MRI and crUS are complementary investigations to assess the central nervous system
in children with congenital CMV infection. [86,87] Oosterom et al. found that migrational disorders may be
present in infants with mild crUS findings and concluded that MRI can offer additional information, which can
help in more accurate prediction of outcome. [88]
The debate on whether or not both should be performed in every child with cCMV, however, is still going on, the
main question being if, by not performing MRI in every child with cCMV, we fail to detect abnormal MRI
findings which could lead to a change in classification in asymptomatic/symptomatic and hence, in counselling of
parents and initiation of therapy. To address this question, we compared the results of crUS and MRI in those
children with cCMV, in whom both investigations were performed. The group of particular interest is the group of
children with normal crUS and abnormal findings on MRI. One in five children (93/480) with normal crUS
showed abnormal findings on MRI. Of them, 85 (91,4%) were classified as symptomatic. In 37 of those 93
children (39,8%) classification as severely symptomatic was made based on MRI lesions alone. MRI and crUS
proved to be complementary in the assessment of CNS involvement in children with cCMV. Our results also
showed that MRI anomalies are more frequently found after first and second trimester infections compared to
third trimester. This is in accordance with the findings of Oosterom et al. [88] However, even in third trimester
infections, abnormal MRI was found in children with normal crUS, be it in a small group. In these children, only
white matter lesions were found. These results suggest that performing both investigations in all children with
cCMV could be recommended, regardless of time of seroconversion, to have a complete evaluation of the central
nervous system involvement in children with cCMV.
If MRI reveals anomalies with uncertain prognostic role, counselling remains challenging and uncertain. On the
other hand, normal MRI results may reassure parents on the neurodevelopmental outcome of their children.
Craeghs et al. showed a negative predictive value of normal crUS and MRI of respectively 91% and 92% on
developing delayed onset hearing loss. [89] Although we might induce anxiety in some parents in case of MRI
findings with unclear prognostic significance, we will be able to reassure a large part of our parents since MRI is
normal in the majority of our population.
III.5 Results of our database that added to the worldwide discussion on some cCMV topics
It is well-known that some topics on cCMV remain a point of discussion between various research groups and
some gaps in our understanding of cCMV still need to be filled. Results from our database, although sometimes in
small groups, add to the discussion on some of these topics.
III.5.1 Is prenatal screening for CMV seroconversion necessary?
Whether or not universal prenatal screening should be implemented, remains an important point of discussion
worldwide.
In our population, the main reason for testing for cCMV at birth was known maternal seroconversion. This was
the case in 83,9%, which is high in light of the fact that screening for CMV during pregnancy is not supported by
international guidelines/KCE and that reimbursement for CMV IgM/IgG in pregnancy is discarded in Belgium
since 2017. [90] These results seem to support the idea that standard prenatal screening should be implemented.
To address this question, we looked at the presence of clinical signs or hearing loss in this group of children.
Those 2 features of cCMV infection are sure to be diagnosed since every child is thoroughly examined by a
pediatrician after birth and universal neonatal hearing screening is performed in Belgium. Our data show that in
653 children (61,7%) diagnosis of cCMV would have been missed at birth without knowledge of maternal

146

seroconversion. So, these results might endorse the need for prenatal screening. However, prenatal screening in all
pregnancies will have important consequences. Given the limitations of prenatal investigations, given the fact that
possible prenatal therapeutic options (vaccine, immunoglobulins, valaciclovir) are still under investigation, given
the high cost and possible psychologic burden after diagnosis and given the higher risk for termination of
pregnancy in case of seroconversion, standard screening for CMV seroconversion during pregnancy poses some
ethical issues and further studies are warranted. [38,42]
III.5.2 What about universal neonatal screening?
The potential benefit of neonatal screening is a matter of discussion. In our database, a small group of children
were tested as a standard screening policy (n=27). In some regional hospitals in Flanders all neonates are screened
at birth, be it for study purposes or as standard care in their ward. In 25 of these 27 newborns, cCMV wouldn’t
have been tested if no standard testing was performed. Moreover, 6 of them were classified as severe symptomatic
and 5 received treatment. Although they represent only a small number of patients, these findings again trigger the
question on universal neonatal screening. A strategy for universal neonatal screening could allow early detection
of cCMV (following primary and non-primary infection) and induce early intervention and hence, improve
outcome. On the other hand, universal screening carries the risk for needlessly inducing anxiety in families of
children who will remain asymptomatic throughout their lives. The associated healthcare cost of working-out and
follow-up of all these children is also an important factor in deciding whether universal screening should be
recommended or not. [40,91,92] Korndewal et al. found that in the Netherlands the average healthcare costs
(€6113) of children with cCMV in the first 6 years of life are much higher than that of children without cCMV
(€3570) which emphasizes the financial burden of cCMV.[93] Possible benefits of screening could be the early
detection of hearing loss, early intervention in case of hearing loss of neurodevelopmental delay and the
possibility of offering antiviral therapy (with positive effect on hearing and possibly, neurodevelopmental
outcome). These can have a positive effect on long-term outcome in children with cCMV and hence, might reduce
the average cost of children with cCMV.
Gantt et al. compared universal (for all newborns) or targeted cCMV screening (newborns with a failed universal
newborn hearing screen) with no screening regarding the costs for testing and found that screening newborns for
cCMV infection is generally associated with cost savings or is essentially cost neutral. [94]
Our preliminary results in a small group advocate further studies on the need for universal neonatal screening.
III.5.3 Is a neonatal MRI necessary in case of a normal prenatal MRI?
In our population, in 18 of 56 (32,4%) normal prenatal MRI’s, there were still anomalies detected on MRI in the
neonatal period. Senapati et al stated that disorders of myelination will not be seen early in gestation, may
infrequently be seen in the third trimester, and typically will not be diagnosed until postnatal life. In their study
75% had disagreements between prenatal and postnatal MRI diagnoses with the most common clinically
important new diagnoses, being dysgenesis of the corpus callosum and polymicrogyria. [95] These results are in
concordance of what we have found in our small group. Based on our preliminary results and the study by
Senepati, we believe, that even after prenatal MRI is performed, a neonatal MRI remains useful to identify all
children with any kind of CNS involvement. Further studies on this topic seem relevant with special attention,
given to the significance of the white matter lesions in children with cCMV.
III.5.4 What is the relevance of white matter lesions found on MRI?
Routine MRI imaging in newborns with cCMV infection may increase the finding of lesions with unclear impact
on outcome. Where cortical defects and gyration disorders are known to be associated with poor
neurodevelopmental outcome, this is not so clear for white matter lesions. [96] Abnormal white matter intensity
on MRI is frequently found in children with cCMV and correct interpretation is often hampered by partial
myelination. [97] It is known that in infants, it may be difficult to differentiate abnormally increased signal
intensity of white matter from normal. [98] Moreover, the prognostic role of white matter lesions is still unclear.
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Studies have shown white matter lesions to be related to impaired psychomotor outcome, that they might be the
only signs of cCMV, that hyperintensity in the temporal lobe is more likely to be associated with an adverse
neurological outcome, and a possible relation between white matter lesions and epilepsy is described.
[99,100,101] However, in other studies white matter changes did not correlate with neurological outcome.
[36,102] Not only the impact of white matter lesions on neurodevelopmental outcome is debated; their impact on
hearing outcome is questioned as well. A study by Lanzieri et al. showed that white matter lucency was
significantly associated with SNHL at 5 years. [103] Others found that abnormal imaging is not predictive for
developing delayed onset hearing loss. [89,104] This controversy demonstrates the need for further studies on the
prognostic role of white matter lesions in cCMV and whether or not this sole finding advocates offering treatment.
IV.

Future research recommendations

IV.1 Impact of white matter lesions on long-term outcome?
We have identified a large number of children with cCMV who have white matter hyperintensity as a sole sign of
cCMV. The impact of these lesions on long-term neurodevelopmental outcome is not well-described and needs to
be elucidated. The thorough neurodevelopmental follow-up of this specific group of children (only white matter
hyperintensity on MRI as sign of cCMV) might help to describe the true burden of these frequently found lesions.
IV.2 Is there a correlation between MRI lesions and neurobehavioral problems?
With the description of the long-term outcome in our population, we found that there was a higher percentage of
children with ASD or ADHD compared to non-CMV infected children. Studies to identify a possible correlation
between MRI lesions and these findings are warranted.
IV.3 Is there a correlation between viral load in serum/urine/amniotic fluid and long-term outcome?
A possible correlation between viral load and outcome is widely discussed and no conclusive answers have been
found so far. In our small group of children with PCR serum performed, no significant higher percentage of
symptomatic children is seen in case of positive PCR compared to negative PCR. In the future we plan to register
the quantitative PCR to be able to study the correlation between the viral load and both neonatal and long-term
outcome in a more precise way.
IV.4 Impact of antiviral therapy on long-term outcome?
In the description of our long-term outcome results we haven’t described the impact of the antiviral therapy on
long-term outcome. It is difficult to estimate this impact because the group of children treated, is a very
heterogenous group. Since parents are free to decide whether or not to start treatment and since the reason for
starting treatment can be very different, there is no typical cCMV-patient, eligible for therapy. To be able to
describe the true impact of antiviral therapy, every treated patient should be matched with an untreated CMVpatient who has a similar profile. Only in this way, we can study the result of antiviral therapy at birth on longterm outcome since randomised controlled trials to study the impact of antiviral therapy come with some
limitations. First, it will be challenging to recruit a sufficient number of patients for statistical power. In the first
study by Kimberlin, it took a long recruiting period and many participating centers to collect sufficient patients to
perform statistical analysis. [28] Second, recruited patients will have to be followed for a long period of time (4-6
years) which makes the risk of drop-out high and hence make it difficult to draw conclusions on outcome. Last,
with advanced knowledge on the possible positive effect of treatment on hearing and even on neurodevelopmental
outcome, randomising children in treatment and no-treatment arm, poses some ethical questions.
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IV.5 What is the role of primary/secondary infections?
With maternal seroconversion during pregnancy being the main reason for screening in our population, we can
assume that the majority of our children are born after primary infections. However, literature suggests that the
number of cCMV infected children born after secondary infections is larger than esteemed and that this group of
children also accounts for a large part of the disease burden of cCMV. [105,106] It would be interesting to
describe the children born after both primary and secondary infections. To distinguish primary infections from
secondary infections, both prenatal and neonatal screening will have to be performed in the study population.
A very important issue in future research is that we need to minimize the bias in the study population. As
extensively described, our data are susceptible to bias due to the methodology of the registry. We would be able to
describe the CMV-population much more accurate and representative for all cCMV children if our data were
based on large-scale screening.
Ideally, a Flemish research project in which all mothers are screened during pregnancy (late first trimester) and all
neonates are screened at birth, will give us a population that is representative for cCMV infection in Flanders,
both primary and secondary infections. Follow-up (as recommended at this point) of all cCMV-positive children
in this cohort will provide us with a good description of the true disease burden of cCMV in Flanders. Moreover,
to strengthen our results, we can extract a control group from the cCMV-negative children that participated in the
study. In this way, we can compare the findings on neurodevelopmental and hearing outcome in the cCMV
population to those of cCMV-negative children.
If such a study population with control group is established, all above-mentioned research questions can also be
studied within this group. We believe that the results of research in a screening-based population will give answer
to many of the limitations we encountered by conducting a registry.
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V.

Final conclusion of the thesis

The importance of registries is well established: the provided data can help develop clinical research, improve
patient care and can be a valuable source of data on patient outcomes. This is one of the most important goals of
the Flemish registry, founded in 2007.
Conducting this registry enabled us to describe both the perinatal characteristics and the long-term
neurodevelopmental outcome of children with cCMV, included in the registry between 2007 and 2020. It is, to
our knowledge, the first time that outcome data are presented in such a large cohort of children with congenital
CMV. The fact that many of our data correspond well with what is known in literature or described in other
cohorts, shows that our results could be representative of the (primary) cCMV population in Flanders. Our
research also underscores the need for a thorough follow-up in all cCMV infected children, in order to estimate
the true disease burden of this most common congenital infection worldwide.
Some data add to ongoing discussions on topics of cCMV and some preliminary findings raised interesting
research questions that will require further studies. There are still many gaps in our understanding on cCMV, and
data from registries like ours can help filling in some of those. Hence, the worldwide systematic registration and
follow-up of children with cCMV infection will become increasingly important. Therefore, we will continue to
optimise recruitment and data gathering on this population in Flanders and we plan to share our knowledge with
international networks.
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CHAPTER 13
Summary
Congenital CMV is the most common congenital infection worldwide and has a significant long-term impact on
affected children, being the major cause of non-hereditary sensorineural hearing loss and the major infectious
cause of neurodevelopmental abnormalities in infants born in developed countries. Despite this important disease
burden, cCMV remains largely unrecognized and there is limited evidence on which to base management and
therapy of children with cCMV infection. Since large-scale screening programs are not available to this point, we
can only base our knowledge on data obtained by registries.
This PhD work is based on the Flemish CMV registry containing data on 1059 children with cCMV infection. In
2007 the registration of patients that presented with cCMV in the collaborating hospitals was started.
Conducting a registry for 14 years has shown us the possible limitations and shortcomings of a clinical registry
and over the years we succeeded in addressing some of these shortcomings.
The development and introduction of the electronic version of the database was an important milestone which
improved data gathering in a substantial way. In the electronic database, all data are reported in a uniform manner
which makes it easier to describe the results. And, by making the database available online, more patients can be
recruited, including from non-tertiary hospitals. To reduce the amount of missing data on neurological follow-up a
patient-reported questionnaire was developed, based upon validated scoring systems for neurodevelopmental
outcome, to evaluate the neurological development of children of 5-6 years of age. We have found that the use of
questionnaires was most valuable and helped in filling the data gaps on long-term neurodevelopmental outcome.
However, interventions to increase the response rate may enhance our data gathering even more.
During these 14 years of registration, data were collected on prenatal/neonatal management, treatment and followup of 1059 children with cCMV in Flanders. It is, to our knowledge, the first time that data are presented in such a
large cohort of children with cCMV. Symptomatic disease was diagnosed in 319/1059 (30,5 %) children. Of those
13,5 % were classified as mild, 16 % as moderate and 70,5 % as severe infections. Antiviral therapy was given in
63,9 % of patients eligible for therapy. As for long-term follow-up, data show that both symptomatic and
asymptomatic children can develop long-term sequelae, independent of the timing of seroconversion. During
follow-up of children with cCMV infection, special attention should be given to audiological follow-up, to the
detection of hypotonia at young age which might impact motor development, to the possible higher risk of ASD
and to the risk of speech and language impairment even in absence of hearing loss.
When comparing our data with what is described in literature, our data seem to confirm some hypotheses
regarding cCMV or support the current recommendations for counselling and management. However, some data,
although sometimes acquired in small groups, add to the discussion between experts on some topics on cCMV.
One of those is whether or not cranial ultrasound (crUS) and cerebral magnetic resonance imaging (MRI) have
both a place in the assessment of children with congenital cytomegalovirus infection. In our study, one in five
children with normal crUS showed abnormal findings on MRI which suggests that both are complementary in the
assessment of CNS involvement in children with cCMV. As for diagnostic techniques, we have shown that CMVPCR on DBS could be valuable as screening tool but not for diagnostic purposes.
Many research questions regarding cCMV remain to be explored. Hence, there is an ongoing need of collecting
data on perinatal management and long-term follow-up of children with cCMV, in order to estimate the true longterm disease burden of this most common congenital infection worldwide. With the Flemish registry, an important
step is taken to achieve this goal.
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Samenvatting
Congenitale CMV is wereldwijd de meest voorkomende congenitale infectie en kan een belangrijke impact
hebben op lange termijn aangezien het de belangrijkste oorzaak is van niet-erfelijk perceptief gehoorverlies en de
belangrijkste infectieuze oorzaak van neurologische ontwikkelingsstoornissen in de ontwikkelde landen. Hoewel
de impact van cCMV op kind, ouders en maatschappij groot is, blijft deze infectieziekte nog vaak onvoldoende
gekend en is er weinig wetenschappelijke evidentie waarop aanpak en therapie van kinderen met een cCMVinfectie kunnen worden gebaseerd. Grootschalige screeningsprogramma’s zouden hier een antwoord op kunnen
geven maar die zijn op dit moment (nog) niet beschikbaar. Dus kunnen we onze kennis voorlopig enkel baseren
op gegevens verzameld in registers.
Dit doctoraatswerk is gebaseerd op het Vlaamse CMV-register dat gegevens van 1059 kinderen met een cCMVinfectie verzamelde sinds 2007. De voorbije 14 jaar werden we geconfronteerd met mogelijke beperkingen en
tekortkomingen van een klinisch register en in de loop der jaren zijn we erin geslaagd om een aantal van deze
tekortkomingen aan te pakken.
De ontwikkeling en implementatie van de elektronische versie van de database was een belangrijke mijlpaal die
de gegevensverzameling heeft verbeterd. In de elektronische database worden alle gegevens op een uniforme
manier ingebracht waardoor het gemakkelijker is om de resultaten te beschrijven zijn. Met het online beschikbaar
stellen van de database kunnen meer patiënten worden geïncludeerd, ook uit niet-tertiaire ziekenhuizen.
Aangezien veel neurologische follow-up gegevens ontbreken, werd een vragenlijst ontwikkeld, gebaseerd op
gevalideerde scoresystemen voor neurologische ontwikkelingsresultaten, om de neurologische ontwikkeling van
kinderen van 5-6 jaar te evalueren. Deze vragenlijst wordt verstuurd naar de ouders als hun kinderen 5-6 jaar zijn.
Her is duidelijk dat het gebruik van deze vragenlijsten zeer waardevol is en de lacunes in de gegevens over de
neurologische outcome op deze manier kunnen opgevuld worden. Een nog betere respons rate zou onze
gegevensverzameling echter nog meer ten goede komen.
De voorbije 14 jaar werden gegevens verzameld over de prenatale/neonatale aanpak, de behandeling en follow-up
van 1059 kinderen met cCMV in Vlaanderen. Het is, voor zover wij weten, de eerste keer dat dergelijke grote
cohorte kinderen met cCMV worden beschreven.
Symptomatisch cCMV werd gediagnosticeerd bij 319/1059 (30,5%) kinderen. Daarvan werd 13,5%
geclassificeerd als mild, 16% als matig en 70,5% als ernstig symptomatisch. Antivirale therapie werd gegeven aan
63,9% van de patiënten die in aanmerking kwamen voor therapie. Wat betreft de follow-up op lange termijn, zien
we dat zowel symptomatische als asymptomatische kinderen sequellen kunnen vertonen, onafhankelijk van het
tijdstip van seroconversie. Bij de follow-up van kinderen met een cCMV-infectie moet speciale aandacht worden
besteed aan audiologische follow-up, aan de detectie van hypotonie op jonge leeftijd die de motorische
ontwikkeling kan beïnvloeden, aan het mogelijk hogere risico op ASS en aan het risico op spraak- en
taalachterstand, zelfs zonder gehoorverlies.
Bij het vergelijken van onze data met de literatuur, lijken onze gegevens enkele hypothesen met betrekking tot
cCMV te bevestigen of de huidige aanbevelingen voor counseling en aanpak te ondersteunen. Sommige data,
soms verkregen in kleine groepen, versterken de discussie tussen experts over bepaalde onderwerpen over cCMV.
Een voorbeeld hiervan is of echografie (crUS) en MRI beiden een plaats hebben bij de aanpak na geboorte bij
kinderen met cCMV. In onze studie vertoonde één op vijf kinderen met normale crUS abnormale bevindingen op
MRI, wat suggereert dat beide onderzoeken complementair zijn bij de beoordeling van de betrokkenheid van het
CZS bij kinderen met cCMV. Wat diagnostische technieken betreft, hebben we aangetoond dat CMV-PCR op de
Guthriekaart waardevol kan zijn als screeningsinstrument, maar niet als diagnostische techniek.
Er zijn nog veel onderzoeksvrzgen rond cCMV die moeten beatwoord worden. Er is dus nood aan een blijvende
verzameling van gegevens over perinatale behandeling en lange termijn follow-up van kinderen met cCMV om de
werkelijke ziektelast van deze meest voorkomende congenitale infectie te kunnen inschatten. Met de oprichting en
werking van het Vlaams CMV-register werd een eerste belangrijke stap gezet om dit doel te bereiken.
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ADDENDUM I
The technical aspects and design of the software of the electronic database
with special thanks to Geert Rombouts, Ir. PhD for his contribution.
In 2013, a data entry system was developed specifically for the Flemish CMV registry. The data entry system is
called DForm [https://www.digon.be/dform] and provides a secure web-based multi-user form-filling interface, a
form design interface, data storage, and an output filter. The data from the input forms that can be presented to the
user in various layouts and formats, can be exported in a standard format to a spreadsheet for further processing.
While several off-the-shelf form-filling systems are available, some specific requirements have led to the decision
to build the software from the ground up.
In this chapter, we describe the development process of the data entry system. First the system’s functionality is
described, then several design decisions and the choice of the building blocks are elaborated upon and finally the
implementation is described.
I.
System description
The data entry software DForm consists of a login module, a form filling module, a form management module, a
user management module, an export module and a statistics/overview module. Throughout the development of the
system, security (e.g. robustness against hacking) has been a major consideration since the system is publicly
available on a web server. Data integrity and robustness against user mistakes have also been taken into account.
The login module allows users to sign in, authenticates them and assigns authorizations. Depending on their
authorization level (administrator, access to all patient data of a single center, access only to data of patients
assigned to the user, access to all patients in the database) users can enter and view patient data for patients that
are assigned to them. Administrators can create and modify registration- or test result forms, create export filters
and export data.
The form filling module allows a user to select a patient and to fill in the forms that have been created in the form
management module by an administrator. Any data the user fills in in such a form, will be linked to the selected
patient.
Forms can be single-instanced or multiple-instanced: for a single instance form, only a single instance of the form
can be linked to a specific patient, while for multiple-instance forms, the same form template can be filled in at
multiple different time instants. An example of a single instance form is the registration form that contains basic
patient registration data and the results of the additional investigations at birth. A multiple-instance form template
can be used for tests of which the results have to be registered on multiple time instants, e.g. after 3 months, 6
months, ... In this database, this is the case for the form on audiological or neurodevelopmental follow-up.
Forms can be saved as "draft", which means they are not yet exported by the export module and waiting to be
completed, or as "final", in which case their data is available in the export for further processing.
The form management module provides functionality to create and modify forms. Forms can be described as socalled “JSF Facelets”. This extension to the well-known Hypertext Markup Language (HTML) format will be
described in more detail later on. It is a description format that gives the form designer full freedom, not only the
choice of the questionnaire input fields and their handling, but also concerning the layout of the form. Since all
websites are essentially made up in HTML, all features that a browser support are useable and controllable by the
form designer. Hence tables, colors, images, but also scripts (executable programs for calculations or presentation)
can be incorporated into the form.
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The form management module provides a convenient standard code generator for simple form elements, since
extensive layout features are not required for basic form filling functionality. Typical form questions – such as
labels, pick lists and date input fields – can easily be generated. Also, automatic code generation for range
validators (e.g. a value should be between 0 and 100) or required-field-functionality is provided.
In the description of a form, so-called "variables" are used to store the data that a user will enter later on in the
input fields, when filling the form. These variables are names that represent the values that will be entered in the
form, and they will show up as column headers in the output spreadsheet.
Example of code for an input element for the variable "birth_weight", with a validator:
<df:outputLabel>Birth weight (g)</df:outputLabel>
<df:inputText value="#{p.birth_weight}">
<f:convertNumber maxFractionDigits="0"/>
<f:validateLongRange minimum="0" maximum="10000" />
</df:inputText>
This example will show an input field after a label “Birth weight (g)”. Due to the specification
“maxFractionDigits=0”, digits after the decimal separator are not allowed. If the value entered is below 0 or above
10000, the system will refuse to accept the input.
Basic calculations can also be executed in the form, on the server side. On certain actions (e.g. a press on a button
that was defined in a form), a formula (e.g. a unit conversion) can be applied to a number of input values, and the
result can be stored in another variable or shown to the user.
Parts of the form (certain input fields, …) can be disabled or hidden based upon calculated values or based on
values filled in in other parts of the form. Larger scripts or programs can be written in JavaScript and executed in
the web page or form by the browser.
The user management module can be used by the administrator to create new users and assign passwords and
permissions to them. The users typically have access to the patient data of the segment to which they are assigned.
The export module can be used to define an “export transformation” and to export the data in the system through
this transformation. The transformation can select specific data (specific variables) from specific forms, which
then results in a subset of the data to be returned in a spreadsheet representation. The export module can also
create an “example export transformation” that contains all input fields of all available forms.
The statistics/overview module shows some simple statistics about the total number of patients, but also about the
set of forms that has been completed already, that are still in “draft” status, or that should still be started per form
type.
Security
The web-based system is deployed on an application server. The application server itself is not publicly accessible
on the internet but shielded by a reverse proxy server. The connection from the users’ browser to the reverse proxy
server is secured and encrypted by standard SSL-access. The survey data may be encrypted by means of a master
password, which is not stored anywhere on the server, but which needs to be provided by an administrator at each
server restart. When this option is enabled, the data of all form submissions is encrypted within the application by
a secure encryption algorithm (AES). This way, no readable data is available for a hacker who gains access to the
server or to the internal database. Note that enabling this option has implications in case data recovery is ever
necessary. When the data is encrypted, also the backup data is encrypted. When the master password is not
available, recovery is impossible.
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A note about script security: basic calculations can be expressed by the administrator in the “JSF Facelets
expression language”. They will be performed on the server side and cannot be manipulated by the end user who
fills out the form. On the other hand, JavaScript programs can be used for layout, graphics, … but since they are
executed on the client side (the browser), they could be manipulated by a malicious end user. For example, when a
part of a form should be hidden from an end user, the logic for this should be expressed in (server side) expression
language, and not in (client side) JavaScript, because otherwise the user could manipulate his/her browser to show
the hidden part anyway.
Data integrity
The data model contains a built-in versioning system, which keeps track of different versions of a form
description and also of the data filled ito it. This is useful both in case when the user accidentally overwrites data
in a form while filling it out, but also in case when a user fills in a form, but afterwards the form definition is
changed by the administrator, e.g. by removing or adding input fields. The system will, thanks to the versioning
functionality, still be able to match the data input with the correct (older) version of the form description (and field
labels). The versioning system could also allow to restore data entered in a previous form filling session (a multistage "undo" feature could be implemented based on this data model). The data model also allows that previous
versions of the form design could be restored.
III. Design of the software
III.1 Generic systems
In contrast to the situation at the start of this project, several web-based formfilling or data collection systems are
widely available nowadays (Google Forms, Microsoft Forms, form plugins for popular web content management
systems like Wordpress, …). Still, these generic systems lack a number of important features for the goal at hand.
They typically do not allow to assign permissions sets to specific users. Although they provide very userfriendly
interfaces for form design, their functionality is mostly limited to collecting responses in a number of predefined
fields, which can then be aggregated in a spreadsheet. Extensive scripting or layout control is not available. The
security model of some these platforms is questionable or at least opaque. Some of these systems do not allow to
link the input forms to subjects (patients in this case).
Since in addition none of these web-based systems were available at the time the project started, the decision to
build the system based on a clear set of requirements.
III.2 Open-source software
The software is created using open-source building blocks and tools [https://opensource.org]. Open-source
software is software which is licensed by its author in a way that everyone is able to study and distribute the
original source form of the software. This principle has led to a vast ecosystem of very thoroughly tested and
widely supported software building blocks and tools in the last decades. Evidence for this statement is provided
by surveys performed by automated systems that determine the software running on internet-servers (e.g.
websites). Open source web server software like Apache and Nginx power the majority of all web servers on the
internet, and the Linux operating system is more widely used than Windows on webservers [Ref.
https://w3techs.com/technologies/overview/web_server and https://news.netcraft.com/archives/category/webserver-survey/ ], and there are more open source programming languages (Java, Python, …) and they are more
widely used than languages for which only closed source implementations exist (like Delphi, SAS, ...) [Ref.
TIOBE index https://www.tiobe.com/tiobe-index/].
While some open-source projects are directly known to the large public in the form of end-user-applications (e.g.,
the Android operating system, the Firefox browser, and even the Microsoft Edge browser which is based upon the
Chromium project), most open-source software operates “under the hood” of end user applications. Because of
this, the advantages and the range or spread of open-source software may not be obvious to everyone, and some
elaboration is required.
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Source code availability is essential in security assessments of software building blocks. When more people that
want to use a specific piece of software, can also study the inner workings of software instead of buying a black
box, security flaws will more easily be detected and fixed. This principle contrasts with the concept widely known
as “security through obscurity”, which should be avoided: errors (“bugs”) are inavoidably present in large and
complex systems. When the source code of a system cannot be studied by a wide audience, as in closed source
projects, it is incorrect to assume that it will remain undiscovered by potential hackers.
Open-source licenses can be either very permissive (e.g. the BSD-license or Apache-license, some of the Creative
Commons licenses) or very restrictive (e.g. the Gnu Public License (GPL), which prohibits use of non-GPLsoftware with software that is released under the GPL by its author).
The availability of choice of restrictions or permissions laid out in these different licenses, are suitable to
universities, large and small companies and individuals, who may either provide direct input or funding to specific
software projects or organize themselves in associations that maintain open-source projects. An example of such a
foundation is the Apache Software Foundation [Ref https://www.apache.org].
The major advantage for the participants in open-source projects is that the lifecycle of these open-source building
blocks and tools is independent of a specific company, and the return on investment of their contributions is that
the feature set or the code quality (e.g., in terms of security) of a specific building block increases by the
contributions of other participants, which can be freely used. Another popular business model is based on support
contracts for maintenance of the software, while the software itself remains free. The advantage for customers is
clearly the independence from a specific software vendor, and the avoidance of vendor lock in due to unknown or
undocumented data formats as used by closed source software.
The full source code of the system was released under an open-source license. The software is available at
https://github.com/DigonMfs/Dform.
III. 3 Software environment and building blocks
The system was designed in the Java programming language. It uses a JSF (Jakarta Server Faces, formerly Java
Server Faces, [https://jakarta.ee/specifications/faces/]) framework implementation (PrimeFaces,
[https://www.primefaces.org/]) for the web interface. The software runs within a Payara application server
[https://www.payara.fish/] on the Linux [https://www.debian.org] operating system. The application is shielded
from direct internet access by an Apache [https://httpd.apache.org/] web server in reverse proxy mode
[https://httpd.apache.org/docs/2.4/howto/reverse_proxy.html]. The Apache server performs the SSL offloading and
communicates with the application server via the AJP protocol. The SSL certificate is provided by LetsEncrypt
[https://letsencrypt.org], but it can easily be replaced by another certificate. The backend database is MariaDB
[https://mariadb.org/].
IV. Implementation
While the choice for Java as a widely used generic programming language for business applications in the light of
previous discussion on open-source software is obvious, the choice for the JSF framework for the web-based user
interface is not arbitrary, but in fact crucial to the concept of the system.
There are two important reasons for this strong dependence of the software on JSF. The first one is the inherently
secure design concept in JSF, where the server side cannot easily be manipulated by sending unexpected data from
the client side (e.g., a hacking attempt). The second reason is in fact the base for the main contribution in this
software project. In DForm, the system developed here, the powerful web page design features in JSF which are
normally targeted to the application programmer, are made available to the application user (the administrator),
who can create web pages and forms that are dynamically compiled and used in the application. Where normally
the JSF page definitions are fixed, and belong to the software source code, the contribution here is that the JSF
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page definitions can be stored in the database, manipulated by a user interface user, and used immediately as form
definitions.
Both of these aspects will now be elaborated upon in the next sections. Finally, the implementation of the output
transformation module is briefly described.
Security in the web interface and intrinsic security in JSF
Web based applications have two parts: a client (the browser) and a server. The server is typically accessible from
all over the internet. The protocol that is used for communication between the server and the client is the
Hypertext Transfer Protocol (HTTP). This section shows that a server in a web-based application cannot trust that
the information it sends to the client is shown to the user as the server intended, and at the same time it cannot
trust the information or the requests it receives from the client, and how this issue is resolved.
A web client requests a page with a certain URL (a so-called “GET”-operation in the HTTP-protocol), and the
server returns a description of what the page should look like in a language called Hypertext Markup Language
(HTML). The client browser should render this page and show it to the user. The web page may have components
with which the user can interact (input fields, buttons, links to other web pages). The HTML-code returned by the
server may also contain references to programs (typically in a language called JavaScript) which are also
downloaded by the client and executed on the client side after the rendering phase. After rendering, the client user
can read information from the web page and provide input to it. This user input will not be sent to the server
immediately, but only when either a specially labeled “submit”-button is pressed by the user, or when the
JavaScript code on the client side decides to send the information back to the server. This is the “POST”-operation
in the HTTP-protocol.
The major point here is that the data that is to be shown to the user, and the data that is entered by the user flows
between the server and the client browser via a communications channel, but that the server software does not
have direct control over what the client browser shows, neither does it have immediate access to what the client
user enters. Also, the client does not know for sure if the information it sends (the input fields) are sent to the
intended server and not to a party that impersonates the server in order to gain access to the data that is entered on
the client. This is a major difference with so-called desktop applications, where the software is a monolithic block
on the user’s computer in which output design and direct access to the input by the user is built in. In web
applications, this block is split into several parts which are accessible to and controllable by different parties. First,
there is a communication path between the server and the client browser which may be compromised by a third
party for eavesdropping, inserting data, and due to which the client user cannot be sure that the data is sent to the
intended server. Second, the user (or malicious software that has access to his or her computer) can try to send
data or requests to the server that are not generated by the page the server intended to show on the client browser.
The first problem is resolved by using the so-called HTTPS-protocol (HTTP over Tansport Layer Security (TLS))
instead of plain HTTP. In this protocol a trusted third party checks the identity of the server and delivers a
certificate to the server by means of which the server can both prove to the client browser that it is trusted and that
it is the intended communications partner (avoiding a so-called man-in-the-middle-attack, and at the same time
the data between the server and the client can be encrypted, which means that a third party cannot eavesdrop on
the communication. The trusted third party has to be registered as “trusted” in the client browser (which is done
by browser manufacturers who in doing so, take on the role of trusted-third-party vis a vis the browser user).
The second problem, where the client user has full control over the browser on the client side, can forge requests
to the server and try to compromise the server or trick the server into returning information that should not have
been sent to the user, has no standard solution, and is to be handled by the application.
The choice for the JSF platform as a software layer between the application and the client browser, mitigates this
second concern to a great extent. The platform takes over a number of responsibilities from the application.
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A large number of modern web-applications make extensive use of the paradigm laid out in the previous
paragraphs, where client-side programs in JavaScript interact in an unpredictable way with application-provided
server-side interfaces. This leads to extensive user-interface design freedom, and access to a huge amount of (free
and open source) software libraries for achieving a myriad of different goals. The application software provides an
interface with a number of end points, where the client can request information. The downside is that each of the
requests should not be blindly trusted by the application software to correspond with what the server intended to
show to the user. The application software has to check for each request if the current user is allowed access to the
information that is requested, and if the data the user posts is not a malicious attempt to store data in the system
that can be used to gain access to information (e.g., from other users) later on.
In a first simple example, an application can send HTML-code with a disabled “delete” button to a user that has
no rights to delete data. The user’s browser then will show a greyed-out delete-button which cannot be clicked.
But the user could still forge a request to the server as if the delete button was pressed (or several thousands of
them at once). The application in this case both has to take the users permission to delete data into account when
the HTML-code is generated for displaying a screen to the user, as when a delete-request is received. A second
example could be a malicious user M who is expected to send a description in a text field, which is stored in the
backend database. This description may then be shown to another user A, later on. But when the text that M tries
to store in the database is not checked by the application, it may contain JavaScript programs that will not be
shown to A in a later stage but be executed (and collect information) on A’s browser later on.
It is both difficult and error-prone to take into account all possible attack attempts in an application design, but
also to maintain the application in adding functionality to it in a later stage.
The JSF platform moves a large portion of these concerns away from the application. It makes sure that in each
step only requests are allowed that correspond to the information that was shown to the user in the previous step,
and it also filters out possible malicious data in posts by default.
The JSF system does this by generating a restricted interface with which the user’s browser can interact from the
description of the web page that is shown to this user. The web page is described in a format called “facelets”. It is
an XML-based file format, named XHTML, which is based upon HTML-concepts, but which contains more
information. It does not only describe the layout and content to be rendered on the browser, but also names the
application variables to show to the user or accept input to (fields, buttons, selection lists, ...), in a specific state of
the application. The application variables can be accessed by means of the so-called JSF expression language.
On a request by the client browser, JSF generates a so-called “view” on the server side based upon this faceletsfile. This “view” is then rendered to plain HTML which is send to (and shown by) the browser. When the browser
posts anything to the server, JSF matches it to the server-side “view”. Only the expected data is allowed to
continue to flow to the variables in the application software. Unexpected input, e.g., an input field or delete button
marked as “disabled” will not be accepted. In a plain server/client application, the description of what is shown to
the user is independent of what can be sent back to the server, and the application would have to check on every
interaction if the input is expected. The JSF-system takes away this responsability from the application and allows
to combine what is shown to the user, and what is accepted as input, in one single place, the facelets-file.
IV.1 Providing access to the facelet-file definition to the forms administrator
In a JSF system, the facelets-files belong to the source code of the application. They describe the “face” of the
application towards the user. Together with the business logic of the application (typically in the Java language)
they constitute the application source, which is typically compiled to executable code (a machine-readable
installable application) by a developer, and then deployed on a server where it becomes available for use.
The facelets-file would indeed be a very powerfull description format for form-filling software. It provides full
control over what the browser will eventually show. It can contain layout, scripts (both JavaScript, client-side
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scripts and simple server-side calculations). But it would be inconvenient if a developer would have to invervene
whenever an input form has to be modified to edit the facelets file, compile the system and redeploy it.
In DForm, a method was developed by which the facelets file can be separated from the application’s source code.
It is instead stored in a database and compiled dynamically at runtime to executable application code. An
application user with the role of “administrator” can edit facelet files from the DForm user interface, which then
become immediately available to the other users as fillable forms.
The application code essentially refers to a servlet instead of a real facelets-file. The servlet loads the facelets code
from the database, and after some manipulations, serves it to the system, which then compiles and uses it.
Additionally, in the business logic of the DForm application two data structures are provided. These data
structures are so-called “maps”. A map is a collection of key-value pairs. The maps are called “p” and “n”. New
key-value pairs can be added to these maps by merely referring to them in the facelets file. This is an atypical use
of maps, it relies on the behaviour of Java maps and the facelets expression language that a key-value pair is
created just by referring to it.
For example;
<df:inputText value="#{p.birth_weight}">
will address the “p”-map, create a key “birth_weight” in it if it does not exist yet, and link a text input field to the
value of this key. The “p”-map is serialized in an XML-format and stored to the database on submission of the
form.
The “n”-map is also available for temporary storage of values that do not need to be stored in the database. It can
be used to store temporary or intermediate results of computations (conversions, …) that can be performed by
code in the facelets file.
For the syntax and code constructs available in a facelets file, we refer to the JSF documentation. The full
implementation of DForm is available [https://www.digon.be/dform].
IV.2 Output transformation
In order to provide a consistent output format for further statistics processing, independent of changes (additions)
to forms over time, a number of output transformations can be defined. At each data export, an output
transformation can be selected, ensuring that an export to a spreadsheet contains exactly the same columns as a
previous export with the same transformation (even if additional input fields have been added to the input form).
This output transformation is described in Extensible Stylesheet Language (XSLT), which is applied to the data in
the form submissions XML format. It can be transformed into tabular (spreadsheet) data. A default XSLTtransformation can be generated by the software (the default transformation contains all form input fields of all
available forms at the time of generation of the XSLT-transformation). This default transformation can then be
edited and stored. An example of an output transformation that results in a simple spreadsheet with all patient’s
codes in the first column, and their age filled in in the Audiology form, instance “3” is given below.
<?xml version="1.0" encoding="UTF-8"?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform" version="1.0">
<xsl:output method="html"/>
<xsl:template match="/">
<table>
<th><td>Patient</td><td>Audiology 3 : Age</td></th>
<xsl:for-each select="DigonDFormOutput/subject">
<tr>
<td><xsl:value-of select="@alfacode"/></td>
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<td><xsl:value-of
select="DigonFormData[@formname='Audiology'][@instance='3']/KeyValue[@Key='ageaudio']/@Value"/></td
>
</tr>
</xsl:for-each>
</table>
</xsl:template>
</xsl:stylesheet>
While the output module is certainly very versatile, applying the XSLT-transformation to a large number of
“patients times variables”, proves to use a lot of memory. In practice, applying the output transformation on times
when an export of the data is required, seems to be the major bottleneck for the server resources. Usually all data
(columns) are required, and the benefit of the transformation system can hence be questioned. Source code
optimizations are certainly possible by always exporting all data instead of using an output description, or by
implementing a more efficient (but less versatile than XSLT) output transformation.
V. Conclusion
DForm is a form template design and multi-user form filling system, designed with security and data integrity in
mind. It overcomes some of the shortcoming of off-the-shelve systems and was specifically modelled to the
requirements of the CMV-project. The implementation of this electronic database has facilitated data gathering,
enhanced uniformity in reporting and hence, enabled us to describe our population in a more precise manner.
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VRAGENLIJST DIE PEILT NAAR DE PSYCHOMOTORE ONTWIKKELING
BIJ KINDEREN MET CONGENITALE CYTOMEGALOVIRUSINFECTIE

Onderzoek in kader van de registratie en opvolging
van kinderen in het Vlaams CMV register
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Persoonlijke gegevens
Datum invullen vragenlijst:

/

/

A. Informatie kind

Naam:
Geboortedatum:
Geslacht:

/

/

Huidig gewicht:

jongen/ meisje

Huidige lengte:

Mijn kind is gekend met een ernstige psychomotore achterstand en wordt hiervoor gevolgd
bij....................................................... (naam arts en centrum)

Ik wens de vragenlijst niet in te vullen maar geef hierbij toestemming om de resultaten van deze opvolging op te
vragen bij bovengenoemde arts.
Ik wens de vragenlijst wel in te vullen :
Klas van mijn kind: (Indien u volgende vraag invult in de zomervakantie, gelieve dan de klas waar uw kind vóór
deze zomervakantie in zat, aan te duiden
1e kleuterklas

gemengde groep: 4 - 6 jaar (2de +3de kk)

2de kleuterklas

gemengde groep: 3 - 6 jaar (1e +2de +3de kk)

3de kleuterklas

1e leerjaar

De hoeveelste keer volgt uw kind deze klas al? …………
Krijgt uw kind GON-begeleiding ? ...........
Volgt uw kind buitengewoon onderwijs? ........
Hoeveel kinderen zijn er op dit moment in uw gezin? …………
Hoeveel kinderen daarvan zijn ouder dan het kind waarvoor u deze vragenlijst invult? ……
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Informatie over de persoon die de vragenlijst invult
•
□
□
□
□

Relatie met kind:
vader
moeder
voogd
andere persoon : ………………………………

•

Beroep persoon die de vragenlijst invult: ……………………………………………………............
Beroep (andere) ouder(s): ……………………………………………………………………..................

•

Ik spreek steeds Nederlands met mijn kind: ja / neen
Indien u niet steeds Nederlands spreekt met uw kind, welke taal/talen spreekt u dan wel?
……………………………………………………………………………………………………….....................
...

•

Kreeg u extra informatie van iemand die uw kind goed kent om de vragenlijst in te vullen?
(Beantwoord deze vraag na het invullen van de vragenlijst)
□
□
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neen
ja, ik kreeg hiervoor informatie van (vul in welke relatie deze persoon heeft tot uw kind bv. moeder,
vader, grootouders, leerkracht, oppas enz.)
…………………………………………...………………………………………………………………
……………………

1. Voorgeschiedenis

1.1

Waren er problemen tijdens de zwangerschap van dit kind (buiten de CMV-infectie?)
ja / neen
Zo ja, om welke problemen ging het dan?
...........................................................................................................
...........................................................................................................
...........................................................................................................

1.2

1.3

a. Voor welke datum was de bevalling uitgerekend?
/
/
b. Werd uw kind op tijd geboren?
□ ja
□ neen, te vroeg geboren (meer dan 3 weken vòòr de uitgerekende datum)
□ neen, te laat geboren (meer dan 2 weken na de uitgerekende datum)
c. Indien te vroeg geboren, hoeveel weken werd uw kind te vroeg geboren?
Meer dan ...... weken vòòr de uitgerekende datum
Waren er problemen bij de geboorte van uw kind?
Zo ja, om welke problemen ging het dan?

ja / neen

...........................................................................................................
...........................................................................................................
...........................................................................................................

1.4

Had uw kind in de voorbije jaren ooit een ziekte waarvoor hij/zij langer dan een maand behandeld moest
worden of waarvoor hij/zij moest worden opgenomen in het ziekenhuis?
ja / neen
Zo ja, waarvoor, wanneer en hoe lang?

...........................................................................................................
...........................................................................................................
...........................................................................................................
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1.5

Werden er problemen vastgesteld in de ontwikkeling van uw kind tijdens zijn/haar eerste levensjaar?
ja / neen
Zo ja, welke problemen?

...........................................................................................................
...........................................................................................................
...........................................................................................................

1.6

a. Heeft uw kind op dit ogenblik problemen met het zicht?
b. Is er in de nabije toekomst een onderzoek bij een oogarts
gepland?

ja / vermoedelijk / neen

ja / neen

c. Indien uw kind op dit ogenblik minder goed ziet, heeft u een idee wat de oorzaak hiervan is?
……………………………………………………………………………………......................

d. Draagt uw kind een bril?

1.7

a. Hoort uw kind op dit ogenblik minder goed?
b. Is er in de nabije toekomst een onderzoek bij een neus-keeloor arts gepland?

ja / neen

ja / vermoedelijk / neen

ja / neen

c. Indien uw kind op dit ogenblik minder goed hoort, heeft u een idee wat de oorzaak hiervan is?
……………………………………………………………………………………...........................

d. Heeft uw kind een hoorapparaat of cochleair implant?
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ja / neen

1.8

Maakt u zich soms zorgen over de ontwikkeling van uw kind?
ja / neen / een beetje
Zo ja, over welk onderdeel van de ontwikkeling van uw kind maakt u zich zorgen?
(meerdere antwoorden zijn mogelijk)
□
□
□
□

Motorische ontwikkeling (o.a. grove motoriek, fijne motoriek, evenwicht, coördinatie…)
Spraak- en taalontwikkeling (o.a. spreken, woordenschat, zinsbouw…)
Sociaal-emotionele ontwikkeling (o.a. gedrag, zelfvertrouwen, contact met andere kinderen…)
Spel- en werkhouding (o.a. aandacht, beurt afwachten, luisteren naar anderen, zelfstandig
werken…)
□ Andere
Verduidelijk hieronder waarover u zich zorgen maakt.
...........................................................................................................
...........................................................................................................

1.9

Heeft iemand uit uw omgeving (de juf of meester van uw kind, een grootouder, iemand van het CLB,
enz…) u in het verleden al gewezen op moeilijkheden binnen een of meerdere van de
ontwikkelingsdomeinen uit vraag 1.8?
ja / neen
Zo ja, welke domeinen? Kunt u dit verduidelijken?
...........................................................................................................
...........................................................................................................
...........................................................................................................

1.10 Is uw kind in het verleden reeds in behandeling geweest voor moeilijkheden binnen één of meerdere van
de ontwikkelingsdomeinen uit vraag 1.8?
ja / neen
Zo ja, welke behandeling(en) heeft uw kind gekregen?
...........................................................................................................
...........................................................................................................
...........................................................................................................
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1.11 Zijn er volgens u moeilijkheden op het vlak van beweging bij uw kind?
ja / neen
Zo ja, treden deze moeilijkheden dan op in alle situaties of meer/minder in bepaalde omstandigheden?
Kan u omschrijven in welke omstandigheden de moeilijkheden optreden?
...........................................................................................................
...........................................................................................................
...........................................................................................................

1.12 Doet uw kind aan sport zoals kleuterturnen, zwemmen of andere?
ja / neen
Zo ja, welke?
...........................................................................................................
...........................................................................................................

Verliep dit tot nu toe altijd vlot of zijn er soms moeilijkheden? Indien moeilijkheden, kunt u deze
omschrijven?
...........................................................................................................
...........................................................................................................
...........................................................................................................
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2. Psychomotorische vaardigheden

➢ In dit onderdeel van de vragenlijst volgen een aantal vragen over de mate waarin uw kind een aantal
vaardigheden al kan of nog niet kan. Lees de vragen eerst aandachtig voor u ze beantwoordt.
➢ Per vraag geeft u uw kind een score. De scorecriteria worden per onderdeel vermeld. Geef telkens één
antwoord per vraag, maar beantwoord alle vragen, aub.
➢ Omcirkel het juiste antwoord.
➢ Het kan nuttig zijn de vragenlijst in te vullen wanneer uw kind in de buurt is. Als uw kind een activiteit
nog nooit in uw bijzijn heeft gedaan, mag u dit gerust eens samen met uw kind proberen (zonder
hem/haar het gevoel te geven dat dit om een test voor punten gaat). Laat uw kind ook niet eindeloos
opnieuw proberen tot hij een taak juist uitvoert. Dit leidt enkel tot frustraties bij uw kind en bij uzelf. Een
drietal pogingen is over het algemeen voldoende om vast te stellen of uw kind een bepaalde
vaardigheid wel al kan of nog niet. Als u toch nog twijfelt, vul dan in wat u denkt dat uw kind zou
kunnen.
➢ Bij het onderdeel ‘fijne motoriek’ en ‘motorisch-cognitief domein’ heeft u de mogelijkheid te kiezen voor
de optie ‘? = ik denk van wel, maar we hebben dit nog nooit geprobeerd’. Het is mogelijk dat u uw
kind bepaalde activiteiten nog niet zag uitvoeren. Vaak is dit omdat het kind de vaardigheid niet beheerst.
Mocht u toch het gevoel hebben dat dit voor uw kind niet klopt, vul dan ‘?’ in. We vragen u echter dit
antwoord tot maximaal drie keer te beperken.
➢ Is informatie over een omschrijving niet bekend, dan kan u gerust de hulp van andere personen
(leerkracht, grootouder, verantwoordelijke van de sportclub van uw kind…) vragen om het antwoord op
de beweringen toch zo goed mogelijk in te schatten.
➢ Onder elk onderdeel wordt ruimte voorzien om uw antwoorden te verduidelijken, indien u dat wenst.
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A. Motorisch domein
1. Grove motoriek
Geef een score als volgt:
1 = Deze omschrijving klopt helemaal niet voor mijn kind.
2 = Deze omschrijving klopt uitzonderlijk voor mijn kind.
(hij kan de activiteit bijna uitvoeren)
3 = Deze omschrijving klopt min of meer voor mijn kind.
(het lukt soms, maar mislukt ook soms)
4 = Deze omschrijving klopt (bijna) altijd voor mijn kind.
( hij kan de activiteit altijd vlot uitvoeren)

2.1. Mijn kind rent op dezelfde manier als de meeste leeftijdsgenootjes. Hij maakt
hierbij geen onnodige bijbewegingen met het hoofd, de armen of de benen.

1

2 3 4

1

2 3 4

1

2 3 4

1

2 3 4

1

2 3 4

Bijbewegingen zijn bv. grote zwaaibewegingen van de armen, grimassen op
het gezicht, enz…

2.2. Mijn kind loopt ongeveer aan dezelfde snelheid als zijn leeftijdsgenootjes en
kan op tijd stoppen wanneer dat gevraagd wordt of wanneer hij een hindernis
tegenkomt.

2.3. Mijn kind kan achteruitlopen zonder te vallen.

2.4.Mijn kind kan de trap op- en aflopen, waarbij hij/zij per trede afwisselt tussen
rechter- en linkerbeen, m.a.w. op elke trede komt slechts één en geen twee
voeten terecht. Hij kan dit zonder zich vast te houden aan de trapleuning.

2.5. Mijn kind kan al lopend over een kleine hindernis van ongeveer 10 cm hoog
springen.
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2.6. Mijn kind kan huppelen.
Huppelen is een stap zetten met de eerste voet, gevolgd door een sprong op
dezelfde voet en dan een stap en een sprong op de andere voet, opnieuw een stap
en een sprong met de eerste voet, enz.

1

2 3 4

1

2 3 4

1

2 3 4

1

2 3 4

1

2 3 4

2.11.

1

2 3 4

2.12.

1

2 3 4

2.7. Mijn kind kan met beide voeten samen springen en houdt eveneens zijn beide
voeten bij elkaar wanneer hij landt op de grond.
Dit wil zeggen dat de twee voeten gedurende de volledige sprong door de lucht
samen gehouden worden en de beweging dus niet lijkt op het nemen van een soort
verlengde stap.

2.8.Mijn kind kan ongeveer 10 keer na elkaar ononderbroken op één been
springen. Hij kan dit zowel ter plaatse als terwijl hij vooruitspringt.

2.9. Mijn kind kan met gesloten ogen gedurende meer dan 5 seconden op 1 been
blijven staan. Hij kan dat zowel met het linker- als met het rechterbeen.

2.10.

Mijn kind kan op een rechte lijn meer dan 5 stapjes vooruit zetten, met
telkens de hiel van de voet die hij neerzet tegen de tenen van zijn andere voet,
zonder het evenwicht te verliezen.

Mijn kind kan een bal doelgericht naar een andere stilstaande persoon
gooien.

Mijn kind kan een bal meer dan 2 meter wegschoppen bij het voetballen of
andere spelletjes.

2.13.

Mijn kind kan fietsen op een fiets met steunwieltjes.

1

2 3 4

2.14.

Mijn kind kan fietsen zonder steunwieltjes.

1

2 3 4
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Duid aan voor fietsen zonder steunwieltjes:
□

We hebben dit thuis al veel geoefend

□

We zijn net begonnen met het oefenen hiervan

□

We hebben dit thuis nog niet geoefend

2.15.

Mijn kind kan schommelen waarbij hij zichzelf in beweging houdt, m.a.w.
zonder hierbij geduwd te worden.

1

2 3 4

2.16. Mijn kind kan op de ladder van een glijbaan klimmen.

1

2 3 4

2.17.

1

2 3 4

1

2 3 4

1

2 3 4

1

2 3

De schommelbeweging mag in gang gezet worden door één enkele duw van een
andere persoon.

Mijn kind kan een koprol maken zonder daarbij scheef te rollen.

2.18. Mijn kind kan een bal met twee handen 2 à 3 keer op de grond kaatsen en
terug met twee handen opvangen.

2.19. Mijn kind kan een harde bal een halve meter omhoog gooien en zelf terug
opvangen.

2.20. Mijn kind kan een toegeworpen bal (diameter ongeveer 20cm) met beide
handen vangen. Hij houdt zijn armen hierbij gebogen en vangt de bal met de
handen alleen, en dus niet door deze tegen de borstkas te drukken.

Heeft u nog opmerkingen of wilt u graag iets verduidelijken bij de vragen over ‘grove motoriek’
........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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4

2. Fijne motoriek
Geef een score als volgt:
ja

= dit klopt in de meerderheid van de gevallen voor mijn kind

neen

= dit klopt niet of slechts uitzonderlijk voor mijn kind

?

= ik denk dat dit klopt voor mijn kind, maar we hebben dit nog nooit geprobeerd

2.21.

Mijn kind gebruikt dezelfde hand bij eenzelfde motorische taak zoals eten,
tanden poetsen, de dop van een fles draaien… en kan zelf aangeven welke hand
zijn ‘beste’ hand is.

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

2.22. Mijn kind kan vlot een voorgetekende cirkel en een vierkant uitknippen
met een schaar.
Hij wijkt daarbij minder dan een centimeter af van de getekende lijn.

2.23. Mijn kind kan kralen, zo groot als een erwt, op een touwtje rijgen.
2.24. Mijn kind kleurt bijna volledig ‘binnen de lijntjes’.
2.25. Mijn kind kan voorwerpen goed vasthouden zonder deze zomaar te laten
vallen.

2.26. Mijn kind kan figuren zoals een vierkant, een cirkel, een driehoek en een
kruis natekenen van een voorbeeldtekening.
De figuren vertonen gelijkenis met het voorbeeld, maar de grootte ervan kan
verschillend zijn.

2.27. Mijn kind kan een mannetje met hoofd, buik, armen en benen tekenen.
2.28. Mijn kind kan een puzzel met minstens 25 stukken maken zonder hulp.
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2.29. Mijn kind tekent een schuin kruis ‘X’ met 2 vloeiende schuine lijnen.
Dus hij heft het potlood enkel op om over te gaan naar de tweede lijn. Hij
draait zijn blad hierbij niet in een andere richting.

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

2.30. Mijn kind kan figuren sorteren volgens 2 criteria: vorm en kleur.
Bijvoorbeeld alle rode cirkels samenleggen, alle blauwe vierkanten…

2.31.

Mijn kind gebruikt steeds dezelfde hand om te tekenen of schrijven.

2.32. De niet-tekenende hand wordt gebruikt om het blad vast te houden zodat
dit niet voortdurend verschuift bij het tekenen of kleuren.
Dus de andere hand bevindt zich niet zonder functie naast het blad of naast de
tafel of wordt niet gebruikt om het hoofd te ondersteunen.

2.33. Mijn kind houdt zijn potlood soepel vast en geeft niet teveel of te weinig
druk op het potlood bij het kleuren.
Als de punt van het potlood van uw kind vaak afbreekt of er soms gaatjes in het
papier ontstaan, kan dat wijzen op teveel druk bij het kleuren of tekenen. Ook
een witte nagel of opvallend knijpen in de penpunt, wijst op een te grote druk.
Als de tekening te licht ingekleurd of getekend is, kan dat wijzen op te weinig
druk.

2.34. Bij welke groep van afbeeldingen (zie volgende pagina) past de pengreep van uw kind volgens
u het best?

(Houd ook rekening met de bijhorende uitleg)

Instructies:
•

Op de afbeeldingen wordt telkens de pengreep van een rechtshandige persoon
getoond. Indien uw kind linkshandig is, beeld u dan dezelfde grepen, maar met de
linkerhand, in.
• Duid hoogstens 1 groep aan, deze die volgens u het beste past.
• Let goed op alle vingers, de onderstaande beschrijving geeft verduidelijking over
de beweging van de arm, pols en vingers bij de verschillende grepen.
• Het maakt nog niet uit of uw kind zijn potlood/balpen verder of dichter bij de punt
vasthoudt.
De pengreep van mijn kind past het best bij:
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□

Groep 1

□

Groep 2

□

Groep 3

□

Geen enkele van de foto’s en omschrijvingen lijkt op de pengreep van mijn kind.

Ziet u een opvallende gelijkenis tussen de pengreep van uw kind en één van de foto’s?
Zo ja, omcirkel die foto dan.
□ Groep 1

Het kind houdt het potlood vast in de palm van zijn of haar hand. De bewegingen
van het potlood komen vooral vanuit de (voor)arm, romp en soms de pols. Je ziet
geen duim- en vingerbewegingen.
□ Groep 2

De voorarm van het kind rust op de tafel. De kinderen houden het potlood niet meer
in de handpalm, maar tussen duim en vingers vast. De schrijfbewegingen komen niet
vanuit de vingers, maar vanuit de pols en elleboog. De hand beweegt als gevolg als
één geheel.
□ Groep 3

De voorarm van het kind rust op de tafel. Bij deze pengrepen beweegt het potlood
vooral vanuit de duim en vingers. De pols beweegt enkel bij grote bewegingen bv.
om de arm verder van links naar rechts over het blad te verschuiven.
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Indien geen enkele foto of omschrijving op de pengreep van uw kind lijkt,
beschrijf dan hieronder wat bij uw kind anders is dan op de foto’s:

2.35. Mijn kind kan zijn naam al natekenen.
Dit mag nog in drukletters of al in geschreven letters zijn.

ja neen

?

Heeft u nog opmerkingen of wilt u graag iets verduidelijken bij de vragen over de ‘fijne motoriek’?

...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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B. Motorisch-cognitief domein
Geef een score als volgt:
ja

= klopt meestal wel voor mijn kind

neen

= klopt meestal niet voor mijn kind

?

= ik denk dat dit klopt voor mijn kind, maar we hebben dit nog nooit geprobeerd

2.36. Mijn kind kan bewegingsopdrachten uitvoeren.
Bv. Steek je arm omhoog, loop op de tippen van je tenen, steek je buik vooruit,
doe alsof je vliegt…

2.37. Mijn kind beweegt vlot en niet onzeker, stuntelig of stroef.

ja neen

?

ja neen

?

ja neen

?

2.38. Mijn kind kan een goed tempo aanhouden bij bewegingstaken. Hij is niet
opvallend traag in vergelijking met kinderen van zijn leeftijd.

2.39. Mijn kind kan de meeste van volgende lichaamsdelen benoemen en aanwijzen bij zichzelf, bij
een andere persoon of op een foto:
Duid aan welke lichaamsdelen uw kind al kent:
□
□
□
□
□
□
□

schouder

□

pols

□

voorhoofd

elleboog

□

duim

□

wenkbrauw

enkel

□

wijsvinger

□

wimper

hals

□

middelvinger

□

hiel

□

ringvinger

□

heup

□

pink

□

nek
keel
wang

dij

2.40. Mijn kind begrijpt wanneer een voorwerp zich boven, onder, voor, achter,
ver van, dichtbij zichzelf of iemand/iets anders bevindt.

ja neen

?
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Bv. hij gaat op vraag onder de tafel zitten, kan mij uitleggen dat hij achter de
stoel staat, enzovoort…

2.41. Mijn kind kan zelfstandig al zijn kleren aantrekken: jas, broek, sokken,
schoenen (niet de veters strikken), enz. Sluitingen, zoals knopen en ritsen,
zijn geen probleem voor hem.

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

ja neen

?

2.42. Mijn kind kan volledig zelfstandig naar het toilet gaan: broek aan en uit,
papier pakken, poep afvegen (een beetje hulp is toegestaan), doorspoelen.

2.43. Mijn kind kan zich zelfstandig wassen in bad (behalve de rug, nek en
oren).

2.44. Mijn kind kan zelfstandig eten met lepel en vork, zonder te morsen.
2.45. Mijn kind kan kleine verschillen zien tussen twee prenten die sterk op
elkaar gelijken.

2.46. Mijn kind kan bij eenvoudige woorden een drietal rijmwoorden opnoemen.
Bv. muis: huis – kuis – buis; vier: mier – kier; pan: kan – dan – man etc

2.47. Mijn kind kan goed dingen onthouden.
Denk bijvoorbeeld aan een versje, liedjes, rijmpjes, nieuwjaarsbrief, enzovoort.

2.48. Mijn kind kan in de maat van een liedje klappen of stappen.

Heeft u nog opmerkingen of wilt u graag iets verduidelijken bij de vragen over het motorisch-cognitief
domein?
...........................................................................................................
...........................................................................................................
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C. Sociaal-affectief domein
Hieronder volgen een aantal vragen over de emoties en de gevoelens die de motorische vaardigheid van uw kind
kunnen beïnvloeden. Duid aan welke volgens u van toepassing zijn op uw kind.

2.49. Ik heb de indruk dat mijn kind vaak ongelukkig overkomt.

ja / neen

2.50. Ik heb de indruk dat mijn kind te vaak verlegen is.

ja / neen

2.51.

ja / neen

Ik heb de indruk dat mijn kind vaak opstandig is.

2.52. Ik heb de indruk dat mijn kind moeilijk nieuwe vriendjes maakt.

ja / neen

2.53. Ik heb de indruk dat mijn kind te weinig zelfvertrouwen heeft.

ja / neen

2.54. Ik heb de indruk dat mijn kind te vaak zenuwachtig is.

ja / neen

2.55. Ik heb de indruk dat mijn kind te vaak ongeduldig is.

ja / neen

2.56. Ik heb de indruk dat mijn kind vaak ongeïnteresseerd overkomt.

ja / neen

2.57. Ik heb de indruk dat mijn kind vaak beloond of aangemoedigd moet

ja / neen

worden vooraleer hij wil doen wat ik hem vraag.

2.58. Bovenstaande eigenschappen van mijn kind hebben een invloed op zijn

ja / neen

bewegingsvaardigheid.

Heeft u nog opmerkingen of wilt u graag iets verduidelijken bij de vorige vragen?
...........................................................................................................
...........................................................................................................
...........................................................................................................
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3. Beleving/taakgedrag

Geef hieronder aan of er (gedrags)factoren zijn die volgens u van invloed zijn op de motorische prestaties van uw
kind. De kopjes (vetgedrukte woorden) zijn de (gedrags)factoren waar hier naar gepolst wordt. De voorbeelden bij
elke vraag dienen enkel om u te helpen een beter idee te krijgen van situaties waarin dit gedrag mogelijk gezien
kan worden.

3.1

Vindt uw kind het fijn om bewegingsspelletjes zoals tikkertje, haasje over… te
spelen?

ja / neen

3.2

Vindt uw kind het fijn om te knutselen?

ja / neen

3.3

Vindt uw kind het fijn om met constructiemateriaal zoals duplo, lego,
kralen… te spelen ?

ja / neen

3.4

Beperkte aandacht
bv. heeft u de indruk dat uw kind vaak snel afgeleid is of dat hij moeite heeft
om zich gedurende een langere tijd met een spel/taak bezig te houden?

ja / neen

Impulsiviteit
bv. heeft u de indruk dat uw kind vaak te snel aan een opdracht begint
vooraleer hij alle instructies gekregen heeft?

ja / neen

Overbeweeglijkheid
bv. heeft u de indruk dat uw kind precies niet kan stilzitten op een stoel of
voortdurend van de ene plaats naar de andere loopt of zit hij vaak te prutsen
wanneer hij moet stilzitten op een stoel?

ja / neen

Faalangst of onderschat het eigen kunnen
bv. heeft u de indruk dat uw kind vaak angst heeft om bepaalde opdrachten uit
te voeren of vaak zegt dat een opdracht te moeilijk is?

ja / neen

3.5

3.6

3.7
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3.8

3.9

3.10

3.11

3.12

3.13

3.14

Overschat het eigen kunnen
bv. heeft u de indruk dat uw kind vaak taken probeert uit te voeren die
duidelijk veel te moeilijk zijn of die hij sneller wil uitvoeren dan mogelijk is?

ja / neen

Motivatie
bv. heeft u de indruk dat uw kind snel gefrustreerd is wanneer iets niet meteen
lukt?

ja / neen

Zelfstandigheid
bv. heeft u de indruk dat uw kind te vaak uw hulp of die van anderen vraagt
(bv. bij aankleden, schooltaakjes, knutselwerkjes enz…)?

ja / neen

Nauwkeurigheid
bv. heeft u de indruk dat uw kind er weinig belang aan hecht om nauwkeurig
en zorgvuldig te werk te gaan bij taakjes die hij krijgt?

ja / neen

Doorzettingsvermogen
bv. heeft u de indruk dat uw kind een bewegingstaak niet lang kan volhouden
of snel opgeeft als iets niet meteen lukt?

ja / neen

Vergeetachtig
bv. heeft u de indruk dat uw kind vaak (delen van) opdrachten die u geeft, lijkt
te vergeten?

ja / neen

Twijfelend
bv. Heeft u de indruk dat uw kind vaak besluiteloos is bijvoorbeeld wanneer hij
moet kiezen met welk speelgoed te spelen?

ja / neen

3.15

Zijn er nog andere gedragsfactoren van uw kind die een invloed hebben op zijn bewegingsvaardigheden?
U mag ook de positieve aspecten benoemen, ook al worden de negatieve aspecten meer benadrukt.
...........................................................................................................
...........................................................................................................
...........................................................................................................
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3.16

Merkte u gedurende de laatste 6 maanden veranderingen op in de bewegingsvaardigheden van uw kind?
Dit mogen zowel positieve als negatieve veranderingen zijn.
...........................................................................................................
...........................................................................................................
...........................................................................................................

3.17

Heeft u nog opmerkingen of wilt u graag iets verduidelijken bij de vorige vragen?
...........................................................................................................
...........................................................................................................
...........................................................................................................

Bedankt voor het invullen van de vragenlijst.
Graag terugsturen in bijgevoegde gefrankeerde envelop.
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Congenital Cytomegalovirus infection in Flanders:
demography, management and outcome

Annelies Keymeulen
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DANKWOORD
Iedere keer ik aanwezig was op een doctoraatsverdediging de voorbije jaren, verliet ik de zaal steeds met het
gevoel dat een doctoraat afleggen niets voor mij zou zijn. Ik had nochtans een onderwerp dat me sterk
interesseerde en de wens om met dit wetenschappelijk werk de zorg voor onze CMV-patiënten te optimaliseren.
Er was ook de ‘goesting’ (hoewel niet altijd) en ook wel de verplichting (aan mezelf en de academische wereld)
om dit project tot een goed einde te brengen. Maar de ‘bumpy road’ naar deze dag zorgde ervoor dat het einddoel
af en toe zeer veraf leek. De spreekwoordelijke moed in de schoenen was niet altijd bevorderlijk voor een vlotte
tocht maar gelukkig waren er ook dagen dat ik op wolkjes liep bij mooie resultaten. En kijk, dan sta ik hier toch
vandaag: het einddoel bereikt.
Het spreekt voor zich dat ik deze weg niet had kunnen gaan zonder de steun, hulp, begeleiding en vriendschap van
velen. En al kan ik niet iedereen bij naam noemen, een welgemeende dankjewel aan allen die supporterden van
dichtbij of veraf de voorbije jaren.
Een groot woord van dank aan mijn promotor, prof. dr. Koen Smets en co-promotor prof. dr. Els De Leenheer.
Koen, het begon in 2009 toen je me 3 grote mappen met informed consents overhandigde van patiënten in het
Vlaams CMV-register. In 2007 had jij het register samen met een werkgroep van de VVK opgericht en ik was
zeker enthousiast om dit werk verder te zetten. Bedankt voor de kansen die je me hebt gegeven om mijn
wetenschappelijke kant te ontplooien, bedankt voor de tijd die ik ervoor kreeg naast de kliniek, bedankt voor de
kritische noot en het schouderklopje waar nodig.
Els, CMV en het gehoor zijn onlosmakelijk met elkaar verbonden dus kon jij niet ontbreken op deze weg. Jouw
duidelijke, kritische en stimulerende bijdrage aan de manuscripten en de snelle respons bij vragen werkten zeer
motiverend. Heel erg bedankt.
Natuurlijk ook een hartelijk dank aan de leden van de examencommissie: prof. dr. Roelens, prof. dr. Schelstraete,
prof. dr. Van Hoecke, prof. dr. Cools, prof. dr. Ceulemans en prof. dr. De Vries. Dankzij jullie suggesties en
opmerkingen is dit verhaal geworden wat het nu is. Bedankt ook voor de interessante en verrijkende discussie op
de interne verdediging. Ook dank aan de voorzitter van de examencommissie, prof. dr. Rietzschel. Naast al het
wetenschappelijke werk komen er in het eindstadium ook heel wat praktische zaken kijken waarvoor ik bij u
terecht kon.
Deze thesis is gebaseerd op de gegevens van de patiënten in het CMV-register. Dat het register in al die jaren is
uitgegroeid tot een database van ondertussen meer dan 1150 patiënten is de verdienste van heel wat mensen de
voorbije jaren.
In de eerste plaats wil ik graag de neonatologen, NKO-artsen en COS-artsen bedanken die mee aan de wieg
stonden van dit register en na al die jaren nog steeds enthousiast meewerken aan de uitbouw van het mooie CMVproject: prof. dr. Ludo Mahieu, prof. dr. Sabrina Laroche, dr. Alexandra Casaer, dr. Christine Van Mol, prof. dr.
Gunnar Naulaers, prof. dr. Veerle Cossey, prof. dr. Ingeborg Dhooghe, prof. dr. Helen Van Hoecke, prof. dr.
Christian De Sloovere, prof. dr. Boudewyns, dr. Kuhweide, dr. Schatteman, prof. dr. Smets, prof. dr. De
Leenheer, dr. Ann Oostra en Liesbeth Royackers. Hartelijk dank voor het includeren van patiënten, het aanvullen
van gegevens, het op zoek gaan naar ‘missing data’, het meedenken rond de aanpak van deze patiënten, het
opvolgen van de kinderen in jullie centrum en jullie input bij verschillende manuscripten. Het is heel fijn
samenwerken met jullie en ik hoop dat we dit project verder kunnen zetten de komende jaren.
Ook dankje aan de kinderradiologen, ofthalmologen, NKO-artsen, audiologen, pediaters en COS-artsen van de
meewerkende centra die betrokken zijn bij de aanpak en opvolging van de CMV-patiënten.
In de voorbije jaren hebben verschillende mensen voor een kortere of langere periode het register mee helpen
groeien: dankje Julie Goderis, Pauline Naessens, Ine Strybol, Jozefien De Clercq, Elise De Cuyper, Cleo Dhont.
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Graag wil ik ook prof. dr. Liza Padalko en dr. Koen Vercauteren bedanken voor hun hulp en ondersteuning bij de
studie rond diagnostische technieken. Liza, jouw enthousiasme en betrokkenheid bij het CMV-verhaal zijn
hartverwarmend.
Waar het register startte op papier, is er sinds 2013 een electronische database ter beschikking. Deze grote stap
voorwaarts in de dataverzameling, output en verwerking zou er nooit gekomen zonder Geert Rombouts die deze
database ontworpen heeft. Dankje Geert, om te begrijpen wat we wilden, om ervoor te zorgen dat het een
werkbaar instrument is, om nog steeds paraat te staan bij vragen en problemen en om te blijven werken aan de
betere versie van de database. De bedanking in etentjes loopt wat achterop door corona maar dat halen we zeker
in!
Al heb ik de voorbije jaren ervaren dat wetenschappelijk onderzoek zeer verrijkend is, mijn hart ligt nog steeds
eerst en vooral bij de patiëntjes en hun ouders. Werken op de NICU heeft me de voorbije jaren zeker en vast de
blijvende energie gegeven om dit tot een goed einde te brengen. Dankje fantastisch NICU-team voor het
luisterend oor, het ontspannende koffietje in de keuken, het steuntje in de rug, het lachen om niks en het
dagdagelijkse fijn samenwerken. Ik zou deze job met niemand anders dan jullie willen doen. Een speciale dankje
aan Wendolin voor alle praktische ondersteuning.
Ik mag natuurlijk mijn collega’s niet vergeten: Alexandra, Linde, Kris, Sophie, Lara, Julie en Pauline. Dankje om
me de voorbije maanden de tijd te gunnen om hieraan te werken, dankje om er te zijn als het eens tegenzat en
dankje om mee blij te zijn als het lukte. Ik ben trots deel uit te maken van ons team.
Het cirkeltje ‘dankjewels’ wordt alsmaar kleiner maar daarom niet minder warm.
Vriendschap is als wijn: ze wordt alleen maar beter met de jaren, dus ik zit gebeiteld. Hadewijch en Geert, Irmine
en Joost, Leen en Herwig, Hanneke en Kris: dankje voor de gezellige babbel- en wandelmomentjes, dankje voor
de goede raad waar nodig, dankje voor de oppeppertjes en de meevier-momentjes.
Lieve familie (tantes, nonkel, neef, nichten en partners), we zijn geen grote familie maar wel een heel warme en ik
heb dat zeker mogen ervaren op mijn weg, dankje daarvoor. Dat we maar snel weer eens echt allemaal samen
mogen komen en klinken op al wat mooi is.
Een broer en zus kies je niet maar ik heb toch geluk met die van mij.
Sandra en Jurgen, Sarah,
Jeroen en Caro, Lore, Janne, Stan en Vic
Dankje voor de ontspannen momenten, de fijne babbels, het luisteren, het mee-beleven, het blijvend supporteren
en voor zoveel meer… Fijn te weten dat ik steeds bij jullie terecht kan.
Lieve mama en papa, dankje voor alle kansen die jullie hebben gegeven op zovele vlakken. Jullie leerden ons
doorzetten ook als het eens moeilijk was, jullie leerden ons te mikken op het hoogste en vooral te gaan voor onze
dromen. Maar jullie leerden ons vooral ook te genieten van het leven, van theater, van muziek, van cultuur en van
elkaar. Mama, dankje voor die blijvend warme thuis waar we nog steeds zo welkom zijn. En wat had ik graag
gehad dat papa hier vandaag bij kon zijn, naast jou, met een twinkel in zijn ogen en zijn typische glimlach die zijn
trots zou verraden.
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En dan mijn drie ‘De Veirmannen’
Ben en Stan, wat een heerlijke kerels zijn jullie. Ik ben heel trots op de jongens die jullie geworden zijn en ben blij
dat ik dit moment met jullie kan delen. Thuiskomen bij jullie is de ideale ontspanning. Nog eens dankje voor het
omtoveren van de logeerkamer tot een volwaardige werkkamer (op 24 uur tijd!): het maakte het thuis werken veel
aangenamer. En ja, vanaf nu mogen jullie die kamer opeisen als gaming room.
En ten slotte, Steve,
Je bent de ratio voor mijn emotie, de kalmte bij mijn gepieker, de ambitie wanneer ik liever in een hoekje kruip,
de oplossing waar ik het probleem zie … we vullen elkaar zo al 23 jaar aan en laat ons dat vooral nog heel lang
doen. Het was niet altijd een gemakkelijke weg en de voorbije jaren kwamen heel wat uitdagingen op persoonlijk,
medisch en professioneel vlak op onze weg. Maar samen zijn we er geraakt en staan we hier vandaag.
Dankje om er te zijn als ik raas, als ik huil, als ik blij ben… dankje om er altijd te zijn.
Zo, dit hoofdstuk is afgesloten, what’s next?

Annelies
26 januari 2022
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