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Abstract: An association between subtle changes in T2 white matter hyper-intense signals (WMHS) detected
in fetal brain magnetic resonance imaging (fbMRI) and congenital cytomegalovirus (CMV) infection has been
established. The research aim of this study is to compare children with congenital CMV infection with
neurodevelopment outcome and hearing deficit with and without WMHS in a prospective historic cohort of
58 fbMRIs. Of these, WMHS was detected in 21. The median infection week of the WMHS group was earlier
than the normal fbMRI group (8 and 17 weeks of gestation respectively). The proportion of infants treated with
valganciclovir in the WMHS group was distinctly higher. Hearing impairment was not significantly different
between the groups. VABS scores in all 4 domains were within normal range in both groups. The median score
of the motor skills corrected for week of infection was better in the WMHS group. A multivariate analysis using
week of infection interaction variable of WMHS and valganciclovir treatment showed better motor score
outcomes in the valganciclovir treatment group despite earlier week of infection. WMHS was not associated
with neurodevelopmental outcome and hearing deficit. In our cohort, valganciclovir treatment may have a
protective effect on fetuses with WMHS by improving neurodevelopment outcome.

Keywords: fetus; brain; magnetic resonance imaging; cytomegalovirus; white matter

1. Introduction

The herpesvirus human cytomegalovirus (CMV) is the most common intra-uterine infection in
developed countries with an incidence of 0.5%-1% of live births (1). CMV infection is the most
common non-genetic risk factor for congenital sensorineural hearing loss and neurodevelopmental
sequelae (2-6), including mental retardation and epilepsy (7,8). Other potential sequelae of
pregnancies with maternal CMV infection include microcephaly, intra-uterine growth retardation,
hepato-splenomegaly, elevated liver enzymes, thrombocytopenia, purpura and chorioretinitis and/or
optic atrophy in approximately 10% of symptomatic infants (3).

While only a minority of infants with congenital CMV exhibit CMV-specific symptoms at birth,
40-58% of those will develop permanent sequelae (2) . The majority of infected infants (85-90%) show
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no clinical signs at birth i.e., asymptomatic CMV infection (2,9). Asymptomatic infants are expected
to develop normally, but 10-15% will develop late-onset sensory neural hearing loss (10).

Treatment with the antiviral valganciclovir is the standard treatment in symptomatic neonates
(11) since studies have shown that antiviral treatment positively influenced hearing outcomes by
reducing further worsening in hearing thresholds and in some cases even modestly improving long
term hearing outcomes (11).

Most medical centers advise continuation of pregnancy following diagnosis of fetal CMV
infection, when prenatal neuroimaging is normal (12), increasing the importance of understanding
the sequelae of neuro-imaging conclusions. Previous studies have shown how certain etiologies are
associated with T2 white matter hyper-intense signals (WMHS) in fetal brain magnetic resonance
imaging (fbMRI), including congenital CMV infection (13).

Theories of what it represents range from local gliosis to white matter edema (14,15). These
theories are supported by the histologic findings of human and animal fetuses which demonstrate
innate and adaptive immune activation (16). Three previous studies have found that fetuses with
congenital CMV and subtle white matter MRI findings had a favorable outcome. However, none of
the studies had standardized neurodevelopment assessment (17-20).

Our research question is whether WMHS on fbMRI of fetuses with congenital CMV are
associated with worse neurodevelopment outcome than comparing to normal fbMRI.

2. Materials and Methods

2.1. Subject Demographics

This is a prospective historic case control study of women referred to our tertiary medical center
for foMRI due to CMV fetal infection between 2011 and 2015. All cases are singleton pregnancies with
congenital CMV infection confirmed by either presence of CMV DNA in amniocentesis performed
during pregnancy or by the presence of CMV DNA in neonatal saliva, confirmed by a urine specimen
during the first 2 weeks of life. CMV DNA testing was performed using a real-time PCR assay in
Sheba’s Central Virology Laboratory.

Demographic and clinical data were collected from the electronic medical records of each mother
and child and, as required, missing information was supplemented by a telephone interview. Data
obtained from the maternal records included maternal history, prenatal screening tests, imaging
results from anatomical ultrasound and fbMRI scans, maternal CMV status, and perinatal history.
Data retrieved from children's medical records included gestational week, birth weight, and head
circumference; results of complete blood count, serum liver enzymes, head ultrasound, retinal
examination, hearing evaluation, and reports from the pediatric infectious diseases clinic follow-up
visits including information regarding antiviral treatment, where children were seen at regular
intervals during their first two years of life.

2.2. MRI Scans

Fetal brain MRI was performed using a 1.5-Tesla system (Optima scanner, GE Healthcare
Technologies, Milwaukee, WI). Single-shot fast spin echo T2-weighted sequences in three orthogonal
planes were performed using half Fourier technique (NEX = 0.53) with the following parameters:
section thickness of 3 or 4 mm, no gap, flexible coil (8-channel cardiac coil), field of view (FOV) was
determined by the size of the fetal head with a range of 24 x 24 cm to 30 x 30 cm, acquisition time
between 40 and 45 s, matrix 320/224, TE 90 ms, TR 1298 ms, pixel bandwidth 122 Hz/pixel, SAR values
were between 1.1 and 1.7 W/kg. All MRI scans were performed by the same protocol, carried out in
our institution, and assessed by a specialist in fetal US and fbMRI (EK) and a neuro-radiologist MRI
expert (CH), as previously published (21).

2.3. White Matter T2 Hyperintense Signal (WMHS)

WMHS, depicted in Figure 1, is a qualitative, subjective finding from the fetal brain white matter
on T2 sequences. Fast T2-weighted sequences remain the basis of fetal MRI and are the most
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frequently used. As such, a consistent protocol was followed: Two specialists EK and CH with
twenty plus years of experience using the same protocol which considers gestational age, interpreted
the fbMRI separately.

In this way, WMMS was assessed in the subplate zone by each lobe separately.

Figure 1. White matter hyperintensities*. * T2 axial and coronal brain MR images (Single-shot fast

spin echo T2-weighted sequences in three orthogonal planes using half Fourier technique, NEX = 0.53)
at 32 weeks gestational age. The first fetus (a-c) and second fetus (d-f) with diffuse WMHS. The
WHMS is marked by white arrows.

2.4. Interobserver Validity of Measurements

Only cases of complete agreement on the presence or absence of WMHS were included in the
study. (6). In cases of disagreement among the assessors on the localization of WMHS only the
undisputed interpretation was included in the study. Accordingly, fetuses were allocated to a WMHS
positive and negative group.

WMHS, depicted in Figure 1, is a qualitative, subjective finding from the fetal brain white matter
on T2 sequences. Fast T2-weighted sequences remain the basis of fetal MRI and are the most
frequently used. As such, a consistent protocol was followed: Two specialists EK and CH with
twenty plus years of experience using the same protocol which considers gestational age, interpreted
the fbMRI separately.

In this way, WMMS was assessed in the subplate zone by each lobe separately.

2.5. Neuro-developmental assessment

The follow up consisted of a formal assessment of children using the Vineland Adaptive
Behavior Scales (VABS) for cognitive and motor evaluation at the Sheba Medical Center Child
Development Center.

VABS is a structured parent interview assessing four different domains of behavior:
communication, daily living skills, socialization, and motor skills. All four domains are included in
an adaptive score composite [15]. VABS interviews were conducted by two medical students trained
and supervised by a pediatric neurologist and child development expert experienced in conducting
VABS. Inter-rater reliability was assessed by comparison of VABS scores in 15 cases that were
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evaluated by the pediatric neurologist and the medical students. This validation demonstrated high
concordance in VABS scores (Pearson’s correlation coefficient 0.88, B=1.15).
The assessment was performed at one point in time.

2.4. Hearing evaluation

The follow-up consisted of hearing evaluation at the Sheba Medical Hearing & Speech Center.

Infants were tested using transient evoked otoacoustic emissions as part of a universal hearing
screening test performed on all infants prior to hospital discharge and a comprehensive audiological
evaluation including diagnostic auditory brainstem responses (ABRs) testing to clicks and tonal
stimuli presented by air conduction and when necessary by bone conduction, behavioral audiometry,
tympanometry and/or otoscopic examination by an ear nose and throat specialist. Audiologic
evaluation was performed within 10-14 days after discharge. Thresholds to clicks and 1 kHz tone
bursts stimuli, i.e., <20 dB normal hearing level in both ears were considered within the normal range.
Periodic audiological follow-ups were also carried out in accordance with the recommendations of
the Joint Committee on Infant Hearing 2007 Position Statement [16]. Hearing impairment was defined
as unilateral or bilateral sensorineural hearing loss greater than 20dB HL in the 500-4000 Hz
frequency region based on elevated ABR thresholds for air and bone conduction for 1 and 4 kHz tone
bursts stimuli. Hearing impairment severity was determined based on Clark’s classification [17].

Categorical variables were expressed as numbers and percentages. Distribution of continuous
variables was assessed using histogram and Q-Q plot. Continuous variables were described using
median and interquartile range (IQR) or mean and standard deviation (SD). Categorical variables
were compared using Chi-square test or Fisher’s exact test as appropriate. Continuous variables were
compared using Student’s t-test or Mann-Whitney test, as appropriate. Multivariate linear regression
was used to evaluate the association between the trimester (1st/2nd), WMHS, and valganciclovir
treatment and each of the Vineland scores. The linear regression was evaluated to meet the
assumptions. Patients were matched according to infection trimester and compared using McNemar
test (categorical variables) or Wilcoxon test (continuous variables).

A two-tailed p < 0.05 was considered statistically significant. Analyses were performed with
SPSS (IBM SPSS Statistics for Windows, Version 24.0, 2016. IBM Corp., Armonk, NY).

2.8. Ethics Approval

The study was approved by the Sheba Medical Center institutional review board. Informed
consent was requested via letters sent to eligible cases prior to telephone calls and approved in the
VABS interview.

2.9. Funding:

This research received no external funding.

The study was conducted in accordance with the Declaration of Helsinki. The study was
approved by the local institutional review board of the Sheba Medical Center. Informed consent was
requested via letters sent to eligible cases prior to telephone calls to them and approved in the VABS
interview.

2.10. Informed Consent Statement:

Informed consent was obtained from all subjects involved in the study.

2.11. Conflicts of Interest:

The authors declare no conflicts of interest.
3. Results

Maternal and pregnancy demographic, clinical, and imaging characteristics
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The study subjects comprised 58 singleton pregnant women that underwent fbMRI scans (Table
1). All fetuses were in their 3rd trimester of pregnancy at the time of the f{bMRI scan, with a median
gestational age of 32 weeks (IQR 32-34). The average maternal age was 31.5 years (SD 4.1).

The cohort was divided into 21 fetuses with WMHS findings and 37 fetuses with normal fbMRI,
as defined in section 2.4. There was no significant difference in the epidemiological and clinical
features between the two groups except for the suspected week of the maternal CMV infection. The
median timing of maternal CMV infection in the WMHS group was detected in the first trimester at
8 weeks (IQR 6.5-19.5), whereas for the normal MRI group it was in the second trimester at 17 weeks
(IQR 11-23, p=0.015).

In the WMHS group, the hyper-intense signal was depicted in the temporal lobes in all fetuses,
in 62% of the fetuses it was depicted diffusely including the frontal and parietal lobes.

Table 1. Demographic and clinical characteristics”.

Characteristic Normal MRI WMHS p-value
Maternal age, years, mean (SD) 32.5(4.1) 30.9 (4.7) 0.191
Gestational age at MRI, median (IQR) 34 (32-35) 33 (33-34) 0.593
Pregnancy number, median (IQR) 2 (2-3) 2 (2-3) 0.670
Labor number, median (IQR) 1(1-2) 1 (1-1.75) 0.652
Abnormal outcome in previous labors, n (%) 0 (0) 3 (15) 0.052
Abnormal maternal medical background, n (%) 2 (6.1) 1(4.8) >0.999
Spontaneous conception, n (%) 28 (82.4) 21 (100) 0.072
Gender (female), n (%) 13 (35.1) 11 (52.4) 0.200
Abnormal nuchal translucency scan, n (%) 1(3.1) 1(5.3) >0.999
Abnormal 1st trimester biochemical test, n (%) 1(3.7) 0 (0.0) >0.999
Abnormal 2nd trimester biochemical test, n (%) 1(3.8) 0 (0.0 >0.999
Abnormal early anatomical scan, n (%) 0 (0) 0 (0) >0.999
Abnormal late anatomical scan, n (%) 3(8.1) 1(4.7) >0.999
Infection week, median (IQR) 17 (11-23) 8 (6.5-19.5) 0.015

~AMRI - magnetic resonance imaging; WMHS - white-matter-hyperintense-signal; VABS - Vineland Adaptive
Behavior Scales; IQR - inter quartile range.

3.2. Postnatal clinical and imaging characteristics

Delivery characteristics, hearing, and head ultrasound assessments after birth are described in
Table 2. The two groups were not significantly different in birth weight and head circumference.
Polymerase Chain Reaction (PCR) for CMV was positive in saliva and urine for all infants. None of
the neonates in the cohort had thrombocytopenia, hepato-splenomegaly, petechiae, or chorioretinitis.
The presence of lenticulostriate vasculopathy (LSV) was not significantly different between the
groups (p = 0.426). No difference was found in hearing assessment after birth by transient evoked
optoacoustic emission and by auditory brainstem response (p > 0.999). There was a higher proportion
of neonates with subependymal pseudocysts (SEPC) in head ultrasound in the WMHS group (p =
0.043). Interestingly, the WMHS group had a significantly higher portion of children treated by
valganciclovir, 67%, in comparison to 11% in the normal MRI group (p < 0.001). We speculate this
was because clinicians were more inclined to intervene if there was already evidence of white matter
lesions or SEPC.

Table 2. Postnatal short-term outcome measures.

Clinical and radiological findings Normal MRI WMHS p-value
(N=37) (N=21)

Duration of pregnancy (weeks), median (IQR) 39 (37.6-39.9)  39.3(38.4-39.9) 0.633

Birth weight, (gr) median (IQR) 3114 (2878-3410) 3052 (2845-3420) 0.974

Birth weight (percentile), median (IQR) 52 (32-73) 41 (29.5-73.5) 0.840

doi:10.20944/preprints202402.0007.v1
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Head circumference (cm), median (IQR) 34 (33-35) 34 (33-35) 0.647
Head circumference (percentile), median (IQR) 51 (12-79) 54 (29-80) 0.510
Head circumference < 10%, n (%) 1 (11%) 5(14.3%) >0.999
SEPC in head ultrasound. n (%) 1 (3%) 4 (21%) 0.043
LSV in head ultrasound, n (%) 4 (11%) 4 (21%) 0.426
Any abnormal finding in head US, n (%) 5 (14%) 6 (29%) 0.296
Abnormal acoustic emissions, n (%) 1 (3%) 1(5%) >0.999
Abnormal Auditory Brain response (after birth), n(%) 2 (5%) 1(4.8%) >0.999
Valganciclovir Treatment, n (%) 4 (11%) 14 (67%)  <0.001

ASEPC - subependymal pseudocysts; LSV — lenticulo-striate vasculopathy.

3.3. Long-term neuro-developmental and hearing outcome

Description of the functional outcomes as measured by the VABS score and hearing assessments
is presented in Table 3. VABS was assessed at a younger median age, 2.3 years (IQR 1.6-3.5) in the
normal fbMRI group in comparison to 3.4 years (IQR 2.4-4.5) in the WMHS group (p = 0.03). In both
groups the median scores were within the normal range. There was no difference between the groups
in the four developmental domains of VABS and in the adaptive composite score.

Table 3. Comparison of VABS scores matched for week of infection.

Clinical and radiological findings Normal MRI WMHS p-value
(N=37) (N=21)
Age at VABS, (years), median (IQR) 2.3 (1.5-3.5) 3.8 (2.5-4.5) 0.049
VABS motor skills, median (IQR) 100.5 (77.5-105.3) 106 (97-116.3) 0.032
VABS daily living skills, median (IQR) 109 (99.25-115.3) 105 (97.5-116.8) 0.641
V ABS socialization skills, median (IQR) 106 (100.3-114) 107 (97.3-116) 0.501
VABS communication skills, median (IQR) 103 (100.8-107.3) 102 (94.3-108.8) 0.469
VABS adaptive score composite, median (IQR) 102.5 (94-111.3) 106 (98.3-110) 0.233
Hearing impairment; n (%) 2 (11.1) 3 (16.7) >0.999

The week of maternal infection was earlier in the WMHS group and earlier CMV infection
during pregnancy is associated with increased likelihood for abnormal developmental outcome (18).
In order to overcome this difference, the group comparison was matched by week of infection. After
matching, each group consisted of eighteen children. All VABS scores in all 4 domains and in the
adaptive composite score were within the normal range in both groups. The only significant
difference was in the median score of the motor skills, which was higher in the WMHS group than
the normal MRI group (106, IQR 97-116.3 and 100.5, IQR 77.5-105.3, respectively, p < 0.032). After
matching, the ratio of children treated with valganciclovir was higher in the WMHS group (11/18 vs.
1/18, p = 0.002).

Testing the effect of anti-viral treatment and WMHS on outcome was done by multivariate
regression. Four independent variables were used, week of infection and 3 variables of possible
situations of the presence of WMHS and valganciclovir treatment. The 3 situations conditions were:
1) WMHS + / valganciclovir -, 2) WMHS - / valganciclovir +, 3) WMHS + / valganciclovir +. These
situations were compared to the reference situation which was WMHS-/ valganciclovir-. Five
multivariate regression models were constructed for five outcome measures including the 4 VABS
domains and their composite score.

Comparing the effect of the different situations to the reference situation was insignificant except
for the following case (Table 4): Children with WMHS in their fetal MRI that were not treated with
valganciclovir (WMHS + / valganciclovir —) showed worse VABS motor outcome (slope = -22.2, p =
0.001) and VABS composite score (slope = -7.6, p = 0.051). Children with WMHS in their fetal MRI
that were treated with valganciclovir (WMHS +/ valganciclovir +) had better VABS social score (slope
=2.5, p=0.03).
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Table 4. Multivariate regression models of developmental outcome.

Multivariate | Motor Social Daily Skills Communicati | General

Regression Standard Standard Standard Score | on Standard Standard
Score Score Score Score
Slope | p- Slope | p- Slope*(C | p- Slope* | p- Slope | p-
*(CD) | valu | *(CI) | valu | I) valu | (CI) valu | *(CI) | valu

e e e e e

Constant 103 99 105 105 103

Infection 4.8 -2.6 -1.0 2.7 1.8

week (week) | (-1.7- | 026 | (-46-|091 | (-7.8- 076 | (-3.7- 1039 | (1.7 |0.51
4.1) 4.1) 5.8) 9.2) -7.5)

yalzﬂjr?;{ﬂovi ;-232427 000 |7 20 08 76 1oos

. & S 1' (20 | 049 | (-13.0- |044 |(-97- |085 | (-153 1'
113) -8.1) 5.7) 8.1) -0.1)

yalz/[?j;i/clovi (413 0 (3; 1 91 98 65

” & 056 |t 051 | (-201- |0.13 | (21.0- | 0.08 | (-16.2 | 0.18
105) 102) 2.7) 1.4) -3.2)

Vaganeiios | (95 | |23 34 28 26

N 8 1093 | (05— |0.03 | (41— 034 |(46- [045 | 77 |024
105) 10.8) 11.5) 10.5) 105)

*Average increase of outcome score per unit increase of predictor; CI 95% Confidence Interval; WMHS white
matter hyperintense signal.

4. Discussion

The aim of this study was to determine whether subtle imaging abnormalities expressed as
WMHS in fbMRI are associated with subsequent neurodevelopmental deficits by using VABS
assessment and hearing outcomes, in children with congenital CMV infection.

White matter abnormalities are one of the most characteristic findings of congenital CMV,
occurring in up to 75% of clinically symptomatic and 30% of asymptomatic newborns (6). These
hyperintensities may represent different lesions or normal stages of development. Therefore, a
finding of WMHS in fbMRI poses a dilemma both from a diagnostic and prognostic perspective.

A previous study from our group (13) demonstrated that when WMHS was positively identified
in fbMRI undertaken in fetuses with congenital CMV, apparent diffusion coefficient values were
increased. This is consistent with the fact that WMHS in fetuses with congenital CMV is usually
interpreted as interstitial edema and a potential sign for brain inflammation (12,15,22). This finding
has been corroborated in a subsequent retrospective 2023 study which concluded that neonatal white
matter apparent diffusion coefficient values were significantly higher in patients with clinical
impairments (6).

Before addressing the study question in detail, there were two important observations that
emerged from the results. First, this study showed that fetuses expressing a positive WMHS on fbMRI
had an earlier week of infection in the first trimester of pregnancy. This is a significant finding as the
likelihood for abnormal development is higher in early CMV infection (23-25). While severe cases
may present with typical CMV imaging findings such as calcifications and microcephaly, in mild
cases without noticeable development deficits, the sole presentation of early CMV infection could be
WMHS.

Secondly, another difference between the groups was the higher proportion of subependymal
pseudocyst (SEPC) in the WMHS group. SEPC is a common head ultrasound finding occurring in
0.5-5% of healthy term infants. SEPCs are mainly a result of the expected lysis of germinal matrix
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(26,27). Follow-up of fetuses with SEPC showed they had an overall good neuro-developmental
outcome. Poor outcome was associated with underlying etiology rather the occurrence of SEPC (28—
30). No study, hitherto, tested the association of SEPC in children with congenital CMV and neuro-
developmental outcome.

Since WMHS is an expression of an increase of fluid content in brain tissue, edema, and because
of the established link with CMV infection, a process that evolves over a few weeks, only first
trimester infections will have enough time to fully develop (25). Another explanation is based on the
finding that CMV shedding in the amniotic fluid is roughly 7-8 weeks after maternal infection (25).
If one assumes, it would take a similar period of time for replication of the virus to have an effect on
the brain, then the timing of the fbMRI at 32 weeks gestation may not reflect the full extent of the
effect of the virus on the brain, as opposed to the first trimester infections but a later scan may identify
other radiological findings.

Interestingly, although the WMHS group had a larger proportion of fetuses with first trimester
infection, the abnormal fbMRI signal detected was not subsequently correlated with
neurodevelopment outcome deficits - within the timeframe studied - nor with a hearing deficit. In
fact, after matching the groups by trimester of infection, the WMHS group demonstrated better motor
outcome findings on assessment. This finding suggests that in our sample, WMHS is not a predictive
factor for neuro-developmental outcome deficits. Thus, the increased fluid content in brain tissue,
reflected as WMHS, is not necessarily part of destructive process of brain tissue and may even
potentially be part of a protective process.

Moreover, the neuro-development of the children in both groups was within the normal range
even after matching for week of CMV infection. The median VABS assessment time was earlier in the
WMHS group, 28 months, compared to the normal MRI group, 40 months. This difference should
not affect the comparison as the VABS is normalized for age. Moreover, the median age was older
than 24 months in both groups. At this age, the development of children in all 4 domains is mature
enough for developmental deficit to be recognized [28].

One factor which partially complicates the simplistic explanation is the higher proportion of
neonates treated with Valganciclovir in the WMHS group. Valganciclovir is an antiviral drug
administered for congenital CMV with specific clinical signs and symptoms (5). Only 3 patients, with
hearing impairment on auditory brain stem response after birth, satisfied these criteria to initiate
treatment (11). However, 4 (11%) patients in the normal MRI group and 14 (67%) in WMHS group
were treated. The higher proportion of treated infants in this group reflects the concern of physicians
facing abnormal neuroimaging findings even if the association of those findings with
neurodevelopmental deficit is unclear. All the children in our study were treated for 6 months; thus,
the treatment might have caused a bias of the outcome of WMHS group.

As treatment with Valganciclovir may affect neurodevelopment, we undertook a multivariate
analysis to test the effects of infection week and the four different situations with the presence of
WMHS and valganciclovir treatment on neuro-developmental outcomes. The results showed that the
timing of infection did not independently affect outcome. Motor scores (and as a result, the composite
score too) were negatively affected by lack of treatment in the WMHS group. Kimberlin et al.
demonstrated similar results, six months of valganciclovir treatment led to a modestly improved
neurodevelopmental outcome in infants with moderate to severe CMV symptoms (11). Our results
raise the possibility that withholding antiviral treatment in children with WMHS prevented them
from fulfilling their motor development potential. The meaning of this finding is limited by the small
size of our study.

Although our finding is suggestive of a positive effect of antiviral treatment on motor
performance in cases of congenital CMV infection and WMHS on fbMRI, the decision to start antiviral
treatment should be made with caution and consider the possible adverse events of valganciclovir as
neutropenia or theoretic toxic effect on gonads (11,31). As fbMRI is becoming more common, larger
studies could assess the significance of minor findings such as WMHS and provide information
regarding the advantage of antiviral treatment in these cases.
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In terms of limitations, this is a retrospective study with a limited number of age matched
compared groups. We were not able to compare with healthy controls, only with CMV infected
fetuses, therefore there is a potential inherent bias.

We performed the VABS assessments at a median age of just over 24 months in both groups.
Follow up was not performed beyond this age when other development issues may emerge. The
median VABS assessment age was lower in the WMHS group, 28 months, compared to the normal
MRI group, 40 months. Although we normalized for age, this could still cause a difference especially
with finer motor skills and concentration.

Lastly, the confounder effect of Valganciclovir prevents the potential to more firmly suggest that
WMHS is not associated with abnormal neurodevelopmental outcome.

The Strength of the study is the detailed descriptions of the cases and the ability to track long
term detailed developmental assessments.

5. Conclusions

In our limited study groups, we failed to find an association between WMHS and
neurodevelopmental outcomes or hearing deficit. We observed that treatment with Valganciclovir is
associated with a better neurodevelopmental outcome in the WMHS group.

Larger studies should be performed to assess the effect of antiviral treatment on future
neurodevelopmental and hearing outcomes of infants with congenital CMV following minor imaging
signs such as WMHS.

Author Contributions: Conceptualization, methodology, validation, formal analysis, investigation, resources,
data curation and writing by all authors. Supervision — Omer Bar-Yosef. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

The study was conducted in accordance with the Declaration of Helsinki. The study was approved by the local
institutional review board of the Sheba Medical Center. Informed consent was requested via letters sent to
eligible cases prior to telephone calls to them and approved in the VABS interview.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

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

References

1.  Maltezou PG, Kourlaba G, Kourkouni E, Luck S, Blazquez-Gamero D, Ville Y, et al. Maternal type of CMV
infection and sequelae in infants with congenital CMV: Systematic review and meta-analysis. ] Clin Virol.
2020;129(March 2020).

2. Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and sensory sequelae and
mortality associated with congenital cytomegalovirus infection. Rev Med Virol. 2007 Sep;17(5):355-63.

3. Boppana SB, Ross SA, Fowler KB. Congenital cytomegalovirus infection: clinical outcome. Clin Infect Dis
Off Publ Infect Dis Soc Am. 2013 Dec;57 Suppl 4(Suppl 4):5178-181.

4. Kenneson A, Cannon M]J. Review and meta-analysis of the epidemiology of congenital cytomegalovirus
(CMV) infection. Vol. 17, Reviews in Medical Virology. 2007. p. 253-76.

5.  Rawlinson WD, Boppana SB, Fowler KB, Kimberlin DW, Lazzarotto T, Alain S, et al. Congenital
cytomegalovirus infection in pregnancy and the neonate: consensus recommendations for prevention,
diagnosis, and therapy. Lancet Infect Dis. 2017 Jun;17(6):e177-88.

6. Vande Walle C, Keymeulen A, Oostra A, Schiettecatte E, Dhooge I, Smets K, et al. Apparent diffusion
coefficient values of the white matter in magnetic resonance imaging of the neonatal brain may help predict
outcome in congenital cytomegalovirus infection. Pediatr Radiol [Internet]. 2024 Jan 6; Available from:
https://doi.org/10.1007/s00247-023-05838-9

7. Korver AMH, Smith RJH, Camp GV, Schleiss MR, Bitner-Glindzicz MAK, Lustig LR, et al. Congenital
hearing loss. Nat Rev Dis Primer. 2017;3(1):16094.

8.  Cannon MJ. Congenital cytomegalovirus (CMV) epidemiology and awareness. Vol. 46, Journal of Clinical
Virology. Elsevier; 2009.


https://doi.org/10.20944/preprints202402.0007.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 February 2024 doi:10.20944/preprints202402.0007.v1

10

9.  Goderis ], Leenheer ED, Smets K, Hoecke HV, Keymeulen A, Dhooge I. Hearing loss and congenital CMV
infection: A systematic review. Vol. 134, Pediatrics. American Academy of Pediatrics; 2014. p. 972-82.

10. Lopez AS, Lanzieri TM, Claussen AH, Vinson SS, Turcich MR, Iovino IR, et al. Intelligence and Academic
Achievement With Asymptomatic Congenital Cytomegalovirus Infection. Pediatrics. 2017 Nov;140(5).

11.  Kimberlin DW, Jester PM, Sanchez PJ, Ahmed A, Arav-Boger R, Michaels MG, et al. Valganciclovir for
symptomatic congenital cytomegalovirus disease. N Engl ] Med. 2015 Mar;372(10):933-43.

12.  Vries LSD, Gunardi H, Barth PG, Bok LA, Verboon-Maciolek MA, Groenendaal F. The spectrum of cranial
ultrasound and magnetic resonance imaging abnormalities in congenital cytomegalovirus infection.
Neuropediatrics. 2004;35(2):113-9.

13. Katorza E, Strauss G, Cohen R, Berkenstadt M, Hoffmann C, Achiron R, et al. Apparent Diffusion
Coefficient Levels and Neurodevelopmental Outcome in Fetuses with Brain MR Imaging White Matter
Hyperintense Signal. AJNR Am ] Neuroradiol. 2018 Oct;39(10):1926-31.

14. Guimiot F, Garel C, Fallet-Bianco C, Menez F, Khung-Savatovsky S, Oury JF, et al. Contribution of
diffusion-weighted imaging in the evaluation of diffuse white matter ischemic lesions in fetuses:
correlations with fetopathologic findings. AJNR Am ] Neuroradiol. 2008 Jan;29(1):110-5.

15.  Yaniv G, Katorza E, Bercovitz R, Bergman D, Greenberg G, Biegon A, et al. Region-specific changes in brain
diffusivity in fetal isolated mild ventriculomegaly. Eur Radiol. 2016 Mar;26(3):840-8.

16. Teissier N, Fallet-Bianco C, Delezoide AL, Laquerriere A, Marcorelles P, Khung-Savatovsky S, et al.
Cytomegalovirus-induced brain malformations in fetuses. ] Neuropathol Exp Neurol. 2014 Feb;73(2):143—
58.

17.  Farkas N, Hoffmann C, Ben-Sira L, Lev D, Schweiger A, Kidron D, et al. Does normal fetal brain ultrasound
predict normal neurodevelopmental outcome in congenital cytomegalovirus infection? Prenat Diagn. 2011
Apr;31(4):360-6.

18. Benoist G, Salomon L], Mohlo M, Suarez B, Jacquemard F, Ville Y. Cytomegalovirus-related fetal brain
lesions: comparison between targeted ultrasound examination and magnetic resonance imaging.
Ultrasound Obstet Gynecol Off ] Int Soc Ultrasound Obstet Gynecol. 2008 Dec;32(7):900-5.

19. Lipitz S, Hoffmann C, Feldman B, Tepperberg-Dikawa M, Schiff E, Weisz B. Value of prenatal ultrasound
and magnetic resonance imaging in assessment of congenital primary cytomegalovirus infection.
Ultrasound Obstet Gynecol Off ] Int Soc Ultrasound Obstet Gynecol. 2010 Dec;36(6):709-17.

20. Birnbaum R, Ben-Sira L, Lerman-Sagie T, Malinger G. The use of fetal neurosonography and brain MRI in
cases of cytomegalovirus infection during pregnancy: A retrospective analysis with outcome correlation.
Prenat Diagn. 2017 Dec;37(13):1335—42.

21. Gat I, Hoffmann C, Shashar D, Yosef OB, Konen E, Achiron R, et al. Fetal Brain MRI: Novel Classification
and Contribution to Sonography. Ultraschall Med Stuttg Ger 1980. 2016 Apr;37(2):176-84.

22. Cannie MM, Devlieger R, Leyder M, Claus F, Leus A, Catte LD, et al. Congenital cytomegalovirus infection:
contribution and best timing of prenatal MR imaging. Eur Radiol. 2016 Oct;26(10):3760-9.

23. Stagno S, Pass RF, Cloud G, Britt W], Henderson RE, Walton PD, et al. Primary cytomegalovirus infection
in pregnancy. Incidence, transmission to fetus, and clinical outcome. JAMA. 1986 Oct;256(14):1904-8.

24. Ahlfors K, Forsgren M, Ivarsson SA, Harris S, Svanberg L. Congenital cytomegalovirus infection: on the
relation between type and time of maternal infection and infant’s symptoms. Scand ] Infect Dis.
1983;15(2):129-38.

25. Liesnard C, Donner C, Brancart F, Gosselin F, Delforge ML, Rodesch F. Prenatal diagnosis of congenital
cytomegalovirus infection: prospective study of 237 pregnancies at risk. Obstet Gynecol. 2000 Jun;95(6 Pt
1):881-8.

26. Heibel M, Heber R, Bechinger D, Kornhuber HH. Early diagnosis of perinatal cerebral lesions in apparently
normal full-term newborns by ultrasound of the brain. Neuroradiology. 1993;35(2):85-91.

27. Malinger G, Lev D, Sira LB, Kidron D, Tamarkin M, Lerman-Sagie T. Congenital periventricular
pseudocysts: prenatal sonographic appearance and clinical implications. Ultrasound Obstet Gynecol Off |
Int Soc Ultrasound Obstet Gynecol. 2002 Nov;20(5):447-51.

28. Cevey-Macherel M, Forcada Guex M, Bickle Graz M, Truttmann AC. Neurodevelopment outcome of
newborns with cerebral subependymal pseudocysts at 18 and 46 months: a prospective study. Arch Dis
Child. 2013 Jul;98(7):497-502.


https://doi.org/10.20944/preprints202402.0007.v1

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 1 February 2024 doi:10.20944/preprints202402.0007.v1

11

29. Cooper S, Bar-Yosef O, Berkenstadt M, Hoffmann C, Achiron R, Katorza E. Prenatal Evaluation, Imaging
Features, and Neurodevelopmental Outcome of Prenatally Diagnosed Periventricular Pseudocysts. AJNR
Am ] Neuroradiol. 2016 Dec;37(12):2382-8.

30. Makhoul IR, Zmora O, Tamir A, Shahar E, Sujov P. Congenital subependymal pseudocysts: own data and
meta-analysis of the literature. Ist Med Assoc ] IMA]. 2001 Mar;3(3):178-83.

31. Faqi AS, Klug A, Merker HJ, Chahoud I. Ganciclovir induces reproductive hazards in male rats after short-
term exposure. Hum Exp Toxicol. 1997 Sep;16(9):505-11.

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


https://doi.org/10.20944/preprints202402.0007.v1

