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Abstract

Objectives: To identify predictors of adverse perinatal
outcome in congenital cytomegalovirus (CMV) infection.
Methods: In a multicenter study fetuses with congenital
CMV infection diagnosed by PCR on amniotic fluid and
normal prenatal imaging at the time of diagnosis were
included. Primary outcome was the occurrence of struc-
tural anomalies at follow-up ultrasound or prenatal mag-
netic resonance imaging (MRI). Secondary outcomes were
the occurrence of anomalies detected exclusively post-
natally and the rate of symptomatic infection.

Results: One hundred and four fetuses with congenital
CMV were included in the study. Anomalies were detected at
follow-up ultrasound or MRI in 18.3% (19/104) cases.
Additional anomalies were found after birth in 11.9% (10/84)
of cases and 15.5% (13/85) of newborns showed clinical
symptoms related to CMV infection. There was no difference
in either maternal age (p=0.3), trimester (p=0.4) of infection
and prenatal therapy (p=0.4) between fetuses with or
whiteout anomalies at follow-up. Conversely, median viral
load in the amniotic fluid was higher in fetuses with addi-
tional anomalies at follow-up (p=0.02) compared to those
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without. At multivariate logistic regression analysis, high
viral load in the amniotic fluid, defined as 100,000 copies/
mL was the only independent predictor for the occurrence of
anomalies detected exclusively at follow-up ultrasound
assessment or MRI, with an OR of 3.12.

Conclusions: Viral load in the amniotic fluid is a strong
predictor of adverse perinatal outcome in congenital CMV
infection. The results of this study emphasize the importance
of adequate follow up even in case of negative neuro-
sonography to better predict postnatal adverse outcomes of
infected newborns, especially in amniotic fluid high viral load.

Keywords: cytomegalovirus (CMV); infection; outcome.

Introduction

Cytomegalovirus (CMV) is a DNA virus of the Herpesviridae
family [1] and is the most frequent cause of congenital viral
infection, with a prevalence of around 0.5 and 1.3% of all
live births [2-4]. CMV is the leading cause of neuro-
sensorial hearing loss and mental retardation in children
without genetic diseases worldwide [5].

Timing and type of maternal infection are the primary
determinants of perinatal outcome in fetuses with CMV
infection [6-8]. Although the risk of vertical transmission
increases with gestational age, the magnitude of fetal dam-
age is higher when the infection is acquired in early preg-
nancy. Likewise, the risk of vertical transmission is higher in
primary compared to non-primary maternal infection [9].

The gold standard for the diagnosis of congenital CMV
infection is the identification of CMV DNA in the amniotic
fluid, confirmed at polymerase chain reaction (PCR) at
amniocentesis at approximately 20 weeks’ gestation [10].
Once CMV infection is diagnosed on amniotic fluid, longi-
tudinal imaging assessment of the fetus should be under-
taken to identify structural anomalies potentially impacting
the short- and long-term outcome of the newborn [11]. CMV
is associated with a. multitude of nonspecific fetal anomalies,
mainly, affecting the central nervous system, including ven-
triculomegaly, periventricular calcification, microcephaly
and altered cortical development [12]. Ultrasound is the
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primary imaging technique for assessing fetuses with CMV
infection, although recent evidence suggests that fetal
magnetic resonance imaging can detect additional struc-
tural anomalies not identified at ultrasound in about 7-8%
of cases [12, 13].

Prenatal prediction of post-natal outcome in fetuses
with congenital CMV infection is challenging, especially
when no structural anomaly is identified at the time of
diagnosis [14]. The published literature is highly heterog-
enous and the previously published studies are affected by
small sample size, retrospective design, lack of longitudi-
nal imaging assessment and heterogeneity in the definition
of the adverse outcomes explored [15-17]. We hypothesized
that variables such timing of the infection, prenatal treat-
ment on viral load in the amniotic may affect the preva-
lence of poor perinatal outcome.

The primary aim of the present study is to identify
possible predictors of adverse outcome in fetuses with
congenital CMV infection, especially when no anomalies
are detected at the time of diagnosis.

Materials and methods
Study design and participants

This was a multicenter, retrospective, cohort study involving 11
referral centers in Italy from 2012 to 2021 (Brescia, Chieti, Foggia,
Modena, Naples, Padova, Rome-Catholic University of Sacred Heart,
Rome; Sapienza University, Rome; University Tor Vergata, Treviso and
Trieste). The study included pregnant women with primary or non-
primary CMV infection confirmed by PCR analysis of amniotic fluid.
Approval of the local Ethical Committees of the participating centers
was obtained.

Inclusion criteria were fetuses with congenital CMV infection
diagnosed by PCR analysis of amniotic fluid obtained by amniocentesis
performed after 20 weeks of gestation or after 6-8 weeks after maternal
seroconversion as recommended by national and international guide-
lines [10]. And normal karyotype, Exclusion criteria were the presence
of CNS and extra-CNS anomalies detected at the time of the diagnosis.

The outcomes observed were:

— Additional CNS or extra-CNS anomalies detected either at ultra-
sound or fetal MRI.

— Additional anomalies detected exclusively post-natally.

- Post-natal clinical symptoms related to congenital CMV infection,
including microcephaly, neurological symptoms, hearing and
ocular anomalies.

Longitudinal, detailed ultrasound follow-up after diagnosis of fetal
infection was performed every 2-4 weeks, according to each local
protocol, including a comprehensive evaluation of fetal growth,
placenta, amniotic fluid volume, fetal Doppler and the assessment of
potential ultrasound markers of fetal disease. Fetal MRI was
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performed according to the standardized planes for fetal brain ex-
amination according to ISUOG guidelines for fetal MRI [18].

Cases with ultrasound anomalies at diagnosis and chromosomal
anomalies or genetic syndromes detected either before or after birth
were excluded. The clinical records were examined, and data collected
in a dedicated merged database. STROBE guidelines were followed [19].

Data analysis

The potential association between the recorded demographic and
clinical characteristics and each of the three outcomes were initially
evaluated using chi-squared test for categorical variables, t-test and
Kruskal-Wallis test for normally distributed and non-normally
distributed continuous variables (Shapiro-Wilk test), respectively.
The potential independent predictors of each outcome were then
evaluated using stepwise forward logistic regression. All covariates
were tested for inclusion in the final model, in which only those sig-
nificant at either univariate or adjusted analysis were retained. To
reduce potential overfitting, the overall number of covariates was
limited to 1/10 of the anomalies in all phases of model fitting. The
goodness-of-fit was checked using Hosmer-Lemeshow test, and
the predictive power assessed through C-statistics (area under the
receiving operator curve). Given the low number of women with
additional anomalies detected only on postnatal imaging (n=10) and
with postnatal clinical symptoms (n=13), no multivariate analysis
could be performed for these two outcomes, and raw ORs and 95% CIs
were reported. Missing values were less than 1% for all variables, thus
no missing imputation technique was adopted.

Statistical significance was defined as a two-sided p-value<0.05,
and all analyses were carried out using Stata, version 13.1 (Stata Corp.,
College Station, Texas, USA, 2013).

Results
Maternal characteristics

One hundred and four fetuses with congenital CMV were
included in the study. General characteristics of the study
population are reported in Table 1. Mean maternal age was
31.3 + 5.8 years while mean BMI was 25.9 + 3.9 years. 85.6%
of women acquired infection in the first while 14.4% in the
second trimester. 96.2% of congenital CMV infections were
primary and only 3.8% secondary.

Additional anomalies were detected at follow-up ultra-
sound or prenatal imaging in 18.3% (19/104) cases. Table 2
reported the results of the univariate analysis comparing fe-
tuses with and those without additional anomalies detected
at prenatal imaging (either MRI or ultrasound). There was no
difference in either maternal age (p=0.3), type (p=0.12) and
trimester (p=0.4) of infection and prenatal therapy with either
Immunoglobulin or Valacyclovir (p=0.4) between fetuses
who compared to those who did not show additional anom-
alies at follow-up ultrasound or MRI. Conversely, median
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Table 1: Selected demographic and clinical characteristics, and outcomes of the sample.
Variables (n=104)
Mean age at diagnosis, years (SD) 31.3 (5.8)
Mean body mass index, kg/m? (SD) 25.9 (3.9)
Year of scan

2010-2015 25.0

2016-2017 32.7

2018-2021 42.3
Trimester of infection, %

First 85.6

Second 14.4
Type of infection, %

Primary 96.2

Secondary 3.8
Mean gestational age at 1st US assessment, weeks (SD) 17.5 (4.2)
Mean gestational age at amniocentesis, weeks (SD) 20.5 (1.4)
Mean gestational age at MRI, weeks (SD) 26.1 (5.1)
Mean interval between last US and MRI, days (SD) 6.1(8.2)

Detected viral load at PCR

Median value, copies/mL (IQR)

58,791 (1,058,465)

High viral load, %* 41.7
Therapy
Prenatal therapy, % 24.0
Type of therapy, % (n=25)
Immunoglobulin 64.0
Valaciclovir 36.0
Mean gestational age at therapy start, weeks (SD) 19.7 (4.0)
Mean gestational age at therapy end, weeks (SD) 26.7 (7.4)
Mean therapy length, weeks (SD) 7.0 (9.0)
Pregnancy outcome, %
Livebirth 90.4
Termination of pregnancy 9.6
Outcomes
Additional anomalies detected only at follow-up US or prenatal MRI, % 18.3
Livebirth only (n=94)
Additional anomalies detected only on post-natal imaging, % 10.6
Post-natal symptoms, % 13.8
Hearing anomalies, % 7.5

Defined as > 100,000 copies/mL. SD, standard deviation; IQR, interquartile range; US, ultrasound; MRI, magnetic resonance imaging; PCR,

polymerase chain reaction.

viral load in the amniotic fluid was higher in fetuses with
compared to those without additional anomalies at follow-up
(p=0.02). The rate of termination of pregnancy was signifi-
cantly higher in fetuses with anomalies (0.012). Additional
anomalies were found after birth in 11.9% (10/84) of cases.
There was no significant difference in any of the main
prenatal characteristics explored between fetuses with
compared to those without additional anomalies detected
exclusively after birth (Table 3).

After birth 15.5% (13/85) of newborns showed clinical
symptoms related to CMV infection. At univariate analysis
(Table 4), the presence of associated anomalies detected
prenatally (p=<0.001) and postnatally, were the only pre-
dictors of symptomatic infection, while viral load in the am-
niotic fluid (p=0.05), type and timing at infection were not.

At multivariate logistic regression analysis, high viral load
in the amniotic fluid, defined as a 100,000 copies/mL was the
only independent predictor for the occurrence of anomalies
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Table 2: Selected demographic and clinical characteristics, stratified by fetal anomalies detected only at follow-up US or prenatal MRI.

Variables Additional fetal anomalies
No (n=85) Yes (n=19) Raw OR p? Adjusted OR p°
(95% ClI) (95% Cl)
Mean maternal age, years (SD) 31.6 (5.7) 29.9 (6.2) 0.95(0.87-1.04) 0.3 - -
Mean maternal BMI, kg/m? (SD) 25.9 (3.9) 26.2 (3.9) 1.02(0.90-1.16) 0.8 - -
Year of scan
2010-2015 23.5 31.6 1 (Ref. cat.) - - -
2016-2017 30.6 42.1 1.03(0.31-3.43) 0.9 - -
2018-2021 45.9 26.3 0.43(0.12-1.47) 0.2 - -
Trimester of infection, %
First 87.1 79.0 1 (Ref. cat.) - - -
Second 12.9 21.0 1.79 (0.50-6.40) 0.4 -
Type of infection, %
Primary 97.6 89.5 1 (Ref. cat.) - - -
Secondary 2.4 10.5 4.88 (0.64-37.1) 0.12 - -
Mean gestational age in weeks at 1st US 18.0 (4.1) 15.4 (4.1) 0.87 (0.78-0.98) 0.022 0.87 (0.77- 0.02
assessment (SD) 0.98)
Mean gestational age in weeks at amniocen- 20.5 (1.4) 20.6 (1.1) 1.07 (0.77-1.49) 0.7 - -
tesis (SD)
Mean gestational age in weeks at MRI (SD) 26.0 (5.1) 26.3 (4.8) 1.01(0.92-1.12) 0.8 - -
Mean interval between last US and MRI in 5.9 (8.7) 7.1(5.5) 1.11(0.77-1.61) 0.6 - -
days (SD)
Detected viral load at PCR
Median value, copies/mL (IQR) 40,500 1,650,000 1.02 (1.00-1.04) 0.02 - -
(514,772) (5,022,204)
High viral load, %°¢ 42.3 68.4 2.95(1.02-8.50) 0.045 3.12 (1.04- 0.042
9.39)
Therapy
Prenatal therapy, % 22.4 31.6 1.60 (0.54-4.69) 0.4 - -
Type of therapy, % (n=19) (n=6)
Immunoglobulin 57.9 83.3 - - - -
Valaciclovir 42.1 16.7 - - - -
Mean gestational age in weeks at therapy 18.9 (4.3) 21.9 (1.0) - - - -
start (SD)
Mean gestational age in weeks at therapy end 26.6 (7.8) 26.9 (6.5) - - - -
(SD)
Mean therapy length in weeks (SD) 7.7 (9.8) 5.0 (6.1) - - - -
Pregnancy outcome, %
Livebirth 94.1 73.7 1 (Ref. cat.) - - -
Termination of pregnancy 5.9 26.3 5.71(1.46-22.3) 0.012 - -
Livebirth only (n=94) (n=80) (n=14)
Additional anomalies detected only on post- 7.5 28.6 4.93(1.18-20.5) 0.03 - -
natal imaging, %
Post-natal clinical symptoms, % 7.5 50.0 12.3(3.24-47.0) <0.001 - -
Hearing anomalies, % 5.0 21.4 5.18(1.02-26.3) 0.047 - -

OR, odds ratio; Cl, confidence interval; Ref. cat., reference category; SD, standard deviation; IQR, interquartile range; PCR, polymerase chain
reaction; US, ultrasound; MRI, magnetic resonance imaging. *Chi-squared test for categorical variables; t-test and Kruskal-Wallis test for

normally distributed and non-normally distributed continuous variables, respectively. "Logistic regression model including 104 observations;
area under the ROC curve=0.77; Hosmer-Lemeshow test for the goodness-of-fit p=0.3. “Defined as > 100,000 copies/mL.
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Table 3: Selected demographic and clinical characteristics, stratified by additional anomalies detected only on postnatal imaging.
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Variables Additional postnatal anomalies
No Yes Raw OR p?
(n=84) (n=10) (95% CI)

Mean maternal age, years (SD) 31.5(5.9) 30.3(5.5) 0.96 (0.86-1.08) 0.5
Mean maternal BMI, kg/m? (SD) 25.7 (4.0) 27.5(4.3) 1.12(0.95-1.31) 0.2
Year of scan

2010-2015 23.8 20.0 1 (Ref. cat.) -

2016-2017 29.8 70.0 2.80(0.52-15.0) 0.2

2018-2021 46.3 10.0 0.26 (0.02-3.00) 0.2
Trimester of infection, %

First 83.3 90.0 1 (Ref. cat.) -

Second 16.7 10.0 0.56 (0.07-4.74) 0.6
Type of infection, %

Primary 98.8 90.0 1 (Ref. cat.) -

Secondary 1.2 10.0 9.22(0.53-160) 0.12
Mean gestational age in weeks at 1st US assessment (SD) 18.2 (3.9) 15.6(5.2) 0.88(0.76-1.01) 0.07
Mean gestational age in weeks at amniocentesis (SD) 20.5 (1.5) 20.5(1.0) 1.00(0.63-1.59) 0.9
Mean gestational age in weeks at MRI (SD) 27.0 (5.0) 23.9 (4.6) 0.88(0.76-1.02) 0.08
Mean interval between last US and MRI in days (SD) 6.4 (9.0) 5.8 (4.7) 0.99(0.91-1.08) 0.8
Detected viral load at PCR

Median value, copies/mL (IQR) 49,202 (840,127) 259,000 (1,684,500) 1.00 (0.98-1.02) 0.7

High viral load, %?* 46.4 50.0 1.15(0.31-4.38) 0.8
Therapy
Prenatal therapy, % 15.5 80.0 21.9(4.16-115) <0.001
Type of therapy, % (n=13) (n=8)

Immunoglobulin 76.9 50.0 - -

Valaciclovir 23.1 50.0 - -
Mean gestational age in weeks at therapy start (SD) 19.4 (4.9) 21.1(1.5) - -
Mean gestational age in weeks at therapy end (SD) 22.9 (4.5) 31.4(7.2) - -
Mean therapy length in weeks (SD) 3.5(7.3) 10.3(7.6) - -
Fetal anomalies detected only at follow-up US or prenatal MRI, % 11.9 40.0 4.93(1.18-20.5) 0.03
Post-natal clinical symptoms, % 8.3 60.0 16.5(3.74-72.7) <0.001
Hearing anomalies, % 6.0 20.0 3.95(0.66-23.8) 0.13

OR, odds ratio; Cl, confidence interval; Ref. cat., reference category; SD, standard deviation; IQR, interquartile range; PCR, polymerase chain
reaction; US, Ultrasound; MRI, magnetic resonance imaging. Chi-squared test for categorical variables; t-test and Kruskal-Wallis test for
normally distributed and non-normally distributed continuous variables, respectively.

detected exclusively at follow-up ultrasound assessment or
MRI, with an OR of 3.12 (95% CI 1.0-9.4), while it was not
possible to carry multivariate analysis for the other explored
outcomes in view of the small number of events detected.

Discussion
Summary of the main findings
The findings from this study show that, in fetuses with

congenital CMV infection and normal ultrasound assess-
ment at the time of diagnosis, additional anomalies at

follow-up or after birth are detected in 18% and 11.9% of
cases respectively, while 16% of newborns showed clinical
symptoms related to the infection. Viral load in the amni-
otic fluid was independently associated with adverse fetal
and post-natal outcome, irrespective of the presence of
normal prenatal imaging, thus confirming the prognostic
role of PCR in predicting the prognosis of fetuses with
congenital CMV infection.

Strengths and limitations

The relatively large sample size, longitudinal assessment
of fetal anatomy through ultrasound and MRI in each of the
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Table 4: Selected demographic and clinical characteristics, stratified by postnatal clinical symptoms.

Variables Postnatal clinical symptoms
No (n=81) Yes (n=13) Raw OR (95% CI) p?

Mean maternal age, years (SD) 31.6 (5.8) 29.9 (5.6) 0.95(0.86-1.05) 0.3
Mean maternal BMI, kg/m? (SD) 25.8 (4.0) 26.8 (6.4) 1.04(0.90-1.20) 0.6
Year of scan

2010-2015 21.0 38.5 1 (Ref. cat.) -

2016-2017 32.1 46.1 0.79(0.21-2.98) 0.7

2018-2021 46.9 15.4 0.18(0.03-1.02) 0.052
Trimester of infection, %

First 84.0 84.6 1 (Ref. cat.) -

Second 16.0 15.4 0.95(0.19-4.90) 0.9
Type of infection, %

Primary 100 84.6 - -

Secondary 0.0 15.4 - -
Mean gestational age in weeks at 1st US assessment (SD) 18.1 (4.0) 16.5 (4.6) 0.92(0.82-1.05) 0.2
Mean gestational age in weeks at amniocentesis (SD) 20.5 (1.5) 20.5(1.0) 0.97 (0.53-1.62) 0.9
Mean gestational age in weeks at MRI (SD) 27.0 (5.2) 27.0 (4.0) 1.01(0.90-1.14) 0.8
Mean interval between last US and MRI in days (SD) 6.4 (9.0) 6.1(5.8) 0.99(0.92-1.07) 0.9
Detected viral load at PCR

Median value, copies/mL (IQR) 48,403 (539,500) 1,695,000 (2,465,306) 1.02 (0.99-1.03) 0.05

High viral load, %* 45.7 53.9 1.39(0.43-4.49) 0.6
Therapy
Prenatal therapy, % 19.8 38.5 2.54(0.73-8.81) 0.14
Type of therapy, % (n=16) (n=5)

Immunoglobulin 75.0 40.0 - -

Valaciclovir 25.0 60.0 - -
Mean gestational age in weeks at therapy start (SD) 19.7 (4.4) 21.2(1.9) - -
Mean gestational age in weeks at therapy end (SD) 23.7 (5.8) 34.0(3.5) - -
Mean therapy length in weeks (SD) 4.0 (7.6) 12.8 (5.0) - -
Fetal anomalies detected only at follow-up US or prenatal MRI, % 8.6 53.9 12.3(3.24-47.0) <0.001
Additional anomalies detected only on postnatal imaging, % 4.9 46.2 16.5(3.74-72.7) <0.001
Hearing anomalies, % 6.2 15.4 2.76 (0.48-16.0) 0.3

OR, odds ratio; Cl, confidence interval; Ref. cat., reference category; SD, standard deviation; IQR, Interquartile range; PCR, polymerase chain
reaction; US, ultrasound; MRI, magnetic resonance imaging. *Chi-squared test for categorical variables; t-test and Kruskal-Wallis test for
normally distributed and non-normally distributed continuous variables, respectively.

included cases and the multitude of pre and post-natal
outcomes explored represents the main strengths of the
present study.

The retrospective non-randomized design represents
the main weakness of the present study. Furthermore, we
could not elucidate the potential role of prenatal medical
therapy because not all the included cases received vala-
cyclovir at the time of maternal seroconversion. Finally, we
could not assess the individual components of post-natal
clinical symptoms in view of the small number of events
reported for this outcome.

Implications for clinical practice and
research

Prenatal prediction of adverse outcome in fetuses with
congenital CMV infection is challenging [14]. CMV is
associated with a multitude of adverse neurological and
neurosensorial outcome, including epilepsy, mental
retardation, hearing, and visual problems [20]. The pres-
ence of associated anomalies, mainly those involving the
CNS, is among the main determinants of post-natal out-
comes in fetuses with CMV infection. However, prenatal
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counselling in case no associated anomaly is detected
prenatally is difficult [10].

CMV has a peculiar tropism for the neurons in the
periventricular zone, thus potentially affecting neuronal
migration and proliferation [21]. However, anomalies
involving the cortical surface of the brain, including lis-
sencephaly and microcephaly can be detected only later in
gestation [22—26]. In the present study, additional anoma-
lies detected only at follow-up imaging, either ultrasound
or MRI, 18% and 11.9% of the cases respectively. These
findings highlight the need for a thorough longitudinal
imaging follow-up in fetuses with congenital CMV infection.
Likewise, parents should be counselled on the high risk of
detecting associated anomalies only later in pregnancy or
after birth. High viral laod in the amniotic fluid has been
anecdotally reported to predict the outcome of fetuses with
CMV infection. However, previous studies did not differen-
tiate between cases presenting compared to those not pre-
senting with additional structural ultrasound [12]. This is
crucial as the presence of a CNS anomaly is likely to be
associated with a high risk of adverse neurological outcome.
In the present study, mean viral load in the amniotic fluid
was higher in fetuses with additional anomalies detected
exclusively at follow-up or at birth, confirming the predic-
tive role of viral load in identifying fetuses at risk of adverse
outcome. Importantly, at multivariate logistic regression
analysis, viral load was independently associated with the
risk of associated anomalies, irrespective of type and
gestational age at infection. In this scenario, parental
counselling of pregnant women with congenital CMV
infection should mention that the risk of anomalies detected
only in the third trimester or after birth and potentially not
identified with either ultrasound or MRIL.

Despite its prevalence and morbidity among the
neonatal population, there is not yet a standardized
diagnostic test and therapeutic approach for congenital
CMV infection. Literature analysis shows that preventive
interventions other than behavioral measures during
pregnancy are still lacking, although many clinical trials
are currently ongoing to formulate a vaccination for
women before pregnancy [27, 28]. Some evidence in
literature describes attempts to use CMV hyperimmune
globulin in order to decrease the incidence of congenital
CMV infection or fetal or neonatal death among the
offspring of women with primary CMV infection in preg-
nancy, without significant success [28, 29]. Secondary
prevention of congenital cytomegalovirus infection with
valacyclovir following maternal primary infection in early
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pregnancy seems to show some benefit in reducing ver-
tical transmission [29, 30].

The burden of congenital CMV infection is an unmet
public issue [30], for this reason the attention towards this
infection must be destined to grow. The lack of evidence in
the literature on any prenatal predictors of adverse out-
comes in congenital CMV infections should be a pretext for
new future studies focused on this aspect, in parallel with
the attention for new therapeutic strategies in the case of
confirmed infection. This study identifies the high viral
load in the amniotic fluid as the only predictor of abnor-
malities at follow-up ultrasound assessment or MRI that
were the only predictors of symptomatic infection
(p=<0.001). This finding indicates that therapeutic strate-
gies should focus on viral load reduction and that in the
future viral load can be a useful tool for risk prediction and
prenatal follow up of these fetuses.

Conclusions

High viral load in the amniotic fluid is a strong predictor of
pre and postnatal adverse outcome in fetuses with
congenital CMV infection and normal ultrasound assess-
ment at the time of diagnosis. The findings from this study
emphasize the importance of a proper integration between
imaging and laboratory findings to more accurately
counsel parents whose pregnancy is complicated by
congenital CMV infection. Further studies are needed to
validate these findings and construct an objective predic-
tion model for adverse outcome in fetuses with congenital
CMYV infection.

For this study, the ENSO working group included:
Maria Elena Pietrolucci, Department of Obstetrics and Gy-
necology, Fondazione Policlinico Tor Vergata, University
of Rome Tor Vergata, Rome, Italy; Pavjola Magina,
Department of Obstetrics and Gynecology, Fondazione
Policlinico Tor Vergata, University of Rome Tor Vergata,
Rome, Italy; Jessica Cetraro, Department of Obstetrics and
Gynecology, Fondazione Policlinico Tor Vergata, Univer-
sity of Rome Tor Vergata, Rome, Italy; Antonella Giancotti,
Department of Maternal and Child Health and Urological
Sciences, Sapienza University of Rome, Italy; Cristina
Pajno, Department of Maternal and Child Health and
Urological Sciences, Sapienza University of Rome, Italy;
Sara Sorrenti, Department of Maternal and Child Health
and Urological Sciences, Sapienza University of Rome,
Italy; Valentina D’Ambrosio, Department of Maternal and
Child Health and Urological Sciences, Sapienza University
of Rome, Italy; Roberto Brunelli, Department of Maternal



DE GRUYTER

and Child Health and Urological Sciences, Sapienza Uni-
versity of Rome, Italy; Lucia Manganaro, Department of
Radiology, Anatomo-Pathology and Oncology, Sapienza
University of Rome, Italy; Silvia Visentin, Department of
Woman’ and Child’s Health, University of Padova, Padova,
Italy; Erich Cosmi, Department of Woman’ and Child’s
Health, University of Padova, Padova, Italy; Federico Pre-
fumo, Division of Obstetrics and Gynecology, Department
of Clinical and Experimental Sciences, University of Bres-
cia, Italy; Tamara Stampalija, Unit of Fetal Medicine and
Prenatal Diagnosis, Institute for maternal and child health
IRCCS Burlo Garofolo, Trieste, Italy; Marco Liberati, Centre
for Fetal Care and High-risk Pregnancy, Department of
Obstetrics and Gynecology, University of Chieti, Italy;
Danilo Buca, Centre for Fetal Care and High-risk Preg-
nancy, Department of Obstetrics and Gynecology, Univer-
sity of Chieti, Italy; Barbara Matarrelli, Centre for Fetal Care
and High-risk Pregnancy, Department of Obstetrics and
Gynecology, University of Chieti, Italy; Massimo Caulo,
Department of Neuroscience, Reproductive Sciences and
Dentistry, School of Medicine, Federico II University of
Naples, Italy; Luigia Gentile, Department of Neuroscience,
Reproductive Sciences and Dentistry, School of Medicine,
Federico II University of Naples, Italy; Ilaria Fantasia,
Department of Neuroscience, Reproductive Sciences and
Dentistry, School of Medicine, Federico II University of
Naples, Italy; Giuseppe Maria Maruotti, Department of
Neuroscience, Reproductive Sciences and Dentistry,
School of Medicine, Federico II University of Naples, Italy;
Gabriele Saccone, Department of Neuroscience, Repro-
ductive Sciences and Dentistry, School of Medicine, Fed-
erico II University of Naples, Italy; Luigi Carbone,
Department of Neuroscience, Reproductive Sciences and
Dentistry, School of Medicine, Federico II University of
Naples, Italy; Laura Sarno, Department of Neuroscience,
Reproductive Sciences and Dentistry, School of Medicine,
Federico II University of Naples, Italy; Gabriella Braca-
lente, Fetal Medicine Unit, Department of Obstetrics and
Gynecology, Osp. Ca Foncello Treviso, Italy; Emma Ber-
tucci, Fetal Medicine Unit, Department of Obstetrics and
Gynecology, Osp. Ca Foncello Treviso, Italy; Filomena
Giulia Sileo, Prenatal Medicine Unit, Unit of Obstetrics and
Gynecology, Department of Medical and Surgical Sciences
for Mother, Child and Adult, University of Modena and
Reggio Emilia, Modena, Italy; Marcella Pellegrino, Depart-
ment of Biomedical, Metabolic and Neural Sciences, Inter-
national Doctorate School in Clinical and Experimental
Medicine, University of Modena and Reggio Emilia, Modena,
Italy; Marco De Santis, Department of Woman, Child Health
and Public Health, Fondazione Policlinico Universitario

Mappa et al.: Adverse perinatal outcome in CMV infection =—— 109

Agostino Gemelli IRCCS, Universita Cattolica del Sacro
Cuore, Rome, Italy; Antonio Lanzone, Department of
Woman, Child Health and Public Health, Fondazione Poli-
clinico Universitario Agostino Gemelli IRCCS, Universita
Cattolica del Sacro Cuore, Rome, Italy; Lorenzo Pinelli,
Neuroradiology Unit, Pediatric Neuroradiology Section,
ASST Spedali Civili, Brescia, Italy; Flora Murru, Unit of
Paediatric Radiology, Institute for Maternal and Child
Health IRCCS Burlo Garofolo, Trieste, Italy; Elena Trincia,
UOC Neuroradiologia, Osp. Ca Foncello Treviso, Italy; Lor-
enzo Vasciaveo, Fetal Medicine Unit, Department of Medical
and Surgical Sciences, University of Foggia, Italy; Luigi
Nappi, Fetal Medicine Unit, Department of Medical and
Surgical Sciences, University of Foggia, Italy; Pantaleo
Greco, Section of Gynecology and Obstetrics, Department of
Morphology, Surgery and Experimental Medicine, Univer-
sity of Ferrara, Ferrara, Italy.

Research funding: None declared.

Author contributions: All authors provided substantial
contributions to the conception or design of the work; or
the acquisition, analysis, or interpretation of data for the
work; drafting the work or revising it critically for important
intellectual content; final approval of the version to be
published; agreement to be accountable for all aspects of the
work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved.

Competing interest: Authors state no conflict of interest.
Informed consent: All individual included in the study
provided their informed consent to participate in the study.
Ethical approval: The research has complied all the
relevant national regulation institutional policies and in
accordance with the tenets of the Helsinki Declaration and
has been approved by all centers Institutional Review
Board

Data availability: Data available on reasonable request.

References

1. Putri ND, Wiyatno A, Dhenni R, Sriyani Y, Dewantari AK,
Handryastuti S, et al. Birth prevalence and characteristics of
congenital cytomegalovirus infection in an urban birth cohort,
Jakarta, Indonesia. Int ] Infect Dis 2019;86:31-9.

2. Benoist G, Leruez-Ville M, Magny JF, Jacquemard F, Salomon L},
Ville Y. Management of pregnancies with confirmed
cytomegalovirus fetal infection. Fetal Diagn Ther 2013;33:
203-14.

3. Seidel V, Feiterna-Sperling C, Siedentopf JP, Hofmann J,
Henrich W, Biihrer C, et al. Intrauterine therapy of



110 —— Mappa et al.: Adverse perinatal outcome in CMV infection

10.

11.

12.

13.

14.

15.

16.

17.

18.

cytomegalovirus infection with valganciclovir: review of the
literature. Med Microbiol Immunol 2017;206:347-54.

. Kenneson A, Cannon MJ. Review and meta-analysis of the

epidemiology of congenital cytomegalovirus (CMV) infection. Rev
Med Virol 2007;17:253-76.

. Leruez-Ville M, Foulon |, Pass R, Ville Y. Cytomegalovirus infection

during pregnancy: state of the science. Am | Obstet Gynecol
2020;223:330-49.

. Ornoy A, Diav-Citrin O. Fetal effects of primary and secondary

cytomegalovirus infection in pregnancy. Reprod Toxicol 2006;21:
399-409.

. Staras SA, Dollard SC, Radford KW, Flanders WD, Pass RF,

Cannon M. Seroprevalence of cytomegalovirus infection in the
United States, 1988-1994. Clin Infect Dis 2006;43:1143-51.

. Mussi-Pinhata MM, Yamamoto AY, Moura Brito RM,

de Lima Isaac M, de Carvalhoe Oliveira PF, Boppana S, et al.
Birth prevalence and natural history of congenital
cytomegalovirus infection in a highly seroimmune population.
Clin Infect Dis 2009;49:522-8.

. Davis NL, King CC, Kourtis AP. Cytomegalovirus infection in

pregnancy. Birth Defects Res 2017;109:336-46.

Khalil A, Sotiriadis A, Chaoui R, da Silva Costa F, D’Antonio F,
Heath PT, et al. ISUOG Practice Guidelines: role of ultrasound in
congenital infection. Ultrasound Obstet Gynecol 2020;56:
128-51.

Guerra B, Simonazzi G, Puccetti C, Lanari M, Farina A, Lazzarotto T,
et al. Ultrasound prediction of symptomatic congenital
cytomegalovirus infection. Am ] Obstet Gynecol 2008;198:380.e1-7.
Buca D, Di Mascio D, Rizzo G, Giancotti A, D’Amico A,
Leombroni M, et al. Outcome of fetuses with congenital
cytomegalovirus infection and normal ultrasound at diagnosis:
systematic review and meta-analysis. Ultrasound Obstet Gynecol
2021;57:551-9.

Diogo MC, Glatter S, Binder J, Kiss H, Prayer D. The MRI spectrum
of congenital cytomegalovirus infection. Prenat Diagn 2020;40:
110-24.

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;31:360-6.

Hui L, Wood G. Perinatal outcome after maternal primary
cytomegalovirus infection in the first trimester: a practical update
and counseling aid. Prenat Diagn 2015;35:1-7.

Boppana SB, Ross SA, Fowler KB. Congenital cytomegalovirus
infection: clinical outcome. Clin Infect Dis 2013;57:5178-81.
Chiopris G, Veronese P, Cusenza F, Procaccianti M, Perrone S,
Dacco V, et al. Congenital cytomegalovirus infection: update on
diagnosis and treatment. Microorganisms 2020;8:1516.

Prayer D, Malinger G, Brugger PC, Cassady C, De Catte L,

De Keersmaecker B, et al. ISUOG practice guidelines:

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

DE GRUYTER

performance of fetal magnetic resonance imaging. Ultrasound
Obstet Gynecol 2017;49:671-80.

. Von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,

Vandenbroucke JP. The strengthening the reporting of the
observational studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet 2007;370:
1453-7.

Khalil A, Jones C, Ville Y. Congenital cytomegalovirus infection:
management update. Curr Opin Infect Dis 2017;30:274-80.
Cheeran MC, Mutnal MB, Hu S, Armien A, Lokensgard JR.
Reduced lymphocyte infiltration during cytomegalovirus brain
infection of interleukin-10-deficient mice. ] Neurovirol 2009;15:
334-42.

ENSO Working Group. Role of prenatal magnetic resonance
imaging in fetuses with isolated mild or moderate
ventriculomegaly in the era of neurosonography:
international multicenter study. Ultrasound Obstet Gynecol
2020;56:340-7.

Di Mascio D, Khalil A, Pilu G, Rizzo G, Caulo M, Liberati M, et al.
Role of prenatal magnetic resonance imaging in fetuses with
isolated severe ventriculomegaly at neurosonography: a
multicenter study. Eur ] Obstet Gynecol Reprod Biol 2021;267:
105-10.

Sileo FG, Di Mascio D, Rizzo G, Caulo M, Manganaro L, Bertucci E,
etal. Role of prenatal magnetic resonance imaging in fetuses with
isolated agenesis of corpus callosum in the era of fetal
neurosonography: a systematic review and meta-analysis. Acta
Obstet Gynecol Scand 2021;100:7-16.

ENSO Working Group. Role of prenatal magnetic resonance
imaging in fetuses with isolated anomalies of corpus callosum:
multinational study. Ultrasound Obstet Gynecol 2021;58:
26-33.

D’Antonio F, Khalil A, Garel C, Pilu G, Rizzo G, Lerman-Sagie T,
et al. Systematic review and meta-analysis of isolated posterior
fossa malformations on prenatal ultrasound imaging (part 1):
nomenclature, diagnostic accuracy and associated anomalies.
Ultrasound Obstet Gynecol 2016;47:690-7.

Hughes BL, Clifton RG, Rouse DJ, Saade GR, Dinsmoor M),
Reddy UM, et al. A trial of hyperimmune globulin to prevent
congenital cytomegalovirus infection. N Engl ] Med 2021;385:
436-44.

Tanimura K, Yamada H. Maternal and neonatal screening
methods for congenital cytomegalovirus infection. ) Obstet
Gynaecol Res 2019;45:514-21.

Zammarchi L, Lazzarotto T, Andreoni M, Campolmi |, Pasquini L,
Di Tommaso M, et al. Management of cytomegalovirus infection
in pregnancy: is it time for valacyclovir? Clin Microbiol Infect
2020;26:1151-4.

. Leruez-Ville M, Ville Y. Secondary prevention of congenital

cytomegalovirus infection. Lancet 2020;396:739-41.



	Prenatal predictors of adverse perinatal outcome in congenital cytomegalovirus infection: a retrospective multicenter study
	Introduction
	Materials and methods
	Study design and participants
	Data analysis

	Results
	Maternal characteristics

	Discussion
	Summary of the main findings
	Strengths and limitations
	Implications for clinical practice and research

	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


