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A B S T R A C T

Background: Natural history and long term prognosis of congenital cytomegalovirus (CMV) disease according to
maternal primary versus non-primary infection are not clearly documented.
Objective: To investigate clinical, laboratory and neuroimaging features at onset and long term outcome of
congenitally CMV-infected patients born to mothers with non-primary infection compared with a group of pa-
tients born to mothers with primary infection.
Study design: Consecutive neonates born from 2002 to 2015 were considered eligible for the study. Patients
underwent clinical, laboratory and instrumental investigation, and audiologic and neurodevelopmental eva-
luation at diagnosis and during the follow up.
Results: A cohort of 158 congenitally infected children was analyzed. Ninety-three were born to mothers with
primary CMV infection (Group 1) and 65 to mothers with a non-primary infection (Group 2). Eighty-eight infants
had a symptomatic congenital CMV disease: 49 (46.2%) in Group 1 and 39 (60%) in Group 2. Maternal and
demographic characteristics of patients of Group 1 and Group 2 were comparable, with the exception of pre-
maturity and a 1-min Apgar score less than 7, which were more frequent in Group 2 compared to Group 1.
Prevalence of neuroimaging findings did not significantly differ between the two groups. An impaired neuro-
developmental outcome was observed in 23.7% of patients of Group 1 and in 24.6% cases of Group 2. Similarly,
the frequency of hearing loss did not differ between the two groups (25.8% versus 26.2%, respectively).
Conclusions: Neurodevelopmental and hearing sequelae are not affected by the type of maternal CMV infection.
Preventing strategies should be developed for both primary and non-primary infections.

1. Background

Congenital cytomegalovirus (cCMV) infection is a common cause of
neurodevelopmental disabilities [1]. Unlike other perinatal infections
as congenital rubella or toxoplasmosis, CMV maternal immunity ac-
quired prior to conception does not ensure a complete protection of
fetus from infection [2–6]. Approximately 40% of women experiencing
a CMV primary infection during pregnancy will transmit virus to their
fetus. Of the infants infected in utero, about 10% will exhibit some
symptoms at birth that are consistent with cCMV symptomatic infection
[6]. In case of maternal non-primary infection, the risk for fetus to be
infected by CMV is around 1% [5,7–9]. Earlier studies showed that
maternal immunity to CMV prior to pregnancy can prevent CMV-re-
lated fetal damage [10,11]. More recent data have indicated that a

preconceptional maternal immunity cannot be viewed as protective in
terms of CMV fetal damage and hearing loss [8,12–15]. However, dif-
ferences in natural history and long term prognosis of cCMV disease
according to maternal primary versus non-primary CMV infection are
not clearly documented.

2. Objectives

To compare clinical, laboratory and neuroimaging features at
onset and long term outcome of patients with cCMV born to mothers
with non-primary infection and those born to mothers with primary
infection.
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3. Study design

3.1. Study population

The study was conducted at the Perinatal Infection Unit of the
University Federico II (Naples, Italy), a center with a dedicated multi-
disciplinary team. Neonates born from 2002 to 2015 with cCMV in-
fection were considered eligible for the study. Infants were referred to
our unit because of the presence of cCMV-related symptoms at birth or
because of evidence of maternal infection on serologic screening during
pregnancy. Diagnosis of cCMV infection was based on virus detection
by polymerase-chain reaction assay in neonatal urine samples collected
within 2 weeks. Symptomatic cCMV infection was defined in the pre-
sence of microcephaly (head circumference<2 SD below the mean for
age and birth weight), seizures, chorioretinitis, hepatosplenomegaly,
petechiae, elevated serum transaminase levels, cholestasis, thrombo-
cytopenia (< 10,0000 platelets/mm3), hearing impairment, and ab-
normal findings on central nervous system (CNS) imaging evaluation
(single or multiple calcifications, ventricolomegaly, cerebral atrophy,
white matter or neuronal migration abnormalities) [16]. Isolated len-
ticulostriated vasculopathy (LSV) detected at Head Ultrasound (HUS) in
absence of other abnormalities was not considered as a sign of symp-
tomatic cCMV infection [17]. The study protocol matched the standard
care applied in our center to all infants with cCMV infection [18].
Neuroimaging study included HUS and/or brain Computed Tomo-
graphy (CT) and/or brain Magnetic Resonance Imaging (MRI).

Maternal CMV infections were categorized by analyzing maternal
and newborn hospital records. Maternal primary infection was defined
in the presence of serocoversion from negative to positive CMV-specific
immunoglobulin G (IgG) antibodies during pregnancy; if prior CMV IgG
were not available, diagnosis of presumed primary infection was based
on presence of CMV–specific immunoglobulin M (IgM) antibodies and a
low CMV IgG-avidity. A non-primary infection was defined in the pre-
sence of detectable CMV-specific IgG antibodies before pregnancy; if
pre-conceptional IgG were not available, a presumed non-primary in-
fection was based on presence of IgG at first antenatal blood sample
taken within the first 12 weeks of gestation in absence of specific IgM-
antibodies.

Infants were included in the study in the presence of certain clas-
sification of maternal CMV infection, complete data at diagnosis and
during the observation period, and if the follow up was>1 year.
Patients with other perinatal infections or other chronic concomitant
diseases were excluded.

The study was approved by the Ethical Committee of our Institution
(protocol number 274/16).

3.2. Hearing and neurodevelopmental assessment

Audiological evaluation was performed every 3–6 months until the
age of three years, and every 6–12 months later. Hearing function was
evaluated at birth by auditory brainstem evoked responses (BAERs) test
and during the routinely follow up by age-specific tests. Hearing
thresholds were: 21–40 dB for mild hearing loss, 41–70 dB for moderate
hearing loss, and> 70 dB for severe hearing loss [19].

Hearing loss was considered as sensorineural if the air-bone gap was
less than 10 dB. Tympanometry was routinely performed in all cases to
exclude middle ear disorders.

Neurodevelopmental examination was performed by using the
Griffiths Mental Developmental Scales (version extended revised
GMDS-ER 0–2 and 2–8) and by Denver test. The ages of posture-motor
control milestone acquisition were carefully recorded for each child.
Cognitive impairment in children aged ≥30 months was assessed by
the Wescheler Scale, while behavioral problems in children aged ≥18
months were investigated by the Child Behavior Checklist (CBCL). An
impaired neurological outcome was defined in the presence of devel-
opmental/cognitive impairment (DQ/IG < 70), motor delay requiring

rehabilitation, epilepsy and behavioral/emotional problems (affective
problems, attention deficit/hyperactivity and oppositional behavior).
Severe mental retardation was defined in the presence of global
IQ < 50. Sensorineural hearing loss and visual impairment were not
included in the neurodevelopmental outcome but they were in-
dependently analyzed.

3.3. Statistical analysis

All data were recorded on a standardized case report form.
Statistical analysis was performed using the Statistical Package for
Social Science (SPSS). The chi square and the Fisher exact test were
used to assess statistical significance of demographic characteristics,
clinical data, and outcomes. P values< 0.05 were deemed as statistical
significant.

4. Results

During the study period, 224 patients with cCMV were identified.
Sixty-six children were excluded from the analysis because of the un-
availability of preconceptional and/or prenatal maternal CMV exams.
Of the remaining 158 patients, 93 (59%) were born to mothers with a
primary CMV infection (Group 1) and 65 (41%) to mothers with a non-
primary infection (Group 2) (Table 1). The reasons of cCMV-screening
in newborns of non-primary infection group were presence of symp-
toms at birth in the majority of cases (39/65, 60%), abnormal findings
on fetal US in 3 (4.6%) cases (intrauterine growth restriction in all
cases), history of maternal immunosuppression in 2 (3.1%) cases. In the
remaining 21 (32.3%) patients the diagnosis of cCMV was performed
because of newborn CMV screening. No mothers in Group 1 and two
(3.1%) mothers in Group 2 had immunosuppression during the preg-
nancy (p = 0.08). Immunosuppression was due to the need of high dose
of steroids because of maternal multiple sclerosis in both cases. Eighty-
eight infants were classified as having a symptomatic cCMV infection:
49/93 (46.2%) patients of Group 1 and 39/65 (60%) of Group 2. Signs
and symptoms at diagnosis in the two groups of patients are presented
in Table 2.

The majority of patients (n = 140, 88.6%) received more than one
neuroimaging study (three neuroimaging studies in 116 cases). The
prevalence of abnormal findings differed according to the type of
neuroimaging exam, being LSV the most frequent finding detected by
HUS, calcifications by CT, and white matter disease, callosal and

Table 1
Characteristics of patients with cCMV born to mothers with CMV primary and non-pri-
mary infection.

Features Group 1: maternal
primary infection
(n = 93)

Group 2: maternal non-
primary infection
(n = 65)

P

Male, n 46 (49.5) 31 (47.7) 0.8
Age at last observation

(years)
3.8 ± 2.6 3.6 ± 2.4 0.5

Abnormal findings on
fetal USa

9/70 (12.8) 12/54 (22.2) 0.2

Mean gestational age
at delivery

38 ± 2.6 35.9 ± 4.2 0.002

Preterm infantsb 13 (14) 24 (37) 0.0008
Infant with a 1-min

Apgar score< 7
4 (4.3) 12 (18.5) 0.008

Patients small for
gestational agec

15 (16.1) 15 (23.1) 0.2

Values are expressed as numbers and percentages or mean and standard deviation (SD), as
appropriated.

a Not available in all cases.
b Prematurity was defined in case of gestational age less than 37 weeks.
c Patients small for gestational age were classified in case of a birth weight below the

10th percentile conditional on gestational age and sex.
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cerebellar malformations by MRI scans. Genetic disorders were ruled
out in case of major CNS abnormalities as migration abnormalities or
cerebellar malformations. Prevalence of neuroimaging findings at HUS,
CT and MRI did not significantly differ between the two groups. HUS
features in symptomatic patients are reported in Table 3. HUS revealed
abnormal neuroimaging findings in 54.7% of asymptomatic patients,
being LSV the most common detected feature.

Overall, 25 of 49 (51%) symptomatic patients of Group 1 received
antiviral treatment (ganciclovir in 7 cases, valganciclovir in 11 and
both treatments in 7 patients) versus 26/39 (66.6%) symptomatic pa-
tients of Group 2 (ganciclovir in 3 cases, valganciclovir in 10 and both
treatments in 13 infants) (p = 0.5).

4.1. Neurodevelopmental and hearing outcomes according to maternal
CMV immunity

No difference in the occurrence of sequelae between the two groups
was found. Overall, an impaired neurodevelopmental outcome was
observed in 22 (23.7%) patients of Group 1 and in 16 (24.6%) cases of
Group 2 (p = 0.9). Neurodevelopmental sequelae in 22 patients of
Group 1 were developmental/cognitive impairment in 10 (45.4%) cases
(it was severe in 5 patients), language impairment in 5 (22.7%) pa-
tients, behavioral/emotional problems in 4 (18.2%) cases, motor delay
in 2 (9.1%) subjects, epilepsy in one (4.5%) child. Sequelae in 16 pa-
tients belonging to Group 2 were developmental/cognitive impairment
in 11 (68.7%) cases (it was severe in 5 cases), language impairment in 2
(12.5%) patients, behavioral/emotional problems in one (6.2%) child,

motor delay in 2 (12.5%) cases (p > 0.05 for all type of ner-
odevelopmental sequalae compared to Group 1). Hearing loss was
present in 24/93 (25.8%) patients belonging to Group 1 and in 17/65
(26.2%) patients of Group 2 (p = 0.8).

Then, we separately analyzed the outcomes according to the pre-
sence or not of symptoms at birth. In the group of 88 symptomatic
patients, neurodevelopmental and hearing outcomes did not differ ac-
cording to the type of maternal CMV infection, as reported in Table 4.
As for the type of hearing impairment, it was severe in 9/21 (42.9%)
cases of Group 1 and in 5/14 (35.7%) patients of Group 2 (p = 0.7).
Furthermore, the occurrence of bilateral versus monolateral hearing
loss did not differ between the two groups (47.6% of bilateral impair-
ment in Group 1 versus 42.8% in Group 2; p = 0.8). Considering that a
proportion of symptomatic patients had received antiviral treatment,
we also compared outcomes in treated and untreated patients divided
according to maternal infection. No significant difference in the rates of
patients with neurodevelopmental and hearing impairments between
treated and untreated patients was observed, as presented in Table 5.

As for the group of 70 asymptomatic patients, an impaired neuro-
developmental outcome was observed in a higher percentage of cases of
patients of Group 1 compared to Group 2 (Table 6). Neurodevelop-
mental sequelae were mild motor impairment in 2 cases, language
impairment in 2 cases, epilepsy in one patient and behavioral/emo-
tional problems in one case. Overall, 6/70 (8.6%) asymptomatic pa-
tients had a sensorineural hearing loss at the end of observation period
(Table 6).

5. Discussion

This study addresses the impact of a preconceptional maternal CMV
immunity on clinical, laboratory and neuroimaging data in the newborn
period and on long term prognosis of cCMV disease in a large number of
infected patients. We found a maternal non-primary CMV infection in
about 40% of cCMV patients. Previous reports showed a significant
percentage of maternal non-primary cCMV infection in populations
with medium-high seroprevalence of CMV [2,4,20,21].

Paucity of reports exists on maternal factors at risk to deliver a
newborn with a cCMV disease [22,23]. Maternal immunosuppression
status may represent a factor affecting the transmission of CMV during
pregnancy in women with preexisting immunity. Although we re-
cognize that the number of immunosuppressed mothers in our study is
too small to draw conclusions, maternal immunological status of
women with non-primary CMV infection has not been evaluated spe-
cifically in previous studies. Studies investigating conditions that may
cause interference with immune system leading to higher maternal
susceptibility to latent viral reactivation are desirable.

The present study shows that clinical findings at birth and a severe
cCMV disease are not affected by the type of maternal infection.
Boppana et al. reported similar demographic characteristics in 8 cCMV
infected children born to mothers with non-primary infection and in 35
infants born to mothers with primary or unclassified infection [14].
However, in this study the type of maternal infection could be ascer-
tained in only 43% of cases. This is the first study that describes

Table 2
Signs and symptoms of cCMV infection at onset in 88 symptomatic patients divided ac-
cording to the type of maternal CMV infection.

Features Group 1: maternal
primary infection
(n = 49)

Group 2: maternal
non-primary
infection (n = 39)

P

Severe onset 42 (85.7) 35 (89.7) 0.5
Microcephaly 6 (12.2) 11 (28.2) 0.06
Small for gestational age 12 (24.5) 11 (28.2) 0.7
Neurologic signs 7 (14.2) 13 (33.3) 0.03
Chorioretinitis 4 (8.2) 12 (30.8) 0.006
Liver involvement with

cholestasis
11 (22.4) 8 (20.5) 0.8

Skin signs/petechiae 5 (10.2) 8 (20.5) 0.8
Thrombocitopenia 5 (10.2) 11 (28.2) 0.02
Pathological newborn

hearing screening test
14 (28.6) 15 (38.5) 0.3

Abnormal HUSa 34/48 (70.8) 30/38 (78.9) 0.4
Abnormal brain CTa 28/46 (60.9) 21/33 (38.7) 0.8
Abnormal brain MRIa 27/44 (61.4) 29/35 (82.8) 0.06

Values are expressed as numbers and percentages.
a Not available in all cases.

Table 3
Abnormal findings at head ultrasound in 86 symptomatic cCMV infected patients divided
according to the type of maternal CMV infection.

Findings Group 1: maternal
primary infection
(n = 48)

Group 2: maternal
non-primary infection
(n = 39)

P

Lentriculostriated
vasculopathy

23 (47.9) 15 (39.5) 0.4

Calcifications (single or
multiple)

9 (18.7) 6 (15.8) 0.8

Pseudocysts/cysts 8 (16.7) 5 (13.2) 0.6
Ventriculomegaly 3 (6.2) 4 (10.5) 0.5
Cerebellar abnormalities 1 (2.1) 0 0.4
Germinolysis 4 (8.3) 0 0.06
Migration abnormalities 0 2 (5.3) 0.1

Values are expressed as numbers and percentages.

Table 4
Outcome in 88 symptomatic cCMV infected patients divided according to the type of
maternal CMV infection.

Outcome Group 1: maternal
primary infection
(n = 49)

Group 2: maternal
non-primary
infection (n = 39)

P

Neurodevelopmental
impairment

16 (32.6) 16 (41) 0.4

Sensorineural hearing
impairment

21 (42.9) 14 (35.9) 0.5

Values are expressed as numbers and percentages.
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neonatal neuroimaging findings according to maternal CMV ser-
oimmunity. We found a similar frequency of brain abnormalities in
non-primary infection group compared to primary infection group, both
in symptomatic than in asymptomatic patients. In asymptomatic pa-
tients, LSV at HUS was the prevalent finding. It is to note that, although
LSV seems to be a brain marker of CMV infection, its prognostic role as
isolated finding is still debated [17]. Hadar et al. found higher rates of
brain US abnormal findings in CMV primary infection group compared
to those detected in non-primary infection group [23]. However, in this
study there is no description of the type of findings detected, nor is
reported if children underwent other neuroimaging studies. Further-
more, the number of symptomatic patients following a non-primary
infection was too small (n = 12) to draw conclusions.

We also investigated the role of maternal CMV status on long term
outcome of cCMV infection. A hearing damage was present in 26% of
the whole population of our cCMV patients, without difference ac-
cording to maternal serological status. Data from literature report a
sensorineural hearing loss in about 30–40% of symptomatic cCMV in-
fected patients [24,25]. Ross et al. found a less severe hearing loss in
case of non-primary infection compared with children born to mothers
with CMV primary infection [13]. In our study, we observed no sig-
nificant difference in the occurrence of severe and/or bilateral hearing
impairment according to type of maternal infection. Furthermore, in
Ross et al. paper is not specified if hearing loss occurred only in
symptomatic or also in asymptomatic cases. In our study, hearing im-
pairment occurred in about 11% of asymptomatic patients belonging to
the non-primary infection group. This result indicates that preconcep-
tional CMV maternal immunity did not prevent hearing deterioration
also in case of absence of symptoms at birth. As a consequence, new-
born hearing screening as single test might fail to identify cCMV in-
fected subjects which are asymptomatic at birth, but at risk to develop
sensorineural hearing loss later in life. On the other hand, we found no
neurodevelopmental impairment at the end of follow up in asympto-
matic patients born to mothers with non-primary CMV infection,
compared to about 14% of mild neurological defects in the group of
maternal primary infection. Boppana et al. reported mental retardation
in 4/7 children of recurrent infection group versus none of 4 children
primary infection group [14]. However, in this study psychometric tests
were not performed because of a very young age at least observation of
patients of the second group.

Our study has several points of strength. First, we excluded from the
analysis all cases with incomplete or unclear maternal serological data.

This allows to clearly classified patients in the group of maternal pri-
mary or non-primary infection. Second, we have a larger number of
study participants and a longer observation period compared with
previous studies [14,23]. Furthermore, some studies are focused only
on symptomatic cCMV patients [23]. We separately analyzed outcomes
of symptomatic and asymptomatic cases.

A possible limit of this study is our high rate of symptomatic pa-
tients (about 56%) and the high rate of clinical pathological findings in
non-primary infection group. However, this rate is in agreement with
previous reports [26], and it might have more than one explanation.
First, it can be due to the type of referral center. Our Perinatal Infection
Unit serves a wide area in Southern Italy though mostly symptomatic
infants will be referred. Second, in our Country there is no extensive
active search of CMV in newborns in absence of clinical problems at
birth. The lack of a capillary screening for cCMV may allow to a number
of asymptomatic infants to be undetected. This happens mainly in the
presence of preconceptional maternal CMV seroimmunity (maternal
non-primary CMV infection). Maternal CMV infection is usually diag-
nosed by routine screening in CMV seronegative women. In case of
preconceptional CMV seroimunity or CMV-specific IgG antibodies at
the first trimester of pregnancy, no other maternal CMV test is usually
performed. The majority of patients with cCMV disease due to a non-
primary infection were referred to our center because of abnormal
signs/symptoms at birth, while less cases were identified because of
newborn CMV screening. This may represent a population bias because
the study includes infants with more severe symptomatic infection.
However, we should consider that the rates of symptomatic patients did
not significantly differ between primary and non-primary infection
groups, allowing a reliable interpretation of outcomes results. Finally, it
is to note that a standard definition of symptomatic cCMV infection is
lacking [27]. Another limit of this study is that was not possible to
differentiate secondary infection due to reactivation from that due to
reinfection with a new CMV strain. However, this data lacks in the
majority of available studies.

In conclusion, although preconceptional seroimmunity provides
protection against intrauterine transmission of CMV, once fetal infec-
tion occurs the risk to develop symptoms and sequelae is similar to
primary infection. Our data point up that CMV prevention strategies
should target both mothers not immune to CMV than those with a
preconceptional immunity, and raise the need of universal newborn
screen as a major tool for a prompt diagnosis of cCMV infection.
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Table 5
Neurodevelopmental and hearing outcomes in 88 symptomatic cCMV infected patients divided according to the antiviral treatment and to the type of maternal CMV infection.

Group 1: maternal primary infection
(n= 49)

Group2: maternal non-primary infection
(n = 39)

Treated (n = 25) Untreated (n = 24) Treated (n = 26) Untreated (n = 13)

Neurodevelopmental impairment 14 (56) 8 (33.3) 12 (46.1) 4 (30.8)
Sensorineural hearing impairment 16 (64) 5 (20.8) 10 (38.5) 4 (30.8)

Values are expressed as numbers and percentages.

Table 6
Outcome in 70 asymptomatic cCMV infected patients divided according to the type of
maternal CMV infection.

Outcome Group1: maternal
primary infection
(n = 44)

Group2: maternal
nonprimary infection
(n = 26)

P

Neurodevelopmental
impairment

6 (13.6) 0 0.04

Sensorineural hearing
impairment

3 (6.8) 3 (11.5) 0.4

Values are expressed as numbers and percentages.
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