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Introduction

Sensorineural hearing loss (SNHL) is the most common
sensory deficit in developed societies, with an estimated
prevalence of approximately 1.5 children out of 1,000.1

Updated results derived from newborn hearing screening
programs suggest that this rate could be higher: approxi-
mately 2 to 4 children out of 1,000.2

Etiological causes of SNHL remain largely unknown.
Among the cases with an identified cause, half of them are
supposed to have an environmental origin, including con-
genital or acquired infections, ototoxic drugs, and prematu-
ritywith hypoxic–ischemic complications,whereas the other
half is ascribable to genetic causes and/or malformations.3,4

Congenital cytomegalovirus infection (cCMV) infection is
the leading cause of neurodevelopmental delay and SNHL.
Overall, the cCMV estimated prevalence in newborns is
0.64%, and the prevalence of permanent sensorineural
sequelae is 12.7% of the affected, but it increases to 40 to
58% among children with a symptomatic onset. The fraction
of SNHL attributed to cCMV ranges between 17 and 23%.5,6

Prompt treatment with ganciclovir or valganciclovir in
newborns affected by cCMV can decrease the incidence
and slow the progression of SNHL and neurodevelopmental
delay,7 although some authors suggest that the treatment
could have modest benefit in the long term.8 Prenatal and
newborn testing for cCMV infection is increasing over time,

Keywords

► cochlea
► malformation
► intellectual disability
► syndrome
► 7q21 deletion
► DLX5
► DLX6

Abstract Sensorineural hearing loss (SNHL) is a common defect with a multifactorial etiology.
Congenital cytomegalovirus infection (cCMV) is the most common infectious cause,
and its early detection allows a prompt pharmacological treatment that can improve
hearing prognosis. In a consistent percentage of profound SNHL, genetic causes and/or
inner ear malformations are involved; their prompt diagnosis might change therapeu-
tic options. This study reports a case of a 3- year-old female patient with symptomatic
cCMV infection who also exhibits developmental delay, dysmorphic facial features,
bilateral hearing loss, and cochlear incomplete partition, type 2, in 7q21.3 deletion.
This deletion includes the genes DLX5 and DLX6, which could be the candidate genes
for the ear malformation named incomplete partition, type 2.
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and a screening program has been proposed by several
authors.9

Approximately 70% of genetic SNHL cases are considered
nonsyndromic; the mode of inheritance is usually
autosomal recessive. Autosomal dominant, X-linked, and
mitochondrial transmission have also been reported. On the
other hand, deafness is a feature of several monogenic
syndromes4 and is associated with some microdeletion
syndromes10; genetic SNHL can be associated with inner
ear malformations.

Cranial computed tomography and/or magnetic
resonance imaging (MRI) are considered the gold standard
for the detection of inner ear malformations related to SNHL.
Incomplete partition type 2 (IP2) is a cochlear, usually
bilateral, malformation characterized by a cystic expansion
of the medial and apical cochlear turns that are fused
together and associated with the dilatation of the vestibule
and of vestibular aqueduct. Themodiolus and the interscalar
septa are defective. It usually coincides with profound
SNHL.11

SLC26A4, responsible for Pendred’s syndrome, is the only
gene associated with isolated inner ear malformations,
including IP2; however, only a minority of the cases are
associatedwithmutations in this gene,12,13 and other loci are
supposed to be involved.

SNHL has been described in patients with 7q21.3 deletion
syndrome,14–16 associated with or without split hand/foot
malformations.17–19

Case Report

A preterm baby was delivered by emergency cesarean sec-
tion at 31 weeks of gestation. Apgar scores were 6 and 9 at
1 minute and 5 minutes, respectively; weight was 1,160 kg
(5–10th centile), length was 39 cm (10–25th centile), and
head circumference was 25 cm (<5th centile). Maternal
preeclampsia, oligohydramnios, and intrauterine growth
restriction were recorded on gestation charts. Mechanical
ventilation was applied for 5 days (nasal continuous positive
airway pressure, FiO2 max 28%).

Physical examination revealed hypotonia, hepatospleno-
megaly, and petechial rash. Laboratory tests displayed mod-
erate anemia, thrombocytopenia, direct hyperbilirubinemia,
and increased glutamic–pyruvic transaminase levels.
Cranial ultrasound scanning revealed ventricular dilation
and bilateral frontal lobe hypoplasia. Transiently evoked
otoacoustic emissions showed bilateral deafness. Clinical
suspicion of cCMV was confirmed by the laboratory on the
third day of life, with positive CMV–DNA studies in urine and
plasma and negative bacterial cultures; therefore, the baby
received a prompt 6-week treatment with ganciclovir. Clini-
cal and laboratory remission was obtained after 5 days of
treatment.

Standard multidisciplinary diagnostic workload, includ-
ing careful clinical, expert ophthalmological, audiological,
and neuroradiological examinations, started at the age of
4 months, when the infant was admitted to the Regional

Fig. 1 Brain magnetic resonance imaging at 4 months of life. (A) Cerebellar vermis hypoplasia. (B) Bilateral dilatation of the endolymphatic sac,
and dilatation of the cochlear basal turn. (C) Internal acoustic canals enlargement and agenesis of their osseous fundus, agenesis of the
modiolus, dilation of vestibules and vestibular aqueducts, and cystic enlargement of the medial and apical turns, which appear fused.
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Centre for Perinatal Infection of Federico II Medical School of
Naples. Auditory brainstem response confirmed a bilateral,
profound SNHL (threshold over 90 dB). No auditory skill
improvements were detected after middle ear prostheses. At
electroencephalogram, a mild dysfunction in the temporo-
parietal regions was reported. Ophthalmological examina-
tions revealed microphthalmia and corneal leukoma. Cranial
MRI displayed mild cerebellar hypoplasia and a malforma-
tion of the inner ears. It was characterized by symmetrical,
mild dilatation of the basal turn of the cochlea with cystic
enlargement of the medial and apical turns, which also
appeared fused. Enlargement of the internal acoustic canals
and agenesis of the osseous fundus and of themodiolus were
detected. Both of the cochlear nerves were severely hypo-
plastic. A marked dilation of vestibules and vestibular aque-
ducts and a slight enlargement of part of the lateral and of the
superior semicircular canals were noted (►Fig. 1). Neuroim-
aging was consistent with the diagnosis of bilateral incom-
plete IP2. Expert dysmorphological examination pointed out
microcephaly, left microphthalmia, epicanthus, low-set ears,
and pilonidal cyst. Familiar anamnesis excluded the occur-
rence of other cases of congenital malformations. An array
comparative genomic hybridization (CGH) was requested,
detecting a 17-Mb deletion in the region 7q21.11-q21.3
(80,001,166–97,260,436; hg18).

At the last clinical evaluation (age 3 years 9 months) the
patient displayed a stature of 89.3 cm, weight of 9.4 kg,
and head circumference of 42 cm, all <3rd centile. Verbal
language was absent, nonverbal language was poor, disposi-
tion appeared aggressive, and gait was clumsy. Denver
test score was 6 to 12 months. Several dysmorphic features
were recognizable: microcephaly with brachycephaly;

epicanthus; low-set, prominent, and dysmorphic ears with
hypoplasia of the helix; wide nasal bridge; prominent colu-
mella; and micrognathia (►Fig. 2; informed consent has
been signed).

A second brainMRI was performed at 3 years of life. Some
white matter T2 hyperintensity, consistent with gliosis, was
noted peripheral to the trigones, probably not appreciable at
the first MRI because of the immature myelination but
related to the infection as well. Other small hyperintense
areaswere also present at the subcorticalwhitematter of the
cerebral hemispheres, consistent with delayed myelination.
Brainstem implant is still in progress.

Discussion

SNHL can occur due to several environmental causes, includ-
ing infections, ototoxic drugs, prematurity, and hypoxic–
ischemic damage. In developed countries, cCMV infection
is the most frequent cause. At birth, infected infants might
show severe or moderate signs of disease (anemia, throm-
bocytopenia, hyperbilirubinemia), as in our case, thus lead-
ing to the diagnosis, or might appear asymptomatic.
Neurodevelopmental delay and SNHL can complicate the
disease in the short or long term with different grades of
severity, whereas exterior malformations do not usually
occur. According to the high prevalence of the cCMV and
level B evidence of the efficacy of short- and long-term
antiviral tertiary prophylaxis (6 weeks and 6 months treat-
ment with ganciclovir and valganciclovir, respectively),
the inclusion of CMV viruria on the standard diagnostic
panel for SNHL has been widely suggested.20 In our case,
clinical suspicion allowed an early diagnosis and thus

Fig. 2 Patient at the age of 3 years and 9 months. Notice left microphthalmia; epicanthus; low-set, prominent, and dysmorphic ears with
hypoplasia of the helix; wide nasal bridge; prominent columella; Cupid’s bow upper lip; and microretrognatia.
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pharmacological treatment in a hospital with a neonatal
intensive care unit. Unfortunately, EOTA pointed out hearing
loss (HL), whereas cranial ultrasonography did not detect
internal ear anomalies. Dysmorphic features, including epi-
canthus and low-set ears, although not typical for a cCMV,
were underestimated at birth because of their mildness and
overlap with the common facial appearance of preterm
infants. Only after admission at a University Hospital and
following a careful dysmoprhological evaluation, the suspi-
cion of an associatedgenetic defect arose, due to the presence
of the cochlear malformation and dysmorphic features, and
for these reasons genetic tests were performed. Early detec-
tion of a malformation can dramatically influence prognosis
and practices. In this case, the marked hypoplasia of both the
cochlear nerves discouraged a cochlear implantation.

7q21 deletion syndrome is a rare contiguous gene
syndromecharacterizedbygrowth impairment,microcephaly,
craniofacial abnormalities, HL, split hand/foot, and intellectual
disability.21 Split hand/foot and other limbs anomalies have a
reduced penetrance (54–80% in previous reports).19,22 While
the diagnosis is accessible for patientswith a full phenotype, it
could be insidious in patients displaying only some of the
clinical features, such as the present case. The phenotypic
variability is probably a consequence of the variability of the
breakpoints of the deletions and of the genes involved.

The strongest candidate genes for HL are DLX5 and DLX6,
which are involved in the deletion described here. These are
target genes of the retinoic acid dependent activation of FGF3
and FGF10, and their expression is critical for thedevelopment
of the inner ear.23,24 The disruption of these genes has been
showed to cause HL, craniofacial anomalies, and mental
disability in mice.25

In humans, there are several descriptions of patients with
HL and 7q21 deletions, but in only two of the cases a cochlear
malformation has been reported, probably because brain
MRI has not been performed in most of the cases. To our
knowledge, this case is the third description of a cochlear
malformation associatedwith 7q21 deletion.16,21 Thus,DLX5
and DLX6 could be considered, along with SLC26A4, as loci to
study in the presence of such type of ear malformations.

The identification of comorbid conditions in a patient
with cCMV is crucial to determine critical decisions, such as
the duration of a pharmacological treatment (whichmust be
carried on until the further investigations are performed)
and the eligibility of prosthetic treatment, and to avoid the
adverse effects of a prolonged antiviral treatment. When the
clinical signs are not consistent with a specific condition,
array CGH is the most suitable analysis because HL is a sign
shared by several microdeletion and microduplication
syndromes.

Note
Informed consent has been obtained from the patients.
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