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Incidence of congenital CMYV in children at a hearing rehabilitation center
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Abstract. Incidence of congenital CMV in children at a hearing rehabilitation center. Objective: To evaluate the
incidence of children with congenital CMV (cCMV) infection in a hearing rehabilitation center.

Methodology: This was a retrospective review of 309 children followed in a rehabilitation center for mild to total
sensorineural hearing loss (SNHL). Seventy-five children had dried blood spots that we retrieved and retrospectively
analyzed for the presence of CMV DNA by real time PCR. The children were born in Belgium after January 1996. The
etiology of the SNHL was investigated for each child.

Results: The CMV DNA was detected in the dried blood spots for 8 of the 75 children tested (10.6%) by real time PCR.
In three children, an alternative etiology of SNHL was suspected before the cCCMV infection was diagnosed.
Conclusions: The incidence of children infected with cCMV in a hearing rehabilitation center is high (10.6%). The

detection of CMV DNA in dried blood spots is useful and improves the etiological diagnosis of SNHL.

Introduction

Overall rates of congenital cytomegalovirus
(cCMV) infection range from 0.33 to 1% of live
births in industrialized countries where the maternal
seroprevalence is relatively low."* Classical
symptoms are found in approximately 10% of
cCMV-infected children and include intrauterine
growth  retardation, microcephaly, hepato-
splenomegaly, petechiae, chorioretinitis, and
jaundice. The association between sensorineural
hearing loss (SNHL) and cCMV infection was first
described in symptomatic children by Medearis in
1964, and only a few years later in asymptomatic
children.’ The risk of developing hearing loss in
cCMV-infected children depends on the presence
of symptoms. It is 30 to 40% if symptomatic or 5 to
10% if asymptomatic.*” Children with an
asymptomatic cCMV infection are easily missed at
birth since no apparent symptoms are present and
there is no systematic screening of newborns for
cCMV infection. The gold standard for cCMV
infection diagnosis is a urine or saliva culture
within 2 weeks after birth. After this time lapse,
cCMV infection can only be diagnosed by CMV
DNA load detection on dried blood spots.*" The
detection rate may vary according to the population
studied, as well as the technique used.

Children with a confirmed hearing loss often require
a multidisciplinary approach to investigate the
cause of their hearing impairment; although, it can
only be found in 50 to 60% of cases.'*"” In those
children where an etiology is found, 50 to 60% of
cases are due to genetics and 40 to 50% to the
environment.'"” The cCMV infection is the most
common non-genetic cause of childhood hearing
loss, accounting for 36% of children suffering from
bilateral hearing loss above a 40 decibel hearing
level (dBHL).*The aim of this study was to estimate
the proportion of children with cCMV infection in
a center for hearing rehabilitation.

Materials and methods

Study population

We conducted a retrospective review of 309
children diagnosed with mild to total SNHL who
were followed at the “Comprendre et Parler”
rehabilitation center. All children were born in
Belgium after January 1996 until 2011.
Demographic data, risk factors for SNHL, perinatal
history, family history, additional disabilities,
radiological investigations, and laboratory findings
were retrieved from their medical files.

The parents were asked to provide informed
consent to participate in the study for all 309
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children. For seven children, the diagnosis of
cCMYV was already made at birth by isolation of the
virus in the neonatal period, and dried blot spot
were not analyzed. Ninety-two parents agreed to
participate in the study and dried blot spots were
available for 75 of them.

Audiological assessment

Hearing tests were performed at the rehabilitation
center at the first consultation and then once a year.
Middle-ear ventilation disorders were excluded
by otoscopic examination and tympanometry.
Audiological tests were performed witha MADSEN
ITERA II (GN Otometrics, Taastrup, Denmark) in
a soundproof room. Specific audiometric tests were
performed depending on the child’s age, as follows:
behavioral observation testing with insert earphones
(0-6 months), visual reinforcement with insert
earphones (6-36 months), and conditioned play
audiometry (>30 months)."™"” We used the BIAP
classification of hearing impairment to compare the
audiometric thresholds of a four-frequency average
of 500, 1000, 2000, and 4000 Hz.* In the event of
an asymmetric hearing loss, the average loss level
was multiplied by 7 for the better hearing ear and
by 3 for the worse hearing ear and the total was
divided by 10.* We used the definitions of
progressive, fluctuating, or late onset hearing loss
described previously #*'*

CMYV DNA detection on dried blood spots

The presence of CMV DNA on dried blood
spots was determined as previously described.”
Nucleic acid extraction was performed using the
NucliSens easyMAG automated extraction platform
(bioMéricux, Boxtel, The Netherlands). A whole
spot (approximately 1cm in diameter) was
transferred into 2 ml of NucliSens Lysis buffer.
The blood was eluted by gently rocking for 30 min
at 37°C. The supernatant was clarified by
centrifugation at 250 x g for 1 min and transferred
to the sample vessel. Total nucleic acids were then
extracted with the off-board protocol (Generic
1.06) on the NucliSens easyMAG, eluted in 25 ul
of elution buffer, and stored at - 20°C until needed.

To amplify CMV DNA by real-time PCR, the
primers pp5549s and pp812as and probe FAM 5°-
ACGTGGCACTGCGGCACGTGGT -3’ TAMRA,
were defined in the UL83 region. The PCR was
performed in a 50 p1 reaction mixture consisting of
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25 ul Platinum Quantitative PCR SuperMix-UDG
(Invitrogen),2 mM MgCl,,300 uM dNTPs,0.2 uM
(each) primer and probe, 1.25 U AmpliTaq Gold
(Applied Biosystems), and 5 ul of DNA. The PCR
conditions consisted of 1 cycle of 3 min at 95°C
followed by 50 cycles of 30 sec at 95°C and 30 sec
at 60°C. Amplification, detection, and analysis
were performed using the iCycler iQ Real-Time
Detection System (BIO-RAD). The quality of the
extraction, as well as inhibition, were monitored by
amplification of the human 13-globin gene."As
previously reported the sensitivity and specificity
of this technique was evaluated as 73% and 100%,
respectively. The CMV DNA can be detected in
dried blood samples stored for up to 130 months.
The detection rate was not adversely affected by
prolonged storage."

Results

Population characteristics

The etiologies of the SNHL children followed in
the rehabilitation center are described in Table 1.
For the 75 children included in the study, the
average age was 7 years and 11 months (range:
11 months to 16 years and 6 months). The diagnosis
of SNHL was made at the average age of 1 year and
11 months (range: 1 month to 15 years and 1 month
old). Forty seven percent of the children had
undergone a neonatal hearing screening test. The
severity of the SNHL of the 75 children in our study
population at the first consultation is summarized in
Table 2.

Most children (n=71) received hearing
rehabilitation: 29 children had a cochlear implant
and 42 had hearing aids. A significant number of
children (n=28) showed evidence of additional
disabilities: cognitive (31%), motor (27%),
vestibular (13%), thyroid (9%), phonatory (7%),
visual (7%), mental (2%), renal (2%), and cardiac
(2%) disorders. Most children (n=68) went to
school on a daily basis, either to special (n=37) or
mainstream schools (n=31).

Results of the dried blood spots

Nine of the 75 dried blood spots analyzed were
positive by real time PCR assay, which is suggestive
for a cCMV infection. Since one of these nine
children received a blood transfusion before the
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Etiologies of hearing loss at the start of the study
Etiologies Total group of children, Study population:
n (%) DBS tested
N tested N positive

Unknown 37 (12) 15 5
Genetic 228 (73.7) 57 3

— consanguinity and/or hearing loss in family 97 (31.4) 28 2

— connexine 26 and/or 30 36 (11.6) 6 0

— ear malformation 27 (8.7) 15 1

— syndrome 68 (22) 8 0
Acquired 40 (13) 3 0

— peripartal problems 21 (6.8) 1 0

— drug toxicity 1(0.3) 1 0

— meningitis 11 (3.6) 1 0

- CMV 7(2.3) 0 0
Auditory neuropathy 4(1.3) 0 0
Total N 309 75 8

Table 2
Degree of hearing loss in the 75 study patients
Children % (n)

Classification

Normal hearing (0-20 dB HL) 0 (0)
Mild hearing loss 53(4)
(21-40 dB HL)

Moderate hearing loss 40 (30)

(41-70 dB HL)

Severe hearing loss 10.7 (8)
(71-90 dB HL)

Very severe hearing loss 36 (27)
(91-119 dB HL)

Total hearing loss — cophosis 8 (6)
(more than 120 dB HL)

collection of the dried blood spot, this patient was
not considered a child with cCMV.

Characteristics of the eight children with cCMV
infection

Audiometric data

Hearing characteristics of the eight children with
positive CMV DNA are shown in Table 3. The
average age for SNHL diagnosis was 2 years and
1 month. Only five of them underwent hearing
screening at birth. Seven children had a bilateral
SNHL, while one (number 6) had mild, unilateral
SNHL diagnosed at 6 years old, with a normal
newborn hearing screening. Progression and
fluctuation occurred in one child (number 5) and

was observed in both ears between the age of 1 and
6 years. As for hearing rehabilitation, five children
received cochlear implants and two received
hearing aids.

Associated disabilities and risk factors for SNHL

In three children, a possible etiology of SNHL was
suspected before cCMV infection was diagnosed.
Two children had a family history of SNHL and
consanguinity. In another child, anatomical
abnormalities were seen on a CT scan (bilateral
enlarged lateral semi-circular canal and vestibule).
Five of the eight children suffered from an
associated disability: mental retardation, learning
disabilities, hemiparesis, congenital  hypo-
thyroidism, and vestibular disorder. A brain
magnetic resonance imaging was performed on
seven children and showed, in three cases, signs
often associated with cCMV infection (patient 1:
unilateral polymicrogyria and white matter
abnormalities; patients 2 and 3: bilateral and
multifocal white matter abnormalities).”® Five
patients went to a special school and two attended
mainstream education.

Discussion

The rehabilitation center followed 309 children
with SNHL and 272 (88%) of them had a diagnosis
or presumptive diagnosis for the SNHL available.
Before the start of this study, cCMV was the only
cause of SNHL found in seven of them (2.3%). All
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Hearing characteristics of children with a retrospective diagnosis of a cCMYV infection

Table 3

1. Courtmans et al.

Child Unilateral/bilateral Hearing thresholds |Late onset SNHL  |Progression Fluctuation
1 bilateral 116 dB HL no no no
2 bilateral 119 dB HL no no no
3 bilateral 118 dB HL no no no
4 bilateral 109 dB HL no no no
5 bilateral 70 dB HL no yes yes
6 unilateral 33 dB HL yes no no
7 bilateral 66 dB HL. no no no
8 bilateral 90 dB HL no no no

these children were diagnosed through viral
isolation in the neonatal period. However, no
universal testing was performed for cCMV;
therefore, the real incidence of cCMV is probably
underestimated. The standard diagnosis of cCMV
relies on isolation of the virus in urine or saliva
collected in the first 2 weeks of life. The diagnosis
of cCMV infection in children older than 2 weeks
cannot be made or excluded on the basis of a viral
isolation. Dried blood spots (or Guthrie cards) are
routinely collected from neonates in the first 2
weeks of life and can help to diagnose cCMV
during later life when symptoms suggestive of the
disorder develop. In this study, we retrospectively
analyzed dried blood spots obtained from 75
children for the presence of CMV DNA to evaluate
the incidence of cCMV. The CMV DNA was found
in eight patients making the estimated incidence in
our center at least 10.6%. Since the sensitivity of
the assay used for detecting CMV DNA on dried
blood spots in ¢cCMV is 73%, the estimated
incidence of cCMV will be around 14.6%."” Barbi
et al demonstrated, in a cohort of 77 children with
SNHL, that the number of cCMYV children
diagnosed increased from 6 to 19, after dried blood
spot analysis, making the prevalence of cCMV in
these children with SNHL 24.7%." Foulon et all
estimated that 36% of all cases of bilateral SNHL
>40 dBHL in Belgium could be due to cCMV.*
This estimation was based on the incidence of
bilateral SNHL in cCMV patients and the incidence
of bilateral SNHL (>40 dBHL) detected at birth by
a universal screening test. The high incidence of
cCMV in our study does not mean that all SNHL in
children is due to cCMYV infection; indeed, three
children with cCMV also had a presumed non-

infectious cause for their hearing loss, based on
medical history and imaging.

The age at diagnosis among the eight CMV-
positive patients was 2 years and 1 month old and
five of them underwent newborn hearing screening.
This later age at diagnosis is due to two factors:
(1) the lack of systematic screening in French-
speaking Belgium before 2007, and (2) the
possibility of late onset hearing deficiency in cCMV
infection. As of November 2006, a systematic
newborn hearing screening program was put in
place in French-speaking communities following
international recommendations.** On the other
hand, late onset SNHL in cCMV infected patients
is reported in several studies, with cases reaching
the ages of 5 and 6 years.”' Cases of late onset
SNHL range from 1.3 to 2.9% in asymptomatic
CMV infection.” Fowler showed that 5.2% of
newborns and 15.4% of 72 month-old children had
a hearing loss superior to 20 decibels.’ In our series,
one patient had a normal newborn hearing screening
and then was diagnosed with unilateral hearing loss
at 6 years old.

Five patients out of eight diagnosed with cCMV
infection in this study displayed severe to profound
hearing loss. Similar results were found in Fowler’s
study.” Hearing progressions and fluctuations were
observed in one case during annual hearing testing
from 1 to 6 years old and were stable at 7 years old.
Progression of hearing thresholds has been reported
in previous studies and varied between 27.3 and
62% of the cCMV infected children.” We also
diagnosed one case of unilateral hearing loss among
our eight patients with cCMV infection. By
comparison, in Foulon’s study, 5 of 13 patients
with SNHL and cCMV infection showed unilateral
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hearing loss.* Three cCMV patients were known to
have unexplained white matter lesions on MRI
imaging. Congenital CMV infection is likely
responsible in these three cases for both the SNHL
and the white matter lesions. A study about cases of
leukoencephalopathy of unknown origin found that
54.5% of patients were positive for CMV DNA on
Guthrie cards and displayed typical CMV lesions.”

Conclusion

The systematic analysis of CMV DNA in Guthrie
cards plays a crucial role in the etiologic assessment
of children with SNHL, which should include
medical history, imaging studies, further genetic
analyses, auditory brainstem response (ABR), and
ophthalmologic examination. In this study, we
analyzed CMV DNA in dried blood spots from
75 patients from our hearing rehabilitation center.
We found eight patients were positive, thereby
increasing our total population of confirmed cCMV
infected patients from 2.3 to 4.8%. This study
revealed that some patients had an etiologic
diagnosis, supporting the systematic use of CMV
DNA detection.
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