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Table II. Results of CMV DNA test combined with genetic deafness testing in bilateral sensorineural hearing loss (SNHL).

Test Severe to profound SNHL (n = 28) Mild to moderate SNHL (n = 18) Total (n = 46)
CMYV DNA test Positive 4 (14.3%) 0 (0%) 4 (8.7%)
Deafness gene test GyB2 6 (21.4%) 1 (5.6%) 7 (15.2%)
SLC26A4 3 (10.7%) 0 (0%) 3 (6.5%)
Other 0 (0%) 0 (0%) 0 (0%)
Total 9 (32.1%) 1 (5.6%) 10 (21.7%)
Total diagnostic rate 46.4% 5.6% 30.4%

CMV, cytomegalovirus; SNHL, sensorineural hearing loss.

Ten deafness gene mutations (7/10, G7B2; 3/10,
SLC26A4) were identified in 10 (21.7%) of the
46 children with bilateral SNHL. If restricted to the
group of children with bilateral severe to profound
SNHL, the rates of deafness gene mutations and
positive CMV DNA increased to 32.1% (9/28) and
14.3% (4/28), respectively (Table II).

Table IV shows the clinical characteristics of
12 children in whom CMV DNA was identified. Of
them, four children had bilateral SNHL and eight
children had unilateral SNHL. All four children with
bilateral SNHL had late-onset profound SNHL. The
hearing fluctuation and pass at newborn hearing
screening (NHS) test were confirmed in three of
four children (75%). Among the 2/8 children with
unilateral SNHL, pass or failure at NHS test were
confirmed in two children, respectively. Only one
child (12.5%) had hearing fluctuation. Inner ear
anomaly was not found in any of the eight children
with unilateral SNHL.

Discussion

A common method for diagnosis of congenital CMV
infection has been detection of CMV DNA from
urine within the first 2 weeks of life and serologic
testing for CMV-specific IgM antibody in serum from
mother and child [5]. In recent years, the detection of
CMYV DNA by retrospective methods has been more

valuable, not only for diagnosing congenital CMV
infection during later life, but also for identifying
those children who are at highest risk of late-
onset and progressive SNHL. There are some reports
that DBS stored on Guthrie cards have been used for
the retrospective diagnosis of congenital CMYV infec-
tions [6,7]. Similarly, preserved umbilical cords have
been used in Japan recently [8-10]. The sensitivity
varies widely depending on the DNA extraction
method in the case of DBS. Some investigators
reported sensitivities of 71-100% and specificities
of 99-100% [7,11,12]. In this study, the qPCR
method and preserved umbilical cords were used
because they were useful for more precise detection
of CMV DNA.

The present study clearly showed that in a certain
number of patients, hearing loss (either bilateral or
unilateral) is due to CMV infection. Concerning
frequencies, posiive CMV DNA in children with
bilateral SNHL was 8.7% (4/46). Late-onset profound
SNHL (4/4: 100%) and hearing progression (3/4: 75%)
were characteristic features of SNHL caused by CMV
infection.

Hearing loss in children with congenital CMV
infection often presents at birth, but in many
instances may develop after months or even years
[13]. In this study, three-quarters of subjects (75%)
passed the NHS. The present results are consistent
with the report that children with normal hearing
at 6 months of age developed hearing loss at the

Table III. Results of CMV DNA test combined with genetic deafness test in unilateral sensorineural hearing loss (SNHL).

Test Severe to profound SNHL (n = 73) Mild to moderate SNHL (n = 15) Total (n = 88)
CMV DNA test Positive 7 (9.6%) 1 (6.7%) 8 (9.1%)
Deafness gene test GyB2 0 (0%) 0 (0%) 0 (0%)
Other 0 (0%) 0 (0%) 0 (0%)
Total 0 (0%) 0 (0%) 0 (0%)
Total diagnostic rate 9.6% 6.7% 9.1%
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Table IV. Clinical data of children positive for CMV DNA.
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Age at diagnosis  Bilateral/  Affected Average HL.

Case no. Sex (months) unilateral side Severity (R/L) (dB) FL/P/NA Onset NHS Delta Ct
1 F 60 Bilateral R/L Profound  87.5/108.8 FL/P Late Pass 7.52
2 F 52 Bilateral R/L Profound 87.5/110 FL/P Late Pass 8.58
3 M 50 Bilateral R/L Profound  100.0/100.0 P Late Pass 12.94
4 M 62 Bilateral R/L Profound 110/46.3 — Likely late  — 0.07
5 M 6 Unilateral L Profound 32.5/103.8 — Congenital  Refer (L) 8.01
6 M 65 Unilateral R Profound  107.5/17.5 — Unknown  — 11.64
7 M 50 Unilateral L Profound 6.3/100.0 - Unknown  — 13.59
8 F 98 Unilateral R Profound 110/15 - Unknown - 11.67
9 F 55 Unilateral L Profound 15.0/92.5 — Late Pass 83
11 F 2 Unilateral R Profound 90.0/18.3 NA Congenital Refer (R) 0.46
10 M 80 Unilateral L Severe 13.3/70.0 - Unknown  — 14.32
12 F 44 Unilateral L Moderate 15.0/58.3 FL/P Late Pass 9.41

NHS, Newborn Hearing Screening; FL, fluctuation of hearing loss; P, progressive hearing loss; NA, not applicable.

rate of nearly 1% per year and the cumulative risk
of late-onset hearing loss was a substantial 6.9% for
the population with asymptomatic congenital CMV
infection [13]. Children with bilateral hearing loss
have speech developmental problems. Therefore ret-
rospective diagnosis of congenital CMV infection is
important to understand more about the etiology of
SNHL in children. Previous reports are summarized
in Table V. The frequency of congenital CMV infec-
tion in children with bilateral SNHL varied from
3% to 36%. This large variation may be due to the
various backgrounds of the subjects (number of pop-
ulation, severity of SNHL, etc.) or the various meth-
ods utilized (e.g. CMV-IgM, DNA from urine, DNA
from DBS on Guthrie cards) [6,12,14-18]. Mean-
while, based on the retrospective diagnostic method
of using preserved dried umbilical cords, congenital
CMYV infection was detected in 10-12% of children
with bilateral SNHL in Japan [8,9], but these reports
were based on small numbers of subjects (10-26
cases).

Genetic deafness testing has become valuable for a
precise diagnosis of hearing loss. The most frequent
gene implicated in non-syndromic hearing loss is
G¥B2, which is the most prevalent gene responsible
for congenital hearing loss worldwide. G¥B2,
SLC26A4, CDH23, and mitochondrial 12s rRNA
are the major genetic causes of hearing loss in Japan
[19]. Genetic deafness mutations could be detected in
30% of children with congenital hearing loss [4]. In
the present study, deafness gene mutations were
identified in 21.7% (10/46) of children with bilateral
SNHL. In children with bilateral severe to profound
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SNHL, the frequency of deafness gene mutations and
CMYV DNA positive results were 32.1% (9/28) and
14.3% (4/28), respectively. The diagnostic rate was
concluded to be 46.4% (13/28). If the detection test
for CMV DNA could be combined with genetic
deafness testing, it would enable us to find approxi-
mately 50% of causes of bilateral severe to profound
hearing loss in children.

In children with unilateral SNHL, CMV DNA
from preserved umbilical cords was detected in
9.1% (8/88). The frequency of congenital CMV infec-
tion has been similar in children with unilateral and
bilateral SNHL. We have speculated that approxi-
mately 10% of SNHL in children is caused by con-
genital CMV infection. The majority of unilateral
SNHL was etiologically unknown, and there were
few reports showing the frequency of congenital
CMV infection in children with unilateral SNHL.
Although 25% (1/4) [3] and 19% (8/42) [12] of
children with unilateral SNHL were reported to be
diagnosed as having congenital CMV infection by the
CMYV DNA detection method, the frequency based
on a large number of subjects is not available. This is
the first report confirming CMYV as a very important
cause of unilateral SNHL. The present results also
showed that CMV is a crucial cause of late-
onset unilateral SNHL, and in fact, five of eight
subjects passed NHS.

In conclusion, congenital CMV infection plays a
major role as a cause of bilateral and unilateral SNHL
in children: 9.0% of SNHL of unknown causes (bilat-
eral SNHL, 8.7%; unilateral SNHL, 9.1%) is attrib-
utable to congenital CMV infection.
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Table V. Review of previous reports.
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CMUV positive rate

Diagnostic

Study design methods

Progression Late-onset

Country

(%)

(%)

Bilateral Unilateral

Total

Year Subjects

Reference

IXeH Barbi et al. [12]

ITtaly

DBS, gPCR
UC, PCR

Retrospective

NR
NR

NR

8/42 (19%)

1/37 (2.7%)
9/63 (14.3%)

9/79 (11.4%)
10/67 (10.5%)
33/95 (34.7%)

16/256 (6%)

>40 dB HL

2003

Japan

Iran

Retrospective

NR

1/4 (25%)

>20 dB, nonsyndromic SNHL

2008 >40 dB HL

2008 NHS refer

2007

Ogawa et al. [3]

Serologic test
DNA from urine
DBS, qPCR
UC, gPCR

Prospective

NR

NR

NR/20

NR/75

16/256 (6%)

Samileh et al. [15]

USA

UK

Prospective

NR

NR

NR

Stehel et al. [16]

Walter [??]

Retrospective

NR

NR

NR

NR
3/45 (6.7%)
4/55 (7.3%)

8/35 (22.9%)
3/45 (6.7%)
471 (5.6%)
4/55 (1.3%)

13/479 (2.7%)

2008 Unexplained SNHL

Japan

Prospective

NR

NR

0
0/16 (0%)

Only bilateral

2008

Mizuno [??]

Slovak Republic

Prospective Serologic test

NR

NR

>60 dB HL, NHS refer
NHS refer, >20 dB

2009 NHS refer

2009

Jakubikova et al. [14]
Boudewyns [??]

Choi [?]

Belgium
USA

DBS, gPCR
DBS, gPCR
UG, qPCR

Retrospective

NR

NR

NR

NR

13/479 (2.7%)

2009

Retrospective

NR

NR

NR
0 (0%)
3/17 (17.6%)

0

Japan

USA

1 (3.9%) Retrospective
NR

2 (7.7%)

NR

NR

3/26 (11.5%)
8/92 (8.8%)
13/77 (17%)

3/26 (11.5%)
11/109 (10.1%)
13/77 (17%)

>70 dB, deaf schoolchildren

2010 NHS refer

2009

Tagawa [??]

DBS, gPCR

Retrospective

Kimani [??]

Japan

UC, qPCR

Retrospective

NR

2010 NHS refer, >35 dB, bilateral

Adachi [??]

NR, not reported; DBS, dried blood spot; UC, umbilical cord; QPCR, quantitative PCR.
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A study of genetic testing in patients with
hereditary hearing loss—Ten years’ experi-
ence at Iwate Medical University—

Yumiko Kobayashi”, Hiroaki Sato”, Noriko

Iwai?, Seiko Murai®, Shin—ichi Usami?

"Iwate Medical University

2Twai ENT Clinic

¥Morioka Municipal Hospital

“Department of Otorhinolaryngology, Shinshu
University School of Medicine

Hereditary hearing loss is the most frequent
cause of congenital sensorineural hearing loss
(SNHL), and advances in genetic testing have re-
vealed various phenotypes of SNHL acc&rding to
each gene mutation. On the other hand, clinical ex-
aminations, such as a history of development, family
history, and various kinds of auditory examinations
are also required for the diagnosis of hereditary
hearing loss. In this paper, we reviewed 64 patients
with bilateral congenital SNHL who visited Iwate
Medical University between 1997 and 2007. Genetic
testing (GJ/B2, SLC26A and mt. A1555G muta-
tions) revealed 11 (17.2%) patients with positive re-
sults for genetic mutation : 9 with G/B2 mutation
and 2 with SLC26A4 mutation. Among these 11 pa-
tients, 5 had a negative family history. Patients with
hereditary hearing loss increased from 24 patients
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(37.5%) diagnosed by family history to 29 patients
(45.3%) diagnosed by additional genetic testing.
Furthermore, audiograms were found to be symmet-
rical in 10 of the 11 patients (90.9%) with GJB2 or
SLC26A4 mutation.
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