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Abstract

Background: There are no detailed reports in the literature on maternal cytomegalovirus antibody screening for universal newborn hear-
ing screening (UNHS) referral patients. We examined maternal cytomegalovirus antibody screening results and estimated the incidence
of maternal primary cytomegalovirus infection among UNHS referral patients. Methods: During September 2013–March 2021, fresh
urine samples were collected in the first week after birth from 98 neonates with UNHS referral results at 15 obstetrical institutions in
Mie, Japan (the first hearing screening). We performed a real-time polymerase chain reaction analysis to detect cytomegalovirus DNA
in the samples. Infants with ≥200 copies/mL of cytomegalovirus DNA were diagnosed with congenital cytomegalovirus (cCMV) in-
fection. A second hearing screening was performed, and patients with positive results were sent to the otorhinolaryngologists for further
examinations of congenital hearing loss. We calculated incidence rates (%) with 95% confidence intervals (CIs) for cCMV infection
among patients with UNHS referral results and maternal primary cytomegalovirus infection among patients who underwent maternal
cytomegalovirus antibody screening. Results: Among the 98 neonates with UNHS referral results (the first hearing screening), 5 were
diagnosed with cCMV infection (incidence rate: 5.1%; 95% CI: 0.8–9.5). All five patients with cCMV had positive second hearing
screening results and were sent to their otorhinolaryngologists. All five were diagnosed with congenital hearing loss, and four were
diagnosed with congenital hearing loss secondary to cCMV infection. The remaining patient with cCMV infection was diagnosed with
congenital hearing loss unrelated to cCMV infection. Of the 98 patients, 60 underwent maternal cytomegalovirus antibody screening.
Among the 60 patients, six had maternal primary cytomegalovirus infection during pregnancy (incidence rate: 10.0%; 95%CI: 2.4–17.6).
Of the six patients, four were positive for cytomegalovirus immunoglobulin (CMV Ig) G and IgM antibodies in maternal blood with low
CMV IgG antibody avidity results during early pregnancy, while the remaining two had maternal CMV IgG antibody seroconversion
during pregnancy. Conclusions: This is the first study to examine the maternal primary cytomegalovirus infection incidence rate in
patients with UNHS referral results (the first hearing screening). We identified a 10-fold higher risk in this population (10.0%) than in
the general population (0.98%).
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1. Introduction
Cytomegalovirus (CMV) is the most common

pathogen in transplacental infection during pregnancy and
subsequent congenital anomalies in both developed and
developing countries. Congenital CMV (cCMV) infection
in trans-placentally-infected infants can only be diagnosed
in the first few weeks of birth because newborns develop
CMV antibodies due to infection with harmless CMV
through breastfeeding. Thus, neonatal urine and saliva

specimens are usually tested for CMV DNA. Symptoms
at birth in patients with severe cCMV infection include
hepatosplenomegaly, petechia, pneumonia, retinitis,
small-for-gestational-age, cerebral calcification, and
ventriculomegaly [1]. Complications, such as abnormal
fetal heart rate patterns or fetal distress, during delivery
have been reported in patients with severe symptomatic
cCMV infection [2]. Moreover, the presence of persistent
or late-onset neurological symptoms after birth has been
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observed in both patients with severe symptomatic and
those with asymptomatic cCMV infection at birth. Among
the neurological symptoms, sensorineural hearing loss
(SNHL) is considered the most common. cCMV infection
is the most prevalent cause of congenital SNHL at birth in
8–21% of patients [1].

Universal newborn hearing screening (UNHS) is per-
formed for the early detection of congenital SNHL. The
otoacoustic emission test is considered to have inferior sen-
sitivity compared with the automated auditory brain-stem
response (AABR) test [3]. Approximately 4–5 of 1000
neonates fail in the UNHS (using AABR test) and have
to be sent to the otorhinolaryngologists for further exam-
inations of congenital hearing loss, while the remaining
pass based on the UNHS. Approximately 50% of those sent
to the otorhinolaryngologists are diagnosed with congen-
ital SNHL after further examinations [4]. In addition to
the otoacoustic emission or AABR test in UNHS, audi-
tory brain-stem response and auditory steady-state response
tests, as well as temporal bone computed tomography, are
used to perform detailed examinations for congenital SNHL
[5]. Patients with symptomatic cCMV infectionwith SNHL
at birth can be detected by UNHS. However, nearly 15%
of children with asymptomatic cCMV infection develop
SNHL later in life and, therefore, remain undetected ac-
cording to the UNHS [6]. Minami et al. [7] reported a high
risk of missing patients with cCMV infection with SNHL
in UNHS (13 of 44 patients with cCMV infection passed
UNHS bilaterally).

Maternal CMV antibody screening can be performed
to identify women with primary CMV infection during
pregnancy with a high risk of subsequent cCMV infec-
tion. In maternal antibody screening, CMV-specific im-
munoglobulin (Ig) G and IgM antibodies and IgG avidities
are measured in pregnant mothers. Some previous studies
have reported onmaternal primary CMV infection in Japan,
including ours [8–11]. In these reports, low CMV IgG avid-
ity or IgG seroconversion to positive results was found in
all pregnant women with primary CMV infection. Even in
mothers with CMV IgG seroconversion during pregnancy,
with the highest rate of in-utero CMV transmission, the rate
of cCMV infection in infants is nearly half.

To the best of our knowledge, no previous study has
provided detailed results ofmaternal CMVantibody screen-
ing for UNHS referral patients. In this study, we examined
maternal CMV antibody screening results and identified the
incidence rate of maternal primary CMV infection among
UNHS referral patients for the first time.

2. Materials and Methods
In Mie, Japan, UNHS (using the AABR test) is per-

formed at about 4 days after birth (the first hearing screen-
ing) among almost all neonates, except when the moth-
ers do not wish to accept that the test be performed. We
prospectively enrolled neonates with referral results in the

first hearing screening at each obstetrical institution in Mie,
Japan and collected their fresh urine samples during the
first week after birth. We performed a real-time polymerase
chain reaction analysis to detect CMV DNA from the sam-
ples at Mie University Hospital inMie, Japan, as previously
described [9,10]. Infants with ≥200 copies/mL of CMV
DNA in fresh urine samples were diagnosed with cCMV
infection. In patients with cCMV infection, additional viral
isolation and subunit analysis of CMV glycoprotein B were
performed using the CMV DNA-positive urine samples at
the National Hospital Organization Mie National Hospital
in Mie, Japan, as previously described [12].

While the urine tests were being performed, the sec-
ond hearing screening was being performed in neonates
with the first hearing screening referral results on the same
day or the next day after that. Patients who were diag-
nosed with or without cCMV infection, but had the second
hearing screening referral results, were sent to the otorhino-
laryngologists for further examination of congenital hearing
loss, comprising auditory brain-stem response and auditory
steady-state response tests, as well as temporal bone com-
puted tomography. Congenital hearing loss was diagnosed
within the first 3 months of their birth, whereby the audi-
ological test results were abnormal. Even in patients with
congenital hearing loss and cCMV infection, the temporal
bone computed tomography test was performed to identify
bony malformations as a cause of SNHL.

We have been conducting maternal CMV antibody
screening at 24 obstetrical institutions in Mie, Japan since
2013 as part of the “Cytomegalovirus in Mother and Infant-
Engaged Virus Serology (CMieV)” program. In this pro-
gram, all pregnant women are screened for CMV IgG and
IgM antibodies (Denka Company Limited, Tokyo, Japan)
during early pregnancy. We also conducted CMV IgG an-
tibody avidity tests in pregnant women with positive CMV
IgG and IgM antibody results. IgG antibody avidity tests
were performed at Aisenkai Nichinan Hospital inMiyazaki,
Japan, as previously described [9,13]. Alternatively, we re-
peated the tests for CMV IgG and IgM antibodies during
the late pregnancy in pregnant women with negative CMV
IgG antibody results during the early pregnancy. We con-
sidered the results as follows: low CMV IgG avidity or IgG
seroconversion, positive IgG and negative IgM, high IgG
avidity, and no IgG seroconversion as maternal primary in-
fection, a past infection, non-primary infection, and no in-
fection (uninfected), respectively.

We calculated the incidence rates (%) with 95% con-
fidence intervals (CIs) for cCMV among all patients with
referral results in UNHS (the first hearing screening) and
maternal primary CMV infection among patients who un-
derwent maternal CMV antibody screening. SPSS software
version 27 (IBM Corp., Armonk, NY, USA) was used for
statistical analyses.
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Fig. 1. Presence or absence of congenital cytomegalovirus infection and congenital hearing loss in participants. UNHS, universal
newborn hearing screening; cCMV, congenital CMV; CMV, cytomegalovirus. aBilateral/Unilateral referral patients, bCases 6–41, cCases
1–3, 5, dCase 4.

3. Results
During September 2013–March 2021, 98 neonates

with referral results in UNHS (the first hearing screening)
at 15 obstetrical institutions (1 university hospital, 4 gen-
eral hospitals, 3 private hospitals, and 7 private clinics) in
Mie, Japan, were enrolled and fresh urine samples were col-
lected. The median number of gestational weeks at birth
was 38 (range: 25–41) weeks, and the median birth weight
was 3039 (range: 534–4453) g. The admission rate in the
neonatal intensive care unit was 31.6% (31 of 98 patients).
Thirty-nine and 59 patients had bilateral and unilateral re-
ferral results in the first hearing screening, respectively.

Among the 98 referred patients in the first hearing
screening, five had ≥200 copies/mL of CMV DNA de-
tected in fresh urine samples and were diagnosed with
cCMV infection (incidence rate: 5.1%; 95% CI: 0.8–9.5).
All five cCMV patients showed positive results in the sec-
ond hearing screening performed on the same day as the
first hearing screening or the next day, and they were
sent to the otorhinolaryngologists. All five patients with
cCMV infection (none of them underwent tests for deafness
genes) were diagnosed with congenital hearing loss, and
four (Cases 1–3, 5) were diagnosed with congenital hearing
loss secondary to cCMV infection. The remaining patient
with cCMV infection (Case 4) had unilateral cochlear nerve
canal stenosis and ipsilateral narrow internal auditory canal
and was diagnosed with congenital hearing loss unrelated
to cCMV infection (Fig. 1).

Four of the five patients with cCMV infection under-
went maternal CMV antibody screening. All four patients
with cCMV infection had maternal primary CMV infection
during pregnancy. Of the four patients, three (Cases 1–3)
were positive for CMV IgG and IgM antibodies in mater-
nal blood with low CMV IgG antibody avidity results dur-
ing early pregnancy; the remaining patient (Case 4) had
positive CMV IgG antibody seroconversion results during
pregnancy. Detailed information on the five patients with
cCMV infection (Cases 1–5) is shown in Table 1.

Of the 98 patients, 93 were not diagnosed with cCMV
infection. Among the 93 patients not diagnosedwith cCMV
infection, 87 showed positive results in the second hearing
screening performed on the same day as the first hearing
screening or the subsequent day, and they were sent to the
otorhinolaryngologists. We obtained the otorhinolaryngol-
ogists’ detailed examination results for congenital hearing
loss for 53 of the 87 patients. Of the 53 patients, 36 were
diagnosed with congenital hearing loss (Fig. 1 and Supple-
mentary Table 1).

The mothers of 60 of the 98 infants underwent ma-
ternal CMV antibody screening. Among the 60 maternal
patients, six had primary CMV infection during pregnancy.
Among the six maternal patients, four had CMV IgG and
IgM antibodies detected in blood with low CMV IgG anti-
body avidity results during early pregnancy; the remaining
two had CMV IgG antibody seroconversion during preg-
nancy. Three (Cases 1–3) of the four maternal patients, who
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Table 1. Information of the five patients with congenital cytomegalovirus infection (cases 1–5).
No. Sex GWs of

birth (week)
Birth
weight
(g)

Side of “refer” in
UNHS/Actual

SNHL

Degree of
SNHL

Cause of SNHL Amount of CMV DNA
in neonatal urine
(log10) (copy/mL)

Viral isolation
of neonatal

urine

Subunit
of gB

Abnormality
other than
hearing loss

Maternal
age

(years)

Maternal
parity
(para)

Maternal CMV
antibody screening

Subdivision of
maternal CMV

antibody screening

1 F 37 2244 Right/Right Severe cCMV 5 + 1 Brain MRI 30 0 Primary infection IgG+, IgM+, Low
IgG avidity

2 M 37 3090 Left/Left Severe cCMV 4 + 3 Brain MRI 30 0 Primary infection IgG+, IgM+, Low
IgG avidity

3 M 40 3482 Both/Both Severe (right),
moderate (left)

cCMV 4 - NA Nothing 24 0 Primary infection IgG+, IgM+, Low
IgG avidity

4 F 38 2458 Right/Right Severe Not cCMV* 3 + 1 Nothing 27 1 Primary infection IgG seroconversion

5 F 38 3840 Left/Left Severe cCMV 4 + 1 Brain MRI 34 1 No screening No screening
GW, gestational week; UNHS, universal newborn hearing screening; SNHL, sensorineural hearing loss; CMV, cytomegalovirus; gB, glycoprotein B; cCMV, congenital cytomegalovirus; MRI, magnetic resonance
imaging; Ig, immunoglobulin; NA, not available; F, female; M, male.
*Stenosis of cochlear nerve canal and narrow internal auditory canal.
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Fig. 2. Presence or absence ofmaternal cytomegalovirus antibody in participants and results of antibody screening and congenital
hearing loss. UNHS, universal newborn hearing screening; cCMV, congenital CMV; CMV, cytomegalovirus. aBilateral/Unilateral
referral patients, bCases 6, 7, cCases 8–19, dCases 20, 21, eCases 22–28, fCases 29–41, gCase 4, hCases 1–3, iCase 5.

were positive for CMV IgG and IgM antibodies and had low
CMV IgG antibody avidity results, had infants diagnosed
with cCMV infection with congenital hearing loss. The in-
fant of the remaining maternal patient (Case 6) was diag-
nosed with non-cCMV congenital hearing loss. The infant
of one (Case 4) of the two maternal patients with CMV IgG
antibody seroconversion results had cCMV infection with
congenital hearing loss unrelated to cCMV infection (the
patient with unilateral cochlear nerve canal stenosis and ip-
silateral narrow internal auditory canal mentioned above),
and the other (Case 7) had non-cCMV-related congenital
hearing loss. In 54 of the 60 patients who underwent ma-
ternal CMV antibody screening, 28, 4, and 22 patients had
a past infection, non-primary infection, and no infection,
respectively. There were no patients with cCMV infection
among them (Figs. 2,3).

4. Discussion

CMV is the most common viral cause of mother-
to-fetus infections, affecting approximately 1% of all live
births worldwide, with a prevalence of 0.6–0.7% in devel-
oped countries [6]. Congenital hearing loss onset in patients
with cCMV infection often occurs after the neonatal period
and is therefore not detected by UNHS. The incidence rates
of cCMV detected in UNHS referral patients have been re-
ported in previous studies, ranging from 0.9% to 5.0% [14–
19]. Stehel et al. [16] reported an incidence rate of 5.0%

(24 of 483 patients), which was closest to that (5.1%) of the
current study. The differences in the incidence rates may
be attributed to the study population and admission rate in
neonatal intensive care units. The rate of neonatal intensive
care unit admission affects the detection of congenital hear-
ing loss inUNHS referral patients [6], and the incidence rate
of cCMV infection in UNHS referral patients would likely
vary according to the study population to some extent. Al-
though the admission rate in this study was nearly one-third
of the total, no further comparisons could be made with the
previous studies. This needs to be addressed in further stud-
ies.

cCMV infection is the most prevalent cause of con-
genital SNHL at birth in 8–21% of patients [6,16,20–23].
Rates of congenital SNHL secondary to cCMV infection in-
crease to 25% by 4 years of age, owing to patients with late-
onset SNHL related to cCMV infection [6,24]. In the cur-
rent study, the rate of cCMV infection in congenital SNHL
patients at birth was 12.2% (5/41 patients), which is consis-
tent with the previous reports mentioned above, although
not all five patients had SHNL due to cCMV infection.
This means that even if a UNHS referral patient is posi-
tive for cCMV infection, it does not necessarily mean that
the SNHL is caused by cCMV infection. Even in patients
with cCMV infection with SNHL, a detailed otorhinolaryn-
gological examination is necessary.
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Fig. 3. Primary cytomegalovirus infection in maternal cytomegalovirus antibody screening. UNHS, universal newborn hearing
screening; cCMV, congenital CMV; CMV, cytomegalovirus. aBilateral/Unilateral referral patients, bCase 6, cCase 7, dCases 1–3, eCase
4.

In a maternal CMV antibody screening, low IgG avid-
ity is an indicator of primary infection, whereas IgG sero-
conversion confirms primary infection. Thus, the incidence
rate of cCMV infection in mothers with IgG seroconversion
(almost half) is higher than that in those with low IgG avid-
ity (<10%) [10]. However, in this study, the cCMV infec-
tion rate was higher inmothers with low IgG avidity relative
to those showing IgG seroconversion. The UNHS referral
population likely includes more patients with symptomatic
cCMV infection. However, this is the first study to exam-
ine the incidence rate of maternal primary CMV infection
in UNHS referral patients in Japan. The incidence rate of
maternal primary CMV infection in the general population
is reportedly 1–2% inWestern Europe and the United States
[1]. Indeed, we reported an incidence rate for primary CMV
infection among all serologically screened pregnant women
in Mie, Japan as 0.98% (95% CI: 0.85–1.13%) [10,25].
The current incidence rate of maternal primary CMV infec-
tion in UNHS referral patients (10.0%) was 10-fold higher
than that in the general population. The number of patients
with true congenital hearing loss among the UNHS refer-
ral patients is larger than that of the general population. As
cCMV infection is amajor contributor to congenital hearing
loss, many mothers with maternal primary CMV infection
(the most important factor in the occurrence of cCMV in-
fection) may have been included in a population comprising
UNHS referral patients.

Both maternal primary and non-primary infections
(including past infections) can cause cCMV infection in in-

fants. In countries with a low or intermediate CMV sero-
prevalence, the occurrence of cCMV infection after mater-
nal primary and non-primary infections is reportedly ap-
proximately equal. For example, the maternal CMV sero-
prevalence as well as the seroprevalence for cases of cCMV
infection occurring after maternal primary and non-primary
infection (including past infection) is 60%, 52%, and 48%,
in France, respectively; whereas in Finland, these were
72%, 47%, and 53%, respectively [1,26,27]. There are cur-
rently insufficient data on cCMV infection following ma-
ternal non-primary infection in Mie, Japan. However, be-
cause of the similar rate of CMV seroprevalence in Mie,
Japan (66%), a similar ratio of cCMV infection following
maternal primary and non-primary infections may exist [8].
Herein, all four UNHS referred neonates with cCMV in-
fection whose mothers underwent CMV antibody screening
were positive for maternal primary CMV infection, with no
cCMV diagnosis following maternal non-primary infection
(including past infection). The reason for this is unclear
since the occurrence of congenital hearing loss in patients
with cCMV infection is considered the same in maternal
primary and non-primary infections [1]. Congenital hearing
loss in patients with cCMV infection after non-primary ma-
ternal CMV infection may be difficult to detect in UNHS.
Further studies are warranted to evaluate this clinically im-
portant possibility.

Herein, we performed a prospective enrollment study
of neonatal patients who had referral results in UNHS.
Therefore, since there was no enrollment at the time of
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undergoing UNHS, the exact number and clinical charac-
teristics of neonates who underwent UNHS could not be
reported. However, in another study of pregnant women
(cytomegalovirus antibodies), along with those included in
this study, the number of pregnant women enrolled during
the same study period was 44628. Therefore, we assume
that approximately the same number of neonates received
UNHS. Assuming that approximately 4–5 of 1000 neonates
failed at the UNHS [4], about twice as many neonates as
the 98 patients in this study would have been considered to
have had referral results. The reason for this small number
of patients with referral results would be that, UNHS was
not performedwhenmothers did not wish to receive the test,
because some patients were sent to the otorhinolaryngolo-
gists even after obtaining UNHS referral results without en-
rollment in this study and their urine samples were not col-
lected. Moreover, in the assessment of the incidence rate of
cCMV infection in UNHS referral patients, selection bias
to an extent might be present in this study population. We
performed neonatal CMV DNA tests from urine samples
in all UNHS referral patients; however, we were not able
to obtain all of the corresponding CMV antibody screening
results from the mothers. Thus, although we identified the
incidence rate of cCMV infection among all UNHS referral
patients, we showed the incidence rate of maternal primary
CMV infection in a limited number of patients (60 of 98
mothers). This could also contribute to a selection bias in
this study.

5. Conclusions
To the best of our knowledge, this is the first study

to assess the incidence rate of maternal primary CMV in-
fection using maternal CMV antibody screening in patients
with referral results in UNHS. We assessed the incidence
rate of cCMV infection in UNHS referral patients at 5.1%
and a 10-fold higher risk of the incidence rate of mater-
nal primary CMV infection in the referral patient group
(10.0%) as compared with the general population (0.98%).
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