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Abstract

Background: Congenital cytomegalovirus (cCMV) infection leads to sensorineural hearing loss (SNHL) and
neurodevelopmental delays. However, the long-term outcomes of cCMV infection with severe neurological
manifestations in infancy remain unclear.

Case presentation: The patient was a one-month-old girl visited owing to abnormalities in neonatal hearing
screening. Central nervous system involvement including intracranial calcification and extensive white matter
abnormalities was identified. Right SNHL (50 dB) was detected by auditory brain response (ABR) testing. The cause
of her hearing loss was determined to be cCMV infection by polymerase chain reaction (PCR) using a dried blood
spot. At 1.5 months of age, the patient was treated with intravenous ganciclovir (GCV) for 5 weeks followed by oral
valganciclovir (VGCV) for an additional 6 weeks. Cytomegalovirus (CMV) loads in her urine continued to be detected
until she was 10 years old. Fortunately, during this time, her right hearing loss did not deteriorate, and her left
hearing remained normal. Furthermore, the extensive abnormal areas of white matter observed at 1 month of age
mostly disappeared by the time the patient was 9 years old. Her neurodevelopmental score was normal, and motor
milestones were not delayed as of 10 years of age.

Conclusions: Here, we report the 10-year follow-up of a patient with cCMV who showed normal
neurodevelopment, no progression of hearing loss, and ameliorating magnetic resonance imaging (MRI) findings,
despite having various complications and severe neurological findings during infancy.
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Background
Cytomegalovirus (CMV) is a major cause of congenital
infection and is one component of TORCH syndrome
(toxoplasma, rubella, CMV infection, herpes simplex,
and other agents) [1]. Approximately 10% of neonates
with congenital CMV (cCMV) infection have symptom-
atic manifestations at birth, such as intrauterine growth
retardation, hepatomegaly, jaundice, thrombocytopenia,

blueberry muffin rash, microcephaly, and intracranial
calcification, which can lead to neurodevelopmental
complications including mental retardation and sensori-
neural hearing loss (SNHL). Approximately 70–80% of
infants who are symptomatic at birth develop late com-
plications that may include late-onset hearing loss, intel-
lectual disabilities, balance disturbances, or psychomotor
retardation [2–4].
However, the long-term outcomes of neurodevelop-

ment and SNHL in children with cCMV infection have
not been fully elucidated. Herein, we report the 10-year
follow-up of a cCMV patient who exhibited normal

* Correspondence: suganuma.eisuke@scmc.pref.saitama.jp
1Division of Infectious Diseases and Immunology, Saitama Children’s Medical
Center, 1-2 Shintoshin, Chuou-ku, Saitama-shi, Saitama 330-8777, Japan
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Suganuma et al. BMC Pediatrics          (2018) 18:369 
https://doi.org/10.1186/s12887-018-1348-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-018-1348-8&domain=pdf
http://orcid.org/0000-0002-6711-9474
mailto:suganuma.eisuke@scmc.pref.saitama.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


neurodevelopment following antiviral drug administra-
tion despite having severe neurological findings during
infancy.

Case presentation
A female neonate was born to a healthy mother after
normal labor at 40 weeks of gestation. Her birth weight
was 3668 g (98th percentile), her height was 52 cm (93rd
percentile), and her head circumference was 33.5 cm
(53rd percentile). Her Apgar scores were 8 and 9 at one
and 5 minutes, respectively. At the 30th week of gesta-
tion, her mother had an influenza A virus infection con-
firmed by an immunochromatographic kit using a
monoclonal antibody against influenza A virus. There
were no abnormal physiological findings at birth.
She was referred for newborn hearing screening of her

right ear with automated auditory brainstem response
(AABR) testing. At 1 month of age, she was referred to
the otolaryngology department of our hospital. Right
hearing loss (50 dB) was detected by auditory brainstem
response (ABR) testing, whereas the left ear was normal
(20 dB).
She was diagnosed with cCMV infection by a quantita-

tive real-time polymerase chain reaction (PCR) assay
using preserved dried blood spots on filter paper for
newborn congenital metabolic disorder mass-screening.
CMV DNA was also detected in urine (2.2 × 106 copies/
mL) and peripheral blood mononuclear cells (PBMCs)
(6 copies/μg DNA) at 1 month of age, although no CMV
DNA was detected in serum.
Intracranial calcification was observed on head com-

puted tomography (CT) (Fig. 1,a arrow). Furthermore,
T2-weighted brain magnetic resonance imaging (MRI) at
1.5 months of age (Fig. 1b) showed diffuse, abnormal,
high-signal areas of white matter in the parietal and oc-
cipital lobes (round circles) as well as bilateral periven-
tricular cysts (arrows) around the anterior horn of the
lateral ventricle. There was no evidence of ventricular
enlargement, polymicrogyria, or microcephaly. Chorio

retinitis was ruled out by pediatric ophthalmologic
examination.
We informed her parents of the risks and benefits of

antiviral drugs and started treatment with their consent,
as approved by Institutional Review Board (IRB) of Sai-
tama Children’s Medical Center. A dosage of 6 mg/kg
twice daily of intravenous ganciclovir (GCV) was started
to prevent progression of hearing loss. Because the pa-
tient’s liver enzymes were elevated (aspartate amino-
transferase, AST: 339 IU/L, alanine aminotransferase,
ALT: 361 IU/L) on the 18th day after the initiation of
GCV treatment, GCV was temporarily discontinued.
After her liver enzymes decreased, GCV was resumed at
a half dose on the 25th day and continued until the 43rd
day without additional adverse effects.
Although the urine CMV DNA copy number de-

creased from 2.2 × 106 copies/mL at the beginning of
treatment to 0/mL during GCV treatment, it rebounded
to 5.0 × 103 copies/mL 6 weeks later. Therefore, oral
antiviral valganciclovir (VGCV) at 11 mg/kg twice daily
was started and continued for an additional 6 weeks.
Two months after completion of VGCV treatment, the
urine CMV DNA copy number increased to 7.0 × 104

copies/mL, which was similar to the copy number before
treatment (1.7 × 104 copies/mL). However, plasma and
PBMC CMV DNA copy numbers remained low. Urine
CMV DNA continued to be detected until the patient
was 10 years of age (Fig. 2b). Although the hearing in
her left ear remained normal during the 10-year
follow-up period, hearing in the right ear deteriorated
rapidly during the first 3 months but immediately
returned to 60–70 dB and had not progressed at the
10-year follow-up (Fig. 2a).
Follow-up brain MRI examinations were performed at

14 months, 3 years, and 9 years of age (Fig. 3a–c). The
abnormal areas of white matter assessed on T2-weighted
images were diffusely distributed in the occipital and
parietal lobes at 1 month of age (Fig. 1) and were local-
ized around the anterior and posterior horns of the

a b

Fig. 1 CT and MRI findings. a Head CT scan at 1.5 months of age. The arrow indicates intracranial calcification. b Axial T2-weighted brain MRI at
1.5 months of age showing diffuse abnormalities of the white matter in the parietal, occipital, and frontal lobes (circle) as well as periventricular
cysts (arrows) around the posterior horn of the bilateral lateral ventricles. No polymicrogyria, lissencephaly, or ventriculomegaly is observed
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bilateral lateral ventricles at 14 months of age (Fig. 3a).
The white matter abnormalities decreased further at 3
years of age (Fig. 3b). At 9 years of age, the volume of
cerebral white matter had decreased slightly, whereas
the abnormal areas of white matter had mostly disap-
peared, except for spotty signals in the parietal and oc-
cipital lobes (Fig. 3c).
Regarding her clinical course, she showed no delays in

motor milestones and was able to sit without support at
7 months and walk independently at 15 months. As of
the most recent follow-up at 10 years of age, she is in
4th grade at a regular elementary school and can swim,
dance, and even unicycle well. Her head circumference
was within the normal range throughout the follow-up
period Neurodevelopmental scores assessed by the
Wechsler Scale for Children, Third edition (WISC-III) at
6 years of age and WISC-IV at 8 years of age were 93
and 103, respectively. At present, there is no evidence of
balance disorders or emotional disturbances. The clinical
course in this case is summarized in the supplemental
time-line file (Additional file 1).

Discussion and conclusions
We reported the case of a patient with cCMV infection
who had severe neurological and hearing manifestations
during infancy and was followed up for 10 years. At
diagnosis, the typical radiological findings of cCMV

infection include intracranial calcification, diffuse white
matter abnormalities, and periventricular cysts. Several
studies have demonstrated the relationship between the
clinical manifestations of cCMV infection at birth and
neurodevelopmental prognosis. Boppona et al. [5] re-
ported a relationship between intracranial calcification
during the neonatal period and poor long-term neurode-
velopmental outcomes. Meanwhile, Inaba et al. [6] re-
ported that an increased volume of white matter lesions
on brain MRI was associated with a lower intelligence
quotient. However, in the present case, the patient’s
motor milestones and intelligence quotient were com-
pletely normal at 10 years of age despite radiological ob-
servations of intracranial calcification and severe white
matter abnormalities during the early period of infancy.
SNHL is the most common sequela in cCMV infec-

tion. Hearing loss associated with symptomatic cCMV
infection is often progressive (54% of patients) [7] and
ultimately becomes severe to profound in the affected
ear in 78% of patients [8]. Fortunately, in the present pa-
tient, the hearing in the affected right ear (60–70 dB) did
not progress from baseline despite minimal fluctuations,
and the hearing in the left ear remained normal at the
10-year follow-up (Fig. 2). Therefore, we speculate that
the maintenance of hearing contributed to the improve-
ment in her subsequent neurological and psychological
development.

a

b

Fig. 2 Hearing testing and CMV DNA copy numbers. a Time-course of hearing test results. b CMV DNA copy numbers. PBMC: peripheral blood
mononuclear cell, GCV: ganciclovir, VGCV: valganciclovir
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Some studies have reported that antiviral drugs have
a beneficial effect on SNHL that starts during the neo-
natal period. Kimberlin et al. [9] reported that signifi-
cantly fewer infants with SNHL who received GCV
experienced worsening of hearing between baseline
and ≥ 1 year than controls who did not received GCV
(21% vs. 68%, respectively, p < 0.01). In a more recent
study, patients who received oral VGCV for 6 months
were more likely to show improvement in SNHL or re-
tain normal hearing and had better neurodevelopmen-
tal scores including language-component and recep
tive-communication scales at 24 months than patients
who received oral VGCV for 6 weeks [10]. Nevertheless,
it is uncertain whether antiviral drugs are effective for
preventing the progression of hearing loss in the long
term. The two abovementioned studies focused on the
short-term effects of antiviral drugs. Therefore, add-
itional cases and long-term hearing observations are re-
quired to clarify the efficacy of antiviral drugs for
SNHL.

In this patient, the dose of VGCV was lower than that
used for conventional dosing (16 mg/kg/dose, twice
daily) [10]. One reason for our dosing strategy is because
the patient’s liver enzymes became elevated when intra-
venous GCV was administered at the recommended
dose (6 mg/kg/dose, twice daily). The second reason is
because the CMV viral load could be monitored fre-
quently by quantitative PCR. It was therefore possible to
determine the minimum dose needed to suppress the
viral load. Fortunately, common adverse events such as
neutropenia and thrombocytopenia were not observed
during the treatment period.
In the present patient, the abnormal areas of white

matter observed during infancy gradually localized at 3
years of age and mostly disappeared by 9 years. There is
little information about the time-course of brain MRI
findings in congenital CMV infections, including white
matter abnormalities that occur with aging. MRI find-
ings of nonprogressive or static white matter abnormal-
ities have been described by van der Knaap et al. [11].

a

b

c

Fig. 3 a Axial T2-weighted brain MRI. At 14 months of age (upper panels), abnormal areas of white matter were localized and remained around
the lateral ventricle (arrow) and parietal lobes (round circles) in comparison to the findings at 1.5 months of age (see Fig. 1). The arrowhead
indicates a periventricular cyst around the anterior horn of the right lateral ventricle. b At 3 years of age (middle panels), the abnormal white
matter areas on T2-weighted images decreased further (arrow and circle). The periventricular cyst around the anterior horn of the right lateral
ventricle was unchanged (arrowhead). c At 9 years of age (lower panels), a decreased volume of cerebral white matter was observed, but the
abnormal areas of white matter had mostly disappeared, except for spotty signals in the parietal and occipital lobes (circles)
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On the other hand, Krakar et al. [12] described the
course of changing leukoencephalopathy in a case of
symptomatic congenital CMV. They proposed that leu-
koencephalopathy was not only nonprogressive or static
but also evolutive, which suggests both underlying dis-
ruption and delayed myelination. In our patient, MRI
was repeatedly performed, which allowed evaluation of
the delayed myelination and changes in white matter ab-
normalities, while the patient did not show any changes
in status. Comparison of age-related changes in MRI im-
ages with developmental milestone provides important
clinical information but is still controversial. Additional
data may be required to resolve this issue.
Detection and quantification of CMV DNAemia may

be helpful for predicting long-term adverse outcomes,
particularly hearing loss [13]. Interestingly, in the
present patient, bilateral hearing ability was maintained
throughout 10 years of follow-up despite DNAemia dur-
ing early infancy. Yamaguchi et al. [14] recently showed
that newborns with both congenital CMV infection and
SNHL had significantly higher urinary CMV DNA copy
number than newborns with congenital CMV infection
without SNHL (p = 0.036). In the present patient, urine
CMV was detected continuously after 6 months of age
until the 10-year follow-up, but viral load in the plasma
and PBMC disappeared before 2 years of age. The clin-
ical significance of reappearance of viral load in the
plasma after treatment and/or PBMCs infected with
CMV remain incompletely understood.
This study has several limitations. First, it is unknown

whether antiviral therapy directly improved the symp-
toms associated with central nervous system involve-
ment, including stabilizing bilateral hearing loss,
reducing abnormal areas of white matter and preserving
a normal IQ in this patient. The second limitation is the
timing of antiviral drugs. GCV administration was
started at 1.5 months of age, whereas conventional treat-
ment should be started during the neonatal period [9,
10]. Therefore, further studies to determine the effect-
iveness of delayed administration of antiviral drugs
would be of clinical interest. The third limitation is the
indication for antiviral drugs of this patient. According
to a report by Rawlinson et al. [15], neonates with mildly
symptomatic congenital CMV infection should not be
routinely given antiviral therapy. To data, only limited
data have been collected regarding the long -term prog-
nosis of cCMV infection. Further evaluation of a large
number of these patients is necessary to clarify the nat-
ural course of cCMV infection and determine the safety
and efficacy of antiviral therapy.
In conclusion, we reported the10-year follow-up case

of cCMV in a patient who showed normal neurodeve-
lopment, no progression of hearing loss, and ameliorat-
ing MRI findings, despite neurological complications

including brain calcifications, severe white matter dam-
age, periventricular cysts, and unilateral hearing loss
during infancy.

Additional file

Additional file 1: Time line picture. (DOCX 56 kb)

Abbreviations
ABR: Auditory brainstem responce; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; cCMV: Congenital cytomegalovirus;
CT: Computed tomography; DNA: Deoxyribonucleic acid; GCV: Ganciclovir;
MRI: Magnetic resonance imaging; PBMC: Peripheral blood mononuclear cell;
PCR: Polymerase chain reaction; SNHL: Sensorineural hearing loss;
VGCV: Valganciclovir; WISC: Wechsler intelligence scale for children

Acknowledgements
We thank Yuri Narita for providing interpretation of the intelligence testing.
We appreciate the patient and her parents for their support.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The patient’s data generated or analyzed during the current study are
available from the corresponding author on reasonable request. When
clinical data are shared, they will be anonymized.

Authors’ contributions
ES analyzed the patient’s data and prepared manuscript. MF, YU, SS, TT, RT
and YK helped to draft the manuscript. NA, SA and HS analyzed and
interpreted the patient’s data regarding the audiological assessment. AO
helped to draft the manuscript and participated in revisions. EO analyzed
and interpreted the patient’s data regarding the MRI and CT assessments. TA
and AY performed quantitative real-time PCR and analyzed the patient’s data.
TO reviewed and revised the literature and prepared the manuscript. All au-
thors read and approved the final manuscript.

Ethics approval and consent to participate
All investigations in this case report were approved by the IRB of Saitama
Children’s Medical Center (No. 2017–06-011). Written informed consent was
obtained from the patient’s parents for the publication of this case report.

Consent for publication
Informed consent for publication of this case report was obtained from the
parents of the patient included in the submission. A copy of the written
consent is available for reviewed by the editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Infectious Diseases and Immunology, Saitama Children’s Medical
Center, 1-2 Shintoshin, Chuou-ku, Saitama-shi, Saitama 330-8777, Japan.
2Department of Paediatrics, The University of Tokyo, Tokyo, Japan. 3Division
of Otorhinolaryngology, Kawagoe Otology Institute, Saitama, Japan. 4Division
of Otolaryngology, Saitama Children’s Medical Center, Saitama, Japan.
5Division of Radiology, Saitama Children’s Medical Center, Saitama, Japan.
6Department of Radiological Technology, Saitama Children’s Medical Center,
Saitama, Japan. 7Department of Pediatrics, Saitama Medical Center, Saitama
Medical University, Saitama, Japan. 8MicroSKY Lab, Inc., Tokyo, Japan. 9The
Medical and Nursing Institution of Akitsu Ryoiku-En for Children/Adults with
Severe Motor and Intellectual Disabilities, Tokyo, Japan.

Suganuma et al. BMC Pediatrics          (2018) 18:369 Page 5 of 6

https://doi.org/10.1186/s12887-018-1348-8


Received: 5 April 2018 Accepted: 16 November 2018

References
1. Yamada H, Tairaku S, Morioka I, Sonoyama A, Tanimura K, Deguchi M, et al.

Nationwide survey of mother-to-child infections in Japan. J Infect
Chemother. 2015;21(3):161–4.

2. Harrison GJ. Cytomegalovirus. In: Feigin and Cherry’s textbook of pediatric
infectious disease. 7th ed. Philadelphia: Elsevier Saunders; 2014. p. 1969.

3. Britt W. Cytomegalovirus. In: Infectious diseases of the fetus and newborn
infant, 7th ed., Elsevier. Philadelphia: Saunders; 2011. p. 706.

4. Hanshaw JB, Scheiner AP, Moxley AW, Gaev L, Abel V, Scheiner B. School
failure and deafness after "silent" congenital cytomegalovirus infection. N
Engl J Med. 1976;295:468.

5. Boppana SB, Fowler KB, Vaid Y, Hedlund G, Stagno S, Britt WJ, et al.
Neuroradiographic findings in the newborn period and long-term outcome
in children with symptomatic congenital cytomegalovirus infection.
Pediatrics. 1997;99:409–14.

6. Inaba Y, Motobayashi M, Nishioka M, Kaneko T, Yamauchi S, Kawasaki Y, et al.
Correlation between white matter lesions and intelligence quotient in patients
with congenital cytomegalovirus infection. Pediatr Neurol. 2016;55:52–7.

7. Dreher AM, Arora N, Fowler KB, Novak Z, Britt WJ, et al. Spectrum of disease
and outcome in children with symptomatic congenital cytomegalovirus
infection. J Pediatr. 2014;164(4):855–9.

8. Goderis J, De Leenheer E, Smets K, Van Hoecke H, Keymeulen A, Dhooge I.
Hearing loss and congenital CMV infection: a systematic review. Pediatrics.
2014;134(5):972–85.

9. Kimberlin DW, Lin CY, Sánchez PJ, Demmler GJ, Dankner W, Shelton M, et
al. Effect of ganciclovir therapy on hearing in symptomatic congenital
cytomegalovirus disease involving the central nervous system: a
randomized, controlled trial. J Pediatr. 2003;143:16–25.

10. Kimberlin DW, Jester PM, Sánchez PJ, Ahmed A, Arav-Boger R, Shelton M, et
al. Valganciclovir for symptomatic congenital cytomegalovirus disease. N
Engl J Med. 2015;372:933–43.

11. van der Knaap MS, Vermeulen G, Barkhof F, Hart AA, Loeber JG, Weel JF.
Pattern of white matter abnormalities at MR imaging: use of polymerase
chain reaction testing of Guthrie cards to link pattern with congenital
cytomegalovirus infection. Radiology. 2004;230:529–36.

12. Krakar G, Đaković I, Delin S, Bošnjak VM. Evolutive leukoencephalopathy in
congenital cytomegalovirus infection. J child Neurol. 2015;30(1):93–5.

13. Lanari M, Lazzarotto T, Venturi V, Papa I, Gabrielli L, Guerra B, et al. Neonatal
cytomegalovirus blood load and risk of sequelae in symptomatic and
asymptomatic congenitally infected newborns. Pediatrics. 2006;117(1):e76–83.

14. Yamaguchi A, Oh-ishi T, Arai T, Sakata H, Adachi N, Asanuma S, et al.
Screening for seemingly healthy newborns with congenital cytomegalovirus
infection by quantitative real-time polymerase chain reaction using
newborn urine: an observational study. BMJ Open. 2017;7:e013810.

15. Rawlinson WD, Boppana SB, Fowler KB, Kimberlin DW, Lazzarotto T, Alain S,
et al. Congenital cytomegalovirus infection in pregnancy and the neonate:
consensus recommendations for prevention, diagnosis, and therapy. Lancet
Infect Dis. 2017;17(6):e177–88.

Suganuma et al. BMC Pediatrics          (2018) 18:369 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

