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Abstract
Purpose  Congenital cytomegalovirus infection (cCMV) is the most frequent nonhereditary cause for sensorineural hearing 
loss (SNHL) in children. Data on vestibular function in children with cCMV are, however, scarce, although some evidence 
for cCMV-associated vestibular dysfunction exists. In this prospective cohort study, we evaluated long-term vestibular func-
tion and hearing outcomes in a cohort of children with cCMV.
Methods  Participants were 6–7-year-old children with cCMV from a large population-based screening study. Controls 
were age and gender matched healthy children, who were CMV-negative at birth. Hearing was examined with pure tone 
audiometry. Definition of hearing loss was pure-tone average > 20 dB. Vestibular function was assessed using the video 
head impulse test that provides a measure of semicircular canal function. Definition of vestibular dysfunction was lateral 
semicircular canal gain < 0.75.
Results  Vestibular dysfunction occurred in 7/36 (19.4%) of children with cCMV and in 1/31 (3.2%) of controls (p = 0.060). 
SNHL was recorded in 4/38 (10.5%) of children with cCMV and in 0/33 of controls (p = 0.118). Hearing loss was unilateral 
in all cases. In cCMV group, the two children with bilateral vestibular dysfunction also had SNHL, whereas those with 
unilateral vestibular dysfunction (n = 5) had normal hearing.
Conclusions  In this cohort of children with cCMV identified using newborn screening, vestibular dysfunction was more 
common than SNHL at 6 years of age. Vestibular dysfunction occurred both in children with and without SNHL. Based on 
these data, inclusion of vestibular tests in follow-up protocol of cCMV should be considered.

Keywords  Congenital cytomegalovirus infection · Sensorineural hearing loss · The video head impulse test · Vestibular 
dysfunction
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VD	� Vestibular dysfunction
vHIT	� The video head impulse test

Introduction

Congenital cytomegalovirus infection (cCMV) is the most 
common congenital infection and the main cause of non-
genetic hearing loss in children [1]. Cytomegalovirus infects 
fetal inner ear structures [2, 3] that contain sensory receptors 
for hearing and balance. In addition to hearing loss, vestibu-
lar and balance dysfunction have been reported [4, 5], but 
data from population-based screening studies are lacking.

Only about 10% of newborns with cCMV have clini-
cal findings (symptomatic infection) including intrauterine 
growth restriction, microcephaly, central nervous system 
abnormalities, chorioretinitis, petechiae, and jaundice with 
direct hyperbilirubinemia [6]. Thus, the majority of new-
borns with cCMV are asymptomatic and not recognized as 
CMV infected [6]. Of the symptomatic children with cCMV, 
40–58% will develop long-term sequelae, such as cognitive, 
motor, hearing, and visual impairments, whereas only about 
13.5% of asymptomatic children do [6, 7]. Sensorineural 
hearing loss (SNHL) is the most frequent sequela of cCMV 
[7] occurring in about 30–40% of symptomatic and 10% of 
asymptomatic children [8]. Emerging evidence suggests [5] 
that a significant proportion (~ 40%) of children with cCMV 
experience vestibular dysfunction.

Vestibular dysfunction and balance disorders have been 
reported in children with cCMV [4, 5, 9–12], but evidence 
from prospective population-based cohorts is scarce. It is 
crucial to study the long-term burden of vestibular dysfunc-
tion in cCMV, because vestibular dysfunction may result in 
functional deficits in children with cCMV [5]. The charac-
teristics of hearing loss in cCMV are variable; it can be early 
or late-onset, fluctuating, or progressive [13]. Of the chil-
dren with both symptomatic and asymptomatic cCMV and 
SNHL, the majority suffer from severe to profound hearing 
loss [13]. SNHL is more frequently bilateral in symptomatic 
children than those with asymptomatic cCMV [13].

Children with vestibular dysfunction may suffer from 
vertigo, falls, delayed motor development, and reading dif-
ficulties [14], whereas hearing loss may result in poorer cog-
nitive and language skills, social life, education, and quality 
of life [15]. A 6-year hearing follow-up is recommended 
for children with cCMV [13]. Most children with asymp-
tomatic cCMV are not recognized, and therefore, sufficient 
long-term outcome data are not available from this group 
[16]. Even in children who were identified as having cCMV, 
monitoring of vestibular function is not routinely included 
in the follow-up. In this prospective cohort study, we report 
vestibular and hearing outcomes in 6–7-year-old children 

with cCMV, identified in a population-based neonatal cCMV 
screening.

Methods

The study was conducted between September 2018 and 
December 2021 in Helsinki University Hospital, Finland. 
Study protocol was approved by the Ethics Committee for 
Women, Children, and Psychiatry in the Hospital District of 
Helsinki and Uusimaa. Informed consent was collected from 
parents or legal guardians of participants before enrollment.

Participant characteristics

Study population consisted of 6–7-year-old children with 
cCMV (n = 40), identified in a previously reported prospec-
tive population-based cCMV screening [17], and healthy 
CMV-negative controls (n = 54) matched by sex, gestational 
age, date of birth, and neonatal ward. The CMV screening 
with saliva real-time PCR [18] was conducted for 19,868 
Finnish newborns between 2012 and 2015. None of the 
children with cCMV received antiviral medication. Infants 
with cCMV were enrolled in a prospective follow-up study 
that included hearing testing at 3, 9–12, 18 months, and 
at 3 years for children with cCMV [17, 19]. The control 
group attended the same follow-up except hearing testing at 
9–12 months and 3 years.

At 6 year age, we performed MRI of inner ear to exclude 
inner ear pathologies. Imaging was performed with 3 Tesla 
MRI system (Philips Ingenia 3.0T). Image sequence was 
3D Drive. No anesthesia, sedative medication, or contrast 
agent was used during imaging. One experienced pediatric 
neuroradiologist reviewed the images.

Vestibular testing

Vestibular function was studied using the video head 
impulse test (vHIT) which measures vestibular function in 
individual ears and is based on the detection of abnormali-
ties in vestibulo-ocular reflex. In vHIT, participant fixes eyes 
to a still target, and eye movements are filmed during accel-
erated and decelerated head movements. vHIT reports gain, 
the ratio between eye and head movements. Different head 
positions allow assessing function of the three semicircular 
canal pairs one at a time. Compared to vertical semicircular 
canals, testing of lateral semicircular canals´ (LSCCs´) gain 
tends to be more reliable to complete in children [20, 21].

One experienced physiotherapist performed vHIT for all 
participants with the same device (ICS Impulse, Otomet-
rics, Denmark). The gains of LSCCs of right and left ears 
were examined and a gain < 0.75 was considered abnormal. 
Participants with an abnormal gain in one or both ears were 
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considered to have vestibular dysfunction. In addition to 
decreased gain, corrective saccades can be seen in vestibular 
dysfunction. Furthermore, to assess asymmetry, the differ-
ence between the gains of LCSSs of right and left ears was 
determined, and > 0.2 was considered abnormal.

Hearing testing

Hearing was assessed using pure-tone audiometry (Intera-
coustics AC 40). An expert pediatric audiologist performed 
hearing testing in the same soundproof room that was acous-
tically suited for the examination. Children used calibrated 
headphones (Radioear 3045) and were asked to respond to 
pure tone stimuli. Hearing was assessed for each ear indi-
vidually, and masking was used to prevent cross hearing by 
bone conduction from contralateral ear. Hearing thresholds 
were examined over frequencies of 125 Hz–8 kHz and the 
pure tone average (PTA) was assessed for each individual 
ear. PTA ≤ 20 dB was considered normal. Children with 
PTA > 20 dB in one or both ears were considered to have 
a hearing loss. EU classification was used to determine the 
degree of hearing loss in the worse ear. In case of hearing 
loss, bone thresholds were measured to determine the type 
of hearing loss (sensorineural, conductive, or mixed). In this 
study, we reported the cases with SNHL, including subjects 
with mixed hearing loss.

An experienced pediatric otolaryngologist examined all 
children with hearing loss to exclude middle ear patholo-
gies, such as otitis media. We reviewed patient records to 
determine the onset of hearing loss. It was considered early 
onset in those with apparent hearing loss at the first follow-
up visit at 3 months of age, and late-onset in those diagnosed 
with SNHL after that.

Statistical methods

We used IBM SPSS Statistics 25 software for statistical 
analysis. Results of quantitative data were reported using 
mean ± SD, and results of qualitative data were reported as 
frequencies and percentages. To test associations between 
groups, Mann–Whitney U test was used for continuous vari-
ables and Fisher’s Exact test for categorical variables. A p 
value < 0.05 was considered statistically significant.

Results

Participant characteristics

Of the 40 children with cCMV, 38 (95.0%) participated in 
hearing testing, and 36 (90%) in vestibular testing. Of the 
38 children with cCMV, 4 (10.5%) had symptomatic and 
34 (89.5%) asymptomatic cCMV. Of the 4 children with 

symptomatic cCMV at birth, 3 had abnormal neuroimag-
ing findings (cerebral calcifications on cranial ultrasound at 
3 months of age) and one child had microcephaly. Of the 54 
controls, 33 (61.1%) participated in hearing testing, and 31 
(57.4%) in vestibular testing.

The mean age was 6.41 ± 0.39 years in cCMV group and 
6.19 ± 0.23 years in the control group. 24 of 39 (61.5%) with 
cCMV and 17/33 (51.5%) controls were females. All chil-
dren were born at term.

At 6 years of age, MRI of inner ear was performed for 
21 children with asymptomatic cCMV and 27 controls. All 
images were normal.

Vestibular testing

Among children with cCMV and controls, 19.4% and 
3.2% (p = 0.060) had vestibular dysfunction, respectively 
(Table 1). Vestibular dysfunction was diagnosed in 1/4 (25%) 
symptomatic and 6/32 (18.8%) children with asymptomatic 
cCMV. The vestibular dysfunction was more frequently uni-
lateral (5/7, 71.4%) in children with cCMV (Table 1).

Hearing testing

Of the 38 children with cCMV, 4 (10.5%) had SNHL 
(one with mixed hearing loss) compared to 0/33 controls 
(p = 0.118) (Table 2). Among children with symptomatic 
and asymptomatic cCMV, 1/4 (25%) and 3/34 (8.82%) had 
SNHL, respectively. In all children with SNHL, hearing loss 
was unilateral (Table 2). The degree of hearing loss in the 
poorer hearing ear ranged from mild (21 ≤ dB HL < 39) to 
profound (≥ 94 dB HL).

Otologic examination was normal in 3 participants with 
SNHL, and 1 participant with mixed hearing loss had Rinne 
test negative on the side of the poorer hearing ear.

All children with SNHL and their families received coun-
selling about unilateral hearing loss and its consequences. 
Hearing aid fitting in unilateral hearing loss was an indi-
vidual decision based on difficulties in hearing, delay in 
speech development, problems in concentration, or parent´s 
opinion. At that time, our national treatment policy did not 
suggest cochlear implantations for children with unilateral 
SNHL. Thus, none of the children with SNHL received hear-
ing rehabilitation with hearing aid or cochlear implantation.

Hearing loss was recorded also at the age of 3 months 
(early onset) in 3/4 of the children with cCMV and at the 
age of 6 years (late-onset) in one child (Table 2). In addi-
tion, 2 children with cCMV were diagnosed with hearing 
loss at 3 years of age [19], but had normal hearing at 6 years 
of age, and therefore, it is possible that they had a fluctuat-
ing hearing loss but also lack of compliance or middle ear 
condition (such as underpressure in middle ear) might have 
contributed to hearing results at 3 year age.
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Association between vestibular dysfunction 
and SNHL in children with cCMV

In children with cCMV, 2/4 (50%) with SNHL also had 
vestibular dysfunction compared to 5/32 (15.6%) with nor-
mal hearing. Table 3 shows vestibular function and hear-
ing results in every child with cCMV that had vestibular 
dysfunction and/or SNHL. Both children with bilateral 
vestibular dysfunction also had SNHL.

Vestibular dysfunction and hearing loss were most 
severe in Patient 4, who had unilateral SNHL, apparent at 
3 months of age. At the age of 6 years, when masking was 
used during PTA, left ear turned out to be deaf (Table 3). 
The vHIT gains were significantly low bilaterally, accom-
panied with corrective saccades (Table 3 and Fig. 1).

Discussion

We studied long-term hearing and vestibular function out-
comes in a cohort of 6–7-year-old children with cCMV, 
identified in a population-based neonatal CMV screening 
study [17]. Among children with cCMV, vestibular dysfunc-
tion (7/36, 19.4%) was more common than SNHL (4/38, 
10.5%). Vestibular dysfunction and SNHL were more com-
mon in children with cCMV compared to controls.

Only a few previous studies have investigated vestibular 
dysfunction in cCMV [5, 11, 12, 22–24]. The incidence of 
vestibular dysfunction varied widely in these studies likely 
due to differences in factors, such as age of testing, follow-up 
duration, vestibular assessment tools, and the proportion of 
children with symptomatic and asymptomatic cCMV. In a 
retrospective study by Bernard et al. [22], 93.2% of children 

Table 1   Vestibular function in children with cCMV and controls

cCMV congenital cytomegalovirus infection, vHIT the video head impulse test
* Significance level < 0.05. Mann–Whitney U test was used for continuous variables and chi-squared test for categorical variables
a Lateral semicircular canal gain < 0.75 in vHIT
b > 0.2 asymmetry between the gains of right and left ears was considered abnormal

Children with cCMV Controls p value*

Vestibular dysfunctiona, n (%) 7/36 (19.4%) 1/31 (3.2%) 0.060
Laterality of vestibular dysfunction

  Unilateral, n (%) 5/7 (71.4%) 1/1 (100%) –
  Bilateral, n (%) 2/7 (28.6%) – –

Gain in right ear, mean ± SD (range) 0.88 ± 0.17 SD (0.00–1.13) 0.91 ± 0.06 SD (0.76–1.00) 0.537
Gain in left ear, mean ± SD (range) 0.84 ± 0.15 SD (0.14–1.08) 0.85 ± 0.06 SD (0.71–0.96) 0.753
Gain asymmetry, mean ± SD (range) 0.074 ± 0.059 SD (0.00–0.24) 0.089 ± 0.056 SD (0.01–0.28) 0.193
Abnormal gain asymmetryb, n (%) 1/36 (2.8%) 1/31 (3.2%) 1.000

Table 2   Hearing in children with cCMV and controls

cCMV congenital cytomegalovirus infection, HL hearing loss, SNHL sensorineural hearing loss
a One participant had mixed hearing loss

All children with cCMV Symptomatic cCMV Asymptomatic cCMV Controls

SNHL, n (%) 4/38 (10.5%)a 1/4 (25%) 3/34 (8.82%)a 0/33 (0%)
Laterality of SNHL

  Unilateral, n (%) 4/4 (100%) 1/1 (100%) 3/3 (100%) –
  Bilateral, n (%) – – – –

Degree of HL in poorer hearing ear
  Mild, 21 ≤ dB HL < 39, n (%) 2/4 (50%) – 2/3 (66.6%) –
  Moderate 40 ≤ dB HL < 69, n (%) 1/4 (25%) 1/1 (100%) – –
  Severe 70 ≤ dB HL < 94, n (%) – – – –
  Profound ≥ 94 dB HL, n (%) 1/4 (25%) – 1/3 (33.3%) –

Onset of HL
  Early, n (%) 3/4 (75%) 1/1 (100%) 2/3 (66.6%) –
  Late, n (%) 1/4 (25%) – 1/3 (33.3%) –
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with cCMV had vestibular dysfunction, but all participants 
also suffered from severe hearing loss and needed evaluation 
for cochlear implantation. Hence, the study population was 
enriched for children with symptomatic cCMV. In the Pin-
ninti et al. study, 17/38 (45%) asymptomatic children with 
cCMV, were diagnosed with vestibular dysfunction [12]. 
Although this cohort originated from a universal screening, 
only a small proportion (8.9%) of the total cohort of patients 
with cCMV were evaluated for vestibular function. However, 
the Pinninti et al. utilized a more comprehensive evalua-
tion of vestibular function and balance. A larger prospective 
longitudinal study of 94 children with cCMV reported that 
14% of the children had vestibular dysfunction [23]. The 
frequency of vestibular dysfunction in our study is similar to 

this study; however, the average age of the children followed 
was only 17 months [23], and thus, vestibular dysfunction 
that occurred later was not detected.

Even though vestibular dysfunction seems to be common 
in children with cCMV, the clinical relevance and the actual 
impact of this condition on the balance remain unclear. Ves-
tibular dysfunction does not necessarily result in balance 
impairment, because children can compensate by vision and 
proprioception. We did not study balance outcome, but few 
previous studies have reported balance impairment in chil-
dren with cCMV. Pinninti et al. [12] assessed balance and 
vestibular function in their cohort of asymptomatic children 
with cCMV, and showed that one-third to one-half of them 
had balance impairment. In a retrospective study, Karltorp 

Table 3   Results in children with cCMV and vestibular dysfunction or SNHL

asymp asymptomatic congenital cytomegalovirus infection, cCMV congenital cytomegalovirus infection, CHL conductive hearing loss, dB deci-
bel, HL hearing loss LSCC lateral semicircular canal, MHL mixed hearing loss, PTA pure tone average, SNHL sensorineural hearing loss, VD 
vestibular dysfunction, vHIT the video head impulse test, symp symptomatic congenital cytomegalovirus infection
a Calcifications in cranial ultrasound at 3 months of age
b PTA (dx./sin.)
c LSCC gain (dx./sin.)
d Mixed hearing loss was considered to associate with cCMV
e Conductive hearing loss is not associated with cCMV

Patient number, 
type of cCMV

Onset of SNHL Pure tone audiometry results Laterality and degree of SNHL vHIT results Laterality of 
vestibular dys-
function

1, sympa Early SNHL (65/6 dB HLb) Unilateral moderate Normal (0.90/0.81c) –
2, asymp Early SNHL (15/25 dB HL) Unilateral mild Normal (0.97/0.95) –
3, asymp Late MHLd (33/9 dB HL) Unilateral mild VD (0.7/0.69) Bilateral
4, asymp Early SNHL (6/ > 118 dB HL) Unilateral profound VD (0.0/0.14, correc-

tive saccades)
Bilateral

5, asymp – CHLe (31/13 dB HL) – VD (0.63/0.83) Unilateral
6, asymp – Normal (15/15 dB HL) – VD (0.79/0.69) Unilateral
7, asymp – Normal (4/9 dB HL) – VD (0.80/0.74) Unilateral
8, asymp – Normal (8/10 dB HL) – VD (0.81/0.70) Unilateral
9, sympa – Normal (4/3 dB HL) – VD (0.79/0.73) Unilateral

Fig. 1   Results of vHIT testing in a child with profound unilateral hearing loss. vHIT the video head impulse test
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et al. [4] reported that a high proportion (88%) of children 
with cCMV and severe hearing loss had balance impairment. 
These children learned walking without support significantly 
later compared to controls. More studies including both ves-
tibular tests and balance follow-up are clearly required to 
evaluate the clinical relevance of vestibular dysfunction in 
cCMV.

The degree of hearing loss in our cCMV cohort was rela-
tively mild. SNHL was diagnosed in 4/38 (10.5%) of chil-
dren with cCMV, which is in line with a meta-analysis that 
reported that 12.6% of children with cCMV identified in 
universal screening had SNHL [13]. In our cohort, all chil-
dren with cCMV and SNHL had unilateral hearing loss, and 
the degree of hearing loss was mild to moderate in all chil-
dren except for one subject. Conversely, a systematic review 
reported a more severe degree as well as bilateral hearing 
deficits in both symptomatic and asymptomatic cCMV [13].

Due to the anatomic proximity of vestibular organ and 
cochlea, the association between vestibular dysfunction and 
SNHL is of interest. The findings of our study showed a 
higher risk for vestibular dysfunction in children with cCMV 
and SNHL compared to those with normal hearing. This 
confirms the findings of previous studies and demonstrate 
the significant burden of vestibular dysfunction in children 
with cCMV [11, 22, 23]. Although vestibular dysfunction 
was mainly unilateral in our study children with cCMV, the 
2 children with bilateral deficits also had SNHL. This is 
consistent with a previous retrospective study [22], where 
77% of children with cCMV with SNHL also had bilateral 
vestibular dysfunction. However, that study lacked a control 
group of normal-hearing children with cCMV. One of our 
participants with cCMV had unilateral profound SNHL and 
profound bilateral vestibular dysfunction. Bernard et al., also 
reported a significant association between the severity of 
SNHL and vestibular dysfunction [22]. These data suggest 
that the subgroup of hearing-impaired children with cCMV 
are at increased risk for vestibular dysfunction.

Strengths of our study include that children with cCMV 
were identified on population-based screening in a prospec-
tive study and having a matched group of CMV-negative 
children as controls. Most children (38/40) from the original 
cohort, identified on newborn CMV screening, participated 
in this study. Most of the study participants had asympto-
matic cCMV and would not have been recognized without 
newborn CMV screening. Another strength is that both ves-
tibular and hearing testing was performed at 6–7 years of age 
and allowing us to obtain reliable data for individual ears.

The major study limitation was the small number of 
study children hindering the evaluation of the differences 
between symptomatic and asymptomatic cCMV. The dif-
ferences in vestibular dysfunction and SNHL between chil-
dren with cCMV and controls are not significantly different 
likely due to the small number of study subjects. Vestibular 

dysfunction was assessed using vHIT, because it was easy 
to perform, did not induce dizziness or nausea, and could be 
performed in a well-lit environment. However, vHIT does 
not test all aspects of the vestibular organ system and merely 
evaluates the function of semicircular canals and vestibular 
nerve. Therefore, the results of our study may have underes-
timated the true incidence of vestibular dysfunction. A more 
comprehensive testing protocol could have provided a more 
complete and accurate assessment of vestibular function and 
balance disorders [20].

Conclusions

In this cohort of children with cCMV, vestibular dysfunction 
was more common than SNHL at 6–7 years of age. The find-
ings of our study along with several recent reports suggest 
that clinicians should be aware of the possibility of vestibu-
lar and balance impairment in children with cCMV. There-
fore, vestibular function and balance should be included in 
the follow-up of children with cCMV allowing early detec-
tion of children who might benefit from appropriate rehabili-
tation to ensure normal balance and motor development. In 
addition, there is an urgent need for future studies with larger 
number of children identified in newborn CMV screening 
undergoing systematic assessment of vestibular function and 
balance and to determine the disease burden and the effec-
tiveness of timely intervention.
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