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Introduction Prenatal exposure to the Zika virus can impair neurodevelopment and
cause auditory damage.

Objective To analyze the frequency-following response (FFR) and the auditory
behavior (with the LittlEars® questionnaire) of children with and without prenatal
exposure to Zika virus infection.

Methods A total of 30 children participated in the present study, divided into 3
groups: 10 children with microcephaly and prenatal exposure to the Zika virus; 10
normocephalic children with prenatal exposure to the Zika virus; and 10 children with
no evidence of prenatal exposure to the virus. The FFR test was performed with the /da/
syllable. The LittlEars® questionnaire was used with parents/quardians.

Results For the FFR measurements, there was no difference between the groups. The
children with exposure to the Zika virus presented a final score in the questionnaire
below what is expected from children with normal hearing. A significant difference was
observed for the final, semantic, and expressive scores between the group with
microcephaly and the other groups. A strong negative correlation was seen between
the LittlEars® questionnaire final score and the FFR measurements for the group with
microcephaly when compared with the other groups.

Conclusion Children exposed to the Zika virus, with and without microcephaly,
presented FFR patterns similar to what was seen in children with no evidence of virus
exposure. However, they showed signs of immature auditory behavior, suggesting
auditory development delay.
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Frequency Following Response and Auditory Behavior

Introduction

Prenatal exposure to the Zika virus can impair multiple child
neurodevelopmental. The profile of the virus is strongly
neurotropic, affecting neural progenitor and neuronal cells
in all stages of maturation."?

The congenital syndrome associated with Zika virus in-
fection (ZCS) is characterized by developmental changes
related to prenatal exposure to Zika virus infection. A wide
range of signs and symptoms are associated with this syn-
drome, such as anatomical central nervous system (CNS)
anomalies (microcephaly), and secondary functional
impairment.1‘3"5

Children who had been exposed to Zika virus infection
in the intrauterine period and were born normocephalic
are also at risk of neurodevelopmental changes. The evol-
utive reports in this group show changed results in the
long run regarding the neurological development of
different domains, including those of cognition and
language/communication.G‘9

Auditory changes were described, associated with prena-
tal exposure to Zika virus infection.'® In 2019, The Joint
Committee on Infant Hearing included prenatal Zika virus
exposure as a high-risk criterium for hearing loss and re-
ferred to neonatal hearing screening and auditory follow-up,
among the other risk indicators.!’

Hearing screening failures in the otoacoustic emissions
(OAE) and auditory brainstem response to click stimulus
(ABR-click) and the presence of sensorineural hearing loss
are the most common audiological findings in children
prenatally exposed to Zika virus infection.'> Nonetheless,
due to the neurotropic profile of the Zika virus and to the
changes in the CNS resulting from the infection, damages to
the central auditory pathways potentially impacting the
central auditory development and processing cannot be
discarded.'?-14

Cortical malformations and neurodevelopmental disor-
ders can alter the maturation development of peripheral and
central auditory pathways, such as sound information proc-
essing, which, in turn, can also impact language and com-
munication development.'>~1”

Assessing and monitoring auditory function in children
exposed to the Zika virus with several testings might lead to
proper diagnosis and early interventions.'%13

Speech stimulus ABR, known as frequency-following re-
sponse (FFR), might be used to understand how the auditory
pathway decodes verbal sounds, starting at the brainstem
level - the anatomical site where the perception of speech
sounds begins.'® Frequency-following response has been
widely studied, as it involves the auditory perception of
speech, having the potential to be a sensitive biological
marker of communication disorders."?

Auditory questionnaires and checklists help to monitor
changes in the auditory development function, especially in
auditory skills early in childhood.?%?" The LittIEars® auditory
questionnaire (LEAQ) has proven to be a simple and reliable
instrument that gives information about auditory develop-
ment and skills based on the observation of the
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parents/guardians of the auditory behavior of children in
daily situations.?%23

Given the evidence of CNS changes and the risk of
auditory damage, a better understanding of electrophysi-
ological and behavioral auditory function in children is
needed. The present study aimed to analyze FFR findings
and auditory behavior of children with prenatal exposure
to Zika virus infection, with and without microcephaly,
and to compare these findings with children without
evidence of prenatal exposure and with typical
development.

Materials and Methods

The present observational, cross-sectional study is related to
an original project entitled “Audiological Assessment of
Children with Suspicion for Congenital Infection with the
Zika Virus,” approved by the Research Ethics Committee
under no. 3.072.730. It was conducted in a reference public
hospital in the state of Pernambuco, Brazil, between
July 2019 and February 2020. The parents/guardians were
informed of its objectives and procedures, and signed an
informed consent form.

Thirty children born between 2015 and 2016 (the period
following the Zika virus epidemic in Pernambuco), of both
genders and with no evidence of peripheral hearing loss
participated in the research. From those, 20 were recruited
after assessment in the original project, and 10 were
recruited only for the present study. The children were
distributed in three groups, according to the following
criteria:

i. Group 1 (microcephalic) - 10 children with confirmed
laboratory diagnosis of prenatal exposure to Zika virus
infection (positive molecular/serological test of the child
with real-time polymerase chain reaction [RT-PCR] or
immunoglobulin M [IgM] through enzyme-linked immu-
nosorbent assay [ELISA) and with microcephaly (head
circumference < -2 standard deviations (SDs) for age and
gender, according to the InterGrowth reference curves
recommended by the World Health OrganizationWHO,?*
aged between 39 and 51 months old (mean: 45+4
months old), pass in neonatal hearing screening (con-
ducted with the ABR-click), monitoring with ABR-click at
35dB nHL, and no evidence of hearing loss.

ii. Group 2 (normocephalic) - 10 children with confirmed
laboratory diagnosis, possible or presumed prenatal
exposure to the Zika virus infection (epidemiologic his-
tory, clinical changes compatible with infection, or posi-
tive molecular/serological test of the mother and/or child
with RT-PCR or IgM through ELISA, normocephalic, aged
between 36 and 46 months old (mean: 40 +4 months
old), pass in neonatal hearing screening (conducted with
the ABR-click), monitoring with ABR-click at 35dB nHL,
and no evidence of hearing loss.

iii. Group 3 (not exposed) — 10 children with typical devel-
opment, with no evidence of prenatal exposure to Zika
virus infection or other prenatal infections, with no
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neurological impairments, no otologic symptoms, no
audiological complaints that interfere in hearing/
comprehension of speech, no evidence of hearing loss,
no complaints/signs of change in language, aged between
42 and 55 months old (mean 49 +5 months old), with
pass in the neonatal hearing screening (with the OAE
and/or ABR) and normal ABR-click.

Initially, information about the children with prenatal
exposure to Zika virus infection, regarding the diagnosis of
the infection, the severity of the microcephaly, result of the
neonatal hearing screening, and results of the audiological
monitoring was selected from the original database study.

On the day of the assessment, the parents/guardians of the
children answered questions from an interview form devel-
oped and administered by the researchers. Information on
the health history and previous development of the child,
including hearing and language, was collected to attend
eligibility criteria and also to characterize the sample.

Otoscopy and acoustic immittance was performed (AT
model, Interacoustics, Middelfart, Denmark) to eliminate
external and middle ear disorders. Only a type A tympano-
metric curve (admittance peak at between 0.3 and 1.6 ml and
pressure peak at between - 100 and + 100 decapascals
[daPa]) and presence of ipsi and contralateral acoustic
reflexes was accepted.

According to the data obtained in the interview and
auditory screening, children with reported viral congenital
infection, other congenital syndromes, with any auditory risk
factors (according to the Joint Committee on Infant Hearing,
2019), and with signs of changes in the peripheral auditory
pathways were excluded.

The parents of all the children included in the study
answered the LEAQ, administered as an interview. The 35
questions were read by the researchers, and the
parents/guardians were given the option of orally answering
“yes” or “no.” In case they did not understand the question,
the researcher exemplified situations, as suggested by the
questionnaire itself. The individual final score was calculated
considering all the “yes” answers given by the respondents.

The questions in the LEAQ can be divided into 3 auditory
behavior categories: receptive auditory behavior (questions
0-7), semantic auditory behavior (questions 8-20, 22-24,
27, 30, 33, and 34), and expressive language (questions 21,
25,26, 28, 29, 31, 32, 35). An individual score was calculated
for each child, considering all “yes” answers to verify the
performance of the child in each area.?> The individual final
score and the mean of the final scores of the groups were
compared with the reference values for children with normal
hearing, which considers a score >33 for children>24
months old (minimum value of 25, according to the confi-
dence interval [CI]) - that is, presence of at least 33 of the 35
behaviors listed in the questionnaire.22

For FFR assessment, the SmartEP equipment (Intelligent
Hearing Systems, Miami, FL, USA) was used. The skin of the
child was prepared, and electrodes were placed as follows:
two negative electrodes at A1 and A2; one positive electrode
at Fz; and the ground electrode at Fp2. The children were
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alert, placed in a reclined chair. Children with microcephaly
who had no postural stability sat on the lap of the
parent/guardian. All participants were given the option to
watch silent videos in a tablet.

The alternate /da/ syllable stimulus with 40 milliseconds
(ms) was monaurally (only in the right ear) presented via ER-
3 insert earphones at 75dB HL, and at a presentation rate of
3.77 stimuli per second. The impedance of the electrodes was
kept lower than 1 kohms, and two replicated waves of 2.000
sweeps each were obtained and added (final wave with 4.000
sweeps), recording window of 70 ms, band-pass filter be-
tween 50 and 3000 Hz.

The positive peak wave V was identified, as well as
negative peak waves A, C, D, E, F, and O. The latency (ms)
and amplitude (nV) of each wave were measured, and the
slope (uV/ms) and area (uV X ms) of the VA complex were
calculated. All exams were blinded and were analyzed by two
examiners with expertise in FFR assessment.

The results were analyzed with the IBM SPSS Statistics,
version 20.0 (IBM Corp., Armonk, NY, USA) software, and the
5% significance level was adopted. The normality of the
samples was verified with the Shapiro-Wilk test. To verify
the presence of statistical differences between the groups for
the FFR measures and LEAQ scores, the parametric one-way
analysis of variance (ANOVA) and the nonparametric Krus-
kal-Wallis test were used, according to the normality of each
variable. Then, Levene statistics were used, as well as the
Bonferroni post-hoc test (in the variables with normal sam-
ple), besides the one-way ANOVA post-hoc test (for variables
with non-normal sample). The Pearson correlation test,
applied to the variables with a normal sample, was used to
verify the existence of a linear relationship between the FFR
variables and the LEAQ scores. When the association of the
variables had a nonlinear relationship, the Spearman corre-
lation test was used to detect the degree of association
between them.

Results

From 30 children, 17 (56.7%) were females and 13 (43.3%)
were males. In the group of children with microcephaly, 7
(70%) had severe microcephaly (head circumference [HC] < 3
SDs for age and gender, according to the InterGrowth refer-
ence curves.”* All children with microcephaly (100%) had
language development delays. In the group of normocephalic
children exposed to the Zika virus infection, 8 (80%) had
language complaints/signs of disorders.

Frequency-following response analyses showed no sta-
tistically significant difference between all groups for latency
and amplitude measures of waves V, A, C, D, E, F, and O, and
for the slope and area of the VA complex measures (~Tables
1, 2, and 3). =Fig. 1 shows the average waveforms of the FFR
exam in the studied groups.

For the LEAQ, no child in the microcephaly group (100%)
achieved the minimum final score recommended by the
questionnaire for children with normal hearing. Only 5 of
the normocephalic children exposed to the Zika virus (50%)
achieved the expected values. All children in the group with
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infection, with and without microcephaly, and children with no evidence of exposure
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Waves Groups Mean and SD (ms) LCl H Cl p-value
\" Microcephalic 7.03+0.82 6.50 13.60 0.1237
Normocephalic 7.20+£0.59 6.83 14.03
Not exposed 6.67 +£0.37 6.44 13.11
A Microcephalic 9.46+0.78 8.03 10.82 0.327°
Normocephalic 8.96 +0.83 7.30 9.95
Not exposed 9.01+0.79 7.85 10.32
C Microcephalic 17.76 £1.29 16.52 20.18 0.677°
Normocephalic 17.57 +0.86 16.40 18.75
Not exposed 17.26 £1.37 14.88 18.98
D Microcephalic 24.36 +£1.05 23.15 26.45 0.336°
Normocephalic 23.86+0.62 22.95 24.73
Not exposed 24.36+0.84 22.95 25.98
E Microcephalic 32.82+0.95 31.45 34.30 0.228°
Normocephalic 32.07+1.23 29.40 33.70
Not exposed 32.77+0.97 31.45 34.23
F Microcephalic 41.17+1.49 38.40 43.60 0.463°
Normocephalic 40.69+1.12 38.33 42.23
Not exposed 41.36 +£0.92 40.10 42.48
(0] Microcephalic 49.48 +£0.94 48.02 50.80 0.847°
Normocephalic 49.5340.89 48.42 51.48
Not exposed 49.32 +0.67 48.70 50.88

Abbreviations: HCI, higher confidence interval; LCl, lower confidence interval; SD, standard deviation.

?Kruskal-Wallis test.
bone-way ANOVA test.

Table 2 Comparison of the amplitude measures in the frequency-following response between children with congenital infection
with the Zika virus, with and without microcephaly, and children with no evidence of exposure

Waves Groups Mean and SD (pV) Ld H Cl p-value
\" Microcephalic 0.25+0.34 0.04 0.46 0.553¢
Normocephalic 0.11+0.08 0.06 0.16
Not exposed 0.09+0.06 0.05 0.13
A Microcephalic 0.36+0.33 0.16 0.56 0.400°
Normocephalic 0.26 +£0.18 0.15 0.37
Not exposed 0.22+0.22 0.08 0.36
C Microcephalic 0.13+0.08 0.08 0.18 0.281°
Normocephalic 0.10+0.04 0.08 0.12
Not exposed 0.08+0.04 0.06 0.10
D Microcephalic 0.34+0.27 0.17 0.51 0.191°
Normocephalic 0.24+0.16 0.14 0.34
Not exposed 0.15+0.14 0.06 0.24
E Microcephalic 0.30+0.28 0.13 0.47 0.473°
Normocephalic 0.19+0.10 0.13 0.25
Not exposed 0.16 £0.11 0.09 0.23
F Microcephalic 0.19+0.22 0.05 0.33 0.127°
Normocephalic 0.21+0.10 0.15 0.27
Not exposed 0.11£0.07 0.07 0.15
(0] Microcephalic 0.22+0.21 0.09 0.35 0.135°
Normocephalic 0.12+0.05 0.09 0.15
Not exposed 0.09+0.08 0.04 0.14

Abbreviations: HCI, higher confidence interval; LCI, lower confidence interval; SD, standard deviation.

?Kruskal-Wallis test.
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Table 3 Comparison of the slope and area measures in the frequency-following response between children with congenital
infection with the Zika virus, with and without microcephaly, and children with no evidence of exposure

Groups Mean and SD Lc Hd p-value
Slope (uV/ms) Microcephalic 0.27 £0.36 0.04 1.25 0.318°
Normocephalic 0.22+0.11 0.06 0.40
Not exposed 0.12+0.08 0.03 0.27
Area (pV x ms) Microcephalic 1.47 £1.47 0.56 2.38 0.2637
Normocephalic 0.71+0.69 0.28 1.14
Not exposed 0.87+£1.05 0.22 1.52

Abbreviations: HCI, higher confidence interval; LCI, lower confidence interval; SD, standard deviation.

?Kruskal-Wallis test.
bone-way ANOVA test.

0,00
0,05
-0,10
0,15

-0,20

——Not Exposed

—— Microcephalic

——Normocephalic

Fig. 1 Average waveforms of the frequency-following response exam of the groups with congenital infection with the Zika virus, with and

without microcephaly, and children with no evidence of exposure.

typical development and no evidence of exposure to the
infection (100%) achieved the maximum score in the ques-
tionnaire (=~Fig. 2).

The means of the final and category scores for each group
are shown in =Table 4. The comparison of these measures
between the groups showed a significant difference for the
final score means, semantic score, and expressive score of the
children with microcephaly as related to normocephalic

children exposed to the Zika virus group and children with
typical development and no evidence of exposure to the
infection group (~Table 5).

The correlation analysis between the FFR and LEAQ meas-
ures showed a strong negative association between the final
questionnaire score and the latency measures of the A, D, F,
and O waves and G, E, F, O peak amplitudes in the group of
children with microcephaly (~Table 6). No correlations were

40
35 ‘:bﬂﬂ:bbﬂ:ﬁ:ﬁ:ﬂ:b
= — A
30
l_._l = -
& 25 . <
g 20 ——¢ — ¢ Group 1 (microcephalic)
v = L 3 s
L - B Group 2 (normocephalic)
12 = = A Group 3 (not exposed )
0 1 1 T 1 T T 1 T I 1 1
0 1 2 3 4 5 6 7 8 9 10 11
Participants

Fig. 2 Individual final score in the LittlEars® questionnaire.
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Table 4 Final score, receptive score, semantic score, and expressive score in the LittlEars® questionnaire

Scores Microcephalic Normocephalic Not exposed
Mean and SD Mean and SD Mean and SD
Final 17+5.17 324+3.31 3540
Receptive 6.30£1.05 6.70+£0.48 710
Semantic 9.90 £3.51 17.20+2.04 19+0
Expressive 0.50+0.85 6.80+1.39 8+0

Abbreviation: SD, Standard deviation.

Table 5 Comparison between the groups of the final score,
receptive score, semantic score, and expressive score in the
LittlEars® questionnaire

Scores Groups p-value

Final Microcephalic x Normocephalic 0.004%*
Microcephalic x Not exposed 0.000**
Normocephalic x Not exposed 0.323°

Receptive Microcephalic x Normocephalic 0.088°
Microcephalic x Not exposed
Normocephalic x Not exposed

Semantic Microcephalic x Normocephalic 0.003%*
Microcephalic x Not exposed 0.000**
Normocephalic x Not exposed 0.473°

Expressive Microcephalic x Normocephalic 0.002**
Microcephalic x Not exposed 0.000**
Normocephalic x Not exposed 0.514°

IKruskal-Wallis test.
*=p<0.05.

observed in the group of normocephalic children exposed to
the Zika virus. In the group of children with typical develop-
ment and no evidence of exposure to the infection, it was not
possible to calculate the correlation coefficients because
there was no variation in the questionnaire values for this
group.

Discussion

The goal of the present study was to analyze the FFR results
and the auditory behavior (through parental observation) of
children with prenatal exposure to Zika virus infection, with
and without microcephaly, and to compare them with chil-
dren in the same range age with typical development and no
evidence of prenatal exposure to the virus.

The children assessed in the present study with prenatal
exposure to the Zika virus, with and without microcephaly,
presented FFR latency, amplitude, slope, and area similar to
those of children with typical development and no evidence
of exposure to the infection. These findings suggest that
prenatal exposure to the Zika virus does not seem to interfere
with the velocity (latency), synchrony (slope), and magni-
tude of the neural responses (amplitude and area of the VA
complex) of speech sound decoding at the brainstem audi-
tory pathways. All those processes are critical to the ade-
quate auditory perception of verbal sounds.?®

Table 6 Correlation between the final scores in the LittlEars®
questionnaire and the latency and amplitude measures in the
frequency-following response in the group of children with
microcephaly

Final score

Coefficient

A latency (ms) -0.727°
D latency (ms) -0.747°
F latency (ms) -0.704°
O latency (ms) -0.714°
C amplitude (pVv) -0.780°
E amplitude (uV) -0.743°
F amplitude (V) -0.764°
O amplitude (uV) -0.709°

Pearson correlation test.
bSpearman correlation test.

These results differ from others presented in studies that
assessed children with congenital infection with another
pathogen (toxoplasmosis) and CNS impairment of another
origin (concussions and epilepsy), in which slower neural
responses with less amplitude were found.?6-2%

Although there is evidence of risk of auditory damage
associated with Zika virus infection, the results are not
enough to understand the pathogenesis of the infection in
the auditory system and its impacts on the auditory function,
especially in children with clear signs of CNS changes.'?'3

White-Schwoch et al. report that FFR responses are gen-
erated mainly in the mesencephalic region of the auditory
pathway, suggesting that the precise and synchronous
decoding of the speech stimulus in the auditory mesenceph-
alon is necessary and sufficient to generate a robust and
replicable electrophysiological response to the examination,
even if the subject presents cortical changes.?’

On the other hand, the findings presented here are similar
to ABR-click in children with microcephaly associated with
prenatal infection with Zika virus, when it normality was
observed in the neuronal functions of the pons and the
mesencephalon, suggesting the integrity of the auditory
structures at this level of the pathway.3? Therefore, it can
be suggested that prenatal infection with the Zika virus does
not seem to impair the functioning of the brainstem auditory
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structures responsible for the neural processing of sounds,
especially of the temporal cues of such complex stimuli as
speech sounds.

However, the present study did not investigate how these
children decode the spectral aspects related to the funda-
mental frequency and the harmonics contained in the speech
stimulus. These elements should be investigated in cases of
auditory perception and CNS impairment.27

The auditory cortex and mesencephalon play different
roles in auditory perception. Even if brainstem fine temporal
resolution is intact, it alone is not enough to properly analyze
and comprehend speech at the cortical level.?? Therefore,
changes in the processing of verbal signals in the cortical
structures of the auditory pathway should be investigated
and cannot be dismissed.

The auditory behavior report of children with exposure to
the Zika virus, with and without microcephaly, seemed to
present immature behavior, according to the parental obser-
vation when compared with standard references of children
with normal hearing and with the group with no evidence of
exposure to the infection.

Children with microcephaly had a significantly different
final score when compared with the normocephalic children
exposed to the Zika virus and with the children with no
evidence of exposure to the infection. Also, their perfor-
mance was far below the expected in relation to the reference
values of the questionnaire for children with normal hearing.
Their scores were compatible with the expected for children
between 6 and 8 months old.??

Even though the neuropsychomotor delay caused by
microcephaly can influence the behavioral auditory
responses,>! impairments in the adequate physiological
functioning of the cortical auditory pathway must be con-
sidered when there are changes in the brain growth of these
children. Such a condition can impact the proper develop-
ment of the central auditory system and, consequently, the
acquisition of auditory skills.

A study by de Carvalho Leal et al. described that it is not
unusual to observe, in children with congenital infection
with the Zika virus, normality in the objective auditory
tests, such as the brainstem auditory evoked potential
(BAEP), which analyzes the lower portions of the auditory
pathways and alterations in the auditory skills in behavior-
al responses, which suggest damages in the central audito-
ry system.'>

The analysis of question category score reinforces this
supposition, observing that children with microcephaly have
a mean receptive score similar to those of normocephalic
children and of children with no evidence of exposure to the
infection, and results significantly lower than those of these
groups for the semantic and expressive scores.

The receptive score is related to the items in the ques-
tionnaire involving auditory detection and localization
behaviors - attentional skills that depend on adequate
temporal sound decoding (bottom-up processes).>? The se-
mantic and expressive scores are associated with the items
involving interpretation and comprehension of sound event
and linguistic skill responses - specialized CNS skills closely
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related to the supramodal cortical hearing functions, such as
cognition and language (top-down processes).33

Auditory skills associated with bottom-up processes can
be preserved in children with microcephaly, supporting the
electrophysiologic findings. Nevertheless, due to the cortical
impairment, the performance in auditory skills that depend
mainly on top-down processes can be impaired, interfering
directly with the central auditory processing (CAP).

Normocephalic children exposed to the Zika virus did not
present significant differences in the final and category
scores when compared with the group of children with
typical development and no evidence of exposure to the
infection. However, a performance lower than expected was
observed when compared with the reference values of the
questionnaire for children with normal hearing, with a mean
final score fitting the results expected for children between
22 and 23 months old.??

Normocephalic children with prenatal exposure to the
Zika virus have been presenting results below the expected
in the neurodevelopment of different domains, including
cognition and language/communication.®=® In the present
study, 8 out of 10 children comprising this group presented
complaints of delay in language acquisition and/or unintelli-
gible speech. Also, their performance was below of what is
expected in questionnaire items related to behaviors of
interpretation/comprehension of sound events and linguistic
skills.

These skills are associated with functions of a higher order
and depend on the adequate maturation of the CNS and
integration with other systems, such as cognition and lan-
guage.>? Thus, the results of the questionnaire support the
evidence of changes in the cognition and language develop-
ment of these children. Changes in the CAP must also be
considered due to the risk of loss in the performance of
auditory skills associated with top-down processes.

The answers obtained with the questionnaire reflect the
parental perception of these auditory behavior of these
children in response to common day-to-day stimuli. These
instruments do not substitute assessments with classic
standardized tests, but they can be a first step toward early
identification of changes in auditory development and ac-
quisition of auditory skills, especially in small children.>*

The association between the results of auditory assess-
ment showed that, in the group of children with microceph-
aly associated with Zika virus infection, there was a strong
negative correlation between the final score of the question-
naire and the latency measures of FFR waves A, D, F, O and the
amplitude of the C, E, F, and O waves. This association
suggests that, in this group, as the FFR latency and amplitude
values increase, the final score of the questionnaire
decreases.

In this group, children with severe microcephaly had the
lowest final scores (=Fig. 3). This can be related to severe
microcephaly being the most serious type of this condition,
leading to greater delays in overall development.>® Regarding
FFR with increased latency, the possibility of the severity of
microcephaly interfering with the velocity of neural sound
conduction in the brainstem must be considered.
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Even though no abnormalities in the velocity of neural
conduction related to the HC were observed in the present
study, similar to what was described by Marques Abramov
et al., both studies present limitations regarding the sam-
ple size.30
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The FFR latencies are stable measures associated with the
conduction velocity of an acoustic stimulus in the auditory
pathways, and are directly related to axonal fibers myelini-
zation.>®3” The delay in myelination of the neural fibers is a
common finding in microcephaly associated with the Zika
virus.? Even though the results presented here indicate an
adequate time of nerve conduction of sounds in these
children, future studies with larger samples are necessary
to better define whether the severity of the microcephaly can
interfere with this process.

In the same perspective, despite the fact that no difference
has been observed between the groups, the children with
severe microcephaly had greater amplitude values (~Fig. 4),
which differs from the tendency observed in the correlation.
The amplitudes in the FFR test reflect the magnitude of the
neural activation — mechanisms that contribute to the gen-
eration of waves in the exam.'® These measures are more
sensitive to variability.>’

There is the possibility of a smaller HC influencing the
amplitude responses in children with severe microcephaly
due to the volume conduction effect, which takes place when
there is a short distance between the electrical signal pick-up
and its generating site in the auditory pathway, which can
increase the amplitude of the potential.38
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Fig. 4 Distribution of the amplitude values of the C, E, F, and O waves in the frequency-following response in the group of children with

microcephaly.
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However, for this supposition, further studies using more
specific analyses of the response magnitude (such as the root
mean square calculation) and broader samples should be
conducted. They may be able to clarify whether the ampli-
tude measures in children with severe microcephaly actually
reflect the adequate sturdiness in the neural activation for
the processing of the stimulus or if the HC interferes with
them through the volume conduction effect.

The present study analyzed, from different perspectives,
the auditory function of children exposed to the Zika virus in
the intrauterine period, with and without microcephaly.
From the electrophysiological standpoint, prenatal exposure
to Zika virus infection does not seem to interfere with the
neural decoding of the temporal aspects of speech sounds in
the brainstem.

On the other hand, the analysis of auditory behavior
through parental observation showed that these children
present signs of immaturity in auditory behavior, which
suggests a delay in the auditory development and in the
acquisition of auditory and linguistic skills.

Future studies with larger samples, in different moments
of development and with different analysis and assessment
tools, are still necessary to better define the association
between prenatal exposure to the Zika virus and the out-
comes of the present study.

Conclusion

Children with prenatal exposure to Zika virus infection, with
and without microcephaly, presented FFR latency, ampli-
tude, slope, and area similar to those of children with typical
development and no evidence of exposure to any infection,
suggesting similar patterns of neural decoding of the tem-
poral aspects of sound speech.

The analysis of auditory behavior through the LEAQ
showed that children prenatally exposed to Zika virus infec-
tion, with and without microcephaly, presented signs of an
immature auditory behavior when compared with children
with normal hearing - especially for children with micro-
cephaly, who presented a significantly inferior performance
compared with children with no evidence of exposure to the
infection. These results suggest that prenatal exposure to
Zika virus infection can interfere with the auditory develop-
ment and with the acquisition of auditory and linguistic
skills. Children with microcephaly final performance de-
crease as the FFR latency and amplitude components
increase.
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