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Motor development in non-microcephalic infants born
to mothers with Zika Virus infection during pregnancy

Desenvolvimento motor em criancas ndo microcefdlicas nascidas de maes com infeccio por

VIRUS ZIKA na gravidez

Desarrollo motor de nivios nacidos sin microcefalia de madres infectadas por el virus del Zika

durante el embarazo

Lais Rodrigues Gerzson', Carla Skilhan de Almeida?, Juliana Herrero da Silva3, Lavinia Schiiler-Faccini3*

ABSTRACT | This cross-sectional study sought to evaluate
motor development in infants exposed to ZIKV born with
normal head circumference (HC). Thirty one children,
distributed into two groups, participated in the study:
15 whose mothers were infected by ZIKV during pregnancy,
born with HC from -1.9 to +2 Z-scores, adjusted for sex
and gestational age (exposed group); and 16 randomly
selected infants without known prenatal exposure to
ZIKV, paired by sex and age (control group). Alberta
Infant Motor Scale (AIMS) was used to evaluate gross
motor development. We found no significant difference
between the exposed and control groups. However,
considering that AIMS is a screening test that assesses
only the gross motor development and the small size of
our sample, infants exposed to ZIKV during pregnancy
should be continuously evaluated for different aspects
of their development.

Zika Virus; Child Development; Physiotherapy;
Brazil.

RESUMO | O objetivo do estudo foi avaliar o
desenvolvimento motor de criancas expostas ao ZIKV,
nascidas com perimetro cefalico normal (PC). Estudo
transversal. Trinta e uma criancas participaram do
estudo, distribuidas em dois grupos: 15 criancas cujas
madaes foram infectadas pelo ZIKV durante a gravidez,

nascidas com PC medido entre =19 e +2 escores Z
ajustados para sexo e idade gestacional (grupo
exposto); e 16 controles aleatoriamente selecionados
pareados por sexo e idade, sem exposicao pré-natal
conhecida ao ZIKV (grupo ndo exposto). Alberta
Infant Motor Scale (AIMS) foi usado para avaliar o
desenvolvimento motor grosso. Ndo houve diferencas
significativas entre os grupos expostos e ndo expostos.
Embora reconfortante, devemos destacar que o AIMS é
um teste de triagem e apenas avalia o desenvolvimento
motor grosso, e nossa amostra foi pequena. Portanto,
criangas expostas ao ZIKV na gravidez devem ser
continuamente avaliadas quanto a diferentes aspectos
de seu desenvolvimento.

Zika virus, Desenvolvimento  Infantil;
Fisioterapia; Brasil.

RESUMEN | El presente estudio objetivé evaluar el desarrollo
motor de nifios expuestos al virus del Zika nacidos con la
circunferencia de la cabeza (CC) normal. Estudio transversal.
Participaron 31 nifios en el estudio y se distribuyeron en dos
grupos: 15 nifios cuyas madres habian sido infectadas por
el virus del Zika durante el embarazo nacieron con CC entre
-1,9 y +2 puntajes Z ajustados por sexo y edad gestacional
(grupo expuesto); y 16 controles seleccionados al azar
pareados por sexo y edad, sin exposicion prenatal conocida
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al virus del Zika (grupo no expuesto). La Alberta Infant Motor
Scale (AIMS) se utilizé para evaluar el desarrollo motor grueso.
No hubo diferencias significativas entre el grupo expuesto y el
grupo no expuesto. A pesar de alentador, debemos destacar que
la AIMS es una prueba de deteccién, que solo evalua el desarrollo

INTRODUCTION

'The sudden outbreak of infants born with microcephaly
in 2015 enabled the identification of a new human
teratogen: the Zika Virus (ZIKV)'3. Babies born with
this condition presented a specific pattern of “Fetal Brain
Disruption Sequence,”™ characterized by small head
circumference, pronounced craniofacial disproportion,
overlapping cranial sutures, occipital prominence and
redundant neck and head skin, joint contractures, and
severe neurological disorder. Brain imaging (CT scan or
MRI) detected multiple calcifications, abnormal gyral
patterns, increased cerebrospinal fluid, and cortical
destruction®®. The neurological phenotype associated
with ZIKV is quite impressive and distinctive from
other congenital infections. It severely affects motor
functions (tone, posture, and motility), and often
presents generalized hypertonia, leading to extensor
axial posturing and abnormal wrist position — clenched
fists and difficulty in stretching the fingers. Infants
also exhibit abnormal neurobehavior by inconsolable,
poorly modulated, and constant crying, and by poor
contact with the examiner. However, authorities
were concerned that some infants born without
microcephaly could present a postnatal phenotype,
including postnatal microcephaly, hydrocephaly, brain
calcifications, ophthalmic abnormalities, seizures, and
neurological dysfunctions’”.

It is estimated that a congenitally infected baby
has about 5% chance of presenting typical congenital
Zika syndrome (CZS) birth defects, and the risk is
higher when infection occurs during the first half of
pregnancy™. However, considering that many cases of
ZIKV infections are asymptomatic, it is still difficult
to assess. In particular, infants prenatally exposed
to ZIKV with no microcephaly or other congenital
anomaly at birth raise authorities’ concern. When
infection occurs during pregnancy, the virus may
change the neural networks developmental phase —
when synaptic networks start to form and neuronal

motor grueso, y que nuestra muestra fue pequefa. Por lo tanto,
los nifios expuestos al virus del Zika durante el embarazo se deben
evaluar continuamente para que se identifiquen los diferentes
aspectos de su desarrollo.

Virus Zika; Desarrollo Infantil; Fisioterapia; Brasil.

circuits increase — in which several external influences
may affect fetus development™'.

The outbreak of ZIKV hit the Brazilian Midwest
region by the end of 2015. News about microcephaly
were already public at the time, and thus many women
became extremely anxious. Not even mothers of infants
born with normal head circumference were reassured,
as late adverse outcomes also posed concerns. Some
studies show that 13.3% and 15.8% of infants born to
mothers with ZIKV infection without microcephaly
at birth presented delayed development of motor
skills’»*. Studies in rodents found that pups born
without microcephaly presented growth restriction and
developmental delay.

This work aims to evaluate gross motor development
in infants exposed to ZIKV without microcephaly, at 12
and 18 months of life, compared to nonexposed infants.
Future orientation and intervention strategies should
be initiated in the period from conception until three
first years of life, providing room for experiences and
potentiating infants’ gross development®.

METHODOLOGY

This was a cross-sectional observational study
conducted in Tangard da Serra, Mato Grosso, Brazil
(101,000 inhabitants). In 2015 and 2016, Tangard da
Serra reported an outbreak of ZIKV infection with
1,717 symptomatic people, 103 of which were pregnant
women. These women underwent follow-up, and 35 were
confirmed positive by the reverse transcriptase polymerase
chain reaction (RT-PCR) blood test.

Inclusion criteria: Cases — all live births in Tangard
da Serra from January 1* to December 31* 2016, with
normal head circumference (-1.9 and +2 Z-scores,
adjusted by sex a gestational age according Intergrowth
21 charts), without congenital anomalies, and born
to mothers with ZIKV infection confirmed by RT-
PCR during pregnancy. All live births were routinely
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monitored at the maternity ward and had their head
circumference measured at birth and 24hs later,
before hospital discharge. Newborns’ were also tested
for STORCH, Dengue, and Chikungunya. At one
year old, the Municipal Health Secretariat invited
mothers to bring their children for new clinical
evaluations, including dysmorphology and neurological
examination, as well as the Alberta Infant Motor Scale
from this study.

Exclusion criteria: infants’ that tested positive for
STORCH, DENV, or CHIKV, and presented microcephaly
or macrocephaly at birth or any known genetic or
environmental condition leading to congenital anomalies.

From this group, 15 children were included in the
study; 11 could not be located (change of address); and
four families disagreed to participate.

Control group: to compare with the exposed group,
we randomly selected 16 babies from the same town,
paired by age and sex, born to mothers without known
ZIKV or other congenital infection (no symptoms,
tested negative for STORCH), and with normal head
circumference.

Two physiotherapists, previously trained together
for two weeks to standardize the tests, evaluated the
children at the same time. Evaluations were adapted to
the children’s routine and performed in a Family Health
Unit. A structured questionnaire was applied — with
information on parents’education level, profession, type
of household, and number of people in the household —
to classify the family’s socioeconomic profile and ensure
sample homogenization. Clinical data was obtained from
medical records.

To assess children’s gross motor development,
evaluators blinded to the groups (exposed or control)
applied the Alberta Infant Motor Scale (AIMS)%, a user-
friendly observational scale, translated and validated to
the Brazilian population. The scale refers to children’s
motor performance and addresses 58 aspects consisting on
gross motor development, neural maturation, sequence of
motor skills, progress in motor function, and integration
of the anti-gravitational muscle control in four positions:
prone, supine, sitting, and standing. For each posture,
the baby assumes a position to which a score is assigned,
generating a final score.

We obtained raw scores by centile ranks, concerning
infant’s age and total score (abnormal if lower than
5%; suspected if between 5 and 25%; typical if above
25™)16 The test took on average 20 minutes per child
and was recorded for further analysis of children’s motor
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performance in the four positions. For analyzing the
records, the two evaluators focused on children’s free
movements, such as body surface area sustaining weight,
position, and anti-gravitational movements.

Collected data were stored at the Statistical Package
for the Social Sciences (SPSS), version 22.0. We used
the student’s t-test to compare means between groups.
In case of asymmetry, Mann-Whitney U test was used.
To compare proportions, we used Pearson’s chi-square
test or Fisher’s exact test. For all tests, we considered
significance level of 5%.

RESULTS

Cases and controls were highly homogeneous regarding
their parent’s characteristics (Table 1), differing only for
father’s mean education level (lower in ZIKV exposed

group, p=0.033).

Table 1. Parent’s demographic characteristics in exposed and
control groups

Exposed Controls
Variables (n=15) (n=16)
n (%) n (%)
Mother’s skin color 0.810
White 4(26.7) 6 (37.5)
Mixed-race 1(73.3) 9 (62.5)
Mother’s age (years) 0.394
19-35 11 (73.3) 14 (87.5)
>35 4(26.7) 2 (12.5)
Father’s age (years) 0.054
19-35 13 (86,7) 8 (50)
>35 2 (13.3) 8 (50)
X/Ztahrg > education fevel 127:39  130:29 0832
(Fjégresgsrﬁg:ncig%” level 89:46  122¢37 0033
Median household 2,000 4,000 07101

income (P25-P75)

SD: standard deviation; P: percentile.

(1200-5000) (2.000-7.125)

Table 2 shows infants’ characteristics for both groups.
We found similarities in their demographic characteristics,
prenatal exposures, and perinatal outcomes, differing only
for mother’s alcohol intake during pregnancy (higher
in the control group, p=0.037). In the exposed group,
maternal ZIKV infection occurred mainly during the
second trimester of pregnancy (n=9), followed by first
trimester (n=5), and a single case occurred during the
third trimester.



Table 2. Children’s characteristics in exposed and control groups

Controls
(n=16)

n (%) n (%)

Exposed
(n=15)

VELETIES

Sex: Male 9 (60) 9 (56.3) 1.000
Gestational age <37 weeks 4(26.7) 2 (12.5) 0.394
Gestational age (weeks) 37.9+2.5 38.4£1.6 0.508
Number of siblings 2.341 1.8+0.7 0.090
Household 0.394
Owned 11(73.3) 14 (87.5)
Rented 4(26.7) 2 (12.5)
Bedroom 0.848
Crib 7(46.7) 9 (56.3)
Bed alone 3(20) 3(18.8)
Bed-sharing 5(33.3) 4 (25)
Daily activities 0.484
Walking 1(6.7) 0(0)
Playing 14 (93.3) 16 (100)
Prenatal visits - mean+SD 8.9+24 9.5+£3.8 0.585
Birth Weight <2,500g 1(6.7) 0(0) 0.086
Weight z-score - mean+SD 0.22+1.29 0.16+0.67 0.889
HC z-score - mean+SD 1.37+1.32 1.38+0.71 0.974
Length z-score - mean+SD -0.05£1.33 0.08+0.98 0.765
Apgar 5 - median (P25-P75) 9(9-9 9 (9-10) 0.272
Delivery: cesarean section 13 (86.7) 15 (93.8) 0.600
Trimester of ZIKV infection =
1° 5(33.3) =
2° 9 (60) =
3 1(6.7) =
Mother’s alcohol intake 1(6.7) 7 (43.8) 0.037
Mother’s smoking habits 0 (0) 2(2.5) 0.484

SD: standard deviation; HC: head circumference.

At the time of the test, children’s age ranged between
12 and 18 months (16.5+1.69). Table 3 shows children’s
gross motor development considering total score,
motor percentile score, and positions score for both
groups. Both groups presented similar results for AIMS
evaluation — most children were within the typical
development expected for their chronological age. One
infant in each group (6.7% in exposed; 6.3% in controls)
was classified with suspected developmental delay.
Infants in both groups achieved almost the same scores
for the prone, supine, seating and standing positions,
as well as the total score (p=0.48). Motor centiles
were also similar in exposed and controls (65.5£16.8

vs 64.4x18.4; p=0,86).

Table 3. AIMS total score, motor centile score, and positions scores
for exposed and control groups

Exposed (n=15)

Controls (n=16)

AIMS Score
MeanSD Mean*SD
Prone 20.9+0.3 20.8+] 0.497
Supine 9+0 9+0 1.000
Seating 11.9£0.3 11.9£0.5 0.689
Standing 15.7+1 15.4+1.5 0.539
Total 57611 571£2.7 0.483
Motor (centile) 65.5%16.8 64.4118.4 0.864
Classification n (%) n (%) 1.000
Typical 14 (93.3) 15(93.8)
Suspect 1(6.7) 1(6.3)

SD: standard deviation; AIMS: Alberta Infant Motor Scale.

DISCUSSION

Many studies describe developmental outcomes among
infants born with microcephaly whose mothers were
infected by ZIKV during pregnancy'®'¢8, Yet, little is
known about these children’s long-term development,
raising concern particularly for their mothers'2!. Some
studies show developmental delay in approximately
15% of infants born to ZIKV infected mothers without
microcephaly at birth. Our study found one infant with
suspected delay in 15 exposed cases (6.7%), but the same
occurred in the control group (6.3%). Although limited
in size, our investigation was a population-based study,
geographically limited, uniform in socioeconomic status,
and with a control group of children born in the same
city and paired by age. We found no risk factor other
than mother’s alcohol intake during pregnancy, which
was higher in the control group.

We chose AIMS for comprising a simple and reliable
test to evaluate gross motor development in young children
that was validated in Brazil. Our study group was in their
second year of life (12-18 months), a prone age for motor
development evaluation, as infants should be already
walking and presenting specific motor skills. Differences
between our and previous studies might be explained by
infant’s age during evaluation. Cardoso Jr. et al.® evaluated
the development of 19 children using AIMS, and classified
three of them — whose mothers were infected during the
first (n=1) and second (n=2) trimester of pregnancy —with
developmental delay. However, analyzed infants were
only 4 months old or younger, and thus the test results
cannot be comparable with ours.
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The timing of gestational exposure to ZIKV is also
an important factor in possible outcomes: infections
that occur early in pregnancy are associated to the more
severe phenotype, particularly microcephaly®. Even so,
ZIKV can inflict harm during all gestational trimesters,
especially the fourteenth and seventeenth weeks?®.
First trimester exposures may produce more severe
morphologic abnormalities. Later exposures, during the
second and third gestational trimesters, often result in
more qualitative changes in cognition and behavior, due
to changes in neuronal networks. During the period of
fetal development, cortical maturation occurs, neural
and glial migration continues, and neural networks are
organized, influencing motor, sensory, and cognitive
functional abilities*.

Faical et al.'* evaluated 29 normocephalic children with
in utero exposure to ZIKV using the Bayley Scales of Infant
and Toddler Development 111, and found ten (35%) infants
with neurodevelopment delay, nine (31%) with language
delay, four (14%) with cognitive delay, and 1 (3%) with
motor delay. Although evaluated with a different instrument,
normocephalic children born to mother infected with
ZIKV during pregnancy seem to be less affected in motor
development than in language and cognition. Our study did
not evaluate cognitive abilities, language, and behavior at
this moment; further studies should be performed, applying
tests designed for this endpoints.

Our study also presents the limitation of having only
mother’s laboratory confirmation tests and no Plaque
Reduction Neutralization Test (PRNT) from exposed
infants, thus without proven fetal exposure.

Although reassuring, considering that AIMS is a
screening test that assesses only motor development and
that our sample was limited in size, children exposed to
ZIKV during pregnancy should be continuously evaluated

for different aspects of their development.
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