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Background
The association between Zika virus (ZIKV) infection in
pregnancy with neurological abnormalities such as microcephaly, brain calcifications, epilepsy, eye and hearing impairments, and developmental delays has been described
in recent years [1–3]. Despite several published studies
reporting development delays in children after prenatal
exposure to ZIKV, several doubts remain and hinder ongoing studies, mainly related to the absence of serological
tests capable of identifying asymptomatic cases, making it
difficult to implement unexposed groups in the cohorts
[1–4]. This is further complicated by the difficulty of
diagnosing ZIKV infection retrospectively, because of the
narrow period of viremia and short-lived immunoglobulin
M (IgM) responses, plus serologic cross-reactivity with
dengue virus, highly prevalent in many countries [4, 5].
Child neurodevelopment and Zika virus exposure

Several studies in different countries have found a worse
neurodevelopment score in children exposed to ZIKV who
were born apparently normal [2, 3, 6]. However, the major
criticism of these studies is the absence of a control group,
including children provenly known as not being exposed to
ZIKV during pregnancy. A cohort study from Brazil and
Colombia with assessment at different ages and different
neurodevelopment tests demonstrated that children exposed
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to ZIKV in utero are at risk for a spectrum of functional
neurologic and developmental adverse outcomes, especially
in the language domain. These dysfunctions occur in children born without microcephaly, but these studies did not
have a control group. The most important issue about the
lack of a control group is the limitation of serological ZIKV
laboratory testing. In an endemic area, there are many
asymptomatic infected women and, unfortunately, it is almost impossible to detect all of them. Serological tests on
children are also a challenge. Children serologic neutralizing
antibody positivity before 18 months of age may reflect both
maternal antibody transfer and postnatal acquisition [3, 6].
Another challenging point for cohort studies in children
is choosing a neurodevelopmental test for different ages
that is culturally validated and translatable to the native
language. Various factors can affect the results, such as
the parent’s mental health, the school level, the economic
situation, the child’s potential health problems in the first
year of life, breastfeeding policies, prematurity, and others.
Several different tests had been used in ZIKV cohort studies
such as Bayley III tests, ASQ, Warner Initial Developmental
Evaluation of Adaptive and Functional Skills (WIDEA), and
the Alberta Infant Motor Scale (AIMS), among others [3, 6,
7]. However, independent of the test used, the influence of
ZIKV exposure on children’s neurodevelopment is consistent [3, 6]. Another study in Brazil, which included children
before the ZIKV epidemic occurred, showed that less than
10% of alterations in any domain of the Bayley III test were
found in children that were born at term [8].
In this volume of BMC Medicine, Grant et al. published a
prospective, well-written, study of the outcome of children,
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prenatally exposed to ZIKV, at 24 months of age. It is a
population-based mother-child cohort study of women
whose pregnancies overlapped with the 2016 ZIKV epidemic
in Guadeloupe, Martinique, and French Guiana. Their inclusion criteria were well determined to define ZIKV exposure
during pregnancy. Infants were included in this analysis if
maternal ZIKV infection during pregnancy could be determined. Other factors that can influence child neurodevelopment have also been considered as inclusion factors:
gestational age, abnormal transfontanelle cerebral ultrasound
findings after delivery or no abnormal ultrasound findings
on the last ultrasound performed during the third trimester
of the mother’s pregnancy, and absence of microcephaly at
birth. Neurodevelopment assessments involved the Ages and
Stages Questionnaire (ASQ) for five dimensions of general
development—communication, gross motor, fine motor,
problem-solving, and personal-social skills. They included
156 toddlers with and 79 toddlers without in utero ZIKV exposure who completed their neurodevelopment assessments.
Their results were surprising because they found minimal
apparent differences in neurodevelopment outcomes compared to ZIKV-unexposed toddlers at 24 months of age.
However, there was a great loss of children in the control
group, and this might have included a selection bias in the
results. They performed other statistical analysis to decrease these biases and presented a good discussion
about that [7].
Nevertheless, recommendations for longitudinal infant and
child follow-up would be appropriate in children born during
the ZIKV epidemic. These children are reaching school age,
and to follow them at this age could be especially important
in the setting of symptomatic and asymptomatic maternal
infection, until a better understanding of this congenital disease could be reached. At an early age, there is a window of
opportunity in which if some delays are found, and adequate
interventions could be applied in order to improve their
learning opportunities and quality of life.
However, the final answer to several issues addressed
here will probably come from the ZIP Study from
National Institute of Health (NIH) [9]. In the NIH
study, pregnant women were included in the first
trimester of pregnancy and followed prospectively
with serological tests (Zika Mac Elisa from CDC) and
RT-PCR in the blood monthly and RT-PCR in the
urine every 15 days. All children are being followed
from birth to the end of the first year of life. Another
important study that is going on is the systematic review and metanalysis conducted by WHO. The principal investigators (PIs) and international leaders in
ZIKV research have formed the ZIKV Individual Participant Data (IPD) Consortium to identify, collect
and synthesise IPD from longitudinal studies of pregnant women that measure ZIKV infection during
pregnancy and fetal, infant or child outcomes [10].
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Results from both studies are not yet available, but
important responses are expected to arrive shortly
with the publication of these results.

Conclusion
In conclusion, there is still knowledge to be built on the
repercussions of vertical transmission of ZIKV and its
consequences on the child’s and family lives. The
epidemic is over, but probably, there are still isolated
cases happening. Children are reaching school age and
still need to be followed up. Currently, mothers live with
their children outside health care facilities, daycare
centers, and places for adequate essential stimulation
and interventions, with reduced care on account of the
COVID-19 pandemic. The opportunities that were few
are now even smaller for all exposed children and for
those born during the period of the ZIKV epidemic.
Authors’ contributions
MELM, SHV and MDBBM contributed to the concept of the text, a literature
review, draft if the comment and approved a final version. The authors read
and approved the final manuscript.
Competing interests
The authors declare no conflict of interests.
Received: 5 January 2021 Accepted: 5 January 2021

References
1. Brasil P, Vasconcelos Z, Kerin T, Gabaglia CR, Ribeiro IP, Bonaldo MC, Damasceno L,
Pone MV, Pone S, Zin A, Tsui I, Adachi K, Pereira JP Jr, Gaw SL, Carvalho L, Cunha
DC, Guida L, Rocha M, Cherry JD, Wang L, Aliyari S, Cheng G, Foo SS, Chen W, Jung
J, Brickley E, Moreira MEL, Nielsen-Saines K. Zika virus vertical transmission in children
with confirmed antenatal exposure. Nat Commun. 2020;11(1):3510.
2. de Araújo TVB, Ximenes RAA, Miranda-Filho DB, Souza WV, Montarroyos UR, de
Melo APL, Valongueiro S, de Albuquerque MFPM, Braga C, Filho SPB, Cordeiro
MT, Vazquez E, Cruz DDCS, Henriques CMP, Bezerra LCA, Castanha PMDS,
Dhalia R, Marques-Júnior ETA, Martelli CMT, Rodrigues LC; investigators from
the Microcephaly Epidemic Research Group; Brazilian Ministry of Health; Pan
American Health Organization; Instituto de Medicina Integral Professor
Fernando Figueira; State Health Department of Pernambuco. Association
between microcephaly, Zika virus infection, and other risk factors in Brazil: final
report of a case-control study. Lancet Infect Dis. 2018;18(3):328–336.
3. Lopes Moreira ME, Nielsen-Saines K, Brasil P, et al. Neurodevelopment in
infants exposed to Zika virus in utero. N Engl J Med. 2018;379(24):2377–9.
4. de Vasconcelos ZFM, Azevedo RC, Thompson N, Gomes L, Guida L, Moreira
MEL. Challenges for molecular and serological ZIKV infection confirmation.
Childs Nerv Syst. 2018;34(1):79–84.
5. Braga JU, et al. Accuracy of Zika virus disease case definition during simultaneous
dengue and Chikungunya epidemics. PLoS One. 2017;12:e0179725.
6. Mulkey SB, Arroyave-Wessel M, Peyton C, Bulas DI, Fourzali Y, Jiang J, Russo S,
McCarter R, Msall ME, du Plessis AJ, DeBiasi RL, Cure C. Neurodevelopmental
abnormalities in children with in utero Zika virus exposure without congenital
Zika syndrome. JAMA Pediatr. 2020;174(3):269–76.
7. Grant R; Flechelles O, Tressières B, Dialo M, Elenga N, Mediamolle N, Adeline
Mallard A, Hebert JC , Lachaume N, Couchy E, Hoen B, Fontanet A. In utero
Zika virus exposure and neurodevelopment at 1 24 months in toddlers
normocephalic at birth: a cohort study, 2021. BMC Med in press.
8. Okido MM, Bettiol H, Barbieri MA, Marcolin AC, Quintana SM, Cardoso VC,
Del-Ben CM, Cavalli RC. Can increased resistance to uterine artery flow be a
risk factor for adverse neurodevelopmental outcomes in childhood? A
prospective cohort study. J Obstet Gynaecol. 2020;40(6):784–91.
9. Lebov JF, Arias JF, Balmaseda A, Britt W, Cordero JF, Galvão LA, Garces AL,
Hambidge KM, Harris E, Ko A, Krebs N, Marques ETA, Martinez AM, McClure
E, Miranda-Filho DB, Moreira MEL, Mussi-Pinhata MM, Ochoa TJ, Osorio JE,

Moreira et al. BMC Medicine

(2021) 19:41

Scalabrin DMF, Schultz-Cherry S, Seage GR 3rd, Stolka K, Ugarte-Gil CA, Vega
CMV, Welton M, Ximenes R, Zorrilla C. International prospective
observational cohort study of Zika in infants and pregnancy (ZIP study):
study protocol. BMC Pregnancy Childbirth. 2019;19(1):282.
10. Wilder-Smith A, Wei Y, Barreto de Araújo TV, et al. Understanding the
relation between Zika virus infection during pregnancy and adverse fetal,
infant and child outcomes: a protocol for a systematic review and individual
participant data meta-analysis of longitudinal studies of pregnant women
and their infants and children. BMJ Open. 2019;9(6):e026092.

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

Page 3 of 3

