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Over the past seven years, the global community of clinicians, researchers, and public
health professionals have collaboratively discovered and disseminated knowledge about
the congenital Zika virus infection, which was virtually unknown prior to 2015. It is
remarkable to reflect upon the progress made in this relatively short time, from the initial
emergence of a “new” congenital infection, which was potentially devastating to unborn
babies, to our current much deeper understanding of this disease. It is a testament to the
many people that have engaged in focused research, clinical care, and advocacy regarding
congenital Zika virus infection. This research is being conducted all over the world as we
now seek to understand long-term childhood outcomes of Zika virus. From the Zika virus
epidemic, many important lessons were learned about fetal infection, the risk to offspring
neurodevelopment and importance of health surveillance and global partnerships, which
are applicable to many other diseases affecting fetuses and newborns. Due to a heightened
awareness of the impact infections could have on the pregnant mother—fetal dyad because
of the recent Zika virus epidemic, there was an early recognition of the potential threat to
an unborn child of a mother with SARS-CoV-2 infection in pregnancy during the current
COVID-19 pandemic.

During the past seven years, our understanding of the diagnosis and limitations of Zika
virus diagnostic testing has improved. We have learned how to evaluate pregnant women,
infants, and children for neurologic and other organ system abnormalities associated with
Zika virus exposure, and we are now just fully beginning to appreciate the range of long-
term neurodevelopmental outcomes associated with prenatal Zika virus infection [1-4]. In
the coming years, we will continue to learn more about how the virus may impact children
of school age and beyond. However, despite what we have learned there are still many
remaining gaps in our knowledge about Zika virus in infants and children. We need to
better understand genetic and environmental risk factors for infection and brain injury
severity, find methods to improve neurodevelopment in Zika virus-exposed infants and
children who are at risk or have demonstrated developmental delays, we require better
laboratory diagnostics to reliably diagnose congenital infections in infants and children, and
we ultimately need to prepare for a future epidemic of Zika or other congenital infections
that may have serious effects on the developing brain.

In this Special Issue of Tropical Medicine and Infectious Disease, entitled ‘Zika in Infants
and Children’, we present an outstanding collection of ten manuscripts that contribute to
our enhanced knowledge of Zika virus in infects and children. The manuscripts describe
patients from Brazil, Colombia, Honduras, Thailand, the United States (U.S.) Virgin Is-
lands, and from the World Health Organization’s (WHO) Zika Individual Participant Data
Meta-Analysis (IPD-MA), which includes data from 28 countries and territories [5]. The
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themes presented in this Special Issue include adverse pregnancy outcomes, such as birth
defects [6], infant and child neurodevelopment [6-8], indicators of risk for adverse neurode-
velopment [8,9], postnatal Zika virus infection [7], head circumference measurement [10],
ocular findings [11], importance of data sharing [5], surveillance systems [5,6,10,12], and a
health brigade care model [11,13].

In a cohort of pregnant women with symptomatic Zika virus infection during preg-
nancy in Colombia, 4.2% of fetuses/infants were found to have Zika-associated brain or eye
defects, including microcephaly at birth, which is comparable to other published cohorts [6].
In the study by Mercado-Reyes M. et al., children with Zika-virus-associated birth defects
more commonly had adverse neurodevelopmental outcomes in early childhood compared
to children without Zika-virus-associated birth defects [6]. In addition to birth defects,
early growth parameters seem to be predictive of a developmental delay in children with
antenatal exposure to Zika virus and is described in an article by Rose and colleagues [8].
Infant growth parameters of head circumference and length at birth and infant follow-up
correspond to a developmental delay and show the importance of accurate head and body
measurements of infants at birth and during early childhood [8]. However, it is suggested
in the article by Harville and colleagues that head circumference measurement may not be
fully accurate and should be interpreted with caution [10]. Despite education on how to
accurately measure infant head circumference, the majority of values only included whole-
centimeter digits among infants in a microcephaly surveillance study in Honduras [10].
Measurement error may thus impact surveillance data, affecting the ability to detect mi-
crocephaly that may be at more mild or borderline values. Postnatal microcephaly can
occur in congenital Zika syndrome due to the failure of normal brain growth from injury,
so accurate measurements are important as children are evaluated at follow-up visits [14].
Longitudinal measurements of head and somatic growth may be helpful to observe trends
over time and correlate these trends with neurodevelopmental outcomes.

Much research has focused on congenital infection for Zika virus infections in infants
and children. However, the infant brain experiences important phases of development
postnatally and throughout early childhood. In the review article by Drs. Jessica Raper
and Ann Chahroudi, emerging clinical evidence supports the hypothesis that Zika virus
infection during early infancy can result in negative neurologic consequences [7]. Animal
models have helped us to understand the potential risk to young infants with Zika virus
infection [7]. Human studies also must include infants and children with early-in-life Zika
virus infection, so that we can more accurately understand outcomes in this setting. Large
international studies such as the Zika IPD-MA only address prenatal Zika virus infec-
tion [15]. Postnatal Zika virus infection studies are more difficult to accomplish, owing to
the difficulty in establishing postnatal Zika infection confidently, due to limitations in sero-
logic diagnosis including cross-reactivity of other flaviviruses in endemic areas. Regardless,
the evaluation of postnatally Zika virus-infected infants for effects on neurodevelopment
should be a future priority, especially if there is a future epidemic.

The effective study of an emerging global infectious disease requires robust interna-
tional research partnerships. The Zika virus IPD-MA is currently harmonizing data from
over 52 cohort studies from 28 countries and territories to determine the risk of adverse
pregnancy and infant outcomes, risk on childhood outcomes, and to enable a plan to
address a future Zika virus epidemic [5,15]. While this partnership is one on a global level,
the Vigilancia de Embarazadas con Zika (VEZ) project in Colombia is at the national level
and includes data from three Colombian cities to identify pregnancy, birth, infant, and
early childhood neurodevelopmental outcomes for that country [6]. The VEZ project was a
collaboration between the Instituto Nacional de Salud of Colombia and the U.S. Centers for
Disease Control and Prevention and contributes data to the Zika IPD-MA. Partnerships
also help to provide the necessary care for children affected by Zika virus. Recommended
evaluations for infants and children with antenatal Zika virus exposure, include evaluations
by medical specialists, such as ophthalmology, neurology, infectious disease, audiology,
and neurodevelopmental pediatrics, which are often not widely available in all areas where
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affected children live [1,13]. A health brigade model was developed by a partnership
between the U.S. Virgin Islands Department of Health, the U.S. Centers for Disease Control
and Prevention, the American Academy of Pediatrics, and the Health Resources and Ser-
vices Administration (HRSA). This Special Issue contains a report derived from this brigade
model, in which 88 children were given comprehensive multi-disciplinary health screenings
in 2018 [13]. Among the children evaluated, about one-quarter had visual impairment,
confirming the importance of ophthalmological evaluation for all children with antenatal
Zika virus exposure [11]. The Zika Health Brigade formed a successful partnership be-
tween public health and clinicians to bring care to children in need of evaluations [13]. This
successful brigade model has been used to provide care to other Zika-affected populations
and may be effective for providing necessary multi-specialty evaluations to other areas
where women and children are affected by other environmental or infectious threats.

Some areas with consistent knowledge gaps are related to an understanding of differ-
ences in pregnancy and infant outcomes. Prenatal viral infection is complex, with many
factors likely impacting outcomes, including viral virulence, the timing of infection, as
well as host genetic responses and environmental factors. In a review article, Drs. Kousa
and Hossain describe how prenatal viral infection can lead to a spectrum of adverse neu-
rodevelopmental conditions or fetal demise and how phenotypic variability between cases
may arise following prenatal viral infections [9]. Their manuscript lays the groundwork
for applications of this knowledge to other infectious agents that may pose a threat to
the developing brain. These issues are applicable in a presented case report of discordant
clinical outcomes in a monozygotic dichorionic-diamniotic twin pregnancy, with one twin
having severe Zika-associated birth defects and the other twin having none [12]. It is likely
that genetic and intrauterine environmental factors contribute to the differing phenotypes
described in this case report [9].

While the epidemic circulation of Zika virus has ended for now, we must continue
to expand our knowledge about the women whose pregnancies were impacted by Zika
virus infection and their infants and children who are now growing up, so that we can
best support their current and future needs. We must also remain vigilant and maintain
our preparedness to care for individuals impacted by future epidemics. Travelers to
geographic locales with Zika virus transmission, such as Thailand, should remain aware of
the potential for Zika virus infection and use precautions to avoid mosquito bites [16]. Zika
virus is still circulating, but at much lower levels, and with concomitantly lower levels of
risk of transmission. When evaluating a fetus, infant, or child with congenital defects or
developmental delays consistent with Zika virus infection, testing for this virus should be
considered based on an epidemiological link to a place of potential exposure. Finally, the
global community needs to continue to work together to support surveillance efforts to
detect any signal of increased Zika virus infections and/or other novel infectious threats to
the mother, fetus, infants, or to children, that may pose a potential negative impact on child
development. We thank the authors who contributed to this Special Issue for enhancing
our knowledge on Zika virus in infants and children.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Adebanjo, T.; Godfred-Cato, S.; Fischer, M.; Staples, J.E.; Viens, L.; Kuhnert-Tallman, W.; Walke, H.; Oduyebo, T.; Polen, K,;
Peacock, G.; et al. Update: Interim guidance for the diagnosis, evaluation and management of infants with possible congenital
Zika virus infection—United States, October 2017. MMWR Morb. Mortal. Wkly. Rep. 2017, 66, 1089-1099. [CrossRef] [PubMed]

2. Mulkey, S.B.; Bulas, D.I.; Vezina, G.; Fourzali, Y.; Morales, A.; Arroyave-Wessel, M.; Swisher, C.; Cristante, C.; Russo, S.;
Encinales, L.; et al. Sequential neuroimaging of the fetus and newborn with in utero ZIKV exposure: US detects the majority of
brain findings. JAMA Pediatr. 2019, 173, 52-59. [CrossRef] [PubMed]

3. Mulkey, S.B.; Arroyave-Wessel, M.; Peyton, C.; Bulas, D.I; Fourzali, Y.; Jiang, J.; Russo, S.; McCarter, R.; Msall, M.E,;
du Plessis, A.J.; et al. Neurodevelopmental abnormalities in Zika-exposed infants without congenital Zika syndrome. JAMA
Pediatr. 2020, 174, 269-276. [CrossRef] [PubMed]


http://doi.org/10.15585/mmwr.mm6641a1
http://www.ncbi.nlm.nih.gov/pubmed/29049277
http://doi.org/10.1001/jamapediatrics.2018.4138
http://www.ncbi.nlm.nih.gov/pubmed/30476967
http://doi.org/10.1001/jamapediatrics.2019.5204
http://www.ncbi.nlm.nih.gov/pubmed/31904798

Trop. Med. Infect. Dis. 2022, 7, 158 4 of 4

10.

11.

12.

13.

14.

15.

16.

Mulkey, S.B.; Ansusinha, E.; Cristante, C.; Russo, S.M.; Biddle, C.; Kousa, Y.A.; Pesacreta, L.; Jantausch, B.; Hanisch, B,;
Harik, N.; et al. Complexities of Zika diagnosis and evaluation in a United States Congenital Zika Program. Am. J. Trop. Med.
Hyg. 2021, 104, 2210-2219. [CrossRef] [PubMed]

Zika Virus Individual Participant Data Consortium. The Zika virus individual participant data consortium: A global initiative to
estimate the effects of exposure to Zika virus during pregnancy on adverse fetal, infant, and child health outcomes. Trop. Med.
Infect. Dis. 2020, 5, 152. [CrossRef] [PubMed]

Mercado-Reyes, M.; Gilboa, S.M.; Valencia, D.; Daza, M.; Tong, V.T.; Galang, R.R.; Winfield, C.M.; Godfred-Cato, S.; Benavides,
M.; Villanueva, ].M.; et al. Pregnancy, birth, infant, and early childhood neurodevelopmental outcomes among a cohort of women
with symptoms of Zika virus disease during pregnancy in three surveillance sites, Project Vigilancia de Embarazadas con Zika
(VEZ), Colombia, 2016-2018. Trop. Med. Infect. Dis. 2021, 6, 183. [CrossRef] [PubMed]

Raper, J.; Chahroudi, A. Clinical and preclinical evidence for adverse neurodevelopment after postnatal Zika virus infection. Trop.
Med. Infect. Dis. 2021, 6, 10. [CrossRef] [PubMed]

Rose, C.E.; Bertolli, J.; Attell, J.E.; Moore, C.A.; Melo, F,; Kotzky, K.; Krishna, N.; Satterfield-Nash, A.; Pereira, 1.O.; Pessoa, A.; et al.
Early growth parameters as predictors of developmental delay among children conceived during the 2015-2016 Zika virus
outbreak in Northeastern Brazil. Trop. Med. Infect. Dis. 2020, 5, 155. [CrossRef]

Kousa, Y.A.; Hossain, R.A. Causes of phenotypic variability and disabilities after prenatal viral infections. Trop. Med. Infect. Dis.
2021, 6, 95. [CrossRef] [PubMed]

Harville, EW.; Tong, V.T.; Gilboa, S.M.; Moore, C.A.; Cafferata, M.L.; Alger, J.; Gibbons, L.; Bustillo, C.; Callejas, A.;
Castillo, M.; et al. Measurement of head circumference: Implications for microcephaly surveillance in Zika-affected areas. Trop.
Med. Infect. Dis. 2021, 6, 5. [CrossRef] [PubMed]

Prakalapakorn, S.G.; Bonafede, L.; Lawrence, L.; Lattin, D.; Kim, N.; House, R.D.; Hillman, B.; de Wilde, L.; Harrison, C,;
Fehrenbach, N.; et al. Ocular findings and visual function in children examined during the Zika health brigade in the US Virgin
Islands, March 2018. Trop. Med. Infect. Dis. 2021, 6, 66. [CrossRef] [PubMed]

Mercado, M.; Daza, M.; Moore, C.A.; Valencia, D.; Rico, A.; Alvarez, D.; Brault, A.C.; Fitzpatrick, K.; Mulkey, S.B. Discordant
clinical outcomes in a monozygotic dichorionic-diamniotic twin pregnancy with probable Zika virus exposure. Case report. Trop.
Med. Infect. Dis. 2020, 5, 188. [CrossRef]

Godfred-Cato, S.; Fehrenbach, S.N.; Reynolds, M.R.; Galang, R.R.; Schoelles, D.; Brown-Shuler, L.; Hillman, B.; DeWilde, L.;
Prosper, A.; Hudson, A,; et al. 2018 Zika health brigade: Delivering critical health screening in the U.S. Virgin Islands. Trop. Med.
Infect. Dis. 2020, 5, 168. [CrossRef] [PubMed]

Aragao, M.EV.V,; Holanda, A.C.; Brainer-Lima, A.M.; Petribu, N.C.L.; Castillo, M.; Van Der Linden, V.; Serpa, S.C.; Tenério,
A.G.; Travassos, P.T.C.; Cordeiro, M.T.; et al. Nonmicrocephalic infants with congenital zika syndrome suspected only after
neuroimaging evaluation compared with those with microcephaly at birth and postnatally: How large is the Zika virus “iceberg”?
Am. ]. Neuroradiol. 2017, 38, 1427-1434. [CrossRef]

Wilder-Smith, A.; Wei, Y.; Aratjo, T.V.B.; VanKerkhove, M.; Turchi Martelli, C.M.; Turchi, M.D.; Teixeira, M.; Tami, A.; Souza, J.;
Sousa, P; et al. Zika virus individual participant data consortium. 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. BM] Open 2019, 9, e026092. [CrossRef]
[PubMed]

Romani, N.; Frick, M.A ; Sulleiro, E.; Rodo, C.; Espiau, M.; Pou, D.; Silgado, A.; Suy, A.; Pumarola, T.; Soler-Palacin, P; et al. Zika
virus infection in tourists travelling to Thailand: Case series report. Trop. Med. Infect. Dis. 2021, 6, 3. [CrossRef] [PubMed]


http://doi.org/10.4269/ajtmh.20-1256
http://www.ncbi.nlm.nih.gov/pubmed/33872214
http://doi.org/10.3390/tropicalmed5040152
http://www.ncbi.nlm.nih.gov/pubmed/33007828
http://doi.org/10.3390/tropicalmed6040183
http://www.ncbi.nlm.nih.gov/pubmed/34698287
http://doi.org/10.3390/tropicalmed6010010
http://www.ncbi.nlm.nih.gov/pubmed/33445671
http://doi.org/10.3390/tropicalmed5040155
http://doi.org/10.3390/tropicalmed6020095
http://www.ncbi.nlm.nih.gov/pubmed/34205913
http://doi.org/10.3390/tropicalmed6010005
http://www.ncbi.nlm.nih.gov/pubmed/33383742
http://doi.org/10.3390/tropicalmed6020066
http://www.ncbi.nlm.nih.gov/pubmed/33946685
http://doi.org/10.3390/tropicalmed5040188
http://doi.org/10.3390/tropicalmed5040168
http://www.ncbi.nlm.nih.gov/pubmed/33182230
http://doi.org/10.3174/ajnr.A5216
http://doi.org/10.1136/bmjopen-2018-026092
http://www.ncbi.nlm.nih.gov/pubmed/31217315
http://doi.org/10.3390/tropicalmed6010003
http://www.ncbi.nlm.nih.gov/pubmed/33379281

	References

