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a b s t r a c t 

Fourteen asymptomatic normocephalic newborns with confirmed congenital Zika infection were investi- 

gated. All newborns presented Zika virus (ZIKV) positivity on reverse transcriptase polymerase chain re- 

action. Following ZIKV-specific NS5 gene fragment sequencing in one child, phylogenetic analysis revealed 

that this isolate belonged to the Asian genotype, and clustered closely with other sequences previously 

isolated in north-east and northern regions of Brazil. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 
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In early 2015, an outbreak of Zika virus (ZIKV) infections 

merged in north-east Brazil ( Campos et al., 2015 ). In late 2015, 

n unexpected outbreak of cases of microcephalic newborns was 

bserved in several north-eastern capital cities. Subsequently, 

aternal–fetal transmission of ZIKV, which leads to congenital in- 

ection, was confirmed ( Calvet et al., 2016 ; Mlakar et al., 2016 ). 

Congenital ZIKV infection (CZI) is characterized by neurological 

alformation, including subcortical calcifications, corpus callosum 

bnormalities, ventriculomegaly and cerebellar hypoplasia ( de Fa- 

ima Vasco Aragao et al., 2016 ). In addition, CZI has occasionally 
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een linked to chorioretinal abnormalities, dysphagia and arthro- 

ryposis ( van der Linden et al., 2016 ). 

The molecular detection of ZIKV in newborns with CZI presents 

hallenges due to the prolonged period between maternal infec- 

ion and the time of analysis in neonatal samples. This article re- 

orts a series of normocephalic infants with CZI confirmed by re- 

erse transcriptase polymerase chain reaction (RT-PCR), in addition 

o genomic sequencing and viral phylogenetic analysis. 

aterials and methods 

tudy design 

This case series included normocephalic newborns with con- 

rmed molecular detection of ZIKV, born between February and 

ugust 2016. All study participants were enrolled at José Maria 

e Magalhães Netto Maternity Hospital in Salvador, Brazil during 

 surveillance protocol in 2016 ( Oliveira et al., 2020 ). 
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tudy proceedings 

Clinical and epidemiological data on all newborns were ob- 

ained through review of medical records and interviews with 

others. Data management was performed using REDCap 6.18.1 

Vanderbilt University, Nashville, TN, USA). Biological samples, in- 

luding placental tissue, umbilical cord blood and newborn urine, 

ere collected by staff nurses on the maternity ward as part of in- 

titutional protocols. Following delivery, umbilical cord blood was 

btained from the umbilical vein by venepuncture. Fetal-side pla- 

ental tissue samples were collected near the umbilical cord inser- 

ion. Newborn urine was collected within the first 24 h of life. All 

amples were kept frozen at -80 °C until RNA extraction. 

Newborns were considered normocephalic in accordance with 

ead circumference (HC) measurements within two standard devi- 

tions (SD) from the mean, considering the newborn’s gender, ges- 

ational age and HC at birth, as established by the INTERGROWTH- 

1st criteria ( Villar et al., 2014 ). 

In order to exclude the presence of other congenital infections, 

ncluding toxoplasmosis, syphilis, cytomegalovirus (CMV) and hu- 

an immunodeficiency virus (HIV), serological test results from 

arturients and newborns were obtained. 

ZIKV diagnosis was performed by extracting viral RNA from 

linical samples, followed by RT-PCR amplification as described 

reviously ( Lanciotti et al., 2008 ). Next, a specific set of primers 

orresponding to the NS5 gene was designed, and the ZIKV-specific 

mplification products obtained were submitted to a nested RT- 

CR protocol ( Giovanetti et al., 2018 ). Finally, Sanger sequencing 

nd phylogenetic analysis were performed as described previously 

Appendices 1 and 2, see online supplementary material). 

esults 

In total, 14 newborns (Table S1, see online supplementary ma- 

erial), eight (57.1%) of whom were female, presented a mean ges- 

ational age at birth of 38.57 (SD 1.40) weeks; two were born pre- 

aturely. 

All 14 mothers reported symptoms suggestive of ZIKV infec- 

ion at differing times during their gestation: six (42.9%) occurred 

n the first trimester of pregnancy, two (14.3%) in the second 

rimester and two (14.3%) in the third trimester, while four (28.5%) 

others did not recall in which period they experienced symp- 

oms. 

The mean HC at birth of the newborns was 33.71 (SD 1.66) cm; 

irth weight was considered appropriate for gestational age (AGA) 

n 11 (78.6%) newborns and small (SGA) in three (21.4%) neborns. 

nly one child presented a low Apgar score (score of 5) in the first 

inute of life, but all values were normal by the fifth minute. Ma- 

ernal serological results for toxoplasmosis IgM, CMV IgM, HIV and 

yphilis were negative. 

Neonatal cranial ultrasonography was performed in 13 (92.9%) 

ewborns, with no alterations observed in any cases. No newborns 

equired neonatal ICU hospitalization, and none of them died. All 

atients were discharged together with their mothers from the 

aternity hospital after a mean of 5.50 (SD 2.10) days, and were 

ubsequently referred to paediatricians for primary care. 

Mothers were asked to bring their infants to a reference pae- 

iatric clinic for multi-disciplinary follow-up; however, only five 

36%) complied, and these infants were subsequently followed dur- 

ng the first 2 years of life. Nevertheless, all presented normal 

eurological evaluations, with average HC measurements in accor- 

ance with age and gender. Ophthalmologic and auditory evalua- 

ions were also normal. 

With regard to the molecular diagnosis of ZIKV in newborns, 

ight (57.1%) presented positivity in urine samples, five (35.7%) in 

mbilical cord plasma, two (14.3%) in placental tissue, and one 
129 
7.1%) in serum. In two cases, positivity was observed in two sam- 

les of different origin (plasma and urine; plasma and placenta). 

ZIKV-specific RT-PCR amplification products were obtained suc- 

essfully by Sanger sequencing from the plasma of a single new- 

orn (NB 9). Phylogenetic analysis ( Figure 1 ) indicated that the 

dentified strain (MK216746) belonged to the Asian genotype, 

hich clustered closely with other sequences isolated in north-east 

nd northern regions of Brazil, as evidenced by strong bootstrap 

upport ( > 90%). 

iscussion 

In babies whose mothers had a confirmed diagnosis of ZIKV 

uring pregnancy, the prevalence of neurological abnormalities, 

ncluding microcephaly, ranges from 5% ( Shapiro-Mendoza et al., 

017 ) to 42% ( Brasil et al., 2016 ). However, the proportion of 

symptomatic or mild symptoms among infants with confirmed 

ZI has yet to be described. 

Most findings related to CZI have been reported in studies 

nvolving infants with microcephaly. However, van der Linden 

t al. (2016) described children born with normal HC who pre- 

ented abnormalities such as dysphagia and arthrogryposis, as well 

s abnormalities on brain imaging studies. In the present study, 

one of the 14 infants presented abnormal findings upon initial 

hysical examination or on cranial ultrasound, and no abnormal- 

ties were detected in those followed-up for a period of 2 years. 

Most mothers in this case series reported symptoms sugges- 

ive of ZIKV infection within the first trimester of pregnancy. 

hile some studies have suggested a stronger association be- 

ween microcephaly and maternal infection in the first trimester, 

he risk of adverse outcomes consistent with CZI is estimated to 

ange between 4% and 17% in mothers infected during this period 

 Ades et al., 2021 ). 

In the present study, CZI was confirmed by molecular diagno- 

is (RT-PCR). Identifying ZIKV in neonates is usually difficult due to 

he extended period between the time of infection in utero and di- 

gnostic testing in newborns. However, the identification of ZIKV in 

eonatal samples confirms the prolonged persistence of the virus 

n newborns months after maternal infection ( Oliveira et al., 2016 ). 

hile RT-PCR has detected some instances of ZIKV infection in 

others of asymptomatic newborns ( Cristante et al., 2017 ), the 

urrent literature contains no cases of ZIKV RT-PCR positivity doc- 

mented in samples from asymptomatic newborns. 

A previous study demonstrated superior ZIKV detection in urine 

amples compared with serum in infected adults ( Gourinat et al., 

015 ). Most of the newborns evaluated in the present study pre- 

ented ZIKV positivity in urine samples on RT-PCR, highlighting the 

pplicability of this biological fluid as a reliable means of virus de- 

ection. 

Unfortunately, in previous studies, few samples of infants with 

ZI were submitted for ZIKV genomic sequencing. Nonetheless, 

 ZIKV genome that grouped closely with other ZIKV sequences 

solated in north-east and northern regions of Brazil was identi- 

ed, demonstrating similarity with the Asian lineage responsible 

or the 2015 epidemic in north-east Brazil and French Polynesia 

 Faria et al., 2017 ). In addition, a previous study identified muta- 

ions that may be related to virulence factors associated with vi- 

al neuropathogenesis in 11 partial ZIKV genomes belonging to the 

sian lineage ( Melo et al., 2016 ). Nevertheless, the analysis of more 

iral sequences is necessary to make predictive inferences regard- 

ng the viral mutations detected. 

The present study aimed to contribute to the body of knowl- 

dge surrounding CZI, the prevalence of which has surged recently 

n Brazil and which presents a highly variable spectrum. The con- 

rmed diagnosis of CZI in asymptomatic newborns corroborates 

https://projectredcap.org/
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Figure 1. Phylogenetic analysis of the NS5 sequences of Zika virus, including the newly identified sequence from an asymptomatic newborn (without microcephaly) in 

Salvador, Bahia, Brazil. 

p

e

f

t

t

i

d

t

c

D

A

g

c

a

F

a

a

t

f

8

s  

i

E

o

N

w

A

c

T

t

c

t

S

f

R

A  

B  

 

C  

C  

C  
revious recommendations for neonatal screening in endemic ar- 

as. 

A relevant limitation is that only five of 14 infants were 

ollowed-up in this study. However, all five remained asymp- 

omatic through the second year of life. Despite this, it is notable 

hat asymptomatic newborns with CZI may evolve with neurolog- 

cal complications, including late-onset microcephaly ( van der Lin- 

en et al., 2016 ). Accordingly, active monitoring is recommended 

o enable early detection of neurological or other clinical compli- 

ations of CZI in order to conduct timely interventions. 
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