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Oral and maxillofaci
al conditions, dietary aspects, and
nutritional status of children with congenital Zika

syndrome
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Objective. The aim of this study was to investigate oral and maxillofacial outcomes in children with congenital Zika syndrome

(CZS) and the presence of nonnutritive sucking habits, functional habits, and features related to breastfeeding and nutrition of

these children.

Study Design. We conducted a cross-sectional study with 45 children with CZS and 50 healthy controls in Sergipe state, Brazil,

from February 2018 to June 2018. Demographic and clinical data, including breastfeeding and feeding data, were obtained for

each child. Additionally, oral and maxillofacial evaluation was performed.

Results. Low weight (prevalence rate [PR] 8.33; 95% confidence interval [CI] 2.02�34.45), nonexclusive breastfeeding up to 6

months (PR 1.56; 95% CI 1.18�2.08); mouth breathing (PR 3.46; 95% CI 1.83�6.52); difficulty in swallowing (PR 6.00; 95% CI

2.53�14.25); and excessive salivation (PR 4.81; 95% CI 2.18�10.62) were more frequent in children with CZS. Children with

CZS were more likely to have abnormal insertion of the upper labial frenulum (PR 7.04; 95% CI 2.23�22.20); ogival palate (PR

3.70; 95% CI 1.63�8.40), dental enamel defects (PR 2.22; 95% CI 1.05�4.69); and delayed dental eruption (PR 8.89; 95% CI

1.16�68.32) compared with healthy children.

Conclusions. Children with CZS had a higher frequency of problems related to breastfeeding, low weight, and oral and maxillofa-

cial abnormalities compared with healthy children. (Oral Surg Oral Med Oral Pathol Oral Radiol 2020;130:71�77)
Zika virus (ZIKV) is an arbovirus of the Flaviviridae

family and typically inhabits tropical and subtropical

areas, mainly in Africa and Asia.1 In 2013�2014, a

ZIKV epidemic was recorded in French Polynesia,2

and it rapidly spread across the Pacific nations and

South America.3 The first autochthonous case of ZIKV

transmission in Brazil was recorded in May 2015, fol-

lowed by an unexpected increase in the number of neo-

nates born with microcephaly, especially in the

Northeast region.4-6

Studies have shown strong evidence for an associa-

tion between congenital ZIKV infection and micro-

cephaly,7-9 which is defined by the measurement of

occipital�frontal circumference that is at least 2
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standard deviations (SDs) below the mean for age and

gender or less than the third percentile for age and gen-

der.10 Congenital microcephaly is the most striking

manifestation of a set of signs and symptoms present in

children born to mothers infected by ZIKV during

pregnancy. Recently, the spectrum of anomalies that is

both consistent and unique in fetuses and infants with

presumed or laboratory-confirmed ZIKV infection has

been called congenital Zika syndrome (CZS) and

includes severe microcephaly, thin cerebral cortices

with subcortical calcifications, macular scarring and

focal pigmentary retinal mottling, congenital contrac-

tures, marked early hypertonia, and symptoms of extra-

pyramidal involvement.11

Most studies available on CZS reported on neurodeve-

lopmental,12-15 auditory,16,17 and visual18,19 outcomes,

with less attention paid to the oral and maxillofacial out-

comes. A limited number of case series have found that

children with CZS can present with delayed dental erup-

tion,20 enamel defects,21 mouth breathing,22 and dyspha-
Statement of Clinical Relevance

Zika virus infection during pregnancy is associated

to feeding disorders, deleterious oral functional hab-

its, and oral and maxillofacial abnormalities. These

findings support the need for long-term multiprofes-

sional treatment of children with congenital Zika

syndrome.
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gia.23 Recognition of the CZS phenotype may ensure

appropriate and timely evaluation and follow-up of the

affected infants.11 This study aimed to describe the oral

and maxillofacial outcomes in children with CZS and

investigate the presence of nonnutritive sucking habits,

functional habits, and features related to breastfeeding

and nutrition of these children.

MATERIALS ANDMETHODS
Study design and setting
This was a cross-sectional study conducted in 3 reha-

bilitation centers of the Brazilian Unified Health Sys-

tem (SUS) in Sergipe, Northeast Brazil. Sergipe is one

of the poorest states in Brazil with a Human Develop-

ment Index of 0.665 and has a population of approxi-

mately 2 million. During the ZIKV epidemic in Brazil,

138 cases of CZS were diagnosed in Sergipe, which

had one of the highest CZS incidence rates, with 24

cases for every 10,000 live births.24

Participants
We included 45 children who had been diagnosed with

CZS and were receiving periodic monitoring and treat-

ment in 3 rehabilitation centers of the SUS in Sergipe

between February 2018 and June 2018. Children with

CZS presented head circumferences that were at least 2

SDs below the mean for the age and gender, as well as

typical alterations indicating congenital infection,

including intracranial calcifications, cerebral ventricles

dilation or changes in the posterior fossa, and other clini-

cal signs revealed by diagnostic imaging methods or

ZIKV identification in laboratory tests. The control

group included 50 healthy children selected from the

study base population by using convenience nonrandom

sampling. We tried to match the groups in terms of

mother and infant characteristics. Participants were well

balanced with regard to study arms and characteristics.

Data sources
Data were collected through a face-to-face interview

with the mothers in the health care centers; the partici-

pants answered structured questions on demographic

and socioeconomic conditions (age, marital status, edu-

cational level, and family income) and the general

health characteristics of the children, including gender

and age. The standardized interviews were performed

in a nonjudgmental atmosphere by well-trained inter-

viewers to reduce interviewer bias. Examiners were

calibrated in a pilot study to ensure the accuracy of

diagnosis and to standardize the procedures. A substan-

tial interexaminer reliability was found (kappa agree-

ment value >0.9).

Physical examinations of the children were conducted

in a place with adequate lighting and with the presence

of the mothers. Anthropometric measurements were
obtained by 2 trained nurses. Weight in kilograms was

measured by using a pediatric weighing scale set to 0.

The children were weighed without shoes, and the

weight of the clothing was not deducted. Height was

measured by using an anthropometer, with the children

in the supine position, with hips and knees extended.

Head circumference was measured by using a nondis-

tensible tape measure positioned over the occipital bone

and the eyebrow arch. The anthropometric measure-

ments were analyzed by using the World Health Organi-

zation (WHO) Anthro Software (version 2.0.4).

Oral and maxillofacial evaluations were performed by

2 dental surgeons while the children remained in their

mother’s lap. The examinations were carried out by

visual observation, with the examiners using personal

protective equipment, and displacement of the oral

structures with the aid of a wooden spatula. The extrao-

ral examination was performed by comparing the 2 hem-

ifaces to detect any differences in size and shape. The

intraoral examination included evaluation of the shape

and integrity of the gingival tissue, insertion of the lin-

gual and labial frenulum, palate shape and depth, buccal

mucosa, tooth integrity, and eruption sequence.

The same criteria were adopted by the examiners

during the observations, thus reducing the risk of

reaching different conclusions.

Outcomes and measures
The outcomes of interest included were as follows:

1. nonnutritive sucking habits, functional habits, and

excessive salivation: nonnutritive sucking habits

(NNSH) included pacifier and finger sucking, and

functional habits included mouth breathing and dif-

ficulty swallowing of solid, semisolid, or liquid

foods. Mouth breathing was recorded from direct

observation of the patient and parent reports, as pre-

viously described in the literature about patients

with developmental disabilities.25,26 Difficulty

swallowing was assessed on the basis of the subjec-

tive perceptions of mothers regarding their child-

ren’s behavior. Dysphagia was defined subjectively

as the sensation of a delay in the transit of a liquid

or solid bolus during the oropharyngeal or esoph-

ageal stages of swallowing.27 The severity of drool-

ing was recorded by the mothers using the Drooling

Rating Scale (DRS), which consists of a subjective

report of saliva production using a 5-point scale

(1 = never drools; 5 = drools profusely). Excessive

salivation was considered to be present if the moth-

ers reported moderate (wet lips and chin) to profuse

(wet clothing, hands, tray, and objects) drooling.28

2. Breastfeeding, diet, and nutritional status: The

aspects related to breastfeeding and diet were

recorded according to WHO’s Guiding Principles



Table I. Characteristics of mothers and children with

congenital Zika syndrome

Variable CZS (N = 45) Controls (N = 50) P value

n (%) n (%)

Mothers’ characteristics

Age in years,

median (IQR)

24.0 (21.0, 31.0) 25.5 (22.0, 31.3) .876

Marital status

Married/

wedded

40 (88.9) 40 (80.0) .366

Not married 5 (11.1) 10 (20.0)

Schooling

Primary

education

22 (48.9) 17 (34.0) .267

High school 14 (31.1) 17 (34.0)

Undergraduate 9 (20.0) 16 (32.0)

Family income 27 (60.0) 5 (10.0)

0�3 minimum-

wage

43 (95.6) 44 (88.0) .273

>3 minimum-

wage

2 (4.4) 6 (12.0)

Children characteristics

Age in months,

median (IQR)

17.0 (16.0, 18.0) 17.0 (12.3, 20.0) .340

Gender

Female 24 (53.3) 30 (60.0) .654

Male 21 (46.7) 20 (40.0)

Head circumfer-

ence, median

(IQR)

38.8 (37.0, 40.6) 48.0 (47.0, 49.0) <.001

Weight (kg),

median (IQR)

8.4 (7.8, 10.0) 10.6 (10.0, 12.0) <.001

Length (cm),

median (IQR)

77.0 (72.3, 80.3) 78.0 (72.0, 83.0) .899

CZS, congenital Zika syndrome; IQR, interquartile range.
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for Complementary Feeding of the Breastfed

Child.29 We collected information about breastfeed-

ing after birth, exclusive breastfeeding until age 6

months, and use of supplements (iron, vitamins, and

minerals), enteral nutrition (gastrostomy or jejunos-

tomy), and the daily intake of ultraprocessed food,

including carbonated soft drinks, chocolate, yogurt

and other dairy beverages, biscuits, cakes, instant

noodles, and bread. Nutritional status was assessed

by measuring the body mass index (BMI), which

is defined as weight divided by height squared

(kg/m2), according to age and gender, as recom-

mended by the WHO. A z-score 2 or less SDs was

used as the low-weight cutoff point.30,31

3. Disorders of tooth development and eruption, presence

of dental caries, and oral and maxillofacial conditions:

Disorders of dental development included enamel

defects and tooth size and shape anomalies (concres-

cence, fusion, and gemination; macrodontia and micro-

dontia). Enamel defects were evaluated according to

the Developmental Defects of Enamel (DDE) Index,32

which classifies the defects in terms of hypominerali-

zation (qualitative defect of enamel characterized by

changes in translucency) or hypoplasia (quantitative

defect with reduction of the enamel thickness). Detec-

tion of carious lesions in the primary teeth was made

through visual inspection. We evaluated the initial (first

visual change in enamel); moderate (either localized

enamel breakdown or an underlying dark shadow from

dentin); and extensive stages of caries (distinct cavita-

tion exposing visible dentine).33 Oral and maxillofacial

anomalies included the presence of microcephaly,10

hypoplasia of the middle third of the face (character-

ized by flattening of the facial profile as a result of lack

of forward development of the nose and maxilla);

ankyloglossia (short, tight, lingual frenulum); and pap-

illary insertion of the upper labial and ogival palate

(high-arched palate).

To evaluate tooth eruption disorders, children were

grouped into categories according to their age and on

the basis of the developmental chronology of the

human dentition: 0 to 6 months (edentulous); 7to 12

months (eruption of incisors); 13 to 24 months (erup-

tion of the first primary molar); and older than 24

months of age (eruption of second primary molars).34

Statistical analysis
We used x2 and Mann-Whitney U tests for between-

groups comparisons with significance level set at 0.05.

The magnitude of the association between CZS and the

outcomes of interest was expressed as the prevalence ratio

(PR) and their 95% confidence intervals (95% CI), which

were calculated by Poisson regression method with robust
variance estimates.35,36 Analyses were performed with R

software (version 3.2.3; http://r-project.org/).
Ethical considerations
The study was approved by the Ethics Committee of

the Federal University of Sergipe and was conducted

according to the tenets of the Declaration of Helsinki.

Written informed consent was obtained from the

parents or guardians of children before the procedures.
RESULTS
Maternal and infant sociodemographic characteristics,

as well as the cephalic perimeters, weights, and heights

of children, are presented in Table I. Most mothers

were younger than 30 years of age; were either married

or in a stable relationship; had only primary education;

and worked in up to 3 minimum-wage per month (~US

$250). All children were younger than 24 months of

age at the time of assessment, and most of them were

females. Between-group differences were observed in

the cephalic perimeter (P < .001) and weight (P <

.001).



Table II. Nonnutritive sucking habits, functional hab-

its, and report of excessive salivation in chil-

dren with congenital Zika syndrome

Variable CZS Control PR 95% CI

n (%) n (%)

Pacifier use 24 (53.3) 19 (38.0) 1.40 0.90�2.20

Finger sucking 2 (4.44) 4 (8.0) 0.55 0.11�2.89

Mouth breathing 28 (62.2) 9 (18.0) 3.46 1.83�6.52

Difficulty swallowing 27 (60.0) 5 (10.0) 6.00 2.53�14.25

Excessive salivation 26 (57.8) 6 (12.0) 4.81 2.18�10.62

CI, confidence interval; CZS, congenital Zika syndrome; PR, preva-

lence ratio.

Table IV. Developmental and eruption disorders of

teeth, presence of dental caries and oral and

maxillofacial anomalies in children with

congenital Zika syndrome

Variable CZS Control PR CI 95%

n (%) n (%)

Microcephaly 45 (100.0) 0 (0) � �
Hypoplasia of the

middle third of the

face

8 (17.8) 0 (0) � �

Short lingual

frenulum

1 (2.2) 3 (6.0) 0.37 0.04�3.43

Abnormal insertion of

the upper labial

frenulum

19 (42.2) 3 (6.0) 7.04 2.23�22.20

Ogival palate 20 (44.4) 6 (12.0) 3.70 1.63�8.40

Dental enamel defects 16 (35.6) 8 (16.0) 2.22 1.05�4.69

Delay in dental

eruption

8 (17.8) 1 (2.0) 8.89 1.16�68.32

CI, confidence interval; CZS, congenital Zika syndrome; PR, preva-

lence ratio.
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Presence of mouth breathing (PR 3.46; 95% CI

1.83�6.52); difficulty in swallowing (PR 6.00; 95% CI

2.53�14.25); and excessive salivation (PR 4.81; 95%

CI 2.18�10.62) were more common in children with

CZS than in healthy children (Table II). With regard to

breastfeeding and dietary aspects, nonexclusive breast-

feeding until age 6 months (PR 1.56; 95% CI

1.18�2.08); use of iron supplementation (PR 1.82;

95% CI 1.29�2.57); vitamins and minerals (PR 1.42;

95% CI 1.02�1.99); and ultraprocessed food intake

(PR 1.28; 95% CI 1.01�1.62) were also more common

among children with CZS. In 7 children with CZS

(15.6%) enteral nutrition through gastrostomy or jeju-

nostomy was used. Higher prevalence of low weight

defined as z-score 2 SDs or less (PR 8.33; 95% CI

2.02�34.45) was also observed among children with

CZS (Table III).

Microcephaly and hypoplasia of the middle third of

the face were observed only in children with CZS.

Higher frequency of abnormal insertion of the upper

labial frenulum (PR 7.04; 95% CI 2.23�22.20); ogival
Table III. Breastfeeding and eating aspects of children

with congenital Zika syndrome

Variable CZS Control PR 95% CI

n (%) n (%)

Not breastfed at birth 5 (11.1) 3 (6.0) 1.85 0.47�7.31

Nonexclusive breast-

feeding up to age 6

months

38 (84.4) 27 (54.0) 1.56 1.18�2.08

Iron supplementation 36 (80.0) 22 (44.4) 1.82 1.29�2.57

Vitamin and mineral

supplementation

32 (71.1) 25 (50.0) 1.42 1.02�1.99

Gastrostomy or

jejunostomy

7 (15.6) 0 (0) � �

Intake of ultrapro-

cessed foods

38 (84.4) 33 (66.0) 1.28 1.01�1.62

Low weight (z-score

�2 SD)
15 (33.3) 2 (4.0) 8.33 2.02�34.45

CI, confidence interval; CZS, congenital Zika syndrome; PR, preva-

lence ratio; SD, standard deviation.
palate (PR 3.70; 95% CI 1.63�8.40); enamel defects

(PR 2.22; 95% CI 1.05�4.69); and eruption delay (PR

8.89; 95% CI 1.16�68.32) was found among children

with CZS compared with the control group (Table IV).

In both groups, neither the presence of natal or neonatal

teeth nor changes in the shape of dental structures were

observed. No carious lesions were identified in any of

the evaluated patients.

DISCUSSION
CZS encompasses a spectrum of signs and symptoms

observed in infants who were exposed to ZIKV during the

gestational period.37 The emerging CZS phenotype seems

to be associated with ZIKV neurotropism and includes

severe microcephaly, macular lesions, craniofacial malfor-

mations, and significant neurologic impairment.38 In addi-

tion, it has been reported that children with CZS present

severe motor impairment and low functional capacity,39

which can lead to dyspraxia, with implications for breast-

feeding, feeding (chewing and swallowing), and child

development.40 In this study, we investigated the oral and

maxillofacial outcomes in children with CZS, as well as

the presence of nonnutritive sucking habits, functional

habits, and features related to breastfeeding and nutrition

of these children.

In the present study, we found that the nonexclusive

breastfeeding up to age 6 months was more frequent

among children with CZS, which may be related to the

underdevelopment of the maxilla, a decrease in the

tonus of the perioral and chewing muscles, changes in

lip posture, and tongue movement difficulties. A simi-

lar condition has also been observed in children with

cerebral palsy, who usually are also exclusively
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breastfed for a shorter period.41-43 Although there is

evidence showing an association between breastfeed-

ing problems and the development of nonnutritive

sucking habits (NNHS) in children with cerebral

palsy,44,45 no differences were found in the use of paci-

fier use or finger sucking among the groups in this

study. However, the high prevalence of pacifier use

among children in the present study may be related to

the development of an artificial habit to satisfy the

need for sucking or a cultural norm encouraged by

parents who give pacifiers to children at early ages.46

It has been suggested that in children with CZS,

mouth breathing and dysphagia may also be associated

with hypotonia of the labial and facial muscles and

with habitual projection of the tongue between teeth

and out of the oral cavity.22 In addition, these children

can have reduced pharyngeal motility, tactile hypersen-

sitivity, and gastroparesis, contributing to the develop-

ment of swallowing disorders.23 In the present study,

the prevalence of swallowing difficulties was 6-fold

higher among children with CZS, reflecting the spec-

trum of the neurologic manifestations of the disease. In

a case series presented by Leal et al.,23 severe dyspha-

gia, with an increased risk of aspiration, was observed

in 8 of 9 children with CZS who had.

Problems with oral motor dysfunction, including

those related to breastfeeding and swallowing observed

in children with CZS, may lead to serious nutritional

complications. Recently, it has been shown that children

with CZS present worsening of their nutritional status

during the first 2 years of life, especially in relation to

age-adjusted height and cephalic circumference.39,40 In

addition, there has been a high prevalence of inappropri-

ate nutritional practices, such as low food diversifica-

tion, consumption of ultraprocessed products, and low

lipid intake among these children.47 In the present study,

among children with CZS, we observed higher preva-

lence of high intake of ultraprocessed foods, as well as

higher prevalence of low weight and need for micronu-

trient supplementation, compared with the control

group. The use of gastrostomy or jejunostomy was also

observed in about 15% of the children with CZS. Access

to the stomach lumen and the upper small intestine

obtained through tube placement has been indicated for

patients unable to eat orally and who require long-term

nutritional support.48 For these children, adequate nutri-

tional support can restore linear growth, normalize

weight, decrease irritability and spasticity, reduce the

frequency of hospitalization, and improve their overall

health and quality of life.49

Excessive salivation has been associated with

comorbidities, such as cerebral palsy, severe mental

retardation, and hypoxic encephalopathy. It affects the

well-being of children with disabilities and demands

more work from caregivers.50 The results of this study
demonstrated a high prevalence of excessive salivation

in children with CZS. According to Cavalcanti et al.,22

excessive salivation in children with CZS may be

related to the continued use of medications for seizure

disorders commonly present in these individuals. Stud-

ies have shown that in children with cerebral palsy,

dysfunctional oral motor control appears to be respon-

sible for the presence of excess saliva in the mouth,

although salivary flow is similar to that observed in

healthy children.51,52 Because the neural control mech-

anisms of salivary secretion are complex53 and the

brain lesions involved in congenital ZIKV infection are

severe, further studies are needed to identify the factors

associated with excessive salivation in these children.

There is emerging evidence that in children with

CZS, there may be higher prevalence of oral and maxil-

lofacial alterations, including delayed teeth eruption

and enamel defects, palatine narrowing, ankyloglossia,

abnormal insertion of the upper labial frenulum, inade-

quate tongue posture and micrognathia.21,54 Similar

results were observed in the present study, suggesting

that the neurologic changes resulting from ZIKV infec-

tion lead to a delay in the child’s physical development,

with negative repercussions in the oral and maxillofa-

cial region. In addition, ZIKV infection of the cephalic

neural crest cells55 may contribute to the development

of these craniofacial anomalies and dental alterations.

It has been demonstrated that neural crest cells are a

population of embryonic cells that contribute to the for-

mation of various craniofacial structures, including

teeth.56,57 There is evidence that congenital viral infec-

tions, such as cytomegalovirus infection, may impair

the distribution of dentin’s amelogenin, enamelin, and

sialoprotein and lead to the development of enamel

defects.58 However, the mechanisms by which ZIKV

induces enamel defects are still unknown. In addition,

although carious lesions in children with CZS were not

identified in the present study, guidance for oral and

nutritional hygiene and close monitoring are necessary

because enamel defects and high consumption of cario-

genic foods increase the risk of demineralization and

the development of dental caries.

Our study findings need to be considered in light of

some of its limitations: (1) lack of access to radio-

graphic and cephalometric evaluation data, which lim-

ited our ability to analyze the dental structures and

skeletal problems; (2) absence of data on videofluoro-

scopic swallowing and, thus, diagnostic information

about the pharyngeal phase of swallowing; (3) lack of

data on electromyographic assessments, which limited

our ability to examine the state of muscle tone and

spasticity; (4) a potential bias in the reporting of moth-

ers, especially regarding breastfeeding and feeding;

and (5) selection of participants by using a nonprob-

ability sampling method and the use of bivariate
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analysis to summarize the relationship between groups.

Although we have used an appropriate ratio measure, a

multivariate setting was not analyzed. Laboratory tests,

other anthropometric and body composition measures,

and assessments of the nutritional needs of these chil-

dren should be performed in future studies. Despite

these limitations, this study provided valuable data that

may help understand the spectrum of CZS.
CONCLUSIONS
In children with CZS, there is higher prevalence of

functional habits, problems related to breastfeeding,

ultraprocessed food intake, and low weight compared

with healthy children. Hypoplasia of the middle third

of the face, abnormal insertion of the upper labial fren-

ulum, ogival palate, enamel defects, and eruption delay

are also more common among children with CZS.
FUNDING
Elisama Melo, Mario Mendes, and Carolina Tavares

would like to thank CAPES for the financial support

during our masters and PhD studies. We are also grate-

ful to CAPES and FAPITEC (EDITAL CAPES/FAPI-

TEC N˚ 11/2016�PROEF/ Processo de AUXPE

88881.157445/2017-01) for the financial support.
REFERENCES
1. Abushouk AI, Negida A, Ahmed H. An updated review of Zika

virus. J Clin Virol. 2016;84:53-58.

2. Cauchemez S, Besnard M, Bompard P, et al. Association

between Zika virus and microcephaly in French Polynesia,

2013-15: a retrospective study. Lancet. 2016;387:2125-2132.

3. Aziz H, Zia A, Anwer A, Aziz M, Fatima S, Faheem M. Zika

virus: global health challenge, threat and current situation. J

Med Virol. 2017;89:943-951.

4. Stratton SJ. Zika virus association with microcephaly: the power

for population statistics to identify public health emergencies.

Prehosp Disaster Med. 2016;31:119-120.

5. de Oliveira WK, de França GVA, Carmo EH, Duncan BB, de

Souza Kuchenbecker R, Schmidt MI. Infection-related micro-

cephaly after the 2015 and 2016 Zika virus outbreaks in Brazil: a

surveillance-based analysis. Lancet. 2017;390:861-870.

6. Jaenisch T, Rosenberger KD, Brito C, Brady O, Brasil P, Mar-

ques ET. Risk of microcephaly after Zika virus infection in Bra-

zil, 2015 to 2016. Bull World Health Organ. 2017;95:191-198.

7. de Ara�ujo TVB, de A. Ximenes RA, de B. Miranda-Filho D,

et al. Association between microcephaly, Zika virus infection,

and other risk factors in Brazil: final report of a case-control

study. Lancet Infect Dis. 2018;18:328-336.

8. de Ara�ujo TVB, Rodrigues LC, de Alencar Ximenes RA, et al.

Association between Zika virus infection and microcephaly in

Brazil, January to May, 2016: preliminary report of a case-con-

trol study. Lancet Infect Dis. 2016;16:1356-1363.

9. Krow-Lucal ER, de Andrade MR, Canan�ea JNA, et al. Associa-

tion and birth prevalence of microcephaly attributable to Zika

virus infection among infants in Para�ıba, Brazil, in 2015-16: a

case-control study. Lancet Child Adolesc Heal. 2018;2:205-213.

10. Brazilian Ministry of Health. Protocolo de Vigilância e Resposta
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V�ırus Zika. Available at: https://portalarquivos2.saude.gov.br/

images/pdf/2016/marco/24/Microcefalia-Protocolo-vigil–ncia-

resposta-versao2.1.pd. Accessed 24 March 2016.

11. Moore CA, Staples JE, Dobyns WB, et al. Characterizing the

pattern of anomalies in congenital Zika syndrome for pediatric

clinicians. JAMA Pediatr. 2017;171:288.

12. Pessoa A, van der Linden V, Yeargin-Allsopp M, et al. Motor

abnormalities and epilepsy in infants and children with evidence

of congenital Zika virus infection. Pediatrics. 2018;141:S167-

S179.

13. de França TLB, Medeiros WR, de Souza NL, et al. Growth and

development of children with microcephaly associated with con-

genital Zika virus syndrome in Brazil. Int J Environ Res Public

Health. 2018;15. pii: E1990.

14. Nielsen-Saines K, Brasil P, Kerin T, et al. Delayed childhood

neurodevelopment and neurosensory alterations in the second

year of life in a prospective cohort of ZIKV-exposed children.

Nat Med. 2019;25:1213-1217.

15. Ventura AP, Lage CML, de Carvalho LA, Fernandes SA, Tagu-

chi BT, Nascimento-Carvalho CM. Early gross motor develop-

ment among Brazilian children with microcephaly born right

after Zika virus infection outbreak. J Dev Behav Pediatr.

2020;41:134-140.

16. Leal MC, Muniz LF, Ferreira TSA, et al. Hearing loss in infants

with microcephaly and evidence of congenital Zika virus infec-

tion—Brazil, November 2015�May 2016. MMWR Morb Mortal

Wkly Rep. 2016;65:917-919.

17. Fandi~no-C�ardenas M, Idrovo AJ, Velandia R, Molina-Franky J,

Alvarado-Socarras JL. Zika virus infection during pregnancy

and sensorineural hearing loss among children at 3 and 24

months post-partum. J Trop Pediatr. 2019;65:328-335.

18. Ventura LO, Ventura CV, de C Dias N, et al. Visual impairment

evaluation in 119 children with congenital Zika syndrome. J

AAPOS. 2018;22. 218-222.e1.

19. Ventura CV, Ventura Filho MC, Ventura LO. Ocular manifesta-

tions and visual outcome in children with congenital Zika syn-

drome. Top Magn Reson imaging. 2019;28:23-27.

20. Aguiar Y, Cavalcanti A, Alencar C, Melo A, Cavalcanti S, Cav-

alcanti A. Chronology of the first deciduous tooth eruption in

brazilian children with microcephaly associated with Zika virus:

a longitudinal study. Pesqui Bras Odontopediatria Clin Integr.

2018;18:1-7.

21. Siqueira RMP, Santos MTBR, Cabral GMP. Alterations in the

primary teeth of children with microcephaly in Northeast Brazil:

a comparative study. Int J Paediatr Dent. 2018;28:523-532.

22. Cavalcanti AL. Challenges of dental care for children with

microcephaly carrying Zika congenital syndrome. Contemp Clin

Dent. 2017;8:345-346.

23. Leal MC, van der Linden V, Bezerra TP, et al. Characteristics of

dysphagia in infants with microcephaly caused by congenital

Zika virus infection, Brazil, 2015. Emerg Infect Dis.

2017;23:1253-1259.

24. Cabral CM, de N�obrega MEB, Leite PLe, et al. Descriç~ao
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