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• Introduction of Zika into the Americas 

• What is congenital zika syndrome?

• Does risk and severity vary across and 

within populations?

• How do you screen for and diagnose 

congenital zika syndrome?

• Questions and future challenges

Overview



Zika Virus

• SS +sense RNA virus
 Genus Flavivirus (DENV, YFV, WNV)

 High serologic cross-reactivity

• 1° transmission is mosquito-borne
 Aedes genus, including A. aegypti

 Documented sexual transmission

• Limited to sylvatic setting 
 Isolated in 1947

 Sylvatic Aedes, non-human primates

 <20 human cases before 2007

• Global pandemic and introduction 

to the Americas in 2015

Outbreaks

Serologic evidence

Virus detection or confirmed human case Adapted from Weaver S, Antiviral Res, 2016

Spread of Zika Virus: 1947-2016
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“Perfect Storm”: Global Distribution of Aedes aegypti



Timeline of the Zika Outbreak in Salvador, Brazil

• Feb-Jun 2015: Outbreak of 

acute exanthematous illness

• Mar 2015: Zika detected

• April-Jul 2015: Cluster of GBS

• Jul-Set 2015: Obstetricians 

identified abnormalities on 

routine UTS of pregnant women

• Oct 2015: Increase detected of 

newborns with microcephaly

20 wk 26 wk 35 wk

Sarno Uts Ob Gyn, 2016



Microcephaly Epidemic in Brazil

Case Reports

• Zika detected fetuses w/ abnormalities
(Oliveira Melo, Uts Ob Gyn 2016)

• Aborted fetuses, stillbirths
(Mlakar, NEJM, 2016, Martines, MMWR 2016)

• Hydrops fetalis and fetal demise
(Sarno, PLoS NTD, 2016)

Epidemiological Studies

• 29% adverse fetal outcomes

(Brasil, NEJM, 2016)

• 1% risk of microcephaly after 1st

trimester exposure (Cauchemez, Lancet, 2016)

• OR 56 for association of Zika and 

microcephaly (de Araújo, Lancet ID, 2016)

Causal Association with Birth Defects
(Rasmussen, NEJM 2014)

10,441 suspected microcephaly

2,228 clinically confirmed

437 laboratory confirmed



Brazil-Yale Studies on Zika

• Microcephaly outbreak investigation in Salvador
 Enrolled and following >1000 mother-newborn pairs

 Risk factors and prognosis for CZS

• Prospective studies of Zika-exposed pregnant 

women in São José do Rio Preto

• NIH-Fiocruz ZIP Study
 Nine international sites

 10,000 pregnant women in 1st trimester

• Community-based cohort studies in Salvador
 Following 2,400 slum residents

 Transmission dynamics

 Role of pre-exisiting flavivirus immunity

Fiocruz-Yale Community Site



What is Congenital Zika Syndrome?



Investigation of the Microcephaly 

Outbreak in Salvador, Brazil

Surveillance at Hospital Geral Roberto Santos



Characteristics No. No. (%) or 

median (IQR)

Gestational age (wk) 40 39 (38-40)

Axial hypertonia 33 19 (58)

Uncoordinated swallowing 40 8 (20)

Lower extremity arthrogryposis 40 7 (18)

Talipes equivarus 40 3 (8%)

Abnormal OAE 31 14 (45%)

Ocular lesions 33 14 (42%)

Seizures 40 5 (12%)

In-hospital death 40 3 (8%)

Microcephaly Cases: Presentation at Birth



Microcephaly Cases: Presentation at Birth

Characteristics No. No. (%) or 

median (IQR)

Gestational age (wk) 40 39 (38-40)

Axial hypertonia 33 19 (58)

Uncoordinated swallowing 40 8 (20)

Lower extremity arthrogryposis 40 7 (18)

Talipes equivarus 40 3 (8%)

Abnormal OAE 31 14 (45%)

Ocular lesions 33 14 (42%)

Seizures 40 5 (12%)

In-hospital death 40 3 (8%)



Findings Total (N=38)

Ventriculomegaly 34 (89%)

Subependymal cysts 14 (42%)

Parenchymal calcifications 35 (92%)

Subcortical 32 (84%)

Periventricular 12 (32%)

Basal ganglia 24 (63%)

Thalamic 17 (45%)

Brainstem 12 (32%)

Stippled 31 (82%)

Laminar 12 (32%)

Simplified gyral pattern 31 (82%)

Corpus callosum dysgenesis 24 (63%)

Reduced cerebellar volume 10 (29%)



Microcephaly Outbreak in Salvador, Brazil

55% of 45 mothers 

had ZIKV neutralizing 

antibodies

100% of 34 mothers 

had ZIKV neutralizing 

antibodies

Pregnant women 

during outbreak

Zika-exposed 

pregnant women

Zika-exposed 

fetuses

Infants with CZS 

and microcephaly

Infants with CZS 

without microcephaly

Fetal loss 

and stillbirths

59.3 exposures per 100 women

16.3 cases per 

100 livebirths

?

?

?

25.5 VT events per 100 exposures

Estimated Risk for

Vertical Transmission and Acquiring CZS

Case-Control Investigation

Suspected cases: 9.7% total births

• 61% ZIKV IgM in cord blood

• 13% ZIKV RNA detected



• High Zika exposure rates (60%) during the epidemic

• High rates of vertical transmission (25%) and severe 

outcomes (16%) in Salvador and Northeast Brazil

• Distinct from other congenital infections
 Pathology restricted to CNS & placenta in contrast with TORCHS 

 Severity and specific lesions (ocular, arthrogryposis, cysts)

• Prognosis is likely to be poor.

Onset of Seizures after Birth

Congenital Glaucoma
De Freitas, Ophthalmology, 2016



Does Risk and Severity of CZS Vary

Across and Within Populations?



MICROCEFALIA - GUINÉ-BISSAU, ASSOCIAÇÃO COM O VÍRUS ZIKA, CASOS CONFIRMADOS

***************************************************************************

Uma mensagem / Una mensaje / de ProMED-PORT Data: Terça-feira, 05 de dezembro de 2016
A Guiné-Bissau registou 11 casos de microcefalia em recém nascidos desde o 

início do ano [2016] provocados pelos vírus Zika, Dengue e chikungunya, anunciou

hoje o diretor do Instituto Nacional de Saúde do país, Plácido Cardoso. 



• Rio de Janeiro cohort (NEJM, 2016)

42% with adverse outcomes after symptomatic illness

3% microcephaly among 117 live births

• Surveillance in Colombia (NEJM, 2016)

4 cases of microcephaly and no defects among ~600 

newborns of women exposed in 3rd trimester

• Surveillance in US (MMWR, 2017)

10% of 250 infants with Zika-associated birth defects

• Smaller numbers of microcephaly cases as the 

epidemic spread in Brazil in 2016 (NEJM, 2016)

• Increasing reports of CZS in infants without 

microcephaly and with less severe findings

Variation in Severity and Risk 

of Zika Congenital Syndrome

11 months

At Birth

MMWR, 2016

De Oliveira,  NEJM, 2016



Prospective Study of Pregnant Women with Confirmed Zika Infection

São José do Rio Preto Outbreak, February-June, 2016

PI: Maurício Nogueira, Faculdade de Medicina 

de São José do Rio Preto (FAMERP)

Timeline of the Outbreak Exposure during Gestation Timeline of Births

• Population 442,548 

• 1,674 pregnant women

• 54 confirmed Zika cases

Epidemiological Week



Infant Outcomes of Zika-Exposed Pregnant Women, Sao Jose do Rio Preto

Less severe presentations of CZS (N=15)
 No adverse fetal outcomes

 No microcephaly cases among newborns

 Abnormal OAE (6)

 Choroidoretinal atrophy (2)

 Subependymal cysts, lenticulostriate vasculopathy (7)

 Intracranial bleed (1)

Outcomes Rates

Adverse birth outcomes 28% (15/54)

1st trimester exposure 25% (1/4)

2nd trimester exposure 15% (4/26)

3rd trimester exposure 42% (10/24)

ZIKV detected at birth 35% (18/51)

With adverse outcomes 53% (8/14)

Without adverse outcomes 25% (10/40)

Lenticulate vasculopathy Souza, CID 2016



• Strain-specific factors
African vs Asian genotypes

• Exposure-related factors
 Herd immunity

 Timing of exposure during gestation

 Mosquito vs sexual exposures

 Symptomatic vs inapparent infections

• Host factors
 Cofactors: nutrition, co-infections

 Maternal and fetal innate response

 Transfer of maternal antibodies

• Prior flavivirus exposure protects 

or enhances Zika infection?
 Implications for vaccine development

 No clinical correlates to date for 

enhancement

Factors That May Influence Vertical Transmission and Clinical Outcomes?



How Do You Screen for and Diagnose 

Congenital Zika Syndrome?



• Acute disease and sequelae

 Acute illness

 GBS and atypical neurological manifestations

• Blood bank security (cost, ~US$8 per unit)

• Congenital zika syndrome

• Counseling women of childbearing age

• Symptomatic illness during pregnancy

• Asymptomatic exposure during pregnancy

• Newborns with in utero exposure to Zika

• Infants exposed during gestation but not diagnosed at birth

Diagnostic Needs for Zika Clinical Decision Making



Viral isolation: Limited to research purposes

RNA detection: 12 EUA approved kits in US

Viremia not be prolonged in pregnant women

Low sensitivity in newborns

IgM ELISA: Anti-whole virus, NS1 and E

Low specificity with prior flavivirus exposure

Low sensitivity (60%) in newborns

Sensitivity lower for 1st trimester exposures

IgG assays: None approved

Plaque reduction neutralization titers (PRNT)

Few laboratories can perform this assay

Unclear specificity in dengue endemic regions

Lack of Adequate Zika Diagnostics



Congential Zika Syndrome: Questions

• Why risk and severity varies significantly across 

regions and within populations? Prior dengue 

exposure?

• Lack of diagnostics is the key barrier to mounting 

effective screening & counseling.

• New antivirals will be difficult to evaluate.

• No effective prevention:

 Several vaccine candidates in clinical trials

 Use of monoclonal antibodies for prophylaxis?

• Will Zika return to regions that experienced 

epidemics due to herd immunity?

• There remains large populations of susceptible 

women of child bearing age in the Americas and 

likely in Asia and Africa.
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Suspected Zika cases, 2015-2017, PAHO



Salvador Zika Response Team

Fundação Oswaldo Cruz/MS
Federico Costa

Nivison Nery Junior

Gielson Sacramento, Jaqueline Cruz

Ricardo Khouri, Luciane Santos

Monique Cavalcante

Mitermayer Reis, Guilherme Ribeiro

Deolinda Scalabrin

Hospital Roberto Santos, SESAB
Antonio Raimundo Almeida

Mateus Rosário

Kleber Pimentel, Nanci Silva

Bruno de Freitas

Manoel Sarno

Hospital Alianca/Santo Amaro
Katiaci Araujo, Ana Paula Alcantara

UFBa
Ridalva Felzemburgh

Jamary Oliveira

Instituto Evandro Chagas/MS
Pedro Vasconceles, Daniele Freitas

Federal University of São Paulo
Rubens Belfort

Medical School of Rio Preto
Maurício Nogueira

UTMB
Shannan Rossi, Sasha Azar

Nikos Vasilakis, Scott Weaver

University of Pittsburgh
Ernesto Marques, Eduardo Nascimento

Rockefeller/Cal Tech
Davide Robbiani, Michel Nussezweig,

Charlie Rice, Pamela Bjorkman

Yale School of Public Health
Elsio Wunder, Janet Lindow, Albert Ko

Support:
Brazilian National Research Council

Oswaldo Cruz Foundation

NIAID R01 AI052473, U01AI088752

FIC R01 TW009504, R25 TW009338

Yale School of Public Health

Hospital Geral Roberto Santos

Fiocruz

FAMERP




