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Causal Association Between Zika and Birth Defects
Case Reports

• Zika detected fetuses w/ abnormalities

(Oliveira Melo, Uts Ob Gyn 2016)

• Autopsies of aborted fetuses, stillbirths

(Mlakar, NEJM, 2016, Martines, MMWR 2016)

• Hydrops fetalis and fetal demise

(Sarno, PLoS NTD, 2016)

Epidemiological Studies

• 29% adverse fetal outcomes among  pregnant 

women (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)

Evidence for Causality

(Rasmussen, NEJM 2014)





FLAVIVIRUS ANTIBODIES AND ZIKA
ADE or Protection



Model for antibody-dependent enhancement of

dengue virus replication.

Prospects for a dengue virus vaccine

Stephen S. Whitehead, Joseph E. Blaney, Anna P. Durbin & Brian R. Murphy

Nature Reviews Microbiology 5, 518-528 (July 2007)

http://www.nature.com/nrmicro/journal/v5/n7/full/nrmicro1690.html


https://biochemwar.wordpress.com/2014/02/23/mosquito-wars-an-overview-of-dengue-fever/



Bozza et al. BMC Infectious Diseases 2008 8:86

Hypothetic mechanism to explain cytokine models during dengue fever.



“Most antibodies that reacted to DENV envelope protein also

reacted to ZIKV. Antibodies were able to bind ZIKV but were unable to

neutralize the virus and instead promoted ADE.”

“Our data indicate that immunity to DENV might drive greater

ZIKV replication and have clear implications for disease pathogenesis

and future vaccine programs for ZIKV and DENV “







ADE in vitro
• Common experimental phenomenon
• Without evidence of worsening the symptoms

– Alphavirus
– Rabies
– Coxsackievirus B3
– Coronavirus
– HIV

• ADE in Flavivirus
– Dengue heterotypic
– Dengue homotypic (under certain concentrations)
– YF, JEV induces Dengue ADE

Sariol, Nogueira & Vasilakis: A tale of two viruses: Does heterologous flavivirus immunity enhance Zika disease?
Trends in Microbiology, 2017



ADE in vivo (DENV)
• ADE of dengue in vivo is commonly associated to 

a worse clinical outcome
• Secondary dengue infections results in: 

– increased viral load 
– dramatic clinical impairment 
– cytokine storm characterized by the increase of IL-6, 

IL-8, IL-10, IFN-γ, IFN-α, and VEGF, combined with 
TNF-α, indicating a poor prognostic outcome 

Sariol, Nogueira & Vasilakis: A tale of two viruses: Does heterologous flavivirus immunity enhance Zika disease?
Trends in Microbiology, 2017



Proposed ADE Definition

• This way ADE would be defined as a common 
experimental in vitro phenomenon but a rare 
in vivo occurrence leading to worsening of the 
clinical presentation usually associated to 
hemodynamic changes, increased viremia, 
proinflamatory cytokine profile and to other 
detectable laboratory alterations.

Sariol, Nogueira & Vasilakis: A tale of two viruses: Does heterologous flavivirus immunity enhance Zika disease?
Trends in Microbiology, in Press



Studies in SJ Rio Preto

4 Cohorts

1 – Hospital Based
2 – Active surveillance
3 – General Population Cohort in Vila Toninho
4 – Pregnant Women  



Characterization of the study area:  
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Population Profile
• Recruitment period: October, 2015 to April, 2016

• 1468 individuals

– ≥ 10 years, living in Vila Toninho, São José do Rio Preto, SP, Brazil

• 752 (51.22%): Caucasian

• 667 (45.44%): Married



Samples paired analyzed in study

814 90,3%

Samples excluded*  

87 9,7%

Samples colleted in second year

901 59,4%

* Enrolled in a Dengue Vaccine Trial

Samples Collected in Vila Toninho



Results:

603 (74,1%) Positive

193 (23,7%) Negative

18 (2,2%)  Bordeline

814 (100%)
Samples analyzed by Elisa 

Assay IgG

Dengue Virus Zika Virus

Samples 
FB 15/16

Samples 
A01 16/17

696 (85,5%) Positive

109 (13,4%) Negative

9  (1,1%)  Bordeline

82 (10,1%) Positive

701 (86,1%) Negative

31 (3,8%)  Bordeline

238 (29,2%) Positive

526 (64,6%) Negative

50 (6,2%)  Bordeline



• Total: 65 Dengue-suspected cases with acute symptoms

• RT-PCR DENV performed in 38 patients

• 7 were positive

• 4 DENV-2

• 1 DENV-1

• 1 DENV-4

• 1 DENV-1 and -4 (co-infection)

7 Dengue confirmed



• Concluding:

• 13 Dengue-confirmed cases

• 9 during acute phase

• 4 by seroconversion

• 32 Dengue-presumptive cases

• 8 Zika-confirmed cases (by seroconversion) (1 symptomatic to 19 assymptomatic*)

• 3 were discarded (other infection confirmed)

• 9 were not available during acute phase or late



Conclusions - I
1) High level of Dengue circulation 
2) Up to 75% of DENV seropositive individuals
3) NO difference in sex regarding dengue seroprevalence
4) Difference in age (age dependent)
5) Zika seroprevalence was detected before circulation detected
6) Almost 20% of the population seroconverted to Zika
7) Symptomatic/Asymptomatic ratio up to 1: 20 (**)

• High level of DENV ab
• High Level YFV Ab
• Surveillance protocol

8) 70% of the population still susceptible to Zika 



Patient Study

• patients who exhibited acute febrile disease for ≤ 5 
days

• PCR Assays for DENV 1-4, ZIKV, and CHIKV

• DENV IgG ELISA

• Analysis of Viral Load by qRT-PCR (DENV 2 and ZIKV)

• Analysis of Serum Cytokine Levels (interferon (IFN)-γ, 
interleukin (IL)-1β, IL-2, IL-4, IL-6, IL-8, IL-9, IL-10, IL-13, 
and IL-17.)



Results

• No significant difference in Dengue IgG 
prevalence (70% and 78% in Zika and Dengue 
infected patients) – General Population = 67%

• Only one severe disease in dengue group.

• No difference in Zika severity in Dengue IgG+ 
or Dengue IgG – (even the outcome of 
pregnant women).



Terzian et al CID 2017









Sariol, Nogueira & Vasilakis: A tale of two viruses: Does heterologous flavivirus immunity enhance Zika disease?
Trends in Microbiology, 2017



NEW QUESTIONS RAISED
Protection ? Acute infections? Pregnant Women?



A ZIKA COHORT IN A DENGUE ENDEMIC 
AREA

And YFV vaccinated…. The search for co-factors
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Epidemiological Week

Suspected (pregnant  )

Confirmed (pregnant  )

Suspected (pop.)

Confirmed (pop.)

Prospective Study of Pregnant Women with Symptomatic Zika Exposures

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

Inhabitants

442,548

Pregnant women

1,674 (0.3%)

Suspected cases

226 (14%)

Unconfirmed

159 (74%)
Confirmed

57 (26%)

Loss-to-follow-up

3 (5%)
1st trimester

5 (9%)

2nd trimester

25 (44%)

3rd trimester

24 (42%)

Yes

2 (40%)
No

3 (60%)

Yes

8 (32%)

No

17 (68%)

Yes

9 (38%)

No

15 (62%)

2 (100%) 1 (33%) 5 (63%) 2 (12%) 4 (44%) 4 (27%)

Case

Ascertainment

Exposure

during gestation

Birth outcomes

Adverse outcomes

Viral RNA detected

Nogueira et al,  Clinical Microbiology and Infection, accepted 



Nogueira et al,  Clinical Microbiology and Infection, 2018



• Clinical outcomes:

 High rates but less severe

 Microcephaly not observed

 Radiological findings (17%) limited to:

• Lenticular striated arterial vessels

• Subependymal and choroidal cysts

• Altered sub-tentorial measures 

 Abnormal otoacustic exam (11%)

 Choroidoretinal atrophy (2%)

• Laboratory outcomes:

 ZIKV RNA detected in 35%

 All were MAC-ELISA-

• Vertical transmission rate may be >50%

Nogueira et al,  Clinical Microbiology and Infection, 2018
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N = 34
Patients from SJ Rio Preto and Rio de Janeiro



Conclusions - II
1) No evidence of enhancement in Zika clinical infections
2) No evidence of “clinical” ADE in pregnant women
3) There is some level of protection for Acute Zika infection induced by DENV-1 and 

DENV-4 serum (the two virus circulated in high levels in the years before Zika 
introduction). 

4) No significance for DENV-3 (low levels high affinity antibodies – 10 years since last 
circulated) or DENV-2 (low levels of circulation in the years before Zika)

5) YFV Ab levels are CORRELATED with a better prognosis in Zika infected women. 
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