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Zika Virus (ZIKV) Outbreak in the Americas 

• 2015: ‘Rash causing’ illness, Brazil 

  

• Early 2016: 48 countries with 
autochtonous transmission 

 

• Severe neurological 
manifestations 
– Guillain-Barré Syndrome: 2014 

– Birth defects: November 2015 

 

 

Background 
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November 2015 
Cases of microcephaly reported in Brazil 







Computed tomography in infants 
with congenital microcephaly 
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Subcortical calcifications 

Ventriculomegaly Hypogyration 



WHO declares Zika a Public Health Emergency 

of International Concern, 
February 16, 2016 



ZIKA-DFA: Regulatory and ethics issues 
• ZIKA-DFA-FE 

– Jan 4: project writing starts 

– Feb 5: regulatory frame for research defined (noninterventional research, sponsor Inserm) 
• Authorizations to be obtained from national IRB, CCTIRS (Advisory committee on personal information management in 

the field of health research), and CNIL (Committee for information technology and freedom) 

– Feb 16: all application files completed and dispatched, along with a request by the Director 

General of Health (MoH) to expedite evaluation 

– Mar 4: all authorizations granted 

• ZIKA-DFA-BB 
– Feb 29: project writing starts 

– April 10: regulatory frame for research defined (biomedical research, sponsor Inserm) 
• Authorizations to be obtained from national IRB and ANSM  (French Medicines Agency) 

– April 20: all application files completed and dispatched 

– April 27: ANSM and IRB approval granted 





Enrolment criteria 

• Pregnant women with suspected ZIKV infection were referred to the 
prenatal diagnosis center in each territory, where they were tested for 
ZIKV infection and invited to consent to participate in ZIKA-DFA-FE 

• They were included in this analysis if they met all the following criteria 
– ongoing pregnancy at any gestational age 

– clinical symptoms consistent with acute ZIKV infection, with at least one 
amongst pruritic skin rash, fever, conjunctival hyperemia, arthralgia, and 
myalgia 

– laboratory confirmation of recent ZIKV infection, based on a positive ZIKV 
RT-PCR test on serum or urine 

• The date of ZIKV infection was considered to be the date of onset of 
the first ZIKV-related symptom   



Definitions for birth defects potentially associated 
with ZIKV infection 

• 2 mutually exclusive categories* 

– brain abnormalities with or without microcephaly regardless of the 
presence of additional birth defects 

– neural tube defects and other early brain malformations, eye 
abnormalities, and other consequences of central nervous system 
dysfunction (arthrogryposis, clubfoot, congenital hip dysplasia, and 
congenital deafness) among those who had neither evident brain 
abnormalities nor microcephaly 

* : Honein et al. Birth defects among fetuses and infants of US women with evidence of possible Zika virus 

infection during pregnancy. JAMA 2017;317(1):59-68 



Definitions for Zika Congenital Syndrome (ZCS*) 

• one or more among 

– severe microcephaly (<-3SD) 

– brain abnormalities with a specific pattern of damage (e.g. calcifications, 
ventriculomegaly, cortical malformations) 

– damage to the back of the eye 

– joints with limited range of motion (e.g. clubfoot) 

– hypertonia that restricts body movement (e.g. arthrogryposis) 

* : Moore et al. Characterizing the pattern of anomalies in Congenital Zika Syndrome for pediatric 

clinicians. JAMA Pediatr 2017;171(3):288-295 



Definitions for microcephaly 

• Live birth: INTERGROWTH-21st (http://intergrowth21.ndog.ox.ac.uk/) 

– Severe: head circumference < –3 SD 

– Moderate: head circumference between –3 SD and –2 SD  

• Proportionate if neonate small for gestational age (weight < –1.28 SD according to 
the INTERGROWTH-21st standards for gestational age and sex) 

• Disproportionate otherwise 

• Pregnancy loss 

– head circumference <-3 SD based on last ultrasound exam available 



Summary of results 
• In the offspring of women who developed acute symptomatic PCR-

confirmed ZIKV infection during pregnancy 
• Overall risk of CNS/eye defects possibly associated with ZIKV infection   7.0 % 

• Overall risk of birth defects included in the current definition of ZCS       3.1 % 

• Overall risk of severe microcephaly (< - 3DS)                                                 1.6 % 

• Birth defects could be observed as a consequence of ZIKV infection at 
ANY pregnancy trimester BUT the risk of birth defects, ZCS, and 
severe microcephaly was higher when ZIKV infection occurred early 
in pregnancy 

• BD  T1 12.7 % T2 3.6 % T3 5.3 %  P = 0.001 

• ZCS  T1 6.9 % T2 1.2 % T3 0.9 %  P = 0.02 

• SMC  T1 3.7 % T2 0.8 % T3 0   P = 0.002 



Pregnancy outcomes and Zika-related congenital abnormalities 
Comparison of three international studies 

  Brasil 

(n=126) 

Honein 
(n=442) 

Hoen 
(n=555) 

Pregnancy outcomes 

Pregnancy losses 9 (7.1) 47 (10.6)  28 (5.0) 

Live births 117 (92.9) 395 (89.6) 527 (95.0) 

Congenital abnormalities 

Microcephaly 4 (3.2) 18 (4.1) 32 (5.8) 

Other brain abnormalities 30 (23.8) 18 (4.1) 12 (2.2) 

Neural tube defects, eye abnormalities and 
consequences of CNS dysfunction 

17 (13.5) 4 (0.9) 3 (0.5) 

Total 58*(46.4) 26 (6.0) 39 (7.0) 
*Includes the 9 pregnancy losses, 12 with isolated MRI findings, and 2 isolated SGA   



• In Guadeloupe, Zika unexposed pregnancies/infants 

 

• negative ZIKV IgG antibodies at delivery 

–  Validation - Carpentier et al., Submitted 2019 

• 65 women, confirmed ZIKV during pregnancy 

• IgG detected at delivery in all women 

– Specificity confirmed by Plaque Reduction Neutralization Test 

(PRNT) 

 
Methods 

Comparison with a control group 
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Results 



Abnormality ZIKV unexposed  
(N=490) 

ZIKV exposed 
(N=241) 

Small for gestational age 66 (13.5%) 33 (13.7%) 

Microcephaly 40 (8.2%) 11 (4.6%) 

Moderate-proportionate 19 (3.9%) 4 (1.7%) 

Moderate-disproportionate 10 (2.0%) 6 (2.5%) 

Severe 11 (2.2%) 1 (0.4%) 

Microcephaly + other brain abnormalities 0 0 

Other neurological/ocular 0 1 (0.4%) 

Neural tube defects 0 1 (0.4%) 

Club foot 1 (0.2%) 2 (0.8%) 

Other (e.g. skeletal, genetic) 4 (0.8%) 3 (1.2%) 

7 

Abnormalities: ZIKV unexposed vs exposed 

Results 



Live born healthy or mild 
“abnormality” not obviously 

linked to ZIKV  
240 

Miscarriages/stillbirths with 
no evidence of abnormalities 

5 

Fetuses  potentially exposed to ZIKV in-utero in Guadeloupe  
249 

Severe neurological 
abnormalities with or 
without microcephaly 

1 (0.4%) 

1.6% risk of severe birth defects 
4.1% in 1st, 0.8% in 2nd , 0% in 3rd trimesters, respectively 

Pregnancy terminations 
with evidence of severe 

neurological defects  
3 (1.2%) 

“Corrected” risk of ZIKV-related birth defects 

Discussion 



ZIKV-related congenital neurological abnormalities,  
FTA 2016-2017 (n=555 fetuses et neonates) 

(Hazin et al, NEJM, 2016) (Hoen et al, NEJM, 2018) 
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Congenital abnormalities attributable to ZIKV 
Preliminary conclusions 

• Proportion of anomalies attributable to ZIKV may be less than 5% 

• Importance of control groups 

• Meaning of isolated microcephaly questionable 

• Universal standards for anthropometric measurements 
questionable 

• Ongoing follow-up of children born to ZIKV-exposed, and 
unexposed, women will tell us about more subtle abnormalities 
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Specificity of Microcephaly Definitions 

• Review by Ashwal et al., Neurology 2009 
– -3SD = 80% with imaging and developmental 

abnormalities 
– -2SD to -3SD = 40% with imaging and developmental 

abnormalities 

• Isolated fetal microcephaly 
• Stoler-Poria et al., Ultrasound Obstet Gynecol 2010 
• Normocephalic similar outcomes with infants with HC between 

-2SD and -3SD 
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