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Summary

Background—A study of the cause of the epidemic microcephaly in Brazil, including congenital 

Zika virus infection and other potential causes.

Methods—Prospective case-control study in Recife/Brazil. Cases: neonates with microcephaly 

born in public maternities. Controls (without microcephaly) matched by expected date of delivery 

and area of residence. Laboratory tests: Serum of cases/ controls and cerebrospinal fluid of cases 

(qRT-PCR and anti-Zika-IgM); tissues of stillbirth cases qRT-PCR). Maternal serum (PRNT for 

Zika and dengue). The association between microcephaly and ZIKV infection quantified using 

exact conditional logistic regression.

Findings—We included 91 cases and 173 controls. Congenital ZIKV infection was confirmed 

in 32/91 cases compared to 0/173 controls. 83%(68/83) of cases were small for gestational 

age; 5%(8/173) of controls. The overall matched odds ratio (mOR) was 87 (95%CI:15·6-∞), 

and 73·1(95%CI:13·0-∞) when adjusted. No controls had laboratory confirmed Zika. Neither 
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vaccinations during pregnancy nor larvicide use was associated with microcephaly. mORs in 

subgroups were: severe microcephay 52·4 (95%CI:9·1-∞); less severe 33·7 (95%CI:5·6-∞); 

abnormal brain image 32·2 (95%CI:5·3-∞), and normal brain image 29·3 (95%CI:4·8-∞). 

About half cases (49/91) had either laboratory confirmation of Zika or typical brain imaging 

abnormalities but only 15% (12/79) had both.

Interpretation—Congenital Zika infection caused the microcephaly epidemic in Brazil. Neither 

larvicides nor vaccinations during pregnancy increased the risk of microcephaly. Neither negative 

Zika laboratory results nor normal brain image alone is sufficient to discard Zika as a cause of 

individual cases of microcephaly.

Source of funding—The study was funded by the Brazilian Ministry of Health and the Pan 

American Health Organization and AREAS. Some of the investigators received partial support 

from the National Advisory Board of Scientific and Technological Development (Conselho 

Nacional de Desenvolvimento Cientifico e Tecnologico [CNPq]; scholarship 306708/2014-0 

to CMTM, 308818/2013-0 to RAAX, 308590/2013-9 to DBMF, 308491/2013-0 to MFPMA, 

304174/2014-9 to CB, and 306222/2013-2 to WVS). LCR is partially funded by the European 

Union’s Horizon 2020 research and innovation program under Zika-PLAN (grant agreement No. 

734584).

Introduction

At the start of the epidemic of microcephaly in Brazil, the main causal hypothesis 

was Zika infection during pregnancy,1 but other potential causes were proposed, of 

particular interest, because of the potential implications, use of larvicides in drinking 

water reservoirs to combat Aedes aegypti and vaccinations during pregnancy.2,3 There 

has been no investigation of use of larvicide or of vaccines during pregnancy at individual 

level, although an ecological study found no area level association between the use of 

larvicide pyriproxyfen and prevalence of microcephaly.3 The evidence for microcephaly 

as a manifestation of the Congenital Zika Syndrome (CZS) consolidated, and included the 

preliminary results of a case control study commissioned at the start of the epidemic the 

Brazilian Ministry of Health to investigate the causes of the epidemic of microcephaly.4 This 

is the final report of this case control study, presenting the result of the investigation not only 

of Zika infection but also the other factors suggested as potential causes.

Methods

Study design and participants

The final analysis of a prospective case-control study, conducted to investigate the cause 

of the microcephaly epidemic in Pernambuco State, Brazil. A preliminary analysis reported 

on subjects recruited from Jan 15 to May 2, 2016; this final analysis includes subjects 

recruited up to Nov 30, 2016. The paper reporting the preliminary analysis it includes 

detailed information on methods.4 We conducted this final analysis before recruting the 200 

cases originally proposed for two reasons: first, we reached the necessary power, because the 

proportion of controls exposed was lower than expected when defining the necessary sample 

size; second, the epidemic slowed down in Recife and cases became rarer.
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Study population consisted of neonates born to women resident in Pernambuco and 

delivered in eight public maternity. Cases - neonates with microcephaly (liveborn or 

stillbirth) – had head circumference at least 2 SD smaller than the mean for sex and 

gestational age in the Fenton growth chart.5 Microcephaly was considered severe when the 

head circumference at least 3SD smaller than the mean. Exclusion criteria were anencephaly, 

encephalocele, and phenotype of well-defined congenital syndrome. Controls - live neonates 

without microcephaly – with no brain abnormalities (at transfontanellar ultrasonography) 

and no major birth defects at physical examination. Two controls per case were selected in 

the study hospitals, matched by health region of residence and expected date of delivery (to 

ensure cases and controls were conceived at the same stage of the epidemic).

Procedures

Details of the procedures for estimating gestational age, to measure head circumference, 

for radiological brain imaging, to collect blood sample of mothers and neonates (case and 

controls) at birth, and cerebrospinal fluid for cases, were described elsewhere.4 Serum 

samples were tested for toxoplasmosis, rubella, and cytomegalovirus IgM antibodies, the 

main infectious causes of congenital microcephaly.6

The detailed laboratory procedures were described elsewhere.4 Sera of mothers and 

neonates (cases and controls) and cerebrospinal fluid samples (of cases) were tested by 

quantitative real time polymerase chain reaction (qRT-PCR) for the detection of Zika virus 

genome,7 and with capture-IgM enzyme-linked immunosorbent assay (ELISA) for IgM 

antibodies,8 respectively. Macerated tissues (brain, kidney or pooled organs) of stillbirths 

cases were tested by qRT-PCR. The presence of ZIKV and DENV (1-4) specific neutralizing 

antibodies were assessed in sera of mothers and neonates (cases and controls) by Plaque 

Reduction Neutralization test (PRNT50), with a 50% cut-off value for positivity.

Brain imaging was done by CTscan in cases and transfontanellar ultrasonography in 

controls and classified as normal or abnormal (including calcification, ventriculomegaly, 

lissencephaly, and other abnormalities) by physicians specialized in image diagnosis. 

Mothers were interviewed in the hospital by a trained female nurse, using a structured 

standardized questionnaire after signing an informed consent form.

Variables: Laboratory-confirmed ZIKV-infection was defined in a neonate as a positive 

qRT-PCR and/ or IgM result for ZIKV in any biological specimen (serum, CSF or macerated 

tissues); Neonates were considered to be small for gestational age (SGA) if birth weight was 

lower than the 10th percentile for gestational age and sex in the Fenton growth chart.

Information was collected on demographic and socio economic factors included: mothers’ 

age; mother's years of schooling; skin color (self-referenced and categorized nonwhite or 

white). The purchasing power of individuals and families was defined using the Brazilian 

Economic Classification Criteria – CCEB 2015,9 which defines classes from A (highest 

socioeconomic level) to E (lowest socioeconomic level), considering the education level 

of the head of the household, household assets (i.e. car, washing machine, etc.), presence 

and number of domestic servants, source of the water used in the household and whether 
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the street in which the house is located is paved. We also collected data on family history 

of microcephaly or malformations; vaccination, self-report misoprostol ingestion (medical 

abortion pill), epilepsy treatment or folic acid; and use of recreation drugs, tobacco and 

alcohol in pregnancy; and on exposure to chemical larvicide (including any domestic water 

reservoir) and use of insect repellent on skin using structured interview. Vaccination cards 

were consulted, when available, we only considered vaccination during pregnancy.

Statistical analysis

The outcome was microcephaly and the main exposure of interest was ZIKV infection, 

defined by laboratory confirmation. We estimated the crude mOR and 95% CI for 

the association between microcephaly and laboratory confirmation of ZIKV infection in 

neonates using a median unbiased estimator for binary data (exact conditional logistic 

regression) for all cases, considering the results in any specimen (serum or cerebrospinal 

fluid for livebirth or macerated tissues for the stillbirth). Additionally, crude odds ratio 

were estimated, separately, for cases with and without radiological evidence of brain 

abnormalities, by sample type (serum or CSF), and microcephaly severity. Since no controls 

were laboratory positive to Zika, the mORs would be infinity in a traditional logistic 

regression. The conditional exact model was used to provide an estimate of mOR, taking 

into account the sample size.10 It respects the matching and allows for controlling variables 

for which the estimate is not of interest - conditioning variables – “condvars”.11

We investigated the association between microcephaly and other factors, one by one, by 

conditional logistic regression. The variables associated with microcephaly with a p≤0,10 

were taken to multivariate analysis using conditional exact logistic regression model. Thus, 

we calculated mOR for the association between microcephaly and ZIKV adjusted by 

smoking during pregnancy, receiving tetanus, diphtheria, and acellular pertussis vaccine 

(Tdap), recently introduced in Brazil, during pregnancy and skin color. We investigated the 

agreement between qRT-PCR ZIKV-positivity in serum and cerebrospinal fluid (CSF); and 

the agreement between the IgM positivity in serum and CSF. Stata version 14.1 software was 

used for the statistical analyses.

The study was approved by the research ethics committees of the Pan American Health 

Organization (protocol number PAHO-2015-12-0075) and Fiocruz Pernambuco (protocol 

number CAAE: 51849215.9.0000.5190). All mothers provided written informed consent to 

participate in the study.

Role of the funding source

The funders of the study were involved in the data interpretation and writing of the 

report. The corresponding author had full access to all the data in the study and had final 

responsibility for the decision to submit for publication.

Results

The flowchart describes the cases and controls screened (Figure1). There were 110 eligible 

cases: 92 livebirths and 18 stillbirths. There were ten exclusions among livebirths: three 
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refusals; two cases were excluded because they had a genetic cause for the microcephaly; 

one was excluded because of Feto-Fetal Transfusion Syndrome; two because specimens 

could not be collected and two because a matched control could not be found. Among the 

18 eligible stillbirths, nine were excluded: five were not necropsied in time and four had no 

laboratory specimens collected. So, this analysis included 91 cases: 82 livebirths and nine 

stillbirths. Of 189 eligible controls, there were 16 exclusions: ten due to abnormal brain 

imaging (one ventriculomegaly, one with calcification, two with hydrocephaly and six with 

other abnormalities) and six refusals. Our final analyses included 91 cases of microcephaly 

and 173 controls.

Cases were more frequently than controls, female, small for gestational age (SGA), and 

premature. Around forty percent of cases had abnormal brain imaging. 29% (26/91) of cases 

had severe microcephaly. There was no difference in age or schooling of mothers of cases 

and controls. Mothers of cases were more likely to have serological markers of previous 

ZIKA infection by PRNT50 (70%) than the mothers of controls (57%) (p=0·05) (Table1). 

Interestingly, of 28 negative PRNT50 mothers of cases, 6 cases were Zika IgM seropositive 

and 8 had abnormal image (data not shown).

One third of cases were laboratory confirmed; confirmation in CSF was more frequently 

detected than in serum, and more cases were confirmed by qRT-PCR than by IgM. There 

was a good agreement between Zika IgM positivity in CSF and in serum (Kappa= 0·94, 95% 

CI 0·82-1·00).(Table2) No neonate tested IgM positive for cytomegalovirus, toxoplasmosis 

or rubella (data not showed). Of the nine stillbirths, seven were laboratory positive for ZIKV, 

and six had severe microcephaly. There were three neonatal deaths and all died in intensive 

care unit; CTscan imaging was not performed. Two were laboratory positive for ZIKV and 

severe microcephaly; one was laboratory negative for ZIKV (data not shown).

Of the 79 cases with brain image and laboratory tests performed, 70% (39/56) of cases who 

tested negative for ZIKV had a normal brain image. 52% (12/23) of cases with laboratory 

confirmation of Zika had an abnormal brain image and 41% (12/29) of cases with abnormal 

brain image had laboratory confirmation of Zika. A third (17/56) of cases with negative 

laboratory tests had abnormal brain image. (Table 3)

Most mothers of cases and controls lived in poverty; around half were classified in the two 

bottom levels of the socioeconomic scale. There was no association between skin color and 

socioeconomic condition (data not shown). Of 18 factors investigated, only two factors were 

associated with microcephaly (p<0·05) on the conditional analysis: Smoking (OR 3·2; 95% 

CI: 1·5-7·0; p=0·004); Being non white (OR 0·3, 95%CI 0·1-0·7; p=0·01); Having received 

Tdap in pregnancy (OR 0·6, 95%CI 0·3-1·0; p=0·06) (Table 4). Only two mothers of controls 

and no mothers of cases reported having taken misoprostol in pregnancy. Of particular 

interest, there was no increase in risk of microcephaly with MMR (measles/rubella/mumps) 

or MR (measles/rubella) vaccines. When controlling for laboratory confirmation of Zika, 

the association between microcephaly and smoking, not being white and Tdap vaccine lost 

significance (p-values between 0·07 and 0·10).
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We further explored the association of reported smoking and skin color with economic class. 

Smoking was more common among the poorest (2% in B2-C1, 3% in C2, 19% in D-E), both 

between the cases and controls, but the proportion of reported smoking during pregnancy in 

the D-E category was higher among cases (29%) than controls (13%). Skin color was not 

associated with economic class (p=0.51).

The matched association between microcephaly and laboratory confirmation of ZIKV 

infection was extremely strong (mOR 87); no controls had laboratory confirmed ZIKV 

infection. The association remained strong (mOR 73·1) and significant when adjusted by 

confounders (smoking during pregnancy, receiving Tdap during pregnancy and skin color). 

By sub-groups: severe cases (mOR 52·4); less severe cases (mOR 33·7); abnormal brain 

imaging (mOR 32·2), and normal brain imaging (mOR 29·3). (Table 5)We would like 

to point out that the smaller mOR estimated in the subgroups do not indicate weaker 

association and is a function of numbers. The interpretation is more complex because we 

used exact methods to avoid mORs of infinity.

Discussion

The association between microcephaly and Zika laboratory confirmation by qRT-PCR 

and/or IgM was strong after controlling for confounders. The association was stronger 

with severe and no severe microcephaly, in cases with and without brain abnormalities by 

imaging. None of the risk factors investigated (other than Zika) was associated with cases 

in multivariate analysis; these include use of the larvicide pyriproxyfen and vaccines during 

pregnancy. We confirm our preliminary analysis that the microcephalic epidemic in the 

Northeast of Brazil was caused by congenital Zika infection.1

The study has limitations, and some aspects of interpretation need to be clear: The 

study investigated the causes of the microcephaly epidemic, and cases had microcephaly. 

Inevitably, the very few cases that would have been born with microcephaly in the absence 

of a Zika epidemic would have been recruited in the study. Some cases in the study might 

not have been caused by CZS but these would be few: the pre-epidemic level In the 

Northeast was 1·65 per 10,000 livebirths,12 corresponding to 1·5 cases a year. Exclusion 

of any case would have increased the OR for the association. Because we only included 

microcephaly cases, conclusions are not necessarily generalizable to the full spectrum of 

CZS.

We used CT scan not MRI to investigate brain images, because of the risk to neonates 

of sedation and additional radiation. It is possible that a few more cases will have shown 

alterations had we used MRI. We investigated the brain image of controls using USG for 

controls and CT for cases, for ethical reasons, as there was no justification for exposing 

healthy babies to radiation. It is possible that we might have missed small calcifications 

in some controls. We collected CSF of cases but not of controls, and might have missed 

laboratory confirmation of infection for controls. Nine stillbirths were not included in the 

analysis as they had not biologic material collected. But the proportion positive was higher 

than in livebirths (7/9 or 77·8%) so this exclusion could only had reduced the strength of the 

association.
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The timing of the maternal infection indicated by neutralization cannot be identified in a 

case-control study and therefore not interpretable as relates to the association investigated. 

The information is however useful as the presence of typical CZS microcephaly in neonates 

of negative maternal PRNT50 shows limitation of maternal serology. A case control study, 

by its nature, can not estimate the risk of CZS. The risk, and the full spectrum, and any 

effect of previous dengue exposure will only be provided by the ongoing cohorts of pregnant 

women with Zika.

At the end of the case-control study the proportion of laboratory confirmed case was similar 

to the published preliminary results.4 Even increasing the number of controls from 62 

to 173, none was positive. The magnitude of the mOR remained extremely strong and 

asymptotically infinite. The mOR point estimate was higher in the final analysis (mOR 87) 

since the fact that no control had a laboratory confirmation of Zika even with increased 

numbers decreased the probability of having missed a positive control. Our study found 

a very high proportion of cases were small for gestational age (SGA). A cohort study of 

mothers who had Zika during pregnancy reported, four neonates born with microcephaly, 

of which three were SGA. four neonates born with microcephaly, of which three were 

SGA.1 We expect one component of the congenital Zika syndrome to be intrauterine growth 

restriction.

In our case-control study of 189 recruited controls (normal head circumference) ten (5%) 

were excluded by abnormal brain imaging, according to the protocol; it is possible that one 

or more of these had congenital Zika Syndrome since microcephaly is only a part of the 

whole spectrum.1,13

Consistently with the preliminary analysis, around 52% of Zika laboratory confirmed cases 

had abnormal brain imaging; and 41% of cases with abnormal brain image had laboratory 

confirmation. The initial descriptions of children with microcephaly during the early days 

of the epidemic showed abnormal brain imaging for all cases but this may have result from 

abnormal imaging being part of the inclusion criteria in the first case series.14,15 Although 

one typical phenotype of Zika microcephaly has been described,16 it is accepted that not all 

cases of CZS with microcephaly will have that phenotype, and that the spectrum of CZS is 

not restricted to Microcephaly.1,13,17 An early description of the spectrum of abnormalities 

found microcephaly with normal imaging and abnormal image without microcephaly.1 An 

important finding is that microcephaly with congenital ZIKV syndrome can be present with 

normal brain imaging and that cases with typical brain image can be laboratory negative. 

The low proportion of neonates with laboratory confirmation is not surprising: Zika qRT-

PCR is very specific but less sensitive, especially if the virus has disappeared from serum 

at the end of pregnancy. IgM is more sensitive as it is a marker of recent infection, only 

synthesized by the fetus; however, the duration of persistence is unknown and might have 

also disappeared at birth.18

Our finding of a higher ZIKV positivity in CSF then in serum (both qRT-PCR and capture-

IgM ELISA) highlights the relevance of this biological specimen to confirm the diagnosis 

of ZIKV infection in neonates with microcephaly. However, the good agreement between 

ZIKV positive IgM in CSF and serum observed places IgM in serum as an alternative to 
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the diagnosis. The qRT-PCR still positive in neonates suggested either the infection occurred 

late in pregnancy or the persistence of the virus for a long period.19 It appears that ZIKV 

might persist in CSF for longer than in serum.

Our study confirms the ZIKV PRNT50 seropositivity (63%) among mothers of controls 

found in the preliminary analysis – which represents the population- indicating that by 

December 2016 a large part of the population of Recife had been exposed to ZIKV infection. 

Similar frequencies were observed in Yap Island,20 and in the French Polynesia after their 

outbreaks of ZIKV.21 Population-based sero-surveys are needed to better estimate the stage 

of the epidemic in different parts of Brazil, and in different countries. Mothers of cases 

and controls were mostly young and immune to multi-types Flavivirus infections, mainly to 

the combination of ZIKV, DENV3 and DENV4. This maternal DENV immune reflects the 

epidemiology of DENV circulation in the area in the last 30 years investigation of the effect 

of previous dengue.

The similarity of socio economic conditions between cases and controls is not surprising 

because they were matched by area of residence.22 This procedure was based on a rapid 

survey of the Aedes aegypti infestation (Levantamento Rapido de Indice para Aedes 
aegypti–LIRAa), performed by the National Dengue Control Program to estimate dengue 

vector densities. In addition, the study only included women delivering in the public health 

system. Overall the surveillance of microcephaly data from National Information System 

on Live Births (SINASC) indicated that the majority of the microcephaly were from low 

socioeconomic status.12

At the beginning of the microcephaly epidemic the hypothesis was raised that the 

microcephaly was due to larvicides added to water domestic reservoirs for vector control,2,3 

common in areas of water shortage (a new larvicide, Pyriproxyfen was introduced in 

2014, by the Brazilian Ministry of Health),2,23 and vaccines during pregnancy,23 (the 

microcephaly overlapped followed the introduction of Tdap to pregnant women to reduce 

the risk of pertussis in the first months of life). Our results provides evidence rejecting both 

hypothesis, confirming the findings of an ecological study in the Pernambuco State3 and 

previous studies on the safety of Tdap vaccine administration during pregnancy.24,25

The association between reported smoking during pregnancy and microcephaly was 

explained by confounding as smoking was associated with poverty and poverty with Zika. 

Smoking causes other adverse perinatal outcomes (such as stillbirth, preterm birth, low birth 

weight and SGA),26 including other birth defects, none related to microcephaly.27

In our data skin color was not statistically associated with socioeconomic conditions, 

although this association is well documented28 probably to relatively homogeneous 

conditions of the study population. Areas of low socioeconomic conditions suffer 

more environmental degradation and favorable conditions for mosquito breeding and, 

consequently, infection transmission.

The study population was restricted to babies delivered in maternity hospitals of the 

Public Health System (SUS), however approximately 62% of the total number of births 

in Recife occur in the SUS, according to the National Information System on Live Births 
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(SINASC).29 In the state of Pernambuco, in 2014, the proportion of deliveries in hospital 

was 99%.29

Although neonates were examined at birth, because of the nature of the case-control design, 

information on exposures during gestational period are reported by the mother. Therefore, 

presence of rash, timing of the rash, other infections during pregnancy as well as exposure 

to the other potential risk factors such as larvicides may be subject to recall bias. Cohorts 

of pregnant women currently being conducted (ZIKA-Plan and others) will be able to 

assess the timing of the onset of ZIKV infection, whether co-factors increase the risk of 

microcephaly and describe the full spectrum of the adverse outcome of pregnancy.

The recruitment of neonates and collection of samples at birth ensures that laboratory 

confirmation resulted from intrauterine, rather than post-natal, ZIKV infection. We used the 

best available assays for recent Zika virus infection, however at birth neonates and mothers 

may not have detectable viral RNA or IgM antibodies.

In conclusion, our data shows evidence that microcephaly epidemic is a result of Zika 

virus infection during pregnancy. No other potential risk factors were implicated with the 

microcephalic cases. Neither a negative brain image or a negative laboratory result alone is 

grounds for discarding Zika as a cause of individual cases of microcephaly.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of participants of the case-control study of microcephaly and Zika virus infection 

in pregnancy. Pernambuco - Brazil, 2016.
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Table 1
Characteristics of mothers and neonates

Cases
(n=91)

Controls
(n=173) p value

Mothers

Age, years

    13-24 44 (48%) 95 (55%) 0·11

    25-34 29 (32%) 60 (35%)

    ≥35 18 (20%) 18 (10%)

Number of years in education

    <4 17 (19%) 20 (11%) 0·13

    5-9 36 (40%) 60 (35%)

    10-12 33 (36%) 87 (50%)

    ≥ 13, higher education 5 (5%) 6 (4%)

Reported rash during pregnancy

    No rash 66 (73%) 139 (80%) 0·10

    First trimester 7 (8%) 10 (6%)

    Second trimester 13 (14%) 10 (6%)

    Third trimester 5 (5%) 14 (8%)

Specific antibodies, PRNT50

    Zika virus positive 62 (70%) 99 (57%) 0·05

    Zika virus negative 27 (30%) 74 (43%)

    Not done 2 0

Neonates

Sex

    Girls 61 (67%) 84 (49%) <0·01

    Boys 29 (32%) 89 (51%)

    Intersex 1 (1%) 0

Gestational age

    Term (≥ 37 weeks) 66 (72%) 153 (88%) <0·01

    Premature (≤36 weeks) 25 (28%) 20 (12%)

Birthweight, g

    ≥2500 21 (23%) 159 (92%) <0·01

    1500-2499 52 (57%) 14 (8%)

    <1500 18 (20%) 0

Weight for gestational age

    Normal 14 (17%) 165 (95%) < 0·01

    Small for gestational age 69 (83%) 8 (5%)

    Not done† 8 0

Data are n (%). PRNT50=plaque reduction neutralization test.

†
Not available in 8 stillbirths.
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Table 2
Cases by laboratory confirmation by qRT-PCR or Zika specific IgM in cerebrospinal 
fluid, serum samples or tissue macerate

qRT-PCR
Positive/Total (%)

Zika Virus-specific IgM
Positive/Total (%)

Both Tests
Positive/Total (%)

Cerebrospinal Fluid 17/70 (24%) 10/70 (14%) 25/71 (35%)

Serum 1/78 (1%) 9/79 (11%) 10/79 (13%)

Tissue macerate 7/9 (78%) - -

Overall ZIKV positive by any specimen: 32/91 (35%).
CSF or Serum not collected for 9 stillbirths, 2 neonatal deaths and 11 for other reasons.
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Table 3

Cases* by laboratory confirmation of Zika infection (qRT-PCR or specific IgM) and brain 
imaging findings

Laboratory confirmation

ZIKV positive ZIKV negative p value

Brain imaging

           Abnormal 12/23 (52%)       17/56 (30%) 0·068

            Normal 11/23 (48%)       39/56 (70%) Chi2 =3·34

*
Only for cases with brain imaging and laboratory results.
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Table 4
Association between microcephaly and co-factors investigated

Case
(n=91)

Control
(n=173) OR 95% CI p value

Mother race/skin color

    Not White 84 (92%) 141 (82%) 1·0 - -

    White 7 (8%) 32 (19%) 0·3 0·1 – 0·7 0·01

Family per capita income (US Dollar)

    ≤ 56·0 24 (29%) 43 (25%) 1·0 - -

    56·0 – 96·9 22 (26%) 39 (23%) 1·0 0·5 – 2·1 0·97

    97·0 – 168·6 19 (23%) 43 (25%) 0·8 0·4 – 1·7 0·63

    > 168·6 19 (23%) 44 (26%) 0·8 0·4 – 1·6 0·47

  Ignored 7 4

Economic Class (ABEP)

    D-E 52 (57%) 83 (48%) 1·0 - -

    C2 28 (31%) 60 (35%) 0·7 0·4 – 1·3 0·26

    B2-C1 11 (12%) 30 (17%) 0·6 0·3 – 1·3 0·17

Siblings with malformation
(included microcephaly)

    Not 53 (96%) 89 (98%) 1.0

    Yes 2 (4%) 2 (2%) 1·7 0·2 – 16·4 0·62

    Had no siblings 36 82

Parents familiar history of microcephaly
or other malformation

    Not 65 (71%) 124 (72%) 1·0 - -

    Yes 26 (29%) 49 (28%) 1·0 0·6 – 1·8 0·96

Mother use of folic acid in pregnancy (self-reported)

    Yes, regularly 56 (63%) 120 (69%) 1·0 - -

    Yes, eventually 15 (17%) 18 (10%) 1·7 0·8 – 3·4 0·18

    Not 18 (20%) 35 (20%) 1·1 0·6 – 2·1 0·79

    Not known 2 0 - - -

Mother use of medication for epilepsy (self-reported)

    Not 87 (96%) 164 (95%) 1·0 - -

    Yes 4 (4%) 9 (5%) 0·8 0·3 - 2·5 0·77

Vaccines

Tdap

    Not 34 (43%) 45 (30%) 1·0 - -

    Yes 45 (57%) 107 (70%) 0·6 0·3 – 1·0 0·06

    Not known 12 21

MR (Measles/rubella)

    Not 69 (96%) 130 (96%) 1·0 - -

    Yes 3 (4%) 6 (4%) 0·9 0·2 – 3·3 0·90

    Not known 19 37
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Case
(n=91)

Control
(n=173) OR 95% CI p value

MMR (measles/rubella/mumps)

    Not 69 (96%) 131 (96%) 1·0 - -

    Yes 3 (4%) 5 (4%) 1·1 0·3 – 5·0 0·88

    Not known 19 37

Mothers risk behavior in pregnancy

Smoking

    No 73 (80%) 161 (93%) 1·0

    Yes 18 (20%) 12 (7%) 3·2 1·5 – 7·0 <0·01

Drink alcohol

    Not 75 (82%) 151 (87%) 1·0 - -

    Yes 16 (18%) 22 (13%) 1·6 0·8– 3·3 0·21

Recreational drugs

    Not 88 (97%) 172 (99%) 1·0 - -

    Yes 3 (3%) 1 (1%) 5·2 0·5 – 50·3 0·16

Exposure to other substances

Larvicides at the water storage site

    Not 42 (46%) 81 (47%) 1·0 - -

    Yes 49 (54%) 92 (53%) 1·0 0·6 – 1·8 0·89

Larvicida elsewhere in the house

    Not 77 (85%) 151 (87%) 1·0 - -

    Yes 14 (15%) 22 (13%) 1·3 0·6 – 2·8 0·45

Body Repellent

    Not 82 (90%) 160 (92%) 1·0 - -

    Yes. Daily 9 (10%) 13 (8%) 0·9 0·4 – 2·0 0·83

Exposure to pesticides at work

    Not 87 (96%) 169 (98%) 1·0 - -

    Yes 4 (4%) 4 (2%) 1·9 0·5 – 7·7 0·39
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Table 5
Association between microcephaly and laboratory confirmation of Zika virus infection

Cases
Positive/Total

Controls
Positive/Matched

Odds ratio
95% CI)

Serum or cerebrospinal fluid samples or macerated tissue*

   All cases 32/91 (35%) 0/173 87·0 (15·6 to ∞ )

   All cases adjusted† - - 73·1 (13·0 to ∞ )

Cases categorized by severity‡

   Severe (<-3SD) 19/26 (73%) 0/51 52·4 (9·1 to ∞ )

   Not (between -2SD and lower than -3SD) 13/65 (20%) 0/122 33·7 (5·6 to ∞ )

Cases categorized by brain imaging findings‡

   Abnormal 12/29 (41%) 0/53 32·2 (5·3 to ∞ )

   Normal 11/50 (22%) 0/97 29·3 (4·8 to ∞ )

*
Positive at qRT-PCR or Zika specific IgM.

†
ORs adjusted by smoking during pregnancy, acellular pertussis vaccine (Tdap) during pregnancy and skin color.

‡
ORs are crude in subgroup analysis due to small numbers.
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