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Summary

Background—The microcephaly epidemic, which started in Brazil in 2015, was declared a
Public Health Emergency of International Concern in 2016. The hypothesis that the epidemic
is caused by Zika virus (ZIKV) infection during pregnancy has not been investigated in a case-
control study.

Methods—~Preliminary report of a case-control study investigating the association between
microcephaly and ZIKV infection during pregnancy. Cases and controls born in eight public
hospitals in Recife, Brazil. Cases were neonates with microcephaly; controls were neonates
matched by expected date of delivery and area of residence. Serum of cases and controls and
Cerebrospinal Fluid (CSF) of cases were tested for Zika-specific IgM and quantitative reverse-
transcriptase-polymerase-chain-reaction (RT-PCR). The main exposure, indicating laboratory
confirmed ZIKV during pregnancy was positivity to Zika-specific IgM or RT-PCR in neonates.
Mother’s serum was tested with plaque-reduction-neutralization-assays (PRNT50) for ZIKV and
dengue virus. We estimated crude odds ratios (OR) and 95% confidence interval (95%CI) using
a median unbiased estimator for binary data in an unconditional logistic regression model. We
estimated ORs separately for cases with and without radiological brain abnormalities.

Findings—Thirty-two cases and 62 controls were recruited prospectively between January-May/
2016. 64% of the mothers of controls had ZIKV infection. Thirteen of the 32 cases (40-6%) and
none of the 62 controls had laboratory confirmed Zika with a crude overall OR=55-5 (95%CI1=8-6
to 00); OR=113-3 (95%CI=14-5 to oo) for those with abnormal brain imaging and OR=24-7
(95%CI=2-9 to o0) with normal brain imaging.

Interpretation—The microcephaly epidemic is a result of Congenital ZIKV Infection.

Funders—The study was funded by Brazilian Minister of Health (MoH), Pan American Health
Organization (PAHO), Enhancing Research Activity in Epidemic Situations (ERAES).

Background

An increase in numbers of neonates with microcephaly was detected in Brazil in August
2015, which was to become a major epidemic by late 2015. Up until June 25, 2016,

8,165 cases have been notified, of which 1,638 were confirmed, 3,466 excluded and 3,061
remain under investigation.1 Soon the hypothesis was formulated that the microcephaly
epidemic was caused by ZIKV infection during pregnancy. In November 2015, the Brazilian
MoH declared a Public Health Emergency of National Importance.2 Microcephaly results
from any insult that disturbs early brain growth, and can be caused by genetic variations,
teratogenic agents, or other congenital infections.3

ZIKV infection in humans was initially limited to sporadic cases in a small number of
countries and perceived not to cause outbreaks nor severe disease. Outbreaks were first
detected in the Pacific Islands, in 2007 and 2013. Since 2007 transmission has been detected
in 61countries and territories, most of them located in the Americas.4

In February 2016 the World Health Organization (WHO) declared in relation to the epidemic
that started in Brazil that “the cluster of microcephaly cases and other neurological disorders
[....] constitutes a Public Health Emergency of International Concern (PHEIC)’.5

Lancet Infect Dis. Author manuscript; available in PMC 2024 December 07.
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Since the hypothesis of the microcephaly epidemic being caused by Congenital Zika
Infection was first proposed in Brazil6 there has been an accumulation of evidence
supporting the hypothesis.7—17 The causal relationship between Zika virus and birth defects
was strong enough to be considered causal, but that the argument would be stronger if
confirmed by at least one case control study and a cohort study.18 Indeed, the evidence so
far comes from case reports,16 case series,19,20 modeling studies,17 and the preliminary
reporting of a cohort study.7 None included appropriate population control groups. This is

a report of the preliminary analysis of a case-control study conducted, at request of the
Brazilian MoH, to investigate the causes of the microcephaly epidemic in Brazil; the main
hypothesis was that it is caused by congenital ZIKV infection.

Methods
Study design

A case-control study, with prospective recruitment of newly born cases and concurrent
controls.

Study period
Neonates were born between January 15, 2016 and May 2, 2016.

Setting

The study site was the metropolitan region of Recife, Pernambuco State, Brazil.

Study population

Neonates born to women resident in Pernambuco and delivered in eight public maternity
units. Neonates with anencephaly or encephalocele were excluded.

Case definition

Microcephaly defined as head circumference (HC) of two standard deviations below the
mean for sex and gestational age in the Fenton Growth Chart.21

Control definition

Live neonates without microcephaly and with normal brain imaging by transfontanellar
ultrasonography (USG) and no major birth defects detected by physical examination by a
neonatologist.

Matching criteria

Two controls were selected for each case, 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). The criteria for matching for expected date of delivery was specific for
gestational age of cases. For cases born at term and post-term (37 weeks or more), controls
were the next eligible neonates born of gestational aged 37 weeks or more. For early preterm
cases (born at <34 weeks) controls were the next eligible neonates who were of <34 weeks
gestational age at the date of birth of the case. For preterm cases (born between 34 and 36
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weeks gestational age), controls were the next two eligible neonates born between 34 and 36
weeks of gestational age at the time of birth of the case.

Gestational age was estimated from fetal USG performed in the first trimester. If USG
was not available, gestational age was estimated from the date of the last menstrual period
recorded in the antenatal care card or informed by the woman.

Head circumference was measured in the delivery room using a non-stretch Teflon tape.

If microcephaly was detected, cord blood was collected. If microcephaly was confirmed in a
second HC measurement 12-24 hours after birth, the neonate was considered eligible for the
study.

Two controls were selected (2:1), amongst the first neonates born from the following
morning in one of the study hospitals with normal HC, meeting the matching criteria. Cord
blood was collected from the neonate eligible as a control.

Data collection

Imaging

After the mothers signed the informed consent form, samples were collected, mothers
interviewed and children referred for brain imaging. Interviews were conducted in the
hospital by a trained female nurse, using a structured standardized questionnaire.

Radiological brain imaging was performed for cases using CT-scan without contrast and for
controls by transfontanellar USG by radiologist.

Sample collection and laboratory testing

CSF of cases was collected by the study neonatologists. Umbilical cord blood was collected
in the delivery room from cases and controls; when necessary, peripheral blood was
collected before the neonate left hospital. Blood samples were sent to the Virology and
Experimental Therapy Department (LAVITE-FIOCRUZ-PE) where they were aliquoted and
stored. Macerated tissue material from neonatal deaths and stillbirths underwent testing by
RT-PCR.

Serum and CSF samples were analyzed by RT-PCR and for the detection of ZIKV-specific
IgM antibodies. For the RT-PCR, RNA was extracted from specimens and subjected to
reverse transcription and amplification; for serology, a capture ELISA based on the US
Centers for Disease Control and Prevention (CDC) Emergency Use Authorization protocol
was used, with reagents from CDC Fort Collins, USA.22 For the ELISA assay both ZIKV
and DENV were tested in parallel to check for cross-reactivity. For mothers and neonates the
presence of neutralizing antibodies to Zika virus and dengue virus (DENV1-4) was assessed
by plaque reduction neutralization assay (PRNTsq) in Vero cells, following a protocol
described in details elsewhere.23 PRNT5q assay was carried out using the virus strain ZIKV
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PE/243 isolated in Pernambuco, Brazil. Serum of mothers and neonates were tested for
specific IgM and IgG antibodies for toxoplasmasis, rubella and cytomegalovirus (the main
infectious causes congenital microcephaly).24

Variable definition

Main outcome—Microcephaly, defined as head circumference at least 2 standard
deviations (SD) below the mean for gestational age and sex.

Main exposure—For investigating the association, a positive reverse transcription-
polymerase chain reaction (RT-PCR) and/or a positive IgM antibody against ZIKV were
considered as laboratory confirmation.

Brain imaging (computed tomography scan (CT-scan) in cases and USG in controls) was
classified for the purpose of this analysis, into normal or abnormal (including, calcification,
ventriculomegaly, lissencephaly).

A neonate was considered to be small for gestation age (SGA) when the birth weight was
below the 10t percentile for gestational age and sex in the Fenton Growth Chart.

Sample size calculation

The original study aimed to include 200 cases and 400 controls, to have 90% power, 95%
precision to detect an association of a magnitude of two (OR=2) or larger, assuming that
67% of cases were exposed.

Statistical analysis

We described features of cases and controls and their mothers. We estimated the crude

OR and 95%CI for the association between microcephaly and laboratory confirmation of
ZIKV infection, considering the results in serum or CSF (cases) and results in serum alone
(controls), overall and separately according to presence of abnormalities in brain imaging
of the cases. To deal with the fact that all controls were ZIKV negative, the OR was
calculated using the median unbiased estimator for binary data in an unconditional logistic
regression model.25,26 This statistical approach is appropriate for zero cells, and applied
to our situation in which the sample size for this preliminary analysis is comparatively
small and data structure sparse. Another consequence of all controls being Zika negative
was that although the design was matched, a conditional, matched analysis was not needed
as matched and unmatched analysis will give the same result. We calculated OR adjusted
for mother’s age and schooling of mothers (as a proxy of socioeconomic status) for the
overall association. Since serum is easier to collect than CSF, we investigated the agreement
between RT-PCR and Zika-specific IgM both for serum and CSF and between levels of
Zika-specific IgM serum and CSF.

The protocol was approved by the Research Ethics Committee of PAHO (2015-12-0075) and
Fiocruz-PE/CONEPE/CAAE (1.380.943).

Lancet Infect Dis. Author manuscript; available in PMC 2024 December 07.
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Role of the funding sources

Results

Interests have been declared in-line with WHO policy and no conflicts of interest identified
from any of the contributors. The corresponding author had full access to all the data in the
study and had final responsibility for the decision to submit for publication.

This preliminary analysis included 32 neonates with microcephaly (cases) and 62 neonates
without microcephaly (controls). A photograph and cerebral tomography image of one of
the cases showed features previously described during the current microcephaly epidemic27
(annex figure 1).

Two cases had only one control. The participation rate was 100% for cases and 76% for
controls. No control was excluded due to birth defects. For five cases, brain imaging was not
undertaken: three died in intensive care before CT-scan was conducted, one was a stillborn,
and another was in intensive care at the time of this analysis. Those five were included in the
analysis for all cases and excluded from the analysis stratified by radiological brain imaging.

Gestational age (GA) was estimated based on antenatal care fetal USG. For cases, in 14
(43-7%) GA was calculated based on USG in the first trimester of pregnancy; 11 (34-4%)
in the second, three (9-4%) in third trimester. Only one GA for cases (3-1%) was based on
reported last menstrual period (LMP), and three (9:4%) by Capurro method (carried out by
study neonatologists). For controls, in 27 (43-5%) GA was calculated based on antenatal
care fetal USG in the first trimester, 22 (35-5%) at the second, five (8-1%) at third trimester,
five (8:1%) by maternal report of LMP, and three (4-8%) by Capurro method.28

Approximately of 59% of the mothers of cases did not reported rash, versus 74% of controls,
but the difference did not reach statistical significance at 5% level. Mothers of cases had less
schooling than of controls, but this difference was not statistically significant. Mothers of
cases had slightly higher frequency of ZIKV positivity by PRNT50 (80%) than the mothers
of controls (64%), but this was not statistically significantly different (table 1). Around

10% of the mothers had ZIKV as a primary Flavivirus infection including the mothers of
five cases. Overall 55% of the cases and controls had more than one Flavivirus infection,
with DENV-3 and DENV-4 the predominant dengue serotypes (annex table 1). Results of
PRNT50 for ZIKV and DENV were similar in mother - neonate pairs (data not shown).

A proportion of 34-4% of the cases had severe microcephaly (head circumference <3SD
below the mean for sex and gestational age at birth). A higher proportion of cases were born
with low birth weight and small for gestational age; these differences were statistically
significant. Neonates small for gestational age was very frequent: 84-4% of the cases
compared to 6:4% of controls. Of the 27 cases investigated for brain imaging, 11 had
imaging with one or more abnormalities: seven had calcifications, five ventriculomegaly, one
lissencephaly and six other abnormalities (table 1).

None of the 62 controls tested for RT-PCR in serum were positive; none of the 59 controls
tested for Zika-specific IgM in serum were positive; 40-6% of cases tested positive for Zika

Lancet Infect Dis. Author manuscript; available in PMC 2024 December 07.
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(by RT-PCR or Zika-specific IgM) in CSF or serum, and 28-1% in serum only (table 2).
No cross-reactivity with IgM dengue-specific IgM was observed among ZIKV IgM positive
samples.

The overall crude OR for microcephaly and laboratory confirmed Zika infection was 55-5
(95%CI=86 to o0); and very similar when adjusted by mother’s education and by mothers
age. The magnitude of the association in cases with radiological brain abnormality at
CT-scan was very strong: OR=113.3 (95%CI=14-5 to 00); in cases with normal brain
imaging was still strong and statistically significant (OR=24-7; 95%CI=2-9 to 0). When
only serum results were considered, the magnitude of the crude association was strong
OR=31-7 (95%CI=4-7 to 00), even after adjustment. The magnitude of the association
among the cases with radiological brain abnormality at CT scan was very strong, OR=80-9
(95%CI=10-2 to 00) and in cases with normal brain imaging, still strong but not statistically
significant (OR=3-9; 95%CI1=0-1 to oo) (table 3).

Out of 13 ZIKV positive neonates four had normal imaging. Of the six cases whose mothers
were seronegative to ZIKV (PRNT5) five neonates were also negative (to Zika specific IgM
or RT-PCR in serum or CSF), and one was RT-PCR positive. Annex table 2 presents the
characteristics of cases and controls.

There was good agreement between positivity at Zika-specific IgM in serum and CSF
(Kappa 0-91, 95%CI=0-74 to 1-00). The proportion of cases that had Zika-specific IgM in
CSF was 28% and in serum 25%, and the geometric mean in CSF was 23-62 (95%CI1=18-8
to 29:6) and in serum 16-8 (95%CI=12-3 to 23-0). No neonate nor their mothers had
toxoplasmosis, rubella and cytomegalovirus specific IgM in serum. A high proportion of
mothers of cases and controls had 1gG in serum: for toxoplasmosis this was 53% for cases
and 44% for controls; for CMV, 87-5% for cases 76% for controls; and for rubella, 62:5%
for cases and 74% for controls. These were not statistically significant (data not shown).

Discussion

We found a remarkably strong association between microcephaly and laboratory
confirmation of ZIKV infection by RT-PCR or Zika-specific IgM in CSF or serum. The

risk was over 50 times higher overall, and over 100 times in cases with abnormal brain
imaging but was also present in cases with normal imaging. RT-PCR or Zika-specific IgM
were only positive in neonates with microcephaly and negative in serum of all neonates in
the control group. More than half of the neonates with microcephaly had normal radiological
imaging. There was very good agreement of Zika-specific IgM positivity in serum and in
CSF of neonates.

Our study is the first to estimate seroprevalence of ZIKV infection in pregnant women in

an epidemic area in Brazil. The high ZIKV PRNTg seropositivity (63%) among mothers of
controls might suggest the high frequency of ZIKV infection in this group in Recife. Similar
frequencies of Zika infection in the general population were found in Yap Island29 and in
French Polynesia after their outbreaks17. We can not determine with any degree of certainty
the timing of the Zika infection, before or during pregnancy in a case-control study. A cohort

Lancet Infect Dis. Author manuscript; available in PMC 2024 December 07.
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of pregnant women will be able to assess the timing of the onset of ZIKV infection and
relate it to the full spectrum of the adverse outcome of pregnancy.

We found a higher frequency of multitypic Flavivirus infections including ZIKV and
DENV-3/DENV-4 serotypes, the predominant DENV profile in the study area.23 We used
the best available test authorized by Food and Drug Administration (CDC Zika IgM
antibody capture enzyme-linked immunosorbent assay) for antibody testing.30 All IgM
ZIKV positive samples were confirmed by PRNT50. This approach is recommended by
CDC guidelines31 to rule out false-positive results.

Our study has limitations inherent to a preliminary analysis. The management team decided
to perform the analysis mainly because the microcephaly epidemic is considered a public
health emergency of international concern. There was a sense of urgency in finding the
answer to the main study question, i.e. the association between the ZIKV infection and the
microcephaly. Although this sample size had 82% power to demonstrate the association,
we are aware that interim analysis can overestimate the strength of an association so the
magnitude needs to be treated with some caution. The case-control study will continue

to investigate the current and alternative hypotheses as well as the role of cofactors, and
provide final estimates.

There was a clinical indication to collect CSF from cases, but for ethical reasons — lack of a
clinical indication - no CSF was collected from controls; therefore the association in which
laboratory confirmation includes CSF test results if not strictly a fair comparison. However,
presence of Zika-specific IgM in CSF indicates an infection in the neural system of the
neonate (as IgM does not cross the placenta or the blood-brain barrier and therefore it is
produced by the neonate and not by the mother); and given the good concordance between
serum and CSF, we consider it highly unlikely that neonates of the control group had
Zika-specific IgM in CSF. The prospective recruitment of neonates with samples collected
at birth ensures that the presence of Zika specific IgM or RT-PCR results originating from
intrauterine, rather than post-natal ZIKV infection.

The striking association between microcephaly and laboratory confirmed ZIKV infection
found in our study adds the necessary epidemiological — counterfactual - evidence (given
the presence of a rigorously selected control group) - to the process of confirming
causality.12,32

We expect one component of the congenital Zika syndrome to be intrauterine growth
restriction; we found a very high proportion of neonates who were small for gestational
age among cases of microcephaly. Brasil et al reported fetal growth restriction in fetuses
of mothers who had Zika during pregnancy.7 In June 2016 WHO recommended the use

of Intergrowth-21 Size at Birth Standards for identifying neonates with microcephaly.33

In our study if we had classified the cases using Intergrowth-21 instead of Fenton curve,
seven cases would be misclassified, six of them with borderline measurements (two had
abnormal brain image, another one was ZIKV IgM positive in the CSF). Therefore, the use
of Fenton parameter in our study does not seem to introduce bias. Even if seven neonates
were misclassified it would underestimate the strength of the association.

Lancet Infect Dis. Author manuscript; available in PMC 2024 December 07.
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Surprisingly, in our study only seven of 27 cases with CT scan investigation had

abnormal brain imaging. This is in contrast with the few series of children with
microcephaly published, in which neonates with microcephaly investigated had abnormal
brain imaging.19,20,32,34 It is not clear whether neonates with microcephaly and normal
brain imaging were excluded.20,32 The association with ZIKV laboratory confirmation
was also present in neonates with microcephaly with normal brain imaging, indicating that
congenital ZIKV syndrome can be present in neonates with microcephaly and normal brain
imaging.

In our results, the detection of Zika-specific IgM (CDC protocol) in neonates with
microcephaly appears to be an adequate for the diagnosis of congenital ZIKV (although not
for its exclusion). The question of Flavivirus cross-reactivity, particularly for dengue,23,32
may not be relevant in neonates, as intrauterine infection with dengue is unlikely, and
maternal IgM do not cross the placenta barrier; this is consistent with a recent study of
ZIKV and dengue specific IgM in maternal-neonate with microcephaly pairs where cross-
reaction in neonates was not relevant for Zika-specific IgM.35 We suggest that Zika-specific
IgM in serum is a useful alternative to in CSF when CSF collection is a challenge.

In view of the association between ZIKV infection and microcephaly with normal
radiological brain imaging, it may be worth reconsidering guidance on excluding cases of
microcephaly based on normal brain imaging in surveillance and diagnostics of congenital
ZIKV.

If the causal link between ZIKV infection during pregnancy and microcephaly is true, ZIKV
is the cause of the PHEIC, and we should prepare for the epidemic of microcephaly to
expand to all countries with current autochthonous ZIKV transmission and to those where
ZIKV transmission is likely to expand to.36,37

We conclude that the microcephaly epidemic is a result of congenital ZIKV infection. We
recommend that the list of congenital infections normally referred to as TORCH, to be
renamed as TORCHZ, and that we prepare for a global epidemic of microcephaly and other
manifestations of Congenital Zika Syndrome.
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Figure 1. Newborn with microcephaly with confirmed zika labor atory exams and abnormal CT
scan

The neonate shows phenotypical features previously described during the microcephaly
epidemic, including craniofacial disproportion, prominent externa occipital protuberance
and excessive scalp skin (photo, left). Radiological features found on brain imaging (CT
image, right) include reduced volume of cortical brain parenchyma, cortical and subcortical
calcifications, simplified gyral pattern and ventriculomegaly.
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