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1. PRIMARY OBJECTIVE

To investigate factors associated with microcephal

2. SECONDARY OBJECTIVES

. To identify the association between potential rfaktors and microcephaly: infections in

pregnancy (Zika, Chicungunya, Dengue, ToRCHeS) atitkrs, use of medicines (including

vaccines) in pregnancy, environmental exposuredu@ing larvicides and insecticides), radiation,
drugs and alcohol abuse, parental consanguinityilffehistory of malformations and other classic

teratogenic agents.

. To explore whether the effect of the identified téas varies with gestational age during

exposure, and whether there is interaction betwleeeffects of co-infections and between infections
and medications.

. To describe the phenotype and clinical, laboratmmg imaging characteristics of newborns
with microcephaly.

* To identify congenital abnormalities present inesaglentified of microcephaly.

3. STUDY CONTEXT

In October 2015, the Brazilian Ministry of Health identified a notable increase in cases of microcephaly in the
state of Pernambuco, northeastern Brazil. Until November 28”‘, 2015, 1,248 suspected cases of microcephaly
in 311 municipalities in 14 Brazilian federal units had already been reported. The largest number of cases was
registered in Pernambuco with identification of 646 suspected cases of microcephaly from the early 2015,
followed by states in Paraiba (248 cases) and Rio Grande do Norte (79 cases). On November 10", 2015 the
Ministry of Health decreed Public Health Emergency of National Importance to give greater agility to the

investigations.



4. METHOD
Study design:

A case-control study, with prospective recruitmeftnewly born cases and concurrent

controls.

5. STUDY POPULATION AND PLACE

The place of the studyis the metropolitan region of Recife. Recife (P&pne of the oldest
capitals of the Brazilian Northeast region, anénsbedded in dense metropolitan areas, with
high levels of inequalitiés living proof of the accelerated process of urbation that has
taken place in Brazil in recent decades. Otherezemhay be incorporated if necessary.
The population of the study are newborns from mmsthiging in Pernambuco and born in
the metropolitan region of Recife in the matersiiiecluded in the study.
Study maternities: Maternities included in the study are listed iraeliment 1. During
pilot study and during the conduction of the studggruitment will be monitored and other

hospitals, other geographical areas, can be podtemcluded if necessary.

6. CASE DEFINITION

Case:Newborn (dead or alivéwith a head circumference below the defined thokesm
accordance with appropriate standards for gestlteye and sex in the appropriate chart. The
head circumference will be measured at birth andicoed by physical examination, between
12 and 24 hours, per neonatologist physician ppéting in the research. Newborns will be
included if they have a head circumference less traequal to the 3 percentile (bellow two
standard deviations from the mean) in Fenton Gro@thart (Fenton and Kim, 2013),
Attachment 2. Live newborns with a gestational afjeess than 22 weeks will be included if
they have a head circumference less than or equilet %' percentile in Table developed by
Snijders & Nicolaides (Snijders & Nicolaides, 1994)

! Gini index in 2000: Recife: 0.68; Salvador: 0.66d S&o Luis: 0.65 (Recife City Hall.) Human Depeahent
Atlas in Recife, 2005. http://www.recife.pe.govdrféecplanejamento/pnud2006/.

2 Live births are all newborns, regardless of birth weight anmtyile of pregnancy, showing any sign of life
(crying, breathing movement, heartbeat, umbilicaidcpulsation, or effective movement of voluntarysules),
whether or not the umbilical cord was cut and whethr not the placenta was detached (ICD-10, WHO).
Stillbirths are all newborns with no sign of life, if the pregicy was longer than 22 weeks, or the fetus hdg bo
weight higher than 500 grams or height equal thigher than 25 cm (ICD-10%tillbirths under 500 grams in
weight and/or gestational age less than 22 weeltsatle considered abortions (ICD-10) will be exeldd
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The HC was confirmed in a second measurement 1&ft24 birth by a neonatologist, the

neonate was considered eligible for the study.

Exclusions: Anencephaly and encephalocele.

Gestational age:For evaluation of microcephaly, gestational agehef newborn will be
obtained from USG performed in the first trimegneferably between thé"@nd 14' week);
as second option, the date of the last menstrusdgp@_MP) recorded in the pregnant woman's

card or informed by the woman, and finally from UB&formed at any time in pregnaricy

7. CONTROL DEFINITION

Controls: Live newborns without microcephaly (both to liveths or stillbirthsf. Two

controls will be selected for each case.

8. RECRUITING CASES AND CONTROLS

CASES: All births, dead or alive, occurred in the hostaicluded in the study will be
clinically examined in order to identify microcepha The cases will be identified
prospectively. The study will only include casesnutrocephaly born during the study period

in the hospitals selected for the stddy.

% In the absence of USG in the first trimester aridrimation on LMP, standards specified in the Stadd
Operational Protocol of fetal medicine will be colesed.

* Live controls were chosen because they are repegsenof the population that produced the casgkbihs are

not the best control group because they died ametfibre are matched by death. Thus, newborns fither causes
would be less representative of newborns withoutrogiephaly in cases reference population. Since dne also
fetal deaths, there would be more frequently betwteem newborns having characteristics and expositi
associated with such conditions and causes of dieathstillbirth controls represent a special pnin non-cases in
the study base. (Wacholder et al, 1992).

® Cases of newborns with microcephaly born in ottespitals and sent for clinical investigation amafinical
care will not be considered cases of this study.



CONTROLS: For each case, two controls were selected, franfitst neonates born from
the following morning in one of the study hospitalish normal HC, matched by expected time
of delivery and mother's home afea.

Approximate date of delivery: The approximate date of delivery will be calcuthfeom

the gestational age.

Matching by approximate date of delivery: Controls will be matched to cases by the
approximate date of delivery, so the case andoitdrals will have been conceived in similar
periods. For cases born at full term and post-t@mmto < 45 weeks), will be recruited, i.e. the
first two full term newborns that are born from & af the following day of the birth of the
case’ For preterm cases, controls must be matched byogippate date of delivery within
defined intervals. The intervals are: < 34 weedarly preterm) and 34 to < 37 weeks (late
preterm). For preterm controls, the first two fidfm newborns that are born from 8 am of the
day defined as the expected date of delivery wlsblected, according to the table below:

Gestational age of the case Selected born controls

37 to < 39 weeks 14 days after the birth of the case
34 to < 37 weeks 28 days after the birth of the case
< 34 weeks 42 days after the birth of the case

Matching by mother's living area: the controls will be selected among newborns of
mothers living in the same area where the mothehefcase lives, using GERES (Regional

Health Areas) as criterion.

The control may not have microcephaly, but doesnegessarily need to be healthy; may
have some morbidity; however, newborns identifiesl @ossible controls that present

calcifications or other brain lesions found in inmggexams or other congenital malformation

®The matching of controls by area of residence gmiaximate date of delivery becomes important tsues
comparability between cases and controls for exgssiinat vary over time, the likeness of the petsoe calculation
in cohort studies, given that membership in thesafsthe study is time dependent.

’ This criterion will elect the controls before thbirth, independent of any characteristic of thected newborns.
This form of recruitment of controls facilitateslleation of blood sample from the umbilical corddanther
biological material. The control can be born inifedent year than the one when the newborn witbradephaly
was born.
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will be excluded. All data refer to newborns and the births, hence twin birth newborns will

be considered separately (attachment 4).

9. COMPARISON GROUPS FOR STILLBIRTH CASES

In addition to include usual controls for all cagssllbirths or live births), the study will
include comparison groups for stillbirths, to makpossible the comparison of virus isolation
in these groups, using not acceptable or impossibkstigations in living controls.

Stillbirth cases: A comparison group will consist of a sample ofllstths referred to post-
mortem examinatiorservice during the study period. Stillbirth cases astillbirths of the
comparison group (stillbirths without microcephalyill undergo autopsy and have material
collected for investigations.

10.INFORMATION AND SAMPLE COLLECTION

After signing the informed consent, a standardtedeec questionnaire will be applied to
mothers of cases and controls. Hospital recordspaanatal booklets will be reviewed and

information collected in a systematic way.

Collection of biological material and imaging testdl be performed for cases, controls or
comparison groups according to the table belovpohg the standard operational procedures

(SOP) including storage of biological materials fiather testing.

Collection of umbilical cord blood

Collection of mother’s blood X
Autopsy with material collection Stillbirth cases X
CSF Collection X
CT scan without contrast X
Transfontanellar ultrasound Cases with an X
open fontanelle
Placenta and umbilical cord fragments Sample sample
Questionnaire-interview of mothers / prenatal X X
booklet
Structured review of medical records X X



Samples of umbilical cord blood and cerebrospitaidf (CSF) of newborns must be
collected at birth, along with blood (serum) of thether. Regarding the newborn, 10 mL of
umbilical cord blood will be collected, of whichrBL will be sent to LACEN/PE to perform
serology for Chikungunya, dengue, cytomegalovimnuella, toxoplasmosis and parvovirus
B19 and 5 mL will be sent to the virology laboratdfiocruz/PE for PCR for zika virus,
chikungunya, dengue, toxoplasmosis, cytomegalodngsas aliquot for the biobank. It will be
collected 3 mL of urine for research of cytomegales. For newborns with microcephaly, 1
mL of CSF will be collected for investigation of kai virus, chikungunya, dengue,
toxoplasmosis and as aliquot for the biobank. R#gg postpartum women, 20 mL of blood
will be collected to perform the same serologieats and the same molecular biology tests.

The placenta of a subsample of women for macms@nd microscopic tests, especially
villous and vascular changes, will be collected.fragment of the placenta for molecular
biology test will be removed.

Stillbirths will be referred to post-mortem exantina service, histopathological study and
molecular biology test. The same tests will be atpe for a stillbirth comparison group without
microcephaly referred to post-mortem examinasenvice for other reasons.

For all children with microcephaly, cranial CT saamd ultrasound without contrast will be
performed. And for the children without microcefghanly ultrasound will be performed.

All investigative procedures of cases form the déad of care in cases of microcephaly
proposed in the clinical research protocol of tteeSHealth Department of Pernambuco State.

(http://portal.saude.pe.gov.br/sites/portal.sauelgqy.br/files/protocolo_microcefalia_versao02
pdf)

11.DATA ENTRY

It will be prepared a platform that will include siructured database; mask for data
collection in tablet, where possible, mechanisms datomatic data entry, and for field
monitoring, including recruitment of cases, cordr@nd comparison group; flow of the

questionnaires and materials collected and exachgainy of results.



12. ANALYSIS PLAN

Sample calculation

Sample calculation for detection of the associatietween Zika virus infection during
pregnancy and the occurrence of microcephaly wdttsaatio> 2, 90% power, 5% significance
level and two-tailed test and the recruiting of tmatched controls for each case. Different
exposure proportions were considered among cassdting in different sample sizes as shown

in the table below. In view of these numbers, weidkd to include 200 cases and 400 controls.

Proportion among cases

n cases n controls (2 perseg
67% 136 272

50% 135 270

30% 183 366

* Parameters considered: OR = 2; pon@0%,; level of significance = 5%; matched twdeditest.

Proportion among cases

n cases n controls (3 perseg
67% 114 456

50% 112 448

30% 150 600

Data preparation

Data will be prepared and verified for consisteircthe traditional way.

Descriptive analysis

Characterize casesin accordance with phenotype, congenital malforomat clinical,

laboratory and imaging characteristics. If appietp; define phenotypes groups based on

image and neurological tests.

Investigate the frequency of calcifications or othebrain lesions found in imaging tests

of potential controls. Exclude these newborns from the control group, i&ride number is

9



enough, treat them as a separate group of cadé=] cawborns with brain injuries without

microcephaly.

Compare cases and controls, (and if the number is enodghthird group of newborns
with calcification, but without microcephaly) regarg social and demographic information
including questionnaire information, medical recoddinical examination and risk factors

investigated by the questionnaire or laboratoryraging tests.

Univariate analysis: Compare findings between cases and controls atioal to risk
factors investigated in general and in relationgéstational age at exposure. Compare the
proportion of cases and newborns with calcification others brain anomalies, but no

microcephaly, who had rash in pregnancy and theagesal age at rash.

Conditional logistic regression of microcephaly cass identifying risk factors for
microcephaly, global and separately, by trimestesazurrence of rash in pregnancy. Explore
interactions between rash with characteristics l{AZ(e) and the presence of antibodies

against dengue and chikungunya (ii) and medicatilomsg pregnancy (iii).

Non-conditional logistic regressionof newborns with calcifications or others brain
anomalies and without microcephaly (if the numiseznough) compared to controls.

13.ETHICAL CONSIDERATIONS

The protocol will be submitted to CONEP for evaloatin an emergency basis in view of
the severity and need for quick answers to the eoitg) microcephaly epidemic and social
transcendence of it. Despite such an emergencyprisject will follow all ethical procedures
recommended for this type of study.

Informed consent will be requested to all pregnammen or legal guardians. All
investigation tests and procedures are in alignnwatit the Clinical and Epidemiological
Protocol of Microcephaly of the State Health Depeit of Pernambuco (SES), developed in
conjunction with experts of the Executive Secretarof Health Surveillance, Central

Laboratory of SES (LACEN), Executive SecretariatHealthcare, Research Center Aggeu
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Magalhdes — CpgAM FIOCRUZ-PE and experts of leadigfgrence hospitals for care of
microcephaly (neuropediatricians, pediatriciangdtopediatricians and radiologists) and set in
routine care routine of mothers and pregnant women.

Invasive procedures in newborns will be avoidedhorimized by adopting strategies, such
as collection of umbilical cord blood at birth.

In the investigation of CNS changes, the method ¢lkposes the newborn to as little risk
as possible will be the one used, considering linecal indication as a priority. Thus, for the
choice of imaging test method of the central nesveystem, the research team along with
experts chose Computerized Tomography (CT) bec#@use faster and easier to perform
compared to Magnetic Resonance Imaging (MRI). Fases, the risk of exposure to the
radiation inherent to this test is outweighed by fotential benefits arising from the correct
initial assessment of newborns, considering thetfat this is a new clinical syndrome and the
need for an imaging test to diagnose malformatiemaluate the degree of impairment and the
occurrence of alleged infection of the CNS, ususignaled by the presence of calcifications.
In order to not expose the controls to the CT sttaCNS imaging for this population will be
obtained with USG-TF, which although is not the Imoek of choice to investigate calcifications
in the CNS of newborns, is considered a suitatloe;risk alternative and with no radiation
exposure. CSF analysis has also been indicatedobtord accompanying newborns with
microcephaly as part of the diagnostic investiggtiand the same laboratory collection
procedure will meet the needs of obtaining matdoatesearch. It is a procedure with potential
risk of accident of lesions to the CNS, althougis thsk is low when the procedure is
performed by an experienced specialist. The rekeprotocol provides for the hiring of a
skilled and experienced professional for the ctibecof CSF, which also meet the demands of
the care team.

14.PILOT
A pilot project will be conducted for two weeks. &lpilot will assess recruitment
procedures for cases and controls, proportion folseds, acceptance and understanding of the
questionnaire, feasibility of collecting biologicalaterials and flow of imaging tests, operation
of the data collection platform and monitoring adld procedures, and the frequency of cases
and the geographical distribution in the notifioatisystem. After pilot analysis, the number of

11



cases, geographic area, procedures for data prodwotd logistics for carrying out the study

will be reviewed.

15.TEAM RESPONSIBLE FOR PREPARING THE PROJECT

Celina Maria Turchi Martelli - PhD, MD, Visiting Rearcher CPgAM/Fiocruz-PE, Fellowship
PQ CNPq Level 1C, Epidemiology and Infectious Ds&sa

Laura Cunha Rodrigues - PhD, Invited ResearcheCdAM/Fiocruz-PE and professor of
Epidemiology and Infectious Diseases - Universitzandon/NP.

Thélia Velho Barreto de Araujo - PhD, professorbEgiidemiology. Postgraduate Program in
Public Health, UFPE. Researcher in reproductivdtihha@aea.

Ricardo Arraes de Alencar Ximenes - PhD, profes$@&pidemiology and Infectious Diseases,
Fellowship PQ CNPq Level 1B. UFPE.

Demacrito Miranda Filho - PhD, professor of Infects Diseases, Fellowship PQ CNPq Level
2. FCMPE/UPE.

Maria Cynthia Braga - PhD, MD, Fellowship PQ CNP@vel 1C, Pediatrician and
Epidemiologist of Infectious Diseases. CPgAM/Fi@eRE

Maria de Fatima P. Militdo de Albuquerque - PhDse@cher, Epidemiology of Infectious
Diseases, Fellowship PQ CNPq Level 1D. CPgAM/FindPi

Wayner Vieira Souza - PhD, researcher, FellowsiQpdNPq Level 1C. CPgAM/Fiocruz-PE

Ernesto Torres Marques - PhD, senior researchepmaridssor at University of Pittsburg/USA.
Vaccinology, Molecular Biology, Molecular ImmunolpgCPgAM/Fiocruz-PE

Maria Angela Wanderley Rocha, Master's Degree iopidal Medicine UFPE, pediatric
infectious disease physician, professor. Head dfad®éc Infectious Diseases Department of the
University Hospital Oswaldo Cruz FCM/UPE.

Regina Coeli Ferreira Ramos - Master's Degree ialtHeSciences UPE, pediatric infectious
disease physician. Coordinator of the refereneecctif microcephaly HUOC/UPE.

With the participation of representatives of thee€ixtive Secretariat of Health Surveillance of
Pernambuco’s State Health Department - and of thiegsor Sinval Pinto Brandao Filho, PhD,
director of CPgAM/, Fellowship of Research Produtgi (PQ) CNPq Level 2
CPgAM/Fiocruz-PE.
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17.ATTACHMENTS

ATTACHMENT 1. STUDY MATERNITIES

NAME OF THE ESTABLISHMENT CITY MANAGEMENT

INSTITUTO DE MEDICINA INTEGRAL PROFESSOR RECIFE BY CONTRACT
FERNANDO FIGUEIRA (IMIP).

UNIDADE MISTA PROF BARROS LIMA RECIFE MUNICIPAL
HOSPITAL BARAO DE LUCENA RECIFE STATE
HOSPITAL AGAMENON MAGALHAES RECIFE STATE
MATERNIDADE SANTA LUCIA RECIFE BY CONTRACT
POLICLINICA E MATERNIDADE ARNALDO MARQUES RECIFE MUNICIPAL
MATERNIDADE BANDEIRA FILHO RECIFE MUNICIPAL
HOSPITAL DAS CLINICAS RECIFE FEDERAL
CENTRO INTEGRADO DE SAUDE AMAURY DE MEDEIROS RECIFE STATE

CISAM

HOSPITAL DO TRICENTENARIO OLINDA BY CONTRACT
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ATTACHMENT 2. FENTON GROWTH CHART

a. Fenton Growth Chart for Girls

60 Fenton preterm growth chart - girls
T T T T 1 T T T T

L | i I [ | _— “,, s il | —7
55 = i e a0 e ol e

- I I v.“"_‘_,_u-' ’-'-_,—' 5D'“/ I L --'_"-

LAY I Rl i P
NP M i T

50 | = - a = T3“

40 / L L ,- — o o ::__...---_
o e S (ence e = o P =
a5 B ame s S e
=T T A= AT e L0 T
ERE _.-/,_' r” ”’I \_\eao—'_'_ 3 // -_-__-_._._.._.:” e
= i3 P e " ) L—T | a==Lot”
it e n
» 30 . e e e ~
2 o+
g =T Z
3] _ ',- I I P
£ 25 o T
oy 5 /
5 i I B B . A
(@] L i ]
20—
P
[ I _

-
)]
N

-
/‘ Ld
[ I e
7 G
507
4 =
/’ *
-
L Ca
7
| i’ Pl -
- (’ P -

35 = o i
| Hal B A‘_.-"

e z ¥
3 o I
i 7 B
- v A HpE = i
25 £
ey r s P .
E Bl / |
o B i s
o 2 1 ~
o P ;
= [F S ]
= o /1 LE
- o 7 .
£15 M 7l O P O P
T [ L 7 A | _
= B AT A AN "
et e Curves equal the WHO Growth Standard
e Wil at 50 weeks.
..... ! Sources: Intrauterine section - Germany (Voight 2010),

United States (Olsen 2010), Australia (Roberts 1998),
Canada (Kramer 2001). Scotland {Bonellie 2008), and
Italy (Bertina 2010). Post term section - the World Health
— - T - T - T ~ ~ - - T - 1 T Organization Growth Standard, 2006,

0 1 1 1 L L1 i www.ucalgary.ca/fenton

22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Date: ‘ ‘ ‘ ‘ ‘

Gestational age (weeks)

Source: http://ucalgaryca/fenton/files/fenton/fenton2013growthchartgirlspdf

60

55

o B N
e o »
Centimeters

02}

55

4.5

I

&
(3

Weight (kilograms)

i
3

1.5

0.5

0

15



a. Fenton Growth Chart for Boys

Fenton preterm growth chart - boys
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ATTACHMENT 3. PROCEDURE FOR RECRUITING CASES AND
CONTROLS

Map of screening for identification of case andtoointo be filled in each of the
recruitment places with:

a) Daily record of the number and list (with hame andnber of medical
record) of pregnant women admitted per deliverynfithe ward admissions
book.

b) Consultation to medical records to identify pregnammen with fetus
already diagnosed with microcephaly by prenatal UBEgister the name
of the pregnant woman and the medical record nurobeown research
instrument and communicate the field supervision.

c) Monitor the time of delivery through visit to antgfum rooms of the
hospitals, in order to ensure the collection ofdgaal material.

d) Verify if there was collection of biological matatiand send it to the
laboratory defined in the research protocol.

e) Identify the gestational age of the newborn withcnmcephaly and the
mother's area of residence in the previous yeanfaym the selection of
controls. Determine whether the controls will beesed among those born
in the following day or at a later date (based @tahing criteria).

f) Identify the number of controls (depending on thenber of cases) to be
recruited in the following day, and at later datesd born to mothers living
where, having as reference the criteria for sedaatif controls.

g) Select controls

h) Organize the collection of biological material @introls.

i) If a stillbirth occurs, obtain the mother's (or gilian’s) consent to perform
necropsy, fill the referral form and provide theds removal to the post-
mortem examinatioservice.

j) Register the stillbirths in own research instrumensith mother's name,
medical record number, date of delivery, record bemnof referral to the
post-mortem examinatiagervice, to rescue the necropsy report.

k) Contact women to get the signature of consent poitine interview.

l) Prepare a map to organize the interviews, withtbman's name, maternity
identification, ward and bed number.

In the case of a research protocol to be deplogetthe service, logistics will be
defined in accordance with the established rowtare activities.

17



Live birth

Neonate with suspbected microcephalv History, physical examination and laboratory

exams (Clinical - Epidemiological Protocol,

SES PE)
L e e e e e e e
Obstetric room: Collection of biological material
Carry out a non-contrast cerebral computed
tomography (CT)
CT suggestive of congenital infection | ‘ CT NOT suggestive of congenital infection
Study investigations | Send to the Brazilian National Health System (SUS) network for

specific investigations and genetic counselling

Figure 1 Live birth Algorithm
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Stillbirth

Obstetric room: Measurement of the head

circumference and weight

¥

Neonate with suspected microcepohalv

Obstetric room: Collection of biological material

¥

Cranial Ultrasound scan

Complete request form and send body for
post-mortem examination

Obtain mother’s consent

Obtain necropsy report and send to the field coordinator

Figure 2 Stillbith Algorithm
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ATTACHMENT 4. SELECTION OF CONTROLS IN CASE OF TWIN S

1. A pair of twins is born, both with microcephaly abath live births;

Two controls are selected for each, following theeo of birth of the twins.

. A pair of twins is born, both with microcephaly, eofive birth and one
stillbirth;

Two controls are selected for the live birth and tontrols are selected for
the stillbirth, following the order of birth of thevins.

. A pair of twins is born, both with microcephaly apath stillbirths;
Two controls are selected for each, following theeo of birth of the twins.

. A pair of twins is born, one with microcephaly aoke without; Two
controls are selected for the one with microcephaly

. A pair of twins is born, both without microcephaiynd both live births.
Only one will be included as control, because ti@uision of both would
duplicate the same mother in the database. The riegvborn will be
selected.

. A pair of twins is born, one with microcephaly aode without, after a
newborn with microcephaly born immediately befdrerh. Two following

controls are selected for the twin with microceghahd two for the
newborn with microcephaly from the previous birth.

Attention: the normal twin cannot be control of thewborn with previous
microcephaly, as one mother would enter the datatvaise, as malformed
mother and as control mother.
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