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Abstract
Objective: to describe the occurrence and characteristics of microcephaly cases in Piauí, Brazil, during an epidemic of 

Zika virus infection in 2015-2016. Methods: descriptive study using data of live births from January/2015 to January/2016, 
obtained from the Information System on Live Births (Sinasc), the Public Health Events Registry (RESP) and the active search 
for medical records; mothers and live births were tested for dengue, chikungunya, and Zika, besides syphilis, toxoplasmosis, 
rubella, cytomegalovirus, and herpes (STORCH). Results: of the 75 microcephaly cases, 34 were related to congenital 
infectious process; microcephaly prevalence was of 13.6/10 thousand live births; imaging exams confirmed that 34 live births 
presented calcifications, 23 had cerebral atrophies, 14 had lissencephaly, 12 had ventriculomegaly and 6 had dysgenesis; 
none tested positive for STORCH, dengue or chikungunya; 1 was IgM positive for Zika. Conclusion: there was an outbreak 
of microcephaly in Piauí, possibly related to infection during pregnancy Zika virus.
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Introduction

Congenital microcephaly is a neurologic anomaly 
in which the brain does not develop properly and the 
head circumference (HC) measured at birth is below 
than expected for the corresponding gestational age at 
birth and sex.1 The World Health Organization (WHO) 
defines microcephaly as an HC below minus two standard 
deviations (HC<-2SD), according to sex and gestational 
age at birth.2 Such parameters are determined through 
population-based analyses and standardization of 
measurement techniques, followed by application of 
reference calculations and charts, as follows: Fenton 
chart is used for preterm births (gestational age lower 
than 37 weeks of pregnancy); and WHO 2006 Child 
Growth Standards for full-term and post-term births 
(from 37 weeks of pregnancy onwards).1,3

Microcephaly may be related to numerous 
environmental and genetic factors. Perinatal hypoxia, 
congenital infections caused by TORCH (syphilis, 
toxoplasmosis, rubella virus, cytomegalovirus and 
herpes simplex virus type 2), intrauterine exposure to 
ionizing radiation, alcohol, drug abuse, and maternal 
phenylketonuria (maternal PKU) are among the 
main environmental factors. Single-gene disorders 
(Mendelian disorders), chromosome abnormalities 
or multifactorial disorders (polygenic disorders) are 
among the main genetic factors. Some examples of 
genetic disorders related to microcephaly are Seckel, 
Smith–Lemli–Opitz, Apert, Crouzon, Saethre-Chotzen, 
Pfeiffer and Carpenter syndromes.4,5

In cases of infection-related microcephaly, the 
most frequent neurological signs described are brain 
calcification, cerebral atrophy, dysgenesis of the corpus 
callosum, ventriculomegaly and lissencephaly. The 
imaging methods used to identify such alterations are 
ultrasonography, computed tomography (CT scan), and 
magnetic resonance imaging (MRI).1,6-8 Most cases of 
microcephaly are accompanied by motor and cognitive 
alterations, which vary according to brain damage.2 

From 1995 to 2008, the worldwide prevalence of 
severe microcephaly, including newborns with HC lower 
than minus three standard-deviations (HC<-3SD) for 
age and sex, was of 5.9 cases per 100 thousand live 
births.9,10 In the same period, the prevalence was of 
3.7/100 thousand in Latin America and 5.1/100 thousand 
in Brazil, according to the Latin American Collaborative 
Study of Congenital Malformations (ECLAMC).9,10 A 
study using data from the Information System on Live 
Births (Sinasc) estimated an annual average of 164 
cases of microcephaly from 2000 to 2014; in 2015, 
however, 1,608 cases were reported, with a prevalence 
of 54.6/100 thousand live births.11

In October 2015, six months after the confirmation 
of autochthonous transmission of the Zika virus in the 
Northeast region of Brazil,12 an unexpected increase in 
the occurrence of microcephaly was observed, especially 
in Pernambuco State, with the confirmation of 40 
children born since August 2015.13 Studies carried out 
during the same period have also detected an increase 
in microcephaly occurrence in Brazil, in comparison 
to previous years, mainly in the Northeast.1,14 Based on 
evidence gathered from epidemiologic investigation, the 
Brazilian Ministry of Health was pioneer in indicating 
the Zika virus implication in the microcephaly outbreak 
and, in November 2015, declared it as a Public Health 
Emergency of National Concern (PHENC).1,13,14 

On January 17th, 2016, the Pan American Health 
Organization (PAHO) informed that other 17 countries 
in the region of the Americas had confirmed local 
transmission of Zika virus.15 In light of strong suspicion 
about the connection between the Zika virus and the 
increase in microcephaly cases, the International 
Health Regulations Emergency Committee, convened by 
WHO, gathered on February 1st, 2016 and declared the 
situation as a Public Health Emergency of International 
Concern (PHEIC).15

The objective of this study was to describe the 
occurrence and the characteristics of microcephaly 
cases in the state of Piauí, Brazil, during the Zika virus 
epidemic in 2015-2016. 

Methods

This is a descriptive study conducted with infection-
related microcephaly cases among live births in Piauí, 
from January 1st, 2015 to January 26th,2016. Teams from 
the Brazilian Ministry of Health and from Piauí State 
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Health Department conducted the investigation of the 
suspected cases from January 25th to February 15th 2016. 

Piauí State, located in the Brazilian Northeast region, 
is composed by 224 municipalities. In 2015, it had a 
population of 3,204,028 inhabitants, according to data 
from the Brazilian Institute of Geography and Statistics 
(IBGE). In that same year, 49,253 live births were 
registered in the Information System on Live Births 
(Sinasc).1,11

Data from Sinasc and from the Public Health Events 
Registry (RESP) were used. Since 1990, Sinasc has been 
the Ministry of Health’s official source of information 
on birth records, and is based on the Certificate of Live 
Birth (CLB). Since its establishment, it presents high 
specificity for severe microcephaly, defined as HC<-3SD 
for age and sex, according to the appropriate curves. 
The physician who accompanied the child birth is 
responsible for filling out the CLB, in which there is a field 
reserved to describe congenital malformations, which 
is later coded according to the International Statistical 
Classification of Diseases and Related Health Problems 
(ICD-10) (field 34 of CLB). Logging this information 
into Sinasc, however, is restricted to professionals 
registered in the system. RESP was created in November 
2015 and allows detecting possible microcephaly cases 
and investigating the occurrence of infection during 
pregnancy. It consists of an online form available to 
any health care professional, allowing them to notify 
microcephaly cases, and it has more sensitive criteria 
for notification than Sinasc (HC lower than or equal 
to 32cm, for both sexes). Professionals were advised 
to register in the system microcephaly cases detected 
since January 1st 2015, before the creation RESP.1,2

Aiming to increase the coverage of microcephaly 
case records, medical records were reviewed at 
Dona Evangelina Rosa Maternity Hospital (MDER), 
a reference center for the diagnosis and treatment of 
microcephaly cases, and at Santa Fé Clinic (CSF), the 
largest private maternity hospital in Piauí.

In both hospitals, a pediatrician measured the HC 
at birth, using a tape measure. Upon microcephaly 
detection, they performed a second measurement within 
48 hours. Once confirmed, the case was registered 
in Sinasc and in RESP,1 sent to follow-up at MDER 
(reference hospital), and evaluated by pediatricians 
and neurologists trained to apply the Ministry of Health 
criteria.1 Confirmed cases were also referred for early 
stimulation and family psychosocial monitoring.

The medical records data were registered in a semi-
structured form, with information regarding both mother 
and infant. The following variables were included:
a) mother’s socioeconomic, demographic and clinical 

information – name; age (in years); first antenatal 
care visit; education (last completed school grade); 
occupation (open field); household address; number 
of previous pregnancies, miscarriages and fetal death; 
presence of rash or fever during pregnancy (yes or 
no), with the respective dates of symptoms onset; 

b) infant’s demographic and clinical information – name, 
sex (male or female); date of birth; gestational age 
(in weeks); Apgar score of first and fifth minutes; 
head circumference at birth and 48 hours after 
birth (in centimeters); thoracic circumference (in 
centimeters); weight at birth (in grams); length 
at birth (in centimeters); moment of detection of 
microcephaly (intrauterine or after birth); place of 
birth (MDER or CSF); type of delivery (vaginal or 
cesarean section) –;

c) mother’s and infant’s laboratory tests results – 
serological markers and antigens detection for 
dengue, chikungunya, Zika and TORCH (positive, 
negative, not performed); antibodies testing (IgM, IgG, 
immunohistochemistry [IHC] and plaque-reduction 
neutralization test [PRNT]), antigen testing (virus 
isolation and bacterial culture) and molecular biology 
testing (Polymerase Chain Reaction [PCR]) in human 
blood and cerebrospinal fluid (CSF) samples–;

d) signs detected in infants through imaging tests 
(ultrasonography, CT or MRI) performed in all 
suspected cases – calcification, ventriculomegaly, 
lissencephaly, cerebral atrophy and dysgenesis of 
the corpus callosum (presence or absence) –;
The following case definitions were considered:

1. Microcephaly case: live birth with less than 37 weeks 
of gestational age (GA), with HC below percentile 3 of the 
Fenton chart or newborn with 37 weeks or more of GA, 
presenting HC lower than or equal to 32cm at birth.1-3

2. Suspected case of infection-related microcephaly: 
newborn with diagnosed microcephaly and registered 
in medical records, regardless of the underlying cause 
of lesion, assisted at one of the main state reference 
centers (MDER or CSF) from November 24th 2015 to 
January 26th 2016. 
3. Confirmed case of infection-related microcephaly: 
suspected case with presence of alterations that suggest 
infection in any imaging exam AND/OR with specific and 
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conclusive laboratory diagnosis for Zika virus or any 
other infectious agent (TORCH), identified in samples 
from the infant or from the mother.
4. Case discarded for infection-related microcephaly: 
suspected case with laboratory or imaging results 
without alterations that suggest infection in any 
imaging method OR based on clinical criteria after 
investigation (reclassification of microcephaly case 
after new clinical assessment). 
5. Inconclusive case for infection-related microcephaly: 
suspected case that, after investigation, presented 
no laboratory, imaging or post-clinical evaluation 
records that would allow relating the case with 
infectious process.

To calculate the monthly microcephaly prevalence in 
Piauí, the numerator was the total number of microcephaly 
cases registered in Sinasc (Code Q02 in ICD-10), in 
RESP and those identified through medical records 
review. The denominator was the number of live births 
registered in Sinasc by month. The prevalence was 
calculated per 10 thousand live births.

To describe the characteristics of microcephaly cases 
related to infectious process, we used data from the 
medical records of the confirmed microcephaly cases 
and their mothers, obtained from the aforementioned 
hospitals. The softwares Epi Info™ 7.1.5.0, Microsoft 
Excel® 2010 and Tabwin® 3.6b were used.

This study was exempted from submission to the Ethics 
Research Committee, because it refers to epidemiological 
surveillance conducted by professionals in the health 
services, in the context of a Public Health emergency 
situation. The ethical aspects included in the Resolution 
No. 510 of the National Health Council (CNS), dated 
April 7th, 2016 were observed. Consolidated results 
are presented, which ensures individual anonymity. 
The involved institutions agreed to provide the data.

Results

The estimated prevalence of microcephaly for the 
entire period was of 13.6 cases/10 thousand live births. 
The occurrence of microcephaly cases increased from 
September 2015 onwards, reaching a peak in December 
2015 for the cases recorded in Sinasc and RESP, and a 
peak in January 2016 was observed for the cases identified 
through medical records review. In December 2015, 
the prevalence reached 75.9/10 thousand according to 
Sinasc and 91.6/10 thousand, according to RESP; and 

in January 2016, it was of 84.3/10 thousand, based on 
active hospital search (Figure 1).

A total of 75 live births met the definition for infection-
related microcephaly: 24 were registered both in RESP 
and Sinasc, 34 only in RESP, 3 only in Sinasc and 14 in 
neither of the consulted databases. Ultimately, 34 cases 
were confirmed for infection-related microcephaly, 20 
were discarded and 21 were classified as inconclusive 
due to lack of laboratory tests, imaging exams and 
medical records that could allow them to be classified 
as infection-related microcephaly. 

The confirmed cases of infection-related microcephaly 
were born from the epidemiological week 39 in 2015; 
in the following epidemiological weeks, there was a 
continuous increase in the notification of cases, with a 
higher concentration between October and November 
2015 (Figure 2).

Out of the 34 confirmed cases, 24 were living in 
Teresina (capital of Piauí State) and 2 in Timon, a 
municipality in Maranhão State, close to Teresina. The 
other 8 cases were living in the municipalities of Altos, 
Barra, Brasileira, Itainópolis, Piripiri, Porto, Ribeiro 
Gonçalves and União (data not present in the table).

Mothers of the confirmed cases had a median age of 
25 years with interquartile range (IQR) of eight years, 
34 presented single pregnancy and 22 had a cesarean 
section. Ten mothers reported having had rash during 
pregnancy, six of them in the first trimester of pregnancy. 
Eight mothers presented fever during pregnancy, five 
of them during the first trimester of pregnancy. Seven 
mothers presented concomitant rash and fever with 
no known cause, five of them in the first trimester of 
pregnancy (data not present in the table).

Out of the 34 live births confirmed for infection-related 
microcephaly, 21 were female, with a median gestational 
age of 38 weeks (IQR=3 weeks). The HC at birth had 
a median of 29 cm (IQR=2 cm), and HC measured 
after 48 hours had a median of 33 cm (IQR=3 cm). 
The thoracic circumference had a median of 24 cm 
(IQR=3 cm). The medians of birth weight and length 
at birth were, respectively, 2,372 g (IQR=712 g) and 
43 cm (IQR=2 cm) (data not presented in the table).

Among the mothers who underwent laboratory tests 
for the detection of dengue, chikungunya and Zika virus, 
two presented IgM positive results: one for dengue and 
one for chikungunya. No positive results were obtained 
for Zika virus. Regarding the infants, laboratory tests for 
dengue, chikungunya and Zika virus were conducted 
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Figure 1 – Estimated prevalence of microcephaly in live births according to birth month in Piauí, January 
2015-January 2016

in 11 investigated cases, and one of them presented 
IgM positive for Zika virus (Table 1).

Among the mothers who underwent the recommended 
tests for Torch infections, one was confirmed for 
toxoplasmosis and one for syphilis. Eleven live births 
underwent such tests, resulting in a positive result for 
syphilis in the treponemal test (FTA-ABS) (Table 2).

A total of 34 live births with microcephaly underwent 
imaging exams: 7 were subjected to transfontanellar 
ultrasound, 34 to CT scans, and 2 to MRI. Of those, 34 
infants had calcifications, 23 had cerebral atrophies, 
14 had lissencephaly, 12 had ventriculomegaly, and 6 
had dysgenesis. Four live births presented more than 
one CT scan, performed in different periods, totaling 
38 exams (Table 3). 

Discussion

The results show a microcephaly outbreak among 
live births in Piauí from September 2015 onwards. 
Prevalence during the outbreak was 2.6-fold the 
prevalence in Brazil and 3.7-fold the prevalence in 
Latin America, when compared to the one presented in 
the ECLAMC study for the period from 1995 to 2008.9 
This increase happened after PAHO statement on the 
confirmation of Zika virus circulation in Brazil and the 
emergence of cases in neighboring states.16

The increase in microcephaly cases in Piauí is 
consistent with outbreaks in neighboring states, such 
as Pernambuco, Paraíba and Bahia.17,18 In addition, 
the introduction of Zika virus happened before the 
increase of microcephaly cases in Sinasc, as the literature 
indicates that the virus has been circulating in Brazil 
since October 2014.12,13 Laboratorial confirmation of 
infection in the first trimester of pregnancy strengthened 
the hypothesis of a possible relation between Zika virus 
and microcephaly cases.19 

In 2015, the highest incidence of probable dengue cases 
in Piauí occurred in April20 and the highest prevalence 
of microcephaly cases in December, a period of nine 
months between the two events. As the clinical conditions 
are similar, and there was no surveillance of Zika virus 
in Brazil at that time, it is possible that in 2015 the cases 
of Zika infection were reported as probable cases of 
dengue, reinforcing the hypothesis that the mothers of 
microcephaly-borne infants presented Zika virus infection 
during the first trimester of pregnancy.19,21 The fact that 
the occurrence of Zika virus infection was not substantial 
in Piauí, at its outset, may be related to the relatively 
low infestation of Aedes aegypti mosquito in the state's 
municipalities, especially in the capital, Teresina, where 
the house infestation rate was below 1.0. In contrast, the 
capitals of the neighboring states were on alert, with rates 
of house infestation between 1.0 and 3.9.22
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Table 1 – Results of the tests for dengue, chikungunya and Zika virus in mothers and live births (N=34) confirmed 
for infection-related microcephaly,Piauí, January 2015-January 2016

Reagent/performed

Mothers’ tests Live births’ tests

Dengue Chikungunya Zika Dengue Chikungunya Zika

n n n n n n

IgMa 1/17 1/15 0/1 0/11 0/11 1/1

PCRb – – 0/8 – – 0/6

NS1 Antigen 0/7 – – 0/5 – –

Virus isolation – – – – – –

PRNTc – – – – – –

a) IgM: immunoglobulin M.
b) PCR: Polymerase Chain Reaction test.
c) PRNT: plaque-reduction neutralization test.
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birth,Piauí, April 2015 - January 2016

Another important factor to consider was the 
identification of laboratory evidence of recent dengue, 
chikungunya and TORCH infections among the mothers 
of the investigated live births, although there was no 
expression of these events in their children.

One newborn was IgM positive for Zika, which suggests 
connection between the microcephaly and previous virus 
infection. The blood sample was collected from the newborn 
21 days after birth and the IgG data for Zika, for both mother 
and infant, were absent, besides the fact that the mother 
did not present fever or rash during pregnancy; however, 

it does not discard the possibility of recent infection in the 
newborn. According to the literature, fetal infections by 
dengue or chikungunya are rare, and usually non-teratogenic. 
The mothers presented a high frequency of IgG antibodies 
for TORCH (approximately 94% of those who underwent 
laboratory exams), which, possibly, contributed for not 
having mother-to-child transmission.17,19,23-25 Although 
only 10 out of the 34 investigated mothers had presented 
symptoms of rash and fever during pregnancy, the possible 
asymptomatic infection by Zika virus is a hypothesis for the 
presence of microcephaly in their children.12,17
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Table 2 – Test results for the detection of syphilis, toxoplasmosis, rubella, cytomegalovirus and herpes 
in mothers and live births (n=34) confirmed for infection-related microcephaly, Piauí, January 
2015-January 2016 

Reagent/performed
Syphilis Toxoplasmosis Rubella Cytomegalovirus Herpes

n n n n n

Mothers

IgMa – 1/19 0/16 0/16 0/14

IgGb – 9/16 15/18 16/17 15/16

VDRLc 3/17 – – – –

FTA-absd 1/3 – – – –

PCRe – – – – –

Live births

IgMa – 0/11 0/11 0/11 0/11

IgGb – 4/10 5/10 10/11 9/11

VDRLc 1/11 – – – –

FTA-absd 1/1 – – – –

PCRe – – – – –

a) IgM: immunoglobulin M.
b) IgG: immunoglobulin G.
c) VDRL: Venereal Disease Research Laboratory nontreponemal test (VDRL).
d) FTA-abs: fluorescent treponemal antibody absorption (FTA-ABS) test.
e) PCR: Polymerase Chain Reaction test.

Table 3 – Signs identified in imaging exams of live births confirmed for infection-related microcephaly (n=34), 
Piauí, January 2015-January 2016

Signs
USG TFa TCb MRIc

n=7 n=38d n=2

Calcification 5 28 1

Ventriculomegaly 4 7 1

Lissencephaly 1 12 1

Cerebral atrophy 5 16 2

Dysgenesis of the corpus callosum – 6 –

a) USG TF: transfontanellar ultrasound.
b) CT: computed tomography scan.
c) MRI: magnetic resonance imaging.
d) 4/34 of confirmed live births underwent two CT scans, totaling 38 results.

This study contributes to the validation of imaging 
findings to identify cases of infection-related microcephaly, 
since 33/34 cases of microcephaly of infectious origin 
were identified by imaging, and only one was confirmed 
by laboratory tests. Studies have already shown the 
possibility of imaging tests being an indicator prior to 
confirmation by laboratory findings of the infectious 
process of microcephaly cases, evidence confirmed in 
this investigation.6

The calculated prevalence – with due caution – can 
be considered accurate, given the use of databases 
for detecting cases through the information systems; 

for proper monitoring of the cases, it is necessary to 
adequately fill in the forms and analyze the databases, 
in the places of medical assistance to pregnant 
women, which require trained personnel for the 
analysis based on other records (e.g., Mortality 
Information System (SIM) versus Sinasc, or even 
RESP versus Sinasc). A study carried out in Teresina 
in 2002 indicated that the reliability of the records 
of live births in Sinasc was good,26 and can be a 
parameter for capturing cases. However, another 
national study showed that 40% of the cases of 
congenital anomalies identified were not reported 
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in Sinasc, recommending caution in the use that 
information on live births in Brazil.26,27

This study shows the low quality of prenatal care 
in Brazil, especially in the Northeast: half of the 
mothers investigated did not undergo the laboratory 
tests recommended during pregnancy, consistent 
with studies describing prenatal care in the country 
as partially adequate, due to the failure to hold the 
minimum number of visits and the required exams, 
which reflects on maternal and infant morbidity and 
mortality.28-30

As a first limitation of the study, there was difficulty 
in collecting information due to the difficult in reading 
the medical records or lack of data, impairing the 
classification of cases (mainly regarding the opportunity 
of maternal samples collection during gestation and 
postpartum) and reducing the number of cases that 
could be analyzed: 21 newborns with inconclusive 
data, of an amount of 75 investigated. To minimize this 
limitation, we prioritized the review of medical records 
by health professionals, in addition to consulting the 
clinicians in case of doubt.

Another limitation was the difficulty in diagnosing 
the infectious processes, given the different opportunity 
windows for collecting exams, both in the live births and in 
the mothers, which did not allow a precise understanding 
whether the mother’s infection reached the fetus. We 
tried to minimize this difficulty with a careful review 
of the clinical signs registered. In order to minimize 
the limitation resulting from cross-reactions between 
arboviruses in the diagnostic tests, we considered the 
tests performed at the Central Public Health Laboratory 
of Piauí, a state reference.

In conclusion, our findings show that there was 
a microcephaly outbreak, possibly related to the 
introduction of the Zika virus in Piauí. This conclusion 

is based on the temporal relationship between the Zika 
and microcephaly epidemics and the detection of the 
Zika virus infection in a newborn. Microcephaly cases 
were detected through clinical and imaging diagnoses, 
recorded in the official health information systems – 
Sinasc and RESP –, despite the difficulties in closing a 
diagnosis through laboratory exams.

Piauí State Health Department received the following 
recommendations: (I) monitor microcephaly and other 
congenital anomalies trends through comparative 
analyses of the Public Health Event Registry – RESP – 
and the Information System on Live Births – Sinasc –; 
(II) qualification of services for registration in those 
systems; (III) investigation of Zika virus infection in 
pregnant women with rash and in live microcephaly-
borne infants; and (IV) inclusion of the Zika virus 
infection survey in prenatal care. In addition, it is 
recommended to conduct eco-epidemiological studies 
on the prevalence and competence of arboviruses in 
human infection, concomitant with the development of 
cohort studies to measure the risk of Zika virus infection, 
or assessing factors associated with microcephaly or 
other congenital malformations.
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