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Widespread transmission of Zika virus by Aedes mosquitoes has 
been recognized in Brazil since late 2014, and in October 2015, 
an increase in the number of reported cases of microcephaly was 
reported to the Brazil Ministry of Health.* By January 2016, a 
total of 3,530 suspected microcephaly cases had been reported, 
many of which occurred in infants born to women who lived 
in or had visited areas where Zika virus transmission was occur-
ring. Microcephaly surveillance was enhanced in late 2015 by 
implementing a more sensitive case definition. Based on the 
peak number of reported cases of microcephaly, and assuming 
an average estimated pregnancy duration of 38 weeks in Brazil 
(1), the first trimester of pregnancy coincided with reports of 
cases of febrile rash illness compatible with Zika virus disease 
in pregnant women in Bahia, Paraíba, and Pernambuco states, 
supporting an association between Zika virus infection during 
early pregnancy and the occurrence of microcephaly. Pregnant 
women in areas where Zika virus transmission is occurring 
should take steps to avoid mosquito bites. Additional studies 
are needed to further elucidate the relationship between Zika 
virus infection in pregnancy and microcephaly.

Since late 2014, clusters of febrile rash illness have been reported 
from the Northeast region of Brazil (2,3). These cases were attrib-
uted to Zika virus, a flavivirus transmitted by Aedes mosquitoes, 
when the first cases confirmed by reverse transcription–polymerase 
chain reaction (RT-PCR) were reported in Bahia and Rio Grande 
do Norte states in April 2015 (4,5). As of January 2016, transmis-
sion had been confirmed in 22 of Brazil’s 26 states and the federal 
district, and in all five regions of the country.†

In Brazil, all recognized congenital anomalies are registered 
in the Live Birth Information System (Sistema de Informações 
sobre Nascidos Vivos [SINASC]), which collects information 
on all live births nationwide and is estimated to have >95% 
coverage. In SINASC, microcephaly is defined as a head cir-
cumference ≥3 standard deviations (SDs) below the mean for 
age and sex.§ According to the World Health Organization 
(WHO) Multicenter Growth Reference Study, this corresponds 
to a head circumference of 30.3 cm for full-term females (ges-
tational age = 259–293 days [approximately 37–42 weeks]) and 
30.7 cm for full-term males during the first week of life (6).

During 2000–2014, an average of 157.3 (SD = 17.7) cases 
of microcephaly were registered in SINASC each year.¶ On 
October 22, 2015, the Secretary of Health of Pernambuco 
state (in the Northeast region) informed the Brazil Ministry of 
Health (MoH) of a marked increase in the number of infants 
born with microcephaly in the state, where 26 cases had been 
reported since August 2015.** By late October, the Northeast 
region states of Paraíba and Rio Grande do Norte also were 
reporting an increase in cases of microcephaly. On October 29, 
2015, MoH reported the event to the Pan American Health 
Organization as a potential Public Health Emergency of 
International Concern. On November 19, 2015, an ad hoc 
microcephaly surveillance system was established by MoH for 
identification of cases of microcephaly both prospectively, and 
through a retrospective review of hospital records going back 
to January 1, 2015. Initially, the case definition for the ad hoc 
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system included all full-term infants with a head circumfer-
ence ≤33 cm. Toward the end of 2015, the MoH defined 
microcephaly as a head circumference ≤32 cm in any full-term 
newborn; this case definition is currently used nationwide.

The MoH and Secretaries of Health from the affected states 
led a joint investigation to characterize and identify the etiology 
of the outbreak, with the support of national research institutes. 
This report presents temporal and geospatial evidence linking 
preceding Zika virus transmission with the increased prevalence 
of microcephaly in Brazil. Among Brazil’s 26 states and the 
federal capital district, the 19 jurisdictions that reported pro-
spectively and retrospectively identified cases of microcephaly 
through the ad hoc microcephaly surveillance system during 
November 19, 2015–January 7, 2016 are included in this analysis. 
Two analyses were conducted. The first compared the number of 
cases of microcephaly identified through the ad hoc microcephaly 
surveillance system during January 1, 2015–January 7, 2016, with 
the mean number of cases reported to SINASC during 2000–2014 
in those 19 jurisdictions, and compared the prevalence of micro-
cephaly in states with documentation of laboratory-confirmed 
Zika virus transmission with the prevalence in states without 
confirmed Zika virus transmission. The second analysis exam-
ined the timing of peak occurrence of microcephaly cases in the 
three states with the highest reported prevalence of infants with 
microcephaly, relative to laboratory confirmation of Zika virus 
transmission in those states, to estimate the time during pregnancy 
when exposure to Zika virus might have occurred.

Because the SINASC case definition of microcephaly (head 
circumference ≥3 SDs below the mean for age and sex) was 
more restrictive than that of the ad hoc microcephaly surveil-
lance system (≤32 cm in any full-term infant), the SINASC 
criteria were applied to cases reported to the ad hoc system 
for these analyses. Therefore, only cases reported to the ad hoc 
surveillance system with a head circumference ≥3 SDs below 
the mean for age and sex were included.

The annual mean number of cases of microcephaly among 
full-term newborns reported to SINASC during 2000–2014 
was calculated and compared with the number of cases of 
microcephaly that occurred during January 1, 2015–January 7, 
2016, and identified through the ad hoc microcephaly surveil-
lance system. The excess number of microcephaly cases was 
calculated as the number of SDs above the mean number of 
cases reported during 2000–2014.†† Denominator data for 
estimation of state-level 2015 microcephaly birth prevalence 
were obtained by averaging the total number of live births 
from the SINASC 2009–2013 annual series (the most recent 
data available).§§ Exact binomial (F-inverse) 95% confidence 

intervals (CIs) for birth prevalence of microcephaly were 
calculated for states that did and did not report laboratory-
confirmed Zika virus transmission. These two rates were 
compared with a Pearson’s chi-square test for heterogeneity.

To identify potential periods of maternal exposure to Zika virus 
during pregnancy, assuming an average gestation of 38 weeks (1), 
weekly counts of cases of microcephaly reported in 2015 in Bahia, 
Paraíba, and Pernambuco, the three states with the largest increases 
above the 2000–2014 mean, were reviewed. The beginning of 
the first trimester of pregnancy was estimated by counting back 
38 weeks from the week during which the peak number of cases of 
microcephaly were reported in each of the three states. The earliest 
reports of laboratory confirmation of Zika virus transmission in 
the three states were used as a proxy for the beginning of Zika virus 
transmission. All statistical significance levels were set at p≤0.05.

A total of 574 cases of microcephaly that occurred during 
January 1, 2015–January 7, 2016, were prospectively and retro-
spectively identified and registered in the ad hoc microcephaly 
surveillance system from 19 states. Among these, 58.5% (336) 

 †† Microcephaly case excess = (reported no. cases during 2015–2016 - mean no. 
cases 2000–2014) / standard deviation above 2000–2014.

 §§ http://tabnet.datasus.gov.br.

Summary
What is already known about this topic?

An outbreak of Zika virus disease, caused by a flavivirus transmit-
ted by Aedes mosquitoes, occurred in Brazil in early 2015. An 
increase in the prevalence of infants born with microcephaly has 
been reported in Brazil since October 2015, in association with 
clusters of febrile rash illness in pregnant women.

What is added by this report?

The birth prevalence of microcephaly in Brazil increased sharply 
during 2015–2016. The largest increase occurred in the 
Northeast region, where Zika virus transmission was first 
reported in Brazil. This analysis of 574 cases of microcephaly, 
detected through a newly established ad hoc microcephaly 
surveillance system, identified temporal and geospatial 
evidence linking the occurrence of febrile rash illness consistent 
with Zika virus disease during the first trimester of pregnancy 
with the increased birth prevalence of microcephaly. The 
prevalence of microcephaly in 15 states with laboratory-
confirmed Zika virus transmission (2.8 cases per 10,000 live 
births) significantly exceeded that in four states without 
confirmed Zika virus transmission (0.6 per 10,000).

What are the implications for public health practice?

The suggested link between maternal exposure to Zika virus 
infection during the first trimester of pregnancy and the 
increased birth prevalence of microcephaly provide additional 
evidence for congenital infection with Zika virus. Ongoing 
surveillance is needed to identify additional cases and to fully 
elucidate the clinical spectrum of illness. Pregnant women 
should protect themselves from mosquito bites by wearing 
protective clothing, applying insect repellents, and when 
indoors, ensuring that rooms are protected with screens or 
mosquito nets.  

http://tabnet.datasus.gov.br
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were in females; this excess of female cases has been reported 
previously (7). The average head circumference of these infants 
was 29.0 cm (SD = 1.4 cm). During 2000–2014, the mean 
annual reported number of cases of microcephaly reported to 
SINASC was 157.3 (SD = 17.7), and by region, ranged from 
13.0 in the Center-West to 65.2 in the Southeast (Table). 
During 2015–2016, 12 states reported microcephaly cases in 
excess of 3 SDs above the historical 2000–2014 average, includ-
ing Bahia, Paraíba, and Pernambuco, each of which reported 
cases in excess of 20 SDs above the historical average (Figure 1).

During January 1, 2015–January 7, 2016, Zika virus trans-
mission was laboratory-confirmed by real time quantitative 
RT-PCR in 15 of the 19 states included in this analysis; among 
these 15 states, the overall microcephaly birth prevalence was 
2.80 (CI = 1.86–4.05) per 10,000 live births, compared with 
0.60 (CI = 0.22–1.31) in the four states without laboratory-
confirmed Zika virus transmission (p<0.001). The overall 
microcephaly birth prevalence in the 12 states reporting 
microcephaly cases >3 SDs above the historical 2000–2014 
mean was 4.61 per 10,000 live births (CI = 4.19–5.05). The two 
states with the highest prevalence rates were Pernambuco (14.62; 
CI = 12.33–17.17) and Paraíba (10.82; CI = 8.86–13.04).

Pernambuco state reported the largest increase in number 
of reported cases of microcephaly. During epidemiologic 
weeks 18–39 (corresponding to mid-May–early October) 
2015, Pernambuco reported 0–4 cases of microcephaly per 
week (Figure 2). The number of cases increased substantially 
during epidemiologic weeks 42–43 (late October), reaching 
a peak of 27 cases per week during epidemiologic week 46 
(mid-November). Assuming an average full-term pregnancy 
of 38 weeks, the first trimester of pregnancy of mothers of 
infants with microcephaly born during epidemiologic week 46 
occurred during epidemiologic weeks 8–20 (late February–mid 
May) of 2015. An outbreak of rash illness clinically compat-
ible with Zika virus disease was reported in Pernambuco in 

December 2014, with laboratory confirmation of Zika virus 
disease in epidemiologic week 20 of 2015. The estimated 
first trimester of pregnancy of the mothers of the infants with 
microcephaly in Pernambuco coincided with occurrence of 
the rash illness outbreak.

Paraíba and Bahia states reported an abrupt increase in the 
number of infants born with microcephaly in epidemiologic 
weeks 45 and 47, respectively, and both states reported similar 
occurrences of a rash illness clinically compatible with Zika 
virus infection during May 2015 (Figure 2). In Bahia and 
Paraíba states, cases of microcephaly reported in infants born 
through epidemiologic week 42 in 2015 (when the first cases 
in Pernambuco were reported to MoH), were identified retro-
spectively through the ad hoc microcephaly surveillance system.

Discussion

Congenital anomalies, including microcephaly, have a complex 
and multifactorial etiology and can be caused by infections dur-
ing pregnancy as well as chromosomal disorders, exposures to 
environmental toxins, and metabolic diseases.¶¶ The temporal 
relationship between outbreaks of Zika virus disease and increases 
in reported prevalence of microcephaly in Brazil, as well as the 
significant increase in birth prevalence of microcephaly in states 
with laboratory-confirmed Zika virus transmission, suggest a 
relationship between these two epidemiologic events. The reported 
occurrence of the 2015–2016 microcephaly cases, especially in 
Pernambuco, highlight the temporal relationship between pre-
ceding Zika virus transmission and the abrupt increase in birth 
prevalence of microcephaly.

This hypothesis is strengthened by recent virologic evidence. On 
November 17, 2015, the Flavivirus Laboratory of the Oswaldo 
Cruz Institute (Rio de Janeiro, Brazil) reported the detection of 
Zika virus RNA by real time RT-PCR in amniotic fluid samples 

TABLE. Average annual number of full-term infants reported with microcephaly* during 2000–2014 compared with 2015, prevalence of 
microcephaly in 2015, and number of states reporting confirmed transmission of Zika virus,† by region — 19 states, Brazil, 2015  

Region

2000–2014 2015

No.  
states

Average 
annual no. 

cases SD
Total  

no. cases
No. SDs  

above mean
Average no.  
live births§

Microcephaly 
prevalence  

at birth¶

No. states reporting 
confirmed transmission  

of Zika virus

North 2 14.1 4.7 11 -0.7 310,508 0.4 2
Northeast 9 43.5 5.6 471 76.3 842,270 5.6 8
Southeast 3 65.2 6.8 58 -1.1 1,137,408 0.5 2
South 1 21.5 6.2 3 -3.0 376,599 0.1 0
Center-West 4 13.0 5.1 31 3.5 226,500 1.4 3
Total 19 157.3 17.7 574 23.6 2,893,285 2.0 15

Abbreviation: SD = standard deviation.
* Defined as head circumference ≥3 SDs below the mean for age and sex.
† Confirmed by real time reverse transcription–polymerase chain reaction.
§ From Brazil’s Live Birth Information System, 2009–2013 annual series.
¶ Cases of microcephaly per 10,000 live births.

 ¶¶ http://www.who.int/nutrition/publications/birthdefects_manual/en/.
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FIGURE 1. Locations of nine states with reported cases of microcephaly in 2015 exceeding 3 standard deviations and three states exceeding 
20 standard deviations above the mean number of cases reported annually during 2000–2014 — Brazil, January 1, 2015–January 7, 2016
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FIGURE 2. Number of reported cases of microcephaly* in full-term† newborns following laboratory-confirmed Zika virus transmission§ — 
Pernambuco, Paraíba, and Bahia states, Brazil, 2015
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* Defined as head circumference ≥3 standard deviations below the mean for age and sex.
† The beginning of the first trimester indicator is estimated as 38 weeks preceding the peak period of reported cases of microcephaly.
§ Confirmed by real time reverse transcription–polymerase chain reaction.
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collected from two pregnant women from Paraíba state whose 
fetuses were found to have microcephaly and cerebral calcifica-
tions by fetal ultrasound, and who reported symptoms compatible 
with Zika virus disease at 18 and 19 weeks’ gestational age.*** 
On November 18, 2015, the Evandro Chagas Institute (Pará, 
Brazil) reported that Zika virus RNA was identified in blood and 
tissue samples of a neonate with microcephaly who died shortly 
after birth.††† In addition, on January 12, 2016, MoH reported 
RT-PCR–confirmed Zika virus infection in two stillborn infants 
with central nervous system malformations and two neonates with 
microcephaly who died during the first hours of life, as determined 
by investigation by the Federal University of Rio Grande do Norte 
(Natal, Brazil), in collaboration with CDC.

The findings in this report are subject to at least four 
limitations. First, this is an ecologic analysis, with only limited 
laboratory evidence of Zika virus infection for the pregnancy 
outcomes described. Second, data were obtained from an ad 
hoc surveillance system established by MoH after the first cases 
possibly linked to maternal Zika virus disease were identified. 
The enhanced awareness regarding this event might have resulted 
in an increased ascertainment and reporting of cases, including 
identification of false positives. Third, microcephaly was prob-
ably underascertained in Brazil before this event, so the increases 
might not be as large as suggested by these findings; however, 
they are substantial increases compared with cases of micro-
cephaly reported during 2000–2014, and in some states, such as 
Paraíba and Pernambuco, exceed the rate of 5.1 per 10,000 births 
in Brazil during 1995–2008, estimated by the Latin American 
Collaborative Study of Congenital Malformations (8). Finally, 
this study was limited to analysis of the temporal and geospatial 
association between the increased prevalence of microcephaly 
in Brazil and earlier Zika virus transmission, and other possible 
causes of microcephaly were not evaluated in this analysis.

The sudden and marked increase in birth prevalence of 
microcephaly in multiple states in Brazil temporally associ-
ated with documented widespread transmission of Zika virus 
provides additional evidence for the role of Zika virus infec-
tion during the first trimester of pregnancy; Zika virus has 
been demonstrated to cross the placenta, has been associated 
with congenital infection, and has been recovered in neural 
tissue (9,10). There is an urgent need for additional research 

to confirm the link between Zika virus infection and micro-
cephaly through prospective and retrospective analytic studies, 
as well as to determine the critical Zika virus exposure period 
during pregnancy with respect to possible fetal infection and 
microcephaly. Pregnant women should protect themselves 
from mosquito bites by wearing long sleeves and long pants, 
applying insect repellent, and when spending time indoors, 
ensure that rooms are protected by screens or mosquito nets.
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