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Abstract
This article discusses the peculiar conditions that have favored the unexpected Zika
virus introduction in the poorest Northeast region of Brazil in 2015, its speed of
transmission to other Brazilian states, other Latin American countries and other
regions, and the severity of related neurological disorders in newborns and adults.
Contrasting with evidences that Zika had so far caused only mild cases in humans in
the last six decades, the epidemiological scenario of this outbreak in Brazil indicates
dramatic health effects: in 2015, an increase of 20-fold in notified cases of
microcephaly and/or central nervous system (CNS) alterations suggestive of Zika
congenital infection followed by an exponential increase in 2016, with 2106
cumulative cases confirmed in the country by the end of October 2016. A significant
increase in Guillain-Barré syndrome in adults has also been reported. Factors involved
in viral dissemination, neural pathogenesis and routes of transmission in Brazil are
examined, such as the role of social and environmental factors and the hypothesis of
antibody-dependent enhancement, to explain the incidence of congenital Zika
syndrome in Brazil. Responses to the Zika outbreak and the development of new
products are also discussed.
Keywords: Zika, microcephaly, congenital Zika syndrome, neurological disorders,
pathogenesis, epidemiology
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Introduction

The emergence of Zika virus, an arbovirus of the Flavivirus genus, in the
Northeast of Brazil in 2015, its unprecedent speed of transmission to other Brazilian
states and other Latin American countries in nearly 9 months and global spread,
caught the scientific community, international organizations and policy makers by
surprise, with 56 countries now with reported outbreaks1 The exponential increase
and extreme severity of Zika virus neurological disorders, congenital Zika syndrome in
newborns and Guillain-Barré syndrome in adults, contrasting with evidence, since its
first isolation in humans in 1954, in a young girl in Eastern Nigeria2, of mild disease and
non-life threathening symptoms, turned this new disease into one of the highest
priorities of global public health concern.
Recent scientific findings, discussed here, have contributed to increase this
global concern. Besides the vectorial transmission by Aedes aegypti in many countries,
3

as a primary Zika vector, there is now evidence indicating that there is a significant
potential for global amplification of Zika outbreaks through sexual transmission,
including prolonged presence of the virus in the semen and through human bloodborne transmission, with 12 countries in different regions reporting currently evidence
of person-to-person Zika transmission.1
In contrast with this new global scenario for the outbreaks, the peculiar
conditions of Zika emergence in Brazil as a new disease remain poorly understood. The
main challenge to deal with Zika complexity is therefore to identify the current gaps in
knowledge and to conceive comprehensive conceptual and response frameworks,
from interdisciplinary and multisectoral approaches, allowing us to anticipate, monitor
and respond timely to the outbreaks.
From this perspective, we present in this literature review the contributions
from scientists from a broad range of disciplines, in an attempt to identify the
biological, ecological and social processes involved in the peculiar conditions of Zika
introduction, emergence and spread in Brazil.

Methodological procedures: search and selection criteria

We searched all international and national publications through October
2016, including: peer-reviewed journal articles; Brazilian government bulletins and
reports; international public health agency publications and reports, including World
Health Organization (WHO), Pan American Health Organization (PAHO), US Centers for
Disease Control and Prevention (CDC) and European Centre for Disease Prevention and
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Control [ECDC). The search was made in PubMed, Web of Science, Scopus, ProMed
and Google Scholar, using the keywords ‘Zika’ ‘ZIKV’, ‘ZIKAV’ and ‘Zika virus’.
Publications were selected according to their pertinence and contributions to the main
topics in this review.

Background: a new disease

In October, 22th, 2015, the State of Pernambuco in Northeast of Brazil notified to the
Ministry of Health 26 cases of microcephaly, considering them an event of importance
to the State public health. In October 23th, 2015, the Brazilian Ministry of Health
reported the event to WHO, according to the International Health Regulations. At this
moment, based on preliminary epidemiological data and laboratory tests performed at
FIOCRUZ-Pernambuco, mainly the identification of the virus in the central nervous
fluid, CSF, the main hypothesis proposed by researchers from FIOCRUZ-Pernambuco
and the Microcephaly Emergency Response Group - MERG for the sharp increase in
microcephaly cases was infection by Zika virus in pregnancy. In November11th 2015,
based on preliminary results of clinical, epidemiological and laboratorial investigations,
the Ministry of Health recognized the association between Zika epidemic and the
increased numbers of microcephaly in Northeast of Brazil, which was then reclassified
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as potential Public Health Emergency of International Concern. A protocol for the
detection and investigation of cases of microcephaly was soon established at the
Ministry of Health. WHO declared Public Health Emergency of International Concern in
February 1st, 2016 (lifted in November 18, 2016, as identified by WHO as ongoing
threat).3
Soon it became clear that severe microcephaly is one of the symptoms in the
spectrum of congenital Zika syndrome. The evidences in Brazil suggest that this
syndrome can have a wide range of presentations and that the Zika cases with
microcephaly are far more severe than the other congenital diseases resulting from
exposure to other infectious agents.4, 31, 33, 36 In many cases the damages to the brain
of newborns, such as parts of the brain that were not formed, calcifications and other
neurological and ocular pathologies, were so severe that have led to a condition nearly
equivalent to anencephaly.
In addition, an increase in demyelinating diseases such as Guillain-Barré
Syndrome5, neuroinvasive infections6 and six fatal cases (not in fetus or newborn)7
have been reported. Phylogenetic and molecular clock analyses estimated the
introduction of Zika virus in Brazil as May 2013.8.
The initial perplexity with the severe neurological disorders in the poorest
Northeast region of Brazil has been followed by reports of imported congenital Zika
microcephaly cases in newborns in Slovenia and Russia and autochthonous sexual
transmission in adults in the US, France and Spain. CDC reported possible Zika virus
infection in 279 women in the US and its territories and the first active Zika
transmission in the US has been identified by CDC in Florida.9
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Zika epidemiology: exponential increase

In 2015 Zika microcephaly cases and/or alterations in the CNS in newborns in
Brazil increased 20-fold. In 2016 an exponential rise in the number of cases was
equally reported.10, 11 According to the Ministry of Health, from an annual average of
200 confirmed microcephaly cases before the first reported case in May 2015, by
October 2016, 2106 cumulative cases had been confirmed in the country. Central
nervous system alterations with evidence of congenital infection by Zika virus were
included, so they are referred now as congenital syndrome associated with Zika virus
infection (CSZV). Microcephaly causally related to Zika virus was confirmed if the case
met criteria established by a case definition.10, 11 Cases were dismissed according to
the following criteria: normal exams; microcephaly and/or congenital malformations
confirmed to be of non-infectious causes or cases not meeting the criteria of case
definition [Figure 1].
[ Figure 1]
The Brazilian Ministry of Health reports also provided information indicating an
extreme concentration of CSZV cases in the Northeast region of the country (Figure
2).
[ Figure 2]
Nevertheless, it is interesting to note that as the Zika epidemics spreads from
the Northeast of Brazil to the Central-West, Southeast and South, the percentage of
CSZV from Northeast (as related to the whole country) is decreasing (Figure 3),
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[Figure 3]
suggesting hypotheses for further research, as the conditions favouring the severity of
CSZV in the Northeast seem to be also present in other Brazilian regions.
The geographical distribution of CSZV and of the incidence of Zika infection
should also be noted, despite limitations in incidence estimates in the country. Among
the leading states in each region, three of them have the highest incidence: Mato
Grosso, in Central-West (652.9 cases/100 thousand hab.), Bahia in Northeast (328.2
cases/100 thousand hab.) and Rio de Janeiro in Southeast (363.6 cases/100 thousand
hab.), as indicated in Table .9
CSZV follows the geographical spread of Zika infections, and it should be
considered that there is a time-lag between infection during the first trimester of
pregnancy and detection of microcephaly. Similarly, Colombia and other American
countries, which initially had Zika infections but not CSZV, now are reporting them in
increasing numbers (Table1).
[Table 1]

Routes of transmission: dealing with complexity and uncertainty

The Zika outbreak in Brazil has led to an unprecedented situation. For the first
time a mosquito-borne virus is causing, besides widespread neurological disorders,
birth defects. Vector competence to Zika virus in American Aedes mosquito
populations has shown to be heterogeneous12. One Aedes aegypti and one Aedes
albopictus populations, respectively from Brazil and USA, challenged with a Zika virus
8

strain from the Asian lineage isolated from New Caledonia, exhibited high to moderate
infection and dissemination rates but an essentially low transmission efficiency. In
contrast, a very high transmission rate was found for a Brazilian Aedes aegypti
population challenged with a Zika virus isolate from Northeast region of the
country13. Transmission of the arboviruses ZIKV, CHIKV and Dengue in Brazil can occur
during all months of the year in most states, favoring fast dissemination.
The possibility of transmission by other species of mosquitos, such as Culex,
was investigated and some suggestive evidences were found, but its role in
transmission was not validated by the findings of a study conducted in FIOCRUZ in Rio
de Janeiro14
Other factors and routes of transmission should be considered in the Brazilian
outbreak, such as the large naïve population for ZIKV, the high densities of competent
populations of mosquito vectors15, sexual and blood transmission.
In the USA, CDC confirmed cases of sexual transmission of ZIKV in American
travelers returning from transmission areas and infecting sexual partners and a great
number of cases are increasingly reported in many countries, with recent studies
identifying prolonged presence of the virus in the semen.16, 17,18, 19
Infective particles and/or viral genome of Zika virus have also been found in
Brazil in saliva and urine 20, but we do not know yet their epidemiological relevance.
Therefore, one of the key areas for research is understanding the role, relevance and
transmission rates of each of these routes of transmission and their contribution to the
extent of Zika dissemination.

9

Finally, another important concern is the potential establishment of a sylvatic
cycle of Zika virus in the New World. Recently, saliva samples of a few capuchins and
marmosets from Northeast Brazil tested positive to Zika virus when screened by
molecular methods
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. The possible role of New World non-human primates as Zika

virus amplifiers and the vector competence to Zika virus in neotropical sylvatic
mosquitoes must urgently be addressed.

Zika virus: neuroinvasiveness and pathogenesis

The full genome of Zika virus has been recently published by Brazilian
researchers22. There are two lineages of the Zika virus: The African lineage and the
Asian lineage. The Zika virus outbreak in Brazil, as well as in all the American countries,
is due to the Asian lineage and the isolated strains are very close to those circulating in
the French Polynesia outbreak in 2013-201423, 24.
There were until recently no evidences of viral mutations, but a recent study on
the molecular evolution of the virus has identified unique nucleotide mutations in
Natal_RGN, ZKV2015, Rio-U1, and Rio-S1 strains among all 29 current human strains
within Asian lineage.25 There were so far no evidences associating viral nucleotide and
amino acid changes with a more virulent phenotype. However, a recent study with
human strains of the recent outbreaks reveled 34 amino acid modifications in
comparison with the Asiatic ancestor strain P6-740 isolated from Aedes aegypti in
Malaysia.26

Further studies are needed, to elucidate the sequential acquisition of
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these changes and their individual contributions to human pathogenesis and vector
competence.
An important factor of genetic diversity would be genomic recombination. It
was reported that during its emergence, ZIKV underwent 13 recombination events,
which is considered an unusual feature for a flavivirus, that are often genetically
restricted by the need to replicate in evolutionarily disparate invertebrate
(mosquitoes) and vertebrate hosts.27
The pathogenesis of Zika is still unknown. The determinants and conditions
leading to symptomatic or asymptomatic cases, to the severity of neurological
disorders and to the patterns of disease dissemination are not yet clear. Virological,
clinical, immunological and histopathological studies are needed, in integrated
approaches, to clarify unknown aspects involved in etiopathogenesis of clinical forms
of Zika.
In spite of these knowledge gaps, evidence on Zika virus neurological disease,
as in other flaviruses28,4, and on birth defects caused by its infection,

29,30

is rapidly

increasing. A study by Slovenian researchers provided some of the first indications on
Zika neuroinvasiveness, with a case of microcephaly in the baby of a Slovenian mother
who had returned from a trip to the Northeast of Brazil, where she had the symptoms
of Zika fever and rash. The mother had legal abortion and after consent, the Zika virus
was completely sequenced from the fetal brain.

31

In sequence, in Brazil a

breakthrough study identified the presence of Zika virus RNA in amniotic fluid of two
pregnant patients from Campina Grande, Paraíba. This study has shown for the first
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time that the Zika virus can cross the placenta barrier and possibly cause cases of
neurological disorders in newborns.32
At about the same time, a team of Brazilian researchers from Rio Grande do
Norte state in Northeast of Brazil and CDC reported that the Zika virus had been found
in the brains of two newborns who died soon after birth.33 This was the first time that
the direct impact of Zika on the brains of babies was clearly demonstrated in Brazil.
Two recent studies reinforced the causal link between Zika infection in pregnancy and
microcephaly.34,35
A pioneer Brazilian study with a cohort of pregnant women in Rio de Janeiro
provided strong evidence on the impacts of Zika virus infection, indicating that it is
associated with severe outcomes, including fetal death, placental insufficiency, fetal
growth restriction, and CNS injury.36

This study indicates that although Zika

microcephaly tends to be, as in rubella and other congenital infections, more
associated to infections in the first trimester of pregnancy, in some cases other
neurological disorders and adverse effects result from Zika infections in the second
and third trimesters, such as fetal deaths at 36 and 38 weeks of gestation, in utero
growth restriction with or without microcephaly, ventricular calcifications or other CNS
lesions and abnormal amniotic fluid volume or cerebral or umbilical artery flow. These
results are also consistent with the findings of a recent CDC mathematical modeling
study, indicating that microcephaly tends to be more related to infections in the first
trimester of pregnancy.37
Three studies in mouse models have also confirmed some of these results on
neuroinvasiveness of the Zika virus.38, 39, 40 Researchers at the University of São Paulo
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and colleagues reported that the Brazilian strain of the virus could cross the placentas
of pregnant mice resulting in microcephaly in developing embryos. In another study,
Chinese researchers from the Chinese Academy of Sciences reported similar findings
after studies on a different infection route. Finally, in a third study researchers at the
Washington University in Saint Louis found that Zika can infect pregnant,
immunodeficient mice and their fetuses, causing placental damage associated to
restricted growth and fetal demise.
In April 2016, a review study leaded by CDC researchers concluded that
sufficient evidence had accumulated to infer a causal relationship between prenatal
Zika virus infection and microcephaly and other serious brain anomalies. 4

Zika and dengue interactions

Recent breakthrough studies have provided evidence supporting the
hypothesis that the dengue virus could contribute to antibody-dependent
enhancement (ADE) and severe disease in Zika infections. The first support for that
hypothesis came from a study by Florida Gulf Coast University scientists which have
reported that both laboratory-grown antibodies to dengue and blood serum from
dengue patients (which contains antibodies) greatly enhanced. 41
In sequence, researchers from the Imperial College of London have reported
similar results, showing that a number of different antibodies to dengue virus react to
Zika, but not strongly enough to neutralize the virus. Instead, when blood plasma from
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patients who had recovered from dengue was added to cell cultures infected with Zika,
it increased by 100-fold.42
Another related study indicates the structural basis for this potent Zika-dengue
virus ADE.43 Although these experimental studies point to this possible association,
indicating that ADE is a strong hypothesis for Zika infection severity in the Brazilian
Northeast, these results should be confirmed by clinical and epidemiological
approaches.
So far the worldwide Zika outbreaks have been concentrated in geographic
areas that are also endemic for dengue. The Zika outbreak in Brazil followed a large
dengue outbreak in the country. In 2015, Brazil had notified 1,649,008 cases of
Dengue, an increase of 178% compared to 2014.
It is also important to evaluate the role of outbreaks of Chikungunya, previous
or concomitant to Zika, in several Brazilian states.44 A comparison of Zika incidence per
100,000 to Dengue and Chikungunya indicates that these three highly pathogenic
agents are widespread in the country (Table 2).
[Table2]
However, there are gaps of knowledge, some discrepancies of data and there is
a possibility of some other unknown intervenient factors - genetic, immunological,
virological, environmental or social, which could explain the surprising rapidity of Zika
virus dissemination.

Preparedness: vector control and global events
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A weak routine vector control is one of the main factors contributing to the
ongoing arbovirus activity in many Brazilian States and municipalities, which has
favored the proliferation and abundance of Aedes aegypti.45 Poverty and limited access
to basic sanitation and garbage collection, provided to only 47% of the Brazilian
population, have contributed to aggravate this scenario.
Elimination of CSZV in the highest risk areas is only possible with a drastic
reduction in Aedes density to very low levels. Mathematical modeling studies are
extremely important to calculate the highest acceptable levels of vectorial density and
to define specific vector control goals.
Alternative vector control strategies are now in place in some Brazilian states
and municipalities, under experimental conditions.45, 46 One strategy is to modify the
genes of the mosquitoes to produce faulty offspring and reduce the larvae survival.
This strategy has already been approved by the National Biosafety Commission in
Brazil and applied by a British company, Oxitec, in some Brazilian cities. Another
strategy is the Sterile Insect Technology by UN International Atomic Energy Agency
(IAEA) in which laboratory bred male mosquitoes are exposed to nuclear radiation in
order to make their sperm sterile before being released into the wild to mate with
female mosquitoes. In this way, according to IAEA, the mosquito population could be
reduced in few months. An alternative strategy to control Zika virus transmission by
mosquitoes is to release laboratory reared Aedes aegypti infected with the
endosymbiont bacteria Wolbachia. Recently, it has been experimentally demonstrated
that the transmission of the circulating Zika virus is blocked in Wolbachia-infected
Aedes aegypti from Brazil. Laboratory and field studies on the Wolbachia control
15

strategy are ongoing in Brazilian cities. Finally, another strategy is using drones as a
new technology to locate the breeding sites of mosquitoes and spread pesticides. 45
Intense population mobility across regions and countries poses difficult
challenges for vector and infection control. Brazil has been the site for many
international events, such as the Olympic and Paralympic Games in 2016, the World
Cup in 2014, the IVF Va’a World Sprint Canoeing Championship in 2014, the Youth Day
during the visit of the Pope in July 2013, raising concerns on the possibility of
introduction and dissemination of emerging and resurgent infectious disseases,
including Zika.45 Positive Brazilian experience at the Olympics could guide other
countries. Effective multidisciplinary surveillance and preparedness measures should
be promptly designed for global events. All efforts should be undertaken regarding
guidance to visitors, recommendations for individual protection and procedures to
minimize exposure to mosquitos.

Breakthroughs: diagnostic tools, vaccines and drugs

New products are urgently needed to deal with the rapidity of Zika
transmission. A recent study has determined for the first time the structure of Zika
virus and critical regions in this structure, providing a fantastic visualization of the virus
in near-atomic resolution.47 These findings identified significant differences in the
glycosylation site and surrounding residues, as compared with other flavivirus, and
indicated that this site could be involved in attachment to human cells. These results
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suggest that an inhibitor could be conceived to block this function and could be a
future target for Zika vaccines and for potentially therapeutic molecules.
A major issue is the scarcity of diagnostic tools for Zika. Laboratorial diagnosis
of ZIKV infection nowadays relies mostly on acute-phase samples for the detection of
viral RNA by real time RT-PCR tests, with limitations due to the short period of viremia.
Viral isolation in cultured cells and determination of plaque forming units can also be
performed in acute samples, but this method is restricted to very specialized
laboratories.
Specific serological tests for the detection of anti-ZIKV IgM and IgG antibodies
are the most important bottleneck of ZIKV infection diagnosis so far. Due to high
prevalence of dengue seropositivity in the Brazilian population, results obtained from
serological tests cannot be trusted, due to cross-reactivity, hindering a seroprevalence
study of ZIKV infection.
Another crucial issue is the development of a vaccine. Vaccine development
against Zika is at an early stage, as it emerged in response to recent outbreaks. There
are several vaccine candidates. The US National Institutes of Health-NIH is developing
a DNA-based Zika vaccine and there are now 18 other agencies and companies around
the world developing Zika vaccines. Recently Inovio Pharmaceuticals and GeneOne Life
Science, from South Korea, announced approval to initiate a phase I human trial to
evaluate Inovio’s Zika DNA vaccine which has induced robust antibody and T cell
responses in small and large animal models. Other international initiatives funded by
anonymous private donors, such as the Zika Cure Alliance (Cura Zika), by the University
of Pittsburgh in cooperation with Fiocruz in Brazil, are also supporting vaccine
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development. These new vaccine candidates are mostly based on platforms for
dengue vaccine: inactivated, live attenuated, live vectored, chimeric, virus-like
particles (VLP), subunit protein, DNA. Several Brazilian institutes are now involved in
this effort. Bio-Manguinhos/Fiocruz is developing Zika vaccines in different
partnerships and platforms: inactivated, 17 D Yellow Fever/Zika chimeric virus in tissue
culture,48 subunit E protein and VLP expressed in tobacco. Evandro Chagas Institute, in
collaboration with the US Texas University Medical Branch, will start a phase II test for
an attenuated vaccine. The Butantan Institute is developing an inactivated vaccine in
partnership with the US Bio-medical Advanced Research and Development Authority
(Barda). Another recent study in collaboration between Harvard University and the
University of São Paulo has shown that a single immunization of a plasmid DNA vaccine
or a purified inactivated virus vaccine provides complete protection in susceptible mice
against challenge with a ZIKV outbreak strain from northeast Brazil.49 Finally, the
University of Pittsburgh in collaboration with Fiocruz/Aggeu Magalhães Research
Institute is now developing a Zika vaccine using a new version of LAMP technology
under the sponsosrship of the Cura Zika program.
It is important to identify new pathways for the accelerated development of a
Zika vaccine, as this is a public health emergency. 50 Unfortunately, in Brazil the current
regulatory legislation does not provide mechanisms for speeding up clinical trials
evaluation, such as “fast track”, “expedited review”, “priority review”, “accelerated
approval”, “rolling review”, so progress for the development a vaccine could be slower
than needed.
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Concerning development of antiviral treatments for Zika, new drugs are
urgently needed in the Brazilian outbreak. Nevertheless, as a recent study has
indicated, although the scientific community has known the Zika virus for 60 years and
advanced molecular biology technologies are available, the lack of appropriate in
vitro assays for Zika hampers its ability to quickly identify and test molecules that
might possess antiviral activity.

51

The US National Institute of Allergy and Infectious

Diseases (NIAID/NIH), is trying to overcome these barriers, using its existing antiviral
drug screening program for other flavivirus, such as dengue, West Nile, yellow fever,
and Japanese encephalitis. NIAID has evaluated 60 antiviral compounds for activity
against Zika, 15 of them found to have moderate to high activity. The goal is to develop
a broad-spectrum antiviral drug that could be used to treat a variety of flavivirus,
including Zika.52 Other promising studies are ongoing with nucleoside inhibitors of Zika
virus, but still as in vitro assay. 53

Final considerations

The findings presented in this review indicate remarkable scientific advances
and breakthroughs but also highlight the need to overcome remaining gaps in
knowledge, such as the infectivity of the circulating Zika viral strain from French
Polynesia introduced into the Brazilian Northeast, pathogenesis, the levels of viremia,
the duration and risks of viral persistence, routes of transmission and the complex ecosocial conditions favoring its emergence and spread.
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A broad perspective, supporting collaboration and multisectorial partnerships,
will be crucial to clarify the complex viral, genetic, immunological, environmental and
social factors involved in the rapid spread of the virus and in the exponential increase
of CSZV in the country. Poverty, inadequate infra-structure, such as limited access to
sanitation and garbage collection, and inadequate vector control, have contributed to
a very high density of Aedes mosquitos and thus created the conditions favoring the
emergence and rapid dissemination of the Zika virus. This implies on large scale public
health interventions. There is also an urgent need to accelerate new innovative
preventive and therapeutic strategies and response. Scientists and technologists from
Brazil and other developing countries should be supported and actively involved in this
global effort.
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Tables

Table 1. Countries an territories

in the Americas with reported congenital

syndrome associated with Zika virus infection, October 6th, 2016
Country

Number of confirmed cases

Brazil

1949

Colombia

42

United States

26

Guatemala

17

Martinique

12

Dominican Republic

10

25

Other countries

20

Total

2076

Source of data: PAHO Regional Zika Epidemiological Update (Americas), October 6th,
2016. Data provided by the health authorities of countries and territories to PAHO/W

Table 2. Zika fever incidence per 100,000 population compared to Dengue and
Chikungunya fevers in Regions and states of leading incidence in parenthesis.
Brazil, 2016, up to Epidemiological Week 32
Region

Chikungunya

Dengue

Zika

North (Tocantins)

29.0

214.6

68.8 (159.0)

Northeast (Bahia)

335.6

548.4

127.7 (328.2)

Southeast (Rio de Janeiro)

21.2

981.1

95.9 (363.6)

South (Paraná)

5.3

251.7

5.0 (10.0)

Central-West (Mato Grosso)

9.8

1058.8

188.1 (652.9)

Source of data: Ministry of Health, Brazil, Epidemiological Bulletin 47(33), 2016

Legends and Figures

Figure 1. Cumulative cases of congenital syndrome associated with Zika virus infection
– confirmed, under investigation and dismissed. Brazil, epidemiological weeks 20152016.
Source of data: Epidemiological Informs from the Ministry of Health, Brazil, Centre for
Emergency Operations in Public Health on Microcephaly, Brasília, 2016.

26

Figure 2. Cumulative confirmed congenital syndrome associated with Zika virus
infection. Brazil, September 17th, 2016.

Source of data: Epidemiological Inform from the Ministry of Health, Brazil, Centre for
Emergency Operations in Public Health on Microcephaly, Brasília, September, 2016.
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Figure 3. Confirmed cases of congenital syndrome associated with Zika virus infection
from Northeast as a percentage of cases from Brazil, 2016 up to epidemiological week
37.
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Source of data: Epidemiological Informs from the Ministry of Health, Brazil, Centre for
Emergency Operations in Public Health on Microcephaly, Brasília, 2016.
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