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ABSTRACT

Objective: to analyze the spatial distribution of microcephaly
cases by Zika virus in a Brazilian municipality. Methods: eco-
logical study that analyzed 53 confirmed cases of microce-
phaly by Zika virus, reported between 2015 and 2016, extrac-
ted from the Registry of Public Health Events - Microcephaly.
Incidence rates of the disease in neighborhoods of the muni-
cipality, Global and Local Moran Index and Kernel dispersion
method were calculated. Results: common areas with high
Zika microcephaly incidence rates were identified. The va-
lue of Moran’s I demonstrated the presence of clusters, with
p=0.001,1=0.3159in 2015 and [=0.2158 in 2016. According to
the Kernel map, there was concentration of cases in Regional
Executive Secretariats IV and VI. Most of the cases are within
or near precarious settlements. Conclusion: the cases did not
occur randomly and reinforce their relationship with the li-
ving conditions of the population. Contributions to practice:
itis expected that this study can contribute to reflect on public
policies and surveillance actions to reduce Zika transmission,
recognizing the territories of higher risk for the disease. In
addition, to expand discussions between managers and health
professionals to qualify notification, care, and monitoring of
children with microcephaly by Zika.

Descriptors: Spatial Analysis; Microcephaly; Zika Virus Infec-
tion; Social Vulnerability; Child Health.

RESUMO

Objetivo: analisar a distribui¢do espacial dos casos de micro-
cefalia por virus Zika em um municipio brasileiro. Métodos:
estudo ecoldgico que analisou 53 casos confirmados de micro-
cefalia por virus Zika, notificados entre 2015 e 2016, extrai-
dos do Registro de Eventos em Satide Publica - Microcefalia.
Foram calculadas taxas de incidéncia da doenca nos bairros
do municipio, Indice de Moran Global e Local e método de dis-
persdo de Kernel. Resultados: identificaram-se dreas comuns
com altas taxas de incidéncia de microcefalia por Zika. O valor
do I de Moran demonstrou presenca de clusters, com p=0,001,
[=0,3159 em 2015 e [=0,2158 em 2016. De acordo com o mapa
de Kernel, houve concentracdo de casos nas Secretarias Exe-
cutivas Regionais IV e VI. A maioria dos casos esta dentro ou
préoximo de assentamentos precarios. Conclusio: os casos nao
ocorreram de modo aleatério e reforcam sua relagdo com as
condig¢des de vida da populagdo. Contribuicdes para a pra-
tica: espera-se que esse estudo possa contribuir para refletir
sobre politicas publicas e a¢des de vigilancia para reduc¢do da
transmissao da Zika, reconhecendo os territorios de maiores
riscos para a doenga. Além disso, ampliar discussdes entre
gestores e profissionais da saude para qualificar notificacao,
cuidado e acompanhamento das criangas com microcefalia
por Zika.

Descritores: Andlise Espacial; Microcefalia; Infecgdo por Zika
Virus; Vulnerabilidade Social; Satide da Crianga.
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Introduction

Zika virus transmission by the infected Aedes
aegypti mosquito belongs to the Flaviviridae family.
In 2015, an epidemic by the virus started in Puerto
Rico®. In Latin America, especially in the Northeast of
Brazil, the infection outbreak happened in the second
half of 2015, alerting the world population about the
relation with the increase of newborn cases with mi-
crocephaly. Epidemiological and laboratory data indi-
cated that intrauterine infection by Zika virus caused
microcephaly and severe brain abnormalities, consi-
dered characteristics of congenital syndrome of Zika
virus.

Microcephaly is defined as a cerebral develo-
pment malformation characterized by a smaller ce-
phalic perimeter than expected for the baby’s age and
sex®. According to the World Health Organization, the
Brazilian Ministry of Health has adopted as parame-
ters for children born at term a head circumference of
31.5 cm for females and 31.9 cm for males™®.

Due to the need to register suspected cases of
microcephaly related to Zika virus, the Unified Heal-
th System Informatics Department created an online
form for Public Health Events Registry - Microcephaly
for compulsory notification of the disease®.

Between the years 2015 and 2020, in Brazil,
19,622 suspected cases of congenital syndrome as-
sociated with Zika virus were notified to the Ministry
of Health, of which 3,577 (18.2%) were confirmed®.
Based on the cases confirmed until 2019, 78.3% were
newborns with microcephaly, 14.9% children with
microcephaly and/or central nervous system altera-
tions, 2.8% fetuses, 2% stillbirths and1.9% miscarria-
ges (1.9%)".

Although the emergency period has ended,
new cases continue to occur in the country. Most
deaths, among live births and stillbirths, occurred in
2016 and in the Northeast region (60.8%). Congenital
malformations were the most prevalent causes of
death (52.6%), with microcephaly being responsible
for 24.3% of all deaths and associated with another
15.9%©.
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Regarding health care, from the cases confir-
med between 2015 and 2020, 63.7% of newborns and
children received care in primary care and 56.4% in
specialized care. It is also noteworthy that 2,890 ca-
ses are still under investigation, i.e., there may still be
hundreds of children with some sequelae of Zika virus
that are not being officially registered and, probably,
are without assistance(®.

These children continue to deal with the severe
sequelae of the syndrome, which in some cases, were
aggravated due to the interruption of stimulation the-
rapy sessions in the period of the COVID-19 pandemic.
And, despite great efforts, several gaps in knowledge
are still identified, such as the transmission rate of
Zika virus infection from pregnant women to fetuses,
the frequency of infected fetuses who will develop
malformations, and the long-term outcome of infected
children without detection of abnormalities at birth®.

In Cears, the first cases were reported as of Oc-
tober 2015, and Fortaleza concentrated the highest
number of confirmed deaths. After the first records
were made, an active search was conducted, retros-
pectively, in several maternity hospitals in Fortaleza,
aiming to identify possible cases of newborns with the
syndrome born before October 2015. Between the ye-
ars 2015 and 2020, 233 babies with suspected conge-
nital Zika virus syndrome were registered, being 98
(42.1%) in the year 2015; and 98 (42.1%) in 2016.
There was a reduction to 17 (7.2%) in 2017, followed
by 9 (3.8%) of the notifications in 2018, 6 (2.6%) in
2019. In the year 2020, only 5 (2.2%) cases were re-
ported. However, of the 233 notifications, 53 cases
were confirmed (26 by clinical-radiological criteria
and 27 by laboratory tests), all with microcephaly, no-
tified between the years 2015 and 2016, which justi-
fies the sample of this study®.

In some Northeastern states, it was identified
that Zika outbreak intensified situations involving hu-
man rights, such as access to water, basic sanitation,
irregular precarious settlements, inequality in access
to health and restrictions to sexual and reproductive
rights'9). Therefore, there is an understanding of the
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social, environmental, and climatic determinants that
favor the proliferation of Aedes aegypti and arbovi-
ruses in the urban environment, which makes such
infection a growing public health problem due to its
power of dispersion, adaptability, and possibility of
causing severe neurological damage.

A study conducted with 201 high-risk pregnant
women reported that the knowledge and attitudes
about Zika virus are still lacking, especially regarding
the prevention of virus transmission, being necessa-
ry public policies directed to the community invol-
ving collective actions of arboviruses control and that
reinforce the prevention and follow-up of pregnant
women with Zika, considering the consequences that
result from congenital infection, highlighting microce-
phaly®b,

Although there are studies that address the cli-
nical and epidemiological profile of children with mi-
crocephaly by Zika(1%1), few analyze the spatial dy-
namics of Zika cases in Brazil®. The epidemiological
bulletins of Fortaleza® do not perform spatial analy-
sis of microcephaly cases associated to Zika virus, but
of arboviruses or Congenital Syndrome of Zika virus.

Thus, it is evident the need to understand the
spatial distribution of microcephaly by Zika virus in
the city of Fortaleza, for knowledge of the socio-ter-
ritorial dynamics of infection and the probable areas
considered most at risk for its occurrence, supporting
public management to incorporate innovative stra-
tegies and different magnitudes for surveillance and
health promotion.

Therefore, we aimed to analyze the spatial dis-
tribution of microcephaly cases by Zika virus in a Bra-

zilian municipality.

Methods

This is an ecological study conducted in For-
taleza, capital of the state of Cear4, in the Northeast
region of Brazil, with approximately 2,703,391 inha-
bitants. The 121 neighborhoods of the municipality

were considered as the unit of analysis, organized in
the seven Regional Executive Secretariats (SER), ran-
ging from I to VI, in addition to the Regional Executive
Secretariat of the Center of Fortaleza (SERCEFOR) ac-
cording to the territorial division in the research pe-
riod. The study was conducted in the period between
March 2018 and April 2019.

The population comprised all confirmed cases
in children, stillbirths or newborns with microcephaly
by Zika virus, notified in the Public Health Event Re-
gistration System-Microcephaly in the period betwe-
en January 1, 2015, and December 31, 2016, and resi-
ding in Fortaleza-Cear3j, totaling 53 cases.

It is valid to emphasize that although the study
contemplates only the years from 2015 to 2016, sus-
pected cases of microcephaly by Zika are still being
notified, however, all confirmed cases between 2015
and 2021 are concentrated in the two years of choice
for data collection of the study®. Therefore, the data
that really show the frame of notification and confir-
mation are related to the years studied in this article.

The inclusion criteria were being a confirmed
case of microcephaly by Congenital Infection asso-
ciated with Zika virus, registered in the Public Health
Event Registration System - Microcephaly, notified in
2015 or 2016 and being a resident in the Municipali-
ty of Fortaleza-Ceara. As exclusion criteria: duplicate
cases. It is emphasized that there were no exclusions.

In the study period, there were 235 suspected
cases of microcephaly due to Zika virus. Of these, 53
cases met the inclusion criteria. Thus, the sample con-
sisted of 53 cases of microcephaly by Zika virus, of
these, 27 were confirmed by laboratory tests and 26
by radiological clinical criteria, which composed the
scope of analysis.

The databases came from the Epidemiological
Surveillance of the Municipal Health Secretariat of
Fortaleza. The cases of microcephaly were extracted
from the Registry of Events in Public Health-Microce-
phaly; the address and neighborhood of children with
microcephaly were extracted based on the registra-
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tion of the place of residence of their parents in the In-
formation System on Live Births, because the infection
occurred during pregnancy. The sociodemographic in-
formation, such as data regarding the number of the
population per neighborhood in the city of Fortaleza,
were extracted from the Demographic Census of 2010
by the Brazilian Institute of Geography and Statistics.
The cartographic base that contains the digital maps
of the municipality of Fortaleza with its neighborhoo-
ds was acquired from the Institute and from the web-
site of the Municipality of Fortaleza. Then, the banks
were compiled and checked by the authors of the stu-
dy.

For characterization of cases with microce-
phaly by Zika virus according to epidemiological va-
riables, descriptive statistical analysis with absolute
and percentage frequency distribution was used. The
incidence rate of microcephaly associated with Zika
virus per neighborhood was calculated, using as nu-
merator the new cases of microcephaly by Zika virus,
residents in each neighborhood, and as denominator
the number of live births in the neighborhood for the
years studied and multiplied by 10,000.

The process of data geo-referencing was per-
formed in Quantum Geographic Information System
(QGIS), version 3.16, with compatibility of the varia-
ble “neighborhood of residence of children with mi-
crocephaly by Zika” with the cartographic base of the
121 neighborhoods of the city of Fortaleza. The car-
tographic projection corresponded to the Universal
Transverse Mercator system using the SIRGAS 2000
Datum 24S zone.

The determination of the existence of spatial
dependence of Zika microcephaly incidence rates in
Fortaleza neighborhoods was done by Moran’s Global
Index that provides the scatter diagram to visualize
the spatial autocorrelation. This diagram provides
the overall measure of linear spatial association and
the patterns of local spatial association between are-
as and their neighboring regions, namely, High-High
(HH), Low-Low (LL), High-Low (HL) and Low-High
(LH)U2), The neighborhood matrix used in the calcula-
tion of spatial dependence was the contiguity matrix,
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first-order queen convention, adopting a significance
level of 5%.

The Local Spatial Association Indicator (LISA
Map) was applied, which presents the comparison of
values with a series of values obtained through inte-
ractions or permutations of the values of neighboring
neighborhoods. The values are classified as non-sig-
nificant and with significance of 95,99 and 99.9%"%,
Thus, it is evident where the spatial dependence was
statistically significant, calculated through the Local
Moran Index.

The Moran Map was used to visualize the spa-
tial dependence. This consists of the junction of the
values obtained in the Box Map with spatial statistical
significance above 95%, identified by the LISA Map.
The Moran Map shows the areas with significant LISA
Map values (p<0.05), however, with the classification
into four groups as presented in the Box Map of High-
-High, Low-Low, High-Low and Low-High. The other
areas without dependence are classified as non-signi-
ficant. Therefore, the units of analysis of the study, the
neighborhoods, which showed statistical significance
in the Moran Map as critical areas for the birth of chil-
dren with microcephaly by Zika virus.

In the last phase of the analysis, the Kernel dis-
persion method was performed. This is an exploratory
interpolation technique that generates a density sur-
face to identify “hotspots”, i.e., an area of concentra-
tion of events or agglomeration of a phenomenon in a
spatial distribution®?,

To identify the occurrence of microcephaly
cases by Zika in urban areas of social vulnerabili-
ty, the cases made available by the Epidemiological
Surveillance Cell of Fortaleza that locates precarious
settlements in the city of Fortaleza were georeferen-
ced in a map. These settlements consist of areas with
poor housing and mobility conditions, such as favelas,
slums, irregular subdivisions, tenements, and housing
developments®¥. For spatial autocorrelation calcula-
tions, significance tests, and graphical illustrations,
Terraview 4.4, GeoDa version 1.18, and QGIS version
3.16 were used.
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The study was approved by the Research Ethics
Committee of the Federal University of Ceard under
opinion no. 2,812,300/2018.

Results

Of the cases diagnosed with microcephaly by
Zika, 58.5% were male and 47.2% were diagnosed in
the intrauterine period. Regarding mortality, 22.6% of
cases died, and 83.3% of these occurred in children
under one year of age. In 2015, 19 live children were
born, and one was stillborn (37.7%), and in 2016, 33
live children were born (62.3%).

Among the regions, regarding the summed raw
data of 2015 and 2016 according to the SER of resi-
dence established in the Live Birth Certificate of chil-
dren with microcephaly, the highest number of cases
stands out in regions V (13) and VI (13), representing
a total of 49% of the cases.

The following maps show the areas with the
highest incidence rate of microcephaly due to Zika in
2015, ranging from 8.1 to 87.2 cases per 10,000 live
births (Figure 1 - map A) and, in 2016, from 11.4 to
48.6 cases per 10,000 live births (Figure 2 - map A).

According to Moran’s [ value, in the analyzed
years, there was positive spatial autocorrelation. Nei-
ghborhoods with high Zika microcephaly rates are nei-
ghbors of other neighborhoods with the same charac-
teristic, showing p<0.05 (2015, Moran’s [ of 0.3159 for
p<0.001, and 2016, Moran’s I of 0.2158 for p<0.001),
that is, the null hypothesis of spatial independence for
microcephaly in both 2015 and 2016 is excluded.

Box Map of Figure 1 - map B and Figure 2 - map
B illustrates classified areas, according to the position
of Zika microcephaly cases in Moran’s Scatter Dia-
gram, in 2015 and 2016 respectively.

It can be noticed that in 2015 there were clus-
ters of neighborhoods with high rates of children with
microcephaly by Zika and similarity with their neigh-
bors (high-high), present in all Regional Executive Se-
cretariats and with higher concentration in regions I,
II and IV. Moreover, low rates of neighborhoods with
microcephaly and neighbors with similar values (low-

-low) are in regions III, V and VI. There were few areas
of epidemiological transition (high-low/low-high). In
2016, high-high areas stand out in Regional Executive
Secretariats V and VI, and low-low areas are concen-
trated in regionals I, II, and 111, with few and scattered
areas of epidemiological transition (high-low/low-
-high) that year.

Microcephaly rate Box Map Microcephaly

by ZiKa in 2015 by ZiKa in 2015

£30-0.1 M8 High - High

[F10.1-4.5 I Low - Low

45-8.1 [T High - Low

MS.1-872 [ Low - Nigh @
012345km
| = = |

Moran Map Microcephaly

by ZiKa in 2015

I Not significant

I High - High

M Tow - Tow

O Low - High

Figure 1 - Spatial analysis of Microcephaly by Zika
per neighborhood, A) Incidence Rate of Microcepha-
ly by Zika; B) Box Map; C) Moran Map. Fortaleza, CE,

Brazil, 2015

The results obtained by Moran Map are pre-
sented in Figure 1 - map C and Figure 2 - map C. In
these, it is identified cluster with high-risk area for
microcephaly incidence by Zika due to the grouping of
neighborhoods with equally high rates between them
(high-high). In 2015, it stood out as high-high areas, in
SER V], the neighborhood Alto da Balanga, and in SER
11, the neighborhoods Cidade 2000, Manoel Dias Bran-
co and De Lourdes, also noting other cluster areas
with low rates (low-low) of SER 11, V and VI. High-low
areas were also identified in some neighborhoods of
regional Il and VI.

In 2016, high-high areas are represented by
SER VI, in the Sapiranga, José de Alencar neighborhoo-
ds; SERII], in Bela Vista; and SER IV in Pan Americano;
low-low, predominate in SER I. In this year, no high-
-low and low-high areas were identified.

Rev Rene. 2022;23:e72440.
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Microcephaly rate Box Map Microcephaly

by ZiKa in 2016 by ZiKa in 2016
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[33-7.1 I Low - Low
o .- 14 [ High - Low
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Y~ Moran Map Microcephaly
7 byZiKain 2016
X [ Not significant
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Figure 2 - Spatial analysis of Microcephaly by Zika
per neighborhood, A) Incidence Rate of Microcephaly
by Zika; B) BoxMap; C) MoranMap. Fortaleza, CE, Bra-
zil, 2016

Figure 3 shows the Kernel density map with a
high concentration of microcephaly cases by Zika vi-
rus in the Regional Executive Secretariats IV and VI,
considering the accumulation of cases between the
years 2015 and 2016, and a radius of influence of
2,000 meters.

Concentration of Microcephaly cases
B Low

Low 10 Moderate

Moderate

Maderate t High
B lligh

Figure 3 - Kernel density map. Fortaleza, CE, Brazil,
2015-2016

The cases of microcephaly due to Zika were ge-

oreferenced in the map of precarious settlements in
the city of Fortaleza to identify if they were inserted
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in urban areas of greater social vulnerability. These
represented 12% of the territorial area of the capital
and are named as: favelas; mutirdes; irregular subdi-
visions; tenements; and housing developments.

Most cases (73.5%), considering a radius of up
to 200 meters from the territories with precarious
settlements, were located within risk areas (37.7%)
or very close to these areas (35.8%).

In Figure 4, the neighborhoods of the regionals
with cases of microcephaly by Zika within precarious
settlements are highlighted: Regional I - Barra do Cea-
ra (4), Regional II - Cais do Porto (2) and Vicente Pin-
zon (1), Regional III - Olavo Oliveira (2) and Quintino
Cunha (1), Regional IV - Itaperi (2) and Parangaba (2),
Regional V - Planalto Ayrton Senna (2), Regional VI -
Conjunto Palmeiras (3) and Jangurussu (1).

Legend

4 Confirmed cases 2016
O Confirmed cases 2015
[ Precarious Settlements
Regional Executive Secretariats
[ SERI

I SERII

I SERMNI

[JSERIV

[ JSERV

[ SERVI

|7 SERCEFOR

Figure 4 - Zika microcephaly cases and areas of pre-
carious settlements. Fortaleza, CE, Brazil, 2015-2016

Discussion

The spatial autocorrelation, found in this stu-
dy, allows us to analyze the most vulnerable neigh-
borhoods for the occurrence of microcephaly cases
and to understand the organization and influence of
neighboring neighborhoods.

Zika microcephaly cases were not randomly
distributed in Fortaleza territory, there was positive
spatial autocorrelation in both years of the study. In-
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deed, some neighborhoods of Fortaleza showed high
incidence rates of the disease, with higher number of
neighborhoods, with statistical significance level for
microcephaly by Zika as in 2015 (p<0.05) and in 2016
(p<0.01), while others showed insignificant values. In
addition, the formation of clusters and areas in epide-
miological transition phase were identified.

Epidemics spread by mosquitoes can expand
rapidly, which highlights the need for effective vector
control. The Zika epidemic disproportionately affec-
ted the country®® as well as vulnerable groups, crea-
ting unequal social and health services, and contribu-
ting to the increase of inequalities in the region, being
these one of the reasons why the Northeast was the
epicenter of the epidemic®®,

Thus, vector control, expansion of coverage of
selective collection of solid waste, conditions that fa-
vor access to water and sanitation, and intensification
of maternal guidance for prevention of infection by the
vector or sexually, especially in the first and second
trimesters of pregnancy are fundamental to reduce
Zika virus transmission and microcephaly cases”.

Georeferencing the cases of microcephaly by
Zika on the map of 121 neighborhoods in Fortaleza,
most of them (73.5%) are in risk areas (37.7%) or
very close to these areas (35.8%). These territories
present great social vulnerability and low Human
Development Index, especially in Conjunto Palmeiras
(0.119), Planalto Ayrton Senna (0.168) and Jangu-
russu (0.172), which are among the ten worst neigh-
borhoods in the city regarding development®,

The socioeconomic condition is the factor that
most contributes to family breakdown, acting directly
in the most vulnerable of this group: the children who
are threatened and with their fundamental rights vio-
lated, such as the right to quality housing. Of the 69
families of children victims of congenital syndrome by
Zika virus in Cear3, 32 lived with one minimum wage
per month, followed by those with monthly income
lower than one minimum wage. Most parents were
young, with complete high school education. An im-
portant number of mothers gave up their jobs to take

care of their children, characterizing families with un-
favorable economic situation®?.

The consequences arising from the situation
that is experienced by the family include many pro-
blems experienced by caregivers of children with con-
genital syndrome by Zika, such as job abandonment,
excessive workload with the child and, several times,
absence of family support. These result in a great con-
cern, interfering in their daily functioning, favoring
the emergence of somatic symptoms that reflect nega-
tively in the health of these mothers®.

Thus, main factors for Zika virus infection and,
consequently, for microcephaly are related to socioe-
conomic scenario. Issues such as housing, urbaniza-
tion and basic sanitation must be considered. These
socioeconomic and demographic indicators can con-
firm that the outbreak had different impacts according
to social class, reflecting social inequality in Brazil®V.

To mitigate the impacts, government measu-
res were implemented to address issues related to
poverty and inequality of access, such as actions to
provide repellent to pregnant women accompanied
in the public service, monthly payment of cash benefit
for children diagnosed with congenital syndrome by
Zika virus, standardization and improvement of mi-
crocephaly surveillance, new diagnostic tests, inten-
sification of vector control measures, development of
vaccines against the virus, therapies and diagnostics,
preparation of health services for follow-up of neu-
rological syndromes, sharing of information relevant
to public health and general restrictions on travel or
trade with countries or regions with Zika virus trans-
mission(©22),

Although high rates of the disease do not cur-
rently occur, new cases of microcephaly by Zika conti-
nue to be reported in the country. With the pandemic
by COVID-19, children victims of congenital syndrome
by Zika virus, cited as a vulnerable group, experience
a second potentially fatal viral outbreak®2®. For many
children, therapies and consultations have been repla-
ced by extended home stays, telecare, and socioecono-

mic crises.

Rev Rene. 2022;23:e72440.
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Thus, since the current treatment of arboviru-
ses is still merely symptomatic and primary preven-
tion measures are of vital importance to prevent the
occurrence of fetal infection and congenital anomalies,
the mapping of diseases becomes essential to descri-
be their spatial behavior, allowing the correlation of
several factors that are present in the territory, such
as infrastructure, living conditions and inequalities.
Such conjuncture is necessary to reinforce the actions
of public policies in child health, preventing adverse
fetal outcomes and new epidemiological emergencies
by Zika virus.

Study limitations

The limitations of the study involve the under-
reporting of cases and unsatisfactory records of infor-
mation, which collaborates to the difficulty regarding
the treatment and depuration of the databases collec-
ted involving many cases that are still under investiga-
tion, consolidation, and organization of microcephaly
cases in the official neighborhoods of the city of For-
taleza.

Contributions to practice

The data can contribute to local planning for
restructuring basic sanitation conditions and heal-
th surveillance actions, enabling reflection on public
policies and health education for reducing mosquito
infestation and, consequently, reducing the Zika virus
transmission rate to the population.

It is also expected that this study will broaden
the discussions between managers and health profes-
sionals, especially nursing to qualify the health team
in the process of notification, care and monitoring of
children with microcephaly and strengthening of fa-
mily support networks.

Further investigations in regions with high in-
cidence rates are necessary, requiring continuous mo-
nitoring of cases to ensure that measures are effecti-
vely implemented.

Rev Rene. 2022;23:e72440.

Conclusion

It is concluded that the cases of microcephaly
by Zika were not randomly distributed in the territory
of Fortaleza, there was positive spatial autocorrela-
tion in the two years of the study. In addition, most
affected individuals resided within or near territories
with socioeconomic vulnerability, a fact that afflicts
society and highlights the structure of inequality in
the city studied, in the state and in the country itself.
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