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Abstract: Since an outbreak in Brazil, which started in 2015, Zika has been recognized as an important
cause of microcephaly. The highest burden of this outbreak was in northeast Brazil, including the state
of Pernambuco. The prevalence of congenital microcephaly in Pernambuco state was estimated from
the RESP (Registro de Eventos em Satde Publica) surveillance system, from August 2015 to August
2016 inclusive. The denominators were estimated at the municipality level from official demographic
data. Microcephaly was defined as a neonatal head circumference below the 3rd percentile of the
Intergrowth standards. Smoothed maps of the prevalence of microcephaly were obtained from
a Bayesian model which was conditional autoregressive (CAR) in space, and first order autoregressive
in time. A total of 742 cases were identified. Additionally, high and early occurrences were identified
in the Recife Metropolitan Region, on the coast, and in a north-south band about 300 km inland. Over
a substantial part of the state, the overall prevalence, aggregating over the study period, was above
0.5%. The reasons for the high occurrence in the inland area remain unclear.
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1. Introduction

In November 2015, an epidemic of congenital microcephaly, associated with the Zika virus,
was declared a Public Health Emergency of National Importance by the Brazilian Ministry of
Health [1]. In the following year, the World Health Organization declared a Public Health Emergency of
International Concern [2]. On the basis of the Bradford Hill criteria, a causal link has been inferred [3],
and the Centers for Disease Control and Prevention of the USA has concluded that ‘There is now
scientific consensus that Zika virus infection during pregnancy is a cause of microcephaly’ [4]. The main
transmission route of Zika is by mosquitoes of the genus Aedes [5].

Causes of congenital microcephaly include chromosomal abnormalities (e.g., trisomy 21),
monogenic disorders (e.g., Cornelia de Lange syndrome), in utero exposure to teratogens (e.g.,
alcohol, heavy metals), as well as maternal infections (e.g., toxoplasmosis, rubella, cytomegalovirus) [6].
The atypical pattern of microcephaly cases initially described in the Northeast of Brazil drew the
world’s attention to a distinct pattern of birth defects, which was subsequently designated congenital
Zika syndrome (CZS) [7]. The clinical features include microcephaly, abnormal brain development,
limb contractures, eye abnormalities, brain calcifications, and other neurologic findings. In Brazil,
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4200 confirmed or possible congenital cases related to Zika infection were reported from 2015 to 2017;
60% of them in the northeast region. Although representing a sharp reduction in incidence, the 73 cases
related to Zika infection reported in 20182019 indicate ongoing transmission [8]. There are still many
knowledge gaps related to the progression of the disease and the risk of the transmission of Zika
infection in tropical settings.

Previous spatial and temporal analyses of microcephaly and congenital Zika syndrome, have
considered all of Brazil, Pernambuco, or Recife [9-14]. The contribution of the current analysis is to
describe the patterns of microcephaly in Pernambuco in 2015 and 2016 at a fine scale in terms of both
space (municipality) and time (month).

2. Materials and Methods

2.1. Setting

Pernambuco is a northeastern state of Brazil (Figure 1). It extends approximately 700 km inland
from the Atlantic Ocean and has 8.8 million inhabitants, 42% of which reside in the Metropolitan
Region of Recife (RMR), on the coast, which consists of 14 municipalities including Recife proper
(outlined in red in Figure 1) [15].

Figure 1. Pernambuco. Left panel: South America, with the national boundaries in black, and the
Brazilian state boundaries in blue. Pernambuco is shown in green. Right panel: municipalities of
Pernambuco, with those of the Recife Metropolitan Region being shown in red.

2.2. Microcephaly Surveillance

In October 2015, the State Secretariat of Health in Pernambuco launched the first online
registry to report microcephaly and STORCH (syphilis, toxoplasmosis, other, including HIV, rubella,
cytomegalovirus, and herpes simplex) due to the excess of these events at a state level. This initiative
was followed in November 2015 by a national-level system with an electronic database for the
notification of cases and deaths with suspected relation to Zika infection: RESP (Registro de Eventos
em Saude Publica or Public Health Events Registry) [16]. Health facilities were advised to notify any
suspected neonatal microcephaly cases to the RESP system, including those born before its inauguration,
if possibly related to maternal infection during pregnancy [17]. We extracted data from August 2015
to August 2016 inclusive, which covers the main peak of the outbreak [10], and the sample size was
not pre-determined. The head circumference was included in the source data, and microcephaly
was defined, for the purpose of the current study, as the neonatal head circumference below the 3rd
percentile of the Intergrowth standards, which are specific for sex and gestational age [18].
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2.3. Live Birth Denominator

The number of live births in each month in each municipality was estimated from the number
of live births in the corresponding month and municipality in 2013, from the national Live Birth
Information System (SINASC, Sistema de Informagdes sobre Nascidos Vivos) of the Ministry of Health.
Some municipalities had zero births for some months, so the denominator was smoothed, by taking it
to be the average of the original value with the two values from months adjacent in time and then
rounding to the nearest integer.

2.4. Statistical Analysis and Reporting

We used a spatiotemporal Bayesian smoothing of the proportion of live births with microcephaly,
using the WinBUGS software [19]. The model follows those used by Lawson (Chapter 12) [20]
and Knorr-Held [21]. More specifically, the proportion with microcephaly is assumed to follow
a binomial distribution with the log-odds, including structured spatial and temporal components,
an unstructured spatial component, and a space-time interaction. The structured components
are conditional autoregressive (CAR) in space and first order (1 month) autoregressive in time.
The CAR neighbourhood matrix is determined by whether or not each pair of municipalities have any
common borders.

The analysis includes the 184 contiguous municipalities of Pernambuco (S1 code), excluding
Fernando do Noronha, which is archipelago of 21 small islands, 350 km offshore. We also estimated,
for each municipality, the month in which the prevalence first passed 1 in 500 births, and the
prevalence over the complete study period. Parameters were estimated from 10,000 iterations after
5000 burn-in iterations.

A map of the municipalities of Pernambuco was obtained in a shapefile format from the website
of the IBGE (Brazilian Institute of Geography and Statistics, https://www.ibge.gov.br/geociencias/
downloads-geociencias.html). Choropleth maps of the raw data, and the results of the CAR model,
were plotted using this shapefile in the R software [22]. Maps of the countries of South America, and
of the states of Brazil, were made using the R packages dplyr, ggmap, maps maptools, raster, and rgdal.
The reporting is in accordance with the RECORD guidelines [23] (S2 checklist).

2.5. Ethics

Pernambuco Health State Department granted permission to use the anonymous data for research
purposes. In addition, this analysis was approved by the ethics committee of the London School of
Hygiene and Tropical Medicine (reference 16111). No names were present in the dataset, and addresses
and telephone numbers were removed before analysis.

3. Results

The analysis included 742 cases, which were selected as shown in Figure 2. Maps of raw prevalence
are shown in Figure 3. Of the 184 municipalities, 49 (27%) had no case reported during the period;
the median was 2 cases and the upper quartile 4 cases. The 14 municipalities of the Recife Metropolitan
Region had 38% of the cases and 40% of the expected births.

In terms of time, the peak was in November 2015. In terms of space, as well as high proportions
in the Recife Metropolitan Region, high prevalences occur in a north-south band about 300 km inland.
Figures 4 and 5 show results from the spatiotemporal CAR model used to smooth the data. Figure 4
shows the month in which the fitted prevalence first passed 1 in 500 births. This occurred early in some
coastal municipalities in the RMR but also, notably, in the same north—south inland band. Figure 5
shows corresponding patterns of prevalence over all the study period, which generally reflect those of
Figure 4. Over a substantial part of the state, this overall prevalence was over 0.5%.
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Figure 2. Flowchart of the inclusion of birth records from the Registro de Eventos em Satde Publica

(RESP) system.
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Figure 3. Maps of raw microcephaly prevalence over time.
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Figure 4. Month when the smoothed prevalence of microcephaly rst reached 1 in 500. Lighter colors
indicate that this threshold was reached earlier. Month 1 means August 2015, and so on.

Figure 5. Fitted prevalence of congenital microcephaly over the study period.
4. Discussion

These results show that the outbreak of microcephaly in Pernambuco state, as reported in
the RESP surveillance system, was not only concentrated in the coastal Recife Metropolitan Area.
In a band running north—south across the state, approximately 300 km from the coast, the occurrence
of microcephaly also increased early and had a high overall prevalence within the outbreak. Such an
inland high risk area was not visible in the kernel density estimates of microcephaly in a previous
national-level analysis [ 10], although it was in corresponding estimates of possible Zika virus infections
in pregnant women [ 10] and in a recent national-level analysis of microcephaly [ 14]. The current
analysis shows that prevalence peaked early as well as high in this inland region.

A similar area was found to be environmentally suitable for the transmission of Zika by  Aedeq?24].
However we cannot rule out that this inland peak resulted, rather, from maternal Zika infection
acquired elsewhere, especially bearing in mind the lag between infection and birth. Indeed, one
limitation of the current analysis is a lack of information on travel. On the other hand, the environmental
explanation could be considered more parsimonious, given that there is a distinct inland peak, not
a gradient from the coast, which might be expected if travel were the explanation. Zika can also be
transmitted sexually, although this is not considered the principal route in tropical and subtropical
areas due to the abundance of Aedesmosquitoes.

De Oliveira et al. [ 10] showed the peak risk of microcephaly in the northeast region to be 0.57%
in December 2015. By contrast, in terms of peak prevalence from the current data, the median over
municipalities was much higher, at 1.5% (inter-quartile range 1.3-1.9%). In terms of the prevalence over
the whole study period, the ndings in the current paper (median prevalence across municipalities
of 0.41%) are more in accordance with those of another study in Recife city, which found the overall
prevalence, from August 2015 to July 2016, to be 0.61% 3]. On the other hand, it is lower than the
0.74% found by de Aradjo et al. [25], although this may be explained by their study period being from
January to December 2016. Although we identi ed an inland area with an early peak of microcephaly,
in terms of numbers the highest burden was in the RMR, and remains so in terms of current disability.
At the national level, Zika infection continues to pose an increased risk for adverse pregnancy outcomes,
such as preterm birth, fetal death, and stillbirth, and congenital Zika syndrome (CZS) [8].
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A limitation of the current study is the possible error in ascertaining microcephaly, due to the
di culty in taking the measuring head circumference [ 26] and possible bias in a time of heightened
awareness of the condition. The surveillance protocol [ 17] called for congenital microcephaly to be
reported if there was a relation to maternal infection Zika infection, which could be di cult to assess.
Surveillance of the head circumference, were it to be done irrespective of other signs, would “inevitably
include some children who are constitutionally small but otherwise clinically normal”[  27]. However,
the prevalence in the current study is comparable to that found by de Oliveira et al. on the national
level [10]. In South America, causes of microcephaly prior to the Zika outbreak included chromosomal
syndromes (e.g., Patau), monogenic syndromes (e.g., Meckel), associated neural malformations (e.g.,
encephalocele), and embryopathies, which were largely related to infections (e.g., cytomegalovirus
and toxoplasmosis) and less frequently to alcohol [ 28]. However, as is the case with surveillance in the
United States, for example [27], the majority of cases did not have a documented cause and, in the
current study, individual etiological investigation is only partially available. Suggestions that maternal
vaccination, or the insecticide pyriproxyfen, could be risk factors for microcephaly have not been borne
out [25,29,30].

The descriptive methodology of the current paper for the spatial and temporal distribution of the
microcephaly cases does not include the evaluation of the association with congenital Zika infection,
and doing so would require another set of statistical methods. Such an association has been well
established in case-control and cohort studies in several settings [3,25]. Also, the data on Zika in
Pernambuco in the study time frame have limitations in that the surveillance systems were still being
developed, and diagnostic laboratory tests were limited [ 14]. However, at the descriptive level, the
spatial and temporal patterns of microcephaly shown here coincide with those of Zika in Brazil shown
by, for example, Brady et al. from December 2015 onwards [14], and Paix¢o et al. in an interrupted
time series analysis by region [31].

The number of microcephaly cases is often small when broken down by municipality and month,
so sporadic, relatively high, values could be misleading when mapping crude risks. Hence we used
a smoothing methodology to give more trustworthy estimates [ 20,32]. On the other hand, a limitation
of the maps is that those municipalities with high populations, typically on the coast, tend to have
a smaller area, and hence less graphical prominence than those inland. Finally, the statistical analysis
is descriptive, and there is no attempt to de ne clusters in terms of precise geographical extent or
statistical signi cance.

5. Conclusions

This study emphasizes the burden of microcephaly during the outbreak in Pernambuco, with
estimates higher than in some previous studies, and with high risk in an inland region of the state
for reasons which are yet to be clari ed. There was a high spatial dispersion across municipalities
of congenital microcephaly in a relatively short time. These ndings have important public health
implications for monitoring the high-risk municipalities (possible hot spots), and investigating the
previous mobility (travel or commuting) of Zika-infected pregnant women. This is to understand
infectious spread, target vector control measures, and to enhance pre-natal services. We also support
the clinical and laboratory follow-up of microcephaly cases, to enhance the ascertainment of CZS by
the implemented surveillance system.

Author Contributions:  Conceptualization, N.D.E.A. and C.M.T.M.; data curation, N.D.E.A. and W.V.S.; formal

analysis, N.D.E.A. and W.V.S_; funding acquisition, W.V.S., L.C.R., C.B. and C.M.T.M.; investigation, N.D.E.A.,
W.V.S., L.C.AB. and C.M.T.M.; methodology, N.D.E.A. and W.V.S.; project administration, N.D.E.A. and

C.M.T.M.; resources, W.V.S., A.S. and L.C.A.B.; software, N.D.E.A.; visualization, N.D.E.A.; writing—original draft

preparation, N.D.E.A.; writing—conceptualization review & editing, N.D.E.A., W.V.S, L.C.R.,C.B.,A.S,,L.C.AB.

and C.M.T.M. All authors have read and agreed to the published version of the manuscript.

Funding: C.M.T.M. receives CNPq scholarship #3089742018-2. W.V.S. receives CNPq scholarship #303662017-8.
This work was supported by the ZikaPLAN (Grant Agreement No. 734584) and ZIKAlliance (Grant Agreement
No. 734548) consortia, funded by European Union's Horizon 2020 research and innovation programme. N.D.E.A.



Int. J. Environ. Res. Public Health02Q 17, 700 7 of 8

receives support from the MRC UK and DFID-MRC Grant Reference MR /K0121281: This award is jointly
funded by the UK Medical Research Council (MRC) and the UK Department for International Development
(DFID) under the MRC /DFID Concordat agreement and is also part of the EDCTP2 programme supported by the
European Union.

Conicts of Interest:  The authors declare no con ict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Minist 2rio da Sadéde. Minist2rio da Sadde Investiga Aumento de Casos de Microcefalia em Pernambuco.
Available online: http: //portalms.saude.gov.br/noticias/agencia-saude20629-ministerio-da-saude-investiga-
aumento-de-casos-de-microcefalia-em-pernambuco (accessed on 30 September 2018).

2. Garcia, E.; Yactayo, S.; Nishino, K.; Millot, V.; Perea, W.; Briand, S. Zika virus infection: Global update on
epidemiology and potentially associated clinical manifestations. WKkly. Epidemiol. Record016 91, 73-81.

3.  Rasmussen, S.A.; Jamieson, D.J.; Honein, M.A.; Petersen, L.R. Zika Virus and Birth Defects—Reviewing the
Evidence for Causality. N. Engl. J. Med.2016 374, 1981-1987. [CrossRef] [PubMed]

4. Centers for Disease Control and Prevention. Congenital Zika Syndrome & Other Birth Defects. Available
online: https://www.cdc.gov /pregnancy/zika/testing-follow-up /zika-syndrome-birth-defects.html (accessed
on 22 September 2018).

5. Baud, D.; Gubler, D.J.; Schaub, B.; Lanteri, M.C.; Musso, D. An update on Zika virus infection. Lancet2017,
390, 2099-2109. [CrossRef]

6. von der Hagen, M.; Pivarcsi, M.; Liebe, J.; von Bernuth, H.; Didonato, N.; Hennermann, J.B.; Buhrer, C.;
Wieczorek, D.; Kaindl, A.M. Diagnostic approach to microcephaly in childhood: A two-center study and
review of the literature. Dev. Med. Child Neurol2014 56, 732-741. [CrossRef] [PubMed]

7. Miranda-Filho, D.d.B.; Martelli, C.M.; Ximenes, R.A.; Araujo, T.V.; Rocha, M.A.; Ramos, R.C.; Dhalia, R.;
Franca, R.F.; Marques Junior, E.T.; Rodrigues, L.C. Initial description of the presumed Congenital Zika
Syndrome. Am. J. Public Healt2016 106, 598-600. [CrossRef]

8. Minist 2rio da Sadde. Sadrome congfnita associada infecgto pelo v¥us Zika: Situag¢¢o Epidemiol agica,
Acées Desenvolvidas e Desa os de 2015 a 2019Boletim Epidemidigico2012 Némero Especial.

9. Marinho, F.; de Ara 6jo, V.E.M.; Porto, D.L.; Ferreira, H.L.; Coelho, M.R.S.; Lecca, R.C.R.; de Oliveira, H.;
Poncioni, I1.P.d.A.; Maranh¢o, M.H.N.; Mendes, Y.M.M.B. Microcephaly in Brazil: Prevalence and
characterization of cases from the Information System on Live Births (Sinasc), 2000-2015. Epidemiol.
Serv. Saud@016 25, 701-712. [CrossRef]

10. de Oliveira, W.K.; de Franca, G.V.A.; Carmo, E.H.; Duncan, B.B.; de Souza Kuchenbecker, R.; Schmidt, M.1.
Infection-related microcephaly after the 2015 and 2016 Zika virus outbreaks in Brazil: A surveillance-based
analysis. Lancet2017, 390, 861—-870. [CrossRef]

11. Franca, G.V.A,; Pedi, V.D.; Garcia, M.H.d.O.; do Carmo, G.M.l.; Leal, M.B.; Garcia, L.P. Congenital syndrome
associated with Zika virus infection among live births in Brazil: A description of the distribution of reported
and con rmed cases in 2015-2016.Epidemiol. Serv. Saud2)18 27, e2017473.

12. Vissoci, J.R.N.; Rocha, T.A.H.; Silva, N.C.D.; de Sousa Queiroz, R.C.; Thomaz, E.; Amaral, P.V.M.; Lein, A.;
Branco, M.; Aguino, J.J.; Rodrigues, Z.M.R.; et al. Zika virus infection and microcephaly: Evidence regarding
geospatial associations.PL0oS Negl. Trop. Dis2018 12, e0006392. [CrossRef]

13. Souza, W.V.; Albuquerque, M.; Vazquez, E.; Bezerra, L.C.A.; Mendes, A.; Lyra, T.M.; Araujo, T.V.B;
Oliveira, A.L.S.; Braga, M.C.; Ximenes, R.A.A.; et al. Microcephaly epidemic related to the Zika virus and
living conditions in Recife, Northeast Brazil. BMC Public Health2018 18, 130. [CrossRef] [PubMed]

14. Brady, 0.J.; Osgood-Zimmerman, A.; Kassebaum, N.J.; Ray, S.E.; de Araujo, V.E.M.; da Nobrega, A.A,;
Frutuoso, L.C.V.; Lecca, R.C.R.; Stevens, A.; Zoca de Oliveira, B.; et al. The association between Zika virus
infection and microcephaly in Brazil 2015-2017: An observational analysis of over 4 million births. PLoS Med.
2019 16, €1002755. [CrossRef] [PubMed]

15. Instituto de Pesquisa Econanica Aplicada; Fundag ¢o Joto Pinheiro; Programa das Nacgées Unidas para
o Desenvolvimento. Atlas do Desenvolvimento Humano nas R Metropolitanas Brasileirasnstituto de
Pesquisa Ecoranica Aplicada: Bras*#a, Brazil, 2014.



Int. J. Environ. Res. Public Health02Q 17, 700 80f8

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Franca, G.V.; Schuler-Faccini, L.; Oliveira, W.K.; Henriques, C.M.; Carmo, E.H.; Pedi, V.D.; Nunes, M.L.;
Castro, M.C.; Serruya, S.; Silveira, M.F.; et al. Congenital Zika virus syndrome in Brazil: A case series of the
rst 1501 livebirths with complete investigation. Lancet2016 388 891-897. [CrossRef]

Minist 2rio da Sadde. Protocolo de Vig¥ncia e RespostaOcorfncia de Microcefalia Relacionadénfecgo pelo
Vius Zika; Minist 2rio da Sadde: Brasia, Brazil, 2015.

Villar, J.; Cheikh Ismail, L.; Victora, C.G.; Ohuma, E.O.; Bertino, E.; Altman, D.G.; Lambert, A.;
Papageorghiou, A.T.; Carvalho, M.; Ja er, Y.A.; et al. International standards for newborn weight,
length, and head circumference by gestational age and sex: The Newborn Cross-Sectional Study of
the INTERGROWTH-21st Project. Lancet2014 384, 857-868. [CrossRef]

Spiegelhalter, D.; Thomas, A.; Best, N.; Lunn, D. WinBUGS Version 1.4 User ManuaMRC Biostatistics Unit:
Cambridge, UK, 2003.

Lawson, A. Bayesian Disease Mapping: Hierarchical Modeling in Spatial Epidemio@igy ed.; Chapman &
Hall /CRC: Boca Raton, FL, USA, 2013.

Knorr-Held, L. Bayesian modelling of inseparable space-time variation in disease risk. Stat. Med.200Q 19,
2555-2567. [CrossRef]

R Core Team. R: A Language and Environment for Statistical ComputjigyFoundation for Statistical Computing:
Vienna, Austria, 2015.

Benchimol, E.I.; Smeeth, L.; Guttmann, A.; Harron, K.; Moher, D.; Petersen, |.; Sorensen, H.T.; von EIm, E.;
Langan, S.M.; RECORD Working Committee. The REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) statement. PLoS Med.2015 12, e1001885. [CrossRef] [PubMed]
Messina, J.P.; Kraemer, M.U.; Brady, O.J.; Pigott, D.M.; Shearer, F.M.; Weiss, D.J.; Golding, N.;
Ruktanonchai, C.W.; Gething, P.W.; Cohn, E.; et al. Mapping global environmental suitability for Zika virus.
eLife2016 5. [CrossRef]

de Araujo, T.V.B.; Ximenes, R.A.A.; Miranda-Filho, D.B.; Souza, W.V.; Montarroyos, U.R.; de Melo, A.P.L.;
Valongueiro, S.; de Albuquerque, M.; Braga, C.; Filho, S.P.B.; et al. Association between microcephaly, Zika
virus infection, and other risk factors in Brazil: Final report of a case-control study. Lancet Infect. Dis2017.
[CrossRef]

Alvarado-Socarras, J.L.; ldrovo, A.J.; Contreras-Garcia, G.A.; Rodriguez-Morales, A.J.; Audcent, T.A,;
Mogollon-Mendoza, A.C.; Paniz-Mondol , A. Congenital microcephaly: A diagnostic challenge during Zika
epidemics. Travel Med. Infect. Dis2018 23, 14-20. [CrossRef]

Cragan, J.D.; Isenburg, J.L.; Parker, S.E.; Alverson, C.J.; Meyer, R.E.; Stallings, E.B.; Kirby, R.S.; Lupo, P.J.;
Liu, J.S.; Seagroves, A.; et al. Population-based microcephaly surveillance in the United States, 2009 to 2013:
An analysis of potential sources of variation. Birth Defects Res. A Clin. Mol. Teratol2016 106, 972-982.
[CrossRef]

Orioli, I.M.; Dolk, H.; Lopez-Camelo, J.S.; Mattos, D.; Poletta, F.A.; Dutra, M.G.; Carvalho, F.M.; Castilla, E.E.
Prevalence and clinical pro le of microcephaly in South America pre-Zika, 2005-2014: Prevalence and
case-control study. BMJ 2017, 359, j5018. [CrossRef] [PubMed]

Albuquerque, M.F.; Souza, W.V.; Mendes, A.D.; Lyra, T.M.; Ximenes, R.A.; Araujo, T.V.; Braga, C.;
Miranda-Filho, D.B.; Martelli, C.M.; Rodrigues, L.C. Pyriproxyfen and the microcephaly epidemic in
Brazil—An ecological approach to explore the hypothesis of their association. Mem. Inst. Oswaldo Cru2016
111, 774-776. [CrossRef] [PubMed]

DeSilva, M.; Vazquez-Benitez, G.; Nordin, J.D.; Lipkind, H.S.; Romitti, P.A.; DeStefano, F.; Kharbanda, E.O.
Tdap vaccination during pregnancy and microcephaly and other structural birth defectsino  spring. JAMA
2016 316, 1823-1825. [CrossRef] [PubMed]

Paix¢o, E.S.; Rodrigues, M.S.; Cardim, L.L.; Oliveira, J.F.; Catharina, L.C.; Costa, M.; Barreto, M.L.; Rodrigues, L.C.;
Smeeth, L.; Andrade, R.F.S.; et al. Impact evaluation of Zika epidemic on congenital anomalies registration in
Brazil: An interrupted time series analysis. PL0oS Negl. Trop. Dis2019 13, e0007721. [CrossRef]

Elliott, P.; Martuzzi, M.; Shaddick, G. Spatial statistical methods in environmental epidemiology: A critique.
Stat. Methods Med. Red4.995 4, 137-159. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licensedby/4.00).



