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Abstract

ated with them.

born with congenital anomalies.

Background: Congenital anomalies are associated with several clinical and epidemiological complications. Follow-
ing the Zika epidemic onset in Latin America, the incidence of congenital anomalies increased in Brazil. This study
aimed to determine the frequency of congenital anomalies in one Brazilian state and assess potential factors associ-

Methods: This cross-sectional descriptive study was based on data concerning congenital anomalies recorded in
the Brazilian Live-Born Information System during the Zika epidemic in Mato Grosso do Sul state from 2015 to 2018.
Congenital anomalies were stratified according to year of birth and classified using ICD-10 categories.

Results: In total, 1,473 (0.85%) anomalies were registered. Within the number of cases recorded, microcephaly
showed the greatest frequency and variations, with a 420% increase observed in the number of cases from 2015 to
2016. We identified an increase in the incidence of central nervous system anomalies, with the highest peak observed
in 2016 followed by a subsequent decrease. Musculoskeletal, nervous, and cardiovascular system anomalies, and eye,
ear, face, and neck anomalies represented 73.9% of all recorded anomalies. There was an increased chance of congen-
ital anomalies in uneducated (odds ratio [OR] 5.56, 95% confidence interval [CI] 2.61-11.84) and Indigenous (OR 1.32,
95% Cl 1.03-1.69) women, as well as among premature births (OR 2.74, 95% Cl 2.39-3.13).

Conclusions: We estimated the incidence of congenital anomalies during the Zika epidemic. Our findings could
help to support future research and intervention strategies in health facilities to better identify and assist children
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Background

Congenital anomalies are a set of functional and morpho-
logical abnormalities occurring during embryonic devel-
opment due to several etiologies [1-4]. Approximately
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65% of congenital anomalies have unknown causes,
25% have genetic causes, and 10% have environmental
and maternal causes [1, 2]. These occurrences represent
major concerns due to their effects on maternal and child
health [5].

In the 1960s, more than 10,000 cases of serious congen-
ital malformations were recorded in live births due to the
use of thalidomide by pregnant women [6-8]. Since then,
several countries have actively invested in surveillance
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programs and systems to detect congenital anomalies [9,
10].

It is estimated that 7.9 million live births worldwide
have some type of serious congenital anomaly annually
and that 295,000 children die within the first 28 days
due to congenital anomalies [3, 10]. Congenital anoma-
lies account for a staggering 25.3—38.8 million disability-
adjusted life years worldwide [11, 12] due to the high
incidences and severity of the numerous anomalies.
However, in relation to these anomalies, there has been
a lack of public policy formulations, a limited number
of relevant and prioritized social policies, limited spe-
cialized assistance for individuals and families, and low
incentives in the area of scientific research [13, 14] In
Brazil, 130,636 live births with congenital anomalies were
registered from 2015 to 2018 in the Brazilian Live-Born
Information System (Sistema de Informagoes sobre Nas-
cidos Vivos, SINASC) during the immediate postpartum
period [15].

Among the various possible causes of congenital anom-
alies, infectious agents appear to be the most important
[12]. The pathogens most frequently associated with
intrauterine infections are the Zika virus (Z); the bacte-
rium Treponema pallidum, which causes syphilis (S); the
protozoan Toxoplasma gondii, which causes toxoplasmo-
sis (TO); the rubella virus (R); the cytomegalovirus (C);
and the herpes simplex virus (H), constituting the acro-
nym Z-STORCH [16, 17].

Several clinical and epidemiological complications are
associated with congenital anomalies. ZIKV infections
during pregnancy resulted in an increase in the incidence
of congenital anomalies between 2015 and 2018 in Brazil
[18]. Moreover, globally, it is estimated that gestational
syphilis is associated with adverse outcomes in more than
one million pregnancies, with approximately 300,000
fetal and neonatal deaths per year [3]. Considering the
imminent risk of the development of new cases with
structural and neurodevelopmental birth defects, espe-
cially as a result of prenatal care disruptions observed
during the COVID-19 pandemic [1, 19, 20] and the risk
of the development of new Zika virus epidemics [21-23],
it is essential to identify the clinical and epidemiologi-
cal profiles of these cases. Therefore, this study aimed
to describe the frequency of congenital anomalies in the
Brazilian state of Mato Grosso do Sul and analyze factors
potentially associated with congenital anomalies.

Methods

This was a cross-sectional descriptive study based on
data relating to congenital anomalies obtained from
the SINASC. These data refer to congenital anomalies
diagnosed at birth in Mato Grosso do Sul from 2015 to
2018. In the Brazilian surveillance system, congenital
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anomalies identified in the clinical examination of new-
borns are recorded after each live birth [24]. The form
used for recording, namely, the Declaration of Live Birth,
is a tool intended to certify the birth of a newborn and
provide information on the characteristics of the birth,
which is then used to establish specific health indica-
tors.”> The information recorded is then entered into the
SINASC. Since 1990, the SINASC has become the official
system for registering congenital anomalies in Brazil [25].

The Research Ethics Committee of the Federal Univer-
sity of Mato Grosso do Sul approved this study (CAAE:
91,326,518.10000.0021; Registration No.: 3.298.330).

Data were collected and analyzed concerning con-
genital anomalies in live-born babies registered in the
SINASC and identified using ICD-10 categories (Sup-
plementary Table 1). Congenital anomalies were classi-
fied into 11 categories according to chapter XVII of the
ICD-10 [26], namely, anomalies of the central nervous
system, head and neck anomalies, anomalies of the car-
diovascular system, anomalies of the respiratory system,
oral clefts, digestive system anomalies, abnormalities of
the genital system, urinary system anomalies, musculo-
skeletal anomalies, chromosome disorders, and anoma-
lies not classified in other systems.

The following maternal, gestational, and birth data
were analyzed: maternal age (up to 19 years, 20—34 years,
35-39, or > 40 years) [27, 28], prenatal consultations (yes
or no), ethnicity (European, non-European, or Indig-
enous), education (yes or no), type of pregnancy (single,
multiple), duration of pregnancy in weeks (pre-term,
term, or post-term) [29], sex of the child (male or female),
Apgar score at the first and fifth minute (0-2, 3-7, or
8-10 points), and birth weight (low weight, normal, or
macrosomic). Cases of incompletely recorded anomalies
that could not be classified based on ICD-10 categories
were excluded. Relevant missing or indeterminate data
were also excluded from the association analysis.

A descriptive analysis was used to characterize cases
with congenital anomalies that had been registered in the
SINASC, which were then classified and grouped accord-
ing to ICD-10 categories. The incidences were expressed
as per 10,000 births for each category [26, 30] and strati-
fied according to year of birth. To estimate the incidence
of congenital anomalies at birth, the ratio between the
total number of live-born babies with congenital anoma-
lies included in the registration and the total number of
births recorded in the SINASC was calculated.

Statistical analysis was performed using R (version
4.1.1) using the RStudio interface [31]. Associations were
evaluated using odds ratios (OR) with 95% confidence
intervals (CIs) and chi-square tests set at a significance
level of 0.05. Two groups were compared for the associa-
tion analysis, namely, one group of live births registered
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with congenital anomalies and one group of live births
with no record of congenital anomalies. The independ-
ent variables used were maternal and gestational char-
acteristics (age, ethnicity, education, prenatal care, type
of pregnancy, and duration of pregnancy) and certain
characteristics related to the child (Apgar score and
birth weight). Congenital anomalies were the dependent
variable. The R package ggplot2 was used to plot graphs
[32], and the R package epitools was used to perform the
association analysis [33]. The study results are reported
according to STROBE guidelines.

Results
A total of 172,960 births were registered in the SINASC
in Mato Grosso do Sul from 2015 to 2018. Of these, 1,116
(0.64%) newborns had one or more types of congenital
anomalies. Among the types of anomalies, 1,473 were
registered and divided into 74 classifications according to
ICD-10 categories.

In terms of congenital anomalies with external struc-
tural defects identifiable on clinical examination, con-
genital deformities of the feet were most common (Q66,
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12.4%), followed by polydactyly (Q69.9, 8.1%). Congenital
anomalies associated with greater severity were less fre-
quent, such as gastroschisis (Q79.3, 4.4%), microcephaly
(Q02.X, 2.8%), hydrocephalus (Q03, 2.7%), anencephaly
(Q00.0, 2.5%), heart disease (Q24, 2.5%), and Down syn-
drome (Q90.9, 2.2%). Microcephaly showed the greatest
variations in terms of the number of cases recorded each
year. There were five cases in 2015, 26 cases in 2016, eight
cases in 2017, and only three cases in 2018, indicating a
420% increase in the number of cases from 2015 to 2016
(Supplementary Table 1).

Among the four periods evaluated, we observed an
increase in the incidence of central nervous system
anomalies in 2016 (incidence rate, 15.4 per 10,000 births)
compared with 2015 (incidence rate, 10.8 per 10,000
births), 2017 (incidence rate, 10.2 per 10,000 births), and
2018 (incidence rate, 6.7 per 10,000 births) (Fig. 1 and
Supplementary Table 2). Birth defects of the musculo-
skeletal system had the highest incidence in the four years
evaluated; however, they decreased during the ZIKV
epidemic period in 2016 (incidence of 22.9 per 10,000
births), followed by an increase in the subsequent years.
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Anomalies of the musculoskeletal, nervous, and cardio-
vascular systems and eye, ear, face, and neck anomalies
represented 73.9% of all anomalies recorded during this
period.

Supplementary Table 3 summarizes the frequencies
of congenital anomalies distributed according to ICD-
10 categories, in addition to maternal, gestational, and
birth data. Among the cases with reported chromosomal
abnormalities, 44.1% were reported in live-born babies
to women aged > 35 years. Of nervous system anoma-
lies, 61.7% and 11.5% were registered in live-born babies
to non-European and Indigenous mothers, respectively.
Of children with central nervous system anomalies, 3.5%
were born to women who had no prenatal care. Among
genital anomalies, 82.7% were identified in male children.
In terms of Apgar scores, 40.7% of live-born babies with
respiratory system anomalies and 15.9% of those with
central nervous system anomalies had Apgar scores that
ranged from O to 2 in the first minute of life.

When analyzing factors that may be associated with
congenital anomalies, we identified an increased likeli-
hood of congenital anomalies in uneducated women (OR
5.56, 95% CI 2.61-11.84), Indigenous people (OR 1.32,
95% CI 1.03-1.69), women who did not receive prenatal
care (OR 1.76, 95% CI 1.20-2.58), women with a multiple
pregnancy (OR 1.80, 95% CI 1, 30—2.48), and women with
premature births (OR 2.74, 95% CI 2.39-3.13) (Table 1).

Discussion

Our data describe cases of congenital birth anomalies
reported in Mato Grosso do Sul during the Zika epi-
demic in Brazil between 2015 and 2018, and we identi-
fied 74 types of congenital anomalies recorded at birth
and high frequencies of external and internal structural
defects (Supplementary Table 1). Approximately 66%
of the congenital anomalies worldwide have unknown
causes [2, 33]. Official data from the Brazilian Ministry
of Health show that approximately 24,000 newborns with
birth defects are reported annually to the SINASC; how-
ever, this number is likely to be an underestimation due
to the absence of a national investigation system for these
events [34].

The sudden increase in the incidence of congenital
anomalies of the central nervous system in 2016 fol-
lowed the increase in cases of ZIKV fever and congeni-
tal Zika syndrome (CZS) at our study location [35]. This
trend was also reflected in several other regions of Bra-
zil, where an increase in congenital abnormalities was
reported, which then subsequently declined [36]. Anom-
alies of the musculoskeletal system were reported most
frequently, which was consistent with findings reported
nationally [36]. We cannot explain why the incidence in
musculoskeletal deformities decreased in 2016. Similar
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Table 1 Maternal, gestational, and birth data according to the
occurrences of congenital anomalies in live-born babies. Mato
Grosso do Sul, Brazil (2015-2018)

Congenital anomalies  Odds ratio (95% CI)?
Yes No

Age (mother)

up to 19 years 212 31,579 1.07 (0.92, 1.25)

20-34 years 752 119,788 Reference

35-39 years 122 16,584 1.17(0.97,142)

> 40 years 30 3702 1.29 (0.89, 1.86)
Ethnicity

European 367 61,406 0.89(0.78,1.01)

Non-European 678 101,042 Reference

Indigenous 71 8015 1.32(1.03,1.69)
Prenatal care

No 27 2386 1.76 (1.20, 2.58)

Yes 1089 168,907 Reference
Schooling

No 7 197 556 (2.61,11.84)

Yes 1109 166,902 Reference
Pregnancy (type)

Single 1.077 168,232 Reference

Multiple 39 3393 1.80(1.30,2.48)
Gestational age (weeks)

<37 weeks 294 19,867 2.74(2.39,3.13)

37-41 weeks 791 146,266 Reference

>42 31 4496 1.27 (0.89,1.83)

Cl Confidence interval

2 Pearson’s chi-squared test

to arthrogryposis being a clinical finding in CZS [37], we
assumed that some cases with musculoskeletal deformi-
ties were no longer reported in the SINASC and only
reported in the Registros de Eventos em Satude Publica
(RESP-Microcephaly), referred to as RESP henceforth)
for the investigation of CZS during this period. This
hypothesis is supported by Venancio et al’s findings [35].
They investigated and ruled out approximately 70% of the
suspected cases of CZS reported in the RESP in the state.
The incidence of general anomalies in 2016 in this study
was 66.29 per 10,000 births, which was lower than that
reported in Brazilian Ministry of Health national data for
the same period (115 per 10,000 births), as well as in pub-
lished data for Brazilian states such as in Sergipe and Per-
nambuco (incidence of 149-169 per 10,000 births) [36].
The higher incidence of ZIKV-related microcephaly in
these states possibly influenced these findings [36].
When comparing the frequency of congenital anoma-
lies in Brazil with data from other international sur-
veys, we observed that certain states within the United
States, such as Florida (prevalence of 248.7 per 10,000
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births) and Texas (prevalence of 465.7 per 10,000 births),
recorded higher incidences of congenital anomalies
[38, 39]. This was also observed in European and Japa-
nese regions and may be associated with superior medi-
cal infrastructure allowing better tracking of congenital
anomalies [40, 41]. When comparing the incidences of
congenital anomalies with less developed regions, we also
observed higher prevalence rates in some localities, such
as Entebbe in Uganda (761 per 10,000 births) [42], and
Ogbomoso in Nigeria (630 per 10,000 births) [43]. These
countries are in regions with a high prevalence of sexu-
ally transmitted diseases such as syphilis, which might
have contributed to the increased number of cases [44].

Brazil was the epicenter of a global public health cri-
sis from 2015 to 2018, with an increase in cases of ZIKV-
related microcephaly in newborns [45]. Approximately
18,578 children were monitored, and 3,496 cases of CZS
were confirmed in the children born during this period
[46]. The main infection-associated congenital anomalies
are known to be directly linked to damage to the nervous
[47, 48], auditory, ocular [49], musculoskeletal [47], and
cardiac [48] systems. They are usually related to Toxo-
plasma gondii [47], Treponema pallidum [48], varicella-
zoster virus [48], rubella virus [48, 50], cytomegalovirus
[48, 51], herpes simplex virus [48, 52], and ZIKV [17, 30]
infections.

Z-STORCH infections constitute a group of perinatal
infections that may have similar clinical features. They
are a significant cause of fetal and neonatal mortality and
a major cause of infant morbidity [53]. The prevalence
of congenital anomalies related to Z-STORCH infec-
tions have been reported to be as follows: syphilis, 7.8 per
10,000 births; toxoplasmosis, 1.0 per 10,000 births [53];
rubella, 0.1 per 10,000 births [54]; cytomegalovirus, 1.4
per 10,000 births [55]; and ZIKV, 3.8 per 10,000 births in
the northeast and 2.0 per 10,000 births in the center-west
regions of Brazil [35, 56].

Among the types of congenital anomalies described in
this study, there may be similarities in clinical findings in
children exposed to any of the Z-STORCH pathogens.
For example, some infants with severe microcephaly
following exposure to cytomegalovirus have been char-
acterized as having a marked reduction in the height of
the cranial vault with overlapping sutures and a redun-
dant scalp with wrinkles or folds [30, 57]. This outcome
is indistinguishable from that of CZS by physical exami-
nation [30]. It is estimated that 4-10% of congenital
anomalies are related to environmental and maternal fac-
tors, including infectious agents [2]. From 2015 to 2018,
1,485 cases of congenital syphilis were recorded in Mato
Grosso do Sul [58], and Brazil experienced a shortage of
penicillin [59, 60], an antibiotic used in the treatment of
syphilis. In congenital syphilis, some of the anomalies
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observed at birth are also observed in CZS, such as
hydrocephaly and congenital malformations of the eye,
ear, and brain [17, 30].

Our findings showed an increase in the number of reg-
istered cases of congenital anomalies of the central nerv-
ous system in Mato Grosso do Sul in 2016 (incidence
of 17.3 per 10,000 births), well below the prevalence
recorded in the northeast region (23.9 per 10,000 births),
which reported the highest incidences of microcephaly
in the country during the ZIKV epidemic [46, 61]. How-
ever, the incidence remained above the national average
(10.6 per 10,000 births) [62]. The increased number of
congenital nervous system anomalies in this period was
driven by a 420% growth in the number of microcephaly
cases from 2015 to 2016, which can be attributed to the
recorded circulation of ZIKV in the center-west region
that consequently led to the highest incidence of ZIKV
fever in the general population in Brazil [36].

Through restricting the comparison of our findings to
the group with the most common congenital anomalies
found after maternal exposure to ZIKV, such as nerv-
ous system, eye, and ear anomalies [63], we observed
that some states in the United States, such as Texas and
Massachusetts, had a higher prevalence of anomalies
of nervous system (20.5-36.7 per 10,000), eye, and ear
anomalies (8.03-18.9 per 10,000) [38, 39], which was
higher than those identified in this study even during
the ZIKV epidemic in Brazil. This may be related to the
surveillance model adopted in the United States, which
involves reviewing medical records in maternity hospitals
and in pediatric units, routine follow-ups of all newborns
aged > 20 weeks in intensive care units, and cross-match-
ing data between genetic laboratories [45]. In Brazil,
there is no integrated surveillance system for recording
findings identified in clinical neonatal screenings (red
reflex testing, hearing screening, and screening for con-
genital heart diseases), and these findings are recorded
individually by assistant professionals in a child’s hand-
book [34]. To date, Brazil only has mandatory neonatal
blood screening indicators [25].

The average age at which women have children
has increased considerably in recent years [64, 65].
Increased maternal age has been associated with nega-
tive outcomes, such as fetal death, neonatal mortality
and morbidity, and high rates of cesarean deliveries [66,
67]. Previous studies have shown that older women are
more likely to have children with birth defects [68, 69].
Our results did not show a greater frequency of con-
genital anomalies in live births of older women, which
accords with recent studies showing that, while women
aged > 40 years have a greater prevalence of pregnancies
with adverse events such as prematurity, miscarriage,
and chromosomal syndromes, no increased prevalence
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of other congenital malformations was observed [28,
70, 71]. Goetzinger et al. [72] reported a significant
decrease in the incidence of major fetal anomalies with
increasing maternal age.

Uneducated women had higher frequencies of con-
genital anomalies. Health-related studies have shown
that education level is a variable associated with
adverse health events [73]. Low education levels have
been directly related to a lower socioeconomic pro-
file and healthcare demand, as well as reduced access
to health services [74]. Low levels of maternal educa-
tion, together with other related social determinants,
have been associated with lower adherence to prena-
tal examinations and higher incidences of infectious
diseases with higher adverse neonatal outcomes and a
higher incidence of complications in newborns [75, 76].

To our knowledge, no studies have described the rela-
tionship between genetic factors in Indigenous women
and their likelihood of developing congenital anomalies
compared with non-Indigenous women. However, fac-
tors such as reduced access to health services [77, 78]
and the high incidence of infectious diseases reported
in Indigenous populations [78-80] are likely to have
contributed to the greater number of congenital anom-
alies identified in newborns with Indigenous mothers
in this study.

The non-inclusion of congenital anomalies among
cases involving fetal deaths, which are important data,
is a major limitation of this study since 3.4-20% of
fetal deaths are related to congenital anomalies [81,
82]. Additionally, the actual incidences of congeni-
tal anomalies may have been underestimated due to a
lack of surveillance and registration systems for con-
genital malformations identified during clinical neona-
tal screenings undertaken in the days or months after
delivery [34].

Although the use of secondary data is a limitation of
this study, the SINASC data from Campo Grande (the
capital of Mato Grosso do Sul), which currently records
approximately 40% of all births in the state [62], provides
detailed and complete data documenting prematurity,
type of pregnancy, type of delivery, number of prenatal
consultations, and congenital anomalies [83].

One strength of our study is that the analysis was per-
formed using an extensive database of all live births in a
Brazilian state with the aim of describing the frequency,
type, and factors possibly associated with the incidence
of birth defects. In this cross-sectional descriptive study,
we were able to compare a group of live births with no
evidence of birth defects with newborns with congenital
anomalies. In future, additional studies analyzing con-
genital anomalies separately are recommended to vali-
date our findings.
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Conclusions

In this study, we estimated the incidence of congenital
anomalies during the Zika epidemic in one region of
Brazil with the highest incidences of ZIKV fever among
the general population. We observed a 420% increase
in the number of microcephalic cases from 2015 to
2016. Additionally, we found some associated factors
that may have increased the likelihood of congenital
anomalies in live-born babies of women with low or no
education, Indigenous ethnicity, premature births, and
twin pregnancies. Our findings can be used to support
future research and the planning of intervention strat-
egies in health facilities for better identification and
medical assistance for children born with congenital
anomalies.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-14490-1.

Additional file 1: Supplementary table 1. Frequencies of the congenital
anomalies registered in SINASC according to ICD-10 categories. Mato
Grosso do Sul, Brazil. 2015-2018.

Additional file 2: Supplementary table 2. Frequencies and incidences
of congenital anomalies per 10,000 births according to the ICD-10 and the
year of occurrence. Mato Grosso do Sul, Brazil. 2015-2018.

Additional file 3: Supplementary table 3. Frequencies of maternal, ges-
tational, and birth data according to the ICD-10 categories of congenital
anomalies. Mato Grosso do Sul, Brazil. 2015-2018.

Acknowledgements
The authors are grateful to the Secretaria de Estado de Saude de Mato Grosso
do Sul (SES-MS) for providing the data analyzed in this research.

Authors’ contributions

Conceptualization, EFd.O, FAV, and CD.BS.P; methodology, EFd.O., FAV.,
and C.D.BS.P; formal analysis, E.F.d.O, FAV, and C.D.BS.P; investigation, E.Fd.O,
FAV,CDBSP, MEQB, MJdM, DdAM, LKM, MVA, and S.d.AM, writing
original draft preparation, FA.V, EFd.O, and C.D.BS.P; writing review and
editing, EFd.O, CDBS.P, MVA, and FAV, visualization, EFd.O, FAV, CDBSP,
M.EQB., MJdM, DdAM, LKM, MV.A, and S.d.AM, supervision, EFd.O;
project administration, E.Fd.O. and C.D.B.S.P; funding acquisition, EFd.O, FAV,
and C.D.BS.P All authors have read and agreed to the published version of the
manuscript.

Funding

This study was financed in part by the Coordenagao de Aperfeicoamento
de Pessoal de Nivel Superior—Brasil (CAPES)—Finance Code 001 and by the
Federal Universidade Federal de Mato Grosso do Sul - Brasil (UFMS).

Availability of data and materials
All relevant data are available within the manuscript and its additional files.

Declarations

Ethics approval and consent to participate

The Research Ethics Committee of the Federal University of Mato Grosso
approved this study do Sul, Brazil, under protocol n. 3.298.330 (CAAE:
91326518.10000.0021), and procedures were performed in accordance with
the ethical standards of this committee and with the Helsinki Declaration
of 1975, as revised in 1983. The Federal University of Mato Grosso do Sul
Research Ethics Committee waived the requirement for informed consent.


https://doi.org/10.1186/s12889-022-14490-1
https://doi.org/10.1186/s12889-022-14490-1

Venancio et al. BMC Public Health (2022) 22:2069

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Programa de Pés-Graduacdo em Doencas Infecciosas e Parasitarias, Universi-
dade Federal de Mato Grosso do Sul, Campo Grande, MS, Brasil. ?Centro Espe-
cializado em Reabilitacao da Associacao de Pais e Amigos dos Excepcionais,
Campo Grande, MS, Brasil. *Faculdade de Medicina, Universidade Federal de
Mato Grosso do Sul, Campo Grande, MS, Brasil. Instituto Integrado de Saude,
Universidade Federal de Mato Grosso do Sul, Campo Grande, MS, Brasil. >Uni-
versidade Federal do Rio de Janeiro, Campus Macaé, Rio de Janeiro, RJ, Brasil.

Received: 22 July 2022 Accepted: 30 October 2022
Published online: 12 November 2022

References

1. Nelson K, Holmes LB. Malformations due to presumed spontaneous
mutations in newborn infants. N Engl J Med. 1989;320(1):19-23. https://
doi.org/10.1056/NEJM198901053200104.

2. Brent RL. Environmental causes of human congenital malformations:
the pediatrician’s role in dealing with these complex clinical problems
caused by a multiplicity of environmental and genetic factors. Pediatrics.
2004;113(4 Suppl):957-68.

3. World Health Organization. Birth defects. 2016. Retrieved from https://
www.who.int/news-room/fact-sheets/detail/birth-defects. Accessed Jun
2022.

4. DeSilva M, Munoz FM, Mcmillan M, Kawai AT, Marshall H, Macartney KK,
et al. Congenital anomalies: case definition and guidelines for data col-
lection, analysis, and presentation of immunization safety data. Vaccine.
2016;34(49):6015-26. https://doi.org/10.1016/j.vaccine.2016.03.047.

5. Devakumar D, Bamford A, Ferreira MU, Broad J, Rosch RE, Groce N, et al.
Infectious causes of microcephaly: epidemiology, pathogenesis, diagno-
sis, and management. Lancet Infect Dis. 2018;18(1):e1-13. https://doi.org/
10.1016/51473-3099(17)30398-5.

6. Mcbride WG. Thalidomide and congenital abnormalities. Lancet.
1961;278(7216):1358. https://doi.org/10.1016/50140-6736(61)90927-8.

7. LenzW.Thalidomide and congenital abnormalities. In Problems of Birth
Defects. 1962; 199-199. Springer. Dordrecht. https://doi.org/10.1007/978-
94-011-6621-8_28

8. LenzW. A short history of thalidomide embryopathy. Teratology.
1988;38(3):203-15. https://doi.org/10.1002/tera.1420380303.

9. Castilla EE, Orioli IM. ECLAMC: the Latin-American collaborative study of
congenital malformations. Public Health Genomics. 2004;7(2-3):76-94.
https://doi.org/10.1159/000080776.

10. Gili JA, Poletta FA, Giménez LG, Pawluk MS, Campana H, Castilla EE,
et al. Descriptive analysis of high birth prevalence rate geographical
clusters of congenital anomalies in South America. Birth Defects Res A.
2016;106(4):257-66. https://doi.org/10.1002/bdra.23481.

11. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990-2010: a systematic analysis for the Global Burden of Dis-
ease Study 2010. The Lancet. 2012;380(9859):2197-223. https://doi.org/
10.1016/50140-6736(12)61689-4.

12. Sitkin NA, Ozgediz D, Donkor P, Farmer DL. Congenital anomalies in low-
and middle-income countries: the unborn child of global surgery. World J
Surg. 2015;39(1):36-40. https://doi.org/10.1007/500268-014-2714-9.

13. Christianson A, Howson, CP, Modell B. March of Dimes: global report
on birth defects: The hidden toll of dying and disabled children. 2006.
Retrieved from https://www.marchofdimes.org/materials/global-report-
on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-execu
tive-summary.pdf

14. Junqueira LAP. A gestao intersetorial das politicas sociais e o terceiro
setor. Saude e Sociedade. 2004;13(1):25-36. https://doi.org/10.1590/
S0104-12902004000100004.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 7 of 9

. Brasil, Ministério da Saude, Departamento de Informética do SUS.

Dados Vitais. Anomalias Congénitas. 2022. Retrieved from http://
tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/Anomalias/anomabr.def

. Ford-Jones EL. An approach to the diagnosis of congenital infections.

Paediatr Child Health. 1999;4(2):109-12. https://doi.org/10.1093/pch/4.
2.109.

. Brasil, Ministério da Saude, Secretaria de Vigilancia em Satde. Secre-

taria de Atencdo a Saude. Orienta¢es integradas de vigilancia e aten-
¢ao a saude no dmbito da Emergéncia de Saude Publica de Importan-
cia Nacional: Procedimentos para o monitoramento das alteracdes no
crescimento e desenvolvimento a partir da gestagdo até a primeira
infancia, relacionadas a infec¢éo pelo virus Zika e outras etiologias infe-
ciosas dentro da capacidade operacional do SUS. 2017. Retrieved from
https://bvsms.saude.gov.br/bvs/publicacoes/orientacoes_integradas_
vigilancia_atencao_emergencia_saude_publica.pdf

. Brasil, Ministério da Salde, Secretaria de Vigilancia em Satde. Sistema

de informagdes sobre nascidos vivos (SINASC). 2021. Retrieved from
http://svs.aids.gov.br/dantps/cgiae/sinasc/

. Stanford KA, Almirol E, Schneider J, Hazra A. Rising syphilis rates during

the COVID-19 pandemic. Sex Transm Dis. 2021;48(6):e81-3. https://doi.
0rg/10.1097/0LQ.0000000000001431.

Groulx T, Bagshawe M, Giesbrecht G, Tomfohr-Madsen L, Hetherington
E, Lebel CA. Prenatal care disruptions and associations with maternal
mental health during the COVID-19 pandemic. Front Glob Women's
Health. 2021;2:648428. https://doi.org/10.3389/fgwh.2021.648428.
Regla-Nava JA, Wang YT, Fontes-Garfias CR, Liu Y, Syed T, Susantono

M, et al. A Zika virus mutation enhances transmission potential and
confers escape from protective dengue virus immunity. Cell Rep.
2022;39(2):110655. https://doi.org/10.1016/j.celrep.2022.110655.
Kobres PY, Chretien JP, Johansson MA, Morgan JJ, Whung PY,
Mukundan H, et al. A systematic review and evaluation of Zika virus
forecasting and prediction research during a public health emergency
of international concern. PLoS Negl Trop Dis. 2019;13(10): e0007451.
https://doi.org/10.1371/journal.pntd.0007451.

Santos J, Meneses BM. An integrated approach for the assessment of
the Aedes aegypti and Aedes albopictus global spatial distribution,
and determination of the zones susceptible to the development of
Zika virus. Acta Trop. 2017;168:80-90. https://doi.org/10.1016/j.actat
ropica.2017.01.015.

Brasil, Ministério da Salde, Secretaria de Vigildncia em Satude. Manual
de instrugdes para o preenchimento da Declaragdo de Nascido Vivo.
2011. Retrieved from http://svs.aids.gov.br/dantps/cgiae/sinasc/docum
entacao/manual_de_instrucoes_para_o_preenchimento_da_decla
racao_de_nascido_vivo.pdf

Brasil, Ministério da Satde. Lei n® 14.154, de 26 de maio de 2021: Altera
a Lein° 8.069, de 13 de julho de 1990 (Estatuto da Crianca e do Ado-
lescente), para aperfeicoar o Programa Nacional de Triagem Neonatal
(PNTN), por meio do estabelecimento de rol minimo de doencas a
serem rastreadas pelo teste do pezinho; e dé outras providéncias.
2021. Retrieved from https://www.in.gov.br/web/dou/-/lei-n-14.154-
de-26-de-maio-de-2021-322209993

World Health Organization. International Statistical Classification of
Diseases and Related Health Problems 10th Revision (ICD-10). 2019.
Retrieved from https://icd.who.int/browse10/2019/en#/XVII

Viellas EF, Domingues RMSM, Dias MAB, da Gama SGN, Theme Filha
MM, da Costa JV, et al. Assisténcia pré-natal no Brasil. Cad Saude
Publica. 2014;30(Suppl 1):S85-100. https://doi.org/10.1590/0102-311x0
0126013.

Frederiksen LE, Ernst A, Brix N, Lauridsen LLB, Roos L, Ramlau-Hansen
CH, et al. Risk of adverse pregnancy outcomes at advanced maternal
age. Obstet Gynecol. 2018;131(3):457-63. https://doi.org/10.1097/A0G.
0000000000002504.

World Health Organization. Preterm birth. 2018. Retrieved from https://
www.who.int/news-room/fact-sheets/detail/preterm-birth

Centers for Disease Control and Prevention. Congenital infectious
syndromes. 2022. Retrieved from https://www.cdc.gov/ncbddd/birth
defects/surveillancemanual/quick-reference-handbook/congenital-
infectious-syndromes.html

R Core Team. R: A language and environment for statistical computing.
2021. Retrieved from https://www.R-project.org/


https://doi.org/10.1056/NEJM198901053200104
https://doi.org/10.1056/NEJM198901053200104
https://www.who.int/news-room/fact-sheets/detail/birth-defects
https://www.who.int/news-room/fact-sheets/detail/birth-defects
https://doi.org/10.1016/j.vaccine.2016.03.047
https://doi.org/10.1016/S1473-3099(17)30398-5
https://doi.org/10.1016/S1473-3099(17)30398-5
https://doi.org/10.1016/S0140-6736(61)90927-8
https://doi.org/10.1007/978-94-011-6621-8_28
https://doi.org/10.1007/978-94-011-6621-8_28
https://doi.org/10.1002/tera.1420380303
https://doi.org/10.1159/000080776
https://doi.org/10.1002/bdra.23481
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1007/s00268-014-2714-9
https://www.marchofdimes.org/materials/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-executive-summary.pdf
https://www.marchofdimes.org/materials/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-executive-summary.pdf
https://www.marchofdimes.org/materials/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-executive-summary.pdf
https://doi.org/10.1590/S0104-12902004000100004
https://doi.org/10.1590/S0104-12902004000100004
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/Anomalias/anomabr.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/Anomalias/anomabr.def
https://doi.org/10.1093/pch/4.2.109
https://doi.org/10.1093/pch/4.2.109
https://bvsms.saude.gov.br/bvs/publicacoes/orientacoes_integradas_vigilancia_atencao_emergencia_saude_publica.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/orientacoes_integradas_vigilancia_atencao_emergencia_saude_publica.pdf
http://svs.aids.gov.br/dantps/cgiae/sinasc/
https://doi.org/10.1097/OLQ.0000000000001431
https://doi.org/10.1097/OLQ.0000000000001431
https://doi.org/10.3389/fgwh.2021.648428
https://doi.org/10.1016/j.celrep.2022.110655
https://doi.org/10.1371/journal.pntd.0007451
https://doi.org/10.1016/j.actatropica.2017.01.015
https://doi.org/10.1016/j.actatropica.2017.01.015
http://svs.aids.gov.br/dantps/cgiae/sinasc/documentacao/manual_de_instrucoes_para_o_preenchimento_da_declaracao_de_nascido_vivo.pdf
http://svs.aids.gov.br/dantps/cgiae/sinasc/documentacao/manual_de_instrucoes_para_o_preenchimento_da_declaracao_de_nascido_vivo.pdf
http://svs.aids.gov.br/dantps/cgiae/sinasc/documentacao/manual_de_instrucoes_para_o_preenchimento_da_declaracao_de_nascido_vivo.pdf
https://www.in.gov.br/web/dou/-/lei-n-14.154-de-26-de-maio-de-2021-322209993
https://www.in.gov.br/web/dou/-/lei-n-14.154-de-26-de-maio-de-2021-322209993
https://icd.who.int/browse10/2019/en#/XVII
https://doi.org/10.1590/0102-311x00126013
https://doi.org/10.1590/0102-311x00126013
https://doi.org/10.1097/AOG.0000000000002504
https://doi.org/10.1097/AOG.0000000000002504
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/quick-reference-handbook/congenital-infectious-syndromes.html
https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/quick-reference-handbook/congenital-infectious-syndromes.html
https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/quick-reference-handbook/congenital-infectious-syndromes.html
https://www.R-project.org/

Venancio et al. BMC Public Health

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

(2022) 22:2069

Wickham H, Chang W. Programming with ggplot2. 2014. Retrieved from
https://cran.microsoft.com/snapshot/2015-01-06/web/packages/ggplo
t2/ggplot2.pdf

Aragon TJ. epitools: Epidemiology Tools. R package version 0.5-10.1.
2020. Retrieved from https://CRAN.R-project.org/package=epitools
Brasil, Ministério da Satde, Secretaria de Atencédo a Saude. Triagem
neonatal bioldgica: manual técnico. 2016. Retrieved from https://bvsms.
saude.gov.br/bvs/publicacoes/triagem_neonatal_biologica_manual_
tecnico.pdf

Venancio FA, Bernal MEQ, da Conceicéo de Barros Vieira Ramos M, Chaves
NR, Hendges MV, de Souza MMR, et al. Congenital Zika Syndrome in a
Brazil-Paraguay-Bolivia border region: clinical features of cases diagnosed
between 2015 and 2018. PLoS One. 2019; 14(10):e0223408. https://doi.
0rg/10.1371/journal.pone.0223408

Brasil, Ministério da Saude, Secretaria de Vigilancia em Saude. Saude
Brasil 2018. Uma andlise da situagdo de saude e das doencas e agravos
cronicos: desafios e perspectivas. 2018. Retrieved from https://bvsms.
saude.gov.br/bvs/publicacoes/saude_brasil_2018_analise_situacao_
saude_doencas_agravos_cronicos_desafios_perspectivas.pdf

van der Linden V, Rolim Filho EL, Lins OG, van der Linden A, de Fatima
Viana Vasco Aragdo M, Brainer-Lima AM, et al. Congenital Zika syndrome
with arthrogryposis: retrospective case series study. BMJ. 2016;354:13899.
https://doi.org/10.1136/bm].i3899.

Texas Department of State Health Services. Report of birth defects by
delivery year. 2021. Retrieved from https://www.dshs.texas.gov/birth
defects/data/reports.shtm

Massachusetts Center for Birth Defects Research and Prevention. Defects
surveillance reports. Massachusetts birth defects monitoring program
reports and fact sheets. 2020. Retrieved from https://www.mass.gov/lists/
massachusettsbirth-defects-surveillance-reportsexternal icon

European Platform on Rare Disease Registration. Prevalence tables. 2018.
Retrieved from https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-
data/prevalence_en

Mezawa H, Tomotaki A, Yamamoto-Hanada K, Ishitsuka K, Ayabe T, Konishi
M, et al. Prevalence of congenital anomalies in the Japan Environment
and Children’s Study. J Epidemiol. 2019;29(7):247-56. https://doi.org/10.
2188/jea.JE20180014.

Ndibazza J, Lule S, Nampijja M, Mpairwe H, Oduru G, Kiggundu M, et al. A
description of congenital anomalies among infants in Entebbe, Uganda.
Birth Defects Res A. 2011;91(9):857-61. https://doi.org/10.1002/bdra.
20838.

Ajao AE, Adeoye IA. Prevalence, risk factors and outcome of congenital
anomalies among neonatal admissions in Ogbomoso, Nigeria. BMC
Pediatr. 2019;19(1):88. https://doi.org/10.1186/512887-019-1471-1.
Unemo M, Bradshaw CS, Hocking JS, de Vries HJ, Francis SC, Mabey D,

et al. Sexually transmitted infections: challenges ahead. Lancet Infect Dis.
2017;17(8):2235-79. https://doi.org/10.1016/51473-3099(17)30310-9.
Centers for Disease Control and Prevention. CDC concludes Zika causes
microcephaly and other birth defects. 2016. Retrieved from https://www.
cdc.gov/media/releases/2016/50413-zika-microcephaly.html

Brasil, Ministério da Satide. Monitoramento dos Casos de Dengue, Febre
de Chikungunya e Doenca Aguda pelo Virus Zika até a Semana Epidemi-
oldgica 21. 2020. Retrieved from: https.//www.gov.br/saude/pt-br/centr
ais-de-conteudo/publicacoes/boletins/epidemiologicos/edicoes/2021/
boletim_epidemiologico_svs_21.pdf

Lopez A, Dietz VJ, Wilson M, Navin TR, Jones JL, Preventing congenital
toxoplasmosis. Morbidity and mortality weekly report. Recommenda-
tions Rep. 2000;49(2):59-68 PMID: 15580732.

Kimberlin DW, Jester PM, Sénchez PJ, Ahmed A, Arav-Boger R, Michaels
MG, et al. Valganciclovir for symptomatic congenital cytomegalovirus dis-
ease. N Engl J Med. 2015;372(10):933-43. https://doi.org/10.1056/NEJMo
a1404599.

Ventura CV, Maia M, Bravo-Filho V, Géis AL, Belfort RJ. Zika virus in

Brazil and macular atrophy in a child with microcephaly. Lancet.
2016;387(10015):228. https://doi.org/10.1016/S0140-6736(16)00006-4.
Chauhan N, Sen MS, Jhanda S, Grover S. Psychiatric manifestations of con-
genital rubella syndrome: a case report and review of literature. J Pediatr
Neurosci. 2016;11(2):137-9. https://doi.org/10.4103/1817-1745.187643.
James SH, Kimberlin DW. Advances in the prevention and treatment of
congenital cytomegalovirus infection. Curr Opin Pediatr. 2016;28(1):81-5.
https://doi.org/10.1097/MOP0000000000000305.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

Page 8 of 9

Harris JB, Holmes AP. Neonatal herpes simplex viral infections and acy-
clovir: an update. J Pediatr Pharmacol Ther. 2017;22(2):88-93. https://doi.
0rg/10.5863/1551-6776-22.2.88.

Neu N, Duchon J, Zachariah P. TORCH infections. Clin Perinatol.
2015;42(1):77-103. https://doi.org/10.1016/j.clp.2014.11.001.
Martinez-Quintana E, Castillo-Solérzano C, Torner N, Rodriguez-Gonzélez
F. Congenital rubella syndrome: a matter of concern. Rev Panam Salud
Publica. 2015;37(3):179-86 PMID: 25988255.

Messinger CJ, Lipsitch M, Bateman BT, He M, Huybrechts KF, MacDonald S, et al.
Association between congenital cytomegalovirus and the prevalence at birth
of microcephaly in the United States. JAMA Pediatr. 2020;174(12):1159-67.
https//doi.org/10.1001/jamapediatrics.2020.3009.

de Franga GVA, Pedi VD, Garcia MHDO, do Carmo GMI, Leal MB, Garcia

LP. Sindrome congénita associada a infecgdo pelo virus Zika em

nascidos vivos no Brasil: descricdo da distribuicao dos casos notifica-

dos e confirmados em 2015-2016. Epidemiol e Servicos de Saude.
2018;27(2):e2017473. https://doi.org/10.5123/51679-49742018000200014
Fowler KB, Boppana SB. Congenital cytomegalovirus infection. Semin
Perinatol. 2018;42(3):149-54. https://doi.org/10.1053/j.semperi.2018.02.
002.

Brasil, Ministério da Saude, Departamento de Informética do SUS. Dados
Vitais. Nascidos Vivos [online database]. 2022. Retrieved from http://
tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/cnv/nvms.def

Brasil, Ministério da Saude, Secretaria de Vigilancia em Saude. Nota
Informativa Conjunta 109/2015/GAB/SVS/MS. Desabastecimento da
penicilina. 2015. Retrieved from https.//www.conasems.org.br/wp-conte
nt/uploads/2015/11/images_nota_informativa_svs.pdf

Chaves LA, Osorio-De-Castro CGS, Caetano MC, Silva RA, Luiza VL. Desa-
bastecimento: uma questdo de satde publica global. Sobram problemas,
faltam medicamentos. Fiocruz: Observatério COVID-19-Informacao para
acdo. 2020. https://doi.org/10.7476/9786557081587.0006

Brasil, Ministério da Saude, Secretaria de Vigilancia em Saude. Saude
Brasil 2020/2021 - Anomalias congénitas prioritarias para a vigilancia ao
nascimento. 2021. Retrieved from https://www.gov.br/saude/pt-br/centr
ais-de-conteudo/publicacoes/publicacoes-svs/analise-de-situacao-de-
saude/saude-brasil_anomalias-congenitas_26out21.pdf/view

Brasil, Ministério da Saude, Secretaria de Vigilancia em Saude. Saude
Brasil 2019. Uma analise da situagdo de salide com enfoque nas doencas
imunopreveniveis e na imunizagdo. 2019. Retrieved from https://bvsms.
saude.gov.br/bvs/publicacoes/saude_brasil_2019_analise_situacao.pdf
Moore CA, Staples JE, Dobyns WB, Pessoa A, Ventura CV, da Fonseca EB,
et al. Characterizing the pattern of anomalies in congenital Zika syn-
drome for pediatric clinicians. JAMA Pediatr. 2017;171(3):288-95. https://
doi.org/10.1001/jamapediatrics.2016.3982.

Osterman MJ, Kochanek KD, MacDorman MF, Strobino DM, Guyer

B. Annual summary of vital statistics: 2012-2013. Pediatrics.
2015;135(6):1115-25. https://doi.org/10.1542/peds.2015-0434.

Mathews TJ, Hamilton BE. First births to older women continue to rise.
NHCS Data Brief. 2014;152:1-8 PMID: 24813228.

Cleary-Goldman J, Malone FD, Vidaver J, Ball RH, Nyberg DA, Comstock
CH, et al. Impact of maternal age on obstetric outcome. Obstet Gynecol.
2005;105(5):983-90. https://doi.org/10.1097/01.A0G.0000158118.75532.
51.

Timofeev J, Reddy UM, Huang CC, Driggers RW, Landy HJ, Laughon SK.
Obstetric complications, neonatal morbidity, and indications for cesarean
delivery by maternal age. Obstet Gynecol. 2013;122(6):1184-95. https.//
doi.org/10.1097/A0G.0000000000000017.

Hollier LM, Leveno KJ, Kelly MA, MClntire DD, Cunningham FG.

Maternal age and malformations in singleton births. Obstet Gynecol.
2000;96(5):701-6. https://doi.org/10.1016/50029-7844(00)01019-x.

Miller A, Riehle-Colarusso T, Siffel C, Frias JL, Correa A. Maternal age and
prevalence of isolated congenital heart defects in an urban area of the
United States. Am J Med Genet A. 2011;155A(9):2137-45. https://doi.org/
10.1002/ajmg.a.34130.

Hollenbach S, Miller LA, Olson-Chen C, Li D, Dye T, Thornburg L. Impact of
extremely advanced maternal age on pregnancy outcomes [35H]. Obstet
Gynecol. 2017;129:91S. https://doi.org/10.1097/01.A0G.0000514937.
57113.bf.

Jones CW, Tessier K, Raasch C, Dharampaul K. Very advanced maternal
age and obstetric outcomes [40L]. Obstet Gynecol. 2020;135:134S.
https://doi.org/10.1097/01.A0G.0000664708.92529.2b.


https://cran.microsoft.com/snapshot/2015-01-06/web/packages/ggplot2/ggplot2.pdf
https://cran.microsoft.com/snapshot/2015-01-06/web/packages/ggplot2/ggplot2.pdf
https://CRAN.R-project.org/package=epitools
https://bvsms.saude.gov.br/bvs/publicacoes/triagem_neonatal_biologica_manual_tecnico.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/triagem_neonatal_biologica_manual_tecnico.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/triagem_neonatal_biologica_manual_tecnico.pdf
https://doi.org/10.1371/journal.pone.0223408
https://doi.org/10.1371/journal.pone.0223408
https://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2018_analise_situacao_saude_doencas_agravos_cronicos_desafios_perspectivas.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2018_analise_situacao_saude_doencas_agravos_cronicos_desafios_perspectivas.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2018_analise_situacao_saude_doencas_agravos_cronicos_desafios_perspectivas.pdf
https://doi.org/10.1136/bmj.i3899
https://www.dshs.texas.gov/birthdefects/data/reports.shtm
https://www.dshs.texas.gov/birthdefects/data/reports.shtm
https://www.mass.gov/lists/massachusettsbirth-defects-surveillance-reportsexternal
https://www.mass.gov/lists/massachusettsbirth-defects-surveillance-reportsexternal
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en
https://doi.org/10.2188/jea.JE20180014
https://doi.org/10.2188/jea.JE20180014
https://doi.org/10.1002/bdra.20838
https://doi.org/10.1002/bdra.20838
https://doi.org/10.1186/s12887-019-1471-1
https://doi.org/10.1016/S1473-3099(17)30310-9
https://www.cdc.gov/media/releases/2016/s0413-zika-microcephaly.html
https://www.cdc.gov/media/releases/2016/s0413-zika-microcephaly.html
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/edicoes/2021/boletim_epidemiologico_svs_21.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/edicoes/2021/boletim_epidemiologico_svs_21.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/edicoes/2021/boletim_epidemiologico_svs_21.pdf
https://doi.org/10.1056/NEJMoa1404599
https://doi.org/10.1056/NEJMoa1404599
https://doi.org/10.1016/S0140-6736(16)00006-4
https://doi.org/10.4103/1817-1745.187643
https://doi.org/10.1097/MOP.0000000000000305
https://doi.org/10.5863/1551-6776-22.2.88
https://doi.org/10.5863/1551-6776-22.2.88
https://doi.org/10.1016/j.clp.2014.11.001
https://doi.org/10.1001/jamapediatrics.2020.3009
https://doi.org/10.5123/S1679-49742018000200014
https://doi.org/10.1053/j.semperi.2018.02.002
https://doi.org/10.1053/j.semperi.2018.02.002
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/cnv/nvms.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinasc/cnv/nvms.def
https://www.conasems.org.br/wp-content/uploads/2015/11/images_nota_informativa_svs.pdf
https://www.conasems.org.br/wp-content/uploads/2015/11/images_nota_informativa_svs.pdf
https://doi.org/10.7476/9786557081587.0006
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/publicacoes-svs/analise-de-situacao-de-saude/saude-brasil_anomalias-congenitas_26out21.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/publicacoes-svs/analise-de-situacao-de-saude/saude-brasil_anomalias-congenitas_26out21.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/publicacoes-svs/analise-de-situacao-de-saude/saude-brasil_anomalias-congenitas_26out21.pdf/view
https://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2019_analise_situacao.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2019_analise_situacao.pdf
https://doi.org/10.1001/jamapediatrics.2016.3982
https://doi.org/10.1001/jamapediatrics.2016.3982
https://doi.org/10.1542/peds.2015-0434
https://doi.org/10.1097/01.AOG.0000158118.75532.51
https://doi.org/10.1097/01.AOG.0000158118.75532.51
https://doi.org/10.1097/AOG.0000000000000017
https://doi.org/10.1097/AOG.0000000000000017
https://doi.org/10.1016/s0029-7844(00)01019-x
https://doi.org/10.1002/ajmg.a.34130
https://doi.org/10.1002/ajmg.a.34130
https://doi.org/10.1097/01.AOG.0000514937.57113.bf
https://doi.org/10.1097/01.AOG.0000514937.57113.bf
https://doi.org/10.1097/01.AOG.0000664708.92529.2b

Venancio et al. BMC Public Health

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

(2022) 22:2069

Goetzinger KR, Shanks AL, Odibo AO, Macones GA, Cahill AG. Advanced
maternal age and the risk of major congenital anomalies. Am J Perinatol.
2017;7(3):217-22. https://doi.org/10.1055/5-0036-1585410.

Hardarson T, Gardarsdéttir M, Gudmundsson KT, Thorgeirsson G, Sigvaldason
H, Sigfusson N. The relationship between educational level and mortality. The
Reykjavik Study. J Intern Med. 2001;249(6):495-502. https://doi.org/10.1046/j.
1365-2796.2001.00834.x.

Alvarez-Gélvez J, Jaime-Castillo AM. The impact of social expenditure on
health inequalities in Europe. Soc Sci Med. 2018;200:9-18. https://doi.org/
10.1016/j.socscimed.2018.01.006.

Dingemann C, Sonne M, Ure B, Bohnhorst B, von Kaisenberg C, Pirr S.
Impact of maternal education on the outcome of newborns requiring
surgery for congenital malformations. PLoS One. 2019;14(4):e0214967.
https://doi.org/10.1371/journal.pone.0214967.

Cantarutti A, Franchi M, Monzio Compagnoni M, Merlino L, Corrao

G. Mother's education and the risk of several neonatal outcomes: an
evidence from an Italian population-based study. BMC Pregnancy Child-
birth. 2017;17(1):221. https://doi.org/10.1186/512884-017-1418-1.
Garnelo L, Horta BL, Escobar AL, Santos RV, Cardoso AM, Welch JR, et al.
Avaliacdo da atengdo pré-natal ofertada as mulheres indigenas no Brasil:
achados do Primeiro Inquérito Nacional de Saude e Nutricdo dos Povos
Indigenas. Cad Saude Publica. 2019;35(Suppl 3):e00181318. https://doi.
0rg/10.1590/0102-311X00181318.

Ormaeche M, Whittembury A, Pun M, Sudrez-Ognio L. Hepatitis B virus,
syphilis, and HIV seroprevalence in pregnant women and their male
partners from six indigenous populations of the Peruvian Amazon Basin,
2007-2008. Int J Infect Dis. 2012;16(10):e724-30. https://doi.org/10.
1016/}.ijid.2012.05.1032.

da SilvaTZ, Picoli RP, Graeff SVB, da Cunha RV, Arantes R. Subnotificacdo
de sifilis em gestantes, congénita e adquirida entre povos indigenas em
Mato Grosso do Sul, 2011-2014. Epidemiologia e Servigos de Saude.
2017;26(3):503-12. https://doi.org/10.5123/51679-49742017000300008.
Mendoza L, Mongelos P, Paez M, Castro A, Rodriguez-Riveros |, Gimenez
G, et al. Human papillomavirus and other genital infections in indigenous
women from Paraguay: a cross-sectional analytical study. BMC Infect Dis.
2013;13:531. https://doi.org/10.1186/1471-2334-13-531.

Roncancio CP, Misnaza SP, Pefia IC, Prieto FE, Cannon MJ, Valencia D.
Trends and characteristics of fetal and neonatal mortality due to con-
genital anomalies, Colombia 1999-2008. J Matern Fetal Neonatal Med.
2018;31(13):1748-55. https://doi.org/10.1080/14767058.2017.1326901.
de Amorim MMR, Vilela PC, Santos ARVD, Lima ALMV, de Melo EFP,
Bernardes HF, et al. Impacto das malformagdes congénitas na mortali-
dade perinatal e neonatal em uma maternidade-escola do Recife. Revista
Brasileira de Sauide Materno Infantil. 2006;6(suppl 1):519-25. https://doi.
0rg/10.1590/51519-38292006000500003.

Prefeitura de Campo Grande, Agéncia Municipal de Noticias de Campo
Grande. Campo Grande tem a melhor qualidade na informacao e registro
de obitos e natalidade dentre as capitais do pafs. 2021. Retrieved from
https://www.campogrande.ms.gov.br/cgnoticias/noticias/campo-
grande-tem-a-melhor-qualidade-na-informacao-e-registro-de-obitos-e-
natalidade-dentre-as-capitais-do-pais/

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1055/s-0036-1585410
https://doi.org/10.1046/j.1365-2796.2001.00834.x
https://doi.org/10.1046/j.1365-2796.2001.00834.x
https://doi.org/10.1016/j.socscimed.2018.01.006
https://doi.org/10.1016/j.socscimed.2018.01.006
https://doi.org/10.1371/journal.pone.0214967
https://doi.org/10.1186/s12884-017-1418-1
https://doi.org/10.1590/0102-311X00181318
https://doi.org/10.1590/0102-311X00181318
https://doi.org/10.1016/j.ijid.2012.05.1032
https://doi.org/10.1016/j.ijid.2012.05.1032
https://doi.org/10.5123/S1679-49742017000300008
https://doi.org/10.1186/1471-2334-13-531
https://doi.org/10.1080/14767058.2017.1326901
https://doi.org/10.1590/S1519-38292006000500003
https://doi.org/10.1590/S1519-38292006000500003
https://www.campogrande.ms.gov.br/cgnoticias/noticias/campo-grande-tem-a-melhor-qualidade-na-informacao-e-registro-de-obitos-e-natalidade-dentre-as-capitais-do-pais/
https://www.campogrande.ms.gov.br/cgnoticias/noticias/campo-grande-tem-a-melhor-qualidade-na-informacao-e-registro-de-obitos-e-natalidade-dentre-as-capitais-do-pais/
https://www.campogrande.ms.gov.br/cgnoticias/noticias/campo-grande-tem-a-melhor-qualidade-na-informacao-e-registro-de-obitos-e-natalidade-dentre-as-capitais-do-pais/

	Congenital anomalies during the 2015–2018 Zika virus epidemic: a population-based cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


