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ABSTRACT: 
Aim: To analyze the spatiotemporal dynamics and socioeconomic factors associated with the incidence 
of congenital syphilis in the Brazilian Northeast from 2008 to 2018.  
Method: An ecological study conducted on cases of congenital syphilis in the Northeast and notified in 
the Information System of Notifiable Diseases. Methods of temporal and spatial analysis were applied to 
identify trends and clusters of the disease as well as a model of linear regression to point out indicators 
related to congenital syphilis with a 5% significance level.  
Results: The incidence of congenital syphilis has significantly increased in all states of the Northeast 
(p<0.001), with higher indexes and clusters mostly in municipalities of the coast region. The variables 
associated with the incidence of congenital syphilis in the Northeast were: percentage of alive newborns 
with low birth weight (p<0.001), Human Development Index (p<0.001), income per capita (p<0.001), 
percentage of poor people (p<0.001), percentage of people with 18 years or more with complete basic 
education (p<0.001), and illiteracy rate (p<0.001).  
Conclusion: it was verified that incidence of congenital syphilis during the period analyzed and high 
indexes clusters in the coast of the Northeast coast.  
 
Keywords: Congenital syphilis. Risk factors. Time-series studies. Ecological studies. 

RESUMO: 
Objetivo: Analisar a dinâmica espaço-temporal e os fatores socioeconômicos associados à incidência 
de sífilis congênita no Nordeste no período de 2008 a 2018.  
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Método: Estudo ecológico desenvolvido com casos de sífilis congênita ocorridos no Nordeste e 
notificados no Sistema de Informação de Agravos de Notificação. Foram empregados métodos de 
análises espacial e temporal para identificar a tendências e clusters da doença, bem como modelo de 
regressão linear para apontar indicadores relacionados à sífilis congênita empregando-se significância 
de 5%.  
Resultados: A incidência de sífilis congênita apresentou crescimento significativo em todos os estados 
nordestinos (p<0,001), com as maiores taxas e clusters localizados prioritariamente em municípios ao 
longo do litoral da região. As variáveis associadas à incidência de sífilis congênita no Nordeste foram: 
percentual de nascidos vivos com baixo peso ao nascer (p<0,001), percentual de nascidos vivos com 
pelo menos sete consultas de pré-natal (p<0,001), Índice de Desenvolvimento Humano 
(IDHM)(p<0,001), renda per capita (p<0,001), percentual de pessoas pobres (p<0,001), percentual de 
pessoas de 18 anos ou mais de idade com ensino fundamental completo (p = 0,02) e taxa de 
analfabetismo (p<0,001).   
Conclusão: Verificou-se um crescimento na incidência de sífilis congênita ao longo do período 
analisado e clusters de altas taxas no litoral dos estados nordestinos.  
 
Palavras-chave: Sífilis Congênita.  Fatores de Risco. Estudo de Séries Temporais. Estudos Ecológicos. 
 
RESUMEN: 
Objetivo: Analizar la dinámica espacio temporal y los factores socioeconómicos asociados a la 
incidencia de sífilis congénita en el Nordeste en el periodo de 2008 a 2018.  
Método: Estudio ecológico desarrollado con casos de sífilis congénita ocurridos en el Nordeste y 
notificados en el Sistema de Información de Enfermedades de Notificación. Se utilizaron métodos de 
análisis espacial y temporal para identificar tendencias y conglomerados de la enfermedad, así como 
un modelo de regresión lineal para señalar indicadores relacionados con la sífilis congénita, utilizando 
una significación del 5%.  
Resultados: La incidencia de sífilis congénita mostró un aumento significativo en todos los estados 
nordestinos ((p<0,001), con las mayores tasas y conglomerados localizados principalmente en los 
municipios del litoral de la región. Las variables asociadas a la incidencia de sífilis congénita en el 
Nordeste fueron: porcentaje de nacidos vivos con bajo peso al nacer (p<0,001), porcentaje de nacidos 
vivos con al menos siete consultas prenatales (p<;0,001), Índice de Desarrollo Humano (IDHM) 
(p<0,001), ingreso per cápita (p<0,001), porcentaje de pobres (p<0,001), porcentaje de personas de 18 
años o más con educación primaria completa (p = 0,02) y tasa de analfabetismo (p<0,001).  
Conclusión: Hubo un aumento en la incidencia de sífilis congénita durante el período analizado y 
conglomerados de tasas altas en la costa de los estados nordestinos. 
 
Palabras clave: Sífilis Congénita. Factores de Riesgo. Estudio de Series Temporales. Estudios 
Ecológicos. 
 

INTRODUCTION 
 

The transmission of Congenital Syphilis (CS) occurs vertically, in other words, from the 
pregnant woman to the fetus via the placenta at any stage of pregnancy and during 
the childbirth, in cases in which pregnant women are not treated or are treated 
inappropriately. It is a disease of compulsory notification and considered, in 
epidemiological terms, an indicator of the quality of prenatal care of a population(1-3).  
 
According to the World Health Organization (WHO), approximately 1.5 million 
pregnant women are infected with syphilis annually(4). Half of them are not treated and, 
consequently, will have children with adverse results, such as low birth weight, 
neonatal death and/or clinical evidence of infection(5). In Brazil, in recent years, there 
has been a progressive increase in the incidence of congenital syphilis, since in 2010, 
the rate was 1.4 cases/1,000 live births (LB) and, in 2019, the rate increased to 8.2 
cases/1,000 live births(6). It should be noted that these values are well above the rate 
recommended by the Pan American Health Organization (PAHO), which is 0.5 cases 
for every thousand live births(7,8). 
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In this way, inadequate prenatal care is one of the main factors responsible for the 
high incidence of congenital syphilis worldwide(9). In addition, other factors are 
associated, such as poverty, human immunodeficiency virus (HIV) infection, drug 
abuse and lack of access to health services. Individual risk factors include pregnant 
adolescents, non-white race/color, low education, history of sexually transmitted 
infections (STIs), history of syphilis in previous pregnancies, multiple sexual partners 
and low income(10). Many of these factors can still be observed in Brazil, especially in 
the Northeast region. 
 
In face of the imminent regional inequalities and the need to point out the factors that 
are related to the incidence of congenital syphilis, it is necessary to adopt research 
methods that evaluate the problem both: time, to identify tendencies, and space, 
considering the specific socioeconomic characteristics of each location(11). 
 
Therefore, the results of this study will permit to understand how cases of congenital 
syphilis are being distributed over time and space, in addition to subsidizing the 
diagnosis of children's health situation, in order to contribute to the improvement of 
prevention, diagnosis, treatment and vigilance of congenital syphilis. From this point 
on, it will be possible to direct health actions in a specific way, answering the real 
needs of the Northeast region, as well as collaborating for the implementation of health 
policies that aim to intervene on inequalities between territories and helping to reduce 
congenital syphilis. In face of what was exposed, the study has as objective to analyze 
the space-time dynamics and socioeconomic factors associated with the incidence of 
congenital syphilis in the Northeast from 2008 to 2018. 
 

MATERIAL AND METHOD 
 
Epidemiological study, of ecological type, which is based on the use of geoprocessing 
tools and spatial analysis in health that had the Northeast region of Brazil as an area 
of interest. According to the last Brazilian demographic census of 2010, the population 
of the Northeast was 53,078,137 people, distributed in 1,794 municipalities and nine 
states, namely: Alagoas (AL), Bahia (BA), Ceará (CE), Maranhão (MA), Paraíba (PB), 
Pernambuco (PE), Piauí (PI), Rio Grande do Norte (RN) and Sergipe (SE)(12). The unit 
of analysis of this study was the municipalities. 
 
As a data source, databases from the Information System on Notifiable Diseases 
(SINAN) and the Information System on Live Births (SINASC) were used, available on 
the website of the Brazilian Department of Informatics of the Unified Health System 
(DATASUS). All cases of congenital syphilis that occurred and reported were selected, 
considering the municipality of residence of children under one year of age in the 
period from 2008 to 2018. 
 
The raw data of CS cases in each year were tabulated in a Microsoft Office Excel 
spreadsheet and imported into the free software Joinpoint Regression Program 
version 4.6.0.0. The Annual Percentage Change (APC) was calculated with a 
confidence interval of 95% (95%CI), in which negative APC values indicate a 
decreasing tendency and positive values indicate an increasing tendency (13). The year 
of occurrence of CS was defined as the dependent variable and the incidence rates in 
each year as the independent variable. 
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To calculate the gross CS incidence rates, it was used the software TabWin v.4.14®. 
As the numerator of the formula, it was used the number of cases of CS among 
children under one year of age in each year considered for this study and, as a 
denominator, the number of live births in the population of each Northeastern 
municipality, also for each year, multiplied by 1,000 alive births. Gross rates were 
softened by the Local Empirical Bayesian method to correct random fluctuations, 
especially in municipalities with a few number of inhabitants(14). 
 
Two methods were used to identify spatial clusters. The first one corresponds to the 
spatial autocorrelation function, through the Global and Local Moran Index. The Moran 
Global Index was used to test the spatial dependence hypothesis and provide a 
general measure of association for the entire study area. Once the presence of global 
spatial autocorrelation was verified, the Local Moran Index (Local Index Spatial 
Analysis - LISA) was applied to verify the presence of spatial aggregates and quantify 
the degree of spatial association in each municipality of the sample set, considering it 
if p<0.05(11). 
 
Local Moran Index results are presented through the Moran Map and Lisa Map. The 
Moran Map allows to graphically visualize the degree of similarity between neighbors, 
being represented by four quadrants: in the first one the municipalities with high rates 
and that are close to municipalities with equally high rates (High/High spatial pattern); 
the second represents the municipalities that have low rates and are surrounded by 
municipalities that also have low rates (Low/Low spatial pattern); the municipalities in 
the third (High/Low spatial pattern) and in the fourth (Low/High spatial pattern) 
represent areas of epidemiological transition and have high and low rates, but they are 
very close to municipalities that have low and high rates, respectively(11). 
 
The second method used to detect spatial clusters of congenital syphilis was the 
analysis of purely spatial scanning using the Scan statistical technique. In addition to 
identifying spatial clusters, the scan is also able to locate areas at risk for congenital 
syphilis. The calculation of the relative risk (RR) was performed for each municipality 
in the Northeast, and those with values >1 have a relative risk for CS that is higher 
than the risk for the Northeast as a whole. 
 
To compose the construction of the Ordinary Least Squares Estimation (OLS) 
multivariate linear regression model, ten socioeconomic indicators referring to the 
population of each Northeastern municipality were collected in the Portal of the Atlas 
of Human Development in Brazil(15). The indicators included in the model were: 
percentage of live births with low birth weight; percentage of live births with at least 
seven prenatal consultations; Gini index of per capita household income; average 
household income per capita; Municipal Human Development Index (IDHM); 
percentage of women aged 10 to 17 who had children; fertility rate; percentage of 18 
years of age or older with complete elementary education; illiteracy rate and 
percentage of poor individuals. 
 
For the multivariate model, the incidence rates of congenital syphilis and 
socioeconomic information for all municipalities in the Northeast region were inserted, 
using the backward method and epidemiological criteria. The presence of collinearity 
between the independent variables was verified using the Variance Inflation Factor 
(VIF). Non-collinear variables were inserted into the OLS model, adopting a statistical 
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significance of 5%. To calculate the OLS multivariate model, STATA v.12® software 
was used. Terra View v.4.2.2® software was used to obtain the neighborhood matrix 
and to calculate the Bayesian statistics. The non-spatial OLS regression was 
performed using the Stata 12® software. The maps were created using QGIS 
v.2.14.17® software. 
 
This study was approved by the Research Ethics Committee of the State University of 
Piauí under assessment No 3,286,819 and CAAE No 07558218.7.0000.5209, 
respecting all ethical and legal aspects recommended by Resolutions No. 466/12 and 
No 510/16. 

RESULTS 
 
In the Northeast region of Brazil, 47,198 cases of congenital syphilis were reported 
from 2008 to 2018. Of these, most were female children (N=24,172;51.1%) aged 
between 0 and 6 days of life. (N=48,004; 95.9%) (Data not shown in table). 
 
It was verified that the number of cases is higher among brown children (N=34,801; 
84.7%), whose mothers were aged between 20 and 29 years (N=25,113; 54.6%), 
aged 7 years of study or less (N=23,984; 61.9%), who did prenatal care (N=38,730; 
83.5%), who received a diagnosis of maternal syphilis during prenatal care (N=15,997; 
54 .9%) and who had inadequate treatment (N=27,147; 64.3%) (Table 1). 
 
Table 1: Sociodemographic characterization of congenital syphilis cases in Northeast 

Brazil in the period 2008-2018. Parnaíba, Piauí, Brazil. (N=47,198) 
Variables*  n % 

Race/child's color   

Brown 34,801  84.7 

White 4,686 11,4 

Black 1,374 3.3 

Yellow 109 0.3 

Indigenous 106 0.3 

Mother's age group   

10 to 14 years 526 1.3 

15 to 19 years 10,552 22.9 

20 to 29 years 25,113 54.6 

30 to 39 years 8,863 19.2 

40 years or more 933 2.0 

Mother's education   

0 to 7 years 23,984 61.9 

8 to 11 years 8,350 21.5 

≥ 12 years 6,481 16.6 

Mother did prenatal care   

Yes  38,730 83.5 
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No  7,617 16.5 

Moment of diagnosis of 
maternal syphilis 
 

  

During prenatal care 15,997 54.9 

At the moment of the 
childbirth/curettage 
 

9,952 34.1 

After childbirth 3,067 10.5 

Not done 135 0.5 

Maternal treatment schedule   

Adequate 1,900 4.6 

Inadequate 27,147 64.3 

Not done 13,133 31.1 

*Missing cases were excluded (missing/ignored) for the following variables: child's race/color (n=9,117), 
mother's age group (n=1,211), mother's education (n=10,966), prenatal care birth (n=3,791), time of 
diagnosis of maternal syphilis (n=2,565) and maternal treatment schedule (n=5,018). 
 
The temporal analysis by Joinpoint shows that the Northeast region presented an 
increase of 16.9% per year (95%CI: 13.7 – 20.2; p<0.001) in the rates of congenital 
syphilis. In the analysis of the tendency by state, a significant growth in the rates of the 
disease was observed in all the northeastern states in the analyzed period (p<0.001). 
Piauí was the state that presented the most expressive increase, with growth of 44.4% 
per year (95%CI: 31.8 – 58.1; p<0.001), followed by Bahia, with growth of 24.4% per 
year. year (95%CI: 17.3 – 31.9; p<0.001) (Table 2). 
 
Table 2: Annual Percentage Variation of congenital Syphilis cases in Northeast Brazil 

in the 2008-2018 Period. Parnaíba, Piauí, Brazil. 
 
State Period Annual Percentage Change 

(*IC95%) 
 

p- 
value 

Tendency 

 2008-2013 27.5 (20.3 - 35.2) <0.001 Increasing  

Northest  2013-2018 7.3 (3.2 - 11.4) <0.001 Increasing 

 2008-2018 16.9 (13.7 - 20.2) <0.001 Increasing 

 2008-2013 22.6 (15.5 - 30.1) <0.001 Increasing 

Alagoas  2013-2018 -4.5 (-9.0 - 0.3) 0.10 Stationary 

 2008-2018 8.2 (4.9 -11.6) <0.001 Increasing 

 2008-2013 41.2 (24.3 - 60.4)  <0.001  Increasing 

Bahia  2013-2018 9.6 (2.1 - 17.6) <0.001 Increasing 

 2008-2018 24.4 (17.3 - 31.9) <0.001 Increasing 

 2008-2012 29.2 (7.9 - 54.6) <0.001 Increasing 

Ceará  2012-2018 2.2 (-4.1 - 8.9) 0.40 Stationary 

 2008-2018  12.3 (5.2 - 19.8)  <0.001  Increasing 
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Maranhão 2008-2018 17.6 (13.0 - 22.5) <0.001 Increasing 

Paraíba  2008-2018 14.5 (5,9 - 23.8)  <0.001  Increasing 

 2008-2014  25.1 (15.4 - 35.6)  <0.001  Increasing 

Pernambuco 2014-2018  10.3 (0.3 - 21.3)  <0.001  Increasing 

 2008-2018  18.9 (13.2 - 25.0)  <0.001  Increasing 

 2008-2015 66.4 (44.1 - 92.1)  <0.001  Increasing 

Piauí 2015-2018 3.6 (-13.0 - 23.5) 0.60 Stationary 

 2008-2018  44.4 (31.8 - 58.1)  <0.001  Increasing 

Rio Grande 
do Norte  

2008-2018  
 

11.7 (9.1 - 14.4)  
 

<0.001  Increasing 

 2008-2013  34.6 (23.3 - 46.9)  <0.001  Increasing 

Sergipe 2013-2018 -8.7 (-14.7 - -2.2)  <0.001 Decreasing 

 2008-2018  10.9 (6.1 - 15.9)  <0.001  Increasing 

*CI95% Confidence Index of 95%.   
 
Through spatial analysis, it is possible to observe that map 1A demonstrates a non-
random spatial pattern of high gross rates of congenital syphilis in very specific 
territories, such as the metropolitan regions of capitals located on the coast and in 
some points in the interior of the states of Piauí, Maranhão, Bahia and Ceará (Figure 
1A). The local empirical Bayesian method showed a more apparent spatial pattern 
(Figure 1B). This method generated indicators that confirmed a regional pattern of high 
rates and practically extinguished the municipalities with a coefficient equal to zero. 
 
The thematic map of the Bayesian incidence of congenital syphilis shows that most 
Northeastern municipalities have rates ranging from 0.01 to 4.52 cases/1,000 LB. In 
addition, it appears that the highest rates (≥4.52 cases/1,000NV) are located in 
municipalities located primarily along the coast of all northeastern states (Figure 1B). 
 
In addition, large-scale clusters with a high/high distribution pattern of congenital 
syphilis were identified in coastal municipalities in seven of the nine northeastern 
states, encompassing, above all, the metropolitan regions of capital cities. On the 
other hand, in Maranhão and Piauí, the high/high standard of SC was observed in 
municipalities located in the interior of these states, with emphasis on the polygons 
corresponding to Teresina, capital of the state of Piauí, and Imperatriz, the second-
largest city in the state from Maranhão (Figure 1C). All municipalities that showed 
some spatial pattern on the Moran Map (Figure 1C) showed statistically significant 
autocorrelation on the Lisa Map with p<0.05 (Figure 1D). 
 
The Scan technique identified 16 clusters, however, only 12 had statistical significance 
(p<0.05). The primary cluster (p<0.001) has the lowest probability of having occurred 
by chance and included 593 municipalities, belonging to the states of Ceará, Rio 
Grande do Norte, Paraíba, Pernambuco and Sergipe (in red). It should be noted that 
all other states had statistically significant secondary clusters (p<0.05) of congenital 
syphilis cases (in yellow) (Figure 1E). 
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The technique also made it possible to identify the risk of illness due to congenital 
syphilis in the Northeastern municipalities. Thus, it was found that in most of them, the 
risk of illness is lower than the risk of the region as a whole (blank). In dark green, the 
municipalities that presented the highest Relative Risks in the region (RR=2.36 – 3.73) 
among them, four capitals stand out: Maceió (AL), Recife (PE), Natal (RN) and 
Fortaleza (CE). In addition to these capitals, Teresina (PI), as well as Aracaju (SE), 
São Luís (MA) and Salvador (BA) also stand out, which presented 1.0 to 2.4 times 
more risk of CS compared to all other Northeastern municipalities (Figure 1F). 

 
Figure 1: Gross incidence rate of congenital syphilis (A), Incidence rate of congenital syphilis 
softened by the local empirical Bayesian method (B), Moran Map (C), Lisa Map (D), Clusters 
(E) and Relative Risk for incidence of congenital syphilis (F). Northeast, Brazil, 2008-2018. 
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Table 3 presents detailed information on statistically significant clusters (p<0.05) of 
congenital syphilis in the Northeast region. The primary cluster has a radius of 742.10 
km and its municipalities present a 2.28 times higher risk of children being infected 
with congenital syphilis compared to the entire study area (Northeast). 
 

Table 3: Spatial clusters of congenital syphilis cases, defined by the purely spatial 
Scan statistic. Northeast, Brazil, 2008 – 2018. 

 
Cluster  Nº of 

Municipalities 
Radius 
(KM) 

Nº of 
cases 

Nº of expected 
cases 

RR* LLR** p 
value 

 

1  593  742,10  28,401  1,8275.25  2.28  4,214.99  <0,001  

2  2  8,33  7,116  2,379.49  3.32  3,302.33  <0,001  

3  10  27,65  7,792  2.782.75  3.13  3,289.24  <0,001  

4  5  29,32  1,939  782.18  2.53  617.17  <0,001  

5  1  0,00  3,670  1,977.82  1.92  606.74  <0,001  

6  21  53,80  2,586  1,279.05  2.07  531.24  <0,001  

7  30  60,43  2,311  1,288.84  1.83  338.10  <0,001  

8  12  67,18  1,567  1,029.87  1.53  123.53  <0,001  

9  1  0,00  346  143.71  2.41  102.13  <0,001  

10  3  20,61  945  720.61  1.31  32.29  1,986  

11  1  0,00  1,157  968.78  1.19  17.56  8,688  

12  3  18,25  330  236.96  1.39  16.34  <0,001  

13  9  49,36  509  399.50  1.27  13.91  0,002  

14  14  36,99  888  755.94  1.17  11.09  0,027  

15  1  0,00  212  160.95  1.31  7.37  0,510  

16  1  0,00  174  133.87  1.30  5.50  0,958  

*RR: Relative risk for the cluster compared to the rest of the Northeast region. 
**LLR: Logarithmic likelihood ratio test. 
 
The OLS pointed out that the variables’ percentage of live births with low birth weight 
(β=0.44; p<0.001) and per capita income (β=0.03; p<0.001) have a positive and 
significant association with the dependent variable. This demonstrates that the higher 
the values of these variables are, the higher the incidence of congenital syphilis in the 
region. It was also found that the variables’ percentage of live births whose mothers 
have at least seven prenatal consultations (β=-0.10; p<0.001), MHDI (β=-99.52; 
p<0.001), percentage of poor people (β=-0.23; p<0.001), percentage of people aged 
18 or over with complete elementary school (β=-0.23; p=0.02) and illiteracy rate (β= -
0.77; p<0.001) had a significant negative association with the incidence of congenital 
syphilis. (Table 4). In the OLS, the coefficient of determination (R2) was 0.16 and the 
VIF was 2.82 (Table 4). 
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Table 4: OLS regression model for the logarithm of the incidence rate of congenital 
syphilis. Northeast, Brazil, 2008-2018. 

   OLS Model   
 

 

Socioeconomic indicators 
 

β* 95%IC p value 

Live births with low birth weight (%) 0.44 0.20 - 0.68 <0.001 

Live births whose mothers had at least 

seven prenatal appointments (%) 

-0.10 -0,14 - -0,05 <0.001 

MHDI  -99.52 -130.58 - -68.46 <0.001 

Per capita income 0.03 0.02 - 0.04 <0.001 

Poor people (%) -0.23 -0.33 - -0.13 <0.001 

18 years of age or older people with 

complete elementary education (%) 

-0.23 -0.42 - -0.03 0.02 

Illiteracy rate -0.77 -0.92 - -0.62 <0.001 

*β: Coefficient; 95% CI: 95% Confidence Interval 

 
DISCUSSION 

 
In this study, we highlight the higher incidence of congenital syphilis among children 
whose mothers are young women between 20 and 29 years old, in line with findings 
already reported in the literature(3,10,16). This age group, as it represents the peak of a 
woman's reproductive life, justifies the highest number of reported cases. In addition, 
sexual behavior, such as the lack of condom use and multiple partners, may be related 
to the risk of acquiring STIs, including syphilis(17). 
 
The largest record of cases was of children whose mothers did prenatal care. Given 
this result, it can be inferred that the quality of prenatal care needs more strategic and 
educational actions to qualify the treatment(18,19). In this way, a study carried out in 
Piauí showed that, of the cases in which mother-concept transmission occurred, 
82.4% of the pregnant women did prenatal care and, of those, only 40.4% of the 
diagnoses occurred during pregnancy(20). 
 
The incidence rates of CS in the Northeast region showed progressive growth over the 
years studied, with an average rate almost 10 times higher than the reference rate 
recommended by PAHO(7,8). Studies carried out in different Brazilian territories have 
also shown a tendency for CS to increase throughout the national territory(17,21,22). 
 
The fact that capitals and metropolitan regions of large cities present clusters of high 
SC rates may be reflecting a more reliable notification system in relation to other 
smaller municipalities. In addition, the increase in disease notifications during prenatal 
care in recent years, may be associated with the strengthening of maternal and child 
care services, which occurred especially after the implementation of the Rede 
Cegonha program. This program provided an increase in the coverage of testing of 
pregnant women for diagnosis in a timely manner, especially in regions that have a 
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wide network of health services offered to the population, which facilitates the 
detection of cases(1,12). 
 
Through regression analysis, it was observed that the percentage of live births with 
low birth weight has a directly proportional association with the incidence of congenital 
syphilis. This indicator expresses intrauterine growth retardation and represents an 
important risk factor for neonatal and infant morbidity and mortality. High proportions of 
live births with low birth weight are generally related to low levels of socioeconomic 
development and maternal and child care(23). National studies corroborate this result, 
since congenital syphilis is particularly one of the main causes of low birth weight(16,23). 
 
A negative association was also evidenced between the percentage of live births 
whose mothers had at least seven prenatal appointments and congenital syphilis. In 
Brazil, the Ministry of Health launched the Program for Humanization in Prenatal and 
Birth (PHPN) in 2000. Among the recommendations, the document guides pregnant 
women to make at least six prenatal care appointments during pregnancy: one in the 
first trimester, two in the second and three in the third(24). Monitoring from the first 
trimester of pregnancy enables laboratory tests to be carried out and can reduce 
maternal and infant morbidity and mortality(25). A study pointed out that women with a 
low frequency of prenatal appointments express a higher risk for the occurrence of 
syphilis. This effect reduces as the number of prenatal care appointments 
increases(26). It should be noted that the occurrence of congenital syphilis is used as a 
sensible indicator for assessing the quality of prenatal care(27). 
 
It was observed that the MHDI showed an inversely proportional relationship with the 
incidence of congenital syphilis. A study conducted in Rio Grande do Sul showed a 
contrary result to this investigation, as the municipalities with the highest MHDIs in the 
state had more cases of SC compared to the municipalities with the lowest MHDIs. 
This fact may be the result of better care conditions in health units and, in this way, 
represent greater access to diagnosis and higher notification rates(21). 
 
In this study, the higher the per capita income, the higher the incidence of congenital 
syphilis. Most people affected by syphilis in the Americas are the most impoverished 
and marginalized individuals(28). Even if syphilis is not restricted to the most 
disadvantaged populations, studies indicate that low education and low income are 
factors that directly influence the persistence of this disease(29,30). However, it should 
be noted that the paradoxical result found in this investigation is probably due to better 
conditions of care in health units in territories where spatial clusters were identified, as 
consequence, better access to diagnostic methods, and higher rates of notifications(21). 
 
A study carried out in Brazil from 2001 to 2017 corroborates this result, with the most 
economically developed regions showing increasing tendency in congenital syphilis 
cases. This fact is associated with advances in the epidemiological surveillance 
system, use of rapid tests, qualification of health professionals and expansion of 
patients' access to the basic health system(22). 
 
The percentage of poor people was negatively associated with congenital syphilis. 
This result contrasts with those obtained by a study carried out in Pará, which showed 
that conditions of vulnerability directly influence the increase in cases of congenital 
syphilis(11). It is noteworthy that living conditions influence the determination of CS, 
showing a higher occurrence of this disease in the most impoverished portion of the 
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population. This is due to the difficulty of pregnant women with low income to have 
access to quality prenatal care, with the opportunity for diagnosis and treatment(1,26). 
On the other hand, a Brazilian research carried out in 2013 showed that 61.3% of 
pregnant women had seven or more prenatal care appointments. Most of these 
women had a high level of education, lived in the Southeast and South regions and 
were older (40 years or more), showing that syphilis can affect individuals from all 
social classes(24). 
 
A negative relationship was observed between the percentage of people aged 18 
years and over, with complete primary education, and the incidence of CS. Therefore, 
studies have shown that maternal education is associated with cases of congenital 
syphilis(11,8). In addition, it is believed that people with low education are in a situation 
of social vulnerability, which influences less access to information(3). Low schooling is 
a major obstacle for the government to eradicate congenital syphilis, as the 
understanding of the disease, in addition to its treatment, is essential for the 
progress(11). 
 
The negative relationship found in this study between SC and the illiteracy rate is 
probably due to the reduction observed over time in the percentage of people from 
Northeast who cannot read and write. Over the last decade, the Ministry of Education 
has built a systemic policy to fight illiteracy. With the Brasil Alfabetizado Program, 
additional resources were allocated to train literacy teachers, purchase teaching 
materials, school meals and student transportation. Thus, a reduction in illiteracy 
among young people and adults was observed in the Northeast, from 50.0% in 2012 to 
37.2% in 2018(31). 
 
It is important to emphasize that some results of this study should be interpreted with 
caution. Although some predictor variables, such as the percentage of live births with 
at least seven prenatal appointments and per capita income, have shown statistical 
significance in the OLS model, their estimated coefficients are very close to zero, 
demonstrating that the effect of these indicators on the outcome variable is small. 
Another limitation presented in this study is related to the ecological delimitation, as 
the analysis of variables at the population level does not necessarily represent an 
association at the individual level. In addition, the use of secondary data may present 
inconsistencies in terms of their quantity and quality. However, it should be noted that 
such limitations do not make it impossible to carry out the research and do not reduce 
its importance. 
  

CONCLUSION 
 
It was observed a significant growth in SC rates in the Northeast region, with emphasis 
on the state of Piauí. It was found that the highest rates are concentrated in 
municipalities located primarily along the coast of all northeastern states. In addition, it 
was observed that the variables associated with the incidence of congenital syphilis 
were: percentage of live births with low birth weight, percentage of live births with at 
least seven prenatal appointments, MHDI, per capita income, percentage of poor 
people, percentage of people aged 18 or over with complete primary education and 
illiteracy rate. 
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The implementation of improvements in the quality of prenatal care is essential to 
combat congenital syphilis, as well as the development of strategies that facilitate the 
adherence of pregnant women to prenatal care. Therefore, disease prevention 
strategies should be directed to the municipalities with the highest occurrence, in order 
to make public health actions more effective, in addition to ensure an improvement in 
the population's living conditions. 
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