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ABSTRACT

Objective: To analyze the spatial distribution of congenital syphilis cases in a state in
northeastern Brazil. Method: This is an ecological study, with secondary data for the
period from 2008 to 2018, taking as a sample the notified cases of congenital syphilis
in Rio Grande do Norte. In the data analysis, the eight health regions of the state
were used as units of analysis, and the local and global Moran’s I was performed, with
subsequent smoothing through the local empirical Bayesian method, which resulted in
thematic maps. Results: The results showed an increase in cases of congenital syphilis
in the 3" and 7™ health regions. In terms of spatial analysis, this investigation showed
clusters in the 39, 5% and 7% health regions, with an increased risk for congenital
syphilis of up to 2.65 times and with an incidence rate of 7.91 cases per 1,000 live
births. Conclusion: The spatial analysis of congenital syphilis cases allowed observing
a high incidence in some health regions, with averages above those calculated for the
entire state, indicating the need to implement effective strategies to achieve its control.
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Spatial analysis of congenital syphilis in the State of Rio Grande do Norte, between 2008 and 2018

INTRODUCTION

Congenital syphilis (CS) is transmitted from mother to
child during pregnancy, having Treponema pallidum as the
etiological agent. This disease can have serious consequences
for the fetus, such as malformations, stillbirths, fetal and
neonatal death®,

'The probability of occurrence of CS depends on the
stage of maternal contamination and the duration of fetal
exposure®. Although there are preventive measures for
diagnosis, monitoring, and treatment, this disease has been
considered the second cause of fetal death worldwide®. In
2016, the World Health Organization (WHO) launched a
program to eliminate CS, which involved the implementation
of rapid tests for the diagnosis and proper treatment of
pregnant women, setting a goal to year 2030 of reaching
an incidence of 50 cases per 1,000 live births or less in 80%
of countries®.

According to the Epidemiological Bulletin of the
Ministry of Health, CS shows an increasing trend in
different regions of Brazil, with the Northeast and Southeast
regions showing rates above the national rate. While Brazil
had an incidence of 8.2 cases per 1,000 live births, the state
of Rio Grande do Norte, located in the Northeast region, has
an incidence of 13.1 cases/1,000 live births in the past year®.

In this regard, considering the increase in CS incidence
rates and the need to reach the defined goal for its
elimination, the development of studies is warranted, using
surveillance methods that allow a better situational diagnosis
of this disease in the population, supporting the discussion
of health strategies and policies to reach its control. Thus,
this tool can contribute to the systematic evaluation of the
CS epidemiological surveillance system, since it is possible
to carry out an analysis of the health situation in a given
geographic space. Furthermore, through thematic maps,
it is possible to identify whether there are spatial clusters,
space-time dependence, as well as to contribute to the
monitoring of the epidemiological situation and the
establishment of prevention and control measures for this
disease®.

Studies carried out in the State of Rio Grande do Sul
in the period 2001-2012® and in Espirito Santo between
2011-20184%, which analyzed the spatial distribution
of cases of congenital syphilis, identified the increase in
this condition in metropolitan regions. In addition, they
reinforced the immediate implementation of public policies
in favor of actions to control and prevent congenital syphilis
in the most affected areas, especially with regard to prenatal
care and continuing education of health professionals in
Primary Health Care (PHC)®10.

In this respect, the nurse, as a member of the PHC health
team, plays an important role in the fight against congenital
syphilis, providing prenatal consultations to the pregnant
woman and her partner, counseling, rapid testing, notification
of this disease, provision of guidance, clarification of doubts,
and follow-up of cases with reactive serology?.

Thus, this study aimed at analyzing the spatial distribution
of congenital syphilis cases in a state in northeastern Brazil.

METHOD

TyYPE OF STUDY

This is an ecological, longitudinal study with a quan-
titative approach using as units of analysis the eight
health regions (RS) of the State of Rio Grande do Norte,
Northeastern Brazil.

PoruLATION

'The population studied was that of CS cases, which had
3,550 children notified from January 1, 2008 to December
31, 2018. Thus, all new cases of CS notified and confirmed
in the Information System of Notifiable Diseases (SINAN)
were included in the study in that period. SINAN is formed
by a set of variables obtained through the disease notification
and monitoring formulary.

LocaL

The study was carried out in the State of Rio Grande
do Norte (RN), using secondary data related to CS. The
state of RN is divided into eight Health Regions, which will
be the study units of analysis. The RSs are called Regional
Public Health Units (URSAP), on the basis of the Master
Plan for Regionalization — PDR/RN and the Decree 7.058
of June 28, 2011, which, besides other provisions, concerns
the health planning and the interfederative articulation®?3.

The 1% RS covers 27 municipalities(14), has two reference
hospitals"™ and covers 100% of the population in Primary
Health Care®), where 70% of the procedures are performed
at this level of complexity. This region is integrated into
the Urgency and Emergency Care Network of the
Metropolitan Region?.

The 2" RS, which comprises 14 municipalities’®, has
between 80 and 100% of the population covered by PHC
teams"’?). The region offers 45.01% of services in Primary
Care, 41% of medium complexity, and 13.8% of high
complexity. Besides its own headquarters for the Mobile
Emergency Care Service (SAMU-192), this region has a
Regional Blood Center and a transfusion agency'.

The 3 RS, with 26 municipalities, has 100% of the
population covered by PHC teams"®, where more than 65%
of the procedures are performed. For medium-complexity
care, it has only 1 hospital, accounting for 34.61% of
consultations, with no high-complexity procedures available
according to the State Health Plan®.

Regarding the 4* RS, it integrates 25 municipalities and
has 100% of the population covered by the PHC", where
49.69% of the procedures are performed. As for specialized
care, 29.88% of the services are offered and 20.12% of the
services are highly complex, distributed in the three hospitals
available in the region®.

Regarding the 5% RS, 21 municipalities are part of
this region. The population is 100% covered by PHC®¥,
accounting for 49.62% of the procedures. Medium
complexity, on the other hand, accounts for 49.56% of the
consultations and there is no service for high complex cases.
The region has two hospitals®?.
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The 6™ RS has 37 municipalities with population
coverage ranging from 80 to 100% of the PHC services"?,
where 59.16% of the services are provided. Medium
complexity services comprise 28.47% of procedures and
high-complexity care service accounts for 12% of services.
This region relies on the services of three hospitals and a
collection and transfusion unit®?.

Regarding the 7* RS, despite covering only five
municipalities"¥, the PHC in Natal, the state capital, has a
population coverage below 62%, while the other municipa-
lities range from 80 to 100%"Y. PHC accounts for 22.20%
of the assistance, while the medium complexity coverage
reaches 37.91%, and the high complexity, 40.84%. In this
URSAP, several hospitals, clinics, and laboratories are part
of the list of services, and they are reference for the entire
state of Rio Grande do Norte.

Finally, the 8" RS integrates 12 municipalities and
has 100% of the population covered by the PHC, which
performs 43.31% of the services; medium complexity care,
in its turn, covers 47.83%, and high complexity only 8.61%,
distributed in four hospitals in the region®.

SELECTION CRITERIA
Every case notified to the SINAN of a child under

13 years of age with clinical manifestation or a positive
diagnostic test at the time of delivery, or whose mother
presented positive serological test for syphilis during the
prenatal period and/or childbirth/puerperium, or newborn,
stillbirth, or miscarriage with untreated or inadequately
treated syphilis"” was defined as CS. All cases included

were residents of the municipalities of Rio Grande do Norte.

DATA COLLECTION

In December 2019, the database of CS cases included
in SINAN was obtained from the Health Department of
the State of Rio Grande do Norte. Once in possession of
the database, these data were registered and tabulated in
a spreadsheet in the software Microsoft software for the
organization of the georeferenced database.

The number of live births, to calculate incidences, was
obtained from the Information System on Live Births,
available on the website of the Information Technology
Department of the Brazilian Public Health System.
Regarding cartographic data referring to the state and
population size, they were obtained by the Brazilian Institute
of Geography and Statistics on its website.

DATA ANALYSIS AND TREATMENT

The mean gross incidence rate of CS was calculated for
each RS in the indicated period using the mean number of
new cases in the numerator and the number of live births as
the denominator, multiplied by 1,000 inhabitants.

For the spatial analysis, the thematic map of the inci-
dence in each RS was created and then these rates were
smoothed using the local empirical Bayesian method to
reduce instabilities caused by differences among regions.
'This method considers not only the value of the studied

region, but it weights it in relation to the border regions
through a spatial proximity matrix, taking into account the
contiguity criterion in which value 1 is assigned to regions
that have borders in common and 0 to regions that do not
share borders.

After descriptive analysis, the presence of spatial
dependence was verified through the Global Moran’s 1
on the raw indicator. The method identifies the
spatial autocorrelation and varies between —1 and +1, where
values close to zero indicate absence of spatial dependence,
considering p < 0.05 as significant. In addition, the local
autocorrelation (Local Index of Spatial Association — LISA)
was evaluated by the Local Moran’s I, which checks the
value of the municipality with that of its neighbors with
identification of spatial patterns™®.

'The Local Moran’s I identifies four quadrants: high-high
(regions with high rates and surrounded by those with high
rates), low-low (regions with low rates surrounded by those
with low rates), high-low (regions with high rates surrounded
by those with low rates) and low-high (regions with low
rates surrounded by those with high rates), with values 1
with p < 0.05 being considered significant. The high-high
and low-low categories represent areas of agreement and the
high-low and low-high categories indicate areas of epide-
miological transition®).

'Then, the spatial scan analysis, called scan statistics, was
performed. It was used to identify areas of risk and protec-
tion for the incidence of the disease. For this, the RR of each
municipality for mortality was calculated and the presence
of purely spatial clusters was identified?.

To identify the purely spatial clusters, the discrete
Poisson model was used, with the following requirements:
no geographic overlap of clusters, maximum cluster size
equal to 50.0% of the exposed population, circular clusters,
and 999 replications.

Calculations of gross and smoothed rate, as well as the
Moran Scatter Plot and its significance, were made by the
software TerraView 4.2.2. The purely spatial scan analysis
was performed using the software SaTScan 9.6. All maps
were produced in software QGIS 2.4.17.

ETHICAL ASPECTS

The study was approved by the Ethics and Research
Committee of the Universidade Federal do Rio Grande do
Norte under opinion No. 3.775.828,in 2019, in accordance
with national regulation 466/2012 for research involving
human beings.

RESULTS

This study resulted in the mean gross incidences in
the eight RS in the state in the proposed period. We infer
that the highest incidences occurred in the 7%, 3% and
1t RSs with 11.48,9.34, and 8.48 cases per 1,000 live births,
respectively, with averages much higher than those calculated
for the entire state of Rio Grande do Norte of 7 .91 cases
per 1,000 live births.
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When analyzing the correlation coeflicients and spatial
clustering according to Moran’s method, the 1, 3¢, and
5% RSs show high-high and high-low correlations. The
7™ RS presents a high-high correlation throughout its
extension. In their turn, the 2", 4* and 6" RSs show a
low-low correlation. Furthermore, there is a large extension
of the state where this relationship cannot be checked due

25 0 25 50 75 100 km
N TN .

Figure 1 - Spatial correlation of the Global Moran type.

25 0 25 50 75 100 km
I T ]

to the low notification numbers collected in some periods of
the study (Figure 1).

Based on this, it is possible to observe, through Figure 2,
that the local Moran (LISA) shows how significant these
spatial correlations are, based on the clusters of municipalities
with p < 0.01 in the 1%, 2, 4™ 5% and 6™ RSs. Except for
the 8", the other RSs have municipalities with p < 0.001,

A

Not significant
I High-high
B Low-low
I Low-high
High-low

p>0.05
p<0.05
B p<0.01
Il p<0.001

Figure 2 — Local Moran (LISA) with spatial correlations and clusters of municipalities.
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[ Not significant

Il High-high
10 0 10 20 30 40km B Low-low
I N e [ High-low

Figure 3 — Significant Moran’s | in the 4th health region, Rio Grande do Norte.

I 0.00-1.00
1.10 - 1.50
1.60 - 2.00
Il 2.10-2.65

25 0 25 50 75 100 km
I T ]

Figure 4 — Risk of CS involvement in the municipalities, Rio Grande do Norte.
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25 0 25 50 75 100 km
I TN .

Figure 5 — Spatial cluster of health regions in Rio Grande do Norte.

that is, they have a high degree of spatial correlation, even
in RS with low rates of CS cases.

Regarding Moran’s I, only the 4" RS presented signi-
ficance, 0.35 (p-value 0.03), with high-high correlations
in eight municipalities, high-low in 1 municipality, and
low-low in 3 municipalities, which characterizes high spatial
correlations (Figure 3).

When performing the spatial scan analysis, which
analyzes the risk of syphilis, Figure 4, the 1%, 34, 5* and
7% RSs show results in municipalities with a risk ranging
from 1.60 to 2.65 more chances of occurrence of CS. It is
important to emphasize that the 2", 4" and 6™ regions did
not have municipalities with increased risk for CS.

With regard to spatial clusters, as shown in Figure 5, it is
possible to see that there is a cluster comprising the 3, 5%,
and 7™ RSs (p < 0.001) and a small cluster in the 1*health
region (p < 0.001).

DISCUSSION

The study showed the epidemiological situation of
CS in the State of RN in the period from 2008 to 2018,
with the 1%, 39, and 7" RSs categorized with very high
incidences, the 2", 5% and 8" RS with high rates, while the
4% and 6™ RSs with intermediate level®, according to the
classification defined by the World Health Organization.
'This situation may be related to several factors, such as:
difficulty in making an early diagnosis of GS and having
patients adhere to treatment; improvement in case detection
by the epidemiological surveillance system; shortage of
Benzatine Penicillin, which is the main drug used to treat
infected patients and prevent mother-to-child transmission,
and the non-administration of this drug in Primary Care; as
well as the low quality of prenatal consultations.

Il 1 (p<0.001)
2 (p<0.001)

It should be noted that early detection of Gestational
Syphilis (GS), counseling, adequate case management,
including treatment of the pregnant woman and her partner,
and awareness of condom use are the only viable and very
accessible methods to promote decline of this disease®.

The 7™ RS, also called Metropolitan Region, although
being the smallest region in terms of municipalities, had the
highest SC notification rates and, consequently, the highest
incidence in this study®, even above the national rate, which
was 8.2 cases per 1,000 live births. This may be related to the
population contingent of 38.2% being concentrated in this
region, although there has been a tendency for couples to
carry out family planning since 2010"¥. Furthermore, there
is a concentration of health services in this region, favoring
the expansion of prenatal care and the offer of treatment
for syphilis in PHC and maternity hospitals, but what has
been sensitive in this study is that there is a lack of control
regarding CS.

Unlike this finding, in the United States of America,
with regard to the number of cases, mortality and morbidity
due to CS, there was an annual reduction, and the year 2012
had the lowest number of reported cases since the changes
in criteria of diagnoses established in 1988¢2.

Nevertheless, this study shows that the 6 RS, located in
the Upper West region, concentrates the lowest incidences
related to CS notification in the period studied, but
encompasses a greater number of municipalities with a total
of 37.'This epidemiological situation may be related to the
coverage of the Family Health Strategy above 90% since
2006, suggesting the implementation of effective prevention
measures. On the other hand, regarding Epidemiological
Surveillance in this region®, there is a need to restructure
laboratories to perform treponemal and non-treponemal
tests to contribute to the diagnosis of gestational syphilis,
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which generates greater control of CS. Thus, it is possible
that there are many unreported and untreated cases in
this region.

However, even with the advance of the Center of
Regulation of Obstetric Emergencies in the State of RN,
the 6™ RS does not yet have a reference maternity hospital
that favors the early detection and notification of CS cases®.
When a referral of pregnant woman is required through this
service, she is referred to the surrounding health regions,
where the notification is registered. This may explain the
low rates of SC in the period of this study in this region.

The same can be observed in the 2™, 4% and 8" RS,
where it is possible to infer that there may be weaknesses
regarding notification, since these regions, although having
a large number of municipalities, resulted in low or even no
notifications, such as it is possible to identify in 2008,2010
and 2011.This situation highlights the quality of monitoring
carried out during prenatal care and childbirth to prevent
vertical transmission of syphilis, as studies indicate that, in
Brazil, medium-sized and small-sized municipalities have
a better coverage of the FHS and, consequently, a greater
capacity to detect cases of syphilis®?.

Since GS is not diagnosed and treated in a timely
manner, it is transmitted to the fetus in the uterus or in the
postpartum period. This can lead to many complications for
the newborn, such as premature birth or stillbirths. This is
possibly due to the higher prevalence of severe comorbidities
in the mother®.

By analyzing the spatial correlation coeflicients, it is
possible to infer that in addition to the 1%, 3%, and 7%,
the 5™ region results in high-high correlations, that is,
municipalities with high incidence rates have neighboring
cities with alarming results and exert strong influence among
its neighbors, suggesting high-priority intervention towards
the prevention of CS. It is suggested that this homogeneous
distribution among these RSs is related to the distribution
of diagnostic services that serve the four regions mentio-
ned above, such as the State Network of Public Health
Laboratories, which is responsible for diagnosing diseases of
public health interest and for Epidemiological Surveillance
actions™. Thus, after positive results of treponemal tests,
the newborn undergoes a new collection that is destined for
non-treponemal evaluation in this laboratory, which results
in better diagnoses.

Although this work has identified spatial clusters in
several regions, only the 4™ RS resulted in a statistically
significant Moran’s I. Although it has been evaluated as the
region that has 100% of the population covered by PHC,
it showed an expressive growth in CS. This situation can
show that there are weaknesses in prenatal care, as the high
incidence rate of this disease is an indicator capable of
pointing out flaws in the quality of this service, considering
that good care requires early detection and adequate
treatment of infected pregnant women and their partners,
interrupting the vertical transmission chain of syphilis@.
It is suggested that greater investments are required for
continuing education of health professionals, aiming at
improving the quality of prenatal consultations; expansion

of the rapid testing offer; dispensing and administration
of benzathine penicillin in the Primary Health Care Units
(UBS); health surveillance measures, such as mandatory
notification, essential for carrying out epidemiological
analyses and for providing subsidies for the planning of
actions to control GS.

When analyzing the risk of CS involvement in Rio
Grande do Norte, we infer that the 1%, 3¢ 5% and 7% RSs
are up to 2.65 times more likely to have CS cases. This
may be related to the population density that these four
regions have and the concentration of health services
favoring diagnosis and notification, since there is a
tendency for infectious diseases to have a higher incidence
in larger municipalities, probably due to a greater
speed of dissemination in environments with higher
population density?”.

According to a 2016 Pan American Health Organization
(PAHO) report, the high number of cases of congenital
syphilis in Brazil may be related not only to the shortage of
benzathine penicillin, but also to the greater availability of
testing for syphilis diagnosis and improvement in detection
by the epidemiological surveillance system. Moreover, the
difficulty of treating pregnant women and their partners in
the context of Primary Care can favor the loss of follow-up
and effectiveness in the prevention of congenital syphilis,
as some users, when referred for treatment in specialized
services, may abandon treatment®).

Such referral may occur due to the fear of professionals
of administering this drug in Primary Health Care services,
given the possibility of adverse events. The controversies
about the administration of benzathine penicillin in UBSs
led to the elaboration of a technical note from the Federal
Nursing Council, guiding and supporting the administration
of this drug in primary health care®.

'The importance of the nursing team work in Primary
Health Care services for the prevention of vertical trans-
mission of syphilis is highlighted. It is also important to
clarify to professionals that the main adverse events resulting
from the administration of benzathine penicillin are related
to neurovegetative and vasovagal disorders, such as anxiety,
fear and sweating, as sometimes there is fear of adminis-
tering this drug in these services due to the possibility of
adverse events®. It should be noted that this is the main
drug used to treat infected patients, and to prevent mother-
to-child transmission.

Furthermore, the nurse, in line with the agenda of
strategic actions to reduce syphilis in Brazil, including
congenital syphilis, can develop the following actions:
nursing consultation in prenatal care and in the reproductive
planning, with the participation of partners; actions aimed
at health education on syphilis prevention, diagnosis, treat-
ment, and surveillance; early detection with rapid testing;
VDRL (Venereal Disease Research Laboratory) request for
follow-up; referral for syphilis treatment; administration
of benzathine penicillin; active search and notification of
syphilis cases in the territory30.

Finally, it is important to highlight that the scenario
of this study points to the need to improve CS prevention,
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effectiveness in case notifications, availability of rapid tests,
improvement in the epidemiological surveillance system,
qualification of health professionals, and improvement in
users’access to PHC, in addition to the expansion of teams
with the implementation of programs such as the Family
Health Strategy.

The limitation found in this study refers to the use
of secondary data, as they may be related to incomplete
reporting information and the possibility of underrepor-
ting, contributing to the underestimation of the real epide-
miological situation of congenital syphilis in the analyzed
State. However, it should be noted that there has been a
change related to the improvement of data quality over the
10 years studied, presenting itself as a potential in the present
investigation.

CONCLUSION

The spatial analysis of notified cases of congenital
syphilis in the State of Rio Grande do Norte showed that the

1%, 34, and 7™ health regions, with a spatial cluster encom-
passing the 3, 5% and 7% regions, were the most affected
by this disease, with increased risk for congenital syphilis up
to 2.65 times in the most affected.

Given the findings of this study, better and more
effective prenatal care is required in the State of Rio Grande
do Norte, through the development of effective active
search strategies, health education actions, increased teams,
and coverage of Family Health Strategy to provide the
equipment, physical structure, and training for the
administration of Benzatine Penicillin in Primary Health
Care Units, as well as the development of family planning
that go beyond the distribution of condoms.

The situational analysis of the territory in which it
operates based on spatial analysis can collaborate with the
implementation of more effective actions aimed at the active
search and notification of cases, health education, nursing
consultation in prenatal care, and reproductive planning. This
way, more targeted and qualified care aimed at promoting
health, preventing and treating syphilis will be provided.

RESUMO

Objetivo: Analisar a distribui¢io espacial dos casos de sifilis congénita em um Estado do Nordeste do Brasil. Método: Trata-se de
um estudo ecoldgico, com dados secundérios referentes ao periodo de 2008 a 2018, tendo como amostra os casos notificados de sifilis
congénita no Rio Grande do Norte. Na andlise dos dados foram utilizados como unidades de anilise as oito regides de saide do Estado
e realizado o indice de Moran local e global, com posterior suavizagio por meio do método bayesiano empirico local que resultou
nos mapas tematicos. Resultados: Os resultados evidenciaram aumento dos casos de sifilis congénita na 3* e 7° regides de satide. Em
se tratando da andlise espacial, esta investiga¢do evidenciou cluster na 3%, 5* e 7° regides de satide, com risco aumentado para sifilis
congénita em até 2,65 vezes e com taxa de incidéncia de 7,91 casos por 1.000 nascidos vivos. Conclusdo: A andlise espacial dos casos
de sifilis congénita permitiu visualizar alta incidéncia em algumas regides de saide, com médias acima da calculada para todo o Estado,
apontando a necessidade de implementagio de estratégias efetivas para alcangar o seu controle.

DESCRITORES
Sifilis; Sifilis Congénita; Analise Espacial; Sistemas de Informagio Geogrifica; Vigilancia em Satude Publica.

RESUMEN

Objetivo: Analizar la distribucién espacial de los casos de sifilis congénita en un Estado en Noreste de Brasil. Método: Se refiere a un
estudio ecoldgico, con datos secundarios referente al periodo entre 2008 a 2018, utilizando como muestra los casos notificados de sifilis
congénita en Rio Grande do Norte. En el anilisis de los datos fueron utilizados como centros de anilisis las ocho regiones de salud del
Estado donde se aplicé el indice de Moran local y global, con posterior disminucién a través del método bayesiano empirico local que
result6 los mapas temadticos. Resultados: Los resultados evidenciaron aumento de los casos de sifilis congénita en la 3*y 7* regiones de
salud. En el tema analisis espacial, esta investigacién evidencié c/uster en la 3%, 5*y 7° regiones de salud, con riesgo aumentado para sifilis
congénitahasta 2,65 veces y con tasa de incidencia de 7,91 casos por 1000 nacidos vivos. Consideraciones Finales: El andlisis espacial de
los casos de sifilis congénita posibilité visualizar alta incidencia en algunas regiones de salud, con promedios superiores a los calculados
para todo el estado, de esa manera se pudo averiguar la necesidad de implementacién de estrategias efectivas para obtener su control.
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