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Abstract

Background:

Congenital syphilis (CS) is an easily preventable and treatable infectious disease acquired by the
fetus in the uterus before birth. Despite a noted global decline in CS rates during the early
2000s, recent data suggest alarming worldwide incidence rates, especially in developing
countries. In Brazil, Latin America’s most populous country, the incidence of CS has more than
tripled since 2010. CS is related to abortion, stillbirths, premature delivery, neurologic sequelae
of newborns, and other impairing conditions.

A better understanding of these current trends and potentially underlying proliferating factors
are critical to inform urgently needed public policies to revert this concerning development.
Objective:

This research aims to understand the current trends in maternal and congenital syphilis rates in
one of Latin America’s highest density populations, the city of Sao Paulo, Brazil. Employing an
ecological research approach, this study explores the association between maternal syphilis (MS)
& CS incidence rates and population-level socio-demographic factors, and mother & child health
indicators.

Methods:

Epidemiological surveillance data collected at Sao Paulo’s administrative district and technical
health supervision (STS) level were extracted for the years 2007 to 2018. The data was linked
with mother & child health indicator variables available from ‘Data SUS’, the Brazilian national
health information system. In addition, socio-demographic data was obtained from ‘Rede Nossa

Sao Paulo,” a research network that aims at increasing inclusiveness, equity, and transparency in
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public policy. Descriptive analysis and linear mixed effects regression models were used to
characterize time trends in MS and CS incidence rates. In addition, graphical modeling using
smooth spline functions was applied to assess direction, magnitude, and consistency of ecological
associations between MS / CS incidence rates and socio-demographic and mother & child health
variables.
Results:
Both maternal and congenital syphilis rates have increased since 2007 with a stronger incline in
MS rates (increase of 2.1 vs 0.5 / 1000 livebirths per year). The respective increases for both MS
and CS were below the Brazilian national average. However, there was large heterogeneity in
incidence rates across districts and STS levels. Profound inverse associations were detected
between MS / CS incidence rates and infant mortality rates as well as the rate of adolescent
pregnancies in the respective district / STS, suggesting that effective prenatal care helping
lowering infant mortality is currently not sufficient for effective prevention of congenital syphilis.
Conclusion:
The study findings indicate large variation in MS and CS rates across districts and STS within the
city of Sao Paulo. Therefore, within the local context of the city, there are opportunities to further
investigate why certain territories perform better (or much worse) in terms of disease control
and prevention than others. Factors contributing to the aggravating MS and CS syphilis epidemic

may not only be sought at the population level but also at the local health care provision level.
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Résumé

Contexte:

La syphilis congénitale (SC) est une maladie infectieuse facilement évitable et traitable, acquise
par le foetus dans I'utérus avant la naissance. Malgré une baisse mondiale notable des taux de
SC au début des années 2000, des données récentes suggérent une augmentation alarmante
des taux d'incidence dans le monde entier, en particulier dans les pays en développement. Au
Brésil, les pays les plus peuplés d'Amérique latine, l'incidence de la SC a plus que triplé depuis
2010. La SC est liée a I'avortement, aux mortinaissances, aux accouchements prématurés, aux
séquelles neurologiques des nouveau-nés et a d'autres affections invalidantes.

Une meilleure compréhension de ces tendances actuelles et des facteurs de prolifération
potentiellement sous-jacents est essentielle pour informer les politiques publiques nécessaires
et urgentes afin d'inverser cette tendance en matiére de développement.

Objectif:

Cette recherche vise a comprendre les tendances actuelles des taux de syphilis maternelle et
congénitale dans I'une des populations les plus denses d'Amérique latine, la ville de Sao Paulo,
au Brésil. En utilisant une approche de recherche écologique, cette étude explore I'association
entre l'incidence de la syphilis maternelle (SM) et de la SC et les facteurs sociodémographiques
au niveau de la population et les indicateurs de santé maternelle et infantile.

Méthodes:

Les données de surveillance épidémiologique recueillies au niveau du district administratif et de
la supervision technique sanitaire (STS) de Sao Paulo ont été extraites pour les années 2007 a

2018. Les données ont été mises en relation avec les variables des indicateurs de santé de la
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mere et de I'enfant disponibles auprés de "Data SUS", le systeme national d'information
sanitaire brésilien. De plus, des données sociodémographiques ont été obtenues auprés de
"Rede Nossa Sao Paulo", un réseau de recherche qui vise a accroitre l'inclusion, I'équité et la
transparence des politiques publiques. Une analyse descriptive et des modeles de régression
linéaire a effets mixtes ont été utilisés pour caractériser les tendances temporelles des taux
d'incidence de la SM et SC. En outre, une modélisation graphique utilisant des fonctions spline
lisses a été appliquée pour évaluer la direction, I'ampleur et la cohérence des associations
écologiques entre les taux d'incidence des SM et SC et les variables sociodémographiques et de
santé maternelle et infantile.
Résultats:
Les taux de syphilis maternelle et congénitale ont augmenté depuis 2007 avec une plus forte
inclinaison des taux de SM (augmentation de 2,1 contre 0,5 / 1000 naissances vivantes par an).
Les augmentations respectives de la SM et de la SC ont été inférieures a la moyenne nationale
brésilienne. Toutefois, on a constaté une grande hétérogénéité des taux d'incidence entre les
districts et les niveaux de STS. Des associations inverses profondes ont été détectées entre les
taux d'incidence des SM et SC les taux de mortalité infantile ainsi que le taux de grossesses
d'adolescentes dans les districts respectifs, ce qui suggére que des soins prénataux efficaces
contribuant a réduire la mortalité infantile ne sont actuellement pas suffisants pour prévenir
efficacement la syphilis congénitale.
Conclusion:
Les résultats de I'étude indiquent une grande variation des taux de SM et de SC entre les

districts et les STS au sein de la ville de Sao Paulo. Par conséquent, dans le contexte local de la
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ville, il est possible d'étudier plus en détail les raisons pour lesquelles certains territoires
obtiennent de meilleurs (ou de bien moins bons) résultats que d'autres en termes de contréle
et de prévention des maladies. Les facteurs contribuant a I'aggravation de I'épidémie de syphilis
maternelle et congénitale peuvent étre recherchés non seulement au niveau de la population

mais aussi au niveau de la prestation de soins de santé locaux.
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1. Introduction

Despite the availability of inexpensive, easily administered, and effective antibiotic treatment
programs against the Treponema pallidum bacterium, venereal and congenital syphilis (CS)
continues to be a significant global health problem. It afflicts at least 11 million people and as
many as two million pregnant women annually (1, 2). In 2016, the global prevalence of maternal
syphilis was estimated to be 0.69% and the accompanying reported global rate of congenital
syphilis 473 per 100,000 live births and an estimation of 661,000 prevalent congenital syphilis
cases at that time. These international rates contributed to an estimated total of about 355,0000
adverse birth outcomes, such as miscarriages, stillbirths, and hospitalizations (3).

In the United States, the CS rate increased from 9.2 to 23.3 cases per 100,000 live births from
2010 to 2016 (3, 4). These increased rates are gradually more reported among women of
reproductive age (6), and in low-income contexts as well (7). This adds to the generally lower

health status of vulnerable populations experiencing poverty, violence, and social inequity (8).

Developing countries not only have more vulnerable populations but also superior birth
rates compared to developed countries. The comparative excess in susceptible individuals both
in absolute and relative numbers may be accompanied by structural deficiencies in the primary
healthcare clinics and communities, which can contribute to unfavorable deficits in preventive
measures or limited response to ongoing epidemic situations (9-12). Furthermore, lack of proper
training of health care professionals may imply risks not only to an adequate quality of antenatal

care, as well as to a chance of missing timely interventions both at prevention and therapy levels.
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The World Health Organization (WHO) estimates that more than 90% of the 11 million new cases
emerging every year occur in developing countries, such as Brazil (7,13,14).

The city of Sao Paulo is the largest metropolis of Brazil and is experiencing a substantial rise in
congenital syphilis over the last decade. Growth rates are estimated to be as high as 55%,
supported by recent data from 2014 to 2017 that reported an increase from 440 to 680 cases per
100,000 live births (15). There is a lack of studies in the literature that investigate the ongoing
epidemics in the Brazilian context. Such research is urgently needed to understand barriers to
limiting the continuing increase of the health burden due to these preventable, treatable, and
curable conditions in women of childbearing age and their offspring.

To better understand possible root causes of these alarming recent developments and to identify
potential strategies to improve the situation, systematic research is needed that leverages on
existing knowledge and available data sources. With this master’s thesis, current trends in
maternal and congenital syphilis in the city of Sao Paulo will be investigated using municipal
surveillance data. Through linkage to administrative district and technical health supervision data
on socio-demographics and maternal & child health indicators, ecological associations of
population-level variables and incidence rates will be explored. The specific aim is to investigate
how urban-regional differences in both epidemics are potentially coupled to established
population and public health indicators, enabling effective investigations of the matter by
detecting relevant signals in the sizeable administrative district database. Similarly, the gathered
evidence from this research will contribute to eliminating or demoting first-level explanations for

the apparent trends that are not supported or contradicted by the data.
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2.  Background and review of the literature

Etiology of syphilis

Treponema pallidum is the etiologic agent of equally venereal and congenital syphilis. It is known
that previously infected women or those that acquired syphilis during pregnancy have a high risk
— between 50 to 90% — of spreading bacteria through the vertical transmission to their fetuses.
The bacterial transmission may occur at any time from conception to delivery (3, 16—22).
Worldwide it is estimated that nearly 2 million pregnant women are affected by maternal syphilis
each year (1, 2). If untreated, approximately 50% of these women will present with adverse
outcomes in their offspring (21). According to a 2013 systematic review and meta-analysis on
untreated maternal syphilis and adverse effects of pregnancy, about 25% of T. pallidum infected
pregnant women experienced abortions or stillbirth. About 12% of the newborns died, and the

proportion of children born preterm or with low birth weight was approximately 12% as (22).

In 2018, the incidence of T. pallidum infections in pregnant women in Brazil was estimated to
21.4 cases per 1,000 live births, with about nine reported congenital syphilis cases per 1,000
live births (23). These figures represent an increase of nearly threefold (factor 2.97 — for
maternal syphilis) and almost twofold (factor 1.87 — for congenital syphilis) when compared to
the official epidemiological reported in 2013.

The infant mortality attributed to congenital syphilis was 8.2 / 100,000 livebirths in 2018,
depicting a substantial increase when compared to the mortality rates reported in 2011

(3.8/100,000) and 2006 (2.3/100,000).
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There are considerable regional variations in the magnitude of both epidemics in Brazil. Sao
Paulo, as one of Brazil’'s most densely populated areas experienced (and continues to experience)
a steep increase in congenital syphilis rates. Between 2012 and 2018, the reported CS rates in

Sao Paulo increased by about 60% (8, 23, 24).

Route of mother-child transmission of T. pallidum

Transmission of T. pallidum from the mother to the fetus during pregnancy occurs through the
transplacental route (vertical transmission) at any time during pregnancy or at birth. The clinical-
symptomatic manifestation of the infection is generally divided into early (symptom

development within 2 years from birth) and late manifestations (more than 2 years from birth).

Studies of fetuses of infected mothers have provided insight on the extent to which the
infection affects multiple organs and tissues. Among clinical pathologies associated with
congenital syphilis, manifestations include lymphadenopathy, hepatitis, osteitis, pneumonitis,
anemia, hemorrhage and mucocutaneous lesions (1,25). In settings where congenital syphilis
manifests at a relative late stage, pathologies of the central nervous system, teeth, skin, eyes,

bones, or cartilage are possible (1,26).

Prevention strategies and susceptible populations
The primary strategy to prevention of congenital syphilis is primary prevention through
education on STI prevention. The second most important strategy is effective prenatal care as

studies have shown associations between late start or absence of prenatal care and an increased
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risk of congenital syphilis (3, 4). Countries worldwide have implemented policies to improve
prenatal care quality and delivery. For example, the United Kingdom National Health System
adopts as an indicator of good practice in prenatal care the percentage of pregnant women
attending the booking appointment with a family doctor or a midwife before 12 weeks of
pregnancy (27). More specific measures to target reduction of congenital syphilis cases are
implemented by the United States through utilizing electronic medical records that enable a
time-bound and effective diagnosis and treatment of maternal syphilis (5,28). Still, in the United
States the use of rigorous laboratory data checking have shown significant importance in averting
CS cases (29). In Latin America, the Brazilian Unified Health System (“Sistema Unico de Saude”,
SUS) has developed context-based clinical guidelines with electronic surveillance over new cases
and their treatment (9,30—-32). Furthermore, the family health strategy model, firstimplemented
on 1994, added the roles of the family physician, the primary care nurse, and the community

health worker as important team members towards an improved prenatal care (9).

A number of personal, structural and service-related factors delay or prevent access to
antenatal care (27,33). These missed opportunities result from the confluence of socioeconomic,
demographic, and behavioral factors that promote mother-to-child transmission. Most
congenital syphilis cases occur among black and minority ethnic groups, including refugees and
asylum seeker mothers (26,34). Several studies have already investigated the predictors to
congenital syphilis incidence. There are two Brazilian studies that compared the clinics under the
family health strategy and the traditional clinical model (12,35). There are two Brazilian studies

that compared the management of private organizations (such as Santa Marcelina network, and
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the municipal administration)(36,37). No study, however, has compared those indicators in Sao
Paulo city.

In sum, a vast body of knowledge exists focusing on pregnancy follow-up impediments
and their relation to congenital syphilis outcomes. However, the vast majority of those studies
were conducted in high-income countries. And those piloted in low and middle-income countries
are concentrated on rural and small-town primary healthcare settings (3,11,12,24,26,34). Before
this thesis, no study has thus far contributed findings related to syphilis transmission in urban

settings in Brazil.

The role of the Brazilian Unified Health System

Improvement of primary health care is one of the best ways of achieving better health outcomes
in every country, especially developing ones. The World Health Organization (WHO) and United
Nations (UN) have stablished as the third development goal to “Ensure healthy lives and promote
well-being for all at all ages.” (38). Therefore, countries worldwide organize their healthcare
system management to achieve this goal and its 13 targets. However, to improve healthcare
management and surveillance over infectious diseases, health systems worldwide adopt
different approaches.

With a new constitution in 1988, Brazil adopted the recognition of health as a fundamental right
of citizen and duty of the state. This central commitment led to the creation of the Unified Health

System (“Sistema Unico de Satde”, SUS) in 1990 (18).

22



Dr. Samuel Soares-Filho, MD

MATERNAL AND CONGENITAL SYPHILIS EPIDEMIC IN SAO PAULO, BRAZIL

Through the SUS, universal comprehensive, preventive, and curative care is provided to all
Brazilian citizens. The respective public and private (both not-for-profit and for-profit) health care
institutions provide health services in a decentralized way, enabling continuity of care at the
community (primary and secondary care) and hospital (secondary and tertiary care) levels (18,
19).

For all citizens, health services as well as most common mediations are free and accessible
through the various points of service (19).

One of the central pillars of the SUS is the Family Health Strategy (“Estratégia de Saude da
Familia”, ESF). This component was established in 1994 to restructure primary health care (PHC)
as to integrate health promotion and prevention of diseases with medical care as well as to orient

care more towards families and communities (18, 20).

The nationwide deployment of multidisciplinary family health teams (“Equipes de Saude
da Familia”, eSF) was one major step in implementing the Family Health Strategy. These teams
are typically composed of at least four to six community health workers (“Agentes Comunitdrios
de Saude”, ACS), one physician, one nurse and one nurse assistant (19). Family health teams are
grouped together in so called basic health units (“Unidade Basica de Saude”, UBS) where one UBS
comprises up to ten teams. The UBS are strategically located in the centers of the communities
they provide health services to. The geographical area surrounding the respective UBS is divided
between the family health teams and each eSF is responsible for up to one thousand households.
All residents of the households are meant to receive longitudinal, comprehensive, and

coordinated care through monthly ACS home visits. This way, the ACS take a key role in
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implementing and delivering public health programs (39,40). This infrastructure and continuing
proactive outreach to the community offers opportunities to also engage in health promotion
and preventive strategies related to both non-communicable and communicable diseases
(41,42). From an epidemiological standpoint, the ties between ACS and households further
enable an advantageous environment for disease surveillance. In terms of prevention of sexually
transmitted infections, in the developed countries such as the USA, ACS have a longstanding
history specifically in regards to human immunodeficiency virus (HIV) prevention and populations
susceptible of or experiencing acquired immunodeficiency syndrome (AIDS) (40).

In 2008, so called Family Health Support Teams (“Nucleo de Apoio a Saude da Familia”, NASF)
were created to scale up primary health care by including services provided by psychologists,
physiotherapists, social workers but also specialists such as gynecologists, psychiatrists, and
pediatricians. These health professionals are based within the UBSes to enable integrated patient
care (43-45).

The support demands of the family health teams as well as the health needs of the served area

are the determining factors for the composition of the NASFs (9,44,46).

The implementation of the Family Health Strategy has reached remarkable levels over the
past two decades: starting with about 2,000 family health teams and 60,000 ACS in 1998 that
covered just about 4% of the Brazilian population, the number of health teams has now reached
nearly 40,000 with about 270,000 ACS providing health services to more than 60% of the
population in 2014 (9,41,46). The success of this significant primary care approach is reflected by

increased patient satisfaction when compared to conventional models of primary health care,
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largely attributed the superior integrated and comprehensive care and outreach services (47—
51).

Among other achievements in improving the health of the people and safeguarding Brazil’s
communities, ACS and the Family Health Strategy have been attributed to have instigated
significant reductions in neonatal, infant, and infant mortality caused by diarrheal disease and
infections of the lower respiratory tract. These achievements together with the proven success
in general prenatal care and implementing and promoting universal preventive methods,
predestinate ACS to take on a leading role maybe also in the prevention of maternal and
congenital syphilis (16-19, 22).

The promising journey of Brazil’s public health system is not underway without encountering
major challenges at political, financial, and organizational levels that impose barriers to the full
potential and effectiveness of the health system and the Family Health Strategy. In 2016, severe
budgetary restrictions have been put in place that are expected to largely affect the health and

education sectors for the next 20 years (9,47).

Due to the decentralized and municipality-governed management of the Family Health
Strategy and its components, capacities and quality of family health teams vary largely across
health jurisdictions. These variations can imply significant differences in supply of basic
equipment, institutional support for health teams including the availability and integration of the
various types of health professionals.

To what extend such differences in the local health system organization may play a role in the

worsening epidemic situation with regard to maternal and congenital syphilis, requires in-depth
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scientific investigation. The description and characterisation of heterogeneities in the respective
incidence rates and trends across health administrative districts and technical health supervisions
is a first step that will help to identify patterns and allow for hypothesis generation that is

informed by objective data.

2.1. Research questions

This thesis research is aiming to address three primary questions:

e First, in the municipality of Sao Paulo, Brazil, how have the rates of maternal and

congenital syphilis cases evolved over the last ten years?
e Second, what are the variations in the incidence rates with respect to the different health
management regions i.e., the administrative districts and technical health supervisions of

the city?

e Third, what are population-level factors that are associated with the course of maternal

and congenital syphilis rates in the target populations?
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3. Methods

3.1. Study setting and partnership

This thesis has been written to fulfil the requirements for completing a Master of Science
degree in Family Medicine at the Department of Family Medicine, McGill University. The
research project has emerged through the author’s involvement as primary care management
member at the Santa Marcelina Primary Healthcare Network (“Atencdo Primaria a Saude Santa
Marcelina”, APS Santa Marcelina) in Sao Paulo, Brazil. The APS Santa Marcelina manages over
220 family health teams distributed in more than 50 Basic Health Units that cover a population
of almost 2 million people. This management network delivers care to five vulnerable urban
and rural Health Technical Supervisions (“Supervisdes Técnicas de Saude”, STS) in the outer
limits of the eastern city of Sdo Paulo (59, 60). The five STSes are: “Cidade Tiradentes”,
“Guaianases”, “Itaim Paulista”, “Itaquera” and “Sao Miguel Paulista”, where population vary
from 212,000 to 524,000 (61). However, the focus of this study comprises the entire city of Sao
Paulo with 26 STSes. The research conducted and summarized within this thesis is focused on

the population of childbearing women and their offspring residing in the city of Sao Paulo.

The city of Sao Paulo counts a total population of approximately 12 million people with

about 3.1 million women in childbearing age (52,53).
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3.2. Study design

The study data is comprised of maternal and congenital syphilis surveillance statistics reported
at the official health system websites, allowing for portraying the course of these epidemics over

time and across regions within the larger health jurisdiction of the city of Sao Paulo, Brazil.

The study design can therefore be described as repeated cross-sectional epidemiological
study. The study methodology will be built on descriptive as well as exploratory cross-sectional
(repeated) analyses. The descriptive component aims at characterization of time trends and
regional (district or STS level) differences in the primary endpoint variable “annual incident
[reported] cases of maternal or congenital syphilis”. The exploratory part of the study refers to
bivariate comparison of time trends related to the primary outcome variable and secondary,

potentially explanatory variables.
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3.3. Target population and spatial coverage of the research

The target population of this study were women in childbearing age and their offspring residing
in the city of Sao Paulo between 2007 and 2018 (available data at time of data extraction for
this thesis research, July 2020).

The map in Figure 2 displays spatial coverage of the epidemiological research study, i.e., Sao
Paulo’s municipal health network by regional health coordination, technical health supervision

(STS) and administrative district.

3.4. Primary study outcome and indicator variables

3.4.1. Primary outcome variable

The primary variable of interest is the number of reported maternal and/or congenital syphilis
cases in a given time interval (year) and regional division, i.e., the administrative district (short:
district) or technical health supervision (short: STS), relative to the number of livebirths in that
region and time interval i.e., the annual incident [reported] cases of maternal and/or congenital
syphilis. Note that, although the primary outcome indices of this study relate to the annual
incident [reported] cases, the term incidence (of maternal and/or congenital syphilis) will be
used interchangeably. This is justified by the statistical property that case incidence takes the
same value in settings where the population under risk is followed for a fixed time (e.g., one
year) so that the number of livebirths per year approximates closely the actual total of person

times.
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3.4.2. Socio-demographic and maternal & child health indicator variables
The following socio-demographic and maternal- & child health indicator variables were
considered in within the ecological study embedded in this thesis research:
e Adolescent pregnancies [Number of Pregnant women of the of 19 years or less per 100
livebirths]
e Child mortality [Number of deaths in younger than 1yo / total newborns x 1,000]
e Low birth weight [Number of live births underweighted / number of newborns x 100]
e Suboptimal prenatal care [Number of newborns with <7 prenatal visits / total newborns
x 100]
e Reported violence against women* [Number of notified violence / Women 20 - 59yo x

10,000]

3.5. Data sources and data collection

3.5.1. Data sources

In Brazil, the public health system is governed by federal, state, and municipal health
authorities, following a decentralized governance approach. In their role, the respective
authorities are mandated to report, on a regular and transparent base, all relevant health data
to the public (54). As a result, with increasing advancement and availability of information
technology, a large repository of information and data related to the health care system (e.g.,
health care utilisation, population indicators of health and epidemiological data) are routinely

collected and reported on different official web platforms. The monitoring and control of
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infectious diseases is one of the main frontlines of the Brazilian health system and is informed
by the national health surveillance secretariat (55). At the municipal level, epidemiological data
is systematically collected through mandatory notifications by the different health service
providers at all three levels of care i.e., primary, secondary, and tertiary care. The cases
identified through the notification system are centrally collected and administered in a national
information system (“Sistema Nacional de Agravos de Notificacdo “, SINAN) (56).
This system serves as central information and data access point for researchers, policy makers
and health care workers. In particular, the system provides access to epidemiological case data
for a selected number of conditions including infectious diseases. The data can be extracted at
various measurement levels i.e., stratified by year, sex, gender, type of health facility reporting
the respective cases (e.g., clinic, hospital) and health jurisdiction i.e., district, technical health

supervision (“Supervisdo Técnica de Saude”, STS).

The population of livebirths studied was extracted from the official database livebirths
national information system (“Sistema Nacional de Informacao sobre Nascidos Vivos”, SINASC)
extracted by year and regional level of birth. The SINASC aims to gather information related to
births that occurred throughout the national territory. It was developed by the Ministry of
Health / DATASUS to gather epidemiological information on informed births. The source of the
data is the Live Birth Declaration, standardized by the Ministry of Health, with 52 fields, among
which can be highlighted: duration of pregnancy, newborn weight, mother's age, location of
birth stratified by levels, and type of delivery.

From the SINASC database it is possible to:
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e Know the profile of livebirths, identifying their different aspects: birth weight, vitality
conditions, mother's age, prematurity, spatial and temporal distribution, among others.

e Subsidize for the development of actions to improve care for pregnant women and
newborns, identifying risk situations.

e Calculate indicators such as the percentage of cesarean deliveries, live births with low
birth weight and the mother's age group. The number of livebirths is also used as a
denominator for calculating vaccination coverage, infant and maternal mortality

coefficient.

The implementation of SINASC took place slowly and gradually, starting in 1990, in all States

of the Federation. In the municipality of Sdo Paulo, SINASC was implemented in 1999, with the

goal of registering all live births that occurred in the municipality. The system is managed by the

Coordination of Epidemiology and Information of the Municipal Health Secretariat, together
with the 26 Technical Health Supervisions, which consolidate the databases entered by the
health establishments where births take place in the city of Sdo Paulo and by notaries (home

births). In 2004, SINASC data collection and flow were regulated by Ordinance SMS.G n2 325.

Throughout this period, it was observed that the number of registrations at SINASC is
greater than the number obtained by the Civil Registry Offices, which demonstrates high

coverage of SINASC and a delay in the official registration of children. In 2003, in order to

facilitate access to the Civil Registry, the daily displacement of Civil Registry Officers to public or
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private maternity wards was regulated in order to proceed with the registration of birth on the
premises of these health establishments (Provision n2 3/2003).

In addition, the civil society organization “Rede Nossa Sao Paulo” (RNSP) (57), is taking a role in
various segments of society to establish an agenda that articulates actions which adhere to fair,
democratic and sustainable public health goals to be achieved city of Sdo Paulo. One concrete
example of RNSPs contributions is an inequality map of Sao Paulo that was established in 2016
for helping to identify disparities in populations’ housing, environment, traffic, security, human

rights, health, education, and income for the city of Sao Paulo (Figure 1.).

Figure 1 Municipal administrative districts with a heat map presenting the differences in infant mortality throughout Sao
Paulo. Sao Miguel, a district in eastern Sao Paulo, presents with 20,3 children younger than one year old per 1,000 livebirths
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Therefore, to address the objectives of this thesis, the primary data sources being used were
SINAN, SINASC and Rede Nossa Sao Paulo. The respective data can be accessed at the central

data platform of the Brazilian Health system (“Data Sistema Unico de Satde”, Data SUS) (58).

3.5.2. Data extraction

Data sources Through the Data SUS web portal, case data on maternal and congenital syphilis
were extracted via download of the respectively available data files in comma-separated-value
(csv) format.

These files were then merged with data on relevant population size i.e., number of live births in
the same administrative districts and technical health supervisions (i.e., the smallest available
common aggregation level) and year. Finally, data on socio-demographic variables were
obtained in the same format and at the respective aggregation level, allowing to generate a
master database combining case statistics, appropriate denominators (live births) as well as

socio demographic variables.
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Figure 2 Municipal health network sites by regional health coordination, technical health supervision (STS) and
administrative district for the municipality of Sao Paulo.

(source:

https://www.prefeitura.sp.gov.br/cidade/secretarias/upload/saude/arquivos/ceinfo/mapoteca/crs sp_sts munic.pdf)
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3.6. Data analysis

3.6.1. Statistical Software

All statistical analyses were performed using the statistical software R, version 4.02 (59).

3.6.2. Descriptive Statistics

Frequency distributions of continuous variables were characterized using means, standard
deviations and quartiles at district or STS levels and year.

To illustrate differences in the annual incident [reported] cases of maternal and/or congenital
syphilis over time and across different regions, scatterplots with smooth spline line functions,

displaying moving averages, as well as box plots (displaying distribution quartiles) were used.

3.6.3. Statistical Modeling of time trends and regional heterogeneity

To estimate time-trends in maternal and/or congenital syphilis rates, linear mixed effect models
were used (60,61).

This model class allows for the estimation of so fixed and random effects that explain variation
in the outcome variable. Fixed effects represent variables with a finite set of categories (i.e., the
levels of a factor) that are measured within the study. Random effects describe outcome
variation due to factor variables that are naturally clustered such as geographical areas or

health units.
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The factor variables administrative district (97 levels) and technical health supervision (26
levels) were used as random effect variables to account for variations in baseline incidence
rates as well as variations in time trends across age categories.
To assess if changes of incidence rates over time were inconsistent with the null-hypothesis of
“no increase or decrease in the incidence of maternal and/or congenital syphilis over the study
period”, a likelihood ratio test was applied comparing a linear mixed effect model with the main
factors “district” or “STS” versus a mixed effect model with the same factors plus the fixed
effect variable “year”. For the associated statistical tests for time trend, a two-sided type |
error probability of 5% was pre-specified. Accordingly, the estimated average increase or
decrease in incidence rates over time were reported with 95% confidence intervals. No
correction of type | error was performed within this study. However, all statistical tests being
conducted were pre-specified and reported so that an informal adjustment for multiplicity of

type | error rates can be performed by the reader (62).

3.6.4. Ecological assessment of factors associated with maternal and/or
congenital syphilis rates

To explore region- and population-level factors that are associated with time trends in maternal
and/or congenital syphilis, smooth spline functions of syphilis incidence rates were mapped
onto the time course of respective socio-economic variable distributions. While this is a
marginal associational approach that does not take interdependencies of background variables
(i.e. unmeasured confounding variables) into account, the approach enables identification of

signals in the data that may either support (i.e., be consistent with) or oppose (i.e., be in
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contradiction with) pre-existing expert knowledge or evidence, which in turn, will inform
investigations on possible underlying structural dependencies that explain the observed
associations and hence helping “to expand the terrain for the location of causes for disease

[spread] and [possible] interventions to improve the public's health.”(63).

3.7. Ethics approval

This is an ecological study using data from official municipal government and health authority
resources that are publicly available. All data used were anonymous and aggregated at the
administrative district or technical health supervision level. Due to the public and observational

nature of the data, no approval was seeked from an ethics commission.

4. Results

4.1. Characterisation of population sizes (number of livebirths) by STS
and district

The Figures 3 and 4 display the number of livebirths for the years 2007 to 2018 by technical
health supervision (“STS”) and administrative district (“Distrito”) respectively.

The STS with the lowest number of livebirths was Santa Cecilia counting between 2000 and
1800 livebirths in the years 2007 to 2018. The largest STS was ‘MBoi Mirim’/’Campo Limpo’
with nearly 10 times higher numbers in terms of livebirths, i.e., counting approximately 20,000
livebirths in the same time period. Figure 4 illustrates the frequency distribution of relative
changes in number of livebirths by STS between 2007 and 2018. According to this graph, the

majority of STS showed a decrease in livebirths over the 12 years study period with relative
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reductions in livebirths of up to 15%. On the other hand, some STS increased their number of
livebirths by up to 15% to 20%.

The administrative district with the lowest number of livebirths was ‘Marsilac’ counting
between 110 and 122 livebirths in the years 2007 to 2018. The largest district was ‘Grajau’
counting approximately 7,000 livebirths in the same time period with a decreasing tendency
(Figure 5). Figure 6 illustrates the frequency distribution of relative changes in number of
livebirths by district between 2007 and 2018. The majority of changes in livebirths fell in
between +/- 20%, with a few extremer changes (both in negative as well positive direction),
observed for smaller districts. Overall, the distribution of changes in livebirths over time and
across districts was balanced, i.e., not indicating an extreme shift in either demographic

direction.
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Figure 3 Number of livebirths by technical health supervision (“STS”) for the years 2007 to 2018 — color coding indicates
magnitudes of figures on a green-red continuum i.e., lower numbers green, medium numbers yellow and higher numbers
orange / red.

Technical Health Supervision (STS) 2007 2008 2009 2010 2013 2014 2016 2017 2018
Santa Cecilia

Perus

Parelheiros

Ermelino Matarazzo

Sé

Cidade Tiradentes 3530 3632 3743 3830 3818 4006 3806 3956 4006 3798 3711 3696
Vila Maria/Vila Guilherme 4624 4790 4831 4842 4832 4883 4734 4637 4839 4524 4652 4597
Casa Verde/Cachoeirinha 5310 5266 5350 5224 5291 5268 5216 5312 5245 5203 4910 4914
Guaianases 4655 4673 4913 4854 4975 5022 5051 5207 5050 5012 5139 4921
Itaim Paulista 6090 6240 6210 6214 6337 6390 6272 6449 6511 6092 6102 5883
S&do Miguel 6337 6108 6486 6100 6284 6056 6179 6335 6251 5849 6125 5940
Butanta 7099 7219 7326 7076 7209 7158 7214 7104 7000 6640 6546 6116
Vila Mariana/Jabaquara 6790 6953 6831 7029 6983 6908 6677 6563 6401 6271 6409 6210
Pirituba 6854 6923 6796 6796 7085 6944 6765 6915 6929 6479 6557 6336
Penha 6543 6773 6608 6766 6694 6773 6575 6721 6767 6356 6541 6383
Ipiranga 6381 6203 6390 6335 6584 6542 6536 6642 6724 6417 6329 6413
Freguesia/Brasilandia 7240 7341 7255 7161 7255 7181 6967 7044 7205 6817 6770 6620
Lapa/Pinheiros 6467 6534 6678 6829 6993 7020 7001 7274 7162 6701 7202 6893
Vila Prudente/Sapopemba 7681 7611 7692 7600 7774 7701 7452 7516 7600 7110 7356 6897
Sdo Mateus 6852 7156 7065 7042 7205 7174 7112 7084 7204 7000 7079 7087
Modca/Aricanduva 7886 7912 8117 8217 8125 8264 7938 8097 8207 7765 7744 7749
Santana/Tucuruvi/Jacand/Tremembé 8537 8873 8458 8621 8357 8329 8087 8192 8090 7938 7953 7891
Itaquera 8249 8426 8113 8140 8453 8516 8181 8570 8532 8162 8234 8107
Santo Amaro/Cidade Ademar 9682 9725 9918 9984 10088 10182 10229 10164 10118 9679 9763 9407
Capela do Socorro 10648 10756 10672 10673 10670 10418 10411 10508 10680 10007 10085 9955

MBoi Mirim/Campo Limpo

Figure 4 Relative change in number of livebirths across technical health supervisions between 2007 and 2008

Frequency
4
]

relative change in number of livebirths: 2018 compared to 2007 in %
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Figure 5 Number of livebirths by administrative district (“Distrito”) for the years 2007 to 2018

Marsilac
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Morumbi
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Vila Guilherme
Santa Cecilia
Santo Amaro
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Bela Vista
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Agua Rasa

Vila Formosa

2007

1099
1027
1039

2008

1136

1109

2010
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2011 2012 2013 2014 2015 2016 2017 2018  Distrito 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Tucuruvi 1158 1215 1109 1193 1159 1092 1013 1061 1080 968 1046 1002
Belém 978 1003 1015 1082 1115 1045 1003 1052 1061 1031 1030 1014
360 341 351 316 303 285 290 261  CasaVerde 1244 1146 1189 1183 1191 1125 1148 1141 1117 1085 995 1032
312 293 312 295 295 285 336 309  Anhanguera 949 97 1005 1042 1085 1082 1121 1120 1189 1037 1119 1093
324 315 308 335 296 286 316 324  SioDomingos 1262 1200 1208 1146 1170 1222 1168 1231 1225 1131 1116 1093
452 447 395 412 395 378 393 377  Mandaqui 1413 1497 1355 1348 1340 1298 1251 1243 1257 1232 1161 1115
466 421 414 448 417 399 376 394  limdo 1372 1339 1340 1321 1350 1394 1393 1404 1362 1396 1229 1163
235 260 334 375 406 389 425 435  PonteRasa 1264 1262 1226 1290 1240 1339 1286 1270 1268 1134 1121 1164
489 537 500 514 50 504 476 435  Parque doCarmo 1211 1204 1168 1186 1225 1259 1243 1265 1250 1195 1197 1175
587 578 549 568 579 512 512 448  Santana 1612 1687 1502 1486 1287 1302 1307 1232 1159 1186 1176 1176
646 731 630 673 624 579 573 495  Aricanduva 1209 1243 1248 1217 1193 1278 1190 1192 1246 1188 1133 1181
572 505 525 53 571 507 501 529  CampoGrande 1225 1245 1214 1248 1190 1301 1335 1351 1415 1227 1235 1191
545 568 537 532 516 560 563 564  Saide 1366 1388 1433 1386 1407 1410 1249 1302 1257 1208 1269 1218
614 595 559 568 547 512 543 577  VilaMariana 1193 1269 1307 1351 1300 1376 1324 1339 1273 1200 1291 1222
607 644 648 697 698 592 604 587  VilaPrudente 1253 1312 1404 1374 1316 1329 1272 1324 1317 1252 1303 1232
774 742 797 754 747 692 643 624  Jagand 1211 1273 1249 1290 1218 1277 1182 1243 1192 1187 1197 1240
680 659 656 656 628 641 678 655  VilaMatilde 1348 1381 1375 1372 1344 1343 1330 1351 1397 1304 1303 1251
874 901 759 797 763 749 703 759  ArthurAlvim 1430 1479 1450 1414 1399 1416 1367 1373 1376 1328 1267 1261
720 778 780 836 813 759 809 765  ItaimBibi 988 1077 1116 1122 1179 1224 1147 1238 1223 1181 1299 1279
87 85 79 817 849 783 762 805  Cursino 1325 1308 1407 1438 1403 1416 1393 1376 1365 1307 1368 1280
895 82 874 871 88 804 830 818  Perus 1430 1504 1407 1488 1507 1402 1476 1504 1489 1354 1478 1302
891 915 884 84 870 764 831 826  VilaSonia 1456 1543 1569 1635 1587 1640 1670 1624 1693 1506 1506 1421
977 908 81 897 89 757 809 840 Ipiranga 1348 1428 1426 1393 1485 1479 1481 1556 1550 1511 1395 1426
854 83 913 917 88 85 892 85  SioMiguel 1860 1702 1768 1634 1713 1633 1669 1689 1655 1556 1602 1554
917 873 914 84 877 789 88 83  Penha 1714 1689 1677 1726 1691 1757 1641 1692 1645 1617 1711 1659
830 83 810 82 81 804 885 81  Solucas 1903 1754 1760 1709 1795 1795 1771 1813 1807 1703 1826 1666
935 86 889 829 893 784 808 86  José Bonifacio 1600 1823 1653 1700 1794 1840 1731 1754 1752 1713 1673 1691
930 972 994 971 1009 84 876 875  RaposoTavares 1947 1890 2004 1789 1948 1878 1856 1902 1802 1801 1756 1736
973 98 982 947 1018 888 933 917  ErmelinoMatarazzo | 1838 1909 1875 1969 1854 1943 1860 1960 1908 1840 1786 1748
945 999 908 93¢ 937 918 919 920  VilaMedeiros 1987 1962 1964 1975 1924 1962 1896 1812 1950 1825 1753 1823
1175 1123 1089 1128 1087 961 996 936  FreguesiadoO 2115 2182 2136 2161 2115 2046 1938 2074 2039 1872 1881 1857
995 1039 1032 1080 1090 1099 1014 965  Guaianases 1872 1864 2025 1973 1938 1976 2039 2043 1912 1911 2000 1861
1036 1035 962 1018 1003 959 980 967  VilaJacui 1957 1965 2085 1996 1991 1975 1960 2027 1978 1849 1949 1894
Distrito 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Rio Pequeno 2256 2346 2309 2290 2313 2320 2342 225 2179 2129 2129 1924
Vila Maria 1904 1971 2003 2044 2017 2006 1954 1971 2019 1935 2068 1936
Cidade Lider 2049 2061 2114 1990 2105 2117 1961 2245 2104 2046 2102 2057
Pirituba 2506 2509 2495 2487 2537 2409 2395 2462 2361 2235 2192 2110
Cangaiba 2051 2224 2106 2254 2260 2257 2237 2305 2349 2107 2260 2167
Pedreira 2200 2183 233 2318 2469 2468 2519 2474 2410 2332 2344 25
S&o Rafael 2219 2284 2226 2264 2290 2250 2312 2187 2266 2265 2219 2262
Vila Curugs 2283 2345 2354 2409 2415 2402 2459 2502 2624 2383 2442 2351
Sdo Mateus 2459 2452 2501 2504 2489 2451 2427 2464 2416 2361 2432 2363
Iguatemi 2174 2420 2338 2274 2426 2473 2373 2433 2522 2374 2428 2468
Jardim Helena 250 2441 2633 2470 2580 2448 2550 2619 2618 2444 2574 2477
Vila Andrade 1983 2063 2140 2192 2294 2430 2443 2551 2512 2433 248 2501
Parelheiros 2287 2320 2342 2492 2543 2481 2514 2514 2670 2613 2766 2653
Cachoeirinha 2604 2781 2821 2720 2750 2749 2675 2767 2766 2722 2686 2749
Cidade Dutra 3137 3193 3141 3184 3093 2994 2968 3101 3027 2804 2857 2771
Jabaquara 3377 3420 3200 3351 3350 3249 319 3068 2994 3074 2981 2899
Lajeado 2783 2800 2888 2881 3037 3046 3012 3164 3138 3101 3139 3038
Jaragus 3086 3214 3093 3163 3378 3313 3202 3222 3343 3113 349 3079
Itaquera 3389 3338 3178 3264 3329 3300 3246 3306 3426 3208 3262 3232
Tremembé 343 3201 3243 3304 3353 330 3334 3413 3402 3365 3373 3344
Campo Limpo 3460 3558 3689 3764 3760 3725 3632 3691 3820 3557 3768 3519
Itaim Paulista 3807 3895 3856 3805 3922 3988 3813 3947 3887 3709 3660 3592
Cidade Tiradentes 3530 3632 3743 3830 3818 4006 3806 3956 4006 3798 3711 3657
sacoma 3708 3467 3557 3504 369 3647 3662 3710 3809 3599 3566 3723
Sapopemba 4525 4545 4528 4517 4663 4577 4400 4379 4476 4155 4227 4014
Jardim S3o Luis 439 4515 4502 4584 4573 4539 4268 4339 4434 4076 4251 4134
Cidade Ademar 4636 4758 4780 4737 4748 4755 4666 4605 4576 4492 4530 4295
Capéo Redondo 4594 4583 4633 4608 4693 4617 4617 4656 4635 4519 4422 4371
Brasilandia 5125 515 5119 5000 5140 5135 5029 4970 5166 4945 4889 4791
Jardim Angela 5477 5541 5637 5727 6083 5843 5855 6047 6061 5663 5869 5599
Grajat
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Figure 6 Relative change in number of livebirths across administrative districts between 2007 and 2008
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4.2. Socio-demographic and maternal- & child health indicator variables
In Table 1, the distribution of the socio-demographic and maternal- & child health indicator
variables of the study are displayed. Note that measurements of these indicators are based on
the administrative districts as this was the only available aggregation level for both, maternal
and infant data.

Overall, apart from the indicator “reported violence against women”, there was a consistent
tendency in decreased indicator levels over time.

Adolescent pregnancies per 100 livebirths, decreased from 13 points in 2007 to about 9 points

in 2018.
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Table 1 Distribution of the socio-demographic and maternal- & child health indicator study variables at administrative

district level for the years 2007 and 2018

socio-demographic and Year:

maternal- & child health 2007 2018 Overall

indicator variables**

Adolescent pregnancies

[per 100 livebirths]
Mean [SD] 13.3 [4.95] 9.26 [4.21] 10.6 [4.86]
Median [Q25, Q75] 13.7 [9.93, 16.8] 10.4 [6.56, 12.4] 10.8 [7.38, 13.5]
Min, Max 1.89, 19.9 0.353, 18.9 0.353, 19.9

Infant mortality

[Number of deaths in

younger than 1yo / total

newborns x 1,000]
Mean [SD] 12.4 [3.65] 10.2 [3.14] 10.9 [3.49]
Median [Q25, Q75] 13.1[8.98, 15.2] 10.8 [8.43, 12.8] 11.3[8.43,13.5]
Min, Max 259,354 1.07, 24.6 1.07,35.4

Low birth weight

[Number of live births

underweighted / number of

newborns x 100]
Mean [SD] 9.51[0.871] 9.50[0.924] 9.50 [0.906]
Median [Q25, Q75] 9.76 [9.05, 10.0] 9.55[8.89, 10.1] 9.61 [8.95, 10.1]
Min, Max 5.05, 13.7 6.50, 12.8 5.05, 13.7

Suboptimal prenatal care

[number of newborns with <7

prenatal visits / total

newborns x 100]
Mean [SD] 22.4 [8.37] 18.5 [5.04] 19.8 [6.63]
Median [Q25, Q75] 22.1[18.5, 26.2] 19.0 [16.5, 21.6] 19.3[16.8, 23.5]
Min, Max 3.54, 46.0 5.40, 31.9 3.54, 46.0

Reported violence against

women*

[Number of notified violence /

Women 20 - 59yo x 10,000]
Mean [SD] 2.89 [4.48] 21.9[17.0] 15.5[16.7]
Median [Q25, Q75] 1.13[0.0690, 4.01] 19.1[6.18, 28.9] 8.44 [2.64, 23.0]
Min, Max 0,22.6 0.554, 100 0, 100

* Data for 2008 and 2017 as no data was available for 2007 and 2018.

** Measured at the technical health supervision (STS) level
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4.3. Time trends in maternal syphilis across administrative districts

In this section, different graphical illustrations as well as linear mixed effects regression
analyses are used to describe the time dynamics of the maternal syphilis epidemic across the 97
administrative districts.

In Figure 7, boxplots, and smooth spline curves with 95% confidence band display an overall
increase in maternal syphilis incidence over time. The global likelihood ratio test for time trend
was statistically significant (p<0.0001) with an estimated average increase of 2.11 maternal
syphilis cases per 1000 livebirths each year (95% confidence interval: 1.98/1000 to 2.23/1,000).
The random effect (i.e., standard deviation in maternal syphilis rates across districts) was
estimated to be 7.23 cases / 1,000, 95% confidence interval 6.52 cases / 1,000 to 8.83 cases /
1,000 (Table 1).

The time trend reveals three major episodes associated with different growing rates in
maternal syphilis: 2007 to 2010, 2011 to 2015 and 2016 to 2018. The descriptive statistics of
the maternal syphilis rates in these periods are displayed in Table 2. The expected value (mean)
of maternal syphilis prevalence increased form 4.8 cases / 1000 in 2007-2010 to 13.3 cases /
1000 in 2011-2015, up to 23 cases / 1000 in 2016-2018. This increasing tendency is also

reflected in the quartiles and range of prevalence values across administrative districts.
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Table 2 Annual incident [reported] cases of maternal syphilis across all 97 administrative districts of the city of Sao Paulo for
the time intervals 2007 to 2010, 2011 to 2015 and 2016 to 2018.

Year: Overall
2007-2010 2011-2015 2016-2018
Maternal syphilis
cases /1,000
Mean [SD] 4.81[6.11] 13.3[10.2] 23.0[13.1] 13.1[12.2]
Median [Q25, Q75] 3.33[1.78, 5.10] 11.41[6.71,16.8] 21.1[14.7,30.3] | 9.94[3.99, 18.3]
Min, Max 0.283, 50.3 0.887, 87.5 1.17,79.0 0.283, 87.5

SD= Standard Deviation, Q25= 0.25 quantile, Q75= 0.75 quantile

Figure 7 Annual incident [reported] cases of maternal syphilis across all 97 administrative districts of the city of Sao Paulo
over time (year 2007 to 2018) — quartiles (boxplots) and mean trends (smooth spline with 95% confidence band)
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4.4. Annual seasonal trends in maternal syphilis across administrative
districts

The risk for acquiring sexually transmissible infections such as syphilis may vary by season due
to dynamics in opportunities to engage with others, especially with respect to major socio-
cultural events such as carnival. To further investigate possible common seasonal variations in
maternal syphilis rates across districts, the data was analyzed for seasonal time trends. The
linear mixed effects model with additional random effect “month” revealed a statistically
significant improvement of goodness of fit (p-value likelihood ratio test <0.0001). The district-
level standard deviation (i.e., the random intercept) of maternal syphilis incidence over the
months was estimated to be 1.15 cases / 1,000 with 95% confidence interval 0.72 cases / 1,000
to 1.93 cases / 1,000. Hence, the variation of maternal syphilis rates within districts over the
season was much lower than the variation of maternal syphilis rates across districts (ratio in

variances 7.23%/1.14°=6.34).

In Figure 8 the seasonal time variations in maternal syphilis incidence rates are shown
for six selected administrative districts (seasonal data for all districts are summarized in
Appendix A). The area plots in that figure illustrate similar tendencies in the dynamics of
maternal syphilis cases. First, the increase in annual incident [reported] cases over the years is
clearly noticeable through the increasing area surfaces with time i.e., the lighter colored areas
(towards the bottom of each graph) are taking proportionally larger space than darker shaded
areas (towards the top of each graph). Second, higher incidence rates appear to be more

prevalent in the second half of the year. Third, there is a noticeable consistency of peaks in
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reported cases in the months of January, February and March followed by a rate decline

towards the month of April.

Figure 8 Annual seasonal trends in reported incident cases of maternal syphilis within administrative districts of the city of
Sao Paulo over time (year 2007 to 2018).
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Figure 9 Annual incident [reported] cases of maternal syphilis within administrative districts of the city of Sao Paulo over time
(year 2007 to 2018).
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4.5. Time trends in congenital syphilis across administrative districts

In this section, different graphical illustrations as well as linear mixed effects regression
analyses are used to describe the time dynamics of the congenital syphilis epidemic across the
26 technical health supervisions (STS).

In Figure 10, boxplots, and smooth spline curves with 95% confidence band display an overall
increase in congenital syphilis incidence over time. The global likelihood ratio test for time
trend was statistically significant (p<0.0001) with an estimated average increase of 0.49

congenital syphilis cases per 1,000 livebirths each year (95% confidence interval: 0.40/1,000 to
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0.58/1,000). The random effect (i.e., standard deviation in congenital syphilis rates across STS)
was estimated to be 5.58 cases / 1,000 with 95% confidence interval 4.22/1,000 to 7.41/1,000.
The descriptive statistics of the congenital syphilis rates in the intervals 2007-2010, 2011-2015
and 2016-2018 are displayed in Table 3. The expected value (mean) of congenital syphilis
prevalence increased from 3 cases / 1,000 in 2007-2010 to 5.5 cases / 1,000 in 2011-2015, up to
7 cases / 1,000 in 2016 -2018. This increasing tendency is also reflected in the quartiles and

range of prevalence values across administrative districts.

Table 3 Annual incident [reported] cases of congenital syphilis across the 26 technical health supervisions (STS) of the city of
Sao Paulo for the time intervals 2007 to 2010, 2011 to 2015 and 2016 to 2018.

Year:
2007-2010 2011-2015 2016-2018 Overall
Congenital syphilis
cases /1,000
Mean [SD] 2.96 [4.88] 5.53 [6.56] 7.04[7.20] 5.05 [6.42]
Median [Q25, Q75] 1.57[0.537,3.31] 3.41[2.05,6.38] 5.00[3.00,8.80] | 3.12[1.44, 6.09]
Min, Max 0,31.0 0, 33.7 0,435 0, 43.5

SD= Standard Deviation, Q25= 0.25 quantile, Q75= 0.75 quantile
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Figure 10 Annual incident [reported] cases of congenital syphilis across the 26 technical health supervisions (STS) of the city
of Sao Paulo over time (year 2007 to 2018) — quartiles (boxplots) and mean trends (smooth spline with 95% confidence band)
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4.6. Annual seasonal trends in congenital syphilis across STS

To investigate possible common seasonal variations in congenital syphilis rates across STS, the
data was analyzed for seasonal time trends. The linear mixed effects model with additional
random effect “month” revealed no statistically significant improvement of goodness of fit (p-
value likelihood ratio test: 0.67). The corresponding standard deviation of congenital syphilis
incidence rates across months) was estimated to be 0.12 cases / 1,000 with 95% confidence

interval >0 cases / 1,000 to 0.40 cases / 1,000.

In Figure 11 the seasonal time variations in congenital syphilis incidence rates are shown
for the 26 STS that correspond to the selected administrative districts on maternal syphilis rates
presented in the previous section of this thesis (seasonal data for all STS are summarized in
Appendix B). The area plots show, like for the maternal syphilis cases, an increase in annual
incident [reported] cases over the years. It is noticeable that the seasonal variation of
congenital syphilis cases varies largely across STS, with some STS showing quite consistent and
distinct annual trend patterns. For example, the STS ‘Cidade Tiradentes’ shows repeatedly
throughout the years rather extremely low (in comparison to neighbor months) congenital
syphilis cases for the months August and October, whereas the month of September
consistently shows the relative maximum of reported cases throughout the year. Note that the
statistical assessment for seasonal trends pre-specified a “common seasonal trend” across STS,

hence, was not sensitive to large variations in seasonal trends across STS.
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Figure 11 Annual seasonal trends in reported incident cases of congenital syphilis within administrative districts of the city of
Sao Paulo over time (year 2007 to 2018).
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Figure 12 Annual incident [reported] cases of congenital syphilis within STS of the city of Sao Paulo over time (year 2007 to
2018).
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4.7. Ecological factors associated with the incidence of maternal and
congenital syphilis

The Figures 13 to 17. the distribution of the six socio-demographic and maternal- & child health
indicators adolescent pregnancies per 100 livebirths, infant mortality, suboptimal prenatal care,
low birth weight and reported violence against women are displayed over time. The
distributions are summarized as boxplots depicting the quartiles of the respective distribution
allowing for an assessment of the general time trends in the population variables. On top of
each graph, two smooth spline functions illustrating the respective course of maternal and

congenital syphilis incidence rates are added with a separate ordinate (2" y-axis). This graphical
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representation allows for an indirect comparison of time trends at the indicator variable and
incidence of disease level. Below each graph, using a panel of two scatter plots, a direct
projection of STS or district-level syphilis incidence rates and indicator variable levels is
provided. These scatter plots and fitted regression curves help to distill the direction and
magnitude of the underlying associations. The graphical results are interpreted in a wholistic
fashion, i.e., taking into consideration the overall bivariate data distribution including the
apparent trends with uncertainty intervals but also the role of outliers and extreme values. As
these analyses are exploratory in nature, a qualitive rather strict quantitative interpretation? is

provided and elaborated on in the discussion section of this thesis.

Adolescent pregnancies

The proportion of adolescent pregnancies per 100 livebirths steadily decreased over time and
therefore indicates an inverse ecological association with the increasing incidence rates of
maternal and congenital syphilis (Figure 13 - upper panel). Beyond this contrast, the figure
illustrates distinctly the similarity of the time course in both maternal and congenital syphilis
incidence rates. The direct association between incidence rates and indicator variable levels
(Figure 13 — lower panel) suggests a relative profound inverse correlation between the rate of
adolescent pregnancies and incidence rates of maternal and congenital syphilis. Note that for

illustrative purposes, the ordinates of the panel graphs A and B are log-scaled so that the

! Except for graphical assessment, no regression models were fitted to the data and no respective estimates of model
(correlation) coefficients were provided to prevent over interpretation of these exploratory findings out of the
context.
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apparent linear associations are in fact log-linear correlations on the original scale of syphilis

incidence.

Figure 13 Time course of STS-level indicator variable “adolescent pregnancies per 100 livebirths” and the incidence of
maternal and congenital syphilis between 2007 and 2018 for the city of Sao Paulo, Brazil. Solid lines and shaded areas
represent smooth spline functions for incidence rates with 95% confidence bands.
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Infant mortality
Similar to the course of adolescent pregnancies, infant mortality rates decreased over time,
indicating an inverse ecological association with the increasing incidence rates of maternal and
congenital syphilis (Figure 14 - upper panel). The direct association between incidence rates
and indicator variable levels (Figure 14 — lower panel) suggests a profound inverse correlation

between infant mortality and incidence rates of maternal syphilis.

The apparent association between infant mortality at the STS level and congenital
syphilis incidence is less pronounced in supervisions with relatively low infant mortality rates

i.e., STS with less than 10 deaths per 1000 newborns of age below one year.

Despite the apparent log-linear inverse association between infant mortality and
incidence of maternal syphilis, the overall residual variance i.e., individual data points deviating
from the regression fit line, is large. This indicates a relatively low explanatory contribution of
the factor infant mortality to the phenomenon of rapidly increasing maternal and subsequent

congenital syphilis cases in the city of Sao Paulo.
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Figure 14 Time course of STS-level indicator variable “infant mortality” and the incidence of maternal and congenital syphilis
between 2007 and 2018 for the city of Sao Paulo, Brazil. Solid lines and shaded areas represent smooth spline functions for
incidence rates with 95% confidence bands.
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Suboptimal prenatal care
The indicator variable suboptimal prenatal care showed a monotonous decrease over time and
hence, overall, an inverse ecological association with the increasing incidence rates of maternal
and congenital syphilis (Figure 15 - upper panel).
Assessing the direct association between incidence rates and indicator variable levels (Figure 15
— lower panel) confirms this inverse association only in STS with relatively low to moderate
frequencies of maternal syphilis cases (less than 30 per 1000 livebirths). Furthermore, despite a
more homogenous log-linear association with regard to congenital syphilis, the overall
magnitude of correlation was rather weak. This qualitative assessment is prompted by the
relative mellow slope of the fitted regression curve and the rather wide 95% confidence bands

at the tails of the indicator variable distribution.

Low birth weight

The rates of children born at relative low birth weight only slightly improved over the 12-year
study period (Figure 16 - upper panel). The direct correlation between low-birth-weight rates
and syphilis incidence rates indicated a distinct non-linear association at the maternal syphilis
level. The fitted regression curves suggest a moderate inverse correlation among STS with
relatively low to moderate rates of birth with low weight (less than 9 per 100 live births, Figure
16 — lower panel A).

In contrast, the association between low birth weight and congenital syphilis was, although
similar in its general pattern, statistically not robust as indicated by the relatively wide

confidence band surrounding the respective regression fit curve (Figure 16 — lower panel B).

58



Dr. Samuel Soares-Filho, MD
MATERNAL AND CONGENITAL SYPHILIS EPIDEMIC IN SAO PAULO, BRAZIL

Figure 15 Time course of STS-level indicator variable “suboptimal prenatal care” and the incidence of maternal and
congenital syphilis between 2007 and 2018 for the city of Sao Paulo, Brazil. Solid lines and shaded areas represent smooth
spline functions for incidence rates with 95% confidence bands.
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Figure 16 Time course of STS-level indicator variable “low birth weight” and the incidence of maternal and congenital syphilis
between 2007 and 2018 for the city of Sao Paulo, Brazil. Solid lines and shaded areas represent smooth spline functions for
incidence rates with 95% confidence bands.
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Reported violence against women
The time course of the indicator variable “reported violence against women” showed large
irregularities over time (Figure 17 — upper panel). While there was a notable monotonous
increase of reported violence against women between the years 2008 and 2014, rates strongly
declined in the years 2015 and 2016, followed by an abrupt steep rise between 2016 and 2017.
It is also noticeable that overall, the variance, i.e., heterogeneity in reporting levels across STS,
drastically increased in that final? year of observation. This increase in reporting variance
indicates large disparities in either report documentation, actual cases or reporting across the
STS.
Despite the irregular time trends in this indicator, the direct association of indicator data and
incidence rates in syphilis revealed a consistent, log-linear inverse correlation of reported
violence against women with maternal syphilis rates (Figure 17 — lower panel A).
A similar association is apparent with regard to congenital syphilis rates, however, only in STS
with relatively high reported numbers of cases of violence against women (Figure 17 — lower

panel B).

2 Note that, at the time of data extraction (June 2020), no data on this indicator variable was available for the year
2018.
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Figure 17 Time course of STS-level indicator variable “reported violence against women” and the incidence of maternal and
congenital syphilis between 2007 and 2018 for the city of Sao Paulo, Brazil. Solid lines and shaded areas represent smooth
spline functions for incidence rates with 95% confidence bands.
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5. Discussion

The purpose of this thesis research was to study current trends in, and factors associated with,
the maternal and congenital syphilis epidemic in the city of Sao Paulo, Brazil. The primary data
source for this study was Data SUS, the Brazilian public health database. This ministerial database
contains regular health data reports, population statistics and epidemiological surveillance data
for all regions in Brazil, including the municipality of Sao Paulo.

The study findings suggest a consistent increase of both maternal and congenital syphilis
incidence rates over the past twelve years. The average increase in the rate of maternal
syphilis was estimated 2.11 maternal syphilis cases per 1000 livebirths each year (95%
confidence interval: 1.98/1000 to 2.23/1,000. The average increase in the rate of congenital
syphilis was estimated 0.49 congenital syphilis cases per 1,000 livebirths each year (95%
confidence interval: 0.40/1,000 to 0.58/1,000).

These trends are below the growing rates at the Brazilian national level (2.25 / 1,000 livebirths
for maternal syphilis and 0.83/1,000 livebirths for congenital syphilis; reference period 2010 to
2018) (64).

There was considerable variation in the incidence rates and time trends across administrative
districts and technical health supervisions. The standard deviation of maternal syphilis rates
across districts was estimated 7.23 cases / 1,000 (95% confidence interval 6.52 cases / 1,000 to
8.83 cases / 1,000) and the standard deviation of congenital syphilis cases across STS was
estimated 5.58 cases / 1,000 (95% confidence interval 4.22/1,000 to 7.41/1,000).

Accordingly, while current time trends suggest significant worsening of the epidemic situation

over time, there profound existing disparities in incidence rates across districts and/or technical
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health supervisions. For instance, while an average growing incidence rate of 2.25 per year
suggests an increase of about 7 cases per 1,000 livebirths over three years, differences of such
magnitude are already expected when comparing different administrative districts, as indicate

by the district level standard deviation of 7.3 / 1,000 livebirths.

Regarding maternal syphilis, there were also seasonal trends apparent from the data,
suggesting higher incidence rates towards the end of the year and comparatively low incidence
rates in the fall. In contrast, while there was large heterogeneity in congenital syphilis rates
over the year within the different technical health supervisions, no consistent patterns of low
or high incidence seasons were identifiable from the data. In a recent report by de Souza et al.
researchers found that no evidence for an annual endemic period for syphilis, but February was
identified as the most susceptible to an endemic event of both gestational syphilis and mother
to infant transmission was February (65).

Using an ecological study approach, part of this thesis research investigated the association of
socio-demographic and mother & child health indicator variables and the incidence rates in
maternal and congenital syphilis. The motivation for this investigative approach was to better
explain the large observed heterogeneity in incidence rates across administrative districts and
STS. As indicator variables were available both at district and STS level, direct ecological
correlation analyses were possible.

The correlation analyses revealed profound inverse associations between MS and CS incidence

and infant mortality. This finding suggests that inappropriate prenatal care may not be
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exclusively held responsible for the ongoing worsening in congenital syphilis rates as such

underperformance would likely have resulted in an increase of infant mortality as well.

The observed inverse correlation between adolescent pregnancies and MS/CS incidence
rates can be explained by the confounding factor age: according to the recent epidemiological
data on syphilis infections in Brazil, women in the age category <19 years have, compared to
their older peers, lower risk of acquiring venereal syphilis (64). Hence, if a district or STS shows
higher percentage of adolescent pregnancies among all pregnancies (and livebirths), the
relative case count of maternal and congenital syphilis is expected to be lower in this location.
The association between suboptimal prenatal care and MS / CS rates were less pronounced
compared to the infant mortality and adolescent pregnancies. In fact, only among districts / STS
with relatively low suboptimal prenatal care, an inverse association with the incidence rates
was apparent from the data. Selection bias due to the increased likelihood of mothers from
richer areas seeking private instead of public prenatal care services may explain the observed
paradox, i.e., an inverse and not a positive association. This is because not all private
administrative health data is also captured by the public health data system, potentially leading
to an unfavorable selection that may explain, in part, the inverse correlation apparent from the
data.

Another possible explanation relates to a possibly higher risk of underdiagnosis in districts or
STS that have higher rates of suboptimal pre- and postnatal care. This would explain why with
increasing deficits in maternal and infant health care settings, detections rates and hence

reported incidence of maternal and congenital syphilis are relatively lower.
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Selection bias due to a third latent variable may also explain the apparent inverse correlation
between rates of low birth weights in an administrative district and the rate of maternal
syphilis. As pregnant women who contracted Treponema pallidum are at higher risk of abortion
and/or still birth which in turn, may reduce the likelihood of observing low weight births in
these women due to the well-known depletion of susceptibles phenomenon due to “collider
stratification” that has explained other long-standing birth-weight paradoxes in the history of

epidemiology (66).

Limitations

The presented study has some important limitations that must be taken into consideration.
First, the disease surveillance data used in this research was only available at administrative
district and technical health supervision levels. It was not possible to analyse data based on
reporting health units such as hospitals or clinics as there were no data sources that allowed for
matching of socio-demographic and mother & child health indicators.

Second, some of the prenatal care data being used in this study are likely to only reflect
statistics of procedures and indicators covered through the public and not the private health
system.

This selection based on the status of private care coverage may have led to an over
representation of populations with relative lower social economic status as private health
services are not free as compared to public services.

Third, the ecological associations investigated in this study are to be considered “crude” i.e., do

not take third level, i.e., latent variables into account. It is therefore critical to understand the
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findings as associational and explorative (i.e., hypothesis generating) in nature. In future
studies, potential confounding issues must be addressed to enable more robust conclusions
about possibly underlying structural phenomena that may explain the marginal data

distributions and associations.

Furthermore, the data used in this study was repeated cross-sectional by nature, i.e. it
was not possible to follow a prospectively defined cohort of (future) mothers who have (or

would acquire) syphilis infection at some point in the study period.

Strengths

Despite the limitations of the study and the data it employed, there are also strengths of the
presented research findings. One strength is the relative long observation period and the
quality standards of the data due the official governmental and private data sources. These
sources adhere to reporting standards and established procedures in collecting data for official
dissemination. Furthermore, data collection and aggregation are done in an auto-generated
manner by the respective data systems in place, i.e., relying on administrative electronic data

records rather than human data entries.

Conclusions and future directions
Overall, the study findings indicate large variation in maternal and congenital syphilis rates across
districts and technical health administrations within the city of Sao Paulo. Therefore, within the

local urban context, there are opportunities to further investigate why certain territories perform
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better (or much worse) in terms of disease control and prevention than others. Factors
contributing to the aggravating maternal and congenital syphilis epidemic may not only be sought
at the population level but also at the local health care provision level. While the analysis of
routinely collected disease surveillance and health administrative data may provide important
directions to identifying possible explanations for the current epidemic trends, involvement of
key stakeholders, in particular patients and health care providers in future studies is paramount

to better understand and effectively tackle this ongoing health crisis.
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7. Appendix A — Maternal syphilis Incidence over time & district
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Appendix B — Congenital syphilis Incidence over time & STS
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