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Summary

Background To fight against the rising incidence of syphilis, the Brazilian Ministry of Health (MoH) launched the
“Syphilis No!” Project (SNP), with specific resources funded by a parliamentary amendment. Then, in 2018, a
national rapid response started to be implemented on the Brazilian Unified Health System (SUS, Sistema Unico de
Saude) in two strategic lines (1) to reinforce SUS's universal actions and (2) to implement specific ones to 100
municipalities chosen by the MoH as priorities for syphilis congenital response. In 2015, such localities represented
6895% of congenital syphilis cases in Brazil. In this context, SNP has implemented actions to strengthen epidemio-
logical surveillance of acquired syphilis and congenital syphilis by instituting an integrated and collaborative
response through health services networks and reinforcing interstate relations.

Methods A quasi-experimental study using time series analysis was conducted to assess immediate impacts and
changes to the trend in national congenital syphilis before and after the project, from September 2016 to December
2019. Data were assessed considering rates of congenital syphilis per 1,000 live births in all priority municipalities
(n=100) covered by the project and in non-priority municipalities (n=5,470) from all five macro-regions of Brazil.

Findings Priority municipalities showed a greater reduction (change in trend) in comparison to non-priority. The
linear regression model revealed trend changes after the intervention, with both groups of municipalities showing a
drop in the average monthly number of cases per 1,000 live births, with a reduction of -0-21 (CI 95% -0-33 to -0-09;
p=o0-oo011I) in priority municipalities and of -0-10 (CI 95% -0.19 to -0.02; p=0-0216) in non-priority municipalities.

Interpretation The study using ITS provides important evidence on the direction, timing, and magnitude of the
effects of interventions introduced as part of the SNP on congenital syphilis in Brazil. Our results suggest that the
Syphilis No! Project influenced the trends of congenital syphilis in Brazil from 2018, with higher reductions
achieved in the priority municipalities.
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Research in Context

Evidence before this study

We searched PubMed for articles published up to Oct 1,
2021, using the terms "syphilis" AND ("temporal analysis"
OR "time series" OR "regression methods") AND "public
health", with no language restrictions. Our search identi-
fied six studies. Four of them report analysis of syphilis
data in Brazil from a time series perspective, with differ-
ent settings, showing the syphilis incidence rates increas-
ing from 2007 to 2016 and the challenge of the Brazilian
Ministry of Health to reduce the three forms of syphilis
(in pregnancy, congenital and acquired). Apart from
these studies, China reported that syphilis incidence rates
have increased three-fold from 2005 to 2012 and time
series analysis was an effective tool for modelling the his-
torical and future incidence.

Added value of this study

We used interrupted time series to examine trends
before and after the introduction of a public interven-
tion project in Brazil in order to reduce acquired syphilis,
syphilis in pregnant women, and congenital syphilis by
expanding coverage of diagnosis (through rapid test-
ing), and timely and appropriate treatment of pregnant
women and sexual partners in prenatal care, childbirth,
or abortion situations. Data were assessed considering
rates of congenital syphilis per 1,000 live births in all pri-
ority municipalities (n=100) covered by the project and
in non-priority municipalities (n=5,470) from all five
macro-regions of Brazil.

Our interrupted time series data indicate changes in
trends towards reduction or stabilization in almost all
regions (North, Northeast, South, and Southeast). This
effect may be attributed to the project's universal
actions, that is, general interventions that were
designed and implemented in all Brazilian states and
municipalities.

Implication of all the available evidence

In recent years (2010-2019) it is the first time we can see
a change in the course of congenital syphilis in Brazil.
The effects of the intervention at the national level
reveals statistically significant trend changes in monthly
rates of congenital syphilis in Brazil and shows rate var-
iations by region.

Introduction

Congenital syphilis (mother-to-child transmission or
vertical transmission of syphilis of syphilis) causes dam-
age to the fetus if the mother’s infection is not detected
and properly treated during pregnancy. The World
Health Organization (WHO) estimates that each year
930,000 pregnant women have probable active syphilis
worldwide each year. It results in approximately
350,000 adverse birth outcomes, including 143,000
early fetal deaths/stillbirths, 62,000 neonatal deaths,

44,000  premature/low-birthweight  babies, and
102,000 infected infants."”

The Pan American Health Organization (PAHO)
Member States, supported by WHO, in 2010 approved
the Strategy and Plan of Action for the Elimination of
Mother-to-Child Transmission of HIV and Congenital
Syphilis. The strategy was set to reduce the incidence of
congenital syphilis to < o-5 cases per 1,000 live births
by 2015.° Nonetheless, Brazil did not reach the congeni-
tal syphilis elimination goal, which led a resurgence of
acquired syphilis, syphilis in pregnant women and con-
genital syphilis across the country. In 2010, 6,949 cases
of congenital syphilis were reported to the Brazilian
Ministry of Health (2-4/1,000 live births), whereas, in
2015, this case count increased to 19,647 (6-5/1,000 live
births) accounting for a growth rate of 170-83%.%

To fight the syphilis epidemic in Brazil, in October of
2010, the Ministry of Health (MoH) issued the Strategic
Actions Agenda for Reducing Syphilis in Brazil.’ This
agenda established a list of priorities aimed in collabora-
tion with PAHO and other institutions such as universi-
ties, international agencies, and state and municipal
representatives. Furthermore, such agenda prompted a
parliamentary amendment with specific resources to
implement a national rapid response in Brazil’s Unified
Health System (SUS, Sistema Unico de Satde).

The Brazilian Ministry of Health invited state and
municipal health managers to fight syphilis through the
“Syphilis No!” Project—that included the “Applied
Research for Intelligent Integration Aimed at Strength-
ening Healthcare Networks for Rapid Response to
Syphilis”—to reduce acquired syphilis, syphilis in preg-
nant women, and congenital syphilis by expanding cov-
erage of diagnosis (through rapid testing), and timely
and proper treatment of pregnant women and sexual
partners in prenatal care, childbirth, or abortion situa-
tions. Through the Project, the syphilis epidemic has
been faced up through two strategic lines: (1) reinforc-
ing universal actions of SUS and (2) implementing spe-
cific ones to 100 municipalities chosen by the MoH as
priorities for syphilis congenital response, as in 2015
they represented 68-95% of the number of congenital
syphilis cases in Brazil.

The universal line of intervention included acquiring
and distributing testing and treatment supplies (crystal-
line and benzathine penicillin), enhancing the STI labo-
ratories network and the situation rooms for
epidemiological surveillance, educommunication strate-
gies,® social interventions, and awareness campaigns
performed to face syphilis in that period. At the same
time, institutional support was granted to the priority
municipalities, where Research and Intervention Sup-
porters (RIS) carried out specific work with local health
managers. Hence, this work provided technical coopera-
tion to strengthen prevention actions aimed at reducing
the vertical transmission of syphilis, such as imple-
menting committees focused on investigating syphilis
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cases and reinforcing local planning of response on the
project's axis, among others. The details of the project
interventions and relevant timelines are presented in
Appendix (Figures A1 to As).

The purpose of this study is to use interrupted time
series to estimate intervention effects over time by com-
paring rates of congenital syphilis per 1,000 live births
in the priority municipalities (n=100) covered by the
Syphilis No! Project and in non-priority municipalities
(n=5,470) in the five macro-regions of Brazil: North,
Northeast, South, Southeast, and Midwest.

Methods
Considering that a randomized controlled trial (RCT) is
infeasible to be performed in this study, we used a
quasi-experimental research design with interrupted
time series (ITS) analysis. Such design enables compari-
sons in population health outcomes before, during and
after an intervention within a clearly defined span.” ITS
is a good approach for evaluating longitudinal effects of
health interventions.® Besides, it can be used as a sta-
tistical method for estimating intervention effects of a
policy change on an outcome of interest.” The ITS
design and the use of segmented regression analysis
enables evaluation of immediate impact and slope asso-
ciated with a policy intervention while controlling the
overall trend in the rate of the outcome of interest.”®
This study was performed through a multidimen-
sional, flexible, and adaptive framework aimed at discov-
ery and temporal analysis of public health interventions.
It was implemented using the Hermes system,”'*
which manages a complete data life cycle® by 1) acquir-
ing data from several external sources in different for-
mats; 2) cleaning data for standardization and error
removal; 3) transforming it into specific models; 4) pub-
lishing a dashboard; 5) preserving data as a structured
database.

Use of data sources

The Hermes system was used to collect congenital syph-
ilis data from the Notifiable Diseases Information Sys-
tem (SINAN, Sistema de Informacao de Agravos de
Notificagao), provided by the Brazilian MoH. These data
represent the total number of notified cases per munici-
pality, given by month and year. The vital records of live
births by municipality for each year, were retrieved
from the Health Informatics Department of the Brazil-
ian Ministry of Health (DATASUS) and used calculate
monthly average live per municipality per year. Hermes
derived the rates of congenital syphilis cases by dividing
monthly cases per municipality by live births.

Priority vs non-priority municipalities
Brazil has 5,570 municipalities spread over five
macro-regions—North, Northeast, South, Southeast
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and Midwest. Monthly rates per municipality were
used to categorise municipalities into priority and
non-priority.

The MoH classified the project as a tool with two
lines for inducing response on syphilis: universal and
specific actions. Thus, priority municipalities (n=100)
were defined on population and epidemiological crite-
ria, namely: the 27 capitals, in addition to municipalities
in metropolitan regions with more than 100,000 inhab-
itants that had, in 2015, the highest rates of both con-
genital syphilis incidence in children under one year of
age and perinatal mortality. The priority municipalities
represented 68.95% of the total congenital syphilis
cases in Brazil. Other municipalities (n=5,470) were cat-
egorised as non-priority. Appendix (Figure AG) provides
geographic, demographic and socio-economic character-
istics of the five regions and presents the geographic
location of 100 priority and 5,470 non-priority munici-
palities.

The priority municipalities received support and
technical cooperation from the project's network of
Research and Intervention Supporters. Their work
focused on the municipalities' needs within the axis of
the project, as it was monitored through the “LUES”
platform,™ made available by the project. The support-
ers entered on the “LUES” platform all of their technical
cooperation activities to health teams and local manag-
ers of priority municipalities on a monthly basis for sup-
porting actions to prevent mother-to-child transmission
(MTCT) of syphilis.

Statistical analysis

A quasi-experimental design was applied to analyze the
time series data using a segmented linear regression
model in the R software, adapted to exchange data with
Hermes in order to assess the immediate impact and
change in trend of national congenital syphilis rates pre
and post the SNP intervention. What is more, May of
2018 was considered the intervention start time point
for implementing the Syphilis No! Project. Appendix
provides R code used in this analysis.

Data must be collected regularly over time and at
equally spaced intervals to perform a segmented regres-
sion analysis.?" To avoid any bias related to the Covid-
19 pandemic, December of 2019 was defined as the end
date for the data collection, totaling 20 months pre-
intervention (Sep/2016 to Apr/2018) and 20 months
post-intervention (May/2018 to Dec/2019).

A linear relationship between time and the outcome
within each segment was assumed, considering seg-
mented regression models fit a least squares regression
line for each segment of the independent variable
(time), p<o-o5 was considered statistically significant.
Thus, the next step in the analysis was to estimate the
magnitude of the intervention and test the statistical sig-
nificance of immediate impact and trend rates.
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The regression model used to fit these data is
straightforward. outcome, = B, + B *t + B,
priority, + B; * priority, * i + B, * post-intervention, + S
* (t - Ty) * post-intervention; + B¢ * post-intervention, *
priority, + 8, * post-intervention, * t * priority, + &

Where B, is the baseline outcome for the non-prior-
ity group; B, is the pre-existing trend in the outcome of
interest for the priority non-group; B, is the baseline dif-
ference between non-priority and priority groups; g, is
the difference in trend between non-priority and priority
group before intervention; 8, is the immediate impact
in the priority group; g; is the trend change in the prior-
ity group; B is the difference in the immediate impact
change between the non-priority and priority after inter-
vention, and B, is the difference in trend change
between the non-priority and priority group after inter-
vention. Priority variable is coded 1 for priority and o for
non-priority. The t variable is only an increment that
counts up from 1 to 40 over the entire period. The post-
intervention variable was set to be o before the interven-
tion and 1 after. Ty is constant that represents the inter-
vention moment, in this case is equal to 20. Figure 1
represents the model, including the immediate impact
and trend change.

Ordinary Least Squares (OLS) regression analysis
assumes that error terms associated with each observa-
tion are uncorrelated. Correctly inspecting autocorrela-
tion terms can avoid underestimated standard errors
and overestimated significance of the effects of an inter-
vention.” In the case of this study, a Durbin-Watson
test was used to investigate the presence of autocorrela-
tion, in addition to residual plots, Auto Correlation
Function (ACF) plots, and partial-ACF plots. Autocorre-
lation was not detected in the statistical tests.

B,

R-squared is a statistical measure of how close the data
are to the fitted regression line. It is also known as the coef-
ficient of determination or the coefficient of multiple deter-
mination for multiple regression. It was used in this
research’s model to determine how close the data are to
the model and how it is presented in the results. R-squared
is a value between o and 1, where o indicates that the
model explains none of the variability of the response data
around its mean, and 1 indicates that the model explains
all the variability of the response data around its mean.

Outliers are extreme values that do not seem to fit in
the time series. If the outlier reflects an anticipatory or
short-term history effect, the data point can be explicitly
modeled. Alternatively, if the outlier is an unambiguous
clear consequence of the intervention, it can be treated
as a regular data point to evaluate its impact. A prelimi-
nary analysis was performed, and a single outlier was
identified in the Midwest region after the intervention
(July 2018). The Moving Average (MA) method was
used to smooth the data for the purpose of explaining
temporal trends. The MA used was of order three,
which provides only a smoothing with the two months
(before and after) the calculated observation. After this
process, no outlier remained.

The regression models obtained for each group (pri-
ority and non-priority municipalities), using data from
the pre- and post-intervention periods (May 2018), were
compared with the counterfactual for the post-interven-
tion period considering the trend observed before the
intervention. The counterfactual enables a comparison
between the observed change and what would have hap-
pened had the intervention not taken place. The regres-
sion model parameters were obtained by point and
interval estimation using 95% of confidence.

B, (immediate
impact change)

B,

(trend change)

(existing
£ trend)
o
2
S B
B (existenting
0 .
(existing< Bz trend diff) .
level) |~ (existenting | i ___o---""77T
level diff) B (immediate impact
change diff)
B,
trend change diff
\ ( g ) .

Pre-intervention

Post-Intervention

Figure 1. Interrupted time-series parameterized as a segmented regression model, including the immediate impact and trend
change. The solid lines represent the observed values, and dotted lines indicate the counterfactual for the post-intervention period.
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Role of the funding source

The funders had no role in study design, data collection,
data analysis, interpretation, decision to publish, or
preparation of the manuscript.

Results

Results of the time series analysis comparing rates of
congenital syphilis per 1,000 live births in the priority
municipalities and non-priority municipalities are pre-
sented in Table 1 and Figures 2 to 7. The red dots repre-
sent the monthly rates of cases in priority
municipalities and the blue dots in non-priority ones.
The continuous lines indicate the regression models
obtained for each group (priority and non-priority),
using data from the pre- and post-intervention periods
(May 2018). Moreover, the dotted lines indicate the
counterfactual for the post-intervention period using
the data trend observed before the intervention. Table 2
presents this comparison considering the last month of
the analyzed period (20th month, December of 2019).

These results describe the intervention effects in
detail for each region, separately. That is because it cap-
tures the regionalized influence of the Unified Health
System governance—which is interfederative, with clear
attributions at local, state, and federal levels. In this
sense, as Primary Health Care (PHC) is a responsibility
of municipalities, evidence that the SNP effects can vary
across regions can be captured.

For the North region of Brazil, in Figure 2 and Table 1
(column 2), for both priority and non-priority municipali-
ties, there was a reduction in the monthly rate of congeni-
tal syphilis cases in the post-intervention period. The
monthly average reduction was -1-77 cases per 1,000 live
births in priority municipalities and -oo9 per 1,000 live
births in non-priority municipalities, as shown in Table 1.
In addition, the estimated linear regression models for
each situation show changes in the monthly average
trends, with a -0-05 reduction in the priority municipalities
and a -0-07 reduction for the non-priority ones.

The counterfactual presented in Table 2 shows that
for the priority municipalities the model estimated
18-08 cases per 1,000 live births at the end of the 20th
month without intervention. In comparison, with inter-
vention, 13-73 cases were observed for the same time
point, indicating a decline of 24-09%. In the non-prior-
ity municipalities, the model estimated 5-11 monthly
cases per 1,000 live births in the 20th month. The
observed value with the intervention was 3-63 per 1,000
live births, which represents a fall of 28-97%.

Figure 3 and Table 1 (column 3) display the results for
the Northeast region, where an increasing of 2-23 cases
per 1,000 live births in immediate impact can be observed
post-intervention in priority locations. There was also a
0-34 reduction in cases for non-priority municipalities. A
change in trend can be observed for both groups. Non-pri-
ority municipalities reversed the upward trend with a
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monthly slope of -o-11 cases per 1,000 live births. Mean-
while, priority municipalities showed a slope of -0-64
cases per thousand live births post intervention.

Regarding the counterfactual (Table 2) for this
region, at the end of the span analyzed in priority
municipalities and without intervention, the model esti-
mated 28-11 cases per 1,000 live births, compared to
15-75 cases observed after intervention (a drop of
43-95% for this group). In non-priority municipalities,
the model estimated 5-33 cases in the last month of data
collection, while the actual value with the intervention
was 3-63 per 1,000 live births, a decline of 31-79%.

As represented in Figure 4 and Table 1 (column 4),
priority municipalities in the South region showed a
sharp drop to -1-76 monthly cases per 1,000 live births,
and a trend change of -0-28 monthly cases per 1,000
live births. Conversely, in the non-priority municipali-
ties there was an increase of 0-48 in monthly cases per
1,000 live births and a minor trend change of -0-04
monthly cases per 1,000 live births.

The model estimated 26-13 cases per 1,000 live
births if no intervention had taken place in the priority
municipalities from the South region. The actual value
with intervention, was 18-42 cases per 1,000 live births,
representing a decline of 29-48%. A slight decrease of
4-27% was observed for non-priority municipalities
with an estimated 5-82 counterfactual cases and 5-57
actual cases per 1,000 live births.

The non-priority municipalities in the Southeast
region (Figure 5 and Table 1, column s5) went through
an increase of o-13 monthly cases per 1,000 live births
and a change in trend with a decrease of -0-16 monthly
cases. Whereas the priority municipalities experienced a
-1-11 reduction in monthly cases and slightly declining
trend of -0-02 monthly cases.

The counterfactual for this region projected an esti-
mated 20-84 cases per 1,000 live births in priority munici-
palities (Table 2) in the absence of intervention. However,
a reduction of 21-21% to 16-42 cases per 1,000 live births
was observed. In the Southeast regions’s non-priority
municipalities, the counterfactual was 8-70 cases against
5-85 actual cases per 1,000 live births, with a 32-69%
reduction in the post-intervention period.

In the Midwest region (Figure 6 and Table 1, column
6), there was a reduction of -0-47 monthly cases in the
priority municipalities following the interventions, but
an increase of 0-87 monthly cases in the non-priority
municipalities. There was a reversal of the trend in the
priority municipalities from o0-09 monthly cases per
1,000 live births pre-intervention to -0-07 post interven-
tions. Conversely, in non-priority locations, there was a
reversal of the trend in the opposite direction. In this
manner, a downward trend of -0-02 monthly cases
before intervention changed to o-oo in the post-inter-
vention period.

The counterfactual for the post-intervention period
in priority municipalities was 12-52 cases per 1,000 live
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North Northeast South Southeast Midwest Brazil
value p-value value p-value value (Cl 95%) p-value value (Cl 95%) p-value value (Cl 95%) p-value value (Cl 95%) p-value
(C195%) (C195%)
Pre-Intervention
Intercept 1-45 <0-001 2:45 <0-001 4.65 <0-001 4.45 <0-001 2.54 <0-001 3-44 <0-001
(0-71t0 2:19) (1-51 to 3-39) (3-49 t0 5-82) (3-61 to 5-30) (1-71 to 3-37) (2:71t04-17)
Differential 11:39 <0-001 15-58 <0-001 15-04 <0-001 8:38 <0-001 6-87 <0-001 10-96 <0-001
between groups (10-35 to 12-44) (14-25t0 16:91) (13-39 to 16-68) (7-18 t0 9-58) (5-70 to 8-04) (9-92 to 12-00)
Trend in priority 0.04 0-393 0-18 0.002 0-13 0.062 0-09 0-077 0-09 0-063 0-11 0-011
group (-0-05 t0 0-13) (0-07 to 0-29) (-0-01 to0 0-27) (-0-01 t0 0-19) (-0-01 t0 0-19) (0-03 to 0-20)
Trend in non-prior- 0-09 0-004 0.07 0-062 0.03 0-539 0-11 0-003 -0-02 0-665 0-08 0.017
ity group (0-03t0 0-16) (0-00 to 0-15) (-0-07 t0 0-13) (0-04 to 0-18) (-0-08 to 0-05) (0-01t0 0-14)
Post-Intervention
Immediate impact -1.77 0-016 2:23 0-016 -1.76 0-123 -1-11 0-181 -0-47 0-560 -0-36 0-618
in priority group (-3-20 to -0-34) (0-42 to 4-05) (-4-00 to 0-49) (-2-75 to 0-53) (-2:07 to 1-13) (-1-77 to 1-06)
Immediate impact -0-09 0-865 0-34 0-598 0-48 0-548 0-13 0-822 0-87 0-131 0-28 0-583
in non-priority (-1-10 t0 0-92) (-0-94 to 1-62) (-1-11 to0 2-07) (-1-03 to 1-29) (-0-26 to 2-00) (-0-72 to 1-28)
group
Change in trend in -0-05 0-407 -0-64 <0-001 -0-28 0-005 -0-02 0-827 -0-07 0-291 -0-21 0-001
priority group (-0-18 to 0-07) (-0-80 to -0-48) (-0-48 to -0-09) (-0-16 to 0-13) (-0-21 to 0-06) (-0-33 to -0-09)
Change in trend in -0-07 0-099 -0-11 0-058 -0-04 0.579 -0-16 0-003 0.00 0-949 -0-10 0-021

non-priority
group
RZ

(-0-16 t0 0-01)

0-9816

(-0-22 to 0-00)

0-9877

(-0-18 t0 0-10)

0-9767

(-0-26 to -0-06)

0-9691

(-0-09 to 0-10)

0-9590

(-0-19 to -0-02)

0-9848

Table 1: Results of the time series analysis comparing rates of congenital syphilis per 1,000 live births between priority and non-priority municipalities.
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Congenital Syphilis Rates in North Region
Priority vs Non-priority Municipalities

® Priority
® Non-priority

Congenital syphilis rate per 1,000 live births

May 2018

R-squared: 0.9816

09/2016  03/2017 09/2017 03/2018 09/2018 03/2019 09/2019

Month/Year

Figure 2. Changes in congenital syphilis rates in the North region 20 months before and after the intervention.

births at the end of the period (Table 2), compared to
16-42 actual cases, which represents a fall of 21-21%. By
contrast, the comparison between the counterfactual
(1-94) and actual (2-86) cases per 1,000 live births for
the non-priority municipalities revealed a 47-86%
increase.

The combined analysis of the national data reveals a
decline in the immediate impact of congenital syphilis
post-intervention, with an average monthly reduction of

-0-36 cases per 1,000 live births in the priority munici-
palities. Conversely, there was an increase of 0-28 cases
per 1,000 live births in non-priority municipalities. In
the linear regression model, examination of the trends
for both groups following the intervention, reveals a
decrease in the growth of the average number of cases
per 1,000 live births. Hence, there was a reduction of
-0-21 in priority municipalities and of -o-10 in non-prior-

ity ones, as depicted in Figure 7 and Table 1 (column 7).

Congenital Syphilis Rates in Northeast Region
Priority vs Non-priority Municipalities
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Figure 3. Changes in congenital syphilis rates in the Northeast region 20 months before and after the intervention.
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Congenital Syphilis Rates in South Region
Priority vs Non-priority Municipalities
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Figure 4. Changes in congenital syphilis rates in the South region 20 months before and after the intervention.

For priority municipalities, the combined analysis
also indicates a reduction of 28-79% in the number of
cases in the last month of the analyzed period (Table 2)
when compared the counterfactual of 21-93 with the
actual number of 15-61 cases per 1,000 live births. In
the non-priority municipalities, there was a drop of
26-20%. Accordingly, it went from 6-34 counterfactual
cases to 4-68 actual cases per 1,000 live births.

As to congenital syphilis in priority and non-pri-
ority municipalities, the most remarkable differen-
ces were found in the Northeast (1558 per 1,000
live births) and South (15-04 per 1,000 live births)
regions, followed by the North (1139 cases per
1,000 live births), Southeast (8-38 cases per 1,000
live births) and Midwest (6-87 cases per 1,000 live
births).
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Figure 5. Changes in congenital syphilis rates in the Southeast region 20 months before and after the intervention.
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Congenital Syphilis Rates in Midwest Region
Priority vs Non-priority Municipalities
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Figure 6. Changes in congenital syphilis rates in the Midwest region 20 months before and after the intervention.

Discussion

The findings indicate a statistically significant reduction in
the trend of congenital syphilis cases in Brazil in the 20
months following the Syphilis No! Project interventions.
Additionally, the results reveal that priority municipalities
experienced a more significant reduction in congenital
syphilis cases when compared to other Brazilian munici-
palities with a greater reduction in the trend.

For priority municipalities, the project’s impact on
changing the course of congenital syphilis trends was
more evident. Unlike the other four Brazilian regions,
the most significant change in the growth trend was
observed in the Northeast, which showed a sharp drop.
Furthermore, decreasing post-intervention trends were
observed in the Northeast and South regions. Mean-
while, there was stabilization of the trend in the North.

Congenital syphilis rates in Brazil
Priority vs Non-priority Municipalities
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Figure 7. Changes in congenital syphilis rates in Brazil 20 months before and after the intervention.
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Priority municipalities Non-priority municipalities
Region Counterfactual Observed Difference (%) Counterfactual Observed Difference (%)
North 18-08 13.73 24.09 511 3.63 28.97
Northeast 28-11 15.75 43.95 5.33 3.63 3179
South 2613 18-43 29-48 5-82 5.57 4.27
Southeast 20-84 16-42 2121 8-70 5-85 32-69
Midwest 12-52 11-50 811 1.94 2-86 -47-86
Brazil 21.93 15-61 28-79 6-34 4.68 26-20
Table 2: Comparison between the post-intervention outcome and the counterfactual in the last month of the analyzed period.

Finally, no changes in trends were found for the South
and Midwest regions.

Controlling congenital syphilis depends partly on the
capacity of primary health care systems to accommodate
the largest number of infected pregnant women and
effectively implement treatment algorithms.”® Munici-
palities with increasing rates of syphilis in pregnant
women may indicate a greater ability to control the epi-
demic for congenital syphilis. Although plausible, this
relationship cannot be directly correlated. In other
words, many factors can still impact the welcoming and
proper treatment of a pregnant person with syphilis
(e.g., the administration of penicillin in PHC)."”

In the latest evaluations of the quality program of PHC
in Brazil, it was identified that the Northeast region held
the lowest percentage in the administration of penicillin in
the country. The drug administration did not exceed 40%
of diagnosed cases of syphilis.”® Then, the insufficient use
of penicillin, possibly owed to its supply shortage,” was
normalized in 2017. Moreover, there is also a hypothesis
that the resistance of health workers to administer penicil-
lin in pregnant women during prenatal care in PHC con-
tributed to a reduced administration.

As to the comprehensive care axis of SUS, one of the
project's actions was to act vigorously in implementing
the treatment algorithm for syphilis in pregnant
women. That included intervention actions in priority
municipalities to promote educational activities for pen-
icillin use in PHC. Thus, the sharpest change in con-
genital syphilis trends in the Northeast may have
resulted from improved treatment of pregnant women
with syphilis through the use of penicillin in PHC.

The Northeast of Brazil, where the diagnosis and
monitoring of syphilis did not follow the diagnosis,
treatment, and notification algorithm featured in the
Clinical Protocol and Therapeutic Guidelines (PCDT),*®
was one of the few regions where the rates of congenital
syphilis were higher than those of syphilis in pregnant
women.”' This fact may have contributed to the intensi-
fication of RIS interventions that strengthen continuing
health training actions, focusing on PCDT. These
hypotheses need yet to be tested, but the project's four
intervention axes have likely had different effects across
different health service networks.

In general, the congenital syphilis epidemic has been
identified in several parts of the world, mainly in low-
income and middle-income countries.**** In Brazil, a
study by Santos and colleagues,”’ aimed to evaluate
trends in congenital syphilis in Brazil in key municipali-
ties from 2007 to 2017, found significant growth trend,
with AAPC of 1575%. Our results concur with these
findings and point to an increase in congenital syphilis
levels until 2018 when the Syphilis No! Project was
effectively implemented.

One of the Project's goals was to reduce congenital
syphilis by providing strategic training plan to local
management and through the activities performed by
RIS in technical areas, whose actions include the axes of
i) management and governance, ii) surveillance, iii)
comprehensive care, and iv) education and awareness
strengthening in priority municipalities."® The specific
actions performed by RIS were the evaluation of the
health plans and programs of the municipal health sec-
retariats; the strengthening of vertical transmission
investigation committees; the reinforcement of strategic
information systems for health surveillance and notifi-
cation triage; and the operationalization of the line of
care for children exposed to syphilis.*#

This study’s results suggest that the Project's actions
influenced the reversal and significant reduction in con-
genital syphilis trends in Brazil from the year 2018. This
reduction was verified at the hospital level by Andrade
and colleagues.” Hence, the researchers conducted a
study that evaluated the impact of the Syphilis No! Proj-
ect in reducing hospitalizations for congenital syphilis in
priority municipalities. Their findings revealed that the
Project significantly reduced hospital admissions for con-
genital syphilis, corroborating the changes in the trends
of new cases observed in our study.

The counterfactual results revealed that the project
was able to reverse the expected projections of congeni-
tal syphilis cases. Although the interrupted time series
analysis suggests greater reductions in priority areas
than non-priority areas, it is important to note that the
percentage reductions were similar for these two groups
of areas. Further, the results in this study reinforce that
the reduction of congenital syphilis did not occur equita-
bly in all five regions of Brazil, even though the project
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was implemented at a national level. Brazil is a socially
and culturally diverse country of continental dimen-
sions. Although it has a healthcare system like SUS,
with universal health coverage, there are considerable
differences in socioeconomic inequalities,Z(”27 and
resourcing and capabilities of health service in each
region®**° with significant socioeconomic vulnerabil-
ities that influence the response to infectious diseases.>”

The changes in the level of cases and trends in the
non-priority municipalities which did not receive RIS or
specific awareness actions could also be attributed to
the spillover effects of the Syphilis No! Project, which
was a nationally prominent project and well known in
the Unified Health System. The results also unveil
changes in trends towards reduction or stabilization in
almost all regions (North, Northeast, South, and South-
east). Moreover, when analyzing the impact of the
educommunication actions of the SNP, with emphasis
on the motto “test, treat, and cure”, Pinto and col-
leagues™ concluded there was a consistent increase in
searches on the topic of syphilis on search engines, as
well as increased use of the online learning system by
health workers. Given that, it can be inferred that the
global actions of the project in the educommunication
axis were able to modify, to a lesser extent, the trends of
congenital syphilis in non-priority locations.

No impact of the project's universal actions was
observed in non-priority municipalities in the Midwest
region. Only universal actions of the project were
offered to such groups. Those were: mass awareness
campaigns to encourage prevention, diagnosis, and
treatment, in addition to universal distribution of test-
ing and treatment resources, the instrumentation of sit-
uation rooms, and the development of studies and
applied research.”* Probably, the actions related to
educommunication did not reach their primary objec-
tive in this region. Consequently, those activities have
not obtained the optimal engagement of local managers
and health teams also.

Our study has several limitations. One of them is the
absence of measurement on the effects of each interven-
tion axis of the Syphilis No! Project concerning the
observed trend changes. Although the recognition of the
global effect of the project has been adequately verified,
the different levels of installed capacity of epidemiological
surveillance in health in the evaluated municipalities may
have made it difficult to read and compare the four axes of
the project. Future studies that control the level of develop-
ment of the surveillance system in each location and other
health care quality indicators may indicate which actions
of the project had the most significant impact. Further-
more, it is natural that the limitation of the study design
itself did not capture other effects, such as the influence of
differences in socio-regional development, which could
impact post-intervention trends.

Of note, this is a quasi-experimental study. There-
fore, it is not an experiment in which we would have
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control over the variables. The reduction in trend
observed in some cases was probably influenced by fac-
tors beyond the influence of the project. Furthermore,
since syphilis is an epidemic in Brazil, the rates were
high in some regions. These values were expected to be
reduced given the “regression toward the mean” phe-
nomenon. However, this effect could not be measured
precisely because the study design did not include a con-
trol group, typical of experimental studies.

Another point is that in 2017 MoH changed the case
definition criteria for notification of congenital syphilis,
which can usually impact the information system and
generate underreporting. However, we assume that the
new case definition could not significantly change the
mathematical models presented in this study. Another
limitation of this study is that it was not possible to
obtain the exact number of monthly live births. These
data were calculated based on the number of annual live
births per city, presented by the MoH. Nevertheless, the
good amount of data and the high rate of country repre-
sentation helped to reduce the impact of this limitation.

Notwithstanding these limitations, the findings of
our study—which has used statistical tests to verify the
effects of an interventions at the national level —indicate
that the course of congenital syphilis in Brazil, compar-
ing pre- and post-intervention periods, reveals statisti-
cally significant trend changes in monthly rates of
disease in Brazil. It also reveals rate variations by region.
Furthermore, with only 20 months of the project’s
implementation, a drop in reported cases per 1,000 live
births can be observed in most country regions.

These findings provide an opportunity and direction
for future studies on the specific actions implemented
by RIS in each state and region by the Syphilis No! Proj-
ect and examine how the results will change over time
following adverse effects and interruptions posed by
Covid-19 on the health system.
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