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Abstract
Background

The Pan American Health Organization indicates that the increased congenital syphilis (CS) incidence
can be attributed to (i) the improvement of epidemiological surveillance, (ii) the expansion of rapid
diagnostic tests, and (iii) the lack of penicillin. However, there is no scienti�c evidence to support the
impact of the penicillin shortage on the increase in the incidence of CS. This study aimed to analyze the
relationship between the benzathine penicillin (BP) shortage and the signi�cant increase in the incidence
of congenital syphilis in the city of Rio de Janeiro from 2013 to 2017.

Methods

We used a mixed ecologic study design (temporal and multiple groups). Analysis units were the
neighborhoods (spatial) and quarters (temporal) during those years. The study population consisted of
CS patients reported to the Brazil Information System of Noti�able Diseases (SINAN) that were living in
the city of Rio de Janeiro, which was geocoded by neighborhood. The BP supply measure for use in
Gestational Syphilis considered the ratio between two Benzatin Pencil Dispenser bottle quantities: (a) the
number of bottles dispensed to health facilities in each neighborhood and (b) the number of bottles
necessary to treat pregnant women diagnosed with syphilis and their respective partners residing in each
neighborhood. To evaluate the association between shortages and a signi�cant increase in CS incidence,
the negative-in�ated zero-binomial regression model (longitudinal model) was used. Crude and adjusted
odds ratios were calculated to express the magnitude of the associations. A theoretical model was
proposed with four dimensions: sociodemographic, economic, geographical, and prenatal care. The
selection of adjustment variables was considered using Directed Acyclic Graphs.

Results

During the study period, the incidence rate of CS in Rio de Janeiro neighborhoods was on average
19.6/1000 live births. In the simple analysis, shortage was associated with a 2.17-fold increase in the risk
of a signi�cant increase in CS incidence. After adjustment for the su�cient minimum set, the strength of
association increased to 2.23 (95% con�dence interval, 1.15–4.30).

Conclusions

We conclude that the benzathine penicillin shortage impacted the increase in the incidence of congenital
syphilis in Rio de Janeiro.

Background
The World Health Organization (WHO) estimates that there are 5.6 million new cases of syphilis annually
and 18 million prevalent cases1. In 2012, the WHO estimated that there were approximately 930,000
pregnant women with active syphilis, resulting in 350,000 adverse birth outcomes2.
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Vertical transmission of syphilis during pregnancy can lead to severe fetal outcomes in the second or
third trimester, including early fetal death, stillbirth, neonatal death, premature birth, low birth weight, and
congenital infection3. Syphilis is the second infectious cause of stillbirths worldwide and an important
preventable contributor to infant morbidity and mortality3,4.

Benzathine penicillin (BP) is the only treatment recommended to prevent vertical transmission of syphilis.
A single dose of low-cost BP terminates syphilis infectivity with no documented risk of antibiotic
resistance. Treating pregnant women infected with syphilis at least 28 days before delivery can reduce
the risk of stillbirth and neonatal mortality by 82% and 80%, respectively5.

According to the WHO, the incidence rate of global Congenital Syphilis (CS) decreased between 2012 and
2016, falling from 5.4 cases per 1,000 live births to 4.76. In Brazil, the CS incidence rate has been
increasing in recent years; between 2010 and 2017, the disease incidence rate increased 3.6 times, from
2.4 to 8.6 cases per 1,000 live births1. Moreover, in 2017, the state of Rio de Janeiro had syphilis detection
rates in pregnant women and CS incidence much higher than the national average – 35.6 and 18.8 cases
per 1,000 live births, respectively6.

According to the Pan American Health Organization report, the increased CS incidence can be attributed
to epidemiological surveillance system improvements, the expansion of rapid diagnostic test distribution,
the lack of penicillin, and the fact that almost half of primary health care units do not treat patients but
refer them to other levels of care with subsequent loss of patients during the referral process7. However,
there is no scienti�c evidence to support the possible impact of penicillin shortages on the signi�cant
increase in CS incidence. Knowing the relationship between the lack of BP and the increased CS
incidence can be a challenging task, given the existence of several individuals and contextual factors that
can contribute to this increase. To address this challenge, the use of causal diagrams to assist in the
interpretation of epidemiological relationships has recently been suggested. Since diagrams represent
causal rather than merely associative links, they lend themselves to the analysis of confounding factors
and selection effects, identifying variables that must be measured and controlled to obtain unobtrusive
effects estimates8.

Drug shortages are known to be one of the obstacles to accessing timely and appropriate treatment of
preventable diseases such as syphilis. Thus, identifying the possible impact of the BP shortage on the
increase of CS can generate useful information for planning actions aimed at controlling this disease.
This article aims to analyze the relationship between the BP shortage and the signi�cant increase in CS
incidence in the city of Rio de Janeiro, Brazil from 2013 to 2017.

Methods
We used a mixed ecologic study design (temporal and multiple groups). Analysis units were the
neighborhoods (geographic) and quarters (temporal) during the study years. The study population
consisted of CS cases reported to the Brazil Information System of Noti�able Diseases (SINAN) during
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2013–2017 for those living in the city of Rio de Janeiro, which was geocoded by neighborhood. Only
municipal health units (HU) patients were included in the study (i.e., noti�cations from federal/state units
and private/psychiatric hospitals were excluded).

The geographical units of study were 160 geocoded neighborhoods in SINAN (Fig. 1). Four data sources
were used: (i) SINAN's Gestational Syphilis and Congenital Syphilis registry databases, (ii) reports and
spreadsheets on the dispensation of BP provided by the Pharmaceutical Assistance Center of the
Municipal Health Secretariat (SMS-Rio), (iii) population data of the census tracts and neighborhoods of
the 2010 Census of the Brazilian Institute of Geography and Statistics, and (iv) live birth registry data
from the Live Birth Information System of the municipality of Rio de Janeiro.

The disease incidence rate was estimated by dividing the number of CS cases reported in children < 
1 year of age by 1,000 live births per trimester in the city of Rio de Janeiro. The study outcome was the
signi�cantly increasing incidence rate of CS in Rio de Janeiro, considering the relative difference in the
incidence rate of the previous quarter compared with that in the index quarter under analysis.

The signi�cant increase in CS incidence was estimated, as the quarterly rate variation was greater than
200% (estimated percentage considering 2 times the value of the CS incidence compared with the
previous quarter). The outcome was classi�ed as dichotomous (yes/no).

The BP supply measure for use in Gestational Syphilis considered the ratio between two Benzatin Pencil
Dispenser bottle quantities: (a) the number of bottles dispensed to health facilities in each neighborhood
and (b) the number of bottles necessary to treat pregnant women diagnosed with syphilis and their
respective partners residing in each neighborhood.

The BP Dispensation data for the HU in each neighborhood of the city of Rio de Janeiro were extracted
from electronic spreadsheets provided by SMS-Rio, where there were three ways the number of BP vials
were dispensed: (1) for the HU of each neighborhood, (2) to the General Coordinators of Primary Care of
the Program Area (CAP) with their respective neighborhoods, and (3) to both the HU in speci�c
neighborhoods and to coordinate the program area of   the same coverage area.

To obtain the number of vials dispensed to the HU of each neighborhood, the following estimates were
made according to the type of data: (1) for type 1 data, the sum of the number of vials dispensed to the
HU of each neighborhood; (2) for type 2 data, the number of vials distributed to each HU in the
neighborhoods was �rst estimated based on the number of noti�cations of Gestational Syphilis in these
units, and then the number of vials in the HU of each neighborhood was summed; and (3) for type 3 data,
a combination of the two previous methods was used.

Since not all of the BP that arrived at the HU was used to treat Gestational Syphilis, we assumed that 80%
was used to treat pregnant women with syphilis and their partners. This assumption is justi�ed by two
factors: (i) BP is used to treat other infections also prevalent in the HU, such as rheumatic fever, upper
respiratory tract infections, soft tissue infections (erysipelas, impetigo), pneumonia, and penicillin-
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sensitive Streptococcus pneumoniae; (ii) in order to stop the growth of CS cases, SMS-Rio prioritized
using BP to treat pregnant women with syphilis.

To determine the amount of BP vials needed to treat pregnant women and their partners, the dosage of
each individual treatment was considered. In the absence of available data on the clinical classi�cation
(staging) of the disease, the therapeutic regimen with three doses of BP was considered, with each dose
using two vials of BP (1,200,000 IU), which is six vials used (7,200,000 IU) for the treatment of pregnant
women.

The calculation for the number of BP vials needed to treat the pregnant women with reported CS was: the
total number of reported cases of gestational syphilis in the HU of each neighborhood times 6, plus the
100% scenario of treated partners, where the scheme was used with three doses. Once obtained from the
estimates of the number of dispensed and needed bottles, the supply measure used in this study was
calculated by the following formula:

BPS i – benzathine penicillin supply indicator of the neighborhood i;

X i – Number of benzathine penicillin vials dispensed (and used) for treatment of Gestational Syphilis
and partners in the neighborhood i;

Y i – Number of vials of benzathine penicillin needed to treat pregnant women and partners in
neighborhood i.

The benzathine penicillin supply indicator (BPS) was calculated by quarter, as it was observed that the
dispensation did not occur regularly throughout the year. Thus, the quarter was considered as a time unit
because it represents the homogeneous dispensation of BP.

As the indicator of supply is a ratio whose values range from 0 to ∞, when BPS had a value between 0
and 0.99, it was considered a shortage (yes), and there was no shortage (no) when BPS was greater or
equal 1.

In this paper, we use a theoretical model design based on the studies by Kilmarx et al. (1997)9 and
Thomas et al. (1999)10, which aimed to evaluate community factors that in�uence the incidence of
syphilis. Thomas et al. (1999)10 found that factors affecting syphilis transmission can be categorized
into those acting at the individual level (e.g., number of sexual partners) or at the socio-physical level,
such as availability of treatment services for curable infections. In the model created by Thomas et al.
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(1999)10, three categories of the socio-physical environment were considered: geographical, architectural,
and technological and sociocultural.

Based on this information, the theoretical model used was proposed in four dimensions:
sociodemographic, economic, geographical, and prenatal care. Sociodemographic information on the
neighborhood populations used included (i) the proportion of women who had children under the age of
20, (ii) the rate of live births, and (iii) the illiteracy rate in the population over 18. In the economic
dimension, information covered (iv) the proportion of people living in extreme poverty, (v) the Gini
coe�cient, and (vi) the unemployment rate. The (vii) homicide rate in the neighborhoods and (viii)
proportion of the population living in subnormal clusters was also studied in the geographical dimension.
Regarding the prenatal care characteristics of the population, we used (ix) the proportion of pregnant
women with a non-treponemal test performed, (x) the proportion of women who had more than six
prenatal consultations during their pregnancy, and the (xi) proportion of treated partners.

To evaluate the association between the BP shortage and a signi�cant increase in CS incidence, the
negative-in�ated zero-binomial regression model (longitudinal model) was used. Crude and adjusted
odds ratios were calculated to express the magnitude of the studied associations. The selection of
adjustment variables was considered using Directed Acyclic Graphs (DAG). Figure 2 shows the
relationships between covariates, exposure, and outcome. This approach also involved the strategy of
identifying the minimum set of variables necessary to obtain the adjusted measurements.

Results
The CS incidence rate in neighborhoods in the municipality of Rio de Janeiro during the study period was
on average 19.6 cases per 1,000 live births; however, this measure varied between neighborhoods. In
some, the incidence rate was 0, and in others, it reached 400 cases per 1,000 live births (Table 1). The
signi�cant increase in the incidence of congenital syphilis was observed in 4% of the neighborhoods
(quarter-years) during the study period.

The distribution of the incidence of CS and its signi�cant increase in the neighborhoods indicates
heterogeneity and concentration of higher rates in the central-north and west regions (Fig. 3). The Anil
and Tanque neighborhoods had the highest number of quarter-years with an increase in incidence greater
than 200% during the study period, both located in the northern part of the municipality (Fig. 3b).

Besides, the average BP supply level was 0.81 during the study period. This value represents that, on
average, there was a shortage of BP in the neighborhoods of the municipality of Rio de Janeiro in the
period from 2013 to 2017 (Table 1). Regarding the sociodemographic characteristics of neighborhoods in
the city of Rio de Janeiro, on average, the rate of live births was 2.7 per 1,000 inhabitants, 3% of the
population was illiterate, and 14% of the live births recorded were to women under 20 years old.

In the economic dimension, neighborhoods in the municipality of Rio de Janeiro had an average Gini
coe�cient of 0.44 and 10.4% of the population living in extreme poverty. As for the characteristics of
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prenatal care, on average, 76% of pregnant women had 7 or more prenatal consultations, 60% had their
partners treated for syphilis, and 39% underwent the non-treponemal test during prenatal care (Table 1).
Finally, concerning the geographical dimension, the neighborhoods in the municipality of Rio de Janeiro
had an average homicide rate of 87.5 per 100,000 inhabitants, and 21.55% of its population lived in
subnormal agglomerations during the study period.
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Table 1
– Distribution of variables in the study population, Rio de Janeiro 2013–2017

Variables N Average Standard
deviation

(min–
max.)

Congenital Syphilis incidence 3166 19.60 25.92 (0–
400)

Greater than 200% in Congenital Syphilis incidence 3040 0.04 0.20 (0–1)

Benzathine Penicillin supply 2201 0.81 0.39 (0–1)

Sociodemographic        

Birth rate 3200 2.7 3.48 (0.003–
26.56)

Illiteracy rate in the population over 18 3200 3.29 1.80 (0.12–
9.87)

Proportion of births to women who were under the age of
20

3200 14.0 0.06 (0–
27.0)

Economic        

Gini coe�cient 3200 0.44 0.03 (0.37–
0.54)

Proportion of people living in extreme poverty 3200 10.41 6.44 (0–
29.55)

Prenatal care        

Proportion of women who had more than six prenatal
consultations during pregnancy

3200 76.0 0.08 (57.0–
93.0)

Proportion of treated partners 3200 60.0 0.23 (0–
100)

Proportion of pregnant women with a non-treponemal
test performed

3200 39.0 0.18 (0–
100)

Geographical        

Proportion of the population living in subnormal clusters 3200 21.55 22.48 (0–
100)

Homicide rate 3140 87.48 59.14 (0–
404.33)

Table 2 shows the crude and adjusted prevalence ratios considering the minimum adjustment su�cient
to estimate the direct effect of BP shortage and the signi�cant increase in CS incidence. Considering the
causal relationships between the covariates, exposure, and outcome, DAG provided four minimum sets
su�cient to estimate the direct effect between BP shortages and the signi�cant increase in CS.
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In the simple analysis, shortage was associated with a 2.17-fold increase in the risk of a signi�cant
increase in the CS incidence rate in the neighborhoods per quarter-year (Table 2). After adjusting for the
�rst su�cient minimum set (model 1), the strength of association increased to 2.23 (95% CI, 1.15–4.30).
In the second adjusted model, the probability of a signi�cant increase in CS incidence was 2.20 (95% CI,
1.14–4.24). The third and fourth models presented a risk of a signi�cant increase in the CS incidence of
2.19 (95% CI, 1.14–4.23) (Table 2). After adjusting for all of the minimum sets su�cient to estimate the
direct effect, it was observed that model 1, with the lowest AIC (764.76), had the best �t.

Table 2
– Crude and adjusted longitudinal models, considering the minimum adjustment su�cient to estimate

the direct effect of shortages and the signi�cant increase of congenital syphilis incidence

Models ORc 95%
CI

ORa 95%
CI

AIC

Benzathine Penicillin supply 2.17 (1.13–
4.18)

    771,03

Model 1 (BP supply + non-treponemal test + ≥ 7
prenatal consultations + treated partners + people living
in extreme poverty + Gini)

    2.23 (1.15–
4.30)

764.76

Model 2 (BP supply + non-treponemal test + births to
women < 20 y + treated partners + people living in
extreme poverty)

    2.20 (1.14–
4.24)

767.11

Model 3 (BP supply + non-treponemal test + treated
partners + people living in extreme poverty + Illiteracy
rate > 18 y)

    2.19 (1.14–
4.23)

766.73

Model 4 (BP supply + non-treponemal test + treated
partners + population living in subnormal clusters + 
Illiteracy rate > 18 y)

    2.19 (1.14–
4.23)

776.49

Discussion
The incidence rate of CS was an average of 19.6 cases per 1,000 live births in neighborhoods in the
municipality of Rio de Janeiro during the study period, a value greater than 40 times the WHO goal of
eliminating CS11. Moreover, our study found that 4% of the neighborhoods showed a 200% increase in CS
incidence in the quarter under analysis compared with the previous quarter. Another important �nding
was that the BP shortage in the city of Rio de Janeiro between 2013 and 2017 was directly related to the
signi�cant increase in CS incidence. Adjusting for factors related to prenatal care and economic
conditions increased the strength of the association between BP shortages and increased CS.

A study by Reis et al.12 pointed out an average of 17.3 cases/1,000 live births as the CS incidence rate
from 2011 to 2014 in the neighborhoods of Rio de Janeiro. This �nding is in line with what was
estimated in our study, which points to an average increase in the incidence of CS over time. Additionally,
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the analysis of CS in neighborhoods in the city of Rio de Janeiro showed the proportion of live births,
wherein the mothers had seven or more prenatal care consultations, as an important component to
explain the problem12. It is a variable that expresses the importance of continuity of care, a central
feature of primary health care in the detection and treatment of infected pregnant women, as well as their
sexual partners, in addition to monitoring possible reinfections and preventing vertical transmission of
syphilis12,13.

The study by Silveira et al.14 assessed the success of and problems in the elimination of CS in Latin
America and the Caribbean. The study revealed that the main challenges to the elimination of CS
concerned improvements in the areas of prenatal care and coverage of syphilis tests; training of health
professionals in diagnosis, treatment, and monitoring of syphilis (including that of newborns and sexual
contacts of infected mothers); availability of rapid tests for syphilis; and BP for timely and appropriate
treatment of pregnant women and their partners14.

According to the WHO, between 2014 and 2016, 39 countries reported a BP shortage. Of these, �ve belong
to Latin America (Brazil, Jamaica, Panama, Suriname, and Trinidad and Tobago)15. In July 2015, BP was
completely out-of-stock for almost half of the Brazilian states, and in 11 (41%), the vast majority of the
North and Northeast regions, the stock had been indicated as zero. In the other areas, however, some
shortages were reported, with the state of Rio de Janeiro being among them16.

In Brazil, syphilis has the highest rates of vertical transmission among the various diseases that can be
transmitted during the pregnant-puerperal cycle1,17. In 2012, the vertical transmission rate was estimated
at 34.3%18. Local studies have found vertical transmission rates ranging from 21.1–100%18,19,20. Despite
the fact that vertical transmission of syphilis has different intensities according to the stage of the
maternal disease, it is known that appropriate treatment with penicillin can prevent 97% of vertical
transmission cases5. As seen in our study, the lack of medication has a potentiated effect on the control
of CS, even when considering the di�culties of covering syphilis screening during pregnancy and
adhering to the treatment of pregnant women and their partners.

Despite improved diagnostic testing options for pregnant women and their partners with the introduction
of rapid tests, the rate of vertical transmission of syphilis has not declined as expected, which shows that
diagnosis alone is not enough to guarantee a quality improvement of care for pregnant women with
syphilis21.

Another relevant factor is the characteristics of the population most affected in vertical transmission of
CS. A study carried out in six Brazilian states found that the occurrence of CS affected more women with
less than eight years of schooling, black women (black and mixed-race), and residents of the capitals21.
Almost 70% of these women had undergone prenatal care, but most of them were only diagnosed with
syphilis at the time of delivery, thus causing inadequate maternal treatment21.
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The higher prevalence of syphilis during pregnancy in women of low socioeconomic status, with obstetric
risk, and worse access to health services18, indicates the greater social and reproductive vulnerability of
these women, making the challenge of controlling syphilis in this population even more complex.

Screening for syphilis during pregnancy is one of the most cost-effective activities in public health;
however, increasing syphilis screening during antenatal care to achieve elimination goals will involve
increased demand for BP22,23. In 2016, Taylor et al.22 estimated the need for BP to treat women
diagnosed with syphilis in order to manage the CS epidemic in countries with a high disease burden. The
results of this study suggest a number twice as high as the amount expected annually for these countries
if the WHO recommendations for the elimination of CS are adopted, reaching at least 95% of the
coverage for syphilis screening.

Conclusions
Although syphilis is a disease for which simple and low-cost diagnostic and therapeutic resources exist,
its control during pregnancy proves to be a challenge for health professionals and managers. This is due
to (i) the short interval of pregnancy, which limits the time for diagnosis and treatment; (ii) the di�culty in
approaching sexually transmitted diseases, especially during pregnancy; and (iii) the lack of knowledge
of the magnitude of this condition and the damage it can cause to the health of women and babies
within the population18.

This study allows us to conclude that the shortage of benzathine penicillin impacted the increase in the
incidence of congenital syphilis in Rio de Janeiro between 2013 and 2017.
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Figure 1

Localization of the study area: A) Brazil map with Federate units, B) Rio de Janeiro state with
municipalities, C) Neighborhoods of the city of Rio de Janeiro
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Figure 2

Directed acyclic graph of the signi�cant increase in Congenital Syphilis incidence, Benzathine Penicillin
shortage, and associated covariates

Figure 3
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Spatial distribution of Syphilis: A) Congenital Syphilis Incidence Rate map and B) Map of neighborhoods
with increase of at least 200% in the incidence of Congenital Syphilis, Rio de Janeiro 2013-2017


