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Abstract
Background: Syphilis is a sexually transmitted infection (STI) transmitted from person to person mainly by sexual
intercourse or through vertical transmission during pregnancy. Female sex workers (FSWs) are exposed especially to
syphilis infection, and besides all the efforts to control the spread of STIs, syphilis prevalence is still rising, mainly
occurring in low-income countries. This study aimed to investigate the syphilis prevalence, demographic
characteristics and sexual habits among FSWs in the Amazon region of Brazil.
Methods: A cross-sectional study was carried out including 184 FSWs from 3 countryside cities of the state of Pará,
Amazon region of Brazil. A venereal disease research laboratory test and an indirect immunoenzyme assay to test
antibodies against Treponema pallidum were used for screening syphilis infection, while sexual habits and
demographic data information were collected through a semi-structured questionnaire. Data was analyzed
comparing groups with/without syphilis. Poisson regression models were used to estimate the reasons of
prevalence (RP).
Results: The overall prevalence of syphilis was 14.1% (95% CI = 9.8–17.8). FSWs had between 15 and 56 years of
age, most were unmarried (65.7%), had attended less than 8 years of formal education (64.1%), had between 10
and 20 partners per week (64.1%), and reported no previous history of STIs (76.1%) and regular use of condom
(52.7%). Low level of education attending up to the primary school (RP adjusted = 3.8; 95% CI = 1.4–9.2) and high
frequency of anal sex during the past year (RP adjusted = 9.3; 95% CI = 3.5–28.7) were associated with a higher
prevalence of syphilis.
Conclusions: A high prevalence of syphilis among FSWs in the Brazilian Amazon region was identified, showing
that syphilis is more likely to be transmitted in FSW working in low-income areas, which is attributed to the low
level of education. Anal intercourse was found as a risk factor associated with syphilis. Health programs focused on
risk populations appear as a rational way to control syphilis spread, which is a rising problem in Brazil and in other
several countries.
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Background
Brazil has an important emerging economy and the largest territorial area in South America, however, the
population still live in a wide gap of socioeconomic inequality. This combination of large territorial area (with
several remote areas) and economic inequality creates a
big challenge to governments to provide social inclusion,
access to appropriate education and healthcare [1].
These characteristics are seen in other emerging countries such as Russia, India, China and South Africa
(BRICS group), that represent over 3.1 billion people, or
about 41% of the world population. These countries
have wealthy and developed cities/regions (usually in
large metropolitan areas), but also extreme poverty and
low human development, which may represent most of
their population. Thus, this paper focused on this last
group of people, where syphilis is more likely to be
endemic.
Syphilis is a sexually transmitted infection (STI) caused
by Treponema pallidum subspecies pallidum, a spirochaete bacterium well-known for its invasiveness and
immune-evasiveness [2]. This bacterium is primarily
transmitted by sexual exposure or through vertical transmission during pregnancy. Syphilis is still a public health
problem worldwide and low-income countries have endemic rates of syphilis among their general populations
while middle- or high-income countries have concentrated epidemics of syphilis in specific populations, for example, sex workers [3]. The World Health Organization
(WHO) estimates that around 6 million new cases of
syphilis occur every year among adults aged between 15
and 49 years [4]. Many factors are associated with higher
risks of acquiring an STI, such as syphilis, and female sex
workers (FSWs) are particularly exposed to them, however, limited information is available on this group of
people often discriminated by many societies.
FSWs are considered a high-risk group of women vulnerable to STIs, such as syphilis and human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome
(AIDS) infection [5]. In Brazil, it is estimated that halfmillion women are involved in sex works, which corresponds to approximately 0.8% of the female population
aged between 15 and 49 years in the country [6].
Studies have shown epidemiological heterogeneity on
the prevalence of STIs among different regions of Brazil
[7, 8]. A survey conducted in 10 different state capital
cities in Brazil (the seat of a state government, in this
case with an average large metropolitan area > 1.5 million inhabitants) showed an increase from 2.4% in 2009
to 8.5% in 2016 on the prevalence of syphilis among
FSWs, which demonstrates that beside all health public
policies and access to information available, the prevalence of syphilis is rising [9]. Another study carried out
in three southern cities of Brazil (Tubarão, Laguna and
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Imbituba), showed an even higher prevalence of syphilis
among FSWs (19.7%) [8].
Although a few northern cities can eventually be included in national surveys, epidemiological information
on STIs, especially syphilis, is still scarce in northern
Brazil, which reflects the socioeconomic attention given
to this region that is the poorest and less developed in
the country. To date, the only epidemiological study focusing on syphilis in FSWs in this region pointed out a
high prevalence of T. pallidum (37%) associated with the
use of illicit drug and having sex without condom [10].
Thus, this study aimed to investigate the seroprevalence
of syphilis and risk factors associated with syphilis acquisition among FSWs in three countryside cities of the
state of Pará, Brazilian Amazon region.

Methods
Study design and ethical aspects

A cross-sectional seroprevalence survey was carried out
between January 2007 and June 2008. A convenience
(non-probabilistic) sample was used to gather data from
participants, which enrollment was carried out three times
a week in their workplaces (streets, bars, websites, special
strip clubs, and etc) and was determined by a sample size
analysis. The study was approved by the Research Ethics
Committee Involving Human Beings of the Federal University of Pará, under protocol number 25/2006.
The sample size determination was based on the estimated prevalence of syphilis in the FSWs population in
Brazil (20%) and resulted in a minimum sample size of
180 participants. The sample error (ε) assumed was 5%,
and test power of 80% was established. Samples were
collected from three countryside cities: Augusto Corrêa,
Barcarena and Bragança (Fig. 1). These cities can be
characterized as small urban areas (population is between 50,000 and 200,000), showing about 100,000 inhabitants, have human development indexes around 0.55
(low) and have as their main economic activities: fishing,
agriculture, extraction and processing of natural resources, such as crabs, shrimps and kaolin (used in the
production of alumina and aluminium). All these cities
have an intense flow of people and product trade, mainly
by highways and seaports [9]. The following inclusion
criteria were used: women (biologically determined at
birth) older than 15 years who reported commercial sex
at least once in the last 3 months that agreed to participate in the study and signed the free consent form. All
participants were assured confidentiality.
Participants were invited to answered a questionnaire
including socio-demographic data (age, years of study,
marital status) and sexual behaviour: condom use and
use of alcoholic beverages during sexual service (last 30
days); number of average weekly sexual partners; and if
they had performed any of these activities during the last
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Fig. 1 Geographical location of host cities. The three cities where this study took are located in Northern Brazil (a), state of Pará (b). The location
of the cities of Barcarena (1), Bragança (2) and Augusto Corrêa (3) are indicated on the map (c)

12 months of sex work: practice and frequency of anal
sex, had sex with partners from other Brazilian states,
changes in genitalia (occurrence of genital ulcer), history
of STIs such as HIV, diagnosis of STIs included history
of previous syphilis diagnosis/treatment and the use of
illicit drugs. The frequency of anal sex was defined according to the occurrence of this practice in sexual
meetings: high (≥50%), sometimes (< 50%) or never.
The length of formal education was divided into two
groups: up to primary education, which is equivalent to 8
years of schooling in Brazil, secondary school or more.
The number of sexual partners per week was divided into
3 categories based on the observation of the data. The
three groups were determined according to the following
groups: up to 9, 10 to 20 and more than 20 partners.

Marital status was defined as married or unmarried, the
last included all women who were single, divorced, separated or widowed.
Laboratory tests

Blood sample (5 mL) was collected in a vacuum collection tube containing ethylenediaminetetraacetic acid
(EDTA) as anticoagulant from each participant. Each
participant received a randomized number and all blood
samples were processed blindly by a single staff. All samples were frozen and stored at − 20 °C and processed in
the Laboratory of Virology of Federal University of Pará,
where the non-treponemal test Venereal Disease Research Laboratory (VDRL) test (Biovdrl, Biomerieux)
was carried out. The VDRL reagent samples were
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subjected to an enzyme-linked immunosorbent assay
(ELISA) for the detection of anti-treponemal antibodies
(BioRich Syphilis®). All reactions were done following
the instructions of the manufacturers. Results were considered positive for syphilis when both tests (VDRL and
ELISA) were reagent and VDRL results was ≥1:8. All
participants were notified about the blood test results
and those who tested positive were referred to public
health services for treatment and follow-up.
Statistical analysis

All study data were entered into an Excel database and
converted to SPSS file, which was used for all statistical
analysis. Ninety-five per cent confidence intervals (95%
CI) were determined for syphilis prevalence in total and
for each individual city. Positive syphilis test was the
main outcome measure. For each category of exploratory
variables, reasons of prevalence (RP) were estimated
using Poisson regression models, having as a reference
the category of least expected risk. Raw prevalence for
each exploratory variable was estimated by modeling
technique using Wald statistic with significance level of
5%. In a regression model that simultaneously included
all variables that presented a value p < 0.05, using Wald
statistics, the adjusted reasons of prevalence were
calculated.

Results
A total of 184 FSWs living in the cities of Augusto Corrêa (n = 32), Barcarena (n = 94) and Bragança (n = 58),
countryside cities of the State of Pará, Northern Brazil,
were enrolled (Table 1). Age varied from 15 to 56 years
(average 28 years).
Most women were unmarried, had up to primary education, regularly used condoms during sexual intercourse,
had between 10 and 20 partners per week, had already
had contacts with partners from other Brazilian states and
reported not having a history of STIs, use of illicit drugs,
or had anal sex (Table 2). From those who used illicit
drugs, most reported use of only non-injecting drugs
Table 1 Syphilis prevalence among female sex workers in three
countryside cities of the state of Pará, Amazon region of Brazil
Cities

Overall
sample

Syphilis
Negative

Positive

n

%

n

%

n

%

95% CI

Augusto Corrêa

32

17.4

25

78.1

7

21.9

17.6–26.7

Barcarena

94

51.1

83

88.3

11

11.7

7.7–15.8

Bragança

58

31.5

50

86.2

8

13.8

10.1–19.0

Total

184

100

158

85.9

26

14.1

9.8–17.8

Abbreviations: CI confidence interval; Syphilis positive, participants who tested
positive in both, venereal disease research laboratory and enzyme-linked
immunosorbent assay for Treponema pallidum

(95.9% - 70/73), and only three reported injecting drug
use. At the time of the interview, all participants reported
that they didn’t have any signs or symptoms of active STIs
and had drunk alcoholic beverages during the working
period in the last 30 days.
The overall prevalence of syphilis was 14.1% in this
study. The highest prevalence of syphilis was found in
the city of Augusto Corrêa (21.9%), followed by Bragança (13.8%) and Barcarena (11.7%) (Table 1). The majority of FSWs who tested positive to syphilis (VDRL ≥1:
8 and ELISA reagent) were between 15 and 25 years of
age (61.5%), were unmarried (92.3%), had up to primary
school education (84.6%) and no illicit drug use (53.8%).
With regards to condom use, 50% of FSWs who tested
positive claimed they always used a condom so that
would be the majority (30.8% said they sometimes used
a condom) (Table 2). Raw Poisson regression models
demonstrated a higher prevalence of syphilis among
FSWs with a low level of schooling (only primary school)
and high frequency of anal sex (Table 2). The adjusted
Poisson regression model evidenced that the same exposure variables maintained an independent effect on
the occurrence of syphilis in FSWs: up to primary school
(RP adjusted = 3.8; 95% CI = 1.4–9.2) and having anal
sex during > 50% of sexual encounters (RP adjusted =
9.3; 95% CI = 3.5–28.7).

Discussion
Although Brazil is classified as an upper-middle-income
economy, the northern region is the poorest in the
country and the economy ranges from low to lowermiddle income in most cities, including those where this
study took place. This study is one of the first epidemiological reports on syphilis in FSWs in the Brazilian Amazon region. In this region, the Amazon rainforest
occupies large areas of the northern Brazil, which causes
relative isolation, resulting (or because of) limited infrastructure and public services and low human development [11]. This scenario has a negative impact on sexual
behaviour, increasing risk-taking activities [12–14]. Additionally, gender empowerment is an issue on the population of such regions, which are still male-centred, and
women are marginalized in a social context. Subsistence
is much harder for women, which can be pushed towards sex work and must succumb to male will.
In fact, acquisition and transmission of T. pallidum
are related to social, economic, cultural and behavioural
factors that influence the occurrence of syphilis in the
population, especially among FSWs [2]. The high prevalence of syphilis among FSWs has been reported in lowincome countries, such as the Dominican Republic (5.1–
11.1%), Honduras (1.3–6.0%), Guatemala (1.1–11.8%), El
Salvador (2.7–15.0%) and Peru (2.2–4.1%) [15].
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Table 2 Sexual habits reports and demographic data among female sexual workers in three countryside cities of the state of Pará,
Amazon region of Brazil
Characteristics

Overall sample

Syphilis +

Poisson regression

n

%

n

%

p

RP (95% CI)

15–25

103

56.0

16

61.5

0.8

1.3 (0.6–2.9)

26–36

69

37.5

9

34.6

0.9 (0.4–2.0)

> 36

12

6.5

1

3.9

Reference

Unmarried

142

77.2

24

92.3

Married

28

15.2

1

3.8

Data not available

14

7.6

1

3.8

Up to primary school

118

64.1

22

84.6

Secondary school or more

66

35.9

4

15.4

Age

Marital status
0.2

5.1 (0.7–31.8)
Reference

Length of education
0.03

3.1 (1.1–8.7)
Reference

Use of illicit drugs (injectable/non-injectable)
Yes

73

39.7

12

46.2

No

111

60.3

14

53.8

0.7

1.3 (0.6–2.8)

Rarely

36

19.6

5

19.2

Sometimes

51

27.7

8

30.8

1.1 (0.4–3.0)

Always

97

52.7

13

50

Reference

High frequency

12

6.5

7

26.9

Sometimes

71

38.6

9

34.6

1.3 (0.5–3.2)

Never

101

54.9

10

38.5

Reference

Reference

Condom use
0.8

1.0 (0.3–5.7)

Anal sex
0.02

11.2 (3.6–31.2)

Alcohol consumption prior or during work period
–

Always

184

100

23

100

No

–

–

–

–

More than 20

13

7.1

2

7.7

10 to 20

118

64.1

17

65.4

1.1 (0.4–2.7)

Up to 9

53

28.8

7

26.9

Reference

Number of sexual partners
0.9

1.1 (0.2–5.5)

Sexual partners from other Brazilian states
Yes

132

71.7

18

69.2

No

37

20.1

3

11.4

Data not available

15

8.2

5

19.2

Yes

44

23.9

10

38.5

No

140

76.1

16

61.5

0.5

1.5 (0.6–5.8)
Reference

STI History
0.1

1.9 (0.9–5.0)
Reference

Abbreviations: RP Reasons of prevalence, CI confidence interval; Syphilis +, participants who tested positive in both, venereal disease research laboratory and
enzyme-linked immunosorbent assay for Treponema pallidum

The prevalence of syphilis was high (14.1%), which was
65% higher than a recent study that evaluated a similar
population of FSWs from 12 Brazilian cities (8.5%) [16],
and 3.5 higher than the prevalence found in the city of
Botucatu (4%), southeast Brazil [17] using rapid qualitative

test and ELISA. These results indicate the disparity on
syphilis prevalence among FSWs in Brazil, as well as the
need for syphilis control and preventive measures in marginalized populations, such as the observed in this Amazon region and other populations worldwide. This data
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reinforces the need for specific approaches in order to
control syphilis spread in these populations.
Unfavourable socioeconomic conditions, and consequently low living standards, may favour initiation and
involvement in sex work, causing a negative influence
self-care and vulnerability to STIs, such as syphilis [15,
18, 19]. Recently, unprotected sex has been linked to as
an advantage to get higher payment on sex work reported by FSWs, which was associated to high rates of
HIV and HBV infections [12, 14].
This study has shown that low educational level and
practice of anal sex are independent risk factors for
syphilis infection. Schooling is one of the most important variables to measure the socio-economic status and
its effects on the health status of a population. We found
that FSWs who had attended up to the primary school
showed a significantly higher prevalence of syphilis positivity. This may reflect the low overall awareness of these
individuals about the risks involved and sex work and
measures to prevent STIs [20, 21].
Having anal sex with high frequency (> 50% of sexual
encounters) during the last year was another factor that
increased the prevalence of syphilis infection. Anal intercourse increases the risk of STIs because of the characteristic of the rectum, which shows a delicate tissue that
can be easily damaged, which is aggravated by the limited lubrification, giving access to bacteria and virus to
the bloodstream [22–24]. Studies have shown that anal
intercourse carries one of the highest-risk of sexual activity for getting HIV. Our results suggest that anal
intercourse not only increases the risk of HIV acquisition but also from T. pallidum, and the same infection
mechanism can be applied to men who have sex with
men and heterosexuals [14, 23, 24].
Although several epidemiological studies have indicated
anal sex as a risk factor for acquisition and transmission of
T. pallidum among men who have sex with men [25–27],
low evidence is found among heterosexual couples [22].
Indeed, this is one of the first investigations to report an
association of anal sex between men and women and
syphilis infection. This result indicates that not only the
use of condoms is important to the spread of STIs, but
also the type of sexual practice among heterosexual couples. Thus, more studies are required to clarify the risk of
anal intercourse on syphilis transmission in heterosexual
sex that was found on this investigation.
Infectious transmissible diseases are a threat not only
for the more vulnerable marginalised populations but can
spread to an entire society, especially when associated with
sexual activities. Controlling the infection in populations
at risk also helps to control the spread of diseases in the
entire population. Thus, public health institutions should
perform several actions with key populations such as (i)
educational program to present and discuss the risks
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involved in sexual practices; (ii) offering rapid syphilis tests
and possibilities of self-testing (iii); stimulating public
awareness about syphilis transmission and disease signs
and symptoms (iv); continually offer treatment and reinforces treatment adherence; (v) conduct regular vaccination campaigns against other associated pathogens such
as HBV and HPV; (vi) regularly offer methods for sexual
protection, such as condoms and lubricants for anal sex.
Sex work is usually a matter of need, not of choice. So,
governments and other human organizations can help
risk groups, such as FSWs, by creating ways to promote
self-esteem, self-confidence, and stimulate awareness of
social rights and benefits, considering their vulnerability
that place them in a group of risk, and also alerting them
how they can be a key player in disease spread/control
[13, 14]. As an example, a comprehensive health program was planned and implemented with FSW in southern China, resulting in several public health benefits,
including in the prevention and control of syphilis [28].
This study has some limitations. Firstly, limited sample
size and restriction to three cities, which makes the results not necessarily representative of the FSW population of the state of Pará, Brazil. Another limitation is
that the diagnosis was exclusively based on serological
tests, no clinical examinations were performed in order
to check signs of active disease. Also, recently acquired
infections can present a small concentration of antigens
and antibodies that aren’t detected yet by either VDRL
and ELISA and therefore may have been diagnosed as
negative. In addition, although convenience sampling
has been found to be adequate for quasi-representative
sampling in hidden populations, other sampling methods
could have been used to improve representativeness. Finally, bias is always a risk in data from self-reported
forms and the cross-sectional design of this study limits
its capacity to establish causality.

Conclusions
This study has identified a high prevalence of syphilis
among FSWs in the Brazilian Amazon region, which is 15
times higher than observed in a general population and
showing that T. pallidum infections are more likely to be
transmitted FSWs in this particular region when compared to other large and higher-income Brazilian cities.
Low level of education was a factor associated with syphilis infection, a condition that can be found in several
other populations worldwide. Anal intercourse was identified as a risk factor among heterosexual couples, a situation previously associated mainly with men who have sex
with men. Comprehensive health programs targeting vulnerable groups, considering their characteristics and peculiarities, can be a rational way to reduce syphilis spread,
which constitutes a major rising public health problem in
Brazil and in several other countries.

Souza et al. BMC Infectious Diseases

(2020) 20:129

Abbreviations
EDTA: Ethylenediaminetetraacetic acid; ELISA: Enzyme-linked immunosorbent
assay; FSWs: Female sex workers; HIV: Human immunodeficiency virus;
RP: Reasons of prevalence; STIs: Sexually transmitted infections;
VDRL: Venereal disease research laboratory; WHO: World Health Organization
Acknowledgements
We acknowledge all subjects enrolled in this study.

Page 7 of 8

5.

6.

7.

Authors’ contributions
RLS, LFAM have designed the study, analyzed and interpreted data, and
wrote the paper. LDPSM, MVSP, RMS, JBLS, VNA, RNMF and JCM participated
in the experiments and data collection. MOGI, RI, ALRR, ABOF and LFAM
analyzed data, revised the manuscript and wrote the final version of the
paper. All authors read and approved the final version of the manuscript.

8.

Funding
This study was financed in part by the Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001. The
publication of this article was supported by Public Notice PAPQ, PROPESP/
FADESP of the Federal University of Pará. The funders had no role in the
study, decision to publish or preparation of the manuscript.

10.

9.

11.
Availability of data and materials
The datasets analyzed during the current study are not publicly available due
to the progress of analyzes of possible infections and co-infections with
other pathogens, but are available from the corresponding author on reasonable request.
12.
Ethics approval and consent to participate
This study was approved by the Research Ethics Committee Involving
Human Beings, Resolution 196/96, of the National Health Council, under
protocol number 25/2006. The participants signed a consent form and
answered an epidemiological questionnaire.

13.

Consent for publication
Not applicable.

14.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Virology Laboratory, Institute of Biological Sciences, Federal University of
Pará, Brazil. Augusto Correa 1. Guamá. CEP 66075-110, Belém, Pará, Brazil.
2
Laboratório de Microbiologia, Instituto de Ciências Biológicas, Universidade
Federal do Pará, Belém, Pará, Brazil. 3Laboratório de Virologia, Instituto de
Ciências Biológicas, Universidade Federal do Pará, Belém, Pará, Brazil.
4
Instituto de Ciências Exatas e Naturais, Universidade Federal do Pará, Belém,
Pará, Brazil. 5Laboratorio de Lepidopterologia e Ictiologia Integrada, Centro
de Estudos Avançados em Biodiersidade (CEABIO), Universidade Federal do
Pará, Belém, Pará, Brazil. 6Grupo de Estudo e Pesquisa em Populações
Vulneráveis, Instituto de Estudos Costeiros, Universidade Federal do Pará,
Bragança, Pará, Brazil.

15.

16.

17.

18.
19.

Received: 13 September 2019 Accepted: 6 February 2020

References
1. Campello T, Gentili P, Rodrigues M, Hoewell GR. Faces of inequality in Brazil:
a look at those left behind. Saude Debate. 2018;42(spe3):54–66.
2. Peeling RW, Mabey D, Kamb ML, Chen XS, Radolf JD, Benzaken AS. Syphilis.
Nat Rev Dis Primers. 2017;12(3):17073.
3. Kojima N, Klausner JD. An update on the global epidemiology of syphilis.
Curr Epidemiol Rep. 2018;5(1):24–38.
4. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, Low N,
Stevens G, Gottlieb S, Kiarie J, Temmerman M. Global estimates of the
prevalence and incidence of four curable sexually transmitted infections in
2012 based on systematic review and global reporting. PLoS One. 2015;
10(12):e0143304.

20.

21.

22.

23.

Pitpitan EV, Kalichman SC, Eaton LA, Strathdee SA, Patterson TL. HIV/STI risk
among venue-based female sex workers across the globe: a look back and
the way forward. Curr HIV/AIDS Rep. 2013;10(1):65–78.
Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. In:
Departamento de DST, Aids e Hepatites Virais. Pesquisa de conhecimento,
atitudes e práticas na população brasileira/Ministério da Saúde. Secretaria
de Vigilância em Saúde Departamento de DST, Aids e Hepatites Virais.
Brasília: Ministério da Saúde; 2016. p. 166p.
Szwarcwald CL, Damacena GN, de Souza-Júnior PRB, Guimarães MDC, de
Almeida WDS, de Souza Ferreira AP, Ferreira-Júnior ODC, Dourado I.
Brazilian FSW Group. Factors associated with HIV infection among female
sex workers in Brazil. Medicine. 2018;97(1S Suppl 1):S54–61.
Schuelter-Trevisol F, Custódio G, Silva AC, Oliveira MB, Wolfart A, Trevisol DJ.
HIV, hepatitis B and C, and syphilis prevalence and coinfection among sex
workers in southern Brazil. Rev Soc Bras Med Trop. 2013;46(4):493–7.
Szwarcwald CL, de Almeida WDS, Damacena GN, de Souza-Júnior PRB,
Ferreira-Júnior ODC, MDC G, Brazilian FSW Group. Changes in attitudes, risky
practices, and HIV and syphilis prevalence among female sex workers in
Brazil from 2009 to 2016. Medicine. 2018;97(1S Suppl 1):S46–53.
Cavalcante NDS, Lima HRR, Tabosa DF, Barbosa EDSS, Costa NPDS, Costa
LMD, Frade PCR, Martins LC, Silva-Oliveira GC, Oliveira-Filho AB. Syphilis in
female sex workers: an epidemiological study of the highway system of the
state of Pará, northern Brazil. Rev Soc Bras Med Trop. 2019;52:e20180064.
Oliveira-Filho AB, Santos FJA, Silva FQ, Raiol NC, Costa CCS, Piauiense JNF,
Martins LC, Cardoso YMN, Di Miceli JFF, Resque RL, Silva-Oliveira GC,
Pinheiro LML, Machado LFA, Pinho JRR, Lemos JAR, Kupek E, Fischer B.
Hepatitis C virus infection status and associated factors among a multi-site
sample of people who used illicit drugs in the Amazon region. BMC Infect
Dis. 2019;19(1):634.
Oliveira-Filho AB, Aires DWF, Cavalcante NS, Raiol NC, Lisboa BLA, Frade
PCR, da Costa LM, Pinheiro LML, Machado LFA, Martins LC, Silva-Oliveira GC,
Pinho JRR, Kupek E, JAR L. Hepatitis C Virus among Female Sex Workers: A
Cross-Sectional Study Conducted along Rivers and Highways in the Amazon
Region. Pathogens. 2019;8(4).
Frade PCR, Raiol NC, da Costa LM, Pinheiro LML, Silva-Oliveira GC, Pinho JRR,
Lemos JAR, Martins LC, Oliveira-Filho AB. Factors associated with exposure
to hepatitis B virus in female sex workers from the Marajó archipelago,
northern Brazil. Int J STD AIDS. 2019;30(11):1127–8.
da Costa LM, Raiol NC, Lisboa BLA, Frade PCR, Blandtt LDS, Silva-Oliveira GC,
Machado LFA, Martins LC, Oliveira-Filho AB. Prevalence and risk factors for
human immunodeficiency virus infection among female sex workers:
distinct offers of sexual Services in a Municipality of the Brazilian Amazon.
AIDS Res Hum Retrovir. 2019;35(9):826–32.
Zoni AC, González MA, Sjögren HW. Syphilis in the most at-risk populations
in Latin America and the Caribbean: a systematic review. Int J Infect Dis.
2013;17(2):e84–92.
Ferreira-Júnior ODC, Guimarães MDC, Damacena GN, de Almeida WDS, de
Souza-Júnior PRB, Szwarcwald CL; Brazilian FSW Group. Prevalence estimates
of HIV, syphilis, hepatitis B and C among female sex workers (FSW) in Brazil,
2016. Medicine. 2018;97(1S Suppl 1):S3-S8.
Baldin-Dal Pogetto MR, Silva MG, Parada CMGL. Prevalence of sexually
transmitted diseases in female sex Workers in a City in the interior of São
Paulo, Brazil. Rev Lat Am Enfermagem. 2011;19(3):493–9.
Silva EF, Costa DB, Nascimento JU. The sex worker's work in the streets and
bars of the city. Psicol Teor Prat. 2010;12(1):109–22.
Matos MA, Caetano KAA, França DDS, Pinheiro RS, Moraes LC, Teles SA.
Vulnerabilidade às Doenças Sexualmente Transmissíveis em mulheres que
comercializam sexo em rota de prostituição e turismo sexual na Região
Central do Brasil. Rev Lat Am Enfermagem. 2013;21(4):906–12.
Korenromp EL, Mahiané SG, Nagelkerke N, Taylor MM, Williams R, Chico RM,
Pretorius C, Abu-Raddad LJ, Rowley J. Syphilis prevalence trends in adult
women in 132 countries - estimations using the Spectrum sexually
transmitted infections model. Sci Rep. 2018;8(1):11503.
Fonseca MG, Bastos FI, Derrico M, et al. AIDS e grau de escolaridade no
Brasil: evolução temporal de 1986 a 1996. Cad Saúde Pública. 2000;16(supl.
1):77–87.
Schmidt R, Carson PJ, Jansen RJ. Resurgence of Syphilis in the United States:
An Assessment of Contributing Factors. Infect Dis. 2019;16(12):
1178633719883282.
Shayo EH, Kalinga AA, Senkoro KP, Msovela J, Mgina EJ, Shija AE, Materu G,
Kilima SP, Mboera LEG, Massaga JJ. Prevalence and risk factors associated

Souza et al. BMC Infectious Diseases

24.

25.

26.

27.

28.

(2020) 20:129

with female anal sex in the context of HIV/AIDS in the selected districts of
Tanzania. BMC Res Notes. 2017;10(1):140.
Mazeingia YT, Olijjira L, Dessie Y. Anal sexual experience and HIV risk
awareness among female sex workers in Dire Dawa, eastern Ethiopia. Glob
Health Res Policy. 2017;2:27.
de Coul EL, Warning TD. Koedijk FD; Dutch STI clinics. Sexual behaviour and
sexually transmitted infections in sexually transmitted infection clinic
attendees in the Netherlands, 2007-2011. Int J STD AIDS. 2014;25(1):40–51.
Bjekić M, Vlajinac H, Šipetić-Grujičić S. Characteristics of gonorrhea and
syphilis cases among the Roma ethnic group in Belgrade, Serbia. Braz J
Infect Dis. 2016;20(4):349–53.
Brignol S, Dourado I, Amorim LD, Kerr LRFS. Vulnerability in the context of
HIV and syphilis infection in a population of men who have sex with men
(MSM) in Salvador, Bahia state, Brazil. Cad Saude Publica. 2015;31(5):1035–48.
Wang B, Wang QQ, Yin YP, Liang GJ, Jiang N, Gong XD, Yang B, Zhou YJ,
Liu Q, Huan XP, Yang LG, Tan GJ, Pei DN, Tucker JD, Chen XS. The effect of
a structural intervention for syphilis control among 3597 female sex
workers: a demonstration study in South China. J Infect Dis. 2012;206(6):
907–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

