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Abstract

Background: Sexually transmitted infections (STIs) are a public health problem. The
aim of the present study was to assess the prevalence and risk factors associated with
at least one STI (Chlamydia trachomatis [CT], Neisseria gonorrhoeae [NG], Trichomonas
vaginalis [TV], and Mycoplasma genitalium [MG]) in Brazil.

Methods: A cross-sectional study was conducted using secondary data from the pilot
implementation of the National Service for molecular diagnosis of CT, NG, TV, and
MG in pregnancy. We obtained Ministry of Health surveillance data from the imple-
mentation project. Data encompassing pregnant women aged 15-49 years from pub-
lic antenatal clinics in Brazil in 2022 were included.

Results: A total of 2728 data of pregnant women were analyzed. The prevalence of
at least one infection was 21.0% (573), with the highest prevalence in the Southeast
region (23.3%) and the lowest in the Center-West region (15.4%). The prevalence of
CT was 9.9% (270), NG 0.6% (16), TV 6.7% (184), and MG 7.8% (212). Factors associ-
ated with any infection were from 15 to 24years (AOR=1.93; 95% Cl: 1.58-2.35);
reported family income up to US$400 (AOR=1.79; 95% Cl: 1.03-3.34); declared not
living maritally with their partners (AOR=1.90, 95% Cl: 1.52-2.37) and had more than
one sexual partner in their lifetime (AOR=2.09, 95% Cl: 1.55-2.86).

Conclusion: This study showed a high prevalence of at least one STl among preg-
nant women in Brazil, particularly among younger women. It also provides up-to-date
national data on CT, NG, TV, and MG infections in this population. These findings
underscore the importance of enhancing access to STI screening for young pregnant

women within the Brazilian public health system.

Angélica Espinosa Miranda and Pamela Cristina Gaspar share co-first authorship.
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1 | INTRODUCTION

Sexually transmitted infections (STIs) remain a significant public
health concern despite decades of scientific advances in prevention,
diagnosis, and treatment.'™® Many bacterial STls, such as Neisseria
gonorrhoeae (NG), Chlamydia trachomatis (CT), and Mycoplasma
genitalium (MG) infections during pregnancy, have been associated
with adverse outcomes, such as premature rupture of membranes,
preterm birth, and low birth weight.“'6 Furthermore, CT and NG are
well-known causes of neonatal conjunctivitis, while MG is associ-
ated with pulmonary issues in neonates, especially premature ones.
CT is also recognized as one of the causes of pneumonia in new-
borns.*” Untreated Trichomonas vaginalis (TV) infections in pregnant
women, another STI that predominantly affects the female geni-
tal tract, are associated with an increased risk of low birth weight,
preterm delivery, pelvic inflammatory disease, and premature rup-
ture of membranes.®°

According to Global Health Sector Strategies 2022-2030, en-
hancing STl surveillance is considered a priority by the WHO.*%12
In this respect, molecular diagnosis also plays a crucial role in pro-
viding epidemiological data and improving clinical management.
Nucleic acid amplification tests (NAATs) effectively detect these
pathogens and are commercially available in various versions
worldwide, including those which simultaneously investigate
more than one pathogen. Utilizing tests that can investigate mul-
tiple STls in a single biological sample offers the advantages of
expanded testing access and expedited care.’® Despite the avail-
ability of CT/NG molecular tests in Brazil, a test that can detect
CT/NG/TV/MG simultaneously in a single sample is not yet avail-
able in the Brazilian public health system.**

Insufficient and fragmented data on STls, particularly strat-
ified by gender, are one of the main challenges to implementing
effective prevention and assistance policies. The lack of consis-
tent and comprehensive data at national and subnational levels
difficult the progress in controlling STlIs and identify priority areas
for intervention measurement.*? This problem is evident in Brazil,
where certain STls, such as NG, CT, MG, and TV, are not included
in the list of nationally notifiable diseases, unlike syphilis. As a
result, no official statistics are available for these pathogens in the
country.15 Current data on these infections in pregnant women
primarily come from infrequent national surveys, which further
exacerbates the scarcity of information. The published data in
Brazil reveals a prevalence of CT ranging from 9.4% to 9.8%, GC
from 1.0% to 1.5%,%' and TV of 7.7%'® among pregnant women.
Unfortunately, there are no national data on MG available for this
population.

This study aimed to assess the prevalence and risk factors as-
sociated with CT, NG, TV, and/or MG infections among pregnant

women in Brazil, with a particular focus on generating surveillance

data for implementing a screening program during prenatal care.

2 | MATERIALS AND METHODS

A cross-sectional study was conducted using secondary data from
the pilot implementation of the National Service for Molecular
Diagnosis of CT/NG/MG/TV in Pregnancy. We obtained Ministry
of Health surveillance data from the implementation project. Data
encompassing pregnant women aged 15-49years from public ante-
natal clinics in the five geographic macro-regions of Brazil, attended
from January to December 2022, were included in the study and

analyzed.

2.1 | Data collection

For the implementation project, the Brazilian Ministry of Health
had selected, through a list of random numbers, 21 municipalities
with representation from the five geographical regions (North,
Northeast, Center-West, Southeast, and South) with probability
proportional to the number of childbirths in the year. After this first
step, low-risk and public antenatal care units were chosen according
to the proportion of attended pregnant women in each municipality.

In those services, during antenatal consultation, healthcare pro-
fessionals asked the pregnant women if they wished to participate
in the pilot network for CT/NG/TV/MG testing with a vaginal swab
collection. Due to the potential interference with testing results,
leading to false negatives, pregnant women who had used antibiot-
ics 3months before the consultation for any causes could not par-
ticipate in the pilot testing network. Pregnant women diagnosed as
being infected with any pathogen received treatment according to
the Brazilian Guidelines for Sexually Transmitted Diseases Control.*?

A unique code was assigned to all pregnant women enrolled by
the antenatal care units professionals, aiming to ensure the confi-
dentiality and anonymity of the participants. Sociodemographic,
behavioral, and clinical variables were collected through in-person
questionnaire and included in this analysis. Sociodemographic vari-
ables were age, race/color, schooling, marital status, and family in-
come (less than four minimum Brazilian wages < US$400). Behavioral
variables included were age at first sexual intercourse, age at first
pregnancy, number of partners in the lifetime, and number of part-
ners during the last year. Clinical variables were prior STI - excluding
syphilis, STI symptoms, abortion history, stillbirth history, syphilis
previous year, and HIV infection.

Using a single vaginal sample per patient collected by a health-
care professional, the samples were tested on the Hologic Panther
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platform (San Diego, USA) using three tests: Aptima Combo 2
assay for CT/NG, Aptima Mycoplasma genitalium assay and Aptima
Trichomonas vaginalis assay. The platform is based on transcription-
mediated amplification. In this study the assays were carried out and
scored in strict accordance with the manufacturer's protocol.

All data were anonymized and included in the database for
analysis. The number of positive results was used as the numera-
tor and the denominator were all women in the database, who were
all women attended in the clinic, who met the inclusion criteria, ac-
cepted to participate in the pilot network implementation and were
tested. We received the database without identification for analysis.

2.2 | Statistical analysis

Statistical analysis was performed using the R software (version 4.2.1).
We estimated the prevalence of CT, NG, TV and/or MG among preg-
nant women as the proportion of participants at the pilot implementa-
tion with a positive test result. We used descriptive statistics to assess
sociodemographic, behavioral, and clinical characteristics of pregnant
women diagnosed with any infection (CT, NG, TV and/or MG), includ-
ing frequency distribution for qualitative variables and calculation of
mean and standard deviation for quantitative variables.

We used the chi-square test or the Fisher exact test to verify the
presence of association between the infections and demographic,
behavioral, and clinical variables, and performed using the epitools
R package (version 0.5-10.1). Associations for the likelihood of being
diagnosed with any pathogen were assessed by crude and adjusted
odds ratios based on univariate and bivariate logistic regression,
using the glm function from the stats R package (version 4.2.1).
Variables with P value <0.15 in the bivariate analysis were included
in the multivariate logistic regression model. Variables were consid-

ered as statistically significant when the P value was less than 0.05.

3 | RESULTS

Between January-December (2022), 2728 pregnant women were
included in the pilot network analysis. The prevalence of CT infec-
tion was 9.9% (95% Cl: 8.8-11.1; N=270), NG was 0.6% (95% Cl:
0.3-1.0; N=16), TV was 6.7% (95% Cl: 5.8-7.8; N=184), and MG
was 7.8% (95% Cl: 6.8-8.8; N=212). For the presence of any infec-
tion, the prevalence was 21.0% (95% Cl: 19.5-22.6; N=573), with
the highest and lowest prevalence in the Southeast (23.3%; 95% Cl:
20.9-25.8; N=272) and Center-West (15.4%; 95% Cl: 10.0-22.3;
N=15.4%) regions, respectively (Table 1).

Table 2 shows the sociodemographic, behavioral, and clinical char-
acteristics of the pregnant women included in this study. The mean
age was 27 years old (standard deviation [SD]=6.7), the majority were
black/brown (57.0%), 39.5% had 8years or more of formal education,
and 72.7% reported family income <US$400. Of the participants,
21.6% reported having first sexual intercourse before 15 years old, and
61.4% had more than one sexual partner in lifetime. Most pregnant

TABLE 1 Prevalence of C. trachomatis, N. gonorrhoeae, T. vaginalis and M. genitalium infections in Brazilian pregnant women attending public antenatal care units, by geographical region.

Brazil, 2022 (N

2616).

NG+ TV+ MG+ Any infection

CT+

N (% +95% Cl) N (% +95% Cl)

N (% + 95% Cl)

)
0.4+0-1.9)

N (% +95% ClI

N (% + 95% Cl)

Sample size

-24.4)

20.8+17.5
15.4+10-22.3)

-25.8)

23.3+20.9

-22.6)

21.0+19.5

50
119

7+4.4-10.7)

-12.1)

9.4+7.2
6+2.8-11.2)

23
272
109
573

-8.9)
7.9+5.8-10.5)

7.3£5.9

-8.8)

7.8+6.8

20
54

3.9+1.9-6.8)

-7.2)

51+3.4
2.7+0.7-6.7)

9
85

-11.2)

9.4+78
5.4+3.7-7.6)

44
212

-7.8)

6.7+5.8

11
29

1+0.4-2.3)
0.7+0-3.7)

4
110

1)

0.4+0.1
0.5+0.1-1.6)

30
184

1)

0.6+0.3

1
6
1
5
3
16

8.1+5.2-11.9)

-13.1)
9.4+5.2-15.3)

10.3+7.9

-12.4)
9.2+6.9-11.9)

10.5+8.8

-11.1)

9.9+8.8

284 23

572

North

59

Northeast

14
123

149

1167

Center-West

Southeast
South

51
270

556
2728

Brazil

Abbreviation: Cl, confidence interval.
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TABLE 2 Sociodemographic, behavioral and clinical characteristics of pregnant women attending public antenatal care units according to
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the presence of any infection (C. trachomatis, N. gonorrhoeae, T. vaginalis and/or M. genitalium) Brazil, 2022 (N=2616).

Demographical variables

Sample size n (%)

With any infection
(+) n (%)

Age (year)
15-24 1081 (39.6) 312 (11.4)
25-47 1647 (60.4) 261 (9.6)
Race/color
White/yellow 787 (28.8) 151 (5.5)
Black/brown 1556 (57.0) 321(11.8)
Indigenous 7(0.3) 2(0.1)
Missing 378 (13.9) 99 (3.6)
Schooling (year)
Upto7 339 (12.4) 71(2.6)
Eight or more 1077 (39.5) 216 (7.9)
Missing 1312 (48.1) 286 (10.5)
Marital status
Does not live with 657 (24.1) 204 (7.5)
partner
Married or living 1669 (61.2) 263 (9.6)
together
Missing 402 (14.7) 106 (3.9)
Family income (01 Brazilian minimum wage="US5$200)
Upto 1.9 1247 (45.7) 285 (10.4)
Two to 3.9 736 (27.0) 125 (4.6)
Four to 10 128 (4.7) 14 (0.5)
>10 6(0.2) 1(0)
Missing 611 (22.4) 148 (5.4)
Geographical region
North 284 (10.4) 50(1.8)
Northeast 572 (21) 119 (4.4)
Center-West 149 (5.5) 23(0.8)
Southeast 1167 (42.8) 272 (10)
South 556 (20.4) 109 (4)
Behavioral variables
Age at first sexual intercourse
Under 15years 588 (21.6) 152 (5.6)
15years or over 1666 (61.1) 304 (11.1)
Missing 474 (17.4) 117 (4.3)
Age at first pregnancy
Under 15years 90 (3.3) 22 (0.8)
15years or over 2124 (77.9) 423 (15.5)
Missing 514 (18.8) 128 (4.7)
No. partners/life
1 494 (18.1) 59 (2.2)
>1 1676 (61.4) 378 (13.9)
Missing 558 (20.5) 136 (5)

Without any infection
(=) n (%)

769 (28.2)
1386 (50.8)

636 (23.3)

1235 (45.3)
5(0.2)

279(10.2)

268(9.8)
861 (31.6)
1026 (37.6)

453 (16.6)

1406 (51.5)

296 (10.9)

962 (35.3)
611 (22.4)
114 (4.2)
5(0.2)
463 (17)

234 (8.6)
453 (16.6)
126 (4.6)
895(32.8)
447 (16.4)

436 (16)
1362 (49.9)
357 (13.1)

68 (2.5)
1701 (62.4)
386 (14.1)

435 (15.9)
1298 (47.6)
422 (15.5)

OR (95% ClI)

2.15(1.79-2.6)
1

1
1.09 (0.88-1.36)
1.76 (0.22-8.62)
1.49 (1.12-2)

1.06 (0.78-1.42)
1
1.11 (0.91-1.36)

2.41(1.95-2.97)

1.91(1.48-2.47)

2.39 (1.39-4.42)
1.65(0.94-3.1)

1
1.79 (0.06-12.81)
2.58(1.48-4.83)

0.88(0.6-1.27)

1.08(0.81-1.44)

0.75(0.45-1.21)

1.25(0.97-1.6)
1

1.56 (1.25-1.95)
1
1.47 (1.15-1.87)

1.31(0.78-2.11)
1
1.33(1.06-1.67)

1
2.14 (1.61-2.9)
2.37 (1.71-3.33)

P value

EEEY
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TABLE 2 (Continued)

With any infection

Sample size n (%) (+) n (%)

No. partners last year

1 2120(77.7) 405 (14.8)

>1 183 (6.7) 61(2.2)

Missing 425 (15.6) 107 (3.9)

Clinical variables

Prior STI (excluding syphilis)

Yes 30(1.1) 7(0.3)

No 2274 (83.4) 471(17.3)

Missing 424 (15.5) 95(3.5)
STI symptom

Yes 810 (29.7) 165 (6)

No 1918 (70.3) 408 (15)
Abortion history

Yes 528 (19.4) 115 (4.2)

No 1725 (63.2) 354 (13)

Missing 475 (17.4) 104 (3.8)
Stillbirth history

Yes 58(2.1) 9(0.3)

No 2081 (76.3) 426 (15.6)

Missing 589 (21.6) 138 (5.1)
Syphilis previous year

Yes 59 (2.2) 21(0.8)

No 2358 (86.4) 474 (17.4)

Missing 311 (11.4) 78(2.9)
HIV

Yes 13(0.5) 2(0.1)

No 2572 (94.3) 542 (19.9)

Missing 143 (5.2) 29 (1.1)

Without any infection

(-)n (%) OR (95% CI) P value
1715 (62.9) 1 -
122 (4.5) 2.12(1.52-2.92) o
318 (11.7) 1.43(1.11-1.82) **
23(0.8) 1.18 (0.46-2.65)
1803 (66.1) 1
329 (12.1) 1.11(0.86-1.42)
645 (23.6) 0.95(0.77-1.16)
1510 (55.4) 1
413 (15.1) 1.08 (0.85-1.37)
1371 (50.3) 1
371 (13.6) 1.09 (0.85-1.39)
49 (1.8) 0.72(0.33-1.42)
1655 (60.7) 1
451 (16.5) 1.19 (0.95-1.48)
38(1.4) 2.2(1.26-3.76) *
1884 (69.1) 1
233 (8.5) 1.33(1.01-1.75) *
11 (0.4) 0.72(0.1-2.75)
2030 (74.4) 1
114 (4.2) 0.96 (0.62-1.43)

Abbreviation: Cl, confidence interval; OR, odds ratio; STI, sexually transmitted infection.

*P value<0.15. **P value <0.05. ***P value<0.001.

women were asymptomatic for any STls (70.3%), 0.5% of them were
HIV positive, 2.2% reported having had syphilis and 1.1% had other
STls in the previous year. Around 19.4% had an abortion history.

Factors associated with any infection are described in Table 3.
Women with detection test for any pathogen were younger (15-
24 years vs 25-47 years) (aOR=1.93; 95% Cl: 1.58-2.35); declared
not living maritally with their partners (aOR=1.90, 95% Cl:1.52-
2.37); reported family income up to US$400 (aOR=1.79; 95%
Cl: 1.03-3.34) and had more than one sexual partner in lifetime
(@OR=2.09, 95% Cl: 1.55-2.86).

4 | DISCUSSION

This study represents the first nationwide screening in Brazil
to detect four STI pathogens (CT/NG/MG/TV) among pregnant

women, revealing a significant prevalence of at least one infec-
tion (21.0%). Our study comprises a representative sample of the
low-risk pregnant women who attend antenatal care in Brazil, and
therefore we provided estimates of national prevalence of these
infections. Among the identified pathogens, CT exhibited the
highest prevalence (9.9%), while NG (0.6%) was the less frequent,
TV (6.7%), and MG (7.8%) were detected at rates closer to the CT
ones. The prevalence rates of CT, NG, and TV align with previous
national studies conducted in Brazil.*¢"'82° Our findings are also
similar to a systematic review and meta-analysis in sub-Saharan
Africa, which estimated the prevalence of curable STls in preg-
nant women to be 10.8%, 3.3%, 13.8%, and 13.5% for CT, NG, TV,
and MG, respectively.21 However, our results indicate consider-
ably higher prevalence rates compared to a study conducted in
the Netherlands, where STIs were detected in 2.4% of pregnant
women (CT 1.8%, NG 0.4%, TV 0.4%).2? Another study conducted
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TABLE 3 Multivariate analysis of factors associated with any infection (C. trachomatis, N. gonorrhoeae, T. vaginalis and/or M. genitalium) in
pregnant women attending Brazilian public antenatal care units, 2022.

Age (years) Sample size n (%) Any infection (+) n (%) Any infection (-) n (%) aOR (95% ClI)
15-24 1081 (39.6) 312 (11.4) 769 (28.2) 1.93(1.58-2.35)
25-47 1647 (60.4) 261 (9.6) 1386 (50.8) 1
Marital status
Does not live with partner 657 (24.1) 204 (7.5) 453 (16.6) 1.9 (1.52-2.37)
Married or living together 1669 (61.2) 263(9.6) 1406 (51.5) 1
Missing 402 (14.7) 106 (3.9) 296 (10.9) 1.81(1.16-2.79)
Income (01 Brazilian minimum wage="US$200)
Up to 1.9 1247 (45.7) 285 (10.4) 962 (35.3) 1.79 (1.03-3.34)
2t03.9 736 (27) 125 (4.6) 611 (22.4) 1.48 (0.84-2.81)
4to0 10 128 (4.7) 14 (0.5) 114 (4.2) 1
>10 6(0.2) 1(0) 5(0.2) 1.81(0.09-13.67)
Missing 611 (22.4) 148 (5.4) 463 (17) 1.98 (1.05-3.93)
No. partners/life
1 494 (18.1) 59 (2.2) 435 (15.9) 1
>1 1676 (61.4) 378(13.9) 1298 (47.6) 2.09 (1.55-2.86)
Missing 558 (20.5) 136 (5) 422 (15.5) 1.89(1.16-3.06)

in Nepal reported a lower overall prevalence of STls (8.6%), with a
CT prevalence of 1.5% and TV of 7.1%, while NG was not detected
among those pregnant women.?® Global estimates of STI preva-
lence among women, as reported by Rowley et al., indicate lower
rates for CT (3.8%) but similar rates for NG (0.9%) and TV (5.3%)
compared to our findings.?*

In our study, we observed that women who tested positive
for any STI pathogens were generally younger, reported not liv-
ing with their partners, had a family income of up to US$ 400,
and had multiple sexual partners throughout their lifetime. It is
important to note that adolescents are increasingly affected by
STlIs worldwide, and they are often considered a neglected popu-
lation in terms of STl care.?® In Brazil, for instance, reported cases
of acquired syphilis have more than doubled between 2015 and
2021, with a significant proportion occurring among young indi-
viduals.?® Furthermore, poverty has been associated with an in-
creased risk of STl infection in pregnant women, as evidenced by
studies conducted in Haiti.?” Consistent with other authors' find-
ings, our study also demonstrated an association between having
multiple sexual partners throughout lifetime and STI infection,
with a higher frequency observed among women with more than
one partner.“”“’18

In general, STls present a higher impact among vulnerable women
as shown in our study, and the situation is even more complicated
when it occurs during pregnancy. It highlights the importance of an
adequate antenatal care, for offering a high-quality assistance, and
primary care units must ensure easy and effective access to health-
care services for these women. This is an important initiative since

the number of prenatal consultations does not necessarily reflect the

quality of care. Many pregnant women lack access to timely diagnosis
and treatment for some infections, leading to cases of vertical trans-
mission and neonatal complications. For example, the high rates of
congenital syphilis in Brazil.?® It is equally important to equip man-
agers and healthcare professionals with the necessary skills to meet
the diverse needs of clients, as a flexible and personalized approach
can greatly enhance service delivery. This action relies on an ongo-
ing education process for these professionals who require updates
on recommendations for the clinical management of cases.>'?% The
current structure of the healthcare system and certain policy factors
may pose barriers to effective engagement in STls care activities
within our healthcare system. However, with strong governmental
commitment and leadership at the local level, opportunities can be
identified to prioritize and enhance efforts in this field.?’ The suc-
cess of such initiatives relies on overcoming obstacles and fostering
collaboration among stakeholders, while integrating surveillance and
care services that span the entire spectrum of engagement.

There were several limitations in our study. (1) The use of sec-
ondary data without independent validation, susceptible to informa-
tion bias. (2) Missing data in some independent variables that could
have reduced the statistical power of the analysis. (3) The lack of
pregnant and perinatal outcomes since pregnant women were not
followed. However, these limitations did not invalidate our results or
diminish their significance because this study provided novel data on
the prevalence of these STls in pregnant women in Brazil. According
to the Ministry of Health, 75% of the approached pregnant women
accepted to be tested. These data will be essential for the develop-
ment of strategies for prevention and control of these pathogens

during prenatal care.
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With regard to the missing data, we showed that they had a
non-random distribution and were associated with our outcomes.
Understanding these implications is fundamental to properly develop
measures to enhance data quality during the expansion of this pilot
project to the entire country. The availability of national surveillance
data plays a crucial role in the development of effective public health
policies for addressing STIs.}**? Furthermore, our findings underscore
the importance of implementing molecular testing for STI diagnosis
and the necessity of delivering targeted prevention strategies and sex-
ual health education, particularly focusing on young individuals.2>%%°
Additionally, the global recognition of the emergence and spread of
antimicrobial resistance in pathogens such as Neisseria gonorrhoeae
and Mycoplasma genitalium highlights the urgent need for public health
intervention programs supported by robust local data, etiological test-
ing, and updated treatment guidelines to effectively control the dis-
semination of untreatable strains.}2303

While the exact impact of STIs on maternal-child health out-
comes in low- and middle-income countries is still uncertain, there
is significant potential for population-level consequences given the
high prevalence of STIs among pregnant women in these countries,
and the availability of effective treatments. Advancements in tech-
nology have opened up new possibilities for implementing more
efficient STlIs screening and treatment methods.>2 The prevalence
and potential adverse outcomes associated with curable STls during
pregnancy indicate that conducting etiological STls screening for all
pregnant women, followed by targeted treatment, could be bene-
ficial. However, the high costs associated with this intervention in
low- and middle-income countries, along with insufficient evidence,
currently hinder the development of global recommendations for
these countries. 123233

This study revealed a high prevalence of at least one STI among
pregnant women in Brazil, particularly among younger women. We
provide up-to-date national epidemiological data on CT, NG, and TV
infections in this population, and notably, it made a groundbreaking
contribution by establishing the national prevalence of Mycoplasma
genitalium. The findings underscore the importance of enhancing
access to CT/NG screening for young pregnant women within the
Brazilian Public Health System. Moreover, it highlights the need for
comprehensive discussions on the integration of molecular testing
for TV and MG into routine prenatal care. Future studies are war-
ranted to evaluate the cost-effectiveness of TV and MG screen-
ing and to explore the consequences of MG infection in pregnant

women.
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