

[image: image1]
Prevalence of genital and extragenital sexually transmitted infections among women of reproductive age with and without HIV in the Southern US: results from the study of treatment and reproductive outcomes












	 
	ORIGINAL RESEARCH
published: 26 March 2025
doi: 10.3389/fmed.2025.1537427





[image: image]

Prevalence of genital and extragenital sexually transmitted infections among women of reproductive age with and without HIV in the Southern US: results from the study of treatment and reproductive outcomes

Nicholas F. Nogueira1, Laura S. Beauchamps1, Yue Pan2, Paola Beato Fernandez1, Maria Gabriela Rodriguez1, Gray Kelsey1, Patricia Raccamarich1, Candice A. Sternberg1, Daniel Westreich3, Seble G. Kassaye4, Elizabeth F. Topper5, Aadia Rana6, Deborah Konkle-Parker7, Deborah L. Jones8, Anandi N. Sheth9 and Maria L. Alcaide1*

1Division of Infectious Diseases, Department of Medicine, University of Miami Miller School of Medicine, Miami, FL, United States

2Division of Biostatistics, Department of Public Health Sciences, University of Miami Miller School of Medicine, Miami, FL, United States

3Department of Epidemiology, Gillings School of Global Public Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

4Department of Medicine, Georgetown University, Washington, DC, United States

5Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United States

6Division of Infectious Diseases, University of Alabama at Birmingham School of Medicine, Birmingham, AL, United States

7Schools of Nursing, Medicine, and Population Health, University of Mississippi Medical Center, Jackson, MS, United States

8Department of Psychiatry and Behavioral Sciences, University of Miami Miller School of Medicine, Miami, FL, United States

9Division of Infectious Diseases, Department of Medicine, Emory University School of Medicine, Atlanta, GA, United States

Edited by
Adwoa Asante-Poku, University of Ghana, Ghana

Reviewed by
Diana Gabriela Iacob, Bucharest University Emergency Hospital, Romania
Jonas Wolf, Moinhos de Vento Hospital, Brazil

*Correspondence
Maria L. Alcaide, malcaide@med.miami.edu

Received 30 November 2024
Accepted 07 March 2025
Published 26 March 2025

Citation
 Nogueira NF, Beauchamps LS, Pan Y, Beato Fernandez P, Rodriguez MG, Kelsey G, Raccamarich P, Sternberg CA, Westreich D, Kassaye SG, Topper EF, Rana A, Konkle-Parker D, Jones DL, Sheth AN and Alcaide ML (2025) Prevalence of genital and extragenital sexually transmitted infections among women of reproductive age with and without HIV in the Southern US: results from the study of treatment and reproductive outcomes. Front. Med. 12:1537427. doi: 10.3389/fmed.2025.1537427

Introduction: Sexually transmitted infections (STI) are highly prevalent among women of reproductive age (WRA) and increase the risk of HIV acquisition and transmission. However, the burden of extragenital STIs is understudied among WRA in the US. Estimates of disease are urgently needed among women living with (WWH) and without HIV (WWOH), to inform sex-specific screening guidelines.

Methods: Cross-sectional data from cisgender WWH and WWOH, ages 18–45 years, enrolled in the Study of Treatment and Reproductive Outcomes (STAR) from March 2021 to August 2023 at six Southern US sites was analyzed. Sociodemographic and behavioral assessments were performed using structured interviewer-administered questionnaires. Nucleic-acid amplification tests were performed, regardless of symptoms, on self-collected urine, rectal, and pharyngeal swabs to detect trichomoniasis, chlamydia, and gonorrhea. Sociodemographic characteristics and risk factors were compared by STI status and concordance between genital and extragenital STIs was examined.

Results: Among the 543 participants, 55.2% WWH, mean age was 34.0 (SD ± 7.14) years old, most (72.5%) were non-Hispanic Black, 41.6% had multiple sexual partners, and 85.6% engaged in unprotected sex. Overall, 1.9% tested positive for genital chlamydia, 2.9% rectal chlamydia, 0.6% oropharyngeal chlamydia, 3.4% genital gonorrhea, 1.2% rectal gonorrhea, 1.3% oropharyngeal gonorrhea, and 12.2% trichomoniasis. Genital chlamydia was associated with rectal chlamydia (p < 0.001) but not oropharyngeal chlamydia; and genital gonorrhea associated with rectal (p < 0.001) and oropharyngeal (p = 0.0011) gonorrhea. Eight (11.1%) pregnant participants were diagnosed with at least one STI. Higher genital chlamydia risk was associated with women without healthcare provider visits in the past year [RR = 7.14, 95% CI (1.92, 25.00); p = 0.043]; while higher trichomoniasis risk was associated with lower educational attainment of high school or below [RR = 2.94, 95% CI (1.49, 5.88); p = 0.009] and an average monthly income of less than $1,500 USD [RR = 4.76, 95% CI (1.82, 12.5); p = 0.011]. HIV-status was not associated with genital or extragenital STIs.

Discussion: Prevalence of genital, rectal, oral chlamydia (1.8%, 2.8%, and 0.6%) and gonorrhea (3.3%, 1.1%, and 1.3%), and genital trichomoniasis (11.4%) are high among WRA with and without HIV. The adverse impact for women’s reproductive health and HIV transmission highlights the importance of extragenital STI testing for women in areas of high prevalence of STIs in the US.
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Introduction

Sexually transmitted infections (STIs) are a significant public health concern primarily affecting ethnic and racial minorities and young adults aged 15–24 in the United States (US) (1, 2). Moreover, despite COVID-19 pandemic disruptions in screening in 2020, overall STI reporting increased by 7% from 2017 to 2021 (3–5). Overall, rates of chlamydia decreased by 6.2% (524.6 to 492.2 per 100,000), and gonorrhea increased by 5.2% (170.6 to 179.5 per 100,000) from 2017 to 2023 (6, 7). STIs disproportionately impact young women, contributing to adverse reproductive health and pregnancy outcomes and increased risk of HIV acquisition and transmission (3, 6–12). Among women in the US, rates of chlamydia and gonorrhea have decreased by 1.7 and 14%, respectively, from 2022 to 2023 (6, 7). In contrast to chlamydia and gonorrhea, which are both reportable diseases by the Centers for Disease Control and Prevention (CDC), less data is available for trichomoniasis, a non-notifiable, sexually transmitted protozoal infection commonly referred as the neglected STI, highly prevalent among women with and without HIV In addition (9, 13). Disparities in STIs diagnoses persist globally, with studies suggesting that among women, factors such as age, race, intimate partner violence, childhood abuse, mental health, age of sexual debut, multiple sexual partners, and alcohol are associated with STI diagnoses (14–16).

Women are often underrepresented in clinical research and information on STI burden among reproductive age women remains scarce. This is especially true when considering the context of HIV acquisition and intersectional characteristics between sex and race (17, 18). Among women in the US in 2019, women aged 25–34 and 35–44 had the highest number of new HIV diagnoses, with 54% of new cases occurring in women identifying as Black/African American (19). Women’s risk for HIV can stem from STIs and a variety of other behavioral, biological, and host-related factors ranging from condom use, douching, host mucosal microenvironment, exogenous/endogenous hormones, genital microbiome composition, genital inflammation, amongst others (20). STIs, in particular, exacerbate HIV risk through an elevated pro-inflammatory cytokine response that can cause disruptions to the epithelial barrier (20). In addition to adverse infection outcomes such as pelvic inflammatory disease, infertility, ectopic pregnancy, and preterm delivery, STIs have the potential for vertical transmission during pregnancy and concomitant gonorrhea and chlamydia as well as chlamydia alone has been associated with increased risk of HIV mother-to-child transmission (21–23).

In the Southern United States, the burden of STIs and HIV is particularly high due to a complex interplay of social, economic, and behavioral factors. In 2023, the South had the highest rates of chlamydia (545.3 cases per 100,000; 1.1% decrease from 2022) and gonorrhea (164.3 cases per 100,000; 8.1% decrease from 2022) compared to the Midwest, West, and Northeast regions of the United States (6, 7). Moreover, the South accounted for 52% of new HIV diagnoses in 2021 (19). The prevention of STIs and subsequent avoidance of complications is an area of study that could lead to high impact initiatives in the areas of women’s reproductive health and HIV prevention.

Most clinical discussion emphasizes the diagnosis of genital STIs, with current CDC guidelines recommending annual testing of urogenital chlamydia and gonorrhea in sexually active women younger than 25 years of age and in older women when considering specific risk factors. Screening for trichomonas for people living without HIV is only considered for women seeking care due to symptoms, in high-prevalence settings, or for women engaging in high-risk behaviors (23). Furthermore, despite guidelines recommending regular testing in persons living with HIV, many studies have reported that STI screening remains low, demonstrating potential missed opportunities for treatment (24, 25). Extragenital STIs have been extensively documented among men who have sex with men (MSM), and it has been demonstrated that rectal gonorrhea and chlamydia infections independently increase the risk of HIV acquisition (26). Yet, there is a paucity of research about the prevalence and transmission of rectal gonorrhea and chlamydia among women, and routine testing for extragenital infections is not recommended. In a study examining rectal infections in women reporting ano-receptive intercourse, 17.5% of participants tested positive for rectal chlamydia and 13.4% for rectal gonorrhea (27). However, several studies have found that rectal infections are similarly prevalent among women who do not report receptive anal intercourse, suggesting a need for including routine rectal screening as part of STI and HIV prevention in women (27, 28). Although rarely symptomatic and having low morbidity, far less is known about the prevalence of oropharyngeal STIs in women, which carry implications for disease burden due to transmission from one infection site to another and the development of antimicrobial resistance in the oropharynx (29–31).

Despite significant progress in understanding STI epidemiology and the impact on women’s reproductive health, there remain crucial gaps in knowledge of the underlying mechanisms of genital and extragenital STI disparities for women in the South. Greater understanding of social, behavioral, and structural factors that contribute to the disproportionate burden of STIs among women in the South is needed to develop targeted interventions. This study aims to describe the prevalence of genital chlamydia, gonorrhea, and trichomoniasis, as well as extragenital gonorrhea and chlamydia in the South among reproductive age women living with HIV (WWH) or without HIV (WWOH) enrolled in the Study of Treatment And Reproductive outcomes (STAR), the largest cohort of reproductive age women living with HIV and at risk for HIV in the US.



Materials and methods

This study is a cross-sectional analysis of baseline data from STAR, a longitudinal observational cohort of 18–45 year old, cisgender WWH, and WWOH (at a ratio of 2 WWH:1 WWOH) who reported one of the following high-risk behaviors within 5 years before enrollment: (1) sex with ≥ 3 men; (2) use of crack, cocaine, opiates, methamphetamines, or injection drug use; (3) STI diagnosis; (4) sex for drugs, money, or shelter; (5) sex with a man living with HIV; or (6) a male sexual partner who reported one of these same risk factors within the 5 years prior to her enrollment, or who had prior incarceration. STAR study sites are Atlanta, GA; Birmingham, AL; Jackson, MS; Chapel Hill, NC; Miami, FL; and Washington, DC.

Detailed methods for participant recruitment, screening, visits, and other study procedures have previously been described (32). A total of 759 women who underwent baseline visits from March 2021 to August 2023 were considered, and 543 individuals who underwent at least one NAAT were included in the analyses. Structured interviews administered during visits consist of self-reported medical, reproductive, and psychosocial history, sexual behavior, COVID-19 experiences, mental health assessments, substance use, and limited physical assessments. Participants undergo nucleic-acid amplification testing (NAAT), regardless of symptoms, on self-collected urine, rectal, and pharyngeal swabs to detect chlamydia, gonorrhea, and trichomoniasis.

Sociodemographic characteristics, sexual behaviors, medical history, and incidence of STIs were tabulated. Chi-square tests of independence and Fisher’s exact tests were used to examine concordance between genital and extragenital STIs. Oropharyngeal and rectal chlamydia were combined as extragenital chlamydia, and oropharyngeal and rectal gonorrhea were combined as extragenital gonorrhea. Factors associated with (1) genital chlamydia, (2) genital gonorrhea, (3) trichomoniasis, (4) extragenital chlamydia, and (5) extragenital gonorrhea were assessed using relative risk estimation by Poisson regression with robust error variance. The following factors were included in the regression analysis: age, race, ethnicity, income, educational attainment, average monthly income, location, doctor visit in past year, HIV status, age at first sexual encounter, number of sexual partners, unprotected sex in the past year, 5-year history of transactional sex, and lifetime gonorrhea, chlamydia, or trichomoniasis diagnosis. Unadjusted relative risk ratios were estimated with 95% confidence intervals (CI) (33). We also estimated ordinary least squares models to assess multicollinearity. Observations with missing values for the response or explanatory variables were excluded. Statistical significance was determined using α = 0.05 and significant results were adjusted with False Discovery Rate (FDR)-corrections for multiple comparisons (34). All analyses were conducted using SAS 9.4 and R version 4.3.2.



Results


Sociodemographic characteristics, sexual and STI history, and HIV status

Among the 543 women who underwent at least one NAAT testing, 469 (83.4%) had NAAT results for genital chlamydia, rectal chlamydia, oral chlamydia, genital gonorrhea, rectal gonorrhea, oral gonorrhea, and trichomoniasis, and 74 missed one or more NAAT assessments due to lack of specimen collection, participant refusal, delayed collection until next study visit, or administrative error (Supplementary Tables 1, 2). Participants had a mean age of 34.0 (SD ± 7.14) years old, most, 392 (72.5%), identified as non-Hispanic Black, followed by 66 (12.2%) Hispanic, 52 (9.6%) non-Hispanic White (Table 1). Approximately half, 296 (54.6%), had an educational attainment of high school or lower, 206 (40.5%) earned an average monthly income of less than $1,500 USD, 369 (68.1%) were not married. A large proportion of participants, 482 (89.6%), had seen a health provider in the past year and half, 300 (55.2%) were WWH. Most WWH reported actively taking ART, with 80.9% with a viral load < 200 copies/mL, and median CD4+ T-cell count of 671 (IQR 448–930). Mean age at first sexual encounter was 15.2 (SD ± 3.48), 222 (41.6%) had more than 1 male sexual partner in the past year, and 410 (85.6%) engaged in condomless vaginal or anal sex in the past year. About 10.0% (n = 54) had engaged in transactional sex in the past 5 years. Lifetime history of genital chlamydia, gonorrhea, and trichomoniasis were reported by 189 (35.2%), 140 (26.0%), 166 (30.7%) participants respectively. Of the 243 WWOH, only 24 (9.9%) reported a history of lifetime PrEP use, with only 13 (5.4%) reporting PrEP use within the past year.


TABLE 1 Sociodemographic, sexual history, and history of STI among study participants by HIV status (N = 543).a
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Genital and extragenital STI rates and concordance of STI test results by anatomical site

Ninety-five (17.5%) women were diagnosed with an STI, 82 (15.1%) with genital chlamydia, gonorrhea, or trichomoniasis, and 25 (4.6%) with extragenital chlamydia or gonorrhea. A total of 10 (1.88%) tested positive for genital chlamydia, 15 (2.9%) for rectal chlamydia, and 3 (0.6%) for oropharyngeal chlamydia. Furthermore, 18 (3.38%) tested positive for genital gonorrhea, 6 (1.2%) for rectal gonorrhea, and 7 (1.3%) for oropharyngeal gonorrhea. Lastly, 62 (12.2%) tested positive for trichomoniasis (Table 2). Women who tested positive for genital chlamydia were more likely to test positive for rectal chlamydia (p < 0.001) but not oropharyngeal chlamydia (Table 3). Women who tested positive for genital gonorrhea were more likely to test positive for rectal (p < 0.001) and oropharyngeal (p = 0.0011) gonorrhea (Table 3).


TABLE 2 STI results by HIV status (N = 543).a
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TABLE 3 Concordance between genital and extragenital chlamydia and gonorrhea.a
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STI among pregnant participants

There were 72 pregnant women (Table 4), of whom, eight (11.1%) were diagnosed with at least one STI: two (2.5%) were diagnosed with rectal chlamydia, two (2.5%) with oropharyngeal chlamydia, one (1.3%) with genital gonorrhea, and five (6.3%) with trichomoniasis. More specifically, four had trichomoniasis only, one had rectal chlamydia only, one had genital gonorrhea only, one had both rectal and oral chlamydia, and one had both oral chlamydia and trichomoniasis.


TABLE 4 STI results by pregnancy status (N = 541).a
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Factors associated with genital and extragenital STIs

In relative risk estimation by Poisson regression, a higher risk of genital chlamydia was associated with women who did not visit a healthcare provider in the past year [RR = 7.14, 95% CI (1.92, 25.00); p = 0.043] compared to women who did; and a higher risk of trichomoniasis was associated with lower educational attainment of high school or below [RR = 2.94, 95% CI (1.49, 5.88); p = 0.009] and an average monthly income of less than $1,500 USD [RR = 4.76, 95% CI (1.82, 12.5); p = 0.011] compared to women with an educational attainment of higher than high school and average monthly income of more than $3,001 USD, respectively (Figure 1). After FDR-corrections for multiple comparisons, there were no significant associations between the variables included in the models and oropharyngeal/rectal chlamydia or oropharyngeal/rectal gonorrhea (Figure 2). HIV status was associated with neither genital nor extragenital STIs.
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FIGURE 1
Factors associated with genital (A) chlamydia, (B) gonorrhea, and (C) trichomoniasis diagnosis in univariate logistic regressions. Factors associated with genital STI diagnosis in a univariable logistic regression models for (A) chlamydia (N = 437), (B) gonorrhea (N = 437), and (C) trichomoniasis (N = 416). Variables considered included age at enrollment, race and ethnicity, income, educational attainment, average monthly income, location, doctor visit in past year, HIV status, age at first sexual encounter, number of sexual partners, unprotected sex in the past year, 5-year history of transactional sex, and lifetime gonorrhea, chlamydia, and trichomoniasis diagnosis. Variables that could not be estimated were not included in this figure. Unadjusted relative risk ratios (RRs) were calculated and presented using a log base 2 scale in a Forest Plot. Null line is indicated for no predictor effects and bolded lines represent RRs with 95% confidence intervals. Bolded lines above and below the null line indicate increased or decreased relative risk of STI diagnosis, respectively.
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FIGURE 2
Factors associated with extragenital (A) chlamydia and (B) gonorrhea diagnosis in univariate logistic regressions. Factors associated with Extragenital STI diagnosis in a univariable logistic regression models for (A) chlamydia (N = 434), and (B) gonorrhea (N = 435). Variables considered included age at enrollment, race and ethnicity, income, educational attainment, average monthly income, location, doctor visit in past year, HIV status, age at first sexual encounter, number of sexual partners, unprotected sex in the past year, 5-year history of transactional sex, and lifetime gonorrhea, chlamydia, and trichomoniasis diagnosis. Variables that could not be estimated were not included in this figure. Unadjusted relative risk ratios (RRs) were calculated and presented using a log base 2 scale in a Forest Plot. Null line is indicated for no predictor effects and bolded lines represent RRs with 95% confidence intervals. Bolded lines above and below the null line indicate increased or decreased relative risk of STI diagnosis, respectively.





Discussion

This study evaluated genital and extragenital STIs among WWH and WWOH in six Southern cities in the US, and enrolled in STAR, the largest cohort of reproductive age women with HIV and demographically similar women without HIV in the US. Results indicated relatively high prevalence of genital, rectal, oral chlamydia (1.8, 2.8, and 0.6%) and gonorrhea (3.3, 1.1, and 1.3%), and genital trichomoniasis (11.4%) in women with and without HIV. Education, income, and transactional sex were associated with a higher risk of trichomoniasis, and lack of prior healthcare visits was associated with higher risk of genital chlamydia.

STIs are often asymptomatic and may thus remain undiagnosed and untreated for long periods of time. Lack of treatment can result in severe reproductive health outcomes which are particularly important for younger women. Gonorrhea and chlamydia are associated with pelvic inflammatory disease as well as ectopic pregnancy (35, 36). The consequences of a STI during pregnancy can expand beyond maternal heath to neonatal outcomes, since gonorrhea, chlamydia and trichomoniasis have demonstrated increased risk of preterm birth (9, 10). The higher risk of genital chlamydia among women who did not visit a healthcare provider in the past year highlights the pivotal role clinical providers may play in STI diagnosis, treatment, and prevention. Although STIs have been associated with risk of HIV acquisition, we found no differences in prevalence of genital and extragenital infection by HIV status (37). This could be because WWOH reported engaging with more risky behaviors such as more than 1 male sexual partner and unprotected sex in the past year. Alternatively, this study found that WWOH had lower healthcare utilization, which may indicate less exposure or limited access to STI testing compared to WWH. Novel efforts to expand the reach of providers in STI testing programs to communities with high rates of HIV or vulnerability to HIV remain critical to further lower the incidence of STIs, the consequences in reproductive health, and to limit the spread of HIV.

This study adds to the limited data evaluating extragenital STIs in women in the US. Prior studies have shown high prevalence among women who report anal sex, but this study is among the few in which extragenital chlamydia and gonorrhea testing were performed independent of anal sexual activity and includes pregnant women with and without HIV. Previous studies examining STIs in women have reported high prevalence of rectal chlamydia, 2.0–77.3%, oropharyngeal chlamydia, 0.2–3.2%, rectal gonorrhea, 0.6–35.8%, and oropharyngeal gonorrhea, 0–29.6%, and a discrepancy of genital and extragenital testing (27, 28, 38). Despite concerns of alarming increasing of STI rates, and an increase rate of extragenital STIs, routine extragenital screening is still not recommended for women in current STI guidelines and testing remains suboptimal (39, 40). Although symptomatology was not evaluated in this study, relying solely on symptoms or disclosure of risky sexual behaviors to determine when extragenital testing is conducted may fail to capture cases, especially in high-prevalence settings, as they are often asymptomatic and would lead to undiagnosed and untreated infections and will result in increased risk of STI and HIV transmission, and poor reproductive health outcomes (36). Moreover, incorporating extragenital testing in routine guidelines may also aid in normalizing conversations surrounding STIs and oral/anal concerns between patients and providers, lowering stigma around STI screenings and improving sexual health outcomes. Our study confirms that genital and extragenital STIs are common among women and reinforces the importance of including extragenital sites in routine STI testing for women living with HIV and at risk for HIV.

Trichomonas vaginalis, should not remain a neglected STI as its sequelae in women include increased risk of HIV acquisition, cervical cancer, preterm birth, and other adverse pregnancy outcomes. A meta-analysis of 19 peer-reviewed studies found that persons with T. vaginalis were 1.5 times more likely to acquire HIV, and WWH have higher incidence of trichomoniasis than WWOH (13, 41). Despite having a higher global prevalence than that of chlamydia, gonorrhea, and syphilis combined, only two population-based studies exist examining trichomoniasis infection occurring in the United States (41, 42). Data obtained in the National Health and Nutrition Examination Survey (NHANES) from 2013 to 2016 demonstrated a 4-fold higher prevalence of trichomoniasis in women compared to men, and an 11-fold higher prevalence in Black non-Hispanic females. Furthermore, CDC estimates U.S. population-based prevalence of Trichomoniasis at 2.1% among women, with higher rates, 9.6%, among black women and larger estimates, 14.6–27%, in STD clinics (43). Notwithstanding, we found that race was not associated with risk of a trichomoniasis diagnosis but rather other social determinants of health (44). Cis-gender female sex workers have previously been found to have an elevated risk of trichomoniasis diagnosis, consistent with higher rates of trichomoniasis among women engaging in transactional sex in the past 5 years (45). This study found that lower levels of education, lower income, and history of transactional sex were associated with a trichomoniasis diagnosis, and as a result interventions targeting these groups to decrease the incidence of trichomoniasis may be warranted, especially when implementing programs to decrease new HIV and improve reproductive health outcomes. Low income and low education areas would benefit from comprehensive STI and HIV testing, including rapid (or point of care) HIV and T. vaginalis testing as well as culturally tailored education on STI and HIV prevention (46). Similarly, health disparities play a critical role in the prevalence of chlamydia and gonorrhea, especially in the Southern US. Although age and race were not associated with chlamydia and gonorrhea prevalence in this study, previous studies reported higher prevalence of both among individuals identifying as non-Hispanic Black and among adolescents and young adults aged 15–24, possibly due to differences in sexual health care access and sexual networks (7, 47). For instance, year-round uninsurance has been associated with lower odds of STI testing compared to those with continuous private coverage [OR = 0.37, 95% CI (0.25–0.55)] (48). Considering the intersectionality between health disparities, STIs, and HIV, efforts towards education and testing delivery should be concentrated at local health centers of low education and low-income areas or through mobile care units, to augment diagnosis and access to testing in WRA vulnerable to acquisition of HIV.

This study also highlights further needs for additional preventive strategies for STIs. New digital health interventions (e.g., telehealth, dating app-based interventions) and at-home self-testing STI kits could provide an alternative approach to augment STI education and coordination of testing services, while keeping in mind challenges to implementation and access to these systems (49–54). Leveraging existing infrastructure in healthcare departments and federal/state programs, such as managed care organization with Medicaid or state specific legislation, to expand on STI testing coverage also provides an additional avenue to improve health outcomes (51, 55). Findings of this study also revealed low uptake of pre-exposure prophylaxis (PrEP) further illustrating the need to increase PrEP awareness, uptake, and retention of oral and long-acting injection PrEP among reproductive age women. Thus, the use of multipurpose prevention technologies by simultaneously addressing gaps in PrEP use and STI testing could be beneficial when bundled with multiple services like HIV prevention, treatment, contraception, and substance use programs in STI, OGBYN, family planning, and primary clinics (51, 56–59). In addition, doxycycline post-exposure prophylaxis (DoxyPEP) is a promising strategy for STI reduction, yet early studies reveal no effectiveness in decreasing STIs among women (60–62). Further studies are warranted to identify reasons for lack of efficacy of DoxyPEP and use and optimize STI prevention interventions tailored for cisgender women.

This study has some limitations. Most of the women in the sample identified as non-Hispanic Black in the U.S. South and as a result, the results may not be comparable to other populations. Yet, a strength of the sample is the large representation of Black women, particularly given their risk of poor reproductive outcomes and racial disparities with regard to mortality during childbirth in the United States (63). Due to the limited number of oropharyngeal and rectal STI diagnoses, this study was not able to explore associations with these diagnoses independently of the other, and interviewer-administered questionnaires may be subjected to social desirability bias in self-reported answers surrounding sensitive topics like sexual health and risk behaviors. Furthermore, cross-sectional analyses cannot establish causality, may be subjected to reverse causality, and may underrepresent incidence of STIs as prevalence is a combination of incidence, persistence, and survival (64).

This study has considerable strengths showcasing areas of further focus for STI prevention. Overall, prevalence and incidence of genital STIs remain high, and it extragenital STI in women is unknown according to national statistics. Potential areas of improvement through policy changes is the inclusion of universal extragenital STI testing in national guidelines in high-prevalence settings and among WRA engaging in high risk behaviors, and designating trichomoniasis as a notifiable disease. These may be critical to improving the epidemiological landscape of STIs and would have positive implications in improving reproductive health outcomes and decreased HIV transmission. Future longitudinal studies are warranted to evaluate the impact of health disparities in STI persistence and transmission.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by University of Miami IRB (#20190953). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

NN: Writing – original draft, Writing – review & editing, Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Validation, Visualization. LB: Writing – original draft, Writing – review & editing, Investigation. YP: Writing – original draft, Writing – review & editing, Data curation, Formal Analysis, Investigation, Methodology, Validation, Visualization. PB: Writing – original draft, Writing – review & editing, Data curation, Formal Analysis, Investigation, Methodology, Validation, Visualization. MR: Writing – original draft, Writing – review & editing, Investigation. GK: Writing – original draft, Writing – review & editing, Investigation. PR: Writing – original draft, Writing – review & editing, Investigation, Supervision. CS: Writing – original draft, Writing – review & editing, Investigation. DW: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. SK: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. ET: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. AR: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. DK-P: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. DJ: Writing – original draft, Writing – review & editing, Investigation. AS: Writing – original draft, Writing – review & editing, Funding acquisition, Investigation. MA: Writing – original draft, Writing – review & editing, Conceptualization, Funding acquisition, Investigation, Project administration, Resources, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. Data in this manuscript were collected by the Study of Treatment and Reproductive outcomes (STAR). The contents of this publication are solely the responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH). STAR Principal Investigators: DW, MA, SK, ET, AR, AS. STAR is funded primarily by the National Institutes of Health (NIH) (R01HD101352) and the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD), with supplemental funding from the National Institute of Dental and Craniofacial Research (NIDCR) and the Centers for Disease Control and Prevention (CDC). STAR is also supported by P30AI027767 (Birmingham CFAR), P30AI050409 (Emory CFAR), P30AI073961 (Miami CFAR), P30AI050410 (UNC CFAR), P30MH116867 (Miami CHARM), UL1-TR001409 (DC CTSA), KL2-TR001432 (DC CTSA), and TL1-TR001431 (DC CTSA).



Conflict of interest

DW previously engaged in ad hoc consulting for Sanofi Pasteur, unrelated to this research.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1537427/full#supplementary-material



References

1. National Academies of Sciences Engineering and Medicine. In: SH Vermund, AB Geller, JS Crowley editors. Sexually Transmitted Infections: Adopting a Sexual Health Paradigm. Washington, DC: The National Academies Press (2021). 750 p.

2. Centers for Disease Control and Prevention. National Overview of STIs. (2022). Available online at: https://www.cdc.gov/std/statistics/2022/overview.htm#print (Accessed January 30, 2024).

3. Nelson T, Nandwani J, Johnson D. Gonorrhea and chlamydia cases are rising in the United States: Expedited partner therapy might help. Sex Transm Dis. (2022) 49:e1–3. doi: 10.1097/OLQ.0000000000001479

4. Centers for Disease Control and Prevention. Reported STDs in the United States. (2021). Available online at: https://www.cdc.gov/nchhstp/newsroom/fact-sheets/std/std-us-2021.html#:~:text=The%20overall%20number%20of%20reported,can%20have%20serious%20health%20consequences (Accessed April 11, 2023).

5. Centers for Disease Control and Prevention,. Sexually Transmitted Disease Surveillance. (2021). Available online at: https://www.cdc.gov/std/statistics/2022/2021-STD-Surveillance-Report-PDF_ARCHIVED-2-16-24.pdf (Accessed November 29, 2024).

6. Centers for Disease Control and Prevention. Slides from STI Surveillance. (2023). Available online at: https://www.cdc.gov/sti-statistics/annual/slides.html (Accessed November 12, 2024).

7. Centers for Disease Control and Prevention. National Overview of STIs in. (2023). Available online at: https://www.cdc.gov/sti-statistics/annual/summary.html (Accessed November 12, 2024)

8. Cantor A, Dana T, Griffin J, Nelson H, Weeks C, Winthrop K, et al. Screening for chlamydial and gonococcal infections: Updated evidence report and systematic review for the US preventive services task force. JAMA. (2021) 326:957–66.

9. Flagg E, Meites E, Phillips C, Papp J, Torrone E. Prevalence of trichomonas vaginalis among civilian, noninstitutionalized male and female population aged 14 to 59 years: United States, 2013 to 2016. Sex Transm Dis. (2019) 46:e93–6. doi: 10.1097/OLQ.0000000000001013

10. Baer R, Chambers C, Ryckman K, Oltman S, Rand L, Jelliffe-Pawlowski L. An evaluation of sexually transmitted infection and odds of preterm or early-term birth using propensity score matching. Sex Transm Dis. (2019) 46:389–94.

11. Centers for Disease Control and Prevention. Chlamydia – CDC Detailed Fact Sheet. (2023). Available online at: https://www.cdc.gov/std/chlamydia/stdfact-chlamydia-detailed.htm (Accessed April 11, 2023).

12. Center for Disease Control and Prevention. Sexually Transmitted Disease Surveillance 2018. Atlanta: U.S. Department of Health and Human Services (2019).

13. Alcaide M, Feaster D, Duan R, Cohen S, Diaz C, Castro J, et al. The incidence of Trichomonas vaginalis infection in women attending nine sexually transmitted diseases clinics in the USA. Sex Transm Infect. (2016) 92:58–62. doi: 10.1136/sextrans-2015-052010

14. Thananowan N, Vongsirimas N, Rachapromma P. Intimate partner violence and factors associated with sexually transmitted infections among Thai women attending gynecology clinics. Int J STD AIDS. (2021) 32:336–43. doi: 10.1177/0956462420966136

15. Pinto V, Basso C, Barros C, Gutierrez E. Factors associated with sexually transmitted infections: A population based survey in the city of São Paulo. Brazil. Cien Saude Colet. (2018) 23:2423–32.

16. Keddem S, Maier M, Gardella C, Borgerding J, Lowy E, Chartier M, et al. Gonorrhea and chlamydia testing and case rates among women veterans in the veterans health administration. J Gen Intern Med. (2022) 37:706–13.

17. Bierer B, Meloney L, Ahmed H, White S. Advancing the inclusion of underrepresented women in clinical research. Cell Rep Med. (2022) 3:100553.

18. Johnston C, O’Brien R, Côté H. Inclusion of women in HIV research and clinical trials. AIDS. (2023) 37:995–7.

19. Center for Disease Control and Prevention. Fast Facts: HIV and Women. Atlanta, GA: Center for Disease Control and Prevention (2024).

20. Mtshali A, Ngcapu S, Mindel A, Garrett N, Liebenberg LHIV. susceptibility in women: The roles of genital inflammation, sexually transmitted infections and the genital microbiome. J Reproductive Immunol. (2021) 145:103291.

21. Ngalame A, Mubiana-Mbewe M, Dionne J. Genital tract infections in women, pregnancy and neonates. Obstet Gynecol Clin North Am. (2022) 49:751–69.

22. Adachi K, Klausner J, Bristow C, Xu J, Ank B, Morgado M, et al. Chlamydia and gonorrhea in HIV-infected pregnant women and infant HIV transmission. Sex Transm Dis. (2015) 42:554–65.

23. Centers for Disease Control and Prevention. Screening Recommendations and Considerations Referenced in Treatment Guidelines and Original Sources. (2021). Available online at: https://www.cdc.gov/std/treatment-guidelines/screening-recommendations.htm (Accessed March 22, 2024)

24. Flagg E, Weinstock H, Frazier E, Valverde E, Heffelfinger J, Skarbinski J. Bacterial sexually transmitted infections among HIV-infected patients in the United States: Estimates from the Medical Monitoring Project. Sex Transm Dis. (2015) 42:171–9.

25. Pearson W, Davis A, Hoover K, Gift T, Owusu-Edusei K, Tao G. Demographic and health services characteristics associated with testing for sexually transmitted infections among a commercially insured population of HIV-positive patients. J Acquir Immune Defic Syndr. (2015) 70:269–74. doi: 10.1097/QAI.0000000000000709

26. Barbee L, Khosropour C, Dombrowksi J, Golden M. New human immunodeficiency virus diagnosis independently associated with rectal gonorrhea and chlamydia in men who have sex with men. Sex Transm Dis. (2017) 44:385–9.

27. Hunte T, Alcaide M, Castro J. Rectal infections with chlamydia and gonorrhoea in women attending a multiethnic sexually transmitted diseases urban clinic. Int J STD AIDS. (2010) 21:819–22. doi: 10.1258/ijsa.2010.009279

28. Chan P, Robinette A, Montgomery M, Almonte A, Cu-Uvin S, Lonks J, et al. Extragenital infections caused by chlamydia trachomatis and Neisseria gonorrhoeae: A review of the literature. Infect Dis Obstet Gynecol. (2016) 2016:5758387. doi: 10.1155/2016/5758387

29. Charleson F, Tran J, Kolobaric A, Case R, Fairley C, Hocking J, et al. A systematic review of kissing as a risk factor for oropharyngeal gonorrhea or chlamydia. Sex Transm Dis. (2023) 50:395–401.

30. Adamson P, Klausner J. The staying power of pharyngeal gonorrhea: Implications for public health and antimicrobial resistance. Clin Infect Dis. (2021) 73:583–5. doi: 10.1093/cid/ciab074

31. Tuddenham S, Hamill M, Ghanem K. Diagnosis and treatment of sexually transmitted infections: A review. JAMA. (2022) 327:161–72.

32. Sheth A, Adimora A, Golub E, Kassaye S, Rana A, Westreich D, et al. Study of treatment and reproductive outcomes among reproductive-age women With HIV infection in the Southern United States: Protocol for a longitudinal cohort study. JMIR Res Protoc. (2021) 10:e30398. doi: 10.2196/30398

33. Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epidemiol. (2004) 159:702–6.

34. Glickman M, Rao S, Schultz M. False discovery rate control is a recommended alternative to Bonferroni-type adjustments in health studies. J Clin Epidemiol. (2014) 67(8):850–7. doi: 10.1016/j.jclinepi.2014.03.012

35. Centers for Disease Control and Prevention. Sexually Transmitted Disease Surveillance 2018. (2019). Atlanta, GA: CDC

36. Khan A, Culbreath K, Goldstein Z, Greene D. Access barriers in testing for sexually transmitted infections across gender and sexual identities. Clin Lab Med. (2024) 44:647–63.

37. Masha S, Cools P, Sanders E, Vaneechoutte M, Crucitti T. Trichomonas vaginalis and HIV infection acquisition: A systematic review and meta-analysis. Sex Transm Infect. (2019) 95:36–42.

38. Deiss R, Byrne M, Echols S, Cammarata S, Potswald L, Gomez E, et al. Extragenital chlamydia infection among active-duty women in the United States Navy. Mil Med Res. (2019) 6:3. doi: 10.1186/s40779-019-0193-x

39. Hufstetler K, Llata E, Miele K, Quilter L. Clinical updates in sexually transmitted infections, 2024. J Womens Health (Larchmt). (2024) 33:827–37.

40. Dukers-Muijrers N, Schachter J, van Liere G, Wolffs P, Hoebe C. What is needed to guide testing for anorectal and pharyngeal Chlamydia trachomatis and Neisseria gonorrhoeae in women and men? Evidence and opinion. BMC Infect Dis. (2015) 15:533. doi: 10.1186/s12879-015-1280-6

41. Kissinger P, Gaydos C, Seña A, Scott McClelland R, Soper D, Secor WE, et al. Diagnosis and management of trichomonas vaginalis: summary of evidence reviewed for the 2021 centers for disease control and prevention sexually transmitted infections treatment guidelines. Clin Infect Dis. (2022) 74:S152–61. doi: 10.1093/cid/ciac030

42. Van Gerwen O, Muzny C, Marrazzo J. Sexually transmitted infections and female reproductive health. Nat Microbiol. (2022) 7:1116–26.

43. Center for Disease Control and Prevention. Sexually Transmitted Infections Treatment Guidelines: Trichomoniasis. (2021). Available online at: https://www.cdc.gov/std/treatment-guidelines/trichomoniasis.htm (Accessed September 21, 2022)

44. Patel E, Gaydos C, Packman Z, Quinn T, Tobian A. Prevalence and correlates of Trichomonas vaginalis infection among men and women in the United States. Clin Infect Dis. (2018) 67:211–7.

45. Park J, Gaydos C, White R, Decker M, Footer K, Galai N, et al. Incidence and predictors of chlamydia, gonorrhea and trichomonas among a prospective cohort of cisgender female sex workers in Baltimore, Maryland. Sex Transm Dis. (2019) 46:788–94. doi: 10.1097/OLQ.0000000000001085

46. Menezes C, Frasson A, Tasca T. Trichomoniasis - Are we giving the deserved attention to the most common non-viral sexually transmitted disease worldwide? Microb Cell. (2016) 3:404–19. doi: 10.15698/mic2016.09.526

47. Hamilton D, Morris M. The racial disparities in STI in the U.S.: Concurrency, STI prevalence, and heterogeneity in partner selection. Epidemics. (2015) 11:56–61. doi: 10.1016/j.epidem.2015.02.003

48. Sobon H, Myers-Miller I, Tumin D. Continuity of health insurance coverage and sexually transmitted infection screening among US women. Sex Transm Dis. (2025) 52:14–8.

49. Gogishvili M, Arora A, White T, Lazarus J. Recommendations for the equitable integration of digital health interventions across the HIV care cascade. Commun Med (Lond). (2024) 4:226. doi: 10.1038/s43856-024-00645-1

50. Ludwick T, Walsh O, Cardwell E, Fairley C, Tomnay J, Hocking J, et al. Health provider perspectives on establishing service linkages for treatment and follow-up from an Australian, web-based STI testing service: a qualitative study. Sex Health. (2025) 22:SH24142. doi: 10.1071/SH24142

51. Seiler N, Horton K, Organick-Lee P, Washington M, Turner T, Pearson W. Addressing STIs through managed care: opportunities in Medicaid and beyond. Am J Manag Care. (2024) 30:e341–4. doi: 10.37765/ajmc.2024.89641

52. Reeves J, Griner S, Johnson K, Jones E Jr., Shangani S. Exploring relationships between dating app use and sexual activity among young adult college students. Front Reprod Health. (2024) 6:1453423. doi: 10.3389/frph.2024.1453423

53. Hoopes A, Cushing-Haugen K, Coley R, Fuller S, Sucato G, Mangione-Smith R, et al. Teen secure messaging is associated with use of sexual and reproductive health services in one health system. J Adolesc Health. (2025) 76:455–62. doi: 10.1016/j.jadohealth.2024.10.016

54. Goldberg A, Price D, Phi A, Ma M, Edelstein Z, Golub S. Increasing engagement in human immunodeficiency virus prevention among cisgender women in New York City with sexual health self-testing kits: A MaxDiff analysis. Sex Transm Dis. (2025) 52:181–7. doi: 10.1097/OLQ.0000000000002096

55. Gaines T, Werb D, Harris O. Young, Black/African American, and Latino communities are left behind despite legislative efforts in California to reduce HIV/STI disparities. Front Reprod Health. (2023) 5:1179334. doi: 10.3389/frph.2023.1179334

56. Flash C, Dale S, Krakower D. Pre-exposure prophylaxis for HIV prevention in women: current perspectives. Int J Womens Health. (2017) 9:391–401.

57. Dandadzi A, Young A, Musara P, Shapley-Quinn M, Kemigisha D, Mutero P, et al. Perception of couples’ on multipurpose prevention technology attribute choice: The case of MTN 045. BMC Public Health. (2024) 24:1876. doi: 10.1186/s12889-024-19390-0

58. Massey R, Mason J, Friedman E, Stanford K, Garcia D, Montgomery J, et al. Sexual wellness clinic collaborative initiative with a large urban emergency department: Sexual health outcomes and linkage to HIV pre-exposure prophylaxis. Ther Adv Infect Dis. (2024) 11:20499361241306181. doi: 10.1177/20499361241306181

59. Large J, Vieira S, Sargeant C, Scholfield C, Armstrong H. Relationship status and sexual health service engagement among young people in the United Kingdom: A cross-sectional survey study. Sex Health. (2024) 21:SH24094.

60. Stewart J, Oware K, Donnell D, Violette L, Odoyo J, Soge O, et al. Doxycycline prophylaxis to prevent sexually transmitted infections in women. N Engl J Med. (2023) 389:2331–40.

61. Sokoll P, Migliavaca C, Döring S, Traub U, Stark K, Sardeli A. Efficacy of postexposure prophylaxis with doxycycline (Doxy-PEP) in reducing sexually transmitted infections: A systematic review and meta-analysis. Sex Transm Infect. (2025) 101:59–67.

62. Meyerowitz E, Liang R, Bishop D, Mullis C. Put a little doxy-PEP in your step: Using doxycycline to prevent chlamydia, syphilis, and gonorrhea infections. PLoS Pathog. (2024) 20:e1012575. doi: 10.1371/journal.ppat.1012575

63. Howell E. Reducing disparities in severe maternal morbidity and mortality. Clin Obstet Gynecol. (2018) 61:387–99.

64. Savitz D, Wellenius G. Can cross-sectional studies contribute to causal inference? It Depends. Am J Epidemiol. (2022) 192:514–6.


Copyright
 © 2025 Nogueira, Beauchamps, Pan, Beato Fernandez, Rodriguez, Kelsey, Raccamarich, Sternberg, Westreich, Kassaye, Topper, Rana, Konkle-Parker, Jones, Sheth and Alcaide. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1537427-t001.jpg
4 00 i

Age at enrollment—mean (SD)® 32.1(7.47) 35.5(6.49) 34.0 (7.14)
Race and ethnicity—n (%)

Hispanic 32(13.2) 34 (11.4) 66 (12.2)

Non-Hispanic Black 160 (66.1) 232 (77.6) 392 (72.5)

Non-Hispanic Other 18 (7.4) 13 (4.3) 31(5.7)

Non-Hispanic White 32(13.2) 20 (6.7) 52(9.6)
Educational attainment—n (%)

High school or less 114 (46.9) 182 (60.9) 296 (54.6)

More than high school 129 (53.1) 117 (39.1) 246 (45.4)
Average monthly income, USD—n (%)

1,501-3,000 70 (30.6) 87 (31.1) 157 (30.8)

Less than 1,500 79 (34.5) 127 (45.4) 206 (40.5)

More than 3,001 80 (34.9) 66 (23.6) 146 (28.7)
Marital status—n (%)

Married 28 (11.5) 54 (18.1) 82 (15.1)

Not married 186 (76.5) 183 (61.2) 369 (68.1)

Other 3(12) 8(2.7) 11 (2.0)

Widowed, divorced, or separate 26 (10.7) 54 (18.1) 80 (14.8)
Location—n (%)

Washington, District of Columbia 37(15.2) 23(7.7) 60 (11.0)

Chapel Hill, North Carolina 24(9.9) 44 (14.7) 68 (12.5)

Atlanta, Georgia 58 (23.9) 75 (25.0) 133 (24.5)

Miami, Florida 62 (25.5) 88 (29.3) 150 (27.6)

Birmingham, Alabama 42(17.3) 35(11.7) 77 (14.2)

Jackson, Mississippi 20 (8.2) 35(11.7) 55(10.1)
Pregnant (%) 20(8.2) 52 (17.4) 72(13.3)
Doctor visit in the past year—n (%) 199 (82.6) 283 (95.3) 482 (89.6)
Lifetime PrEP use—n (%) 24(9.9) NA 24 (4.4)
PrEP use in the past year—n (%) 13 (5.4) NA 13 (2.4)
Age at first sexual encounter—mean (SD)b 15.6 (3.68) 14.9 (3.28) 15.2 (3.48)
Number of male sexual partners in the past year—n (%)

0 or 1 male partner 117 (49.2) 195 (65.9) 312 (58.4)

More than 1 male partner 121 (50.8) 101 (34.1) 222 (41.6)
Unprotected sex in the past year—n (%) 203 (91.4) 207 (80.5) 410 (85.6)
History of transactional sex in the past 5 years®—n (%) 26 (10.7) 28 (9.4) 54 (10.0)
Current art use—n (%) NA 294 (98) NA
Absolute CD4+ T cells count—median (IQR)¢ NA 671 (448-930) NA
HIV viral load, < 200 copies/mL—n (%)° NA 157 (80.9) NA
Lifetime history of chlamydia—n (%) 90 (37.3) 99 (33.4) 189 (35.2)
Lifetime history of gonorrhea—n (%) 55(22.9) 85 (28.5) 140 (26.0)
Lifetime history of trichomoniasis—n (%) 73 (30.0) 93 (31.2) 166 (30.7)

2Individuals with at least one NAAT result were included. bSD, standard deviation. “Missing 4 observations for absolute CD4+ T cells count, and 106 observations for HIV viral load.
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HIV status

Variable WWOH WWH Total
(N = 243) (N =300) (N = 543)

Genital chlamydia (n—%)

Negative 234 (96.3) 289 (96.3) 523(96.3)
Positive 5(2.1) 5(1.7) 10 (1.8)
Missing 4(1.7) 6 (2.0) 10 (1.8)

Rectal chlamydia (n—%)

Negative 225(92.6) 277 (92.3) 502 (92.5)
Positive 10 (4.1) 5(1.7) 15(2.8)
Missing 8(3.3) 18 (6.0) 26 (4.8)

Oropharyngeal chlamydia (n—%)

Negative 237 (97.5) 287 (95.7) 524 (96.5)
Positive 1(0.4) 2(0.7) 3(0.6)
Missing 5(2.1) 11 (3.7) 16 (3.0)

Genital gonorrhea (n—%)

Negative 233 (95.9) 282 (94.0) 515 (94.8)
Positive 5(2.1) 13 (4.3) 18 (3.3)
Missing 5(2.1) 5(1.7) 10 (1.8)

Rectal gonorrhea (n—%)

Negative 231(95.1) 279 (93.0) 510 (93.9)
Positive 3(1.2) 3(1.0) 6(1.1)
Missing 9(3.7) 18 (6.0) 27 (5.0)

Oropharyngeal gonorrhea (n—%)

Negative 236(97.1) 285 (95.0) 521 (96.0)
Positive 3(1.2) 4(1.3) 7(1.3)
Missing 4(1.7) 11 (3.7) 15(2.8)

Trichomoniasis (n—%)

Negative 210 (86.4) 235 (78.3) 445 (82.0)
Positive 24(9.9) 38 (12.7) 62 (11.4)
Missing 9(3.7) 27 (9.0) 36 (6.6)

*Nucleic acid amplification test (NAAT) was performed on self-collected urine, rectal, and oropharyngeal swabs to detect chlamydia. Approximately 74 individuals missed one or more NAAT
assessments due to lack of specimen collection, participant refusal, delayed collection until next study visit, or administrative error.
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Variable

Genital chlamydia

Negative

Positive

Rectal chlamydia (N = 508) <0.001°
Negative 489 (98.2) 5(50.0)
Positive 9(1.8) 5(50.0)

Negative Positive

Oropharyngeal chlamydia (N = 518) 1.000
Negative 506 (99.6) 10 (100.0)
Positive 2(0.4) 0(0)
Variable Genital gonorrhea
Negative Positive
Rectal gonorrhea (N = 509) <0.001°
Negative 490 (99.6) 13 (76.5)
Positive 2(0.4) 4(23.5)

Negative Positive

Oropharyngeal gonorrhea (N = 521) 0.0011°
Negative 499 (99.2) 15 (83.3)
Positive 4(0.8) 3(16.7)

*Nucleic Acid Amplification Test (NAAT) was performed on self-collected urine, rectal, and oropharyngeal swabs to detect chlamydia. Only individuals with both results available were included.

bSigniﬁcant p-values (<0.05) were bolded.
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Genital chlamydia (n—%)

Negative 451 (96.2) 70 (13.4) 521(96.3)
Positive 10 (2.1) 0(0.0) 10 (1.9)
Missing 8(1.7) 2(28) 10 (1.9)
Rectal chlamydia (n—%)

Negative 431 (91.9) 69 (95.8) 500 (92.4)
Positive 13 (2.8) 2(28) 15(2.8)
Missing 25(5.3) 1(1.4) 26 (4.8)
Oropharyngeal chlamydia (n—%)

Negative 452 (96.4) 70 (97.2) 522 (96.5)
Positive 1(0.2) 2(28) 3(0.6)
Missing 16 (3.4) 0(0.0) 16 (3.0)
Genital gonorrhea (n—%)

Negative 444 (94.7) 69 (95.8) 513 (94.8)
Positive 17 (3.6) 1(1.4) 18(3.3)
Missing 8(1.7) 2(28) 10 (1.9)
Rectal gonorrhea (n—%)

Negative 437 (93.2) 71 (98.6) 508 (93.9)
Positive 6(1.3) 0(0.0) 6(1.1)
Missing 26 (5.5) 1(1.4) 27 (5.0)
Oropharyngeal gonorrhea (n—%)

Negative 447 (95.3) 72 (100.0) 519 (95.9)
Positive 7(1.5) 0(0.0) 7(1.3)
Missing 15(3.2) 0(0.0) 15(2.8)
Trichomoniasis (n—%)

Negative 376 (80.2) 67 (93.1) 443 (81.9)
Positive 57 (12.2) 5(6.9) 62 (11.5)
Missing 36 (7.7) 0(0.0) 36 (6.7)

*Nucleic acid amplification test (NAAT) was performed on self-collected urine, rectal, and oropharyngeal swabs to detect chlamydia. Observations with missing pregnancy status were excluded
(n=2).
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