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Objective: Evidence is mixed regarding the relationship between bacterial vaginosis (BV) 

and Chlamydia trachomatis (CT) acquisition; therefore, we assessed the relationship 

between recent BV and subsequent CT infection. 

Study Design: A nested case-control study was conducted using data and samples from 

cisgender women who reported engaging in transactional sex and who were participating 

in the Mombasa Cohort, a longitudinal study, in Kenya. BV was assessed monthly and 

categorized by Nugent score (0-6=Normal, 7-10=BV-positive); CT testing was conducted 

quarterly by nucleic acid amplification testing. For each CT case, 2 controls were 

randomly selected using incidence density sampling that tested negative for CT around 

the time a case tested positive for CT (index visit). Conditional logistic regression was 
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used to estimate the odds of being a case between participants with and without BV at 

the prior visit (index-1). 

Results: Between September 2010 and November 2021, 89 cases and 178 controls were 

identified. The median interval between the index and index-1 visits was 61 days 

(interquartile range [IQR] 35-134) for cases and 33 days (IQR 28-42) for controls. At the 

index-1 visit, 42.7% of cases and 23.6% of controls had BV. The unadjusted odds of being 

a case were 2.50 times higher among participants with BV at the index-1 visit compared 

to those without BV (95% confidence interval (CI): 1.44, 4.33). After adjustment for age, 

years of sex work, and contraception, there remained two-fold higher odds of CT among 

those with BV (adjusted OR=2.03; 95% CI 1.07, 3.88).  

Conclusion: In this population of individuals at increased risk for CT exposure, recent 

BV was associated with subsequent CT infection. Further research is needed to assess 

how BV-associated bacteria and communities may enhance susceptibility to CT infection. 
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Introduction 

Chlamydia trachomatis (CT) is the most prevalent bacterial sexually transmitted 

infection (STI) worldwide, with approximately 129 million new cases reported in 2020.1 

The global prevalence of CT stands at around 2.9%, with people assigned female at birth 

exhibiting a higher prevalence compared to those assigned male at birth (3.1% versus 

2.6%, respectively).2 Among cisgender (cis) women, those aged 25 and under bear a 

significant burden of CT infection.3 However, the prevalence of CT among cis-women 

varies across different regions designated by the World Health Organization (WHO). The 

Americas and sub-Saharan Africa display the highest CT prevalence rates, with 5.3% and 

3.8% respectively.2  

CT infection in cis-women can manifest through various signs and symptoms, 

including abnormal vaginal discharge, pain during urination and sexual intercourse, and 

vaginal bleeding.4 However, it is important to note that CT infections are often 

asymptomatic leading to underreporting and lack of diagnosis. Only a small percentage, 

approximately 6%, of women with CT infection experience acute signs and symptoms.5 It 

is crucial to address CT infection promptly as untreated cases can result in long-term 

complications such as pelvic inflammatory disease (PID). Complications like PID can lead 

to infertility, ectopic pregnancy, and chronic pelvic pain if left untreated.6 

While highly sensitive testing is available for CT, estimates from low- and middle-

income countries may be unreliable due to limited laboratory infrastructure and diagnostic 

capabilities, resulting in inadequate surveillance. A 2018 meta-analysis reported a pooled 

CT prevalence of 7.8% among reproductive-age cis-women in sub-Saharan Africa, which 

is substantially higher than the 3.8% reported in a 2020 meta-analysis.7 In countries with 
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limited resources, high rates of CT infection can pose serious consequences due to the 

challenges in accessing reliable screening and diagnosis.8 To address this, many of these 

countries have implemented syndromic management for STIs.8 Although this approach 

may be effective for managing self-reported symptomatic infections, it is insufficient for 

detecting and treating asymptomatic infections.9 Furthermore, although CT is curable with 

antibiotics and true antimicrobial resistance appears to be rare, untreated or recurrent 

infections can increase the risk of serious reproductive health issues.10 Consequently, the 

prevention and treatment of chlamydia is a significant public health concern in these 

regions. 

Bacterial vaginosis (BV) is the most common vaginal condition in cis-women of 

reproductive age.11 It is characterized by an imbalance in the vaginal microbiota. The 

global prevalence of BV is substantial, ranging from 23% to 29% in the general population, 

with variations observed within countries and sub-populations.12 BV presents with signs 

and symptoms such as an abnormal off-color discharge accompanied by a fishy odor, 

increased vaginal pH, and vaginal itching or soreness.13 

The etiology of BV remains incompletely understood, however, several factors 

have been identified that may influence its occurrence. Epidemiological evidence 

suggests that initiation of penile-vaginal sexual intercourse at a younger age14, a higher 

number of lifetime sexual partners15, engaging in sex work16, having sex with a female 

partner17, and regular douching18 may increase the likelihood of BV. Conversely, the use 

of certain hormonal contraceptives19 and consistent use of male condoms20 has been 

associated with a reduced likelihood of BV.  



5 
 

BV represents a significant public health concern due to its association with 

adverse health outcomes, including PID, infertility, and endometriosis.21 Furthermore, BV 

has been associated with an increased risk of STIs such as human immunodeficiency 

virus (HIV)22, Neisseria gonorrhoeae (GC)23, Trichomonas vaginalis (TV)24, and CT.23 

While several studies have explored the association between BV and CT, many of them 

have been cross-sectional in nature, limiting the ability to establish temporal relationships 

between BV and CT.  

Given the high rates of both CT infection and BV recurrence, it is crucial to gain a 

comprehensive understanding of their relationship for effective chlamydia control 

efforts.25 Investigating the role of BV in CT susceptibility is vital as it could pave the way 

for targeted interventions aimed at disrupting this association. Therefore, it represents a 

critical area of research. To address this knowledge gap, this nested case-control study 

aims to evaluate the relationship between BV and CT, using established methods to 

characterize BV, as part of a larger study assessing the impact of vaginal bacteria on CT 

acquisition. The larger study will also examine the involvement of key metabolites 

necessary for CT survival. 

 
Methods 

 
Study design and population 

This study constitutes a secondary analysis of longitudinal data from an open 

cohort study of adult women engaging in transactional sex in Mombasa, Kenya. The 

eligibility criteria for cohort inclusion encompassed individuals between 18 to 50 years 

old, residing in Mombasa, engaging in transactional sex, and providing informed consent. 
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Although gender identity was not specifically assessed in the Mombasa cohort, it was 

assumed based on the study protocol that all participants identified as cisgender women. 

Ethical approval for the study was obtained from the ethical review committee at Kenyatta 

National Hospital and the University of Washington. The analysis utilized data collected 

between September 2010 and November 2021 from eligible participants who were not 

pregnant and tested negative for HIV. 

Study procedures and data collection  

During the enrollment process and subsequent monthly follow-up visits, study staff 

conducted standardized interviews to gather comprehensive information on participants’ 

demographic characteristics, medical history, gynecologic history, and sexual history. 

Additionally, study clinicians performed physical examinations, including pelvic speculum 

examinations, during quarterly visits. Swabs of cervical and vaginal secretions were 

collected during these visits for laboratory testing to diagnose STIs. However, for the 

evaluation of BV, swabs were collected monthly. All participants received free outpatient 

medical services, including STI treatment adhering to WHO guidelines and Kenyan 

national protocols. Syndromic management was administered during examination visits 

as needed. Any additional required treatment was provided during the participant’s 

subsequent visit if laboratory tests identified any infections that had not been treated 

syndromically during the previous visit. 

Laboratory methods 

The collected cervical and vaginal secretion samples underwent nucleic acid 

amplification-based testing (Aptima Combo-2, Hologic, San Diego, CA) to detect 

Chlamydia trachomatis (CT) and other STIs. The presence of BV was assessed using 
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two approaches. First, the Nugent and Hillier score26 was utilized, with scores ranging 

from 0 to 3 indicating BV-negative/normal, scores from 4 to 6 indicating intermediate, and 

scores from 7 to 10 indicating BV-positive. Additionally, Amsel’s criteria27 were applied, 

which required the presence of at least three out of the following four criteria: 1) thin, 

homogenous, or milky discharge, 2) vaginal fluid pH greater than 4.5, 3) positive whiff test 

(detecting a fishy amine odor upon adding 10% potassium hydroxide to the sample), and 

4) at least 20% clue cells (vaginal epithelial cells with obscured borders due to adherent 

coccobacilli on wet-mount preparation).  

Data Analysis 

Cases were defined as participants who tested positive for CT (and negative for 

GC and TV)  at a quarterly study visit. Controls were selected in a 2:1 ratio using incidence 

density sampling and were defined as participants who tested negative for all STIs (CT, 

GC, and TV) at the time of CT diagnosis in cases ideally within 60 days. Individual 

participants could be represented as both cases and controls by design and could be 

presented more than once in the analysis. There were 182 unique individuals in the study 

and 22 of them contributed as cases and controls. The visit where CT infection status 

was determined was referred to as the "index" visit, and the preceding visit was the "index-

1" visit. Figure 1 illustrates the sampling strategy for cases and controls at the index and 

index-1 visits and the BV status at the index-1 visit. 

The primary exposure of interest was BV status, determined by the Nugent score. 

BV status based on Amsel’s criteria served as the secondary exposure of interest. BV 

status was initially categorized into two groups: Nugent score 0-6 (BV-negative) and 7-10 

(BV-positive), while Amsel’s criteria were categorized as the presence of ≤2 criteria 
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(negative) and ≥3 criteria (positive). BV status was further categorized into three groups: 

Nugent score 0-3 (BV-negative), 4-6 (intermediate), and 7-10 (BV-positive). 

Due to the COVID-19 pandemic and mandated lockdown measures, clinic and 

study visit activities were suspended from March to July 2020, resulting in longer intervals 

between the index-1 and index visits during that period. To explore the impact of these 

longer intervals on the association between BV status and CT infection, a sensitivity 

analysis was conducted to exclude participants with longer intervals between the index 

and index-1 visit (i.e., the highest quartile of days between visits). In addition, we 

conducted an additional sensitivity analysis to evaluate the association between BV 

status at both the index and index-1 visit and CT infection. BV status was classified into 

four exposure categories: 1) BV-negative at both visits, 2) BV-positive only at the index-

1 visit, 3) BV-positive only at the index visit, and 4) BV-positive at both the index and 

index-1 visits. It also allowed for the examination of a potential dose-response effect of 

discordant and concordant BV status and CT infection. 

Statistical analysis 

To estimate the odds of being a case, a comparison was made between BV status 

at the index-1 visit among cases and controls. Additionally, the odds of being a case were 

also assessed by comparing BV status at both the index and index-1 visits between cases 

and controls. Age, contraceptive use, sexual behavior, and socioeconomic status 

variables were evaluated for potential inclusion as adjustment and confounding variables 

in the multivariate model (see Tables 1a, 1b, and 1c). The selection of these variables 

was based on their established associations with both BV and CT acquisition, and their 
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inclusion in the model was determined by observing at least a 10% change in the crude 

odds ratio when each covariate was incorporated into the univariate model. 

Regarding missing data, there were two cases with missing Nugent scores at the 

index-1 visit; however, data on Amsel’s criteria were available at this visit. Based on 

Amsel’s criteria and Nugent score data from the index visit, we assigned a Nugent score 

category for these visits. Similarly, six cases and twenty controls were missing individual 

components of Amsel's criteria. Where possible, Amsel’s criteria category was assigned 

based on a subset of the available criteria (i.e. if a participant was missing whiff test 

results, but was negative for the three other available criteria they were classified as not 

having BV). If a determination could not be made based on the available Amsel’s criteria 

data, we used Nugent score to make a final determination for BV status. Conditional 

logistic regression was employed to estimate the odds of being a case based on BV status 

at the index-1 visit, with a significance level set at 5% (alpha = 0.05). The analysis was 

conducted using Stata/BE version 17.0. 

  
Results 

Among the participants enrolled between September 2010 and November 2021, a 

total of 267 individuals met the inclusion criteria for this analysis, comprising 89 cases 

and 178 controls. Tables 1a, 1b and 1c provide the demographic, sexual, and other 

behavioral characteristics of participants at the index and index-1 visits. The median age 

of cases was 31 years (IQR, 26-37), while for controls it was 38 years (IQR, 32-47) (Table 

1a). Regarding sexual behavior, 55.1% of cases and 50.0% of controls reported having 

two or more different sexual partners in the past working week at the index visit, while at 

the index-1 visit, these percentages were 59.6% for cases and 49.4% for controls (Table 
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1b). Furthermore, 29.2% of cases and 32.6% of controls reported having two or more 

new sexual partners in the past month at the index visit, while at the index-1 visit, these 

percentages were 51.7% for cases and 26.4% for controls (Table 1b). At the index-1 visit, 

93.3% of cases and 93.8% of controls reported engaging in vaginal douching, and 21.4% 

of cases and 18.5% of controls used lubrication during sex (Table 1c). In terms of 

contraception, 87.4% of cases and 84.3% of controls used a method of contraception, 

with 39.3% of cases and 47.8% of controls exclusively relying on condoms (Table 1c). 

The median interval between the index and index-1 visits was 61 days 

(interquartile range [IQR], 35-134) for cases and 33 days (IQR, 28-42) for controls. The 

range of intervals between the index and index-1 visits was 28 to 603 days for cases and 

26 to 157 days for controls. The prevalence of BV, as determined by Nugent score and 

Amsel’s criteria at both visits, is presented in Table 2. Using the binary categorization of 

BV status, 43.8% of cases and 23.6% of controls were BV-positive at the index-1 visit. 

Unadjusted and adjusted odds ratios from univariate and multivariate conditional logistic 

regression models are presented in Table 3. The unadjusted odds of being a case were 

2.50 times higher among participants who were BV-positive at the index-1 visit compared 

to those who were BV-negative (95% CI: 1.44, 4.33). After adjusting for age, years of sex 

work, and contraceptive use, the adjusted odds ratio was 2.03 (95% CI: 1.07, 3.88). 

Similar results were observed when using the three-level categorization of Nugent 

score, comparing participants with a score of 7-10 to those with a score of 0-3 (adjusted 

OR=2.04; 95% CI 1.07-3.91). Notably, 10.1% of cases and 11.2% of controls had an 

intermediate score at the index-1 visit. The unadjusted odds of being a case were 1.06 

times higher among participants with an intermediate score compared to those who were 
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BV-negative (95% CI: 0.38, 2.97). When BV status was categorized by Amsel's criteria, 

21.4% of cases and 7.9% of controls were BV-positive at the index-1 visit. The unadjusted 

odds of being a case were 3.10 times higher among participants who were BV-positive 

compared to those who were BV-negative (95% CI: 1.46, 6.58), while the adjusted odds 

ratio was 2.18 (95% CI: 0.86, 5.53). 

Table 4 illustrates the concordant and discordant BV status at the index and index-

1 visits using Nugent score (binary categorization) and Amsel’s criteria. The unadjusted 

odds of being a case were 3.37 times higher among participants who were BV-positive at 

both visits compared to those who were BV-negative at both visits (95% CI: 1.72, 6.60). 

After adjusting for potential confounders, the adjusted odds ratio was 2.67 (95% CI: 1.20, 

5.93). The adjusted odds of being a case were 2.36 times higher among participants who 

were BV-positive only at the index visit (95% CI: 0.80, 6.98), and 1.76 times higher among 

participants who were BV-positive only at the index-1 visit (95% CI: 0.69, 4.51). When 

using Amsel’s criteria, the adjusted odds of being a case were 3.47 times higher among 

participants who were BV-positive only at the index-1 visit (95% CI: 1.07, 11.25). 

To evaluate the impact of longer visit intervals on our findings, we performed a 

sensitivity analysis, restricting cases and controls to participants with visit intervals within 

the upper quartile. This resulted in the selection of 67 cases and 137 controls (Table 5). 

Using the binary categorization of BV status, 46.3% of cases and 21.9% of controls were 

BV-positive. The unadjusted odds of being a case were 2.95 times higher among 

participants who were BV-positive compared to those who were BV-negative (95% CI: 

1.46, 5.96). After adjustment, the results were slightly attenuated, with an adjusted odds 

ratio of 2.89 (95% CI: 1.18, 7.10). 



12 
 

When using the three-level categorization of BV status, the unadjusted odds of 

being a case were 2.82 times higher among participants who were BV-positive compared 

to those who were BV-negative (95% CI: 1.39, 5.72). The adjusted odds ratio was 2.82 

(95% CI: 1.14, 7.00). Using Amsel’s criteria, 23.9% of cases and 8.0% of controls were 

BV-positive. The unadjusted odds of being a case were 4.17 times higher among 

participants who were BV-positive compared to those who were BV-negative (95% CI: 

1.61, 10.78), and the adjusted odds ratio was 3.81 (95% CI: 1.03, 14.16). 

 
Discussion 

In this secondary analysis of the Mombasa Cohort, we investigated the association 

between BV and CT. Our results showed that BV-positive status at the prior visit (index-

1) was associated with CT infection at the subsequent visit (index). Furthermore, 

participants who were BV-positive at both visits had even higher odds of being CT cases 

compared to those who were BV-negative at both visits. While the prevalence of BV by 

Nugent score was higher, the magnitude of the association was higher with Amsel's 

criteria although the confidence intervals are much wider and in some cases included 1 

(adjusted OR 2.18; 95% CI 0.86, 5.53). A possible reason for this stronger association 

may be that although BV is frequently asymptomatic, women with BV are more likely than 

those without BV to report vaginal odor and discharge which are assessed clinically for 

Amsel’s criteria.28 This may indicate a more inflammatory state of the vaginal environment 

that may be more conducive to CT infection. Our sensitivity analysis, which included 

participants with shorter intervals between visits and closer proximity to CT assessment 

also revealed a stronger association between BV and CT.  
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 These findings add to the existing evidence supporting the consistent association 

between BV and subsequent CT infection. Similar associations have been reported in 

previous studies. For instance, the cross-sectional analysis by Kaul et al demonstrated 

that the CT infection rate among cis-women who were BV-positive was 2.1-fold higher 

than the rate among cis-women who were BV-negative.29 Also, the secondary analysis of 

another longitudinal cohort study by Abbai et al observed a nearly 2-fold higher incidence 

of CT infection among women with baseline BV when compared to women who were BV-

negative.30 In contrast, Masese et al reported a 1.1-fold higher association between 

abnormal vaginal microbiota or BV and CT infection, which was also not statistically 

significant.31 It is worth noting that the prospective study by Mases et al only had 16 

baseline CT cases while the present study, using the same Mombasa cohort, included 89 

cases, a much larger number of CT cases, which may explain the stronger association 

observed. 

This nested case-control study aimed to examine the relationship between BV and 

CT using established BV characterization methods within a larger study investigating the 

impact of vaginal bacteria on CT acquisition. Our analysis provided robust evidence of a 

positive association between BV and CT. Moving forward, the next steps involve 

investigating the underlying mechanisms of this association at a biological level. This 

includes identifying the specific BV-associated bacteria, bacterial metabolites, and 

bacterial communities that increase susceptibility to CT infection. One proposed 

mechanism suggests that since urogenital CT requires the amino acid tryptophan to 

proliferate and the immune system generally guards against CT infection32 by producing 

an enzyme that breaks down tryptophan,33 urogenital CT may be able to circumvent this 
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defense mechanism by producing tryptophan on its own using indole,34,35 a metabolite 

produced by BV-associated bacteria such as Prevotella spp.36,37 However, further 

research is needed to fully explore this theory, which is ongoing in the larger nested case-

control study.38 

 
Strengths and limitations 

This analysis has several strengths that contribute to the understanding of the 

association between BV and CT infection. First, the cases and controls were selected 

from a longitudinal study, allowing for the assessment of BV status prior to the visit where 

CT was evaluated. This longitudinal follow-up design enabled the evaluation of the 

temporal ordering of BV and subsequent CT infection within the Mombasa cohort. 

Furthermore, this analysis helps address the limited literature on CT infection in Kenya, 

considering the scarcity of CT screening and diagnosis in resource-limited settings. 

However, our findings should be interpreted in light of certain limitations. Due to 

the nature of case-control studies, we cannot establish causality based solely on the 

association between BV at a prior visit and subsequent CT infection. Moreover, there may 

be measurement errors in key covariates, including self-reported sexual risk behaviors, 

due to potential recall bias and social desirability bias. Although efforts were made to 

minimize recall bias by focusing on sexual risk behaviors in the past week, some 

misreporting remains a possibility. Additionally, unmeasured behavioral factors, such as 

a history of STIs, partner characteristics, and social and cultural factors, may introduce 

residual confounding. Furthermore, misclassification of BV status may occur in 

participants with longer visit intervals, as the vaginal microbiota at the prior visit may not 

be representative of the microbiota preceding CT acquisition at the current visit. 
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It is important to note that the study participants were cis-women engaged in 

transactional sex work, which may limit the generalizability of the findings to the broader 

population of women in the Mombasa region. Additionally, this analysis focused 

exclusively on cis-women, but the public health implications of BV extend to all individuals 

with a vagina, including non-binary and transgender men. Further research is needed to 

encompass a more diverse population beyond the scope of this analysis. 

 
Conclusion 

In conclusion, our study found a significant association between bacterial vaginosis 

(BV), as assessed by Nugent score and Amsel’s criteria, and an increased likelihood of 

acquiring Chlamydia trachomatis (CT). These findings are consistent with previous similar 

studies, reinforcing the importance of exploring this relationship further. Our analysis 

emphasizes the need for an in-depth investigation into the underlying biochemical 

pathways, potentially involving indole salvage, which may facilitate CT infection. To gain 

a mechanistic understanding, the aforementioned larger nested case-control study is 

warranted. Future research should focus on elucidating the intricate interactions and 

involvement of specific BV-associated bacteria, metabolites, and microbial communities, 

ultimately enhancing our understanding of how they contribute to the heightened 

susceptibility and proliferation of Chlamydia trachomatis. 

 
Acknowledgments 

We would like to extend our heartfelt appreciation to the study participants who 

generously shared their time and made invaluable contributions to the Mombasa Cohort. 

We are deeply grateful for their commitment and willingness to be part of this research. 



16 
 

We would also like to acknowledge the dedicated efforts of the clinical, laboratory, 

outreach, and administrative staff who played a crucial role in the successful execution of 

this study. Their unwavering dedication and hard work are greatly appreciated. 

Additionally, we extend our gratitude to the Mombasa County for granting us access to 

their clinical facilities at Ganjoni Municipal Clinic, as well as to the Coast General Teaching 

and Referral Hospital for providing us with laboratory space. Their support has been 

instrumental in the completion of this study, and we are sincerely thankful for their 

collaboration and assistance. 

 
Financial Support 

The authors would like to acknowledge and express their gratitude for the financial 

support received from the US National Institute of Allergy and Infectious Diseases 

(NIH/NIAID) for the vaginal microbiota and C. trachomatis study (Balkus – R01 

AI132441). Additionally, the authors acknowledge the support provided for mentoring 

junior investigators (McClelland – K24 HD88229). It is important to note that the funders 

had no involvement in the study design, data collection, and analysis, decision to publish, 

or any preparations related to future manuscripts. 

 

References 

1. Rodrigues R, Sousa C, Vale N. Chlamydia trachomatis as a Current Health Problem: 
Challenges and Opportunities. Diagnostics. 2022;12(8):1795. 
doi:10.3390/diagnostics12081795 

2. Huai P, Li F, Chu T, Liu D, Liu J, Zhang F. Prevalence of genital Chlamydia trachomatis 
infection in the general population: a meta-analysis. BMC Infect Dis. 2020;20(1):589. 
doi:10.1186/s12879-020-05307-w 

3. Fu L, Sun Y, Han M, et al. Incidence Trends of Five Common Sexually Transmitted 
Infections Excluding HIV From 1990 to 2019 at the Global, Regional, and National Levels: 



17 
 

Results From the Global Burden of Disease Study 2019. Front Med. 2022;9:851635. 
doi:10.3389/fmed.2022.851635 

4. STD Facts - Chlamydia. Published October 4, 2022. Accessed November 4, 2022. 
https://www.cdc.gov/std/chlamydia/stdfact-chlamydia.htm 

5. Korenromp EL, Sudaryo MK, de Vlas SJ, et al. What proportion of episodes of gonorrhoea 
and chlamydia becomes symptomatic? Int J STD AIDS. 2002;13(2):91-101. 
doi:10.1258/0956462021924712 

6. Female urogenital chlamydia: Epidemiology, chlamydia on pregnancy, current diagnosis, 
and treatment - ClinicalKey. Accessed December 13, 2022. https://www-clinicalkey-
com.offcampus.lib.washington.edu/#!/content/playContent/1-s2.0-
S2049080122002084?returnurl=null&referrer=null 

7. Hussen S, Wachamo D, Yohannes Z, Tadesse E. Prevalence of chlamydia trachomatis 
infection among reproductive age women in sub Saharan Africa: a systematic review and 
meta-analysis. BMC Infect Dis. 2018;18(1):596. doi:10.1186/s12879-018-3477-y 

8. Martin K, Olaru ID, Buwu N, et al. Uptake of and factors associated with testing for sexually 
transmitted infections in community-based settings among youth in Zimbabwe: a mixed-
methods study. Lancet Child Adolesc Health. 2021;5(2):122-132. doi:10.1016/S2352-
4642(20)30335-7 

9. Wi TE, Ndowa FJ, Ferreyra C, et al. Diagnosing sexually transmitted infections in resource‐
constrained settings: challenges and ways forward. J Int AIDS Soc. 2019;22(Suppl Suppl 
6):e25343. doi:10.1002/jia2.25343 

10. Kong FYS, Hocking JS. Treatment challenges for urogenital and anorectal Chlamydia 
trachomatis. BMC Infect Dis. 2015;15:293. doi:10.1186/s12879-015-1030-9 

11. Bradshaw CS, Brotman RM. Making inroads into improving treatment of bacterial vaginosis 
– striving for long-term cure. BMC Infect Dis. 2015;15(1):1-12. doi:10.1186/s12879-015-
1027-4 

12. Peebles K, Velloza J, Balkus JE, McClelland RS, Barnabas RV. High Global Burden and 
Costs of Bacterial Vaginosis: A Systematic Review and Meta-Analysis. Sex Transm Dis. 
2019;46(5):304-311. doi:10.1097/OLQ.0000000000000972 

13. Hay P. Bacterial vaginosis. Medicine (Baltimore). 2014;42(7):359-363. 
doi:10.1016/j.mpmed.2014.04.011 

14. Hughes SM, Levy CN, Calienes FL, et al. Starting to have sexual intercourse is associated 
with increases in cervicovaginal immune mediators in young women: a prospective study 
and meta-analysis. Malagón T, Azziz R, eds. eLife. 2022;11:e78565. 
doi:10.7554/eLife.78565 

15. Koumans EH, Sternberg M, Bruce C, et al. The prevalence of bacterial vaginosis in the 
United States, 2001-2004; associations with symptoms, sexual behaviors, and reproductive 
health. Sex Transm Dis. Published online 2007:864-869. 



18 
 

16. Johnson LF, Coetzee DJ, Dorrington RE. Sentinel surveillance of sexually transmitted 
infections in South Africa: a review. Sex Transm Infect. 2005;81(4):287-293. 
doi:10.1136/sti.2004.013904 

17. Forcey DS, Vodstrcil LA, Hocking JS, et al. Factors Associated with Bacterial Vaginosis 
among Women Who Have Sex with Women: A Systematic Review. PLoS ONE. 
2015;10(12):e0141905. doi:10.1371/journal.pone.0141905 

18. Brotman RM, Klebanoff MA, Nansel TR, et al. A Longitudinal Study of Vaginal Douching 
and Bacterial Vaginosis—A Marginal Structural Modeling Analysis. Am J Epidemiol. 
2008;168(2):188-196. doi:10.1093/aje/kwn103 

19. Vodstrcil LA, Hocking JS, Law M, et al. Hormonal Contraception Is Associated with a 
Reduced Risk of Bacterial Vaginosis: A Systematic Review and Meta-Analysis. PLOS ONE. 
2013;8(9):e73055. doi:10.1371/journal.pone.0073055 

20. Hutchinson KB, Kip KE, Ness RB. Condom use and its association with bacterial vaginosis 
and bacterial vaginosis-associated vaginal microflora. Epidemiol Camb Mass. 
2007;18(6):702-708. doi:10.1097/EDE.0b013e3181567eaa 

21. Ravel J, Moreno I, Simón C. Bacterial vaginosis and its association with infertility, 
endometritis, and pelvic inflammatory disease. Am J Obstet Gynecol. 2021;224(3):251-257. 
doi:10.1016/j.ajog.2020.10.019 

22. Atashili J, Poole C, Ndumbe PM, Adimora AA, Smith JS. Bacterial vaginosis and HIV 
acquisition: a meta-analysis of published studies. AIDS Lond Engl. 2008;22(12):1493-1501. 
doi:10.1097/QAD.0b013e3283021a37 

23. Gallo MF, Macaluso M, Warner L, et al. Bacterial Vaginosis, Gonorrhea, and Chlamydial 
Infection Among Women Attending a Sexually Transmitted Disease Clinic: A Longitudinal 
Analysis of Possible Causal Links. Ann Epidemiol. 2012;22(3):213-220. 
doi:10.1016/j.annepidem.2011.11.005 

24. Balkus JE, Richardson BA, Rabe LK, et al. Bacterial vaginosis and the risk of Trichomonas 
vaginalis acquisition among HIV-1 negative women. Sex Transm Dis. 2014;41(2):123-128. 
doi:10.1097/OLQ.0000000000000075 

25. Bradshaw CS, Morton AN, Hocking J, et al. High Recurrence Rates of Bacterial Vaginosis 
over the Course of 12 Months after Oral Metronidazole Therapy and Factors Associated 
with Recurrence. J Infect Dis. 2006;193(11):1478-1486. doi:10.1086/503780 

26. Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis is improved by 
a standardized method of gram stain interpretation. J Clin Microbiol. 1991;29(2):297-301. 

27. Amsel R, Totten PA, Spiegel CA, Chen KCS, Eschenbach D, Holmes KK. Nonspecific 
vaginitis: Diagnostic criteria and microbial and epidemiologic associations. Am J Med. 
1983;74(1):14-22. doi:10.1016/0002-9343(83)91112-9 

28. Klebanoff MA, Schwebke JR, Zhang J, Nansel TR, Yu KF, Andrews WW. Vulvovaginal 
Symptoms in Women With Bacterial Vaginosis. Obstet Gynecol. 2004;104(2):267. 
doi:10.1097/01.AOG.0000134783.98382.b0 



19 
 

29. Kaul R, Nagelkerke NJ, Kimani J, et al. Prevalent herpes simplex virus type 2 infection is 
associated with altered vaginal flora and an increased susceptibility to multiple sexually 
transmitted infections. J Infect Dis. 2007;196(11):1692-1697. 

30. Abbai NS, Reddy T, Ramjee G. Prevalent bacterial vaginosis infection – a risk factor for 
incident sexually transmitted infections in women in Durban, South Africa. Int J STD AIDS. 
2016;27(14):1283-1288. doi:10.1177/0956462415616038 

31. Masese L, Baeten JM, Richardson BA, et al. Incidence and correlates of Chlamydia 
trachomatis infection in a high risk cohort of Kenyan women. Sex Transm Dis. 2013;40(3). 

32. Aiyar A, Quayle AJ, Buckner LR, et al. Influence of the tryptophan-indole-IFNγ axis on 
human genital Chlamydia trachomatis infection: role of vaginal co-infections. Front Cell 
Infect Microbiol. 2014;4. Accessed April 17, 2023. 
https://www.frontiersin.org/articles/10.3389/fcimb.2014.00072 

33. Beatty WL, Belanger TA, Desai AA, Morrison RP, Byrne GI. Tryptophan depletion as a 
mechanism of gamma interferon-mediated chlamydial persistence. Infect Immun. 
1994;62(9):3705-3711. doi:10.1128/iai.62.9.3705-3711.1994 

34. Fehlner-Gardiner C, Roshick C, Carlson JH, et al. Molecular Basis Defining Human 
Chlamydia trachomatis Tissue Tropism: A POSSIBLE ROLE FOR TRYPTOPHAN 
SYNTHASE*. J Biol Chem. 2002;277(30):26893-26903. doi:10.1074/jbc.M203937200 

35. Caldwell HD, Wood H, Crane D, et al. Polymorphisms in Chlamydia trachomatis tryptophan 
synthase genes differentiate between genital and ocular isolates. J Clin Invest. 
2003;111(11):1757-1769. 

36. Sasaki-Imamura T, Yoshida Y, Suwabe K, Yoshimura F, Kato H. Molecular basis of indole 
production catalyzed by tryptophanase in the genus Prevotella. FEMS Microbiol Lett. 
2011;322(1):51-59. doi:10.1111/j.1574-6968.2011.02329.x 

37. Ziklo N, Huston WM, Hocking JS, Timms P. Chlamydia trachomatis Genital Tract Infections: 
When Host Immune Response and the Microbiome Collide. Trends Microbiol. 
2016;24(9):750-765. doi:10.1016/j.tim.2016.05.007 

38. RePORT ⟩ RePORTER. Accessed June 1, 2023. 
https://reporter.nih.gov/search/0mj6neuXw0CgJp-eitRlJQ/project-details/10541862#similar-
Projects 

  



20 
 

Tables And Figures 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The sampling strategy for cases and controls at the Index and index-1 visits. 
Index visit = CT+ visit preceded by CT- visit (orange box). Index-1 = Visit prior to the index 
visit (green box). BV status compared at the index-1 visit (grey arrow) 
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Table 1a: Demographic characteristics of participants with Chlamydia trachomatis 
infection (cases) and matched controls at the index and index-1 visits reported at 
enrollment  

 

Cases (CT+) 
n = 89 

Controls (CT-) 
n = 178 

n (%) or Median 
(IQR) 

n (%) or Median 
(IQR) 

Demographic characteristics 

Age1 31 (26–37) 38 (32–47) 

Nationality  

   Kenyan 82 (92.1) 167 (93.8) 

   Other 7 (7.9) 11 (6.2)) 

Religion  

   Christian  68 (76.4) 142 (79.8) 

   Muslim 21 (23.6) 32 (18.0) 

   Other 0 (0.0) 1 (0.6) 

Marital status  

   Never married 44 (49.4) 78 (43.8) 

   Currently married 0 (0.0) 1 (0.6) 

   Widowed/Divorced 45 (50.6) 99 (55.6) 

Years of education 8 (7–10) 8 (6–11) 

Age at first sex 17 (15–18) 16 (14–18) 

Years engaged in sex work 2 (0–4) 3 (1–5) 

Cigarette consumption  

   ≥ 1 cigarette smoked per day 22 (24.7) 35 (19.7) 

   Number of cigarettes per day among those that smoke ≥ 1 4 (3–10) 4 (1–10) 

Alcohol consumption  

   ≥ 1 drinks per day 70 (78.7) 150 (84.3) 

   Number of drinks per day among those that drink ≥ 1 5 (2–12) 8 (3–14) 

1 Age data was collected at enrollment and calculated longitudinally for follow-up visits 
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Data in the table was only collected at enrollment 
“Religion,” “Cigarette consumption,” and “Alcohol consumption” had ≤5% missingness between cases and controls 
“Other” specific responses are either purposely omitted or currently unavailable 

 

Table 1b: Sexual behavior characteristics of participants with Chlamydia trachomatis 
infection (cases) and matched controls at the index and index-1 visits reported at 
enrollment, follow-up visit, and the past working week. 

 

Cases (CT+) 
n = 89 

Controls (CT-) 
n = 178 

Index Index-1 Index  Index-1 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

Sexual behaviors 

Sexual partnerships in the past working 
week 

 

   No new sexual partners 15 (16.9) 15 (16.9) 40 (22.5) 37 (20.8) 

   1 different sexual partner  25 (28.1) 20 (22.5) 48 (27.0) 53 (29.8) 

   ≥ 2 different sexual partners  49 (55.1) 53 (59.6) 89 (50.0) 88 (49.4) 

Number of different sexual partners in 
the past working week among those with  
≥ 2 

3 (3–5) 3 (3–5) 3 (2–5) 3.5 (2.5–5) 

Frequency of vaginal intercourse during 
the past working week1 

3 (1–5) 3 (2–6) 3 (1–4) 2 (1–5) 

Frequency of vaginal intercourse with 
condoms during the past working week1 

2 (1–5) 3 (2–5) 2 (1–4) 2 (1–5) 

Frequency of anal intercourse during the 
past working week1,2 

0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 

New sexual partnerships in the past 
month 

 

   No new sexual partners 48 (53.9) 36 (40.5) 95 (53.4) 102 (57.3) 

   1 new sexual partner 15 (16.9) 7 (7.9) 25 (14.0) 29 (16.3) 

   ≥ 2 new sexual partners 26 (29.2) 46 (51.7) 58 (32.6) 47 (26.4) 

Number of new partners in the past 
month among those with ≥ 2 

4 (3–5) 3 (2–5) 3 (2–5) 3 (2–4) 
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1 Among those who reported 1 or more different sexual partners during the past working week 
2 There were no responses to “Frequency of anal intercourse during past working week” and therefore no responses 
to “Frequency of anal intercourse with condoms during past working week” so the variable for the latter was omitted 
from the table 
“Sexual partnerships in the past working week” and “New sexual partnerships in the past month” had ≤5% 
missingness between cases and controls 
Index = CT+ visit preceded by CT- visit 
Index-1 = Visit prior to the index visit 

 

Table 1c: Additional behavioral characteristics of participants with Chlamydia trachomatis 
infection (cases) and matched controls at the index and index-1 visits reported at 
enrollment and follow-up 

 

Cases (CT+) 
n = 89 

Controls (CT-) 
n = 178 

Index Index-1 Index  Index-1 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

n (%) or 
Median 
(IQR) 

Additional behaviors 

Have you used anything to wash the 
inside of your vagina? 

85 (95.5) 83 (93.3) 165 (92.7) 167 (93.8) 

What do you use to clean your vagina?1  

   Water alone 41 (48.2) 39 (47.0) 69 (41.8) 70 (41.9) 

   Detergents & other substances 44 (51.8) 44 (51.8) 96 (58.2) 97 (58.8) 

What have you used to clean inside your 
vagina?1 

 

   Finger 52 (61.2) 53 (63.9) 120 (72.7) 123 (73.7) 

   Douche bag 3 (3.5) 2 (2.4) 3 (1.8) 3 (1.8) 

   Bathing flannel 28 (32.9) 27 (32.5) 38 (23.0) 37 (22.2) 

   Other 2 (2.4) 1 (1.2) 4 (2.4) 4 (2.4) 

Put anything not for washing into 
vagina? 

3 (3.4) 3 (3.4) 3 (1.7) 3 (1.7) 

Used vaginal lubricant for sex 18 (20.2) 19 (21.4) 32 (18.0) 33 (18.5) 

Method of contraceptive use  

   None 18 (20.2) 11 (12.4) 35 (19.7) 28 (15.7) 
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   Condoms only 31 (34.8) 35 (39.3) 81 (45.5) 85 (47.8) 

   Oral contraceptive pills 2 (2.3) 3 (3.4) 4 (2.3) 5 (2.8) 

   DMPA2 13 (14.6) 16 (18.0) 23 (12.9) 24 (13.5) 

   Permanent & Long-Acting  
   Reversible Contraception 

25 (28.1) 23 (25.8) 33 (18.5) 36 (20.2) 

   Other 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 

1 Among those who reported Yes to “Have you used anything to wash the inside of their vagina?” 
2 Contraceptive injection most commonly known as Depo Provera (depot-medroxyprogesterone acetate) 
“Have you used anything to wash the inside of your vagina,” “What do you use to clean your vagina?,” “Used vaginal 
lubricant for sex,” and “Method of contraceptive use” had ≤5% missingness between cases and controls. “Other” 
specific responses are either purposely omitted or currently unavailable 
Index = CT+ visit preceded by CT- visit 
Index-1 = Visit prior to the index visit 
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Table 2: The prevalence of bacterial vaginosis by Nugent score and Amsel’s criteria of 
participants with Chlamydia trachomatis infection (cases) and matched controls at the 
index and index-1 visits 

 
Cases (CT+) 

n=89 

Controls (CT-) 

n=178 

Nugent score 

Categorization Index Index-1 Index Index-1 

2 categories  

0-6 (BV-) 50 (56.2) 50 (56.2) 140 (78.7) 136 (76.4) 

7-10 (BV+) 39 (43.8) 39 (43.8) 38 (21.4) 42 (23.6) 

3 categories  

0–3 (BV-) 39 (43.8) 41 (46.1) 119 (66.9) 116 (65.2) 

4–6 (intermediate) 11 (12.4) 9 (10.1) 21 (11.8) 20 (11.2) 

7–10 (BV+) 39 (43.8) 39 (43.8) 38 (21.4) 42 (23.6) 

Amsel’s criteria 

Categorization  Index Index-1 Index Index-1 

BV- 77 (86.5) 70 (78.7) 161 (90.5) 164 (92.1) 

BV+ 12 (13.5) 19 (21.4) 17 (9.6) 14 (7.9) 

1 Adjusted for age, years of sex work, and contraceptive use 
Index = CT+ visit preceded by CT- visit 
Index-1 = Visit prior to the index visit 
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Table 3: Multivariate conditional logistic regression analysis describing odds of Chlamydia trachomatis infection, by bacterial 
vaginosis status at index-1 visit 

 

Cases 

(CT+) 

n=89 

Controls 

(CT-) 

n=178 

Unadjusted Adjusted1 

Nugent score 

Categorization Index-1 OR 95% CI P OR 95% CI P 

2 categories    

0-6 (BV-) 50 (56.2) 136 (76.4) Ref. – – Ref. – – 

7-10 (BV+) 39 (43.8) 42 (23.6) 2.50 1.44–4.33 0.001 2.03 1.07–3.88 0.031 

3 categories    

0–3 (BV-) 41 (46.1) 116 (65.2) Ref. – – Ref. – – 

4–6 (intermediate) 9 (10.1) 20 (11.2) 1.13 0.47–2.73 0.781 1.06 0.38–2.97 0.905 

7–10 (BV+) 39 (43.8) 42 (23.6) 2.53 1.45–4.43 0.001 2.04 1.07–3.91 0.031 

Amsel’s criteria 

Categorization  Index-1 OR 95% CI P OR 95% CI P 

BV- 70 (78.7) 164 (92.1) Ref. – – Ref. – – 

BV+ 19 (21.4) 14 (7.9) 3.10 1.46–6.58 0.003 2.18 0.86–5.53 0.101 

1 Adjusted for age, years of sex work, and contraceptive use 
OR = Odds ratio 
CI = Confidence Interval 
P = p-value 
Index-1 = Visit prior to the index visit 
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Table 4: Discordant and concordant bacterial vaginosis status at the index and index-1 visits using Nugent score and 
Amsel’s criteria & multivariate conditional logistic regression analysis describing odds of Chlamydia trachomatis infection, 
by bacterial vaginosis status 

 

Cases  

(CT+) 

n=89 

Controls 

(CT-) 

n=178 

Unadjusted Adjusted1 

BV status Nugent score 

Index Index-1  OR 95% CI P OR 95% CI P 

(–) (–) 36 (40.4) 121 (68.0) Ref. – – Ref. – – 

(–) (+) 14 (15.7) 19 (10.7) 2.42 1.10–5.32 0.028 1.76 0.69–4.51 0.237 

(+) (–) 14 (15.7) 15 (8.4) 3.28 1.32–8.14 0.010 2.36 0.80–6.98 0.120 

(+) (+) 25 (28.1) 23 (12.9) 3.37 1.72–6.60 0.000 2.67 1.20–5.93 0.016 

BV status Amsel’s criteria 

Index Index-1  OR 95% CI P OR 95% CI P 

(–) (–) 64 (71.9) 155 (87.1) Ref. – – Ref. – – 

(–) (+) 13 (14.6) 7 (3.9) 4.80 1.79–12.85 0.002 3.47 1.07–11.25 0.038 

(+) (–) 6 (6.7) 9 (5.1) 1.73 0.59–5.05 0.315 2.33 0.63–8.66 0.206 

(+) (+) 6 (6.7) 7 (3.9) 1.82 0.59–5.64 0.302 1.22 0.30–4.93 0.779 

1 Adjusted for age, years of sex work, and contraceptive use 
OR = Odds ratio 
CI = Confidence Interval 
P = p-value 
Index = CT+ visit preceded by CT- visit 
Index-1 = Visit prior to the index visit 

 

 



28 
 

Table 5: Sensitivity analysis to address the impact of longer visit intervals on the association between bacterial vaginosis 
by Nugent score and Amsel’s criteria and Chlamydia trachomatis infection among cases and matched controls 

 

Cases  

(CT+) 

n=67 

Controls  

(CT-) 

n=137 

Unadjusted Adjusted1 

Nugent score 

Categorization ≤134 days ≤42 days OR 95% CI P OR 95% CI P 

2 categories    

0-6 (BV-) 36 (53.7) 107 (78.1) Ref. – – Ref. – – 

7-10 (BV+) 31 (46.3) 30 (21.9) 2.95 1.46–5.96 0.003 2.89 1.18–7.10 0.021 

3 categories    

0–3 (BV-) 30 (44.8) 90 (65.7) Ref. – – Ref. – – 

4–6 (intermediate) 6 (9.0) 17 (12.4) 0.56 0.18–1.80 0.334 0.44 0.11–1.86 0.266 

7–10 (BV+) 31 (46.3) 30 (21.9) 2.82 1.39–5.72 0.004 2.82 1.14–7.00 0.025 

Amsel’s criteria 

Categorization ≤134 days ≤42 days OR 95% CI P OR 95% CI P 

BV- 51 (76.1) 126 (92.0) Ref. – – Ref. – – 

BV+ 16 (23.9) 11 (8.0) 4.17 1.61–10.78 0.003 3.81 1.03–14.16 0.046 

1 Adjusted for age, years of sex work, and contraceptive use. 
Cases and controls were restricted to participants with index and index-1 visit intervals which excluded participants with longer intervals between the index and 
index-1 visit (i.e., the highest quartile of days between visits). Cases were limited to those within 134 days, and controls were limited to those within 42 days.  
OR = Odds ratio 
CI = Confidence Interval 
P = p-value 

 


