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Abstract

Sexually transmitted infections (STIs) in women caused by Chlamydia trachomatis (CT) and/or
Neisseria gonorrhoeae (NG) are epidemiologically distinct. In this study, associations with
sociodemographic and clinical risk factors are explored separately for CT and NG. Multivariate
logistic regression (MLR) models quantify associations between potential CT and/or NG risk
factors within a cross-sectional study of high-risk women in two Zambian cities, Lusaka and
Ndola. CT was associated with living in Lusaka, younger age, and literacy. Long-acting reversible
contraception (LARC) was predictive of CT in Ndola, but protective in Lusaka. In Lusaka only,
CT was associated with lower education and reported unprotected sex. NG was associated with
younger age, lower education, concurrent 7richomonas vaginalis, bacterial vaginosis, and incident
syphilis infection. Signs and symptoms were rare and not associated with either infection. CT was
more prevalent, nearly 11%, compared to NG, 6.8%. The higher prevalence of CT could explain
the lack of association with other STIs. The associations observed with NG could be the result of
high-risk sexual networks or lack of protective immunity. Risk factors for CT and NG are distinct
and may differ geographically, which should be considered when developing diagnostic tools or
guiding presumptive treatment in specific populations.
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Introduction

Chlamydia trachomatis (CT) and Neisseria gonorriioeae (NG) are bacteria that result in
sexually transmitted infections (STIs) worldwide. In women, these infections are frequently
asymptomatic and can cause pelvic inflammatory disease, pregnancy complications, and
infertility, as well as increase the risk for HIV acquisition1~3. Both infections are curable
with antibiotics, however the rise of antibiotic resistant NG strains are an increasing threat to
treatment?.

Longitudinal and cross-sectional studies have suggested partial protective immunity to CT.
In a study of female sex workers (FSW) in Nairobi, younger age and fewer years working

as a FSW were associated with increased incidence of CT, suggesting that despite continued
exposure, protective immunity prevented recurrent infections in older and more experienced
FSWs®. Similarly, among FSWs in Benin, longer duration of sex work was associated with
protection against CT/NG infection®. Animal studies have shown that the immunity to CT

is mediated by CD4* T cells’- 8 and the cytokines INF-y and IL-13 have been associated
with CT/NG protection in humans®. No protective immunity has been described in NG, but
rather an array of host-evasion strategies precludes the establishment of an effective immune
response®.

Although the mode of transmission for CT and NG is the same, each pathogen has unique
characteristics. Due to similar symptomology and limited resources, symptomatic women
may be treated for both infections under syndromic STI management®. However, with
potential protective immunity to CT and the mounting risk of antibiotic resistance by NG4, it
is important to investigate how the risk profiles for infection by each of these unique bacteria
differ within the same study population.

Materials and Methods

Study Population:

An established prospective cohort of HIV-uninfected high-risk women (HRW) in Lusaka and
Ndola, Zambia was examined!1-13, The women included were either FSW or single mothers
with children under the age of five (SM) referred to the Zambia-Emory HIV Research
Project (ZEHRP) from local post-natal clinics or invited from community outreach at sex
work hot spots.

Data from a 2016 cross-sectional sub-study on intra-vaginal practices (IVP) in this cohort
was the source of STI test results and clinical observations4. The IVP study included a
survey of sociodemographic factors, IVP, symptoms, and sexual behaviors. A clinical exam
was performed where venous blood and endocervical swabs were collected by a nurse. All
participants were STI tested, regardless of reported symptoms. Samples were tested for HIV
by rapid test (Determine HIV-1/2 Ag/Ab Combo, Uni-Gold confirmatory) and GeneXpert;
syphilis by rapid plasma reagin (RPR); Trichomonas vaginalis (TV), candida, and sperm

by wet mount microscopy; and bacterial vaginosis (BV) by KOH whiff test and clue cell
identification. Women with bacterial STIs received free treatment onsite and partners were
invited for treatment. Women testing HIV positive were referred to government clinics for
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antiretroviral therapy. A total of 825 unique clinic visits where CT/NG GeneXpert testing
was performed were available for analysis. There were several instances where the same
individual was tested at two separate clinic visits, however these entries were not excluded
from the analysis because GeneXpert testing and survey responses were available for both
time points.

All samples and data were gathered between September 2016 and January 2019. The

two outcome variables for this study were CT (including CT/NG co-infected), and NG
(including CT/NG co-infected). The reference group for both outcomes was the CT and NG
uninfected population. In the models where CT was the outcome of interest, those infected
with NG only were omitted from the analysis; the reverse is true for the models where NG
was the outcome of interest.

Clinical signs were any of the following on either the external or internal genitalia during
pelvic examination: inguinal adenopathy, inflammation, ulceration, condyloma or warts,
cervicitis, cervical discharge or pus, vaginal discharge, erosion or friability of the cervix or
vagina, non-menstrual bleeding, or adnexal tenderness or mass. Symptoms were recorded

if the participant spontaneously reported the symptom or if they reported it after being
specifically prompted, and whether the symptom was currently present or previously treated
elsewhere and was now resolved. The following symptoms were evaluated: cystitis, dysuria,
vaginal itching, vaginal discharge, dyspareunia, lower abdominal pain, or acute/chronic/
recurrent genital ulcer.

Laboratory tests assessed the presence of TV, HIV, sperm on a vaginal swab, candida,
BV, and syphilis. BV was considered present if a woman had both a positive KOH whiff
test and clue cells observed on microscopy. The presence of an incident syphilis infection
was determined by a proxy, receiving treatment for syphilis, due to the high prevalence of
serofast RPR results in Lusakal®: 16,

Age groups (18-24 and 25+) were tabulated based on birth year and age in 2016. Literacy
was determined based on whether the participant could read English or the predominant
local dialect (Nyanja, the lingua franca in Lusaka or Bemba, the predominant language of
communication in Ndola) without difficulty. Education was based on the level of schooling
completed and grouped by either none/primary or secondary/college.

Long-acting reversible contraception (LARC) was considered to be either the hormonal
implant or the intrauterine device (IUD); injectable contraception was not categorized as
LARC. Other variables considered were city of residence, reported sex without a condom
at least once in the past one-three months, reported history of transactional sex, and self-
reported pregnancy.

Logistic Regression Modeling:

Overall frequencies of each covariate, as well as frequencies stratified by city, were first
compared via chi-square or Fisher’s exact test for each outcome to the uninfected group.
Instances where the stratified chi-square or Fisher’s exact p-value was less than 0.05 in
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one city but not the other, or significant in both cities but not overall, were included as an
interaction term by city in the logistic regression model.

The probability of a positive outcome follows a binomial distribution. Each covariate and the
interaction terms were initially considered in bivariate logistic regression models. Variables
that resulted in a significant association at the bivariate level were included in the full
multivariate logistic regression model (MLR). For each of the full models, a data subset was
created that excluded missing values for all predictors in the model. The full model then
underwent bi-directional stepwise model selection using the R function stepAIC to arrive at
the final MLR model.

Collinearity of the full model was assessed by examining the correlations between each of
the variables in the model and the variance inflation factors (VIF). All of the correlation
coefficients were below 0.5 and all of the VIFs were below 10, so no variables were
eliminated due to collinearity.

Ethics:
These investigations were approved by the Institutional Review Board of Emory University
and the Research Ethics Committee of the University of Zambia. Participants completed
written informed consent before survey administration or study specimen collection.
Results

Clinical signs and symptoms are not significantly associated with CT/NG status

There were a total of 68 CT-only cases (26 Lusaka, 42 Ndola), 34 NG-only cases (6

Lusaka, 28 Ndola), and 22 CT & NG co-infected cases (4 Lusaka, 18 Ndola). The
remaining 701 individuals were both CT and NG uninfected (169 Lusaka, 532 Ndola).

The prevalence of CT was higher in Lusaka compared with Ndola (15% vs. 10%, p=0.053),
while the prevalence of NG was not different (5% vs. 7%, respectively). Twenty-four
women seroconverted to HIV during cohort follow-up and were HIV+ at the time of sample
collection for CT/NG testing. HIV was not associated with either CT and/or NG (4/24 HIV+
vs. 119/794 HIV-, p=0.77).

Pelvic exams were performed on 530 participants at the time of CT/NG testing. The
majority of women, across all infection categories, had vaginal discharge not associated with
CT or NG (Table 1). The number of women with other abnormalities noted on gynecologic
exam was small: external ulceration in 2 women and internal ulcers in 1; cervicitis in 2;

and pus in the cervix in 5. None of these signs were associated with CT and/or NG (not
shown). The only clinical sign that was statistically significantly related with CT or NG

was internal genitalia adnexal tenderness (Fisher’s exact p=0.03, n=2); both women who
presented with this sign were infected with CT, whereas there were zero women with this
sign in any other infection status group. All other signs and reported symptoms were present
at low frequencies and were not statistically associated with either CT or NG.
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Symptoms reported by 559 women were also uncommon, with cystitis/dysuria reported by
3, vaginal itching by 6, dyspareunia by 2, lower abdominal pain by 4, and acute genital ulcer
by 3. No symptoms were associated with CT and/or NG (not shown).

STIs and vaginal dysbiosis are associated with prevalent CT/NG infection

Due to the limited number of positive STI observed, many covariates contained only a
small sample size, however several statistically significant associations were detected. TV
infection was statistically significantly associated with NG overall and within each city
(Table 2), as well as with CT overall and within Lusaka. Receiving treatment for an
incident syphilis infection and the BV composite variable of positive KOH whiff test and
presence of clue cells were statistically significantly associated with NG overall and within
Ndola, however were not associated with CT. Visualization of sperm on microscopy was
statistically significantly associated with CT overall. Visualization of candida and testing
newly positive for HIV by rapid test were not associated with either of the outcomes
regardless of stratification.

Various sociodemographic factors are associated with prevalent CT and/or NG infection

Sociodemographic and risk behaviors varied in their associations to each outcome when
stratified by city (Table 3). Age group and education level, which also appeared to interact
with city, were associated with both outcomes. Literacy, unprotected sex in the last 1-3
months, and LARC usage were statistically associated with at least one outcome in at least
one city. Transactional sex and pregnancy status were not associated with any outcome in
either city.

Of the IVP that were included in this study, only washing the external genitalia with
detergent was found to be statistically significantly associated with NG (Fisher’s exact
p=0.05) (Table 1).

CT infection is associated with younger age, higher literacy, lower education, unprotected
sex, and LARC usage in a multivariate logistic regression model

Bivariate associations with CT infection were seen with city, age group, literacy, unprotected
sex, LARC, and TV (Table 4). Interaction terms with city for age group, literacy, education,
unprotected sex, LARC usage, and TV were included based on statistical significance in
Tables 2 and 3. The full MLR model contained all interaction terms and their lower order
terms. Stepwise model selection eliminated the interaction terms with TV, literacy, and age
group, as well as the main effect for TV. The data subset used for the MLR, which removed
missing observations, included 68 cases of CT and 461 CT/NG uninfected individuals.

Women in the 18-24 age group had 2.05 (p=0.02) times higher odds of being infected
with CT compared to women 25 years or older, controlling for literacy, education by city,
unprotected sex by city, and LARC by city (Table 4). Interestingly, women that could not
easily read English, Bemba, or Nyanja had less than half the odds (Adj. OR 0.48, p=0.02)
of being infected with CT compared to women that could easily read English, Bemba, or
Nyanja, controlling for all other factors in the model.
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Significant associations were observed in Lusaka, but not in Ndola, for education and
unprotected sex interaction terms. Women who did not attend secondary school in Lusaka
had 4.46 (p=0.01) times the odds of being infected with CT than women living in Lusaka
who attended secondary school, controlling for all other factors. In Ndola, the odds of not
attending secondary school and CT infection was only 1.25 (p=0.53) times higher. Reporting
at least one unprotected sex act within the last 1-3 months, compared to none, increased

the odds of CT infection by 4.38 (p=0.01) in Lusaka and 1.37 (p=0.38) in Ndola, when
controlling for all other factors. Using the implant or IUD had an inverse relationship
between cities; controlling for all other covariates in the model, in Lusaka women who used
a LARC method had 0.14 (p=0.02) times the odds of being infected with CT, compared

to women who were not using a LARC method. The opposite was true in Ndola, where
women using a LARC method had 2.22 (p=0.01) times the odds of being infected with CT
compared to women not using LARC.

NG infection is associated with younger age, lower education, TV, BV, and incident syphilis
infection in a multivariate logistic regression model

In the initial bivariate analyses of NG infection, age group, education, TV, BV, incident
syphilis infection, and washing the external genitalia with detergent were statistically
significantly associated (Table 5). Interaction terms by city were included for education,
BV, and incident syphilis infection as these variables suggested different effects on NG
infection by city, based on chi-square and Fisher’s exact test results (Tables 2 & 3). The full
MLR model contained all interaction terms, their main effects, and predictors for age group,
TV, and external detergent I\VVP. Stepwise model selection reduced the model to ultimately
contain age group, education, TV, BV, and incident syphilis infection. City was no longer
represented in the model in interaction terms or as a main effect. The data subset on which
the model was tested contained 34 cases of NG and 389 CT/NG uninfected individuals.

Controlling for all other factors in the model, increased odds of NG were observed for age
18-24 (Adj. OR 3.43, p=0.01), not completing secondary school (Adj. OR 3.53, p=0.01),
testing positive for TV (Adj. OR 6.84, p<0.01), BV (Adj. OR 2.31, p=0.03), or being treated
for syphilis (Adj. OR 9.12, p<0.01) (Table 5).

Discussion

In this study, no clinical signs or symptoms were associated with CT or NG, which implies
limited sensitivity of syndromic management. Opposing associations between CT and
LARC usage were observed between cities, with LARC significantly increasing the odds
of CT infection in Ndola, and significantly decreasing the odds of CT infection in Lusaka.
Interestingly, the prevalence of LARC in both cities is nearly identical, 33.3% in Lusaka and
34.6% in Ndola. We have previously shown that, when sensitive measures of condomless
sexual exposure in HIV discordant couples are included, hormonal contraception overall,
and LARC in particular, are not associated with HIV transmissionl’- 18, We also found that
LARC use was associated with less condomless sex in discordant couples!®. In the HRW
studied here, the measure of condomless sex was imprecise, therefore the interpretation of
the LARC associations with CT must be interpreted with caution.
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Similar to other studies, we detected associations between NG and BV2, incident syphilis,
and TV. The association between NG and BV may be related to the association observed
between IVP and NG in this study due to an underlying relationship between IVP and BVZL,
although this connection appears inconsistent!4. The association between NG and other
STIs may indicate that women infected with NG engage in risky behavior within a sexual
network with a high prevalence of STIs, or hint at potential immunomodulatory aspects of
NG infection which create an immunosuppressive environment advantageous for NG and
other vaginal pathogens®.

The lack of association between CT and other STIs may be an artifact of the higher
prevalence of CT in this population overall, nearly 11%, compared to NG at 6.8%. This
can be demonstrated by the prevalence of CT/NG co-infections in each group, where only
24% of those infected with CT were also infected with NG, whereas among those infected
with NG, 39% were co-infected with CT. Our observations are consistent with CT/NG
co-infection rates in comparable populations?2. In particular, within a similar cohort of
HIV-uninfected high-risk South African women, 100% (n=43) of the women infected with
NG were also co-infected with another STI, whereas only 84% (n=130) of those infected
with CT had an STI co-infection?3.

Our data do not strongly support partial immunity to CT. Compared to women over 25
years, young women had twice the odds of being infected with CT controlling for other
variables in the model, whereas they had more than 3 times the odds of being infected with
NG, a pathogen which does not establish protective immunity. If protective immunity to
CT developed, we would expect the adjusted odds ratio for young age in the CT model

to be higher than that in the NG model, rather than less. Furthermore, apart from lacking
protective immunity, young women may have additional unmeasured risk factors such as
increased risk-taking behavior or physiological risk factors such as an immature cervix or
cervical ectopy, which has been shown to be associated with CT infections?4. Together, our
findings support that young women are more likely to be infected with CT or NG than older
women, but do not indicate that this may be the result of protective immunity.

Other limitations include the fact that this was a cross-sectional design examining women
who were part of an existing prospective cohort and who did not come to the clinic due
to CT/NG symptoms, which likely dampened any associations we might have detected
with clinical indicators. However, on the other hand, this highlights the prevalence of
asymptomatic CT and NG infections. Finally, the data regarding risk behaviors and
sexual practices were obtained via self-report, which could be subject to recall and social
desirability bias.

Overall, the results presented here describe various demographic, social, and clinical factors
that are associated with CT/NG infections among HRW in Zambia. This information is
useful for parsing out unique risk factors for CT versus NG and understanding how the
epidemiology of these diseases vary within the same population. These data could also be
useful for developing risk assessment tools to improve detection strategies in low-resource
settings, especially among asymptomatic women. However, detection and treatment should
be accompanied by social intervention, such as risk-reduction counseling, voluntary couples
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testing2®, and partner servicesZ. Without such services reinfection will occur, potentially
at an increased rate as it is hypothesized that early treatment disrupts the development of
protective immunity to CT27: 28, Together with a comprehensive intervention program or
effective vaccine, and epidemiologic guidelines, case detection and clinical outcomes can
improve.
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