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Abstract: Sexually transmitted infections (STIs) are common infections globally, posing significant
public health challenges and financial strain, especially in low- and middle-income countries. Sub-
Saharan Africa (SSA) accounts for 40% of global STI prevalence, with South Africa having the highest
rates of curable STIs and human immunodeficiency virus (HIV), both of which are closely linked to
increasing HIV transmission risk and other STIs. Genital ulcer disease (GUD), primarily caused by
HSV-1, HSV-2, and Treponema pallidum, and less frequently by Haemophilus ducreyi, Klebsiella
granulomatis, and Chlamydia trachomatis, exemplifies the complex interplay of STIs. This study
analysed GUD and coinfection with HIV, testing patterns, and co-occurrence trends among public
clinic attendees in Mthatha, South Africa, to identify demographic, behavioural, and occupational
disparities. Gender-specific analysis revealed higher HIV prevalence among females (47.00 %)
compared to males (22.00%), alongside notable testing gaps and disparities in diseases such as
syphilis, genital herpes, and lymphogranuloma venereum (LGV). Age-specific trends indicated the
highest HIV prevalence in individuals aged 3049, with peaks at 66.67% (30-39) and 76.47% (40-49).
Treponema pallidum and HSV-2 prevalence were most pronounced in younger age groups (<20 and
20-29), while older demographics (50+) exhibited significant diagnostic gaps. Occupation-based
analysis highlighted elevated HIV (65.91%) and HSV-2 (19.61%) prevalence among unemployed
individuals, reflecting socioeconomic vulnerabilities. Co-occurrence analysis revealed notable
overlaps, such as HIV and HSV-2 (6.67%) and Chlamydia trachomatis with HSV-1 (5.71%) and HSV-2
(4.76%), driven by shared risk factors. Correlation analysis identified strong links between HSV-1 and
Haemophilus ducreyi (0.64) and between Chlamydia trachomatis and HSV-1 (0.56), underscoring the
potential for integrated diagnostic strategies. These findings emphasize the need for targeted public
health interventions addressing gender, age, and occupational disparities while improving
diagnostic coverage and prevention efforts for co-occurring infections.

Keywords: disease prevalence; testing coverage; gender disparities; age-specific trends;
co-occurrence analysis; GUD; public health interventions

1. Introduction

Sexually transmitted infections (STIs), among the most common acute infectious conditions
globally, pose a significant public health challenge, straining household and national health budgets
while adversely affecting individuals' quality of life despite rarely being life-threatening [1]. Low-
and middle-income countries continue to bear a disproportionate burden, with sub-Saharan Africa
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(SSA) contributing to 40% of the global prevalence of STIs. Within SSA, South Africa has the highest
rates of curable STIs and human immunodeficiency virus (HIV), with the two epidemics closely
linked, as STIs significantly heighten the risk of HIV transmission and acquisition [2]. Dhar et al (2024)
define genital ulcer disease (GUD) as ulcerations resulting from STIs, primarily due to genital herpes
caused by herpes simplex virus types 1 and 2 (HSV-1 and -2) and syphilis caused by Treponema
pallidum [3]. Less frequently, it is associated with chancroid caused by Haemophilus ducreyi, granuloma
inguinale (donovanosis), caused by Klebsiella granulomatis, and lymphogranuloma venereum (LGV)
caused by Chlamydia trachomatis [3].

Understanding disease prevalence and testing patterns is essential for developing targeted
public health interventions. This study analyses gender, age, occupation, and co-occurrence trends
among clinic attendees, highlighting critical disparities in disease distribution and diagnostic
coverage. Gender-specific analysis reveals a higher prevalence of HIV and syphilis among females
compared to males, while testing gaps for multiple diseases are more pronounced in females [4]. A
study conducted in Zambia also recorded a HIV prevalence among young women aged 15-24, which
is significantly higher (5.6%) compared to their male counterparts (1.8%) [5]. Conversely, with
syphilis statistics, another study reported that 97.9% of syphilis-positive individuals were male, with
66.3% identifying as men who have sex with men (MSM) [6]. Age-based trends show that HIV and
syphilis prevalence peak in middle-aged groups, with younger populations exhibiting elevated rates
of HSV2 and Chlamydia trachomatis [4]. Gilbert et al. (2021) found that the median age of individuals
with HIV and syphilis co-infection was 38 years, suggesting higher prevalence in middle-aged groups
[7]. Older adults face significant testing gaps across multiple conditions, emphasizing the need for
improved diagnostic efforts in this demographic.

Occupation-based analysis identifies unemployed individuals as particularly vulnerable, with
higher prevalence rates for HIV, syphilis, HSV-1, and HSV-2 compared to employed or student
groups, indicating socioeconomic disparities in disease burden [8,9]. Studies have demonstrated that
unemployed individuals exhibit higher prevalence rates of STIs, including HIV, syphilis, HSV-1, and
HSV-2, compared to their employed or student counterparts. This disparity underscores the influence
of socioeconomic status on disease burden[10]. Significant overlaps, such as between HIV and HSV-
2 and between Chlamydia trachomatis and HSV-1/HSV-2, suggest shared risk factors and transmission
pathways [11]. The co-infection of HIV and HSV-2 is well-documented, with HSV-2 infection
increasing susceptibility to HIV acquisition. Additionally, co-infections involving Chlamydia
trachomatis and HSV-1/HSV-2 are prevalent, suggesting shared risk factors and transmission routes
[12]. Conversely, diseases like syphilis and granuloma inguinale show minimal overlap, reflecting
distinct epidemiological profiles [13]. Research indicates minimal overlap between infections like
syphilis and HSV-2, reflecting distinct epidemiological profiles and transmission dynamics [10].

This study's additional analysis extends the original study’s findings of [4] by addressing gaps
in knowledge regarding GUD in the Eastern Cape Province of South Africa, particularly in the King
Sabata Dalindyebo local municipality. By providing a deeper understanding of epidemiological
patterns, the new analysis focuses on gender, age, and occupational disparities in GUD prevalence
and co-occurring HIV infection. Furthermore, it emphasizes the relationship between GUD and other
STIs such as HIV, genital herpes, and syphilis, offering a detailed examination of co-occurrence trends
among public clinic attendees. This provides insights into overlapping infection risks and potential
transmission pathways, which were not explored in-depth in the original study. Additionally, the
extended analysis highlights critical socioeconomic and demographic insights, identifying specific
groups, such as unemployed individuals, who exhibit a higher burden of disease, underscoring the
need for targeted public health interventions. By examining disease testing coverage and identifying
diagnostic gaps, this analysis supports improved public health strategies aimed at enhancing STI
diagnostic efforts, particularly for vulnerable groups like older adults and women. The incorporation
of statistical and correlation analysis between different pathogens, such as HSV-1 and Haemophilus
ducreyi, further emphasizes the importance of integrated diagnostic strategies, providing a more
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comprehensive understanding of disease co-occurrence patterns. This level of analysis supports more
effective resource allocation for GUD and HIV prevention and treatment in the region.

This comprehensive approach aims to inform future efforts to reduce the burden of GUD and
its associated infections, ultimately improving health outcomes in the region.

2. Materials and Methods

A retrospective cross-sectional analysis was conducted using data from Tshaka et al., (2022)
study, in which data was generated between May 2018 and July 2019 from public clinic attendees in
Mthatha, South Africa. All available data were used, which included demographic variables (gender,
age, residence, occupation, and education), behavioural factors (substance abuse, number of sexual
partners), and laboratory results for the following diseases: HIV, syphilis, genital herpes,
lymphogranuloma venereum, chancroid, and granuloma inguinale. Participants were included in the
study if they presented with visible, unhealed genital ulcers during routine visits to public CHCs in
Mthatha, Eastern Cape, South Africa, and self-reported signs and symptoms of GUD. Eligible
participants were required to provide written informed consent to participate in the study. They also
underwent a private interview to collect socio-demographic and clinical information, followed by a
clinical examination and sample collection. Furthermore, blood and genital ulcer swab samples were
collected from each participant and tested for the presence of HIV, HSV-1, HSV-2, Chlamydia
trachomatis, Treponema pallidum, Haemophilus ducreyi, and Klebsiella granulomatis to ensure
comprehensive analysis and accurate diagnosis of GUD and associated infections. Participants were
excluded from the study if they did not present with visible or unhealed genital ulcers, as the study
specifically targeted individuals with clinical symptoms of GUD. Additionally, individuals who
refused to provide written informed consent were not included, as consent was a prerequisite for
participation. Those whose blood or swab samples were insufficient or unsuitable for laboratory
testing were also excluded to ensure the integrity of the diagnostic results. Furthermore, participants
with incomplete socio-demographic or clinical information were excluded, as comprehensive data
was essential for the study’s analysis and conclusions.

2.1. Data Collection

Data for the study were obtained from a study by Tshaka et al (2022). The clinic records collected
from May 2018 to July 2019, with inclusion criteria requiring complete demographic and clinical
records. Disease test results were categorized into three groups: positive, negative, and missing data.
The study recruited 105 participants due to the inclusion of additional participants who met the
selection criteria for epidemiology of GUD but were not part of the original study of aetiology of
GUD, resulting in a broader and more comprehensive dataset for analysis.

2.2. Data Processing

Categorical variables, such as gender and substance abuse, were coded for analysis, while "not
done" test results were analyzed separately to identify testing gaps. Age was grouped into categories
(<20, 20-29, 30-39, 40-49, 50-59, and 60+) for a more detailed examination of demographic trends.

2.3. Statistical Analysis

The results included descriptive statistics calculating prevalence rates for each disease across
demographic and behavioral factors. Python (version 3.8) and R (version 4.1.1) software were used
for data analysis. Correlation analysis, using Pearson correlation coefficients, examined relationships
between diseases, age, and substance abuse. Additionally, co-occurrence analysis computed rates of
simultaneous positivity for multiple diseases, providing insights into patterns of disease overlap.
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3. Results

3.1. Gender-Based Prevalence

The analysis of gender-specific disease distribution among clinic attendees revealed distinct
patterns. Females exhibited a higher prevalence of HIV (47.00%) compared to males (22.00%), with
males showing relatively higher negative test rates, underscoring gender-specific differences in
exposure and testing outcomes. For syphilis (Rapid Plasma Reagin (RPR) results), both genders
predominantly tested negative, females at 5.0% and males at 3.0%. Negative results were also
common for HSV-1 and HSV-2 (Herpes Simplex Viruses 1 & 2), though females had marginally
higher testing rates. Similarly, Chlamydia trachomatis testing showed a predominance of negative
results with minimal positive cases, yet females were tested more frequently, albeit with persistent
disparities in coverage. For Treponema pallidum, Haemophilus ducreyi, and Klebsiella
granulomatis, the results were largely negative or with missing data, with females showing slightly
higher rates of "missing data" entries, highlighting gaps in comprehensive testing across both
genders. These findings emphasize the need for targeted interventions to address gender-specific
disparities in disease prevalence and diagnostic coverage. The prevalence of positive results for HIV
and syphilis was notably higher among females, highlighting a potential gender disparity in
exposure or susceptibility to these conditions.

3.2. Age Trends

The analysis revealed age-specific trends in disease prevalence and testing coverage. HIV
prevalence was highest in the 3049 age group, with rates peaking at 66.67% in those aged 30-39 and
76.47% in the 40-49 age group. Syphilis prevalence was most pronounced in the 30-39 age group
(12.12%), while younger individuals (<20 and 20-29) demonstrated elevated rates of HSV-2 and
Chlamydia trachomatis.

Figure 1 indicates that HIV is the most prominent infection across almost all age groups,
reflecting a widespread burden of the disease. The percentage of HIV-positive cases appears to
increase with age, suggesting prolonged exposure or cumulative risk factors, such as multiple sexual
partners and a lack of early intervention. In contrast, younger individuals, particularly those in their
20s and 30s, exhibit a higher proportion of HSV-2 and Chlamydia trachomatis, both of which are
common STIs. This suggests that younger populations may engage in riskier sexual behaviours, such
as unprotected sex and multiple partners, increasing their vulnerability to these infections. Syphilis,
as indicated by RPR results, shows a relatively low burden across all age groups, suggesting either
effective screening and treatment efforts or underdiagnosis in some cases. Furthermore,
Haemophilus ducreyi appears in minimal proportions, while Klebsiella granulomatis, was not
detected in any of the age groups. This suggests that these pathogens are not major contributors to
GUD within this population, consistent with the declining prevalence of chancroid and donovanosis
reported in other studies. These results highlight age-related variations in STI distribution, with
younger populations more affected by HSV-2 and Chlamydia trachomatis, while HIV remains a
significant concern across all age groups.
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Figure 1. Distribution of GUD by age group.

3.3. Infection Trends by Age

The analysis of disease testing across age groups revealed consistent patterns. Negative RPR
results dominated all age groups, with few positive cases; however, "missing data" results were more
common among older individuals, highlighting gaps in testing. Similarly, negative results for HSV-
1 and HSV-2 were predominant, particularly in younger cohorts, while older age groups had more
incomplete testing. Chlamydia trachomatis testing showed consistent negative results across age
groups, with minimal positive cases, yet testing gaps mirrored those of HSV, particularly in older
populations. Older age groups exhibited higher rates of unperformed tests, indicating inconsistencies
in diagnostic efforts for GUD. Key trends emerged, with the 20-39 age group showing a higher
prevalence of positive HIV results, marking it as a priority for targeted interventions. Conversely,
older age groups (50+) demonstrated significant testing gaps for multiple diseases, underscoring the
need for improved diagnostic coverage in this demographic. Our study also enrolled a few
participants in this group.

The analysis of disease prevalence across age groups highlighted distinct patterns. HIV
prevalence peaked in the 40-49 age group (76.47%), followed by the 30-39 age group (66.67%), with
a noted prevalence in the 20-29 age group (37.50%). Syphilis prevalence, measured through RPR
results, was highest in the 30-39 age group (12.12%), with no positive cases reported in individuals
<20, 50-59, or 60+. For HSV-1 and HSV-2, HSV-1 prevalence peaked in the 4049 age group (17.65%),
with notable rates in those <20 (10.00%) and 30-39 (6.06%). HSV-2 showed steady prevalence across
younger and middle age groups, peaking in the 20-29 cohort (15.63%). Chlamydia trachomatis
exhibited higher prevalence in the 40-49 (11.76%) and 20-29 (9.38%) age groups. Treponema
pallidum and Haemophilus ducreyi were generally rare but appeared more frequently in younger
and middle-aged adults. Klebsiella granulomatis showed no detected cases across any age group.
These findings underscore age-specific disease trends, with younger and middle-aged groups being
more affected, and the need for targeted health interventions across these demographics.
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3.4. Occupation-Based Prevalence

The analysis of GUD patterns by occupation revealed notable trends. HIV prevalence was
highest among employed individuals (65.91%), potentially linked to mobility or workplace exposure,
followed by unemployed individuals (50.98%), reflecting socioeconomic vulnerabilities. Students
had a lower prevalence (17.24%), likely due to younger age demographics. Chlamydia trachomatis
showed a significantly higher prevalence among unemployed individuals (17.65%), highlighting a
critical need for targeted interventions in this group. For syphilis, unemployed individuals had the
highest prevalence (7.84%), while employed and student groups exhibited moderate rates (~4.50-
6.90%). HSV-1 and HSV-2 were more prevalent among unemployed individuals (HSV-1: 11.76%,
HSV-2: 19.61%), marking this group as particularly at risk, whereas students and employed
individuals showed lower rates. Treponema pallidum was more frequent among students (17.24%),
and Haemophilus ducreyi demonstrated a unique 100% prevalence in the self-employed group,
though this may be skewed by a limited sample size. These findings emphasize the occupational
disparities in disease prevalence, with unemployed individuals consistently showing higher rates for
multiple conditions, signaling a need for focused public health interventions tailored to at-risk
occupational groups.

The analysis of co-occurrence and correlation rates among diseases in Figure 2 revealed
significant patterns. High co-occurrence was observed for HIV and HSV-2 (6.67%), highlighting
shared risk factors or overlapping populations, while Chlamydia trachomatis showed notable
overlap with HSV-1 (5.71%) and HSV-2 (4.76%), likely due to common transmission routes. Similarly,
Haemophilus ducreyi co-occurred with HSV-1 and Chlamydia trachomatis (5.71%), indicating
potential co-infection patterns. Low or zero co-occurrence rates were notable for RPR results, which
rarely overlapped with other diseases, and Klebsiella granulomatis, which showed no co-occurrence
across all conditions in the dataset. Correlation analysis revealed strong links between HSV-1 and
Haemophilus ducreyi (0.64) and between Chlamydia trachomatis and HSV-1 (0.56), suggesting
shared risk factors. Conversely, weak or negative correlations were found for RPR results and HSV2
(-0.13), HIV status, and Treponema pallidum (-0.19), indicating limited overlap between these
conditions. Minimal relationships were observed for diseases like HIV and syphilis (RPR results),
reflecting low co-dependence. These findings underscore the need for integrated diagnostics for
diseases with high co-occurrence, such as HIV and genital herpes, and targeted prevention strategies
addressing common pathways for infections Chlamydia trachomatis and HSV-1/HSV-2.
Additionally, the lack of overlap in some diseases highlights the importance of investigating testing
gaps and population-specific risks to refine public health interventions.
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Figure 2. Co-occurrence and correlation rates among genital ulcer diseases.

The correlation analysis of STIs in Figure 2 revealed key patterns of disease co-occurrence and
independence. Strong positive correlations were observed between HSV-1 and Haemophilus ducreyi
(0.64), Chlamydia trachomatis and HSV-1 (0.56), and Chlamydia trachomatis and Haemophilus ducreyi
(0.56), suggesting shared transmission routes and behavioral risk factors such as unprotected sexual
contact. Additionally, HSV-2 and Chlamydia trachomatis (0.27) showed a moderate correlation,
indicating potential overlap due to common transmission pathways. Conversely, weak or negative
correlations were noted between HIV status and Treponema pallidum (-0.20) and RPR results and HSV2
(-0.13), indicating that these infections do not frequently co-occur, possibly due to differing risk
factors, testing interventions, or distinct transmission dynamics. Minimal relationships were found
between HIV status and other STIs, as well as Treponema pallidum and other diseases, suggesting these
infections often occur independently. Klebsiella granulomatis exhibited nearly zero correlation with all
other infections, reinforcing its rarity in this study population and the distinct epidemiology of
donovanosis. These findings underscore the importance of integrated diagnostic strategies for
strongly correlated infections while emphasizing the need for targeted screening and prevention
efforts for infections with independent transmission patterns.
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Figure 3. Correlation patterns and co-occurrence of sexually transmitted infections.

4. Discussion

The observed gender disparities in HIV prevalence and testing outcomes highlight significant
public health concerns. Females exhibited a notably higher prevalence of HIV (47.00%) compared to
males (22.00%), which aligns with findings that indicate women often face unique vulnerabilities that
increase their risk of HIV infection. Factors contributing to this heightened risk include social
determinants such as intimate partner violence, economic instability, and limited access to healthcare
services, which disproportionately affect women [14,15]. Furthermore, the stigma surrounding HIV
can deter individuals from seeking testing, with studies indicating that women may have more access
to testing through antenatal care services, thereby influencing the observed prevalence rates [15].

Regarding testing outcomes, males demonstrated relatively higher negative test rates,
suggesting that they may be less likely to engage in testing behaviors than females. This aligns with
research indicating that men, particularly in certain cultural contexts, may avoid testing due to stigma
or perceived masculinity norms that discourage vulnerability [16,17]. The slight difference in syphilis
positivity rates, with females at 5.00% compared to males at 3.00%, further underscores the need for
gender-specific approaches to sexual health education and testing initiatives [18].

The gender-specific differences in HIV prevalence and testing outcomes necessitate tailored
public health strategies that address the unique challenges faced by different populations. Efforts
should focus on increasing awareness, reducing stigma, and improving access to testing services,
particularly for women and marginalized groups, to enhance overall health outcomes and reduce the
incidence of HIV.

The prevalence of negative test results for STIs such as HIV, herpes simplex virus (HSV-1 and
HSV-2), and Chlamydia trachomatis, alongside the higher testing rates among females, underscores the
complexities of STI screening and public health strategies. In the context of herpes simplex virus
(HSV), both HSV-1 and HSV-2 testing results predominantly reflect negative outcomes, although
females tend to have slightly higher testing rates. This trend may be attributed to increased awareness
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and proactive health-seeking behaviors among women, particularly in reproductive health contexts
where routine screenings are more common [19].

Chlamydia trachomatis testing also reveals a predominance of negative results, with a significant
proportion of positive cases reported among high-risk populations. Studies indicate that while the
infection can often be asymptomatic, the overall testing rates among females are higher, reflecting a
targeted approach to screening in populations at risk [20,21]. The literature suggests that age and
socioeconomic factors significantly influence the prevalence of Chlamydia infections, particularly
among younger women aged 20-24, who are at greater risk due to various behavioral and biological
factors [22,23]. Furthermore, disparities in access to testing services continue to persist, highlighting
the need for improved outreach and education efforts to ensure equitable coverage across different
demographics [24].

For other pathogens such as Treponema pallidum (causing syphilis), Haemophilus ducreyi (causing
chancroid), and Klebsiella granulomatis (causing donovanosis), the results are largely negative,
indicating low prevalence in the tested populations. The negative results for Treponema pallidum, in
particular, are significant as they reflect the effectiveness of public health interventions aimed at
reducing syphilis transmission rates. While negative test results for STIs are common across various
pathogens, the higher testing rates among females highlight the importance of gender-specific health
strategies. Continued efforts to enhance testing accessibility and education, particularly for high-risk
populations, are essential in addressing the disparities in STI prevalence and ensuring
comprehensive sexual health services.

The analysis of age-specific trends in disease prevalence and testing coverage reveals significant
disparities in the rates of HIV, Treponema pallidum, HSV-2, and Chlamydia trachomatis across different
age groups. Notably, HIV prevalence peaks in the 30-49 age group, with alarming rates reported in
various studies, although specific figures such as 66.67% among those aged 30-39 and 76.47% in the
40-49 age group require further verification. The importance of targeted interventions for these age
groups to achieve the 95-95-95 targets for HIV treatment and care is emphasized in the literature,
including findings from Marinda et al., who reported high awareness and treatment rates among
HIV-positive individuals [25]. Furthermore, the prevalence of syphilis is most pronounced in the 30—
39 age group, where rates have been reported to be significant, indicating a need for enhanced
screening and treatment protocols for STIs in this demographic [25]. In contrast, younger individuals,
particularly those under 30, exhibit elevated rates of HSV2 and Chlamydia trachomatis, suggesting a
different pattern of sexual health risks that necessitates age-appropriate educational and preventive
measures [25]. The findings align with studies indicating that younger populations often engage in
riskier sexual behaviors, leading to higher STI rates [25].

A critical concern highlighted in the analysis is the significant testing gaps observed in older age
groups (50+), underscoring the urgent need for improved diagnostic coverage in this demographic.
Hlongwane and Madiba emphasize that healthcare providers often overlook the HIV risk among
older adults, leading to late diagnoses and advanced disease stages at the time of detection [26]. This
is further supported by research from Kiplagat et al., which illustrates the dual stigma faced by older
adults living with HIV, complicating their access to care and testing services [27]. The lack of
awareness and targeted outreach for older populations contributes to these gaps, as many older
adults do not perceive themselves as at risk for HIV, leading to underutilization of testing services
and detection [26,27].

Moreover, the COVID-19 pandemic has exacerbated these issues, as testing rates have declined
significantly due to healthcare disruptions, particularly affecting older adults who are already at
higher risk for severe outcomes from both HIV and COVID-19 [28,29] The need for comprehensive
strategies to enhance testing and treatment access for older adults is critical, as indicated by the
findings of Gebremeskel et al., which highlight the disparities in HIV testing uptake among older
adults in Sub-Saharan Africa [30].

The analysis of HIV status across different age groups reveals significant trends in prevalence
and testing outcomes, particularly highlighting the high rates of positive results in the 20-29 and 30—
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39 age groups. This observation aligns with findings from Vandormael et al. (2019), who documented
a notable decline in HIV incidence among older populations, suggesting that younger individuals
are more frequently diagnosed with HIV due to higher exposure risks and behavioral factors [31].
The systematic review by Frank et al. further supports this by providing a comprehensive overview
of global HIV trends, indicating that younger age groups consistently show higher prevalence rates
compared to older cohorts [32].

In contrast, negative HIV test results appear to be relatively stable across all age groups,
although they are less common among both younger and older populations. This pattern suggests
that while younger individuals may engage in riskier behaviors leading to higher infection rates,
older adults may also experience lower testing rates, which could contribute to the observed decline
in prevalence in these age groups [33]. The consistency of negative results across age groups may
reflect a broader trend of increased awareness and preventive measures among the general
population, as noted by Birdthistle et al., who highlighted the importance of targeted interventions
to reduce HIV incidence among young women [34].

Moreover, the age-related variations in HIV exposure and testing outcomes can be attributed to
several factors, including social stigma, access to healthcare, and the effectiveness of public health
campaigns. For instance, Haeuser et al. pointed out that local shifts in HIV prevalence are influenced
by demographic changes and the scale-up of antiretroviral therapy (ART), which has been more
effectively implemented in younger populations [35]. This is corroborated by the findings of Akullian
et al., who noted significant age shifts in HIV incidence patterns, indicating that younger cohorts are
more affected by the epidemic [36].

The implications of these trends are critical for public health strategies aimed at improving
testing and treatment access. As highlighted by Patel et al., there is a pressing need to enhance HIV
testing among younger populations while also addressing the barriers that older adults face in
accessing care [37]. The literature suggests that comprehensive approaches, including education and
outreach tailored to specific age groups, are essential for reducing HIV prevalence and improving
health outcomes across all demographics [38,39].

The analysis of disease testing across various age groups reveals notable patterns in the
prevalence of STIs and the associated testing outcomes. Negative results for the RPR test for syphilis
were predominant across all age groups, indicating a low prevalence of positive cases. However, a
concerning trend emerged with "Not done" results being more prevalent among older individuals,
suggesting significant gaps in testing coverage in this demographic [40—42]. This finding is consistent
with the broader literature, which indicates that older adults often face barriers to accessing STI
testing, including stigma and healthcare provider biases [43]. Moreover, Klebsiella granulomatis
yielded negative results, the data suggest that while younger and middle-aged groups are more
frequently tested and diagnosed with certain STIs, older populations face significant barriers to
adequate testing, which may contribute to undiagnosed cases and ongoing transmission within these
age groups [44].

A critical observation from the analysis is the elevated prevalence of positive HIV results in the
20-39 age group, marking this cohort as a priority for targeted health interventions. Specifically, the
40-49 age group exhibited the highest HIV prevalence at 76.47%, followed closely by the 30-39 age
group at 66.67%, with a significant presence in the 20-29 group at 37.50% [45,46]. Conversely, older
age groups (50+) displayed significant gaps in testing across multiple diseases, underscoring the
urgent need for improved diagnostic coverage and health service accessibility for this demographic
[44,47]. The disparities in testing practices and disease prevalence across age groups highlight a
critical area for public health initiatives aimed at reducing STI transmission and improving overall
health outcomes [43].

The analysis of disease patterns by occupation reveals significant disparities in the prevalence
of STIs across different employment statuses. The findings indicate that HIV prevalence is notably
highest among employed individuals, reported at 65.91%. This elevated rate may be attributed to
factors such as increased mobility, workplace exposure, and potentially higher engagement in risk-
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taking behaviors associated with occupational environments [42,43]. In contrast, the prevalence
among unemployed individuals stands at 50.98%, which reflects the socioeconomic vulnerabilities
that often accompany unemployment, including limited access to healthcare services and education
regarding safe practices [46]. Students, representing a younger demographic, exhibited a significantly
lower HIV prevalence of 17.24%, likely due to their age and possibly lower engagement in high-risk
behaviors [48].

Chlamydia trachomatis prevalence presents a critical concern, particularly among unemployed
individuals, where it reaches 17.65%. This statistic underscores the urgent need for targeted public
health interventions for this group, as they may lack access to preventive healthcare and education
[44]. The prevalence of syphilis also mirrors this trend, with unemployed individuals reporting the
highest rates at 7.84%. In comparison, employed individuals and students exhibited moderate rates
of syphilis, ranging from approximately 4.5% to 6.9% [45].

The HSV-1 and HSV-2 further illustrate the occupational disparities in disease prevalence.
Unemployed individuals demonstrated higher rates of HSV-1 (11.76%) and HSV-2 (19.61%),
indicating that this group is particularly at risk for these infections. Conversely, students and
employed individuals reported lower prevalence rates, suggesting a potential correlation between
employment status and exposure risk [47].

Interestingly, Treponema pallidum, the causative agent of syphilis, was found to be more prevalent
among students at 17.24%. This finding may reflect specific behavioral patterns within this
demographic, such as increased sexual activity or lack of awareness regarding STI risks. Additionally,
Haemophilus ducreyi, responsible for chancroid, exhibited a striking 100% prevalence in the self-
employed group; however, this statistic may be skewed due to a limited sample size, necessitating
caution in interpretation.

The analysis of co-occurrence and correlation rates among various STIs reveals significant
patterns that underscore the interconnectedness of these diseases. The data indicate a high co-
occurrence rate between HIV and HSV-2, recorded at 6.67%. This finding suggests shared risk factors
or overlapping populations, which is consistent with existing literature that highlights the role of
HSV-2 as a significant risk factor for HIV acquisition [49,50]. The prevalence of HSV-2 infection is
known to disrupt the genital mucosa, thereby providing a portal for HIV entry, which may explain
the observed co-occurrence [51,52].

Chlamydia trachomatis also exhibited notable overlap with HSV-1 and HSV-2, likely due to
common transmission routes and risk behaviors associated with these infections [53,54]. The co-
occurrence of Haemophilus ducreyi with both HSV-1 and Chlamydia trachomatis further indicates
potential co-infection patterns that warrant attention in public health strategies [55]. The presence of
multiple infections within the same population can complicate treatment and prevention efforts,
highlighting the need for integrated diagnostic approaches.

Conversely, low or zero co-occurrence rates were observed for RPR test results for syphilis,
which rarely overlapped with other diseases. Similarly, Klebsiella granulomatis showed no co-
occurrence across all conditions in the dataset, suggesting that these infections may have distinct
epidemiological profiles that do not frequently intersect [56]. This lack of overlap emphasizes the
importance of targeted screening and prevention strategies for these specific infections.

Correlation analysis further elucidates the relationships between these diseases. Strong
correlations were identified between HSV-1 and Haemophilus ducreyi and between Chlamydia
trachomatis and HSV-1, indicating shared risk factors and potential pathways for transmission [57].
In contrast, weak or negative correlations were found for RPR results and HSV-2 and between HIV
status and Treponema pallidum, suggesting limited overlap between these conditions [58]. The
minimal relationships observed for diseases like HIV and RPR results reflect a low co-dependence,
indicating that interventions targeting one may not necessarily impact the other.

The analysis of disease correlations within the context of STIs reveals distinct patterns that can
inform public health strategies and clinical practices. Strong correlations were identified between
HSV-1 and Haemophilus ducreyi (correlation coefficient of 0.64), suggesting a potential for co-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2439.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2025 d0i:10.20944/preprints202505.2439.v1

12 of 16

occurrence or shared risk factors between these two infections [59]. This correlation may be attributed
to overlapping transmission routes, as both infections are often associated with sexual activity and
can occur in similar populations.

Additionally, a significant correlation was observed between Chlamydia trachomatis and HSV-1
(0.56), further indicating a link likely driven by common transmission pathways [59,60]. The presence
of Chlamydia trachomatis, a prevalent bacterial STI, may increase susceptibility to HSV-1 infection due
to mucosal disruption during sexual contact. This finding highlights the importance of considering
multiple infections in the same patient population, as co-infections can complicate treatment and
management strategies.

Conversely, weak or negative correlations were noted between RPR results and HSV-2 (-0.13),
reflecting minimal overlap between these two conditions. This suggests that individuals who test
positive for one may not necessarily be at increased risk for the other, indicating distinct
epidemiological profiles [61,62]. Similarly, the correlation between HIV status and Treponema pallidum
(-0.19) suggests a lower likelihood of concurrent infections in the dataset, which may be influenced
by differing risk factors and transmission dynamics associated with each infection [63]. Moreover,
several diseases, such as HIV and RPR results, demonstrated minimal or negligible correlations with
other conditions, indicating limited interdependence. This lack of correlation underscores the
necessity for tailored public health interventions that address the unique characteristics and risk
factors associated with each STI [64,65].

5. Conclusions

The analysis highlights the intricate interplay of age-specific trends in disease prevalence and
testing coverage, revealing critical implications for public health strategies. It underscores the
necessity of targeted interventions to address the unique needs and barriers faced by different
demographics, particularly older adults, while improving testing rates and diagnostic coverage for
all age groups. The higher rates of positive results among younger individuals, alongside stable
negative outcomes across age groups, suggest complex factors influencing exposure and testing
behaviors. These findings emphasize the importance of integrated diagnostics for co-occurring
infections, such as HIV and HSV-2, and tailored prevention strategies for diseases with shared
transmission pathways, like Chlamydia trachomatis and HSV-1/HSV-2. Furthermore, the occupational
disparities in disease prevalence, particularly among unemployed individuals, signal an urgent need
for focused outreach, education, and testing programs targeting at-risk populations. Investigating
testing gaps and population-specific risks for infections with low correlation remains vital for
developing effective interventions. Overall, the results call for comprehensive, demographically
informed public health efforts to enhance health outcomes and reduce transmission rates across
diverse populations
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