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ABSTRACT

Sexually transmitted diseases (STDs) remain a major global health
concern, affecting millions of people and causing not only physical
symptoms but also emotional and economic hardship. While significant
progress has been made in diagnosis, treatment, and prevention, STDs
continue to spread due to challenges like antimicrobial resistance,
overlooked non-sexual transmission routes, and gaps in our
understanding of their broader context. This narrative review explores
current research with a fresh, interdisciplinary lens bringing together
insights from microbiology, new diagnostic technologies, and cultural
perspectives. It highlights critical issues, including rising resistance in
lesser-known pathogens, the role of the genital microbiome in infection
risk and recovery, and how environmental and societal factors shape
disease patterns. The review also examines innovative solutions like
point-of-care testing, targeted prevention strategies, and emerging ideas
such as microbiome-based therapies, climate-aware health policies,
and personalisedtreatments guided by genomics. By integrating these
diverse approaches and embracing global collaboration, we can move
toward more effective, inclusive, and forward-thinking strategies for
tackling STDs and promoting better sexual health for all.

Keywords: Sexually Transmitted Diseases, Genital Microbiota,
Non-Sexual Transmission Routes, Overlapping Symptoms

Journal of Communicable Diseases (P-ISSN: 0019-5138 & E-ISSN: 2581-351X)
Copyright (c) 2025: Author(s). Published by Indian Society for Malaria and Other Communicable Diseases



https://www.adrpublications.in/medical-journals/journal-of-communicable-diseases
mailto:Veldoc4565@gmail.com

Malaiyappan P et al.
J. Commun. Dis. 2025; 57(2)

Introduction

Sexually transmitted diseases (STDs) remain a significant
global public health challenge with extensive social and
economic implications. These infections have persisted from
ancient times to the modern era, transcending geographical
and cultural boundaries. Globally, millions of new STD cases
are reported annually, with HIV/AIDS continuing as a major
concern, affecting over 38 million individuals. Bacterial
infections such as chlamydia, gonorrhoea, and syphilis also
account for substantial morbidity.! The high burden of STDs
makes their control a public health priority, particularly
among high-risk populations. STDs heighten the risk of
HIV transmission and contribute to a range of negative
reproductive health outcomes. In response, the World
Health Organization Organisation (WHO) has recommended
microbiological diagnosis using quality-assured molecular
assays to improve case management. The Global Health
Sector Strategy on STDs, launched in 2016, aims to eliminate
them as a public health threat by 2030.2 The spread of
sexually transmitted infections (STls) remains an ongoing
public health challenge. Awareness of risk factors continues
to be critical for the development and implementation
of effective preventive interventions.? In 2020 alone, an
estimated 374 million individuals acquired one of the four
curable STDs: chlamydia, gonorrhoea, trichomoniasis,
or syphilis. Left untreated, these infections can lead
to complications such as pelvic inflammatory disease,
infertility, ectopic pregnancy, and neurological sequelae.
STDs during pregnancy increase risks of miscarriage,
stillbirth, prematurity, and neonatal disability.* Beyond
physical health, STDs significantly impact mental, social,
and economic well-being. However, global progress in STD
control remains inadequate. WHO’s recent progress report
revealed stagnation in efforts, especially in resource-limited
settings. Ongoing challenges include limited diagnostic
capacity, antimicrobial resistance, and emerging sexually
transmissible infections like monkeypox and Ebola.> STDs
are caused by diverse microorganisms and are primarily
transmitted through unprotected sexual contact and
exchange of bodily fluids. Despite advances in diagnostics
and treatment, prevalence remains high.® Routine sexual
history-taking, multisite screening, and sensitive diagnostic
tools such as nucleic acid amplification tests are critical for
early detection. Syphilis diagnosis remains complex and
demands clinical vigilance. Preventive measures, including
vaccines and post-exposure prophylaxis, offer hope for
reducing the STD burden, especially in people with HIV.
Even with significant progress in diagnostics, treatments,
and prevention, sexually transmitted diseases (STDs) remain
a pressing global health concern. Their continued prevalence
now complicated by growing antimicrobial resistance and
often-overlooked transmission routes highlights the need
for more comprehensive and integrated approaches. To

effectively tackle STDs, it’s important to look beyond just
the clinical aspects. Combining insights from microbiology,
advances in diagnostic technologies, and an understanding
of social and cultural contexts can help reshape how we
approach prevention and care. This review aims to explore
the complex nature of STDs, identify gaps that still need
attention, and suggest actionable steps to support global
sexual health efforts.

Microbial Perspectives
Emerging and Re-emerging Pathogens

Sexually transmitted infections (STls) remain a major
global public health concern, with the emergence and re-
emergence of certain pathogens further complicating efforts
in prevention and treatment. Mycoplasma genitaliumis an
emerging pathogen increasingly linked to nongonococcal
urethritis (NGU) in men. Its growing prevalence compared
to other STls is particularly concerning due to challenges
in diagnosis and treatment. Laboratory cultivation of M.
genitalium is difficult, making nucleic acid amplification
tests (NAAT) the only dependable diagnostic tool. The
rise in antimicrobial resistance to common antibiotics like
azithromycin and moxifloxacin highlights the urgent need
for standardized standardised treatments and broader
diagnostic access. Furthermore, evolving sexual behaviors,
such as increased oral and anal sex, suggest that under
diagnosis underdiagnosis may be more widespread than
previously assumed, especially in settings with limited
testing capacity.® In parallel, syphilis caused by Treponema
pallidum has re-emerged globally, with a significant
increase in syphilis diagnoses and in the prevalence of
the A2058G mutation linked to macrolide resistance during
the 2018-2021 period compared to 2006. The higher
proportions of MSM within the study population were
associated with elevated syphilis rates, identifying this group
as particularly vulnerable. The widespread occurrence of
A2058G and A2059G mutations worldwide highlights the
need for enhanced surveillance, resistance monitoring, and
customized customised intervention strategies.’ The growing
impact of M. genitalium and the resurgence of syphilis
reflect the rapidly evolving STI landscape, necessitating
integrated public health responses that prioritize prioritise
timely diagnosis, antimicrobial stewardship, and focused
outreach to high-risk populations

Antimicrobial Resistance in Lesser-Known STIs

Antimicrobial resistance (AMR) among lesser-known
sexually transmitted infections (STIs) is rapidly emerging
as a critical global public health threat, particularly in
relation to Mycoplasma genitalium, a pathogen increasingly
exhibiting resistance to standard antimicrobial therapies.
Infections among men who have sex with men (MSM) have
shown a concerning pattern, with strains of M. genitalium
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frequently harboring harbouring macrolide resistance-
associated mutations (MRM) and quinolone resistance-
associated mutations (QRM), including cases with dual-class
resistance, thereby complicating treatment outcomes.°
These findings emphasize emphasise the persistent need
for routine screening and resistance profiling within
high-risk populations to ensure appropriate and effective
clinical management. On a broader scale, the global
prevalence of resistance-associated mutations in urogenital
mycoplasmas and urea plasmas reinforces the severity of
the AMR challenge. Mutations conferring resistance to
macrolides, tetracyclines, and fluoroquinolones have been
consistently identified in M. genitalium, further limiting
treatment options and raising the risk of persistent or
recurrent infections.!* A noticeable rise in multidrug-
resistant (MDR) strains has been documented in recent
years, pointing to the urgency for enhanced international
surveillance and the development of novel antimicrobials
or combination therapies. A focused study from Belgium
on MSM using pre-exposure prophylaxis (PrEP) revealed an
exceptionally high prevalence of M. genitalium infections
with resistance-associated mutations. Among individuals
with recurrent STls, 95.2% of M. genitalium strains
exhibited resistance to macrolides, while 35.7% showed
resistance to fluoroquinolones, indicating the critical role
of this subgroup in amplifying the spread of resistant
strains.!? Additionally, genetic mutations are key drivers
of resistance in pathogens like Neisseria gonorrhoeae and
M. genitalium, while resistance in Chlamydia trachomatis
and Treponema pallidum remains relatively limited but
still a latent concern due to widespread antimicrobial
usage. These findings underscore the importance of robust
prevention strategies, timely diagnostics, and treatment
diversification to combat the growing threat of resistance
across both common and lesser-recognized recognised
STls.® In essence, as AMR continues to outpace therapeutic
advancements, a proactive and integrated approach that
blends surveillance, clinical adaptation, and public health
innovation is essential to preserving the efficacy of current
and future STI management frameworks.

Influence of Genital Microbiota on Susceptibility
and Outcomes

The composition of genital microbiota plays a pivotal role in
modulating susceptibility to sexually transmitted infections
(STIs) and shaping their clinical trajectories. In women, a
vaginal microbiota dominated by Lactobacillus species
particularly Lactobacillus crispatus is widely recognized
recognised as protective and indicative of optimal
reproductive health. When these beneficial lactobacilli
are depleted, the vaginal environment becomes more
conducive to colonization colonisation by anaerobic
pathogens, often clinically manifesting as bacterial vaginosis
(BV), a condition strongly associated with increased risk for a
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range of STls.!* This dysbiotic state has been correlated with
heightened susceptibility to pathogens such as Neisseria
gonorrhoeae, Chlamydia trachomatis, Trichomonas
vaginalis, Hhuman papillomavirus (HPV), Herpes simplex
virus (HSV), Mycoplasma genitalium, and most notably,
with both acquisition and transmission of HIV.*> The
mechanisms underpinning this increased vulnerability
include compromise of the epithelial barrier, elevation of
inflammatory cytokines, and production of metabolites
that may enhance pathogen infectivity.!* Studies have
demonstrated that a diverse, non-Lactobacillus- dominated
vaginal microbiota is independently associated with higher
rates of incident infections, such as Trichomonas vaginalis
and HPV, irrespective of sexual behavior, thereby reinforcing
the direct role of microbiota composition in infection risk.®
Interestingly, the genital microbiota’s influence extends
to men as well. Uncircumcised men typically exhibit a
higher penile bacterial load, with an increased presence of
anaerobic species, including those associated with BV. Male
circumcision has been shown to significantly alter the penile
microbiome, reducing microbial diversity and bacterial
density, which has been associated with a decreased risk
of acquiring HIV, HSV-2, and HPV. Moreover, circumcision
has shown indirect protective effects for female partners by
lowering their risk of bacterial vaginosis (BV), highlighting
the intricate interplay between male and female genital
microbiota in the transmission dynamics of STls.*>!" In
women, BV-induced dysbiosis has been implicated in
facilitating HIV acquisition, likely due to the inflammatory
microenvironment and mucosal barrier disruption. Specific
bacterial species such as Prevotella and Sneathia amnii
have been directly associated with elevated HIV risk,
highlighting the importance of maintaining a eubiotic,
Lactobacillus-rich vaginal microbiome.'® Advancements
in molecular diagnostics, particularly through 16S rDNA
sequencing technologies, have enabled more nuanced
characterization characterisation of the vaginal microbiota
and its relationship with STIs. These methods have revealed
distinct bacterial community structures that influence
susceptibility to infections such as HIV, suggesting that
modulation of the vaginal microbiota could serve as a
promising preventive strategy.'® Furthermore, the genital
microbiome may also impact the efficacy of biomedical
prevention tools. For example, studies have shown that
non-optimal microbiota particularly those with high
relative abundance of Gardnerella vaginalis can reduce
the effectiveness of vaginal tenofovir-based microbicides,
indicating that microbiota composition should be considered
when developing and deploying STl prevention modalities.?
Itis crucial to account for the condition of vaginal microbiota
when designing and executing strategies for STI prevention.
The genital microbiota plays a significant role in determining
susceptibility to STIs and their clinical progression. A
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balanced, lactobacilli-dominated microbiota tends to
offer protection against various STls, whereas dysbiosis
can heighten susceptibility and undermine treatment
effectiveness. Gaining a deeper understanding of these
interactions is essential for crafting effective approaches
to the prevention and management of STls.

Transmission Dynamics

Beyond Sexual Contact: Rare Non-Sexual
Transmission Routes

While sexually transmitted diseases (STDs) are primarily
transmitted through sexual contact, a growing body
of evidence highlights the possibility of non-sexual
transmission routes, particularly via fomites objects or
materials likely to carry infectious agents, such as towels,
bedding, clothing, or improperly sanitized sanitised medical
instruments. Recognizing Recognising these alternative
pathways is essential for a holistic approach to STD
prevention and control. Notably, Chlamydia trachomatis,
the causative agent of chlamydial infections, has been
shown to survive on nonporous surfaces under specific
environmental conditions. Research has indicated that
under humid settings, C. trachomatis can remain viable
on plastic surfaces for extended durations, suggesting
that indirect transmission, especially to non-genital sites
like the conjunctiva, is biologically plausible and may lead
to conditions such as chlamydial conjunctivitis.?*® Beyond
environmental surfaces, healthcare-associated settings
have demonstrated the potential for STD-related pathogens
and other infectious agents to spread via contaminated
medical equipment. Inadequate cleaning, disinfection, or
sterilizationsterilisation of instruments has been implicated
in outbreaks involving multidrug-resistant organisms,
further emphasizingemphasising the need for strict
adherence to infection control protocols. The improper
handling of patient-care items in clinical environments can
inadvertently facilitate pathogen transmission, underscoring
the critical importance of effective sterilizationsterilisation
procedures.?! In addition to inanimate objects, personal
items worn or used by healthcare workers themselves
can serve as unintentional vectors for pathogen spread.
The presence of bacteria such as Staphylococcus aureus
and gram-negative rods on commonly used articles,
including white coats, neckties, stethoscopes, and mobile
phones. While a direct causative link to patient infections
has yet to be conclusively established, the high levels
of microbial contamination on these personal items
highlight a potentially overlooked risk factor within
healthcare environments. These findings reinforce the
importance of routine disinfection and the implementation
of evidence-based hygiene measures among healthcare
personnel to minimizeminimise potential exposure risks.??
Although sexual activity remains the principal route of STD

transmission, awareness of non-sexual transmission through
fomites and contaminated tools expands our understanding
of infection dynamics. Mitigating these less conventional
yet plausible pathways through stringent hygiene practices,
equipment sterilizationsterilisation, and environmental
decontamination is vital to strengthening STD prevention
efforts and safeguarding public health.

Insights into Mother-to-Child Spread Transmission

Mother-to-child transmission (MTCT) of sexually
transmitted infections (STls) represents a persistent global
health challenge, with multiple pathogens contributing
to adverse maternal and neonatal outcomes. Syphilis,
caused by Treponema pallidum, is a prime example, as
untreated maternal infection is associated with fetal foetal
loss, premature birth, congenital syphilis, and neonatal
death; however, timely detection and treatment before
the third trimester can normalize normalise the risk to
background levels.?? The complexity of MTCT increases
in the presence of co-infections, particularly with HIV.
An Indian study highlighted that maternal syphilis co-
infection nearly doubled the risk of HIV transmission to the
infant by six months of age, reinforcing the critical need
for integrated STI screening during pregnancy.?* Other
common STls such as Chlamydia trachomatis, Neisseria
gonorrhoeae, and Trichomonas vaginalis also pose MTCT
risks. A South African study reported frequent detection
of these pathogens in the nasopharynx of newborns born
to HIV-infected mothers, raising questions about the long-
term implications of early-life colonization colonisation.?
Nonetheless, population-level data from a nationwide study
revealed a lower incidence of C. trachomatis infections in
infants, with a rate of just 0.22 per 1000 live births and a
vertical transmission risk under 2%, indicating that MTCT
rates can vary widely depending on healthcare access and
screening protocols.?® Hepatitis B virus (HBV) MTCT remains
a major concern, especially in high-burden regions where
antenatal screening and prophylactic interventions such
as antiviral therapy and timely birth-dose vaccination are
not universally accessible.?” In response, the World Health
Organization’s Organisation’s Triple Elimination Initiative
promotes an integrated strategy targeting the elimination
of MTCT of HIV, syphilis, and HBV through antenatal testing,
prompt treatment, safe childbirth practices, and appropriate
infant follow-up.?® The complexities surrounding MTCT
of sexually transmitted infections (STIs) are shaped by a
multitude of factors, including maternal co-infections,
regional disparities in healthcare infrastructure, and
unequal access to preventive interventions. Addressing
these challenges requires a multifaceted approach;
comprehensive antenatal screening, timely diagnosis and
treatment, and the implementation of integrated, evidence-
based healthcare strategies are essential to effectively
reduce MTCT risks and enhance neonatal health outcomes
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Epidemiology Across Unconventional
Demographics

Recent studies have revealed notable shifts in the
epidemiology of sexually transmitted diseases (STDs),
particularly among demographic groups traditionally
perceived as lower risk, emphasizing emphasising the
need for inclusive and equitable sexual health strategies.
A significant rise in STD cases has been observed in the
elderly population, with conditions such as candidial
balanoposthitis, herpes genitalis, and genital warts
emerging as the most common diagnoses in this age
group.® Transgender individuals are disproportionately
affected by STDs, with laboratory confirmed data indicating
high prevalence rates of HIV and syphilis among both
transgender women and men. These elevated infection
rates are closely associated with barriers such as limited
access to competent healthcare, pervasive societal stigma,
and engagement in high-risk sexual behaviors.*® Individuals
with disabilities represent a population disproportionately
impacted by sexually transmitted diseases (STDs). Among
them, women of reproductive age with cognitive or multiple
disabilities experience more than twice the prevalence
of STDs compared to women without disabilities.?! This
heightened vulnerability is attributed to several interrelated
factors, including limited access to comprehensive
sexual health education and an increased risk of sexual
exploitation and abuse.3? Rural populations also face distinct
obstacles in STD prevention and care; a narrative review
highlighted that limited access to healthcare services,
inadequate screening infrastructure, and the influence of
conservative social norms contribute to heightened STD
risks in these communities.?® These findings stress the
urgency of broadening sexual health services and education
to encompass all population groups, regardless of age,
gender identity, disability status, or geographical location.
Addressing the specific vulnerabilities and healthcare
needs of these underrepresented these under-represented
communities is essential for curbing the spread of STDs
and advancing comprehensive public health outcomes.

Advances in Diagnostics

Innovations in Point-of-Care Testing for
Remote Settings

Sexually transmitted infections (STls) continue to represent
a major public health concern, particularly in remote and
resource limited regions where access to advanced laboratory
infrastructure is often inadequate. In such settings, the
introduction of point-of-care (POC) diagnostic tools has
significantly improved STI detection and management by
enabling rapid, accurate, and user-friendly testing that
facilitates timely diagnosis and treatment, thereby reducing
disease transmission.3* A key advancement in this domain
has been the development of nucleic acid amplification
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tests (NAATs), which are capable of detecting even minute
guantities of pathogen DNA or RNA. NAATs have proven
highly sensitive and reliable, especially when compared
to conventional antigen-based assays, and are effective
in identifying infections like Chlamydia trachomatis and
genital herpes. These tests also accommodate non-invasive
sampling, making them suitable for broader community-
based screening initiatives.*® In rural contexts, mobile
health clinics have played an essential role in extending
POC diagnostic capabilities to underserved populations.
For example, in Alabama’s Blackbelt Black Belt region, the
deployment of the Binx I0® system for testing chlamydia and
gonorrhea gonorrhoea demonstrated that mobile clinics
can successfully bridge diagnostic gaps in STl care. Both
healthcare providers and patients reported high satisfaction
regarding the accessibility and workflow efficiency of the
testing process.*® Implementation studies have further
emphasized emphasised the need to address systemic
challenges in scaling up POC diagnostics, highlighting
requirements for skilled personnel, training programs
programmes, infrastructural support, and cost-effective
resource allocation. These elements are critical to ensuring
the sustainability and success of POC interventions in low-
resource environments.4 The evolution of POC technology
has also led to the creation of assays that fulfillfulfil the
World Health Organization’s Organisation’s ASSURED criteria
tests that are Affordable, Sensitive, Specific, User-friendly,
Rapid, Equipment-free, and Deliverable to end users. Such
innovations have been instrumental in supporting large
scale STl screening, particularly where access to electricity
or refrigeration is limited, making them especially valuable
in remote and underserved communities.?” Despite these
promising developments, barriers to widespread POC
adoption persist, including logistical, economic, and
infrastructural constraints.®* Nonetheless, the continual
advancement and strategic deployment of POC diagnostics
offerimmense potential to transform STl care in marginalized
marginalised settings, and ongoing efforts to refine and
integrate these tools are essential to improving global
sexual and reproductive health outcomes.

Molecular Diagnostics: Detecting Resistance
Markers

The growing threat of antimicrobial resistance (AMR) among
sexually transmitted pathogens has catalyzedcatalysed
the advancement of molecular diagnostics capable of
detecting rare genetic markers linked to resistance. These
innovations are essential for the early identification and
precise management of resistant or uncommon sexually
transmitted infections (STIs). In the case of Trichomonas
vaginalis, a significant breakthrough was the identification
of 72 single nucleotide polymorphisms (SNPs) associated
with metronidazole resistance. These mutations were
observed in both uncharacterized uncharacterised genes
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and genes previously implicated in drug resistance, such
as pyruvate: ferredoxin oxidoreductase, highlighting
the potential of SNP profiling as a diagnostic approach
for resistant T. vaginalis infections.*®* For Neisseria
gonorrhoeae, considerable progress has been made
in developing molecular assays, including a real-time
PCR assay that effectively identifies the penA-60 allele
associated with ceftriaxone resistance. The validation of
this assay demonstrated its clinical relevance in enabling
rapid and targeted detection, thereby supporting tailored
treatment decisions.** The adoption of next generation
sequencing (NGS) has further enhanced the capacity to
predict antimicrobial resistance in N. gonorrhoeae. By
providing comprehensive analysis of resistance conferring
genetic determinants, NGS outperforms traditional nucleic
acid amplification tests (NAATs), especially in predicting
resistance to cephalosporins and azithromycin.*® Moreover,
technological advancements have led to the development
of rapid molecular assays capable of detecting multiple
STl pathogens and their corresponding resistance
mutations within approximately 35 minutes. These
assays can simultaneously identify Neisseria gonorrhoeae,
Chlamydia trachomatis, Trichomonas vaginalis, and
Mycoplasma genitalium, as well as macrolide (23S rRNA
gene A2058/A2059) and fluoroquinolone (ParC gene S83I)
resistance associated mutations, offering a time-efficient
and comprehensive diagnostic solution.** Commercial
molecular tests have also been evaluated for detecting
fluoroquinolone resistance in M. genitalium, showcasing
their value in guiding appropriate therapeutic strategies and
mitigating treatment failures.*? In addition to diagnosing
typical and symptomatic cases, molecular diagnostic
tools have been instrumental in identifying atypical,
asymptomatic, and co-infections. Their non-diagnostic
applications span a wide range of public health activities,
including screening high-risk populations, monitoring
treatment outcomes, outbreak investigation, validation
of syndromic management protocols, and surveillance
of resistance patterns, particularly in N. gonorrhoeae.
These tools also support laboratory quality assurance
and research. Laboratory diagnosis of STls traditionally
includes direct microscopy, culture techniques, antigen and
antibody detection, metabolic assays such as the Whiff test,
and more recently, molecular diagnostics. The integration
of molecular methodologies has markedly improved the
detection and characterization characterisation of resistant
and hard-to-cultivate organisms, offering superior sensitivity
and specificity.”®* The evolution of molecular diagnostics
has transformed STI detection and resistance profiling,
serving as a cornerstone in the effective management and
control of resistant and atypical infections and contributing
meaningfully to public health advancement.

Diagnostic Challenges: Overlapping Symptoms
Delaying Care

Sexually transmitted infections (STls) frequently present
with nonspecific and overlapping symptoms, making
accurate clinical diagnosis and prompt treatment
particularly challenging. This issue is compounded by the
high proportion of asymptomatic infections, which often
go unnoticed and untreated, thereby increasing the risk
of transmission and complications. For example, a study
found that women who tested positive for one or more
STls often did not receive appropriate treatment within a
week of clinical consultation, largely due to the difficulty in
differentiating between urinary tract infections (UTls) and
STls based solely on symptoms, leading to misdiagnosis
and delayed care.* Similarly, several cases of colorectal
STls were initially misdiagnosed as inflammatory bowel
diseases (IBD). These cases primarily involved men who
have sex with men, many of whom were HIV-positive, and
the correct diagnosis was delayed by up to three years
due to overlapping clinical and endoscopic features with
IBD.* Additionally, research among female sex workers
highlighted the limitations of symptom-based STl diagnosis,
particularly in settings where laboratory-based testing is
unaffordable or inaccessible. While laboratory tests remain
the diagnostic gold standard, they are not always feasible in
low-resource contexts. As a result, reliance on symptomatic
diagnosis can result in both under- and over-treatment,
especially given the high incidence of asymptomatic
infections.*® To address diagnostic limitations in resource-
constrained environments, the World Health Organization
Organisation has promoted a syndromic management
approach, which relies on treating patients based on
recognizable recognisable symptom clusters. Although this
strategy has contributed to a reduction in some STl rates, it
remains insufficient due to its limited accuracy and inability
to detect asymptomatic cases effectively.*’ The frequent
overlap of STI symptoms with other conditions, coupled
with the silent nature of many infections, necessitates the
adoption of enhanced diagnostic strategies. Expanding
access to affordable testing, promoting routine screening,
and improving clinical awareness are critical steps toward
strengthening STI management and improving sexual and
reproductive health outcomes globally.

Prevention Strategies

Behavioral Behavioural and Cultural Insights in
Prevention

Cultural practices and societal norms play a critical role in
shaping the success of sexually transmitted disease (STD)
prevention strategies across different regions. In many parts
of the world, including both Western and Asian countries,
a diagnosis of human papillomavirus (HPV) often carries a
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moral stigma, which contributes to significant psychological
and social burdens for affected individuals.*® Embarrassment
and stigma surrounding HPV vaccination have persisted
since the introduction of the first HPV vaccine, limiting its
widespread acceptance. Compared to Western societies,
many Asian cultures exhibit more conservative attitudes
toward sexuality. Sex-related topics are often considered
taboo, with discussions about sexual health regarded
as inappropriate or even obscene.*” This deeply rooted
conservatism prevents open dialogue within families and
communities, especially between parents and children, thus
reducing awareness and access to sexual health education.
Consequently, individuals may hesitate to seek preventive
measures like the HPV vaccine out of fear of being labeled
labelled as promiscuous.®®Traditional beliefs and cultural
customs also influence health-seeking behaviorsbehaviours.
In many cases, individuals particularly women opt for
traditional remedies over medical interventions due to fear,
embarrassment, or social stigma. A study highlighted that
such choices were often driven by cultural norms, fear of
being identified as having a sexually transmitted infection,
and systemic barriers within healthcare systems.*® For
instance, in Malaysia, despite the availability of free HPV
vaccinations through the national immunization program
immunisation programme, some parents still refused to
vaccinate their children due to cultural beliefs and preference
for traditional medicine.?! The widespread reliance on
traditional health practices in many Asian countries, rooted
in historical and cultural values, can inadvertently lead to
the neglect of scientifically supported preventive measures
like screening and vaccination. These insights highlight the
importance of culturally sensitive awareness campaigns that
not only dispel myths surrounding traditional remedies but
also promote evidence-based medical practices to prevent
STDs.* Gender dynamics further influence the efficacy
of STD prevention strategies. In many Asian societies,
male partners often play a decisive role in family planning,
including contraceptive use and the number of children
desired. Studies have shown that a woman’s ability to
use contraception may be contingent on her husband’s
approval, underscoring the need for gender-equitable health
decision-making.>2 Empowering women through education
and fostering joint decision-making in relationships are
vital to enhancing sexual health outcomes.*® Moreover,
integrating traditional healers into public health campaigns
such as those related to HIV/AIDS has proven beneficial
in aligning traditional practices with modern medical
approaches. These partnerships help build trust within
communities and support a more comprehensive, culturally
resonant prevention strategy.>® Understanding cultural
context is therefore essential when developing effective
behavioralbehavioural interventions for STD prevention.
For example, research has emphasized emphasised the
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importance of identifying culturally specific reasons for
inconsistent condom use, which vary significantly across
regions and communities. Tailoring educational programs
programmes to address these cultural barriers can enhance
the efficacy of interventions.>* Community-based education
and collaboration with local leaders are key strategies
for overcoming societal taboos and encouraging open
conversations about sexual health. Ultimately, incorporating
cultural and behavioralbehavioural insights into STD
prevention efforts is essential. By recognizing recognising
and addressing the diverse societal norms and traditions
that influence health behaviorsbehaviours, prevention
strategies can be effectively customized customised to
support sexual health and reduce STD transmission on a
broader scale.

Tech-Based Approaches: Digital Tools for
Sexual Health Awareness

The integration of digital technologies particularly mobile
applications and online platforms has revolutionized
revolutionised the landscape of sexual health education
by offering accessible, engaging, and user-driven methods
for promoting awareness and preventing sexually
transmitted diseases (STDs). A systematic literature review
encompassing 9,881 records revealed that websites and
mobile phones are the primary digital channels used
in sexual health interventions to deliver both cognitive
and behavioralbehavioural outcomes. These include
improvements in knowledge and attitudes related to sexual
and reproductive health, as well as behavioralbehavioural
changes such as increased contraceptive use and delayed
sexual initiation. Among the digital formats evaluated,
interactive websites, text messaging, phone calls, and
online educational programs programmes were identified
as the most effective mechanisms for health promotion,
demonstrating significant influence on users’ knowledge
and behavior.>®* Mobile applications, in particular, have
emerged as innovative tools that provide personalized
personalised and interactive experiences to improve
sexual and reproductive health. For example, the “Crush”
mobile application was specifically developed to promote
the use of sexual and reproductive health services and
contraceptives among adolescent girls. Users of the Crush
app demonstrated higher confidence in accessing these
services and greater belief in the importance of consistent
contraceptive use when compared to a control group. These
findings underscore the potential of mobile apps to enhance
knowledge, shape positive attitudes, and build self-efficacy
regarding sexual and reproductive health practices.® In
addition to general education, digital tools are increasingly
being tailored to meet the needs of specific populations. The
“SavvyHER” app, designed for Black women in the southern
United States, focused on sexual and reproductive health
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and HIV prevention. A pre-test evaluation of the app found
high levels of user acceptability, with participants actively
engaging in live group discussions, utilizing educational
content, and accessing mental health and physical activity
monitoring features. These results suggest that culturally
sensitive digital interventions can effectively address the
specific health needs of targeted demographics by providing
relevant and holistic support.>” Beyond educational content,
digital platforms have also been leveraged to enhance
STD screening and counselingcounselling. One such
initiative combined telehealth services with motivational
interviewing (MI) to promote STD screening among sexually
active men who have sex with men (MSM) living with HIV.
This protocol incorporated home specimen self-collection
kits and live video consultations using Ml techniques to
encourage screening for bacterial STDs. The integration
of digital communication tools with behavioralbehavioural
counselingcounselling illustrates a promising strategy for
increasing engagement and compliance in populations at
high risk for STDs.%® Leveraging digital tools such as mobile
applications, interactive websites, and telehealth platforms
provides a forward-looking approach to enhancing sexual
health education and STD prevention. These technologies
facilitate the delivery of accurate, personalized personalised,
and culturally relevant information, particularly for youth
and marginalized marginalised populations. However, for
these interventions to reach their full potential, continued
emphasis must be placed on ensuring the reliability of health
information, promoting digital literacy, and addressing
technological barriers to access. By addressing these factors,
digital sexual health interventions can serve as powerful
tools in improving public health outcomes on a broader
scale.

Community-Driven Solutions: Grassroots
Initiatives

Community-based interventions have emerged as a
powerful and effective strategy in addressing the burden
of sexually transmitted diseases (STDs), particularly among
marginalized marginalised and underserved populations. A
notable example includes a comprehensive HIV prevention
program programme targeting female sex workers (FSWs),
which successfully reached a significant proportion of
the mapped FSW population. As part of the intervention,
women received condoms as needed and were able to
access essential health services for sexually transmitted
infections. Between 2008 and 2011, this initiative led to a
notable increase in condom use and a rise in the utilization
utilisation of HIV counselingcounselling and testing services,
showcasing the efficacy of rural outreach models grounded
in community participation and accessibility.>® Another
prominent initiative is the Community Approaches to
Reducing STDs (CARS), developed by the U.S. CentersCentres
for Disease Control and Prevention. This program emphasizes

programme emphasises community engagement to
advance STD prevention, screening, and treatment efforts,
particularly in communities disproportionately affected by
STD-related health disparities. CARS focuses on addressing
locally prioritized prioritised social determinants of health
and targets specific vulnerable groups such as youth,
persons of colorcolour, and sexual and gender minorities.
By involving the community directly in the identification of
needs and in strategy development, this initiative provides
a replicable model for reducing STD disparities through
context-specific approaches.®’ Stigma remains a substantial
barrier to effective sexual health promotion, especially
in rural areas. In response, engaging local community
members particularly men as lay health advisors havehas
proven instrumental in developing and executing STI/HIV
prevention strategies. This grassroots method not only
fosters trust but also addresses the cultural and social
dynamics that often impede open discussions about
sexual health. It further reinforces the value of community
ownership in dismantling stigma and improving overall
health outcomes.5! Despite their potential, community-
wide and multilevel STl interventions often face challenges
such as limited coordination among stakeholders and
competition for limited funding resources. Nonetheless,
collaborative efforts involving schools, after-school
programs programmes, community-based organizations
organisations, and healthcare facilities have shown success
in implementing comprehensive interventions aligned
with the Institute of Medicine’s spectrum of preventive
strategies. These efforts highlight the importance of
synergy among multiple sectors in addressing the complex
determinants of STDs.%? Addressing health disparities
necessitates more than isolated clinical efforts it requires
a comprehensive response to immediate community needs
and a focused engagement with the social determinants
that perpetuate inequities. While community engagement
is frequently advocated as a core public health principle,
its application in STD prevention, screening, and treatment
has been limited in real-world practice. Guidance on critical
components of effective community engagement can serve
as a valuable resource for public health practitioners,
researchers, and their partners, ensuring that strategies
are both inclusive and responsive to the lived experiences
of affected populations.®® Community-based interventions
serve as an essential pillar in the fight against STDs. By
actively involving local populations, addressing social
determinants, and fostering culturally competent strategies,
these interventions offer a sustainable path forward for
reducing STD disparities and promoting sexual health equity
across diverse communities By getting local people involved,
tackling social issues, and creating strategies that respect
different cultures, these interventions provide a lasting
way to lower STD differences and support sexual health
fairness in various communities..
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Innovative Treatment Approaches

Addressing Multidrug Resistance: Therapies and
Biomedical Prevention

The escalating challenge of antimicrobial resistance (AMR)
in sexually transmitted infections (STIs), particularly
Neisseria gonorrhoeae, has become a pressing global public
health concern. GonorrheaGonorrhoea has exhibited a
remarkable ability to develop resistance to nearly all classes
of antibiotics previously used for treatment, including
sulfonamidessulphonamides, penicillinspenicillin’s,
tetracyclines, macrolides, and fluoroquinolones, leaving
extended-spectrum cephalosporins especially ceftriaxone
as the last reliable monotherapy option in many settings.®
Alarmingly, emerging reports of ceftriaxone-resistant
gonococcal strains have intensified the urgency for novel
treatment modalities.5* To address the growing threat of
antimicrobial resistance in Neisseria gonorrhoeae, novel
antimicrobials have been developed that specifically
target bacterial DNA biosynthesis by inhibiting type II
topoisomerases.®> Among these, zoliflodacin a first-in-class
spiropyrimidinetrione has demonstrated significant efficacy
by uniquely inhibiting DNA gyrase and topoisomerase
IV, mechanisms that differ from those of currently used
antibiotics. This distinct mode of action offers a promising
avenue to circumvent existing resistance mechanisms.®
Similarly, gepotidacin, a triazaacenaphthylene antibiotic,
exerts its effect by binding to novel sites on DNA gyrase
and topoisomerase |V, distinct from fluoroquinolones. This
innovative binding profile reduces the potential for cross-
resistance, positioning gepotidacin as a strong candidate
in the therapeutic arsenal against multidrug-resistant N.
gonorrhoeae. % In addition to these agents, JSF-2414 a
tricyclic pyrimidoindole compound has emerged as another
promising antimicrobial. It is engineered to simultaneously
inhibit the ATP-binding domains of both DNA gyrase subunit
GyrB and topoisomerase IV subunit ParE, thereby enhancing
its potency against drug-resistant gonococcal strains. The
phosphate prodrug form of JSF-2414, known as JSF-2659,
has shown remarkable efficacy in preclinical models,
achieving near-complete microbial clearance in animal
models of vaginal gonococcal infection.® In parallel with
therapeutic advancements, new biomedical prevention
strategies are being investigated to further control bacterial
STls. These include the use of antibacterial mouthwashes
and doxycycline as post-exposure chemoprophylaxis
interventions that may help reduce transmission rates,
particularly in high-risk populations.®® Addressing the
threat of antimicrobial resistance in STls requires a
coordinated, multidisciplinary effort. Continued investment
in antimicrobial research, combined with robust surveillance
systems, targeted public health interventions, and global
collaboration, is essential to ensure the availability of
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effective treatment options. These efforts are critical
not only for controlling gonorrheagonorrhoea but also
for preserving the broader effectiveness of antibiotics in
managing infectious diseases.

Tackling Stigma and Social Barriers in Treatment
Access

Stigma surrounding sexually transmitted infections (STlIs)
remains a significant barrier to effective public health
responses, as it discourages individuals from seeking timely
testing and treatment. This stigma often manifests within
healthcare settings through institutional practices and
policies that inadvertently segregate or discriminate against
individuals based on perceived sexual behaviorsbehaviours.
Many individuals report avoiding STl-related services due
to previous experiences of discrimination, indifference,
or overt hostility from healthcare providers. Globally,
structural barriers such as limited access to comprehensive
reproductive health services for marginalized marginalised
populations like new immigrants, criminalization
criminalisation of behaviorsbehaviours linked to STI
transmission (e.g., commercial sex work and same-
sex relationships), and policies that restrict access to
scientifically accurate information (e.g., abstinence-only
education) perpetuate systemic stigma within sexual and
reproductive health frameworks.®” The intersectionality
of stigma is especially profound among sexually diverse
Muslim men, who often navigate complex identities that
expose them to layered discrimination based on both
sexual orientation and religious background. For many in
this population, limited awareness, fear of disclosure, and
prior negative healthcare experiences deter engagement
with sexual health services, underscoring the importance
of culturally sensitive, inclusive interventions tailored to
their specific needs.68 At the institutional level, stigma is
reinforced by healthcare providers’ personal biases, fears,
and inadequate awareness, all of which contribute to
unequal or dismissive treatment of patients seeking care.
These dynamics foster an environment where individuals
may delay or avoid healthcare altogether, leading to
worsened health outcomes and continued transmission
risks.®® To address these challenges, a multifaceted approach
is required one that integrates person-centeredcentred
care models, trauma-informed practice, comprehensive
sex-positive education, and meaningful community
involvement. Such strategies not only reduce stigma but also
enhance access to essential STI prevention and treatment
services.” In Central and Eastern Europe, for instance, HIV-
related stigma has been a persistent barrier to testing and
care. However, targeted interventions that promote the
“undetectable = untransmittable” (U=U) message, provide
stigma-reduction training for healthcare professionals,
and advocate for policy reform have shown considerable
promise in reducing stigma and increasing healthcare
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engagement.”* Dismantling STI-related stigma requires
concerted, culturally aware, and systemic interventions. By
fostering inclusive healthcare environments and addressing
stigma at multiple levels individual, institutional, and
societal public health efforts can more effectively reduce
transmission, improve outcomes, and promote equity in
sexual health care.

Broader Implications
Psychological Impact and Resilience Mechanisms

Individuals diagnosed with sexually transmitted infections
(STIs) often endure considerable psychological distress,
which can manifest as shame, anxiety, depression, and a
profound sense of isolation. These emotional consequences
extend beyond the physical symptoms of the infection,
deeply influencing patients’ mental health and overall
quality of life. Research has shown that individuals with STls
frequently experience embarrassment, fear of rejection,
and concerns about sexual desirability, all of which can
lead to diminished self-worth and social withdrawal.”?
Such internalized internalised stigma not only impairs
psychological well-being but also contributes to reluctance
in seeking medical care or disclosing STI status to sexual
partners, thereby exacerbating public health risks. The
bidirectional relationship between mental health and STls is
well documented. While individuals with pre-existing mental
health conditions are at increased risk of acquiring STls
due to factors like impaired judgment judgement or risky
sexual behaviorbehaviour, those diagnosed with STls are
similarly vulnerable to developing mental health issues post-
diagnosis.” In an effort to mitigate the psychological toll
of an STl diagnosis, patients often resort to various coping
strategies. Problem-focused coping, which involves actively
seeking information and engaging in open communication,
has been linked to more favorablefavourable psychological
outcomes. For instance, studies among women exposed
to gender-based violence highlight that proactive coping
behaviorsbehaviours such as reaching out for social support
and engaging in structured problem-solving can reduce
levels of distress.” Functional social support, comprising
tangible aid, emotional guidance, and positive social
interaction, plays a critical role in mental health outcomes
among women with sexually transmitted infections (STIs).
Limited emotional and tangible support is linked to increased
depressive symptoms, with emotional and informational
support proving more protective than affection or material
help. Encouraging young women with STIs to build reciprocal
relationships through social and community engagement
can enhance coping and reduce psychological distress.”
addressing the psychological dimensions of STl diagnoses is
integral to holistic sexual health care. By creating supportive
environments, facilitating access to mental health services,
and empowering individuals through community-based

engagement, it is possible to significantly reduce the
emotional burden associated with STls and promote long-
term well-being.

Climate Change and Its Influence on STD
Epidemiology

Climate change is increasingly recognized recognised
as a pressing public health crisis, with far-reaching
implications that extend to the spread and management
of sexually transmitted diseases (STDs). A growing body
of evidence has linked environmental stressors such as
rising temperatures, extreme weather events (EWEs), and
economic destabilization destabilisation to changesin STD
transmission dynamics and barriers to healthcare access.
In India, elevated temperatures have been associated with
increased rates of STDs among vulnerable populations,
particularly female sex workers (FSWs), who often operate
within informal and unstable work environments. These
conditions leave them disproportionately affected by climate
anomalies, with studies revealing a suggestive correlation
between heat exposure and heightened infection rates
in this group.’® The broader health implications of EWEs
further threaten sexual health through multiple pathways,
including increased exposure to HIV and other STDs,
disrupted access to healthcare services, and heightened
incidents of sexual and gender-based violence (SGBV). The
World Health Organization Organisation outlines four core
components essential for sexual health: comprehensive
sexuality education; prevention and care for HIV and
STls; prevention and care for SGBV; and psychosexual
counselling.”” Adolescent girls and young women (AGYW)
in low- and middle-income countries (LMICs) are especially
vulnerable in the face of climate-related adversities. These
include not only the direct health threats of STlIs but also
related socio-economic impacts such as poverty, food
insecurity, school dropout, early marriage, transactional
sex, and sexual violence all of which heighten the risk of
poor sexual and reproductive health (SRH) outcomes.”®
Environmental instability caused by droughts, cyclones,
floods, and rainfall shocks has also been linked to increased
rates of HIV prevalence, gender-based violence, and adverse
maternal and neonatal outcomes. Such disruptions strain
already fragile healthcare infrastructures, impeding timely
diagnosis and treatment while simultaneously increasing
risk exposure and unsafe sexual practices.” In light of
these challenges, climate-resilient sexual health strategies
are vital. These should integrate the anticipated impacts
of extreme weather events into existing health programs
programmes to proactively address emerging SRH needs
and strengthen community-level adaptive capacities.®
These findings underscore the complex interplay between
climate change and sexual health, emphasizing emphasising
the necessity for holistic, context-sensitive responses
that can mitigate the growing risks faced by vulnerable
populations.
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Interaction of STDs with Broader Health Outcomes

Sexually transmitted infections (STls) often present without
symptoms particularly among women which contributes
significantly to underdiagnosis and underreporting. The
asymptomatic nature of many STls delays timely treatment
and increases the risk of long-term health complications.
When left untreated, STIs can result in chronic pelvic
pain, infertility, miscarriage, neonatal mortality, and a
heightened susceptibility to HIV infection. Additionally,
they are linked to severe outcomes such as genital and
oral cancers, as well as neurological and rheumatological
complications.?! STls, caused by a wide range of pathogens
including bacteria, viruses, and protozoa, also play a critical
role in male infertility through various pathophysiological
mechanisms. These infections not only impact reproductive
health directly but can also be horizontally transmitted
to sexual partners or vertically passed from mother to
child during pregnancy or childbirth. Numerous pathogens
such as Chlamydia trachomatis, Ureaplasma spp., human
papillomavirus (HPV), hepatitis B and C viruses, HIV-1, and
human cytomegalovirus have been detected in semen
samples of both symptomatic and asymptomatic men
suffering from testicular, accessory gland, or urethral
infections. These infections have been closely associated
with impaired semen parameters, including reduced
sperm quality, concentration, and motility.?? These findings
emphasize emphasise the critical need for early detection
and management of STIs, not only to prevent serious
health outcomes in individuals but also to mitigate broader
reproductive and public health risks through effective
control of pathogen transmission.

Future Direction

Addressing the complex burden of sexually transmitted
diseases (STDs) requires interdisciplinary collaboration
and innovative policies. A future-oriented approach must
integrate medical, technological, and social frameworks
to enhance prevention, diagnosis, and treatment. One
emerging area of interest is the application of microRNAs
(miRNAs) as biomarkers, offering potential for earlier,
more precise detection and targeted interventions. To
fully leverage this technology, collaboration between
molecular scientists, clinicians, and data analysts is essential
for developing reliable diagnostics and identifying novel
therapeutic targets.2* Community engagement remains a
cornerstone of sustainable STD prevention. Applying the
socio-ecological model, community-based STl interventions
have involved individual-level consultations and co-creation,
peer-led and social network strategies at the interpersonal
level, and multisectoral stakeholder partnerships at the
community and organizational levels. Policy-level efforts have
benefited from digital platforms and community dialogues,
reinforcing the value of inclusive, multilevel engagement.
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Digital technologies, especially, have broadened outreach
and education.84 Social media platforms like Facebook,
Instagram, Twitter, and YouTube have proven effective in
disseminating STD prevention messages and engaging youth
in sexual health campaigns. When combined with other
interventions, Web 2.0 tools can serve as powerful public
health instruments for awareness and behaviorbehaviour
change.85 Beyond physical symptoms, STDs carry significant
social and economic consequences, including stigma,
reproductive complications, and psychological distress.
These outcomes strain healthcare systems and affect
quality of life. The global response led by governments and
international agencies has involved scaling up sexual health
education, testing, and treatment services. Future policies
must address health disparities and cultural influences on
STD transmission. Continued innovation, research, and
international commitment are essential to reduce STD
burden and promote sexual well-being for all.1 These
multidisciplinary efforts grounded in science, community
participation, and digital innovation can significantly
strengthen global responses to STDs. By addressing medical,
behavioralbehavioural, and structural determinants in
tandem, we move closer to equitable and effective sexual
health systems worldwide.

Conclusion

Addressing sexually transmitted diseases (STDs) requires
innovative and interdisciplinary strategies that extend
beyond traditional public health approaches. Emerging
avenues such as climate-resilient health policies,
microbiota-targeted therapies, and digital platforms for
personalized health education offer promising potential
Emerging avenues, such as climate-resilient health policies,
microbiota-targeted therapies, and digital platforms for
personalised health education, offer promising potential.
Recognizing Recognising the influence of environmental
factors, including climate change, on STD epidemiology
provides novel insights for surveillance and intervention.
Furthermore, integrating socio-cultural understanding with
global partnerships can help dismantle persistent barriers
to prevention and care. Advances in microbiome research
and genomic technologies present exciting opportunities
for individualized individualised STD prevention through
tailored probiotics, precision vaccines, and synthetic
biology-based solutions. These personalized personalised,
microbiome-informed approaches remain unexplored but
could transform future STD control by addressing individual
susceptibilities and enhancing innate defence mechanisms.
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