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Abstract

Sexually transmitted diseases (STDs) continue to represent a substantial burden on public
health and society worldwide. With significant implications for social, economic, and
public health, STDsare a major global health concern. Despite advances in treatment, the
global control of STDs is increasingly threatened by high prevalence of asymptomatic
infections, delayed diagnosis and the rapid emergence of antimicrobial resistance (AMR).
This emergence includes the value of asymptomatic screeningand the ensuing collateral
damage resulting from the overuse of our declining potent antimicrobial resources. This
review article critically examines current trends in the epidemiology, clinical significance,
and laboratory diagnosis of major sexually transmitted pathogens, including Treponema
pallidum, Chlamydia trachomatis, Trichomonas vaginalis, human papillomavirus, herpes sim-
plex virus, and emerging sexually transmissible infections. Major emphasis is focused
on contemporary diagnostic technologies and strategies, with a major focus on nucleic
acid-based and point-of-care testing and their applicability in routine testing. The review
also highlights evolving AMR patterns, resistance-guided therapy, and the role of global
and national surveillance systems in informing treatment guidelines, with the integration of
diagnostic strategies with resistance-guided therapy and surveillance systems. Strengthen-
ing diagnostic capacity, antimicrobial stewardship, and integrated surveillance is essential
to mitigate resistance, improve patient outcomes, and advance effective STD management
in venereology practice.

Keywords: sexually transmitted diseases (STDs); antimicrobial resistance (AMR); point-of-care;
public health surveillance

1. Introduction
Sexually transmitted diseases (STDs) are induced by an array of bacterial, viral, and

parasitic agents and are primarily passed on through intercourse. In addition to that, they
can also spread through vertical transmission or by infected needles and blood components.
Collectively, STDs represent a major global public health challenge. The most common of
these diseases is the human immunodeficiency virus (HIV)/AIDS, which affects more than
38 million people, and continues to exert a profound impact on morbidity and mortality [1].
Persons having sexually transmitted infections (STIs) are more prone to spreading HIV to
other people. Even those without HIV, STIs enhance the probability of HIV infection [2].

The advancements in laboratory diagnosis for STDs have transformed the detection.
Nucleic acid-basedassays provide strong sensitivity (86.1–100%) and precision (97.1–100%)
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for the detection of some STDs like Chlamydia, Gonorrhea, Trichomoniasis, M. genitalium, and
Herpes simplex virus type 1 and Herpes simplex virus type 2 (HSV-1 and HSV-2), while
immunology testing is doneto diagnose syphilis [3]. The impact of STDs goes well beyond
the physical well-being of the people, encompassing economic and societal ramifications.
Critical sexual health problems, such as impotency, abnormal pregnancies, and unfavorable
maternity outcomes, can be caused by STDs. Treatment for STDs and their consequences is
quite expensive [4].

Healthcare systems are heavily burdened by direct medical costs, which include diag-
nosis, treatment, and follow-up care. Particularly in environments with limited resources,
the indirect costs associated with decreased quality of life and missed productivity are
significant [5]. Effective antimicrobial therapies are available for the treatment of STDs like
Gonorrhea (Ceftriaxone), Chlamydia (doxycycline), trichomoniasis (nitroimidazoles), and
Syphilis (penicillin), while antimicrobial resilience constraints give the least oral treatment
options for Gonorrhea and M. genitalium. There is no recognized treatment for HSV-2 infec-
tion. The use of barrier contraceptives, systematic tracing of sexual partners, and regular
screening are key measures that effectively reduce the transmission of STIs [6].

Women and their newborns are disproportionately affected by undetected illnesses
that can cause severe harm if left untreated. Premature birth and spontaneous abortion
are two consequences of congenital syphilis. In addition to causing endometritis and
pelvic floor dysfunction in women, Chlamydia and Gonorrheae can also cause abnormal
conception and pregnancy termination, premature birth, a higher threat of HIV transfer
from mother to child, red eye, and respiratory infection in newborns [7]. The national and
local governments have put in place a number of preventative and control measures, such
as expanding access to testing and treatment, promoting condom usage, and implementing
sexual education programs [8].

In particular, successful STDtreatment and prevention programs depend on early
detection and screening for asymptomatic carriers. Specifically, the modern cutting-edge
innovations have enabled the improvement and use of point-of-care (POC) validation [9].
This review provides an updated overview of current laboratory diagnostic approaches for
major STDs, highlighting their advantages, limitations, and applicability to POC testing.
It further emphasizes the need for continued innovation, integrated surveillance, and
sustained global commitment to reduce the burden of STDs and promote sexual and
reproductive health worldwide.

2. Review Methodology
A narrative literature search was performed in PubMed, Scopus, Web of Science, and

Google Scholar (for gray literature), along with official sources from the World Health
Organization (WHO), the Centers for Disease Control and Prevention (CDC), the United
Nations Programme on HIV/AIDS (UNAIDS), and the National AIDS Control Organiza-
tion(NACO), covering publications from 2000 to March 2025. Search terms included STIs,
emerging STIs, diagnostics, point-of-care testing, surveillance, antimicrobial resistance,
vaccines, and pathogen-specific keywords. Eligible studies included peer-reviewed articles,
systematic reviews, surveillance reports, and clinical guidelines focusing on human STIs
and reported data on epidemiology, diagnostics, antimicrobial resistance, surveillance
systems, or vaccine development. Case reports, animal studies, and non-peer-reviewed lit-
erature were excluded. Titles and abstracts were screened, followed by full-text evaluation
for relevance. Data were extracted on epidemiology, diagnostics, surveillance frameworks,
resistance patterns, and vaccine development. Due to heterogeneity across study designs,
findings were synthesized qualitatively. Methodological rigor and consistency across
authoritative sources were prioritized.
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3. Epidemiology and Recent Trends
In recent years, oral and anal sexual practices have been increasingly reported, notably

in young adults and youth in developed countries [10]. These patterns have been estimated
at typically 70% and above for oral sex and significant percentages in anal sex among the
population aged between 15 and 44 yrs, according to national surveys conducted. Also,
these behaviors are mainly associated with multiple partners and no or low condom use,
associated with increased risk of STI acquisition. For example, according to U.S data from
the National Survey of Family Growth, approximatelythree-quarters of men and women
between the ages of 15 and 44 years had oral sex, and one-third had anal sex.

These patterns are linked with adverse health consequences because both oral and
anal sex are known to serve as STI transmission routes, and these may represent under-
recognized transmission pathways of transmission for a variety of pathogens, such as
Syphilis, Herpes simplex virus, Chlamydia trachomatis, Nisseria gonorrheae and human papil-
lomavirus (HPV), especially when protection is weak, contributing to secondary transmis-
sion. This onward transmission contributed to extragenital infections of the oropharynx
and rectum, which are often asymptomatic but are linked to increased risk behaviors,
according to a systematic review of studies [10] and require greater awareness in sexual
health education and other screening programs.

Oral and anal STIs can lead to several clinical complications, including pain, anal
discharge, superficial ulceration, bleeding, and mucous exudates, which are all symptoms
of proctitis caused mainly by bacteria like Neisseria gonorrheae and Chlamydia trachomatis that
affect the rectal region, causing STIs. Perianal pain and ulcerative sores are HPV-related
precancerous changes as well as cancers. If not screened and properly evaluated, these
symptoms may result in a non-specific clinical presentation [11]. While non-vaginal sexual
practices are fully effective in preventing pregnancy and may be chosen for a variety of
personal, relational and cultural reasons, research indicates that perceptions of STI risk
associated with these practices can differ from epidemiological evidence. Such differences
in risk appraisal are shaped by subjective perceptions and behavioral beliefs, underscor-
ing the need for comprehensive sexual health education and screening strategies [12,13].
Consequently, condom use during these practices is frequently inconsistent; for example,
according to observational studies conducted, about two-thirds of men who have sex with
men reported inconsistent condom use during intercourse, increasing susceptibility to HIV
and other STIs [9,14]. The risk of acquiring HIV is greater during condomless anal sex and
vaginal sex compared with oral sex. Among these, receptive anal sex carries a higher per-act
risk of HIV transmission, followed by insertive anal sex, while the risk associated with oral
sex is lower or near zero in the absence of specific cofactors [15]. Observational evidence
and risk estimates consistently show this hierarchy of transmission probabilities [16].

Such differences in risk appraisal are shaped by subjective perceptions and behav-
ioral beliefs, underscoring the need for comprehensive sexual health education and
screening strategies.

A study from India (2009–2010) found that 12.3% of female sex workers (FSWs) aged
18–60 had been involved in receptive anal intercourse in the previous six months, and only
48.4% reported consistent condom use [17]. In the Netherlands (2016), 20.0% of FSWs aged
18 and above had anal sex in the last six months, but just 31.0% utilized contraception
with clients at all times [10]. Similarly, a systematic review conducted in the United States,
published between 1987 and 2013, showed that the incidence of anal sex among FSWs
varied widely, from 0 to 18.0%, and consistent condom use during anal sex ranged from
14.0% to 82.0% [18] (Figure 1).
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Figure 1. Representation of anal sex and condom use among female sex workers in different regions.

These findings emphasize how important it is to distinguish subjective risk perceptions
from objective biological risk probabilities while analyzing epidemiological information.

4. Targeted STI Prevention and Care
Sexually transmitted diseases remain a major challenge to general well-being uni-

versally, with men who have sex with men (MSM) disproportionately affected. MSM
populations experience a higher load of several STIs—comprising HIV, Syphilis, and
Gonorrhea—and are also at increased risk of psychological wellness issues and element
use. Several factors contribute to this elevated risk, such as higher frequency of unsafe
sex, diverse partners, and the impact of stereotypes, which often discourages individuals
from routine evaluation and timely treatment. MSM are also more susceptible to anal
health concerns like fissures, fistulas, and lesions, as well as genital or oral ulcers, warts,
and abnormal discharges, which may facilitate STI acquisition and transmission. In
India, identification and outreach to MSM always remain challenging due to social
stigma and cultural norms, which may lead them to conceal their sexual orientation
and enter heterosexual marriages [19]. Therefore, men, particularly MSM, play a crucial
role in the dynamics of HIV transmissionand also make a significant contribution to
new infections through male-to-male sexual contact. Addressing prevention and care
strategies specifically for men is therefore essential to effectively control HIV spread
within this population.

Men who are engaged in sexual activity with other men belong to an overlooked
category of the population that requires immediate attention. For this effective intervention,
like comprehensive sexual health education, counseling, screening, routine STD testing and
timely treatment, partner notification and linkage to HIV prevention services are included
(Figure 2). According to UNAIDS, there are five important demographic groups that are
mainly susceptible to HIV, including sex workers, transgender people, gay men and other
MSM, injecting drug users, andprisoners and other incarcerated people, andthey also lack
proper access to services very frequently [20].

STI prevention and care extend beyond diagnosis and treatment to include comprehen-
sive public health strategies such as partner notification and treatment (partner services),
routine screening of asymptomatic individuals, and risk-reduction counseling. Integrating
these components into STI control programs enhances early detection, improves treatment
outcomes, and supports overall disease prevention efforts.
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Figure 2. STD Prevention Concept Note.

5. Pathogen of Focus
Due to changing epidemiological and behavioral patterns, the spectrum of both long-

established pathogens and those that have recently emerged or re-emerged infections
in sexually transmitted infections (STIs) has been encompassed. However, not all STIs
contribute equally to the global disease burden or require the same level of clinical and
public health attention. Therefore, from a practical standpoint, it is necessary to distinguish
between high-prevalence infections such as Chlamydia, Gonorrhea, Syphilis, and HIV—that
drive the majority of morbidity and transmission—from those that are emerging and less
prevalent, or context-specific (Figure 3 & Table 1). This distinction allows healthcare systems
to prioritize screening, diagnosis, and intervention strategies more effectively while still
acknowledging the broader diversity of pathogens. In this section, we therefore categorize
STIs based on their clinical relevance and prevalence to provide a clearer framework for
understanding their impact and management (Figure 4 & Table 2).

5.1. Treponema pallidum

T. pallidum is the etiological agent of syphilis, a sexually transmitted disease with
diverse clinical manifestations. Because of its small genome and restricted outer membrane
proteins, it can evade host immunity and poses diagnostic challenges. Syphilis remained a
significant worldwide health problem at the beginning of the 20th century, with about six
million novel instances reported annually among individuals aged between 15 and 49 years,
until penicillin was introduced [21]. Primary, secondary, and latent stages comprise the
untreated phase of syphilis; in the beginning, it appears with a painless ulcerfollowed by
systemic dissemination and rash [22]. Treponemal and nontreponemal tests are two types
of serological tests for syphilis that detect specific antibodies and antibodies to lipoidal
antigens for disease monitoring [23]. Because of its small genome and restricted outer
membrane proteins, it can evade host immunity and poses diagnostic challenges.

https://doi.org/10.3390/venereology5020014

https://doi.org/10.3390/venereology5020014


Venereology 2026, 5, 14 6 of 28

 

Figure 3. Global STI incidence intensity (per 1 lakh population).
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Figure 4. Sexually transmitted diseases.

5.2. Neisseria gonorrheae

Neisseria gonorrheae belongs to the Gram-negative diplococci group that are capa-
ble of adhering to the epithelial part of the urethra, cervical mucosa and conjunctiva
because they have fimbriae (pili) [24]. A significant percentage of gonorrhealinfections
are silent in both men and women, leading to misdiagnosis, repeated infections and on-
going transmission [25]. The average duration of incubation for urogenital gonorrhea is
2–8 days, with clinical manifestations of gonorrhea between males and females. When
evaluating symptoms in men with symptomatic urethritis, a Gram stain can be effective.
However, gonorrhea in males without symptoms, females, and those with extragenital
(pharyngeal and rectal) infections—which are frequently asymptomatic or exhibit nonspe-
cific symptoms—all require the use of laboratory-based diagnostic tests [26]. Nucleic acid
amplification tests (NAAT)that identify N. gonorrheae RNA or DNA, culture morphology,
and microscopy in stained smears can all be used, with an urgent need for rapid and
accurate point-of-care diagnostics (POCT) for gonorrhea.
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5.3. Chlamydia trachomatis

Chlamydia trachomatis is the most common sexually transmitted infection, generally
impacting young women between the ages of 14 and 25 years. Since 70–90% of chlamydia
infections are asymptomatic, the germs can persist for several years [24]. According to
ompA genotyping, this Gram-negative bacterium is linked to 19 serovars (A–C, D–K, L1–L3)
and variations. Different clinical indications of illness may result from this range of traits
and variations in genes [27]. Chlamydia infections can be treated with antibiotics, butif left
without treatment, they can cause long-term significant damage to the generative organs,
including abnormal pregnancies, injuries to newborns, and infertility, and epididymitis,
urethritis, proctitis, prostatitis, and reactive arthritis in men [28].

The cell culture approach was initially used to diagnose chlamydia, but it did not
give accurate resultsand waschallenging to standardize. To achieve the best outcomes,
additional methods incorporating serological testing have been developed [29]. However,
certain researchers argue that seropositivity was not linked to active infection, and these
serological methods are linked to low specificity. At the moment, NAAT is the most effective
technique for detecting Chlamydia trachomatis [30].

5.4. Trichomonas vaginalis

Trichomonas vaginalis is the most pervasive non-viral STI leading to conditions like
urethritis, vaginitis, cervicitis, and prostatitis [31]. Trichomonas vaginalis is an extracellular
protozoan with flagella that is responsible for causing Trichomoniasis, a sexually transmit-
ted disease that infests the human genital and urinary systems [32]. It is also associated with
HIV and HPV infections, and causes infertility in men by decreasing the quality of semen,
cervical cancer in women and pelvic inflammatory disease, along with infertility [33].

Traditionally, point-of-caretechniques—wet mount microscopy and culture method of
vaginal secretions being the most popular—have been used to diagnose trichomoniasis be-
fore the advancement of extremely reactive and precise NAATs. Nucleic acid amplification
tests now provide superior sensitivity and specificity and represent the current diagnostic
gold standard for trichomoniasis [34]. Traditional methods, such as wet mount microscopy
and culture, have limitations in sensitivity and may fail to detect infections, necessitating
the use of more advanced diagnostic approaches.

5.5. Human Papillomaviruses

More than 90% of genital wart cases are caused by HPV-6 and HPV-11, the most
common nononcogenic subtypes of HPV [35]. Cervical, vaginal, vulvar, oropharyngeal,
penile, and anal cancers can be induced by the carcinogenic subtypes HPV16, HPV-33, HPV-
35, HPV-18, HPV-45, and HPV-58. About 70% of instances of cervical cancer are caused by
both HPV-16 and HPV-18 [36]. Human papillomaviruses are very small double-stranded
DNA viruses belonging to the Papillomaviridae family, which affect the mucous membranes
or the skin’s squamous epithelium. Majorly, the virus is eliminated by the immune response;
however, persistence of the virus can eventually develop cancer, condylomas, and other
precancerous diseases [37].

Due to difficulty in the cultivation of HPV viruses, molecular techniques are mainly
used for the diagnosis of HPV DNA. These techniques include nucleic acid amplification test
and immune-biochemical-based methods, which may limit applicability in low-resource
settings and pose challenges in widespread screening [38].

5.6. Herpes Simplex Viruses

Herpes simplex viruses (HSV-1 and HSV-2) are common sexually transmitted
pathogens transmitted through direct skin or mucosal contact during oral or genital sexual
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activity. There are different HSVs, which include cytomegalovirus, varicella-zoster virus,
and HSV-1 and HSV-2. Viral transmission can also happen in the absence of clinical signs
and approximately 50% of infections show no symptoms [39]. An edema of the vulva with
several tiny blisters on inflamed skin following an incubation period of three to eight days
is a typical medical diagnosis. Painful ulcerations result from the blisters eroding over
time [24].

To detect herpetic infections, a variety of laboratory tests are available. Morphological,
immune-related, serologic, virus-related, and molecular are the five primary categories into
which they can be divided. Diagnosis using a variety of laboratory methods, including
PCR, direct immunofluorescence (IF), HSV culture, and Tzanck smear. Molecular biolog-
ical methods are preferred for diagnosis due to their high reactivity, dependability, and
convenience of use [40]. The absence of symptoms and variability in clinical presentation
pose challenges for accurate and timely diagnosis.

5.7. Mycoplasma genitalium

The prevalence of M. genitalium infestation differs significantly amongst populations,
ages, and geographical areas [41]. The infection is asymptomatic but recognized as a cause
of non-gonococcal urethritis in men and cervicitis and infertility in females. Therefore,
nucleic acid tests and detecting resistance-associated mutations are the method of choice for
diagnosis. Among self-replicating prokaryotic cells, Mycoplasma genitalium has the smallest
genome and no cell wall, making beta-lactam antibiotics ineffective. The resistance towards
antibiotics like macrolides and fluoroquinolones is rising, making treatment complicated
and, therefore, making resistance-guided therapy and accurate diagnosis essential.

5.8. Candida albicans

Candida albicans is not considered a classical sexually transmitted pathogen; rather,
vulvovaginal candidiasis is typically an endogenous opportunistic infection, although
sexual transmission may occur in some cases. Vulvovaginal candidiasis is a common con-
tagious fungal infection that affects millions of women worldwide, and is mostly caused
by Candida albicans. Over the past 20 years, there has been a significant global increase
in the number of cases of candidiasis. Candida species are present in the normal flora of
every woman, and the most common vaginal colonizer species is Candida albicans, which
is present in the lumen of the vagina and typically has no symptoms of infection. When
Candida spp. pierces the vaginal mucosal linings, it causes an inflammatory reaction due
to its pseudohyphae and hyphae, which results in vulvovaginal candidiasis [42]. Vaginal
irritation, edema, burning, erythema, and an irregular discharge are common symptoms
of candida.

The topical antifungals used in the treatment of candidiasis are azoles. Systemic and
triazoles are mainly used, including fluconazole, voriconazole, itraconazole and clotri-
mazole, being the most commonly prescribed ones for simple infections. The choice of
medication is highly influenced by the individual factor that depends on the severity and
persistence of the infection [43]. It has been shown that non-albicans Candida species are
gradually becoming more resistant to antifungal medications. Consequently, the use of
antifungal drugs in clinical treatment has become difficult [44].

5.9. Trichophyton mentagrophytes Genotype VII

A recently discovered genotype of the fungus Trichophyton mentagrophytes isgenotype
VII (TMVII), whichis a zoophilic dermatophyte that is closely linked to sexual transmission,
especially among men who have sex with men [45]. In 2001, tinea genitalis was first reported
in female sex workers in Spain. Cases have since been documented in Europe, Asia, and,
more recently, the United States. The first case of TMVII was detected in 2023, in a young
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boy in the US with Tinea genitalis and glutealis, presumed to be sexually transmitted [46].
Tinea does not cause life-threatening conditions, but it may include moderate to severe
substantial inflammation and many lesions, creating significant patient discomfort [45].
Appropriately distinguishing between Trichophyton species is crucial, especially considering
the introduction of TMVII and T. indotineae. Accurate identification now depends on
molecular methods, especially sequencing of the internal transcribed spacer (ITS) region
infungi [47].

During the identification phase, a delay in appropriate therapy is observed in some pa-
tients, who may have been first misdiagnosed and treated for inflammatory skin disorders
or bacterial infections.

5.10. Entameba histolytica

Entameba histolytica is a parasitic protozoan that causes intestinal amebiasis and liver
abscesses. Consumption of fecally contaminated food and water can lead to ingestion of
infective cysts of E. histolytica, which causes amoebic dysentery and is associated with an
increase in sexual transmission, mostly in males who have sex with males [48]. Infective
cysts reach the large intestine after ingestion and release pathogenic trophozoites. These
trophozoites adhere to the cells and invade epithelium, forming characteristic flask-shaped
ulcers. This causes diarrhea with abdominal pain. Liver abscesses are caused when these
trophozoites enter the portal circulation [49].

Serology or stool microscopy is used for the diagnosis, and CT imaging shows the
right-lobe liver abscesses. However, microscopy is unable to consistently distinguish
pathogenic E. histolytica from nonpathogenic species, including Entameba dispar and En-
tameba moshkovskii, and the molecular techniques involving PCR amplification facilitate
distinguishing them [50]. Treatment of E. histolytica requires sequential courses of an-
timicrobials, usually a nitroimidazole (e.g., tinidazole) followed by a luminal agent (e.g.,
paromomycin) to ensure clearance of both active trophozoites and cysts [51].

5.11. Giardia duodenalis

Giardia duodenalis is a unicellular and flagellated protozoan and a non-invasive para-
site. It is also referred to as Giardia intestinalis and Giardia lamblia. It causes an estimated
280 million instances of diarrheal sickness worldwide [52]. Sexually transmissible G. duo-
denalis was originally identified in New York in 1968, where four men who had sex with
men and had no history of travel were diagnosed with both G. duodenalis and Entameba
histolytica at the same time [53]. Among the eight subtypes of G. duodenalis, only subtypes
A and B cause diseases in humans. The infection occurs in two stages. The cysts can
enter the human body by consuming contaminated food or water or directly through
oral–fecal contact. When cysts excyst into trophozoites in the proximal small intestine, it
causes enteritis. The infection cycle is completed when these trophozoites form cysts in the
jejunum and travel into the feces [54].

The diagnosis can be done through microscopy, serology, and molecular tests. While
microscopy can be an appropriate option for the visualization of cysts, or in rare cases the
trophozoites, the sensitivity of molecular tests is the most preferred method for diagnosis.
Among them, the serological test is not considered accurate for clinical diagnosis. The
treatment is done using antibiotics like paromomycin, nitazoxanide, or nitroimidazoles;
however, antibiotic resistance is leading to higher treatment failure [51].
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Table 1. Global burden of sexually transmitted diseases.

Infection Causative Agent Number of
Cases Globally Prevalence Uncertainty

Interval (95%)
Highest Burden

Region References

Syphilis Treponema
pallidum

~8.0 million new
cases/year

~0.5% (adults
15–49 years)

~0.4–0.6%
(model-based data)

WHO African region
of the Americas
(rapid increase)

[55,56]

Gonorrhea Neisseria
gonorrhoae

~82 million new
cases/year

~0.9% women;
0.7% men

~0.7–1.1% women;
~0.5–1.1%

African region;
Western Pacific

region
[56,57]

Chlamydia Chlamydia
trachomatis

~129 million new
cases/year

~3.8% women;
~2.7% men

~3.3–4.5% women;
~1.9–3.7% men

African region;
Western Pacific

region
[56,57]

Trichomoniasis Trichomonas
vaginalis

~156 million new
cases/year

~5.3% women;
~0.6% men

~4.0–7.2% women;
~0.4–0.9% men

African region
(highest prevalence) [56,57]

Human
Papillomavirus

(HPV)

Human
Papillomavirus

~300 million
women infected

(prevalent)

Very high in
sexually active

adults

~11–12% women
(Bruni)

South Asia;
sub-Saharan Africa

(highest cervical
cancer burden);
Latin America

[58,59]

Genital Herpes Herpes simplex
virus (HSV-2)

~520 million
active cases

~13% globally
(15–49 years)

~13% globally
(11–15%);

15–49 years
(Looker)

African region [60];

AIDS HIV 40.8 million
active cases

~0.7% adults
(15–49 years) 37–45.6 million Sub-Saharan Africa

(~65%) [61]

Mycoplasma
genitalium

Mycoplasma
genitalium

30–120 million
cases ~1–4%

~1–2%; (1.1–2.3%)
in the general

population aged
15–49 years globally

Higher in men
having sex with men [62]

Vulvovaginal
Candidiasis Candida albicans ~138 million

cases/year

~70% risk (once
in a lifetime in

majority of
women)

~20–25% of women Common recurrent
disease worldwide [63]

Trichophyton
mentagrophytes
genotype VII

Trichophyton
mentagrophytes
genotype VII

Not defined

Not established
due to limited

surveillance and
recent

identification

- Europe; South Asia [64]

Amebiasis Entameba
histolytica

~50 million
symptomatic

infections/year

~0.7–1% of the
global population - South Asia; Africa;

Latin America [65]

Giardiasis Giardia
duodenalis

~280 million
infections/year

~2–7% in
developed

regions and up to
20–30% in

developing
regions

- South Asia; Africa;
Latin America [66]

(-) Means data not available.

Table 2. Major STIs: pathogen, diagnostic methods, and point-of-care (POC) availability.

STI/Pathogen Common Diagnostic Methods POC Tests Available

Treponema pallidum (Syphilis)

Nontreponemal tests (Rapid Plasma Regain (RPR),
Venereal Disease Research Laboratory (VDRL);

treponemal tests (T. pallidum
particleagglutinationassay (TPPA), Fluorescent
Treponemal Antibody Absorption (FTA-ABS),
enzyme immunoassay(EIA); polymerase chain

reaction PCR (limited)

Yes (rapid treponemal tests)
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Table 2. Cont.

STI/Pathogen Common Diagnostic Methods POC Tests Available

Neisseria gonorrheae
NAATs; culture with AST; Gram stain

(symptomatic males)
Culture essential for AMR surveillance

Yes (NAAT-based POC emerging

Chlamydia trachomatis NAATs (urine, cervical/urethral swabs) Yes (limited sensitivity in LFAs)

Trichomonas vaginalis NAATs; wet mount microscopy; culture Yes (OSOM, GeneXpert TV

Human papillomavirus (HPV) HPV DNA/RNA assays; PCR; hybrid capture
Limited

Screening-focused rather than
acute diagnosis

Herpes simplex virus (HSV-1/2) PCR; viral culture; serology (IgG) Limited

Mycoplasma genitalium NAATs; resistance mutation assays;
resistance-guided therapy increasingly required Limited

HIV 4th-generation Ag/Ab assays; NAATs Yes (rapid antibody/Ag tests)

Candida albicans NAATs; wet mount microscopy; culture
Yes (NAAT-based POC emerging;
commercial kits (e.g., Affirm VPIII

microbial identification test)

Trichophyton
mentagrophytes genotype VII

NAATs; wet mount microscopy; culture; molecular
identification (ITS region sequencing)

KOH-based rapid microscopy (limited
specificity); no standardized rapid POC

molecular tests currently available

Entameba histolytica
NAATs; stool microscopy cysts/trophozoites);
4th-generation Ag/Ab assays; serological tests;

molecular methods (PCR-based detection)

Rapid antigen detection kits (lateral flow
assays); microscopy-based stool

examination (field settings)

Giardia duodenalis

NAATs; stool microscopy cysts/trophozoites);
4th-generation Ag/Ab assays; serological tests;

molecular methods (PCR-based detection);direct
fluorescent antibody (DFA) tests

Basic point-of-care use in
low-resource settings

6. Newly Emerging Sexually Transmitted Infections (STIs)
Due to globalization, increased international traveling, unprecedented accessibility,

and social networking have contributed to the worldwide dissemination of existing and
newly emerging STIs. As a result of these factors and changes in sexual and behavioral
practices, several diseases are found to be sexually transmitted, including Shigella flexneri,
Mycoplasma genitalium, Neisseria meningitidis, methicillin-resistant Staphylococcus aureus
(MRSA), hepatitis C, Ebola, Zika, dengue, etc. [67] (Table 3). The major reservoir for
microorganisms responsible for dissemination is genital secretions and approximately
29 viral agents have been found in human semen, highlighting the potential for future STI
emergence [68].

Table 3. Emerging and re-emerging infections with evidence of sexual transmission.

Pathogen Primary Transmission Evidence of Sexual Transmission Venereological Significance

Mpox (Monkeypox virus) Close contact, zoonotic Strong (anogenital lesions, MSM clusters) Requires STI-clinic-based surveillance

Zika virus Mosquito-borne Semen persistence, sexual spread Reproductive counseling critical

Ebola virus Body fluids Documented via semen Post-recovery counseling required

Neisseria meningitides
(urethritis clade) Respiratory Oral–genital transmission Mimics gonorrhea clinically

MRSA Skin contact Sexual networks Important in MSM populations

Shigella spp. Feco-oral Sexual practices Increasing outbreaks in MSM
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6.1. Re-Emergence of Syphilis

Among all STDs, it was formerly believed that syphilis had vanished in the late 1990s,
but years later, this stealth pathogen reappeared as a public health issue, particularly among
vulnerable groups of populations like MSM, people living with HIV (PLWH), female sex
workers (FSWs), male sex workers (MSWs), people deprived of liberty, and pregnant
women. According to the Health Data Organization, the estimated worldwide prevalence
is 49.7% (95%CI 38.3–66) per million cases. The estimated prevalence was 18.7% (95%CI
14.9–24.1) for women and 31% (95%CI 23.1–41.8) per million cases for men [69].

Around 2020, the World Health Organization (WHO) estimated new cases of syphilis,
which was approx. 7 million annually, and also the utilization of macrolides and tetra-
cycline as an alternative treatment for syphilis has also increased [70], leading mainly to
antimicrobial resistance (AMR), reinforcing the need for epidemiological surveillance.

6.2. Neisseria meningitidis

Although Neisseria meningitidis is a nasopharyngeal commensal, urogenital tract infec-
tions are also increasing, causing capsule loss, rendering the species untypable by standard
diagnostic methods. Transmission of bacteria occurs mainly through oral intercourse,
during which the bacteria get transferred from the normal microbiota present in the upper
respiratory system of the sexual partner to the person who gets urethritis. Mainly, the
disease is symptomatic, exhibiting symptoms such as dysuria and urethral discharge [71].

In particular, the “Neisseria meningitidis urethritis clade” (US NmUC) or “Neisseria
meningitidis, non-groupable” (NmNG) primarily impacts heterosexual men, with a sub-
stantial majority indicating oral sex as the main mode of dissemination. These strains
had no effect on MSM, but they acquired infection with a highly virulent serogroup C
(ST-11 clonal complex) that has been linked to several outbreaks of invasive meningococcal
disease (IMD), particularly in HIV-positive individuals (four times more susceptible) [71].

6.3. Genital Tuberculosis

Genital tuberculosis, another sexually transmitted infection, occurs rarely, but has
been recorded, usually resulting from sexual intercourse with epididymal TB in the male
partner. The identification of asymptomatic female genital TB was done using complete
sequencing of the genome and targeted screening, even if asymptomatic. Male genital
tuberculosis most often shows up as swelling of the epididymis, and may be coupled with
other symptoms such as fever, malaise, and weight loss. Despite these clinical signs, actual
shedding of tubercle bacilli from epididymal TB is considered exceptionally uncommon.

Particularly in India, genital TB is more prevalent in women and commonly involves
the infection in the fallopian tubes, endometrium, and ovaries. Most cases are asymp-
tomatic, with infertility often being the initial clinical presentation. A meta-analyses study
done recently suggests a higher prevalence among infertile women, underscoring the
importance of molecular diagnostics and targeted screening [72].

6.4. Monkeypox, or mPox

Monkeypox, or mPox, is a zoonotic viral infection caused by the monkeypox virus,
first identified in monkeys in 1958 and later in humans in 1970 in the DRC. Although
once limited to Central and West Africa, the disease drew global attention during the
2022 outbreak, when cases appeared in several non-endemic countries, largely among
MSM. This surge led the WHO to declare it a Public Health Emergency of International
Concern. Genetic studies from the outbreak identified a new lineage, B.1 (Clade IIb). mPox
spreads through close physical contact, respiratory droplets, and contaminated objects, and
increased human–animal contact, along with waning smallpox immunity, have contributed
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to its rise. While the classic illness begins with fever, headache, and swollen lymph nodes
before a widespread rash appears, recent cases have shown fewer lesions confined mainly
to the anogenital and perioral areas. Complications such as proctitis and tonsillitis have
become more common, adding to diagnostic difficulty [73].

6.5. Zika Virus

Zika virus, a flavivirus spread mainly through the bite of infected Aedes mosquitoes, is
also capable of sexual transmission due to prolonged viral persistence in semen and genital
secretions. First detected in 1947 in monkeys and soon after in humans in East Africa,
it has since become a global health concern. Besides mosquito bites, Zika can be passed
through blood transfusion, sexual contact, and from an infected pregnant woman to her
fetus, sometimes resulting in congenital Zika syndrome. Most infections go unnoticed or
cause only mild symptoms like fever, rash, conjunctivitis, and joint pain, usually resolving
within a week. Serious complications are rare but can include Guillain–Barré syndrome
in adults and severe birth defects such as microcephaly and eye abnormalities in infants
exposed during pregnancy. Diagnosis relies on nucleic acid amplification testing, and
preventive strategies focus on sexual abstinence or barrier protection following exposure,
especially for individuals planning pregnancy [74].

6.6. Ebola Virus

Ebola virus disease, severe zoonotic infection with documented sexual transmission,
particularly from male survivors in whom viral RNA may persist in semen for over a year.
Although transmission is primarily associated with direct contact with infected body fluids,
sexual transmission has been implicated in post-outbreak flare-ups. Diagnosis requires
RT-PCR, and management is largely supportive, complemented by monoclonal antibody
therapy and vaccination. WHO guidelines recommend routine semen testing and safe-sex
practices until confirmed viral clearance [75].

7. Antimicrobial Resistance (AMR) Among STDs
Antimicrobial Resistance (AMR) occurs when microorganisms and parasites do not

show any response to the medicines that are meant to affect them or evolve mechanisms that
render them ineffective. Due to this, it becomes difficult to treat them and illnesses continue
to persist, which can finally cause complications. The dissemination and emergence of
AMR represent the most serious threat to public health worldwide. Major reasons for
this include the overuse and misuse of antibiotics—such as taking them without need,
not completing the full course, or using them in livestock and agriculture. This growing
problem threatens global health because treatments that once worked may no longer be
effective, making even minor infections potentially dangerous. Preventing AMR effectively
requires coordinated strategies like responsible antibiotic use, infection control practices,
vaccination, good hygiene and awareness among the public.

Antimicrobial resistance (AMR) in sexually transmitted diseases (STDs) is becoming a
major concern because many common infections are no longer responding well to standard
treatments. Neisseria gonorrheae, in particular, has shown rapidly rising resistance to multiple
antibiotics, making it harder to cure and increasing the risk of complications [76]. Resistance
is also emerging in infections like Mycoplasma genitalium, while early warning signals
have also emerged for Chlamydia trachomatis and Treponema pallidum. When STDs become
resistant, treatment options become limited, infections last longer, and the chances of
transmission increase (Table 4).
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Table 4. Antimicrobial resistance (AMR) trends among major STI pathogens.

Pathogen Drugs with Reported Resistance Current AMR Trend Clinical Implication

Neisseria gonorrheae
Ciprofloxacin, azithromycin,
cefixime; reduced susceptibility
to ceftriaxone

Rapidly increasing Threat of untreatable gonorrhea

Mycoplasma
genitalium Macrolides, fluoroquinolones High and rising globally Sequential, resistance-guided

therapy needed

Treponema pallidum Macrolides (azithromycin) Increasing Penicillin remains drug of choice

Chlamydia trachomatis Sporadic resistance signals Low but monitored Surveillance needed

Trichomonas vaginalis Nitroimidazoles (metronidazole) Emerging resistance Alternative regimens under evaluation

HSV Acyclovir (rare) Low Mostly in immunocompromised patients

According to WHO estimates, more than 80 million new cases of gonorrhea, chlamy-
dia, syphilis, and trichomoniasis were reported globally in 2020. Global surveillance data
through the Gonococcal Antimicrobial Surveillance Programme (GASP) has revealed the
increasing resistance among antibiotics previously used for treatment. Drugs such as
ciprofloxacin, tetracycline, gentamicin, and others have shown declining effectiveness, leav-
ing fewer reliable options for care [77]. As treatment becomes more difficult, complications
like infertility, ectopic pregnancy, and higher HIV transmission risk are becoming more
alarming. Our meta-analysis, therefore, focused on global AMR trends in Neisseria gonor-
rheae across seven antibiotics, highlighting their emerging resistance patterns, excluding
ceftriaxone and azithromycin due to their critical status as last-line agents and emerging
resistance concerns [78].

The first instance of failure due to cefixime treatment to cure gonorrhea was reported
in Japan, marking it as a turning point in gonococcal AMR. Additionally, instances were
also reported from Australia, France, Japan, Slovenia, Sweden and the United Kingdo-
mof Great Britain and Northern Ireland with ceftriaxone alone or in combination with
azithromycin or doxycycline. Also, in 2016, the UK also experienced the same failure for
the first time in curing pharyngeal gonorrhea, where dual therapy (ceftriaxone 500 mg
plus azithromycin 1 g) was used. Further, ceftriaxone-resistant gonococcal strains have
been found in Denmark, France, Japan and the United Kingdom. Further, in 2018, in the
UK, a worldwide gonococcal strain with strong ceftriaxone and azithromycin resistance
was reported. According to the WHO’sEnhanced Gonococcal Antimicrobial Surveillance
Programme (EGASP), many gonococcal species phylogenies have developed ceftriaxone
resistance mainly as a result of the dissemination of resistant strains. This highlights the
importance of gonococcal surveillance [79].

There are several factorsthatcontribute to the rapid evolution of AMR, including un-
fettered availability of antimicrobials, improper antibiotic selection and usage, and subpar
antibiotics. Also, drug resistance is mainly due to genetic mutations within the organism
and infections in thegenital area (throat and rectum),mainly affecting key populations.
Therefore, to control the spread and impact of antimicrobial resistance in N. gonorrheae,
WHO is implementing the worldwide plan in order to facilitate effective actions against
the dissemination of multidrug-resistant N. gonorrheae. Also, this plan helps in STI surveil-
lance involving early detection of new upcoming resistant strains, in combination with
public health response so that the prevention and treatment of gonococcal infections and
its reduction on sexual and reproductive health can be achieved [79].

Another newly emerging sexually transmitted pathogen among female patients and
non-gonococcal urethritis (NGU) in male patients, causing cervicitis, is Mycoplasma genital-
ium. In this pathogen, trends of antimicrobial resistance to first-line treatments worldwide
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are also increasing. Mainly, the patients infected with M. genitalium have no symptoms, but
with non-gonococcalurogenital infection (urethritis), it has become the leading etiology.
Diagnosis of mycobacteriaincludes nucleicacid amplification tests; the most commonly
used method enablesclinicians to start necessary treatments on time. Treatments include
the use of antibiotics, either doxycycline or azithromycin, but the response remains poor to
doxycycline and, therefore, persistence after treatment remains [80].

Moreover, associated infections with other STIs like Neisseria spor C. trachomatis also
make the therapy complicated and outcome evaluation becomes more difficult. Because
of the rising trends in resistance towards antibiotics, resistance-guided sequential therapy,
which involves sequential combination treatment based on the identification of resistance-
associated mutations (RAMs) to other antibiotics [81]. During a two-year surveillance
study, the prevalence of M. genitalium infection and itsantimicrobial resistance towards
macrolides, fluoroquinolones and tetracycline was investigated in Taiwan, and the M. geni-
talium infection prevalence and its RAMs among high-risk populations wereobserved [82].

The rising challenge of resistance among antimicrobial compounds in STDs has pushed
global health agencies to strengthen how they monitor changing resistance patterns, and
two major efforts by the World Health Organization—the Global Antimicrobial Resistance
and Use Surveillance System (GLASS) and the GASP—now play a central role in this work.
The GLASS brings together data from different countries around the world on how often
bacterial pathogens, including those responsible for STDs, fail to respond to commonly used
antibiotics. Its purpose is to create a clearer, more comparable picture of resistance trends
so that treatment guidelines can be based on real-time evidence rather than assumptions.
Complementing this, the GASP focuses specifically on Neisseria gonorrheae, a pathogen
notorious for its ability to rapidly develop resistance.

Over the last decade, the GASP has revealed a steady rise in resistance to azithromycin,
and in many countries, the proportion of resistant isolates has crossed the 5% threshold at
which the WHO recommends reconsidering routine treatment. Even more worrying are the
reports of reduced vulnerability to ceftriaxone—the last dependable first-line drug avail-
able for gonorrhea—raising concerns that truly untreatable infections may soon emerge.
Together, theGLASS and GASP documents growing global dependence on a shrinking pool
of effective antibiotics, and this trend is especially troubling for STDs, which spread easily,
often remain asymptomatic, and can cause serious reproductive health complications if left
untreated [83].

The data coming from these surveillance networks also highlight the uneven capacity
for laboratory diagnosis across countries, where many low- and middle-income regions
lack systematic culture-based testing or molecular tools, leading to gaps in understanding
how resistance spreads. Despite these challenges, the integration of GASP data into the
broader GLASS framework has helped create more consistent reporting standards and has
encouraged countries to strengthen routine monitoring. For clinicians and publichealth
professionals, these findings reinforce the need for ongoing stewardship: antibiotics must
be prescribed carefully, diagnostics should be used more routinely, and patients need to be
made aware that incomplete or improper treatments contribute to growing resistance.

From a research perspective, the GLASS and GASP provide essential baseline informa-
tion to guide vaccine development, novel antimicrobial discovery, and genomic studies
aimed at tracking resistant strains. As the threat of multidrug-resistant gonorrhea intensi-
fies, thesesurveillance systems stand as crucial early-warning tools, reminding us that STD
control depends not only on treatment but also on sustained investment in surveillance
infrastructure, community education, safe-sex awareness, and timely publichealth action.
Without these coordinated efforts, the world risks facing a future where common infections
become significantly harder to cure [84].
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Factors Responsible for Antimicrobial Resistance (AMR)

There is a growing global menace of the emergence of multidrug-resistant STIs.

1. Much patient behavior directly worsens the AMR burden in STI treatment. Self-
medication, using leftover antibiotics, taking incorrect doses, irregular frequencies, or
stopping treatment early all reduce drug effectiveness and promote resistant strains.
Such practices undermine proper medical management and accelerate the spread of
antimicrobial resistance.

2. Drug circulation systems in many regions are weak, allowing easy access to antimi-
crobials without proper prescriptions. In several developing countries, including
parts of Africa, drug hawkers and poorly regulated retailers sell antibiotics with little
knowledge of correct use. Studies also show that many antimicrobials in circulation
are substandard, fake, or counterfeit. When drug quality is poor or uncertain, pa-
tients may receive the wrong dose, wrong formulation, or no active ingredient at
all. Such sub-therapeutic or unsafe exposures accelerate antimicrobial resistance and
compromise effective STI treatment.

3. Healthcare providers play a key role in antimicrobial use for STIs, yet prescribing
practices are not always appropriate. Reports show cases where clinicians chose
the wrong drug, used incorrect doses, or prescribed antibiotics unnecessarily. One
study found that 63.7% of clinicians used the wrong treatment duration, and over
half prescribed incorrect doses. Empiric use of broad-spectrum antibiotics is common
while waiting for lab results, but these drugs also disrupt normal flora, increasing
the risk of resistance. Such prescribing habits, though often well-intentioned, can
inadvertently fuel the rise in antimicrobial resistance [85].

4. Antimicrobials used in animals, agriculture and aquaculture contribute significantly
to resistance. Their routine use in livestock can create resistant microbes that reach
humans through meat, animal products, or environmental contamination from waste.
In farming, manure containing antibiotic residues is often applied to crops, adding
further selection pressure. These practices allow resistant strains to persist and spread,
increasing the overall AMR burden.

Because of all the above factors, rising antimicrobial resistance has shifted the diag-
nostic paradigm, making resistance-guided therapy the primary driver for the develop-
ment of advanced, rapid, and mutation-detecting diagnostic tools to ensure effective and
targeted treatment.

8. Diagnostics—Present and Emerging
In some cases, STIs are asymptomatic, representing a substantial load for the healthcare

system and complicating surveillance and control efforts. Because of no symptoms, they
remain undetected and untreated, leading to critical concerns, which inadequately impact
women and their infants, contributing to spontaneous abortion, premature delivery and
increased fatality risk. Because of these challenges, WHO (2016) launched its global
strategy for tackling STIs surveillance, with main cornerstones including development
and implementation of new and better diagnosis of infection and also identification of
asymptomatic carriers [86].

The advancement of molecular and analytical tools hasmodernized the clinical micro-
biology laboratory and haspaved the way for the implementation of point-of-care (POC)
testing [76]. Another approach of STI management depends on the set of symptomsthathas
been observed (called syndromic management) among patients and allows the immediate
treatment even in poor and remote areas, making it efficient and cost-effective, including
the cases of CT and NG infections. In the syndromic approach, because of poor predictive
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value, antibiotics are prescribed, contributing to AMR and distress, and in later cases,
no antibiotic is given, even potentially increasing the risk of spread of STIs among the
population [87]. Therefore, not only does the clinical presentation allow for the specific STI
to be identified, but etiological diagnosis and lab confirmation arealso essential. So, the an-
swer to this problem is to set point-of-care (POC) tests to reach diagnosis rapidly, whichcan
be performed anywhere, either the patient’s home, the physician’s office or in the field, etc.
POC tests are mainly based on nucleic acid detection, antigen or antibodydetection.

8.1. Point-of-Care Diagnostics

The POC test provides rapid results at or near the site of patient care, including clinics,
outreach settings and even home-based testing. Among STIs, POC tests are available for
Chlamydia trachomatis (CT), Neisseria gonorrheae (NG), and Trichomonas vaginalis (TV) and
can be carried out directly with more sensitivity and specificity, and are mainly based on
nucleic acid detection or antigen–antibody interactions. A point-of-care (POC) test should
ideally follow the WHO ASSURED standards. This means it should be affordable, accurate,
user-friendly, quick, and reliable, not require special equipment, and easily delivered to
people who need it. Because of their importance, the WHO considers developing POC tests
for STIs a key priority and has created target product profiles (TPPs) to guide what these
tests should look like [88].

8.2. Pathogen-Specific Diagnostic Approaches
8.2.1. Chlamydia trachomatis

In Chlamydia trachomatis infections, diagnosis includes molecular biology techniques
(nucleic acid amplification test) and can be performed on urine samples, urethral swabs
or tissue samples. Other techniques, which are old ones, include the identification of
chlamydia sp. by direct fluorescence assays (DFA) and have lower sensitivity [11]. Sensitivity
of the assessment can be enhanced by the use of magnetic beads coated with nucleic
acid, which can be automated and detect genes like cryptic plasmid X06707 and 16S
ADNr. Recent innovations, including NAAT platforms and chromatographic tests based
on lateral flow technology and LPS detection, Xpert assay of Cepheid CT/NG, a PCR-
based method, isothermal amplification, loop-mediated isothermal amplification (LAMP)
orrecombinasepolymeraseamplification (RPA) have been developed with high diagnostic
accuracy [89].

8.2.2. Neisseria gonorrheae

Diagnosis of NG infections primarily includes the visualization of diplococci in stained
genital tract smear within polymorphonuclear leukocytes as a rapid diagnostic test in
symptomatic patients. But in patients showing no symptoms, this protocol has poor
reactivity. NAATS are therefore the preferred method for diagnosis across all patient
groups and anatomical sites, including extragenital infections [90].

8.2.3. Treponema pallidum (Syphilis)

Clinical infection symptoms vary with each stage of development and sometimes
symptoms do not occur, which therefore necessitates laboratory-based presumptive di-
agnosis. Methods which involve direct detection include dark field microscopy (DFM)
and directfluorescent antibodystaining to visualize spirochetein lesion exudates from
patients. Also, sometimes nucleic acid amplificationtests, such as thepolymerase chain
reaction (PCR), and serological testing (NTTs and TTs) to confirm the infection and its
activeness, can be used for syphilis diagnosis. NTTs detect IgM and IgG antibodies to
lipoidal antigens and TTs use native or recombinant antigens, including fluorescent tre-
ponemal antibodyabsorption assay (FTA-ABS), the T. pallidum particle agglutination assay
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(TPPA), enzyme-linked immunoassays (EIAs),chemiluminescence immunoassays (CIAs),
and immunochromatographic assays (ICs) [91].

8.2.4. Trichomonas vaginalis

Infections caused by Trichomonas vaginalis (TV) can be diagnosed in both symptomatic
and asymptomatic patients. Diagnosis is based on microscopic examination of vaginal,
urethral and prostatic secretions. Rapid detection includes the latex agglutination test, im-
munochromatographic capillary flow assay, One-StepOmmuno-chromatographicMethod
(OSOM) rapid test kit (a dipstick assay), and NAATs. Another important test includes
affirm VPIII based onnucleic acid hybridization, with a reactivity of 46%. AmpliVue assay
using isothermal helicase-dependent amplification (HDA) and targeting a conserved re-
peatDNA sequenceof TV. Finally, the GeneXpert TV assay has been approved by the Food
and Drug Administration (FDA) for use with male urine [92].

8.2.5. Human Papillomavirus (HPV)

HPV diagnostics focus on genotype detection for screening and risk assessment. The
infection prevalence varies by age group and associated risk factors. HPV genotypes
have been identified as non-oncogenic and oncogenic. Testing of HPV genotypes includes
screening and management algorithms, recent advances in molecular biology, such as
hybrid capture and polymerase chain reaction (PCR), and is differentiated into four types:
DNA detection, RNA detection, in situhybridization and serological techniques [93].

8.2.6. Herpes Simplex Virus

NAATs, particularly PCR, are the most sensitive and specific methods for diagnos-
ing genital herpes and have largely replaced viral culture. Serological assays detecting
type-specific IgG and IgM antibodies are useful for epidemiological studies and selected
clinical scenarios.

8.2.7. Mycoplasma genitalium

The infections caused are diagnosed by molecular assays, DNA amplificationmodali-
ties, single or multiplex PCR assay, and PCR microarray (STDetect chip, Lab Genomics).
Other assays include CE marking (Bio-rad DX CT/NG/MG, Biorad) (Hyplex STD My-
coplasma test, AmplexBioystems), and the latter has shown a sensitivity and specificity of
87% and 96% for detection. Recently, Plex Zyme and PlexPrime in 23s RNA gene mutations
associated withresistance by PCR and melt curve analysiswith sensitivity and specificity of
99.1% and 98.5% fordetection and 97.4% and 100% for resistance [94].

8.2.8. HIV

At present, HIV infection surveillance data suggest that detecting HIV in the eclipse
period is not possible, as diagnostic tests are not available. The diagnosis occurs by initial
screening and confirming results by POC tests, including FDA-approved antibody tests
detecting IgM/IgG. In contrast, automated laboratory-based platforms, lateral flow and
flow-through are sequentially applied withHIV antigens.

9. Programmatic Responses: Surveillance andPublic Health
Implementing an STD surveillance program in a large, varied population is a chal-

lenging undertaking that offers unique opportunities and challenges. One enduring and
widespread global public health concern is STDs. Studying the epidemiology of STDs,
monitoring their frequency and trends, defining high-risk populations, and assessing the ef-
ficacy of therapies are all made possible by surveillance programs [95]. The Integrated and
Enhanced Surveillance and Epidemiology (IESE) framework was created by the National
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AIDS Control Organization (NACO) to track the prevalence and trends of HIV, STDs, and
associated co-morbidities. This framework provides vital information to support evidence-
based planning and execution [96]. In comparison to the 2010 baseline, the Government
of India and the National AIDS and STD Control Programme-Phase V (NACP-V) seek to
bring down annual new HIV infections and AIDS-related fatalities by 80% [97].

The IESE framework prioritizes surveillance of syphilis, Neisseria gonorrheae, and
Chlamydia trachomatis; however, STI surveillance faces substantial challenges, particularly
for chlamydia and gonorrhea. These include stringent laboratory requirements, difficulties
in specimen transport and storage, limited availability of validated diagnostic kits, and
high testing costs. The syndromic approach, involving symptom-based diagnosis and
treatment of STIs, is useful in resource-limited settings for immediate care, but it lacks
precision in identifying specific pathogens like ulcer or discharge-producing STIs. Etiologi-
cal management employs laboratory testing to accurately identify pathogens, facilitating
targeted treatment and enhancing data for public health programs [98].

10. Vaccines andPrevention of STDs
Vaccination is a key tool for preventing STIs and the WHO has also highlighted vaccine

development as a key research priority. Although gonorrhea, chlamydia, and syphilis
are all treatable, several biological-, behavioral-, and system-level obstacles continue to
limit effective control. A large proportion of infections remain asymptomatic, making
timely detection difficult. In many low-resource settings, reliable and affordable diagnostic
tools for gonorrhea and chlamydia are still lacking. Declining condom use, rapid rise
in antimicrobial resistance in gonococcal strains, and fragmented national STI programs
further undermine current control strategies. Taken together, these challenges suggest
that long-term control of these infections may ultimately depend on the development of
effective vaccines. At present, licensed vaccines exist for HPV, hepatitis A, hepatitis B,
and mpox, and several others—such as those for HIV, HSV, and chlamydia—are showing
promising progress (Table 5).

Successful STI vaccines must prevent latency, persistence, and repeated infections,
helping to lower overall transmission and worldwide disease load. Vaccines with thera-
peutic benefits, not just preventive effects, could further reduce complications, including
congenital and neonatal infections. A major challenge, however, is identifying which
populations should be prioritized for STI vaccination programs [99].

The urgency of vaccine development is most evident for gonorrhea. Gonorrhea rates
are likely comparable to chlamydia globally and may be even higher in low- and middle-
income countries where access to diagnostics and treatment remains limited. The most
urgent challenge in controlling gonorrhea is rising antimicrobial resistance, particularly
to third-generation cephalosporins, the last dependable first-line therapy, which raises
concern that new antibiotics may provide only short-lived benefits, reinforcing the need for
a gonococcal vaccine (Figure 5).

Progress has been slow because N. gonorrheae undergoes rapid antigenic variation
and does not induce durable natural immunity. Interest increased after countries using
MenB vaccines observed reductions in gonorrhea cases. Studies of OMV-containing MenB
vaccines reported 30–35% protection, with up to 42% short-term protection in one program.
Ongoing trials of 4CMenB may confirm efficacy, and modeling suggests even modestly
effective vaccines could meaningfully reduce disease burden and resistance [100]. In
August 2025, the UK introduced 4CMenB vaccination for high-risk MSM, while most
LMICs lack access due to cost and low MenB disease rates. Demonstrated protection—
especially in high-burden regions—could support wider use. Trial data will also guide
future gonorrhea-specific vaccines, as current candidates remain limited [101].
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Figure 5. Guide with respect to clinical trials and vaccine development.

Genital Chlamydia trachomatis remains the most common bacterial STI and a major
preventable cause of infertility, making vaccine development a long-standing priority.
Asymptomatic infections and frequent reinfections sustain transmission, and population-
level control has proven difficult even in countries with established screening programs.
The only candidate to reach human testing in the past decade—CTH522—showed safety
and strong immune responses in Phase 1 trials but has not advanced further. A new
mRNA-based chlamydia vaccine, developed by Sanofi, received FDA fast-track status and
entered Phase 1/2 trials in 2025, marking renewed momentum [102]. Regarding clinical
trials and the creation of vaccinations against STDs, Gottlieb and Johnston offer a very
useful manual [103].

Issues Related to Development of Vaccines Against STIs

Vaccine development for STIs involves a complex, multi-step pathway, in which each
stage presents its own challenges. The first stages begin with pathogen identification,
involving accurate strain differentiation between harmful and harmless ones and also
identification of conserved targets despite genetic diversity. Antigen discovery is the next
stage, requiring selected components that can trigger strong protection without mimicking
human proteins or causing autoimmunity. The next stage involves preclinical testing,
selecting suitable animal models to reflect immune responses and disease behavior. Further
clinical trials assess safety and effectiveness, recruiting high-risk participants and ensuring
rigorous trials. Finally, the last stage involves regulatory approval, publichealth value, and
ethical consideration before any vaccine can be introduced.
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The sequence of events outlines the major milestones in the evolution of STI vaccine
development over the last 40 years. Initial attempts to develop an HIV vaccine occurred in
the 1980s, marking the first significant push to combat viral STIs through immunization.
The 1990s marked the beginning of HPV vaccine development, setting the basis for one of
the most successful STI vaccines to date. In the early 2000s, large-scale clinical studies for
HIV vaccines began, although licensed vaccines remain elusive. A major breakthrough was
marked in 2006 with the introduction and approval of the first HPV vaccine, significantly
advancing the prevention of cervical- and other HPV-related malignancies. The 2010s
focused on exploring broad-spectrum STI vaccine strategies, reflecting a shift toward multi-
pathogen prevention. By the 2020s, developments in mRNA technology—accelerated by the
COVID-19 pandemic—had created new potential for integrating innovative technologies
into STI vaccine research. Taken together, these milestones reflect gradual technological
achievement, punctuated by periods of substantial innovation, and demonstrate increasing
worldwide commitment toward developing effective STI vaccines.

Technological obstacles—such as sophisticated investigation requirements and tech-
nical limitations—form the framework of these issues and frequently stymie progress
along the pipeline. Funding limitations further limit the scope of research and study
and the capacity to broaden intriguing avenues. Regulatory hurdles add another layer,
as stringent compliance requirements can delay approvals and reduce opportunities for
collaboration. Public acceptance is also very critical, as stigma around STIs and vaccine
reluctance influence the adoption of policy and their decisions. On the manufacturing costs,
concerns with scalability affect cost, timelines, and production uniformity. Finally, global
cooperation remains essential, as coordinated worldwide efforts decide whether research,
manufacturing, and deployment can fulfill the global health demands. Together, these
linked constraints illustrate why STI vaccine development always remains a challenging
and diverse endeavor.

Table 5. Vaccines for STIs: current status and pipeline.

Infection
Licensed
Vaccine

Available

Vaccine Under
Development

Type of Immune
Response
Induced

Immune
Response

Required for
Protection

Candidate
Vaccine

Molecules

Immune
Response

Targeted by
Candidates

Notes References

HPV
Yes (bivalent,
quadrivalent,
nonavalent)

- Humoral (IgG) Neutralizing
antibodies

L1/L2
capsid-based

broadened
VLPs

Broad
neutralizing

antibody
response

Highly
effective cancer

prevention
[104]

Hepatitis B Yes - Humoral (IgG)

Sterilizing
antibody-
mediated
protection

Adjuvanted
HBsAg,

preS1/preS2
antigens

Enhanced
antibody titers
and durability

STIs and
blood-borne [105]

Hepatitis A Yes - Humoral (IgG)
Antibody-

mediated viral
neutralization

Improved
inactivated or
combination
HAV–HBV

vaccines

Strong
humoral

immunity

Sexual
transmission
documented

[106]

Mpox Yes
(MVA-BN) -

Combined
humoral + cellular

(CD4+/CD8+)
immunity

Antibody and
T-cell-

mediated viral
control

Next-
generation

orthopoxvirus
vector vaccines

Balanced
humoral and

cellular
responses

Used in
outbreak
control

[107]

Gonorrhea No
OMV-based,

protein
vaccines

-

Mucosal
immunity +
Th1/Th17
responses +
opsonizing
antibodies

OMV-based
(MenB

cross-reactive),
PorB, AniA,

NHBA

Mucosal IgA,
serum IgG,
Th1/Th17

cellular
immunity

MenB vaccine
shows partial

protection
[108]

Chlamydia No
mRNA,
subunit
vaccines

Strong
cell-mediated

(Th1 CD4+

IFN-γ)
immunity with

mucosal
protection

MOMP, PmpD,
polymorphic

membrane
proteins,
mRNA

vaccines

Th1-biased
cellular

immunity +
mucosal

antibodies

Phase I/II
trials ongoing [109]
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Table 5. Cont.

Infection
Licensed
Vaccine

Available

Vaccine Under
Development

Type of Immune
Response
Induced

Immune
Response

Required for
Protection

Candidate
Vaccine

Molecules

Immune
Response

Targeted by
Candidates

Notes References

HSV No

Therapeutic
and

prophylactic
candidates

Combined
neutralizing
antibodies +

CD4+/CD8+ T
cells

gD, gB subunit
vaccines;

replication-
defective HSV

vectors

Balanced
humoral and

cellular
immunity

No licensed
vaccine yet [110]

HIV No Multiple
platforms

Broadly
neutralizing
antibodies +

cytotoxic T-cell
responses

Env
(gp120/gp140),

mosaic
antigens,

mRNA, viral
vectors

Broad humoral
+ CD8+ T-cell

immunity

Long-standing
global priority [111]

11. Global Outlook for STI Diagnostics
STI diagnostics demand is growing continuously, mainly driven by rising cases, ex-

panded screening programs and public awareness. Also, there is an improvement in early
detection and treatment outcomes due to advances in molecular diagnostics, genotyping,
and viral load testing. Although laboratory-based diagnostics currently remain the back-
bone of STI diagnosis due to their accuracy and capacity for complex testing, point-of-care
(POC) technologies are also gaining importance. When POC testing is integrated with
laboratory confirmation, it is expected to enhance surveillance, improve access to care, and
support STI control strategies globally. Recent surveillance reports suggest modest declines
in a few STIs in high-income countries; however, persistent transmission and continued rise
in congenital syphilis underscore the continued need for robust diagnostic infrastructure
and early screening initiatives.

12. Conclusions
Despite all advances in diagnosis, treatment, challenges and recent improvements

in the management of STIs, there is a continued rise globally, with congenital syphilis
emerging as a concerning indicator of persistent health inequalities. This trend highlights
the significant gaps in prenatal screening, care and active treatment availability, mainly
among underprivileged populations. Therefore, future efforts should focus on expanding
all-encompassing surveillance systems and screening initiatives. Low- and middle-income
countries have demonstrated progressive implementation of surveillance systems through
phased, resource-adapted approaches. For instance, participation in the GLASS has ex-
panded to include multiple low-income countries (≥13 in early phases), supported by
standardized protocols, capacity-building, and laboratory strengthening initiatives. Simi-
larly, programs like the GASP (via enhanced modules such as the EGASP) demonstrate
successful sentinel-site surveillance models, with training and quality assurance enabling
implementation even in resource-limited settings. Furthermore, discrepancies between
research, especially in behavioral reporting, methods of diagnosis, and demographic strati-
fication, highlight the need for more uniform and thorough monitoring approaches. Future
strategies must be prioritized for expansion, surveillance and screening. For this, parallel
innovative preventive measures, such as long-acting prophylactics, doxycycline PEP, and
vaccines against major STIs, must be developed and put into practice. Also, early preven-
tion and intervention can be further incorporated by raising public awareness, expanding
healthcare, and incorporating digital health tools. However, this review shows limitations
that can impact the general ability of findings, such as behavioral data, heterogeneity
among populations and differences in study design. Accelerating progress, lowering the
burden of STIs, and safeguarding vulnerable populations globally will require international
cooperation in research, policy, and resource sharing as well as a balanced integration
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of biomedical innovation with structural and social interventions. When incorporating
evidence into clinical practice and public health policy, it is imperative to acknowledge
these limitations.
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Abbreviations
The following abbreviations are used in this manuscript:

AIDS Acquired Immunodeficiency Virus
AMR Antimicrobial Resistance
CDC Centers for Disease Control and Prevention
CIAs Chemiluminescence immunoassays
DFA Direct fluorescence assays
DFM Dark field microscopy
EGASP Enhanced Gonococcal Antimicrobial Surveillance Programme
EIA Enzyme immunoassay
EIA Enzyme-linked immunoassays
FSWs Female sex workers
FTA-ABS Fluorescent Treponemal Antibody Absorption
FTA-ABS Fluorescent treponemal antibodyabsorption assay
GASP Gonococcal Antimicrobial Surveillance Programme
GLASS Global Antimicrobial Resistance and Use Surveillance System
HIV Human Immunodeficiency Virus
HPV Human Papillomavirus
HSV Herpes Simplex Virus
ICs Immunochromatographic assays
IESE Integrated and Enhanced Surveillance and Epidemiology (IESE) framework
LAMP Loop-mediated isothermal amplification
MSM Men who have sex with men
NAAT Nucleic acid amplification test
NACO National AIDS Control Organization
NACP-V National AIDS and STD Control Programme-Phase V
NGU Non-gonococcal urethritis
PCR Polymerase Chain Reaction
PLWH People living with HIV
POC Point of care
RAMs Resistance-associated mutations
RPA Recombinase polymerase amplification
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RPR Rapid Plasma Regain
STD Sexually Transmitted Disease
STIs Sexually Transmitted Infection
TPPA Trponema pallidum particle agglutination
TPPA T. pallidum particle agglutination nassay
UNAIDS United Nations Programme on HIV/AIDS
VDRL Venereal Disease Research Laboratory
WHO World Health Organization
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