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Abstract: Sexually transmitted infections (STIs) are a significant public health issue, espe-
cially among adolescents and young adults. Despite improvements in diagnostic tools and
treatments, over 1 million new STIs occur daily worldwide, many of which are asymp-
tomatic. These infections can severely affect quality of life and reproductive health, par-
ticularly when contracted at a young age. This review provides an overview of STIs’
recent epidemiology data, clinical trends, and diagnostic challenges in Italian adolescents
and young adults, focusing on the Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema
pallidum, Thricomonas vaginalis, and Mycoplasma/Ureaplasma species. Worrying new evi-
dence indicates that young women are at a higher risk of contracting STIs than men and
multidrug-resistant strains have increased in young heterosexuals. This evidence shows
a general change in lifestyle, where a lack of awareness about the risks of STI reflects a
significant educational gap. To address the rising STI rates, targeted school educational in-
terventions and innovative multidisciplinary healthcare models, such as the hub-and-spoke
approach, are needed.

Keywords: epidemiology; adolescents; sexually transmitted infections; public health;
prevention strategies; clinical and laboratory management; narrative review

1. Introduction
In young people and adolescents, sexually transmitted infections (STIs) remain a

major focus within the field of sexual health, despite the availability of advanced diagnostic
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tools and therapies. STIs refer to a wide range of bacterial, fungal, viral, and protozoal
infections, most of which are asymptomatic and share a common mode of transmission
through unprotected sexual intercourse [1]. These infections are primarily caused by
pathogens such as Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum, and
Trichomonas vaginalis, as well as viral agents such as Herpes Simplex Virus, Papillomavirus,
HCV, and HIV. Their symptoms can affect quality of life and significantly impact both
individual reproductive health and sustainability of the healthcare system. Some STIs,
including infection caused by Mycoplasma/Ureaplasma species, are often overlooked due to
the perception that these microorganisms are merely bystanders and not directly involved in
the pathogenetic process. However, aside from Mycoplasma genitalium [2], recent data show
an increased association between other species of this family and urogenital symptoms or
mixed infections, a trend that is particularly evident among younger generations [3].

In 2023, the European Centre for Disease Prevention and Control (ECDC) reported that
Chlamydia trachomatis remains, up to now, the leading bacterial cause of STIs, with young
people aged 15–24 accounting for 68% of total cases [4]. At the same time, a concerning
increase in Neisseria gonorrhoeae cases was reported among heterosexual young people [5].

In Italy, surveillance system for sexually transmitted diseases is managed by the
Istituto Superiore di Sanità (ISS) through a sentinel network of highly specialized public
clinical centers, active since 1991, which reports new STI cases among symptomatic patients,
collecting socio-demographic, behavioral, and clinical data. Since 2009, the system has also
included clinical microbiology laboratories that report individuals undergoing laboratory
tests for Chlamydia trachomatis, Trichomonas vaginalis, and/or Neisseria gonorrhoeae, regardless
of the presence of symptoms. Data are collected by the centers and submitted through an
online web-based reporting system.

Data collected from Sentinel Surveillance Systems covering the period 2020–2022
showed an overall increase in STIs of approximately 18%. Neisseria gonorrhoeae, Treponema
pallidum, and Chlamydia trachomatis were the most frequently detected microorganisms.
Among young people, the prevalence of Chlamydia trachomatis was estimated to be three
times higher compared to older individuals, and young women were at higher risk of
contracting STIs than men [6,7]. These data indicate that adolescents and young adults
are particularly vulnerable to STIs, representing a new silent cluster in the spread of
these infections. Although influenced by various socioeconomic and cultural factors, this
evidence reflects a general change in lifestyle, where a lack of awareness about the risks
of STI transmission reveals a significant educational gap. In particular, adolescents show
limited knowledge and risk perception [8,9], and consequently, the burden of STIs remains
alarming, representing one of the top 20 global causes of DALY (Disability Adjusted
Life Years) in individuals under 19 years of age [10]. The control of STIs has become a
public health priority. New strategies must be adopted, including innovative, professional,
multidisciplinary models with high quality STI care (hub-STI centers) and regional support
structures (spoke-STI services) [11], together with active interventions in educational and
formative programs involving school and parents [12,13].

In particular, the implementation of pediatric STI services presents distinct challenges
that differentiate them from adult-focused initiatives. Many existing healthcare centers and
infection management protocols are primarily designed for adults, highlighting the need
for context-specific strategies to ensure the effective involvement of adolescents and young
people, considering patient complexity and the parent–child dynamic. Emerging data
among young people indicate the spread of multidrug-resistant STI strains resulting from
genetic selective pressure and the indiscriminate use of antibiotics. For Neisseria gonorrhoeae,
the second most common bacterial STI in Europe, the emergence of resistance to last-line
therapies, such as ceftriaxone, has become a major public health concern due to the limited
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available therapeutic alternatives and the lack of a vaccine [14,15]. Moreover, untreatable
infections caused by Mycoplasma genitalium have already been reported. On the other hand,
Chlamydia trachomatis and Treponema pallidum remain susceptible to first-line therapies as
follows: tetracyclines and macrolides for Chlamydia trachomatis, and penicillin for Treponema
pallidum [16].

This review aims to provide an overview of the epidemiological framework, clinical
trends, and laboratory challenges associated with the most common treatable STIs among
young people in Italy, including Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema
pallidum, and Trichomonas vaginalis. A dedicated section also focuses on emerging urogenital
bacteria such as Mycoplasmas and Ureaplasma spp.

2. Methods
This narrative review focused on studies published between 2020 and 2024 that pro-

vide epidemiological data, clinical symptoms, diagnostic tests, and treatment protocols
for the following sexually transmitted infections (STIs): Chlamydia trachomatis, Neisseria
gonorrhoeae, Treponema pallidum (syphilis), Trichomonas vaginalis, and Mycoplasma species. A
literature search was conducted in databases including PubMed, Scopus, and the Italian
National Surveillance System (coordinated by the Italian Institute of Health) for relevant
original studies published in English and Italian between 1 January 2020 and 31 December
2024. Eligible studies included peer-reviewed articles, clinical guidelines, and surveillance
reports related to the prevalence, diagnosis, and management of STIs in adolescent and
young adult populations. The search terms selected were epidemiology, clinical manage-
ment, or diagnostic approaches for the mentioned microorganisms among adolescents
or young adults. Exclusion criteria were studies with insufficient data on the target mi-
croorganisms and articles not available in full text. For each included study, data on the
following were extracted:

Epidemiological data: Prevalence, incidence rates, and demographic distribution of STIs.
Clinical symptoms: Common symptoms associated with each STI.
Diagnostic tests: Methods used for diagnosis, including laboratory techniques and

molecular tests.
Treatment protocols: First-line and alternative treatment options for each microorganism.
A qualitative synthesis was performed to summarize the findings from the included

studies and presented narratively. Given the heterogeneity in study designs and method-
ologies, a meta-analysis was not conducted.

This review selected 136 studies that focused on the epidemiology of target microor-
ganisms such as Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum (syphilis),
Trichomonas vaginalis, and Mycoplasma species at the global, European, and Italian lev-
els. Regarding diagnostic tests and treatment, reference was made to studies based on
Italian guidelines.

3. Chlamydia trachomatis
3.1. Epidemiology

Chlamydia trachomatis (CT) is the most commonly diagnosed bacterial STIs world-
wide [17], with approximately 129 million new cases occurring each year among adults
aged 15 to 49 years [18]. The global prevalence in this age group was estimated at 4.0%
for women and 2.5% for men in 2020 [19], while the global incidence rate was 36 per
1000 women and 29 per 1000 men [20].

The Centers for Disease Control and Prevention (CDC) provided surveillance data
for chlamydia infections in 2023, reporting that over 1.6 million cases of chlamydia were
diagnosed in the United States, with the reported rate of chlamydia increasing slightly
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among men (1.3%) and decreasing among women (1.7%). Notably, 55.8% of all reported
CT cases affected individuals aged 15 to 24, with a positive trend observed in heterosexual
subjects. Nevertheless, the global prevalence was lower than that recorded in 2019.

In the United States, notification rates appear to have been influenced by lower
adherence to screening programs following the COVID-19 pandemic [21].

In contrast, the European context is shaped by several factors beyond the pandemic,
including the low availability of molecular diagnostics, the different characteristics of
surveillance systems, the effectiveness national testing policies, and their levels of imple-
mentation [22].

Despite these challenges, record-high notification rates for 2022 were observed in both
women and men. Young adults aged 20–24 had the highest age-specific notification rates,
followed by those aged 15–19. In 2022, women in the 20–24 age group saw an 18% increase
in rates compared to 2021, while men aged 25 and older had higher rates [22].

The most recent epidemiological data from the ECDC technical report (published
in September 2024) highlight that sexually active young people aged 15 to 24, especially
women, continued to exhibit the highest rates of reported CT infection in 2022. Specifically,
among young people aged 15 to 24 years, CT prevalence is estimated to be 5.54% in young
women and 3.32% in young men [23].

The Italian epidemiological data, updated to 2021 and published by the National
Surveillance System coordinated by the Italian Institute of Health, highlighted an increase
in CT prevalence among individuals aged 15–24 years compared to those over 24 years old
(8.2% vs. 2.6%). Specifically, the prevalence of CT decreased with age, from 8.2% among
individuals aged 15–24 years to 3.9% among those aged 25–34 years, and 1.8% among
individuals older than 34 years. This decrease in CT prevalence by age group was observed
in both women and men [24]. The data recorded by the ISS surveillance continued to
show an increase in STIs, with a 25% rise in reported CT infection cases since 2019. Young
people under 25 remain the most affected group, with a 7% prevalence in this demographic,
compared to just 1% among individuals over 40 [24,25].

3.2. Clinical Manifestations

CT is a Gram-negative bacterium that infects genital tissues and is transmitted through
vaginal, anal, or oral sex. It primarily affects epithelial cells in the male and female
reproductive systems. The infection is often asymptomatic, with 40% to 96% of cases
showing no symptoms. In women, symptoms may include yellowish vaginal discharge,
bleeding, pain during sex or urination, and pelvic pain. If untreated, CT can cause more
severe conditions like endometritis and salpingitis, and it is strongly linked to pelvic
inflammatory disease (PID), infertility, and ectopic pregnancy [26].

It can also lead to miscarriages and preterm births, especially if acquired at 24 weeks of
pregnancy [27–29]. Neonates may contract conjunctivitis or pneumonia during childbirth.
CT infection has been associated with an increased risk of cervical cancer due to its presence
in HPV lesions [30].

In men, CT can cause epididymitis, proctitis, and prostatitis, and it is the most com-
mon cause of nongonococcal urethritis [27,31]. It can also affect sperm motility and vi-
ability, contributing to male infertility [32]. Rectal and pharyngeal infections are typi-
cally asymptomatic, though rare cases show mucopurulent exudate and edema. Lym-
phogranuloma venereum (LGV), caused by CT L1-L3 serovars, is a common cause of severe
proctitis [33–35]. Rectal infections are also seen in women and are not always linked to
receptive anal intercourse, suggesting that genital infections could spread to the rectum.
Persistent rectal infections may reinfect the genital tract. Genetic factors, such as mutations
in the DEFB-126 gene, have been linked to increased susceptibility to CT infection [35–37].
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3.3. Testing and Screening

Nucleic Acid Amplification Tests (NAATs) are the gold standard for CT diagnosis and
screening due to their higher sensitivity (90–100%) and specificity (99–100%) compared to
antigenic, hybridization, or culture methods [38,39]. The available laboratory platforms
are combination assays capable of detecting, in real time, infections caused by Neisseria
gonorrhoeae, Chlamydia trachomatis, Trichomonas vaginalis, and Mycoplasma/Ureaplasma in
the same sample [39]. The samples to be analyzed are collected from the sites potentially
infected by the bacteria, such as urogenital swabs, as well as oropharyngeal and rectal
swabs for extragenital infection sites. Annual screening for chlamydia is recommended for
all sexually active women under 25 years of age who have a new sexual partner, multiple
partners, or a sexual partner with a current or recent STI (within the last six months);
inconsistent condom use; engagement in commercial sex work; drug use; HIV infection
with sexual activity; a previous chlamydia infection; or the presence of other STIs. The
recommendation for annual chlamydia screening in women under 25 has been widely
debated and discontinued in some countries. Critics argue it may not be cost-effective or
supported by enough evidence for universal application, preferring targeted screening
for high-risk individuals. On the other hand, there is insufficient evidence to recommend
screening for heterosexual men who are at low risk for infection. However, for men
who have sex with men (MSM), annual screening is recommended at sites of contact
(urethra, rectum), regardless of condom use, and every 3 to 6 months for those at increased
risk [40–42].

3.4. Treatment

Immediately after a positive CT test result, the patient must be treated, and treatment
should also be provided to sexual partners to prevent reinfection and reduce the risk of
further spread of the infection. According to the 2021 CDC guidelines, which are also
confirmed by the most recent 2023 AMCLI guidelines (Association of Italian Clinical Micro-
biologists), recommended regimens for chlamydia infection among adolescents and adults
include treatment with doxycycline 100 mg orally two times/day for 7 days. Alternative
regimens involve azithromycin 1 g orally as a single dose or levofloxacin 500 mg orally once
daily for 7 days. Doxycycline is preferred over other antibiotics, in particular, azithromycin,
based on studies comparing the two molecules [38,41]. Data from randomized clinical
trials have shown a higher rate of treatment failure among men treated with azithromycin
compared to those treated with doxycycline [43,44]. Observational studies have also shown
that doxycycline is more effective than azithromycin in treating rectal CT infection in both
men [43] and women [45]. Abstinence from sexual intercourse is always recommended for
up to 7 days after completing the treatment and, in any case, up to 7 days after the end of
the partner’s treatment.

In men, if there is co-infection with CT and Mycoplasma genitalium, azithromycin is
the first-line drug for 5 days, with a dose of 500 mg on the first day and 250 mg for the
remaining 4 days.

First-line treatment for Lymphogranuloma Venereum (LGV) caused by infection with
unique strains of CT is doxycycline for 21 days for asymptomatic individuals and for 7 days
for symptomatic individuals who test positive on the diagnostic test. Finally, erythromycin
and ciprofloxacin are the third-line treatment options. The initial drug is administered for
a period of 10–14 days (500 mg twice a day), while the second is administered for 7 days
(200 mg twice a day or a single dose of 400 mg). According to the 2021 CDC guidelines on
CT infection during pregnancy, azithromycin is the treatment of choice [40]. They do not
recommend doxycycline during pregnancy, particularly in the second half, as it can cause
permanent tooth discoloration during fetal tooth development [46].
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Currently, no chlamydia vaccine has been approved for the market but CTH522/CAF®01
is the first vaccine to have successfully completed Phase I clinical trials, demonstrating a
good safety profile and providing data for further studies on how findings in mice may
translate to humans [47].

4. Treponema pallidum
4.1. Epidemiology

Syphilis is an STI caused by the bacterium Treponema pallidum (TP). Although treatable,
if left untreated, syphilis can cause severe health complications, including neurological and
cardiovascular damage. Over the past two decades, syphilis incidence has significantly
increased. In 2022, WHO member states set a goal to reduce syphilis infections by 2030,
but new cases continue to rise [48,49]. The 2022 data showed a notable increase in cases,
particularly in the 15–49 age group, with the highest surges in the Americas and African
regions. In 2023, the CDC reported over 209,000 syphilis cases, including congenital syphilis,
representing a 1% increase from 2022. Bisexual individuals and MSM (men who have sex
with men) are disproportionately affected, often with co-occurring HIV infections [50,51].
The ECDC 2022 Syphilis Annual Epidemiological Report revealed a 34% increase in the
crude notification rate compared to 2021 and a 41% increase since 2018, highlighting the
ongoing public health challenge. Among the 26 countries reporting data, 11% of syphilis
cases were in the 15–24 age group, with 9% in 20–24-year-olds and 2% in 15–19-year-olds.
Men had higher age-specific rates than women, with men aged 20–24 showing 23 cases per
100,000 population, and men aged 25–34 showing 40 cases per 100,000. Notably, syphilis
rates for men aged 20–24 increased by 41% between 2021 and 2022, while women aged
20–24 saw a 50% increase [52]. These trends suggest the need for targeted interventions
for specific age and risk groups. In Italy, syphilis cases increased by 34% from 2021 to
2022. While diagnoses remain more common among young men, there has been a notable
rise in cases among women in recent years. Since 2013, syphilis diagnoses in Italy have
gradually increased, with a brief stabilization during the COVID-19 pandemic at over
150 cases per year. Current data emphasize the importance of ongoing surveillance and
targeted interventions to address the evolving epidemiology of syphilis worldwide [24].

4.2. Clinical Manifestations

Syphilis is spread through direct contact during vaginal, anal, or oral intercourse,
from mother to child during pregnancy, and though rarely, through blood. It progresses
through four stages as follows: primary, secondary, latent, and tertiary, each with distinct
symptoms. The incubation period between infection and primary symptoms ranges from
10 to 90 days [53–55]. The primary stage is marked by a chancre, a painless, hard, dark-
red lesion that resolves in 3–6 weeks, but the infection continues. The secondary stage,
occurring 3–12 weeks later, involves copper-colored rashes, often on the palms and soles,
mucous membrane lesions, sore throat, and systemic symptoms like headache, fatigue, and
gastrointestinal issues. Meningitis and cranial nerve palsies can occur in some cases, and
painless lymphadenopathy affects 70–85% of patients. Malignant syphilis, a rare secondary
form, involves severe lesions [55–57].

In the latent stage, which lasts up to two years, there are no symptoms, but the individ-
ual remains infectious. Latent syphilis may recur at an early or late stage, with a reduced
risk of transmission in the latter. If untreated, syphilis progresses to tertiary syphilis, which
can occur 10–30 years later and cause severe complications such as cardiovascular syphilis,
neurosyphilis, and gummatous lesions affecting various organs. Cardiovascular syphilis
may lead to aortic aneurysm and stroke, while neurosyphilis can result in cognitive and
motor impairments and potentially fatal outcomes [53,58,59].
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Congenital syphilis occurs when the infection is transmitted from an untreated mother
to her fetus, potentially causing miscarriage, preterm birth, stillbirth, or birth defects.
The severity of congenital syphilis depends on the timing of maternal infection during
pregnancy [52,60].

In women, syphilis can lead to pelvic inflammatory disease, infertility, chronic pelvic
pain, and complications during pregnancy such as ectopic pregnancy, miscarriage, and
neonatal transmission. However, there is no substantial evidence linking syphilis to male
infertility [49].

4.3. Testing and Screening

There are both indirect and direct methods for detecting TP. Direct methods include
dark-field microscopy (DFM), direct fluorescence antibody (DFA) testing, immunohisto-
chemistry (IHC), and NAATs, though commercially available NAATs for TP DNA are
not yet available [61,62]. Some laboratories offer locally developed PCR tests for TP de-
tection. TP cannot be cultured on routine media, and dark-field microscopy is mainly
used in early syphilis when antibodies have not yet been produced. This method requires
a trained technician and lesion exudate or tissue. Indirect serological tests are used the
most, which search for antibodies against TP antigens (treponemal tests) or against lipoidal
antigens (non-treponemal tests) [38,62–65]. Common treponemal tests include TPHA,
TPPA, EIA/ELISA, CLIA/CMIA/ECLIA, FTA-ABS, and Western blot for IgG and IgM.
Non-treponemal tests, such as RPR and VDRL, are less specific but help monitor disease
progression [63,64]. However, false positives can occur, especially in cases involving au-
toimmune diseases, older age, or injecting drug use. Serological tests are used for diagnosis,
screening asymptomatic individuals, confirming positive diagnoses, and monitoring treat-
ment progress [38,66]. Screening is recommended for high-risk individuals, such as MSM,
HIV-positive persons, and those with a history of incarceration or transactional sex work.
In August 2024, the FDA approved the first self-directed rapid syphilis test for in-home
diagnosis, although positive results must be confirmed by laboratory tests [41,67,68]

4.4. Treatment

Syphilis progresses through different stages, and treatment depends on the clinical
manifestations at each stage. Penicillin G, administered parenterally, is the first-line treat-
ment for all stages, with dosage and duration varying based on the clinical presentation.
Longer treatment regimens are required for late latent syphilis, tertiary syphilis, and un-
known timing of infection. The formulation of penicillin G’s is critical, as TP can persist
in immune-privileged sites like the central nervous system. According to the 2021 CDC
guidelines, the treatment for primary and secondary syphilis in adults is a single dose of
2.4 million units of benzathine penicillin G intramuscularly (IM), effective even in HIV-co-
infected patients [40]. For neonates and children, a weight-based dose is recommended.
In latent syphilis, early latent syphilis requires a single dose, while late latent syphilis
needs three doses over three weeks. HIV co-infection does not alter these regimens [40].
For tertiary syphilis without neurological involvement, 7.2 million units of benzathine
penicillin G are administered in three weekly doses [41]. If neurological complications like
neurosyphilis are present, treatment with aqueous crystalline penicillin G (18–24 million
units daily) is necessary for 10–14 days [41]. Pregnant women should follow the recom-
mended penicillin regimen based on the infection stage, with no contraindications to its
use [69]. The treatment for congenital syphilis varies based on clinical and laboratory
findings in the newborn, with aqueous crystalline penicillin G being the main treatment for
confirmed cases [41,70,71].
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5. Neisseria gonorrhoeae
5.1. Epidemiology

Gonorrhoeae is the second most prevalent STI, caused by the bacterium Neisseria
gonorrhoeae (NG). It is primarily transmitted through vaginal, oral, or anal sex. In 2020, the
WHO estimated 82.4 million new infections globally among adults. Due to increasing drug
resistance, gonococcal infection has become a serious public health issue over the years and
is the focus of specific global initiatives. For this reason, the Global Health Sector Strategies
on HIV, Viral Hepatitis, and Sexually Transmitted Diseases 2022–2030 have included NG in
their program, aiming for a 90% reduction in gonorrhoeae incidence by 2030 [52].

Additionally, the WHO collaborates with countries to improve the management of
antimicrobial resistance through the European Gonococcal Antimicrobial Surveillance
Programme (Euro-GASP), which focuses on implementing surveillance systems to detect
antimicrobial resistance in NG and guide appropriate local-level treatment [72]. The latest
Gonorrhoeae Annual Epidemiological Report for 2022 documented [72] 881 confirmed
cases of gonorrhoeae. This represents a 48% increase in crude notification rates compared to
2021 and a 59% increase from 2018. However, a decrease was observed in 2020 during the
first year of the COVID 19 pandemic, attributed to changes in healthcare seeking behavior,
disruptions in sexual health services, and a reduction in testing [73,74].

In 2022, a significant increase in gonorrhoeae notifications was observed among the
youngest age groups, specifically those aged 15–19 and 20–24 years, in both women and
men. These trends were also confirmed in early 2023 [22]. A recent systematic review by
the ECDC reported that the overall prevalence of gonococcal infection was estimated to
be 0.24% in women and 0.10% in men. Among young women, the prevalence was 0.51%,
compared to 0.07% in young men [22].

In Italy, the highest increase in the reporting rate was observed in 2022, with a 63%
rise compared to 2021. Specifically, the largest increase among women was observed in the
20–24 age group, compared to the male population, which saw a 50% increase in the same
age group [24].

In the 15–19 age group, the most substantial increase in the notification rate was
observed in the male population, compared to the female population, with increases of 57%
and 49%, respectively [75]. However, this rise is concerning, particularly given the growing
antibiotic resistance of NG, which has reached 22% for azithromycin in Italy [24].

5.2. Clinical Manifestations

NG is a Gram-negative diplococcus responsible for gonorrhea, a major global public
health issue. NG primarily infects the urogenital tract, but can also colonize extragenital
sites like the eyes, nasopharynx, and anus [76,77].

Transmission occurs through sexual fluids such as vaginal fluid and semen. Men are
more likely to show symptoms than women, with symptoms in women often being non-
specific, such as odorless vaginal discharge and post-coital bleeding, which are frequently
misdiagnosed as bacterial vaginosis or yeast infections [78,79]. Cervicitis, inflammation of
the cervix, is a common sign of NG infection. If untreated, NG can cause severe reproduc-
tive complications, including endometritis, salpingitis, and pelvic inflammatory disease
(PID). In rare cases, it can lead to bacteremia and disseminated infections. PID symptoms
include lower abdominal pain, tenderness, and cervicovaginal inflammation, potentially
resulting in infertility, ectopic pregnancy, and chronic pelvic pain [28,80]

In men, NG infections are often symptomatic, with urethral discharge, painful uri-
nation, and testicular pain or swelling being common. If untreated, complications like
urethritis, epididymitis, prostatitis, proctitis, and reactive arthritis may occur [81]. NG
may also cause sperm damage, potentially affecting fertility [82]. Anorectal infections are
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common in MSM and women with anal intercourse exposure. These infections are mostly
asymptomatic but can cause anal itching, mucopurulent discharge, and discomfort [83,84].
Pharyngeal infections are often asymptomatic or cause mild symptoms, but they are harder
to treat due to antimicrobial resistance [85].

NG can also cause gonococcal ophthalmia neonatorum, a severe conjunctivitis in
newborns exposed to infected cervical secretions during birth. Immediate treatment is
essential to prevent complications like corneal scarring and blindness [86,87].

5.3. Testing and Screening

NAATs are the most sensitive diagnostic tools for detecting NG, with sensitivity
exceeding 90% and specificity above 98% for both genital and extragenital sites. They
have a higher sensitivity than the culture and the test is not influenced by the transport
and storage of the sample. However, despite their advantages, commercial NAATs do
not provide information on antimicrobial susceptibility, making parallel culture testing
essential for comprehensive diagnostic workflows. Positive culture on Thayer Martin Agar
and Chocolate Agar plates for 24–48 h, showed small convex, gray, and shiny colonies with
a diameter of up to 1 mm appear. The identification of the bacterial species is carried out
by at least two tests as follows: the biochemical test (API NH, VitekII) and MALDI-TOF
(matrix-assisted laser desorption ionization time-of-flight) mass spectrometry. Growth
and isolation in culture is the only method to assess sensitivity to antimicrobials such as
ceftriaxone, azithromycin, cefixime, and ciprofloxacin [38,88].

EUCAST does not define a reference method for determining the MIC of these
molecules and does not define clinical breakpoints for azithromycin, which are provided by
the CLSI Publishes M100-Performance Standards for Antimicrobial Susceptibility Testing,
32nd Edition, 2022 [38].

Other diagnostic methods, such as DNA probe assays, antigen detection tests, and
serology for antibodies against NG, are generally not recommended due to their insuffi-
cient sensitivity and specificity [88]. Specimen collection varies depending on the patient
population and infection site. In women, vaginal swabs are the preferred specimens for NG
detection; however, endocervical swabs and first-catch urine samples are also acceptable.
In men, first-catch urine or urethral swabs are preferred for urogenital infections, while
for extragenital infections, rectal or pharyngeal swabs are required for both women and
men [61]. Gonococcal infections are often asymptomatic at both genital and extragenital
sites, such as anorectal and oropharyngeal areas. These asymptomatic cases represent
significant reservoirs for transmission. To date, annual screening is recommended for all
sexually active women under 25 years of age who meet risk criteria, including new or mul-
tiple sexual partners, inconsistent condom use, commercial sex work, drug use, a history of
STIs, or HIV infection [41,61,89]. Similarly, sexually active men and transgender women
who have sex with men are advised to undergo annual genital and rectal screening [61].

5.4. Treatment

The latest updates on the treatment of gonococcal infections were published by the
WHO in July 2024, covering adults, adolescents, pregnant women and HIV-positive patients.
With rising antimicrobial resistance in NG, reduced drug efficacy, and the absence of an
effective vaccine, treatment decisions must be informed by national or local antimicrobial
resistance data [90].

The 2024 WHO guidelines now recommend a single IM dose of ceftriaxone 1 g for
all patients with genital, anorectal, and/or oropharyngeal infections. If ceftriaxone is
unavailable or declined, cefixime 800 mg orally is an alternative, provided a test of cure
is conducted. In cases where a test of cure is not feasible or oropharyngeal infections are
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present, cefixime 800 mg orally combined with azithromycin 2 g orally is advised. The
emergence of strains resistant to ceftriaxone and azithromycin has undermined first-line
treatment options [90–92]. For patients with cephalosporin resistance, allergy, or limited
availability, spectinomycin 2 g IM combined with azithromycin 2 g orally is recommended.
Alternatively, gentamicin 240 mg IM plus azithromycin 2 g orally can be used. For treat-
ment failures in adults and adolescents, including pregnant women, the WHO advises
cefixime 800 mg IM plus azithromycin 2 g orally (if ceftriaxone was not previously ad-
ministered), spectinomycin 2 g IM plus azithromycin 2 g orally, or gentamicin 240 mg IM
plus azithromycin 2 g orally [90,91]. Following the conclusion of the treatment regime,
it is recommended that a culture test be performed. In the case of a positive result, it is
advisable to administer a single oral dose of 800 mg of cefixime. Two alternative second-line
treatments are ceftriaxone, administered as a single intramuscular dose of 500 mg, and
gentamicin and azithromycin, administered as a single intramuscular dose of 240 mg for
the former and 2 g for the latter, with the latter being administered orally [39].

6. Trichomonas vaginalis
6.1. Epidemiology

Trichomonas vaginalis (TV) is a sexually transmitted protozoon that infects the urogen-
ital tract. TV is estimated to be the most common non-viral STI worldwide. According
to the latest data from the WHO, the global incidence of TV infection in 2016 was esti-
mated at 156 million cases (73.7 million females and 82.6 million males) among people
aged 15 to 49 years. The most recent incidence data estimate that the number of new TV
infections was nearly 7 million (3.3 million men and 3.5 million women). The 15–24 age
group accounted for 16.3% of incident infections (568,000 men vs. 520,000 women) [93].
However, these epidemiological data may be underestimated due to the high number
of asymptomatic cases [94]. In Europe, the most recent technical report from the ECDC
estimated a prevalence of 0.69% among women and 0.00% among men [22]. However,
in most European countries, routine screening programs for STIs do not include TV [95].
In Italy, TV surveillance has been introduced in recent years, and data from the Sentinel
Surveillance System, as of 2021, report a prevalence of 1% (1.1% among men and 1.2%
among women) [24].

6.2. Clinical Manifestations

Trichomonas vaginalis (TV) exclusively infects human cells and is primarily trans-
mitted through sexual intercourse. Evidence shows a higher infection rate among male
partners of infected women, as well as increased prevalence in women attending Sexually
Transmitted Disease (STD) clinics or sex workers [96,97]. TV typically infects the squamous
epithelium of the genital tract, with an incubation period ranging from 4 to 28 days. The
infection can persist for long durations in women but usually resolves more quickly in
men [96].

In women, TV is symptomatic in about 50% of cases, with around 30% of initially
asymptomatic cases becoming symptomatic within six months. Common symptoms
include yellow–green, frothy, fishy-smelling vaginal discharge; irritation; soreness; pain
during sex; and swelling in severe cases. Painful or frequent urination is also common, and
vaginal and urinary symptoms may occur together. Acute cases may show hemorrhagic
spots on the vaginal and cervical mucosa, known as “strawberry cervix” [98]. If untreated,
TV can lead to complications like cervicitis, urethritis, Pelvic Inflammatory Diseases (PID)
cervical intraepithelial neoplasia, and adverse reproductive outcomes such as preterm labor
and low birth weight, especially in those co-infected with HIV [99–101].
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In men, TV is mostly asymptomatic, but when symptoms occur, they include frothy
penile discharge, painful urination, and frequent urges to urinate. TV can cause urethritis,
prostatitis, and epididymitis, and chronic infection of the prostate may increase the risk of
prostate cancer [102]. Neonatal trichomoniasis can occur during birth, typically presenting
as a vaginal infection, and in rare cases, neonates may develop respiratory issues due to
TV [103,104].

TV infection also significantly impacts women’s reproductive health, with links to
infertility. Key mechanisms include compromised sperm quality, immune system activation
causing inflammation, damage to oocytes, and ovulation blockage [105,106].

6.3. Testing and Screening

The most common rapid and inexpensive method for diagnosing TV is wet prep
microscopy. This can be performed in a clinical setting as point-of-care testing, but it has a
low sensitivity of 60–70% in women and 30% in men. The sample must be analyzed within
a few minutes of collection to avoid false-negative results. TV is a motile organism with
flagella and can be seen moving in the preparation when viewed under a microscope. The
most reliable specimens for diagnosing female trichomoniasis include endocervical and
vaginal swabs, as well as urine; while in male patients, the reliable specimens are urine,
urethral swabs, and semen [94,107].

Liquid or broth culture of a clinical specimen (cervicovaginal, urethral, or urinary
sediment) for microscopic observation was previously the gold standard technique for
the diagnosis of trichomoniasis, due to its sensitivity, simplicity, and the relatively low
inoculum requirement (300 trichomonas/mL) [94]. Molecular techniques are considered
the appropriate techniques for the diagnosis of TV, these tests can detect the genome of the
parasite in symptomatic and asymptomatic patients, with a high sensitivity (97.2%) and
specificity (99.9%). Molecular tests can be performed on vaginal, endocervical, or urine
samples in women and on urethral or urine samples in men [37]. Annual screening is
recommended for women receiving care in high-prevalence settings (e.g., STI clinics and
correctional facilities) and for asymptomatic women at high risk for infection (e.g., women
with multiple sexual partners, exchanging sex for payment, drug use, or a history of STIs
or incarceration). Screening is also recommended for sexually active women with HIV at
the time of entry to care and at least annually thereafter [41,107].

6.4. Treatment

Trichomoniasis is unlikely to resolve spontaneously without treatment, and it is typi-
cally treated effectively and efficiently with antibiotics. According to the latest guidelines
from the WHO, the treatment protocol is consistent across adults, adolescents, pregnant
women, and individuals co-infected with HIV. The recommended therapy involves metron-
idazole at a dosage of 400 mg or 500 mg orally twice daily for 7 days. Tinidazole is another
effective treatment for trichomoniasis, with the advantage of fewer side effects compared
to metronidazole. However, for cases of metronidazole-resistant infections, tinidazole is
typically ineffective due to the structural similarities between the two molecules [108–111].
Despite being more expensive than metronidazole, tinidazole offers a longer half-life (12.5 h
vs. 7.3 h for metronidazole) and causes fewer gastrointestinal side effects. In cases where
metronidazole or tinidazole is unavailable, secnidazole or ornidazole may serve as alter-
natives, though both are contraindicated in pregnancy [108]. Similarly, ornidazole has
demonstrated efficacy and safety, with the advantage of single-dose administration.

To prevent reinfection, it is crucial to treat both the patient and all sexual partners.
Sexual activity should be avoided until all individuals have completed treatment and
symptoms have been resolved. This is essential because TV infection does not confer
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immunity, leaving individuals susceptible to reinfection. Common causes of recurrence
include non-adherence to therapy, treatment failure, or reinfection from an untreated
partner [41].

HIV and TV co-infection are significant public health concerns. Studies reveal that
approximately half of HIV-positive women also have TV infection. Effective treatment
of TV not only resolves the infection but may also reduce the risk of HIV transmission
and improve health outcomes for co-infected individuals [41]. The most recent AMCLI
guidelines recommend that for the treatment of male urethritis and cervicitis, the preferred
option is the one outlined by the CDC [41]. In addition, they suggest a second-line treatment
option, which is the oral administration of tinidazole in a single 2 g dose [38].

7. Mycoplasma spp. and Ureaplasma spp.
7.1. Epidemiology

Mycoplasma is a term used to refer to any of the members of the class Mollicutes,
which includes Mycoplasma and Ureaplasma. Genital mycoplasmas associated with human
infections include Ureaplasma urealyticum (U. urealyticum), Ureaplasma parvum (U. parvum),
Mycoplasma hominis (M. hominis), and Mycoplasma genitalium (M. genitalium). These STIs
are not notifiable, and few data exist on their prevalence. However, Mycoplasma spp. and
Ureaplasma spp. are considered natural inhabitants, as they are often isolated from healthy
individuals [109]. Regarding M. genitalium, recent studies reported a prevalence ranging
between 1% and 3.3% in the general population of both sexes [112].

European studies have reported overall prevalence in males (aged 15–79 years) and
females (aged 16–65 years) ranging from 4.9% to 9.8% [113]. As expected, population-based
prevalence estimates are lower than those derived from clinic-based studies, which have
reported rates as high as 26% in women [114] and 28.7% in men attending STIs clinics [115].
M. genitalium has also been detected in the cervix or endometrium of women with pelvic
inflammatory disease, with prevalence estimates ranging from 4% to 22% [41].

Recently, an Italian study reported an overall prevalence of 7% for M. genitalium in
the general population, with the highest infection rates found in younger age groups as
follows: 9.5% in the 13–18 age group and 6.7% in the 19–29 age group [3].

The epidemiology of M. hominis, U. parvum, and U. urealyticum has been described
in various reports worldwide, with a prevalence of 21% for Ureaplasma spp. and 3% for
M. hominis in the general population [116]. M. hominis, a commensal of the cervical and
vaginal mucosa, exhibits colonization rates ranging from 20% to 30% globally [117].

In Italy, a recent study highlighted the prevalence of M. hominis and Ureaplasma spp.,
reporting an overall M. hominis prevalence of 11.4%, with marked sex differences (4.1%
in men and 21.1% in women). Younger age groups exhibited higher M. hominis infection
rates, with a prevalence of 23.8% in individuals aged 13–18 years and 13.7% in those aged
19–29 years. Similarly, the prevalence of U. urealyticum increased post-pandemic, with a
prevalence of 19.3% among female patients. Notably, the age group 13–18 years showed a
prevalence of 14.3%, compared to 15.7% in the 19–29 age group. The overall prevalence
of U. parvum was 26.1%, with particularly high rates of 52.1% in females and 57.1% in the
13–18 age group [3].

7.2. Clinical Manifestations

M. genitalium is responsible for 15–20% of non-gonococcal urethritis (NGU) in men,
20–25% of non-chlamydial NGU, and 40% of persistent or recurrent urethritis [114,118,119].
Asymptomatic infections are common, occurring at similar rates as chlamydial infections.
In women, M. genitalium is linked to cervicitis, PID, preterm delivery, spontaneous abortion,
and infertility, with potential mother-to-child transmission at birth. However, there is
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insufficient evidence to suggest that M. genitalium causes chronic complications in men,
such as epididymitis, prostatitis, or infertility. Rectal infections are documented in 1–26%
of MSM and 3% of women. Persistent or recurrent infections require accurate diagnosis
and treatment [120,121].

M. hominis, a commensal organism of the lower urogenital tract, can cause a range of
infections, including urinary tract infections (UTIs), bacterial vaginosis, PID, cervicitis, and
pyelonephritis. It is also associated with pregnancy complications, infant disease, and infer-
tility [122,123]. A clinical association with Trichomonas vaginalis has been observed [124].
Ureaplasma species, another group of potentially pathogenic microorganisms, contribute to
NGU, infertility, and uterine inflammation. These microorganisms can ascend the repro-
ductive tract and stimulate immune responses, leading to higher levels of proinflammatory
cytokines in the cervicovaginal environment [125–127]. Ureaplasma infections are linked
to adverse pregnancy outcomes such as low birth weight, chorioamnionitis, premature
rupture of membranes, spontaneous abortion, and perinatal or neonatal death [128].

7.3. Testing and Screening

NAATs are the gold standard technique for testing urogenital Mycoplasma spp. and
Ureaplasma spp. Although culture is not useful for diagnostic purposes, it plays a role
in obtaining isolates for antimicrobial resistance testing and research [129,130]. Serology
testing for antibodies, unfortunately, is affected by cross-reactivity with other mycoplasmas,
including Mycoplasma pneumoniae [118]. Syndromic STI panels using multiplex PCR for
CT, NG, TV, M. hominis, M. genitalium, U. parvum, and U. urealyticum are more commonly
used for detection and clinical diagnosis. These tests have been developed using various
amplification and detection techniques, gene targets, and platforms, with samples from
liquid-based cytology, urine, genital swabs, oropharyngeal swabs, anorectal swabs, and
semen. Current guidelines [38] suggest the use of multiplexed technologies for STIs; it is
the method with the best performance compared to isolation and permits the identification
of multiple pathogens simultaneously. The IUSTI Europe 2021 guidelines recommend the
use of real-time PCR testing to detect M. genitalium and simultaneously identify macrolide
resistance [38].

The CDC do not recommend asymptomatic screening for M. genitalium, as there is no
evidence that asymptomatic infection requires treatment [129,130]. European guidelines
recommend testing only for symptomatic individuals such as those with symptoms of
NGU in men and pelvic inflammatory disease in women [119].

7.4. Treatment

β-lactams, including penicillins and cephalosporins, are ineffective against M. gen-
italium because it lacks a cell wall. Resistance to azithromycin is increasing rapidly, so
resistance-guided therapy has been shown to achieve cure rates of more than 90% and
should be used whenever possible [131,132]. If M. genitalium resistance testing is available
and the bacteria is sensitive to macrolides, the recommended therapy is as follows: doxycy-
cline 100 mg orally two times/day for 7 days, followed by azithromycin 1 g orally initial
dose, followed by 500 mg orally daily for 3 additional days (2.5 g total) [41]. This dosage is
recommended for the treatment of cervicitis in non-pregnant women [38]. For the treatment
of male urethritis, the first-line treatment is the administration of azithromycin or josamycin
or moxifloxacin. Azithromycin is administered orally at a dosage of 500 mg on the first
day and 250 mg for 2–5 days, while josamycin is administered orally at a dosage of 500 mg
every 8 h for a duration of 10 days. Moxifloxacin is administered orally, 400 mg for 7 days.
If resistance testing is not available and M. genitalium is detected by an FDA-approved
NAAT, treatment involves doxycycline 100 mg orally two times/day for 7 days, followed
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by moxifloxacin 400 mg orally once daily for 7 days. For male urethritis, if treatment with
azithromycin proves ineffective, the second-line drug is moxifloxacin, administered as a
single oral dose of 400 mg for a period of seven days. If both azithromycin and moxifloxacin
prove insufficient, the infection may be treated with oral administration of pristinamycin
(1 g every 6 h for 10 days), minocycline (100 mg every 12 h for 14 days), or doxycycline
(100 mg every 12 h for 14 days) [38,41].

Given the reported cases of moxifloxacin resistance, adverse side effects, and cost,
when resistance testing is not available or when moxifloxacin cannot be used, an alter-
native regimen includes doxycycline 100 mg orally twice a day for 7 days, followed by
azithromycin (1 g orally on day 1, followed by 500 mg once daily for 3 days). In this case,
the guidelines recommend a follow-up test 21 days after the completion of therapy [41].

Treatment of M. genitalium during pregnancy should be considered because of the
potential teratogenicity of the recommended first-line drugs. Consultation with the Na-
tional Network of STD Prevention Training Centers STD Clinical Consultation Network is
therefore recommended [133].

There are no international evidence-based management guidelines for M. hominis,
U. parvum, and U. urealyticum, and there is a lack of evidence regarding effective treat-
ment regimens. Like M. genitalium, M. hominis is not treatable with ß-lactam antibiotics.
M. hominis is also naturally resistant to azithromycin, clarithromycin, and erythromycin
(14- and 15-membered macrolides), but not to josamycin (16-membered macrolides). An-
timicrobial resistance is not the only obstacle to treating M. hominis, U. parvum, and U.
urealyticum. These organisms can also be difficult to eradicate due to the reduced activity of
antimicrobials at low pH and the lack of bactericidal activity [134,135].

Nevertheless, the data collected by AMCLI propose first-line and second-line treat-
ments for the management of male urethritis caused by U. urealyticum. If oral administration
of 100 mg of doxycycline every 12 h for 7 days does not successfully resolve the infection,
the patient may be treated with a single oral dose of 1 g of azithromycin [39].

8. Antimicrobial Resistance (AMR)
8.1. Neisseria gonorrhoeae

Recently, the European Centre for Disease Prevention and Control (ECDC) has pub-
lished a report highlighting the threat of increasing antimicrobial resistance (AMR) in
Neisseria gonorrhoeae. This concerning trend, identified from surveillance data, underscores
the need for continuous monitoring to guide and update treatment guidelines, control mea-
sures, and to ensure the prudent use of antimicrobials, in the context of rising gonorrhea
cases in Europe [136]. The main classes of antibiotics involved include extended-spectrum
cephalosporins (such as ceftriaxone and cefixime), azithromycin, ciprofloxacin, and peni-
cillin. Generally, clinical manifestations do not differ significantly between resistant and
non-resistant strains; however, infections caused by resistant strains may result in persistent
or recurrent symptoms.

Specific resistant strains have been identified, such as strain FC428, which was first
isolated in Japan in 2015 and shows resistance to ceftriaxone [137]. Similar strains have been
identified in several countries, including China and the United States [137,138]. Following
that, strains SS43 and SS76 were isolated in Guangzhou, China, in 2016 and 2019, respec-
tively. These strains exhibit resistance to ceftriaxone and azithromycin, as well as resistance
to penicillin, tetracyclines, and ciprofloxacin [92]. Meanwhile, strain ST1407 has been iden-
tified in various countries, including France, Spain, Argentina, and Brazil. It is associated
with treatment failures and shows resistance to ceftriaxone and azithromycin [139]. More-
over, studies have documented the spread of N. gonorrhoeae strains resistant to multiple
classes of antibiotics, known as MDR (multidrug-resistant) strains [140].
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Surveillance data on gonococcal antimicrobial susceptibility in the European Union/
European Economic Area for 2022 show, in 2022, the percentage of strains resistant to
azithromycin significantly increased to 25.6%, compared to 14.2% in 2021. Azithromycin is
often used in combination with ceftriaxone to treat gonorrhea, making this result particu-
larly concerning. Ciprofloxacin resistance has also increased, with 65.9% of isolated strains
showing resistance in 2022, compared to 62.8% in 2021 [136].

Recently, a frequent detection of resistance to ciprofloxacin was observed among N.
gonorrhoeae-positive subjects, not only in those older than 40 years, but also among younger
people [141].

Although resistance to cefixime remains low at 0.3%, continuous monitoring is cru-
cial, particularly as cefixime- and ceftriaxone-resistant gonococcal strains are spreading
internationally.

At a molecular level, N. gonorrhoeae has acquired antimicrobial resistance (AMR)
through various mechanisms, including the enzymatic alteration or breakdown of the
antimicrobial, shielding of the antimicrobial target, and reduced uptake combined with
enhanced expulsion of the antimicrobial [137,141]. N. gonorrhoeae resistance to extended-
spectrum cephalosporins (ESCs), such as ceftriaxone and cefixime, is primarily due to
mutations in the penA gene, which codes for altered versions of penicillin-binding protein
2 (PBP2). Along with penA mosaic alleles, other genetic variations in the mtrR, porB1b, and
ponA genes contribute significantly to the decreased susceptibility to cefixime and ceftriax-
one [142]. These include the overproduction of the MtrCDE efflux pump system, reduced
membrane permeability, and changes in the ponA gene. Fluoroquinolone resistance is
caused by mutations in the A subunit (codons Ser91 and Ser95) of DNA gyrase (gyrA) and
in the ParC subunit of topoisomerase IV (parC). Point mutations in the peptidyl-transferase
loop region of domain V of 23S rRNA, along with mutations in ribosomal proteins L4 (rplD)
and L22 (rplV), are responsible for macrolide resistance, such as azithromycin [142–144].

8.2. Mycoplasma genitalium

The absence of a bacterial cell wall in mycoplasmas restricts the range of effective
antimicrobial classes, including tetracyclines, macrolides, fluoroquinolones, and strep-
togramins [145]. Additionally, resistance to key treatment classes, such as macrolides and
fluoroquinolones, is on the rise, jeopardizing the ability to effectively treat all infections.
Antimicrobial resistance in M. genitalium is becoming an increasingly serious issue. The
prevalence of reported macrolide resistance varies significantly across different regions
and countries. Over 40% of M. genitalium strains are currently resistant to macrolides,
which have traditionally been considered the first-line treatment for this type of infection.
It is believed that the occurrence of MRM is more common in individuals who undergo
repeated courses of azithromycin or other macrolide antibiotics [146]. Consequently, men
who have sex with men (MSM) generally show a higher rate of MRM compared to women
or men who have sex with women, likely due to more frequent treatment for M. genitalium,
chlamydia, and gonorrhea [131]. High rates of macrolide resistance in M. genitalium have
been reported in Europe (especially the UK and Denmark) and Australia [147]. Approx-
imately 15–30% of strains are also resistant to the second-line therapy, fluoroquinolones,
especially moxifloxacin [145], and it is particularly significant in Japan [148].

At the molecular level, macrolide resistance is caused by single-nucleotide polymor-
phisms (SNPs) in the 23S ribosomal RNA (rRNA) gene at positions A2058 or A2059 [131].
Resistance to the second-line drug moxifloxacin is driven by SNPs in the topoisomerase IV
gene parC, which result in amino acid alterations in the quinolone resistance-determining
region, mainly at parC positions S83 and D87 (according to M. genitalium amino acid
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numbering). These mutations associated with quinolone resistance (QRAMs) are becoming
more prevalent globally [131].

9. Discussion
Recent epidemiological data have highlighted a concerning worldwide increase in

sexually transmitted infections, particularly among adolescents and young adults. Factors
such as age, gender, sexual debut, and sexual orientation play a significant role in the
epidemiology of STIs, with young people and adolescents being particularly vulnerable.
The prevalence of infections has also increased among young heterosexuals, marking a
shift in lifestyle patterns, where gaps in sexual knowledge, attitudes, and behaviors have
emerged and may have potentially contributed to the rise in new infections. The most fre-
quent barrier in the management of STIs is the lack or fragmentation of the local healthcare
services [10]. This aspect is particularly relevant for young people and adolescents. The
message of this review highlights the need for a permanent multidisciplinary healthcare
system based on an integrated clinical and sexual educational network able to ensure effec-
tive interventions. In particular, collaboration between STI healthcare services and schools,
designated places for equitable health promotion through a continuous educational ap-
proach, is essential [8]. For these reasons, national programs funded by the Italian Ministry
of Health have focused on developing a multidisciplinary model for STIs [11,12,149,150].

These initiatives include the implementation of educational activities in schools, ad-
dressing sexuality, emotional relationships, and STI prevention [137], including screening
that facilitates real-time detection and treatment of infections. In this context, routine per-
sonalized screening for asymptomatic infections, such as gonorrhea and chlamydia, could
be recommended at least annually for adolescents [150–152]. Nevertheless, self-testing
kits, mobile clinics, and community outreach programs, recently proposed for at-risk pop-
ulations, could help to increase access to healthcare services if included in the local STI
network [153].

10. Conclusions
In conclusion, public health initiatives should prioritize the development of multidisci-

plinary networks specifically relating to the needs of adolescents through a comprehensive
approach that integrates education and clinical support to tackle the rising prevalence of
STIs and to raise awareness of safe sex.

Author Contributions: Conceptualization, M.C.; methodology, N.Z. and N.W.; resources, M.C.; data
curation, N.Z., N.W., C.C., S.d.I., A.M. and F.R.; writing—original draft preparation, N.Z., N.W. and
M.C.; writing—review and editing, M.C., L.B., A.C., D.G., T.M.A.F., M.C.S., F.S., F.V. and B.S.; S.G.,
supervision, M.C., B.S. and ESPRIT Study Collaboration Group. All authors have read and agreed to
the published version of the manuscript.

Funding: The project was carried out with the technical and financial support of the Italian Ministry
of Health—CCM (study project ESPRIT—Education in lower and upper secondary school and
support of the network of adolescent reference persons for the prevention of HPV and other sexually
transmitted infections), and through the contribution given to the Institute for Maternal and Child
Health IRCCS Burlo Garofolo, Trieste, Italy (research project SD 13/18).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.



Microorganisms 2025, 13, 1411 17 of 24

Acknowledgments: The authors sincerely thank ESPRIT Study Collaboration Group: Vincenzo
Restivo (Department of Medicine, Kore University of Enna, Enna, Italy), Lorenza Driul (Department
of Obstetrics and Gynaecology, ASUFC, Ospedale Santa Maria della Misericordia, Udine, Italy),
Andrea Isidori (Department of Experimental Medicine, Sapienza University of Rome, Rome, Italy),
Patrizia Ferro, Palmira Immordino and Nicolo’ Piazza (Department of Health Promotion, Mother
and Child Care, Internal Medicine and Medical Specialities, University of Palermo, Palermo, Italy),
Giuseppina Capra (Pro.Mi.Se Department, University of Palermo, Palermo, Italy).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sexually Transmitted Infections (STIs). Available online: https://www.who.int/news-room/fact-sheets/detail/sexually-

transmitted-infections-(stis) (accessed on 5 March 2025).
2. Torrone, E.A.; Kruszon-Moran, D.; Philips, C.; Morris, M.R.; Bowden, K.E.; Papp, J.; Bachmann, L.H.; Weinstock, H.; Kersh, E.N.

Prevalence of Urogenital Mycoplasma genitalium Infection, United States, 2017 to 2018. Sex. Transm. Dis. 2021, 48, e160–e162.
[CrossRef] [PubMed]

3. Zanotta, N.; Magni, E.; De Seta, F.; Petix, V.; Sossi, K.; Colli, C.; Monasta, L.; Suligoi, B.; Comar, M. Sexually Transmitted Infections
in Italian Young and Adult People: A Worrying Positive Trend Hidden by COVID-19 Epidemic. Microorganisms 2024, 12, 1600.
[CrossRef] [PubMed]

4. European Centre for Disease Prevention and Control. Annual Epidemiological Report 2014—Sexually Transmitted Infections, Including
HIV and Blood-Borne Viruses; ECDC: Stockholm, Sweden, 2015.

5. Nerlander, L.; Champezou, L.; Gomes Dias, J.; Aspelund, G.; Berlot, L.; Constantinou, E.; Díaz, A.; Epštein, J.; Fogarassy, E.;
Hernando, V.; et al. Sharp increase in gonorrhoea notifications among young people, EU/EEA, July 2022 to June 2023. Euro
Surveill. Bull. Eur. Sur Mal. Transm. Eur. Commun. Dis. Bull. 2024, 29, 2400113. [CrossRef]

6. Istituto Superiore di Sanità. Le infezioni sessualmente trasmesse: Aggiornamento dei dati dei due Sistemi di sorveglianza
sentinella attivi in Italia al 31 dicembre 2019. Notiziario dell’Istituto Superiore di Sanità 2021, 34. Available online: https://www.
epicentro.iss.it/ist/NotiziarioIssCoa (accessed on 9 January 2025).

7. Istituto Superiore di Sanità. Le infezioni sessualmente trasmesse: Aggiornamento dei dati dei due Sistemi di sorveglianza
sentinella attivi in Italia al 31 dicembre 2020. Notiziario dell’Istituto Superiore di Sanità 2022, 35. Available online: https://www.
epicentro.iss.it/tricomoniasi/documentazione-italia (accessed on 9 January 2025). (In Italian).

8. Brunelli, L.; Bravo, G.; Romanese, F.; Righini, M.; Lesa, L.; De Odorico, A.; Bastiani, E.; Pascut, S.; Miceli, S.; Brusaferro, S. Sexual
and Reproductive Health-Related Knowledge, Attitudes and Support Network of Italian Adolescents. Public. Health Pract. 2022,
3, 100253. [CrossRef]

9. Santos, A.C.D.S.; Silva, N.N.T.; Carneiro, C.M.; Coura-Vital, W.; Lima, A.A. Knowledge About Cervical Cancer and HPV
Immunization Dropout Rate Among Brazilian Adolescent Girls and Their Guardians. BMC Public. Health 2020, 20, 301. [CrossRef]

10. Elendu, C.; Amaechi, D.C.; Elendu, I.D.; Elendu, T.C.; Amaechi, E.C.; Usoro, E.U.; Chima-Ogbuiyi, N.L.; Arrey Agbor, D.B.;
Onwuegbule, C.J.; Afolayan, E.F.; et al. Global Perspectives on the Burden of Sexually Transmitted Diseases: A Narrative Review.
Med. 2024, 103, e38199. [CrossRef]

11. Suligoi, B.; Aiello, A.; Atzori, L.; Bordonaro, P.; Capra, G.; Caraglia, A.; Cellini, A.; Chessa, M.; Comar, M.; Cusini, M.; et al.
Infezioni sessualmente trasmesse: Un nuovo modello integrato hub&spoke per ridurre il trend in aumento di queste patologie in
Italia e prevenirne la diffusione. Epidemiol. Prev. 2024, 48, 456–465. [CrossRef]

12. Brunelli, L.; Valent, F.; Comar, M.; Suligoi, B.; Salfa, M.C.; Gianfrilli, D.; Sesti, F.; Restivo, V.; Casuccio, A.; ESPRIT Study
Collaboration Group. Study Protocol for a Pre/Post Study on Knowledge, Attitudes and Behaviors Regarding STIs and in
Particular HPV Among Italian Adolescents, Teachers, And Parents in Secondary Schools. Front. Public Health 2024, 12, 1414631.
[CrossRef]

13. Sanità, E.-I.S. Di EpiCentro. Available online: https://www.epicentro.iss.it/ (accessed on 5 March 2025).
14. Goldstein, E.; Moss, E.; Bennett-Slater, S.; Ferguson, L.; McInally, C.; McHugh, M.; Maxwell, A.; Winter, A.; Gunson, R.N. Impact

of Molecular Ciprofloxacin Resistance Testing in Management of Gonorrhoea in a Large Urban Clinic. Sex. Transm. Infect. 2024,
100, 226–230. [CrossRef] [PubMed]

15. Wang, B.; Mohammed, H.; Andraweera, P.; McMillan, M.; Marshall, H. Vaccine Effectiveness and Impact of Meningococcal
Vaccines Against Gonococcal Infections: A Systematic Review and Meta-Analysis. J. Infect. 2024, 89, 106225. [CrossRef] [PubMed]

16. Jensen, J.S.; Unemo, M. Antimicrobial Treatment and Resistance in Sexually Transmitted Bacterial Infections. Nat. Rev. Microbiol.
2024, 22, 435–450. [CrossRef] [PubMed]

17. World Health Organization. Implementing the Global Health Sector Strategies on HIV, Viral Hepatitis and Sexually Transmitted Infections,
2022–2030: Report on Progress and Gaps 2024; World Health Organization: Geneva, Switzerland, 2024.

https://www.who.int/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)
https://www.who.int/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)
https://doi.org/10.1097/OLQ.0000000000001394
https://www.ncbi.nlm.nih.gov/pubmed/33560093
https://doi.org/10.3390/microorganisms12081600
https://www.ncbi.nlm.nih.gov/pubmed/39203443
https://doi.org/10.2807/1560-7917.ES.2024.29.10.2400113
https://www.epicentro.iss.it/ist/NotiziarioIssCoa
https://www.epicentro.iss.it/ist/NotiziarioIssCoa
https://www.epicentro.iss.it/tricomoniasi/documentazione-italia
https://www.epicentro.iss.it/tricomoniasi/documentazione-italia
https://doi.org/10.1016/j.puhip.2022.100253
https://doi.org/10.1186/s12889-020-8410-9
https://doi.org/10.1097/MD.0000000000038199
https://doi.org/10.19191/EP24.6.A764.136
https://doi.org/10.3389/fpubh.2024.1414631
https://www.epicentro.iss.it/
https://doi.org/10.1136/sextrans-2023-056099
https://www.ncbi.nlm.nih.gov/pubmed/38702191
https://doi.org/10.1016/j.jinf.2024.106225
https://www.ncbi.nlm.nih.gov/pubmed/38986746
https://doi.org/10.1038/s41579-024-01023-3
https://www.ncbi.nlm.nih.gov/pubmed/38509173


Microorganisms 2025, 13, 1411 18 of 24

18. World Health Organization. Global Progress Report on HIV, Viral Hepatitis and Sexually Transmitted Infections, 2021. In
Accountability for the Global Health Sector Strategies 2016-2021: Actions for Impact, 1st ed.; World Health Organization: Geneva,
Swizerland, 2021; ISBN 978-92-4-002707-7.

19. Chlamydia. Available online: https://www.who.int/news-room/fact-sheets/detail/chlamydia (accessed on 5 March 2025).
20. Global and Regional STI Estimates. Available online: https://www.who.int/data/gho/data/themes/topics/topic-details/

GHO/global-and-regional-sti-estimates (accessed on 5 March 2025).
21. Sexually Transmitted Infections Surveillance. 2023. Available online: https://www.cdc.gov/sti-statistics/annual/index.html

(accessed on 20 January 2025).
22. Chlamydia—Annual Epidemiological Report for 2022. Available online: https://www.ecdc.europa.eu/en/publications-data/

chlamydia-annual-epidemiological-report-2022 (accessed on 5 March 2025).
23. A Systematic Review of Chlamydia, Gonorrhoea, Trichomoniasis, and Syphilis Prevalence in Europe. Available online:

https://www.ecdc.europa.eu/en/publications-data/systematic-review-chlamydia-gonorrhoea-trichomoniasis-and-syphilis-
prevalence (accessed on 5 March 2025).

24. Istituto Superiore di Sanità. Le infezioni sessualmente trasmesse: Aggiornamento dei dati dei due Sistemi di sorveglianza
sentinella attivi in Italia al 31 dicembre 2021. Notiziario Dell’Istituto Superiore di Sanità 2023, 36. Available online: https://www.
epicentro.iss.it/ist/epidemiologia-italia (accessed on 9 January 2025). (In Italian).

25. Infezioni Sessualmente Trasmesse, Online Il Vademecum Per Conoscerle E Prevenirle. ISS. Available online: https://www.iss.it/
-/infezioni-sessualmente-trasmesse-online-il-vademecum-per-conoscerle-e-prevenirle (accessed on 5 March 2025).

26. Sabbatucci, M.; Salfa, M.C.; Regine, V.; Pezzotti, P.; Suligoi, B. Estimated burden of Chlamydia trachomatis female infection and
consequent severe pelvic inflammatory disease, Italy, 2005–2016. Ann. Ist. Super. Sanita 2019, 55, 217–223.

27. Mohseni, M.; Sung, S.; Takov, V. Chlamydia. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025.
28. Shroff, S. Infectious Vaginitis, Cervicitis, and Pelvic Inflammatory Disease. Med. Clin. N. Am. 2023, 107, 299–315. [CrossRef]
29. Passos, L.G.; Terraciano, P.; Wolf, N.; Oliveira, F.D.S.D.; Almeida, I.D.; Passos, E.P. The Correlation Between Chlamydia

Trachomatis and Female Infertility: A Systematic Review. Rev. Bras. Ginecol. E Obs. RBGO Gynecol. Obstet. 2022, 44, 614–620.
[CrossRef]

30. Lu, Y.; Wu, Q.; Wang, L.; Ji, L. Chlamydia trachomatis enhances HPV persistence through immune modulation. BMC Infect. Dis.
2024, 24, 229. [CrossRef]

31. Hocking, J.S.; Geisler, W.M.; Kong, F.Y.S. Update on the Epidemiology, Screening, and Management of Chlamydia Trachomatis
Infection. Infect. Dis. Clin. N. Am. 2023, 37, 267–288. [CrossRef]

32. Nasr El-Din, A.; Sorour, H.; Fattouh, M.; Abu El-Hamd, M. Evaluation of the Role of Chlamydia Trachomatis in Primary Male
Infertility. Int. J. Clin. Pract. 2021, 75, e14702. [CrossRef]

33. Smolarczyk, K.; Mlynarczyk-Bonikowska, B.; Majewski, S.; Rudnicka, E.; Unemo, M.; Fiedor, P. Lymphogranuloma Venereum:
An Emerging Problem in Poland. Postep. Dermatol. Alergol. 2022, 39, 587–593. [CrossRef]

34. de Vries, H.J.C.; de Barbeyrac, B.; de Vrieze, N.H.N.; Viset, J.D.; White, J.A.; Vall-Mayans, M.; Unemo, M. 2019 European Guideline
on the Management of Lymphogranuloma Venereum. J. Eur. Acad. Dermatol. Venereol. JEADV 2019, 33, 1821–1828. [CrossRef]

35. Khosropour, C.M.; Dombrowski, J.C.; Vojtech, L.; Patton, D.L.; Campbell, L.A.; Barbee, L.A.; Franzi, M.C.; Hybiske, K. Rectal
Chlamydia Trachomatis Infection: A Narrative Review of the State of the Science and Research Priorities. Sex. Transm. Dis. 2021,
48, e223–e227. [CrossRef]

36. Ab, E.; Luijt, D.; Ott, A.; Dekker, J.H. High Rates of Anorectal Chlamydia in Women: A Cross-Sectional Study in General Practice.
BJGP Open 2022, 6, BJGPO.2021.0223. [CrossRef] [PubMed]

37. Haratian, K.; Borjian Boroujeni, P.; Sabbaghian, M.; Maghareh Abed, E.; Moazenchi, M.; Mohseni Meybodi, A. DEFB126 2-Nt
Deletion (Rs11467417) as a Potential Risk Factor for Chlamydia Trachomatis Infection and Subsequent Infertility in Iranian Men.
J. Reprod. Infertil. 2024, 25, 20–27. [CrossRef]

38. Amcli ETS|Percorsi Diagnostici. Available online: https://www.amcli.it/documenti/percorsi-diagnostici/ (accessed on 5
March 2025).

39. Rodrigues, R.; Silva, A.R.; Sousa, C.; Vale, N. Addressing Challenges in Chlamydia Trachomatis Detection: A Comparative
Review of Diagnostic Methods. Med. Kaunas Lith. 2024, 60, 1236. [CrossRef] [PubMed]

40. Hockman, B.E.; Qi, M.; Rotblatt, H.; Borenstein, L.; Flynn, R.A.; Muldrow, R.A.; Rajagopalan, S.; Greene, D.N. Overcoming
Analytical and Preanalytical Challenges Associated with Extragenital Home Collected STI Specimens. J. Clin. Microbiol. 2024, 62,
e00311-24. [CrossRef]

41. Workowski, K.A.; Bachmann, L.H.; Chan, P.A.; Johnston, C.M.; Muzny, C.A.; Park, I.; Reno, H.; Zenilman, J.M.; Bolan, G.A.
Sexually Transmitted Infections Treatment Guidelines. MMWR. Recomm. Rep. 2021, 70, 1–187. [CrossRef] [PubMed]

42. US Preventive Services Task Force; Davidson, K.W.; Barry, M.J.; Mangione, C.M.; Cabana, M.; Caughey, A.B.; Davis, E.M.;
Donahue, K.E.; Doubeni, C.A.; Krist, A.H.; et al. Screening for Chlamydia and Gonorrhea: US Preventive Services Task Force
Recommendation Statement. JAMA 2021, 326, 949–956. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/chlamydia
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/global-and-regional-sti-estimates
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/global-and-regional-sti-estimates
https://www.cdc.gov/sti-statistics/annual/index.html
https://www.ecdc.europa.eu/en/publications-data/chlamydia-annual-epidemiological-report-2022
https://www.ecdc.europa.eu/en/publications-data/chlamydia-annual-epidemiological-report-2022
https://www.ecdc.europa.eu/en/publications-data/systematic-review-chlamydia-gonorrhoea-trichomoniasis-and-syphilis-prevalence
https://www.ecdc.europa.eu/en/publications-data/systematic-review-chlamydia-gonorrhoea-trichomoniasis-and-syphilis-prevalence
https://www.epicentro.iss.it/ist/epidemiologia-italia
https://www.epicentro.iss.it/ist/epidemiologia-italia
https://www.iss.it/-/infezioni-sessualmente-trasmesse-online-il-vademecum-per-conoscerle-e-prevenirle
https://www.iss.it/-/infezioni-sessualmente-trasmesse-online-il-vademecum-per-conoscerle-e-prevenirle
https://doi.org/10.1016/j.mcna.2022.10.009
https://doi.org/10.1055/s-0042-1748023
https://doi.org/10.1186/s12879-024-09094-6
https://doi.org/10.1016/j.idc.2023.02.007
https://doi.org/10.1111/ijcp.14702
https://doi.org/10.5114/ada.2020.101466
https://doi.org/10.1111/jdv.15729
https://doi.org/10.1097/OLQ.0000000000001549
https://doi.org/10.3399/BJGPO.2021.0223
https://www.ncbi.nlm.nih.gov/pubmed/35273005
https://doi.org/10.18502/jri.v25i1.15195
https://www.amcli.it/documenti/percorsi-diagnostici/
https://doi.org/10.3390/medicina60081236
https://www.ncbi.nlm.nih.gov/pubmed/39202518
https://doi.org/10.1128/jcm.00311-24
https://doi.org/10.15585/mmwr.rr7004a1
https://www.ncbi.nlm.nih.gov/pubmed/34292926
https://doi.org/10.1001/jama.2021.14081


Microorganisms 2025, 13, 1411 19 of 24

43. Páez-Canro, C.; Alzate, J.P.; González, L.M.; Rubio-Romero, J.A.; Lethaby, A.; Gaitán, H.G. Antibiotics for Treating Urogenital
Chlamydia Trachomatis Infection in Men and Non-Pregnant Women. Cochrane Database Syst. Rev. 2019, 1, CD010871. [CrossRef]

44. Dukers-Muijrers, N.H.T.M.; Wolffs, P.F.G.; De Vries, H.; Götz, H.M.; Heijman, T.; Bruisten, S.; Eppings, L.; Hogewoning, A.;
Steenbakkers, M.; Lucchesi, M.; et al. Treatment Effectiveness of Azithromycin and Doxycycline in Uncomplicated Rectal and
Vaginal Chlamydia Trachomatis Infections in Women: A Multicenter Observational Study (FemCure). Clin. Infect. Dis. Off. Publ.
Infect. Dis. Soc. Am. 2019, 69, 1946–1954. [CrossRef]

45. Doxycycline. In Drugs and Lactation Database (LactMed®); National Institute of Child Health and Human Development: Bethesda,
MD, USA, 2006. Available online: https://www.ncbi.nlm.nih.gov/books/NBK500561 (accessed on 3 March 2025).

46. Chlamydia Trachomatis Infection 2022 Case Definition|CDC. Available online: https://ndc.services.cdc.gov/case-definitions/
chlamydia-trachomatis-infection-2022/ (accessed on 6 March 2025).

47. Olsen, A.W.; Rosenkrands, I.; Jacobsen, C.S.; Cheeseman, H.M.; Kristiansen, M.P.; Dietrich, J.; Shattock, R.J.; Follmann, F. Immune
Signature of Chlamydia Vaccine CTH522/CAF®01 Translates from Mouse-to-Human and Induces Durable Protection in Mice.
Nat. Commun. 2024, 15, 1665. [CrossRef] [PubMed]

48. Tudor, M.E.; Al Aboud, A.M.; Leslie, S.W.; Gossman, W. Syphilis. In StatPearls; StatPearls Publishing: Treasure Island, FL,
USA, 2025.

49. Sexually Transmitted Disease Surveillance 2019. Available online: https://www.cdc.gov/sti-statistics/media/pdfs/2024/07/
std-surveillance-2019.pdf (accessed on 4 February 2025).

50. World Health Organization. Global Health Sector Strategies on, Respectively, HIV, Viral Hepatitis and Sexually Transmitted Infections for
the Period 2022–2030, 1st ed.; World Health Organization: Geneva, Swizerland, 2022.

51. Hufstetler, K.; Llata, E.; Miele, K.; Quilter, L.A.S. Clinical Updates in Sexually Transmitted Infections, 2024. J. Womens Health 2024,
33, 827–837. [CrossRef] [PubMed]

52. Syphilis Annual Epidemiological Report for 2022. Available online: https://www.ecdc.europa.eu/en/publications-data/syphilis-
annual-epidemiological-report-2022 (accessed on 24 February 2025).

53. Peeling, R.W.; Mabey, D.; Chen, X.-S.; Garcia, P.J. Syphilis. Lancet Lond. Engl. 2023, 402, 336–346. [CrossRef]
54. Sadoghi, B.; Stary, G.; Wolf, P. Syphilis. J. Dtsch. Dermatol. Ges. J. Ger. Soc. Dermatol. JDDG 2023, 21, 504–517. [CrossRef]
55. Ghanem, K.G.; Ram, S.; Rice, P.A. The Modern Epidemic of Syphilis. N. Engl. J. Med. 2020, 382, 845–854. [CrossRef] [PubMed]
56. Wibisono, O.; Idrus, I.; Djawad, K. Malignant Syphilis: A Systematic Review of the Case Reports Published in 2014–2018. Actas

Dermosifiliogr. 2021, 112, 725–734. [CrossRef]
57. Forrestel, A.K.; Kovarik, C.L.; Katz, K.A. Sexually Acquired Syphilis: Historical Aspects, Microbiology, Epidemiology, and

Clinical Manifestations. J. Am. Acad. Dermatol. 2020, 82, 1–14. [CrossRef]
58. Kallash, M.; Frishman, W. Cardiovascular Syphilis. Cardiol. Rev. 2025, Epub ahead of print. [CrossRef]
59. Wu, S.; Ye, F.; Wang, Y.; Li, D. Neurosyphilis: Insights into Its Pathogenesis, Susceptibility, Diagnosis, Treatment, and Prevention.

Front. Neurol. 2023, 14, 1340321. [CrossRef]
60. Sankaran, D.; Partridge, E.; Lakshminrusimha, S. Congenital Syphilis-An Illustrative Review. Child. Basel Switz. 2023, 10, 1310.

[CrossRef]
61. Tuddenham, S.; Hamill, M.M.; Ghanem, K.G. Diagnosis and Treatment of Sexually Transmitted Infections: A Review. JAMA 2022,

327, 161–172. [CrossRef] [PubMed]
62. Larsen, S.A.; Steiner, B.M.; Rudolph, A.H. Laboratory diagnosis and interpretation of tests for syphilis. Clin. Microbiol. Rev. 1995,

8, 1–21. [CrossRef]
63. Kersh, E.N.; Workowski, K.A. Evidence Review for Centers for Disease Control and Prevention Guidance Development on

Laboratory Testing to Detect Treponema Pallidum Infection (Syphilis). Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, 71
(Suppl. 1), S1–S3. [CrossRef]

64. Satyaputra, F.; Hendry, S.; Braddick, M.; Sivabalan, P.; Norton, R. The Laboratory Diagnosis of Syphilis. J. Clin. Microbiol. 2021, 59,
e00100-21. [CrossRef] [PubMed]

65. Luo, Y.; Xie, Y.; Xiao, Y. Laboratory Diagnostic Tools for Syphilis: Current Status and Future Prospects. Front. Cell. Infect. Microbiol.
2020, 10, 574806. [CrossRef]

66. EpiCentro. Sifilide—Istituto Superiore Di Sanità. Available online: https://www.epicentro.iss.it/sifilide/ (accessed on 6
March 2025).

67. Jin, J. Screening for Syphilis. JAMA 2022, 328, 1266. [CrossRef] [PubMed]
68. FDA. FDA Marketing Authorization Enables Increased Access to First Step of Syphilis Diagnosis. Available online:

https://www.fda.gov/news-events/press-announcements/fda-marketing-authorization-enables-increased-access-first-step-
syphilis-diagnosis (accessed on 6 March 2025).

https://doi.org/10.1002/14651858.CD010871.pub2
https://doi.org/10.1093/cid/ciz050
https://www.ncbi.nlm.nih.gov/books/NBK500561
https://ndc.services.cdc.gov/case-definitions/chlamydia-trachomatis-infection-2022/
https://ndc.services.cdc.gov/case-definitions/chlamydia-trachomatis-infection-2022/
https://doi.org/10.1038/s41467-024-45526-2
https://www.ncbi.nlm.nih.gov/pubmed/38396019
https://www.cdc.gov/sti-statistics/media/pdfs/2024/07/std-surveillance-2019.pdf
https://www.cdc.gov/sti-statistics/media/pdfs/2024/07/std-surveillance-2019.pdf
https://doi.org/10.1089/jwh.2024.0367
https://www.ncbi.nlm.nih.gov/pubmed/38770770
https://www.ecdc.europa.eu/en/publications-data/syphilis-annual-epidemiological-report-2022
https://www.ecdc.europa.eu/en/publications-data/syphilis-annual-epidemiological-report-2022
https://doi.org/10.1016/S0140-6736(22)02348-0
https://doi.org/10.1111/ddg.14999
https://doi.org/10.1056/NEJMra1901593
https://www.ncbi.nlm.nih.gov/pubmed/32101666
https://doi.org/10.1016/j.ad.2021.02.011
https://doi.org/10.1016/j.jaad.2019.02.073
https://doi.org/10.1097/CRD.0000000000000863
https://doi.org/10.3389/fneur.2023.1340321
https://doi.org/10.3390/children10081310
https://doi.org/10.1001/jama.2021.23487
https://www.ncbi.nlm.nih.gov/pubmed/35015033
https://doi.org/10.1128/CMR.8.1.1
https://doi.org/10.1093/cid/ciaa348
https://doi.org/10.1128/JCM.00100-21
https://www.ncbi.nlm.nih.gov/pubmed/33980644
https://doi.org/10.3389/fcimb.2020.574806
https://www.epicentro.iss.it/sifilide/
https://doi.org/10.1001/jama.2022.16887
https://www.ncbi.nlm.nih.gov/pubmed/36166024
https://www.fda.gov/news-events/press-announcements/fda-marketing-authorization-enables-increased-access-first-step-syphilis-diagnosis
https://www.fda.gov/news-events/press-announcements/fda-marketing-authorization-enables-increased-access-first-step-syphilis-diagnosis


Microorganisms 2025, 13, 1411 20 of 24

69. Chen, K.-H.; Sun, H.-Y.; Chen, C.-H.; Chuang, Y.-C.; Huang, Y.-S.; Liu, W.-D.; Hsieh, S.-M.; Sheng, W.-H.; Cheng, A.; Wu, T.-Y.;
et al. Higher Serologic Responses of Early Syphilis to Single-Dose Benzathine Penicillin G Plus Doxycycline Versus Single-Dose
Benzathine Penicillin G Alone Among People With HIV. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2024, 79, 1308–1315.
[CrossRef]

70. Eppes, C.S.; Stafford, I.; Rac, M. Syphilis in Pregnancy: An Ongoing Public Health Threat. Am. J. Obstet. Gynecol. 2022, 227,
822–838. [CrossRef]

71. Syphilis During Pregnancy—STI Treatment Guidelines. Available online: https://www.cdc.gov/std/treatment-guidelines/
syphilis-pregnancy.htm (accessed on 6 March 2025).

72. World Health Organization. Enhanced Gonococcal Antimicrobial Surveillance Programme (EGASP): Supplementary Protocols; World
Health Organization: Geneva, Switzerland, 2024; ISBN 978-92-4-008664-7. Available online: https://www.who.int/publications/
i/item/9789240086647 (accessed on 25 February 2025).

73. European Centre for Disease Prevention and Control. Gonorrhoea. In Annual Epidemiological Report for 2022; ECDC: Stockholm,
Sweden, 2024.

74. Simões, D.; Stengaard, A.R.; Combs, L.; Raben, D.; EuroTEST COVID-19 impact assessment consortium of partners. Impact of the
COVID-19 Pandemic on Testing Services for HIV, Viral Hepatitis and Sexually Transmitted Infections in the WHO European
Region, March to August 2020. Euro Surveill. Bull. Eur. Sur Mal. Transm. Eur. Commun. Dis. Bull. 2020, 25, 2001943. [CrossRef]

75. European Centre for Disease Prevention and Control. Gonorrhoea. In Annual Epidemiological Report for 2023; ECDC: Stockholm,
Sweden, 2023.

76. Green, L.R.; Cole, J.; Parga, E.F.D.; Shaw, J.G. Neisseria Gonorrhoeae Physiology and Pathogenesis. Adv. Microb. Physiol. 2022, 80,
35–83. [CrossRef]

77. Friedman, D.S.; O’Byrne, P. Extragenital Testing Increases Case Detection of Gonorrhea and Chlamydia: The Impact of Imple-
menting Nucleic Acid Amplification Testing. Can. Commun. Dis. Rep. Relev. Mal. Transm. Au Can. 2020, 46, 285–291. [CrossRef]
[PubMed]

78. CDC. About Gonorrhea. Gonorrhea. Available online: https://www.cdc.gov/gonorrhea/about/index.html (accessed on 6
March 2025).

79. Springer, C.; Salen, P. Gonorrhea. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025.
80. Darville, T. Pelvic Inflammatory Disease Due to Neisseria Gonorrhoeae and Chlamydia Trachomatis: Immune Evasion Mecha-

nisms and Pathogenic Disease Pathways. J. Infect. Dis. 2021, 224 (Suppl. 2), S39–S46. [CrossRef] [PubMed]
81. Gonorrhoea (Neisseria Gonorrhoeae Infection). Available online: https://www.who.int/news-room/fact-sheets/detail/

gonorrhoea-(neisseria-gonorrhoeae-infection) (accessed on 6 March 2025).
82. Khalafalla, K.; El Ansari, W.; Sengupta, P.; Majzoub, A.; Elbardisi, H.; Canguven, O.; El-Ansari, K.; Arafa, M. Are Sexually

Transmitted Infections Associated with Male Infertility? A Systematic Review and in-Depth Evaluation of the Evidence and
Mechanisms of Action of 11 Pathogens. Arab J. Urol. 2023, 21, 216–232. [CrossRef] [PubMed]

83. Verma, R.; Gupta, S.; Gupta, N.; Singh, R.; Mala, R.; Sood, S. Anatomic Site Distribution of Neisseria Gonorrhoeae in Men Who
Have Sex with Men Attending a Tertiary Care Hospital in North India. Indian J. Sex. Transm. Dis. AIDS 2024, 45, 116–119.
[CrossRef]

84. Man, O.M.; Ramos, W.E.; Vavala, G.; Goldbeck, C.; Ocasio, M.A.; Fournier, J.; Romero-Espinoza, A.; Fernandez, M.I.; Swendeman,
D.; Lee, S.-J.; et al. Optimizing Screening for Anorectal, Pharyngeal, and Urogenital Chlamydia Trachomatis and Neisseria
Gonorrhoeae Infections in At-Risk Adolescents and Young Adults in New Orleans, Louisiana and Los Angeles, California, United
States. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2021, 73, e3201–e3209. [CrossRef]

85. Barbee, L.A.; Soge, O.O.; Morgan, J.; Leclair, A.; Bass, T.; Werth, B.J.; Hughes, J.P.; Golden, M.R. Gentamicin Alone Is Inadequate
to Eradicate Neisseria Gonorrhoeae From the Pharynx. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, 71, 1877–1882.
[CrossRef]

86. Auriti, C.; Mondì, V.; Aversa, S.; Merazzi, D.; Lozzi, S.; Petroni, S.; Baldascino, A.; Massenzi, L.; Bellù, R.; Martinelli, S.; et al.
OPHTHALMIA NEONATORUM in Italy: It Is Time for Change. Ital. J. Pediatr. 2021, 47, 238. [CrossRef]

87. Belagal, P. Current Alternative Therapies for Treating Drug-Resistant Neisseria Gonorrhoeae Causing Ophthalmia Neonatorum.
Future Microbiol. 2024, 19, 631–647. [CrossRef]

88. Centers for Disease Control and Prevention. Recommendations for the Laboratory-Based Detection of Chlamydia Trachomatis
and Neisseria Gonorrhoeae--2014. MMWR Recomm. Rep. Morb. Mortal. Wkly. Rep. Recomm. Rep. 2014, 63, 1–19.

89. Gonococcal Infections Among Adolescents and Adults—STI Treatment Guidelines. Available online: https://www.cdc.gov/std/
treatment-guidelines/gonorrhea-adults.htm (accessed on 6 March 2025).

90. Updated Recommendations for the Treatment of Neisseria Gonorrhoeae, Chlamydia Trachomatis and Treponema Pallidum (Syphilis), and New
Recommendations on Syphilis Testing and Partner Services; World Health Organization, Ed.; World Health Organization: Geneva,
Switzerland, 2024. Available online: https://iris.who.int/bitstream/handle/10665/378213/9789240090767-eng.pdf?sequence=1
(accessed on 24 February 2025).

https://doi.org/10.1093/cid/ciad508
https://doi.org/10.1016/j.ajog.2022.07.041
https://www.cdc.gov/std/treatment-guidelines/syphilis-pregnancy.htm
https://www.cdc.gov/std/treatment-guidelines/syphilis-pregnancy.htm
https://www.who.int/publications/i/item/9789240086647
https://www.who.int/publications/i/item/9789240086647
https://doi.org/10.2807/1560-7917.ES.2020.25.47.2001943
https://doi.org/10.1016/bs.ampbs.2022.01.002
https://doi.org/10.14745/ccdr.v46i09a06
https://www.ncbi.nlm.nih.gov/pubmed/33104087
https://www.cdc.gov/gonorrhea/about/index.html
https://doi.org/10.1093/infdis/jiab031
https://www.ncbi.nlm.nih.gov/pubmed/34396413
https://www.who.int/news-room/fact-sheets/detail/gonorrhoea-(neisseria-gonorrhoeae-infection)
https://www.who.int/news-room/fact-sheets/detail/gonorrhoea-(neisseria-gonorrhoeae-infection)
https://doi.org/10.1080/2090598X.2023.2218566
https://www.ncbi.nlm.nih.gov/pubmed/38178949
https://doi.org/10.4103/ijstd.ijstd_80_23
https://doi.org/10.1093/cid/ciaa1838
https://doi.org/10.1093/cid/ciz1109
https://doi.org/10.1186/s13052-021-01186-2
https://doi.org/10.2217/fmb-2023-0251
https://www.cdc.gov/std/treatment-guidelines/gonorrhea-adults.htm
https://www.cdc.gov/std/treatment-guidelines/gonorrhea-adults.htm
https://iris.who.int/bitstream/handle/10665/378213/9789240090767-eng.pdf?sequence=1


Microorganisms 2025, 13, 1411 21 of 24

91. Maubaret, C.; Caméléna, F.; Mrimèche, M.; Braille, A.; Liberge, M.; Mainardis, M.; Guillaume, C.; Noel, F.; Bébéar, C.; Molina,
J.-M.; et al. Two Cases of Extensively Drug-Resistant (XDR) Neisseria Gonorrhoeae Infection Combining Ceftriaxone-Resistance
and High-Level Azithromycin Resistance, France, November 2022 and May 2023. Euro Surveill. Bull. Eur. Sur Mal. Transm. Eur.
Commun. Dis. Bull. 2023, 28, 2300456. [CrossRef]

92. Lin, X.; Chen, W.; Yu, Y.; Lan, Y.; Xie, Q.; Liao, Y.; Wu, X.; Tang, S.; Qin, X.; Zheng, H. Emergence and Genomic Characterization of
Neisseria Gonorrhoeae Isolates with High Levels of Ceftriaxone and Azithromycin Resistance in Guangdong, China, from 2016
to 2019. Microbiol. Spectr. 2022, 10, e01570-22. [CrossRef] [PubMed]

93. Kreisel, K.M.; Spicknall, I.H.; Gargano, J.W.; Lewis, F.M.; Lewis, R.M.; Markowitz, L.E.; Roberts, H.; Johnson, A.S.; Song, R.; St
Cyr, S.B.; et al. Sexually Transmitted Infections Among US Women and Men: Prevalence and Incidence Estimates, 2018. Sex.
Transm. Dis. 2021, 48, 208–214. [CrossRef]

94. Ibáñez-Escribano, A.; Nogal-Ruiz, J.J. The Past, Present, and Future in the Diagnosis of a Neglected Sexually Transmitted Infection:
Trichomoniasis. Pathogens 2024, 13, 126. [CrossRef] [PubMed]

95. Perry, M.D.; Jones, S.; Bertram, A.; de Salazar, A.; Barrientos-Durán, A.; Schiettekatte, G.; Lewinski, M.; Arcenas, R.; Hansra,
A.; Njoya, M.; et al. The Prevalence of Mycoplasma Genitalium (MG) and Trichomonas Vaginalis (TV) at Testing Centers in
Belgium, Germany, Spain, and the UK Using the Cobas TV/MG Molecular Assay. Eur. J. Clin. Microbiol. Infect. Dis. 2023, 42,
43–52. [CrossRef]

96. Van Gerwen, O.T.; Opsteen, S.A.; Graves, K.J.; Muzny, C.A. Trichomoniasis. Infect. Dis. Clin. N. Am. 2023, 37, 245–265. [CrossRef]
97. Mirzadeh, M.; Olfatifar, M.; Eslahi, A.V.; Abdoli, A.; Houshmand, E.; Majidiani, H.; Johkool, M.G.; Askari, S.; Hashemipour, S.;

Badri, M. Global Prevalence of Trichomonas Vaginalis Among Female Sex Workers: A Systematic Review and Meta-Analysis.
Parasitol. Res. 2021, 120, 2311–2322. [CrossRef] [PubMed]

98. Rosales-Rimache, J.; Inolopú, J.L.; Soncco-Llulluy, F.C.; Medina-Ciprian, L. Comparison of Three Methods for Diagnosing
Trichomoniasis in Female Patients with Sexual Activity Attended at a Hospital in Peru. J. Parasitol. Res. 2023, 2023, 9528942.
[CrossRef]

99. Wiringa, A.E.; Ness, R.B.; Darville, T.; Beigi, R.H.; Haggerty, C.L. Trichomonas Vaginalis, Endometritis and Sequelae among
Women with Clinically Suspected Pelvic Inflammatory Disease. Sex. Transm. Infect. 2020, 96, 436–438. [CrossRef]

100. Masha, S.C.; Cools, P.; Sanders, E.J.; Vaneechoutte, M.; Crucitti, T. Trichomonas Vaginalis and HIV Infection Acquisition: A
Systematic Review and Meta-Analysis. Sex. Transm. Infect. 2019, 95, 36–42. [CrossRef]

101. Mitchell, C.M.; Anyalechi, G.E.; Cohen, C.R.; Haggerty, C.L.; Manhart, L.E.; Hillier, S.L. Etiology and Diagnosis of Pelvic
Inflammatory Disease: Looking Beyond Gonorrhea and Chlamydia. J. Infect. Dis. 2021, 224 (Suppl. 2), S29–S35. [CrossRef]

102. Van Gerwen, O.T.; Camino, A.F.; Sharma, J.; Kissinger, P.J.; Muzny, C.A. Epidemiology, Natural History, Diagnosis, and Treatment
of Trichomonas Vaginalis in Men. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2021, 73, 1119–1124. [CrossRef] [PubMed]

103. Peters, R.P.; Feucht, U.D.; de Vos, L.; Ngwepe, P.; McIntyre, J.A.; Klausner, J.D.; Medina-Marino, A. Mother-to-Child Transmission
of Chlamydia Trachomatis, Neisseria Gonorrhoeae, and Trichomonas Vaginalis in HIV-Infected Pregnant Women in South Africa.
Int. J. STD AIDS 2021, 32, 799–805. [CrossRef] [PubMed]

104. Van Gerwen, O.T.; Craig-Kuhn, M.C.; Jones, A.T.; Schroeder, J.A.; Deaver, J.; Buekens, P.; Kissinger, P.J.; Muzny, C.A. Trichomonia-
sis and Adverse Birth Outcomes: A Systematic Review and Meta-Analysis. BJOG Int. J. Obstet. Gynaecol. 2021, 128, 1907–1915.
[CrossRef]

105. Van Gerwen, O.T.; Muzny, C.A.; Marrazzo, J.M. Sexually Transmitted Infections and Female Reproductive Health. Nat. Microbiol.
2022, 7, 1116–1126. [CrossRef] [PubMed]

106. Zhang, Z.; Li, Y.; Lu, H.; Li, D.; Zhang, R.; Xie, X.; Guo, L.; Hao, L.; Tian, X.; Yang, Z.; et al. A Systematic Review of the Correlation
Between Trichomonas Vaginalis Infection and Infertility. Acta Trop. 2022, 236, 106693. [CrossRef]

107. Kissinger, P.J.; Gaydos, C.A.; Seña, A.C.; Scott McClelland, R.; Soper, D.; Secor, W.E.; Legendre, D.; Workowski, K.A.; Muzny, C.A.
Diagnosis and Management of Trichomonas Vaginalis: Summary of Evidence Reviewed for the 2021 Centers for Disease Control
and Prevention Sexually Transmitted Infections Treatment Guidelines. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2022, 74
(Suppl. 2), S152–S161. [CrossRef]

108. World Health Organization. Recommendations for the Treatment of Trichomonas Vaginalis, Mycoplasma Genitalium, Candida Albicans,
Bacterial Vaginosis and Human Papillomavirus (Anogenital Warts); World Health Organization: Geneva, Switzerland, 2024.

109. OuYang, Z.; Wu, J.; Xu, Y.; Wei, S.; Zhong, B.; Zhang, M.; Li, F. Single-Dose Versus Multidose Metronidazole for the Treatment of
Vaginal Trichomoniasis: A Meta-Analysis. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 255, 56–62. [CrossRef]

110. Cenkowski, M.; Wudel, B.; Baragar, I.; Poliquin, V. Metronidazole-Resistant Trichomoniasis: Two Canadian Cases. Off. J. Assoc.
Med. Microbiol. Infect. Dis. Can. 2021, 6, 63–68. [CrossRef]

111. Benedetti, F.; Curreli, S.; Zella, D. Mycoplasmas–Host Interaction: Mechanisms of Inflammation and Association with Cellular
Transformation. Microorganisms 2020, 8, 1351. [CrossRef]

https://doi.org/10.2807/1560-7917.ES.2023.28.37.2300456
https://doi.org/10.1128/spectrum.01570-22
https://www.ncbi.nlm.nih.gov/pubmed/36377922
https://doi.org/10.1097/OLQ.0000000000001355
https://doi.org/10.3390/pathogens13020126
https://www.ncbi.nlm.nih.gov/pubmed/38392864
https://doi.org/10.1007/s10096-022-04521-5
https://doi.org/10.1016/j.idc.2023.02.001
https://doi.org/10.1007/s00436-021-07216-6
https://www.ncbi.nlm.nih.gov/pubmed/34170387
https://doi.org/10.1155/2023/9528942
https://doi.org/10.1136/sextrans-2019-054079
https://doi.org/10.1136/sextrans-2018-053713
https://doi.org/10.1093/infdis/jiab067
https://doi.org/10.1093/cid/ciab514
https://www.ncbi.nlm.nih.gov/pubmed/34079999
https://doi.org/10.1177/0956462421990218
https://www.ncbi.nlm.nih.gov/pubmed/33769901
https://doi.org/10.1111/1471-0528.16774
https://doi.org/10.1038/s41564-022-01177-x
https://www.ncbi.nlm.nih.gov/pubmed/35918418
https://doi.org/10.1016/j.actatropica.2022.106693
https://doi.org/10.1093/cid/ciac030
https://doi.org/10.1016/j.ejogrb.2020.10.013
https://doi.org/10.3138/jammi-2020-0044
https://doi.org/10.3390/microorganisms8091351


Microorganisms 2025, 13, 1411 22 of 24

112. Baumann, L.; Cina, M.; Egli-Gany, D.; Goutaki, M.; Halbeisen, F.S.; Lohrer, G.-R.; Ali, H.; Scott, P.; Low, N. Prevalence of
Mycoplasma Genitalium in Different Population Groups: Systematic Review Andmeta-Analysis. Sex. Transm. Infect. 2018, 94,
255–262. [CrossRef]

113. Unemo, M.; Salado-Rasmussen, K.; Hansen, M.; Olsen, A.O.; Falk, M.; Golparian, D.; Aasterød, M.; Ringlander, J.; Nilsson, C.S.;
Sundqvist, M.; et al. Clinical and Analytical Evaluation of the New Aptima Mycoplasma Genitalium Assay, with Data on M.
Genitalium Prevalence and Antimicrobial Resistance in M. Genitalium in Denmark, Norway and Sweden in 2016. Clin. Microbiol.
Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 2018, 24, 533–539. [CrossRef] [PubMed]

114. Khosropour, C.M.; Jensen, J.S.; Soge, O.O.; Leipertz, G.; Unutzer, A.; Pascual, R.; Barbee, L.A.; Dombrowski, J.C.; Golden, M.R.;
Manhart, L.E. High Prevalence of Vaginal and Rectal Mycoplasma Genitalium Macrolide Resistance Among Female Sexually
Transmitted Disease Clinic Patients in Seattle, Washington. Sex. Transm. Dis. 2020, 47, 321–325. [CrossRef]

115. Bachmann, L.H.; Kirkcaldy, R.D.; Geisler, W.M.; Wiesenfeld, H.C.; Manhart, L.E.; Taylor, S.N.; Seña, A.C.; McNeil, C.J.; Newman,
L.; Myler, N.; et al. Prevalence of Mycoplasma Genitalium Infection, Antimicrobial Resistance Mutations, and Symptom
Resolution Following Treatment of Urethritis. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, 71, e624–e632. [CrossRef]

116. Lee, J.Y.; Yang, J.S. Prevalence and Antimicrobial Susceptibility of Mycoplasma Hominis and Ureaplasma Species in Nonpregnant
Female Patients in South Korea Indicate an Increasing Trend of Pristinamycin-Resistant Isolates. Antimicrob. Agents Chemother.
2020, 64, e01065-20. [CrossRef] [PubMed]

117. Taylor-Robinson, D. Mollicutes in Vaginal Microbiology: Mycoplasma Hominis, Ureaplasma Urealyticum, Ureaplasma Parvum
and Mycoplasma Genitalium. Res. Microbiol. 2017, 168, 875–881. [CrossRef]

118. Gnanadurai, R.; Fifer, H. Mycoplasma Genitalium: A Review. Microbiol. Read. Engl. 2020, 166, 21–29. [CrossRef]
119. Jensen, J.S.; Cusini, M.; Gomberg, M.; Moi, H.; Wilson, J.; Unemo, M. 2021 European Guideline on the Management of Mycoplasma

Genitalium Infections. J. Eur. Acad. Dermatol. Venereol. JEADV 2022, 36, 641–650. [CrossRef]
120. Read, T.R.H.; Murray, G.L.; Danielewski, J.A.; Fairley, C.K.; Doyle, M.; Worthington, K.; Su, J.; Mokany, E.; Tan, L.T.; Lee, D.; et al.

Symptoms, Sites, and Significance of Mycoplasma Genitalium in Men Who Have Sex with Men. Emerg. Infect. Dis. 2019, 25,
719–727. [CrossRef] [PubMed]

121. Cina, M.; Baumann, L.; Egli-Gany, D.; Halbeisen, F.S.; Ali, H.; Scott, P.; Low, N. Mycoplasma Genitalium Incidence, Persistence,
Concordance between Partners and Progression: Systematic Review and Meta-Analysis. Sex. Transm. Infect. 2019, 95, 328–335.
[CrossRef]

122. Boujemaa, S.; Ben Allaya, A.; Mlik, B.; Mardassi, H.; Ben Abdelmoumen Mardassi, B. Phylogenetics of Mycoplasma Hominis
Clinical Strains Associated with Gynecological Infections or Infertility as Disclosed by an Expanded Multilocus Sequence Typing
Scheme. Sci. Rep. 2018, 8, 14854. [CrossRef]

123. Seifoleslami, M.; Safari, A.; Khayyat Khameneie, M. Prevalence of Ureaplasma Urealyticum and Mycoplasma Hominis in High
Vaginal Swab Samples of Infertile Females. Iran. Red Crescent Med. J. 2015, 17, e16823. [CrossRef] [PubMed]

124. Dessì, D.; Margarita, V.; Cocco, A.R.; Marongiu, A.; Fiori, P.L.; Rappelli, P. Trichomonas Vaginalis and Mycoplasma Hominis:
New Tales of Two Old Friends. Parasitology 2019, 146, 1150–1155. [CrossRef] [PubMed]

125. Jonduo, M.E.; Vallely, L.M.; Wand, H.; Sweeney, E.L.; Egli-Gany, D.; Kaldor, J.; Vallely, A.J.; Low, N. Adverse Pregnancy and Birth
Outcomes Associated with Mycoplasma Hominis, Ureaplasma Urealyticum and Ureaplasma Parvum: A Systematic Review and
Meta-Analysis. BMJ Open 2022, 12, e062990. [CrossRef]

126. Charity Ezeanya-Bakpa, C.; Regina Agbakoba, N.; Blanche Oguejiofor, C.; Bessie Enweani-Nwokelo, I. Sequence Analysis Reveals
Asymptomatic Infection with Mycoplasma Hominis and Ureaplasma Urealyticum Possibly Leads to Infertility in Females: A
Cross-Sectional Study. Int. J. Reprod. Biomed. 2021, 19, 951–958. [CrossRef] [PubMed]

127. Paira, D.A.; Olivera, C.; Tissera, A.D.; Molina, R.I.; Olmedo, J.J.; Rivero, V.E.; Saka, H.A.; Motrich, R.D. Ureaplasma Urealyticum
and Mycoplasma Hominis Urogenital Infections Associate with Semen Inflammation and Decreased Sperm Quality. J. Leukoc.
Biol. 2023, 113, 18–26. [CrossRef]

128. Peretz, A.; Tameri, O.; Azrad, M.; Barak, S.; Perlitz, Y.; Dahoud, W.A.; Ben-Ami, M.; Kushnir, A. Mycoplasma and Ureaplasma
Carriage in Pregnant Women: The Prevalence of Transmission from Mother to Newborn. BMC Pregnancy Childbirth 2020, 20, 456.
[CrossRef]

129. Chan, J.L.; Cerón, S.; Horiuchi, S.M.; Yap, J.P.; Chihuahua, E.G.; Tsan, A.T.; Kamau, E.; Yang, S. Development of a Rapid and
High-Throughput Multiplex Real-Time PCR Assay for Mycoplasma Hominis and Ureaplasma Species. J. Mol. Diagn. JMD 2023,
25, 838–848. [CrossRef]

130. Waites, K.B.; Crabb, D.M.; Ratliff, A.E.; Geisler, W.M.; Atkinson, T.P.; Xiao, L. Latest Advances in Laboratory Detection of
Mycoplasma Genitalium. J. Clin. Microbiol. 2023, 61, e0079021. [CrossRef]

131. Read, T.R.H.; Fairley, C.K.; Murray, G.L.; Jensen, J.S.; Danielewski, J.; Worthington, K.; Doyle, M.; Mokany, E.; Tan, L.; Chow, E.P.F.;
et al. Outcomes of Resistance-Guided Sequential Treatment of Mycoplasma Genitalium Infections: A Prospective Evaluation.
Clin. Infect. Dis. 2019, 68, 554–560. [CrossRef]

https://doi.org/10.1136/sextrans-2017-053384
https://doi.org/10.1016/j.cmi.2017.09.006
https://www.ncbi.nlm.nih.gov/pubmed/28923377
https://doi.org/10.1097/OLQ.0000000000001148
https://doi.org/10.1093/cid/ciaa293
https://doi.org/10.1128/AAC.01065-20
https://www.ncbi.nlm.nih.gov/pubmed/32718969
https://doi.org/10.1016/j.resmic.2017.02.009
https://doi.org/10.1099/mic.0.000830
https://doi.org/10.1111/jdv.17972
https://doi.org/10.3201/eid2504.181258
https://www.ncbi.nlm.nih.gov/pubmed/30882306
https://doi.org/10.1136/sextrans-2018-053823
https://doi.org/10.1038/s41598-018-33260-x
https://doi.org/10.5812/ircmj.16823
https://www.ncbi.nlm.nih.gov/pubmed/26756000
https://doi.org/10.1017/S0031182018002135
https://www.ncbi.nlm.nih.gov/pubmed/30616707
https://doi.org/10.1136/bmjopen-2022-062990
https://doi.org/10.18502/ijrm.v19i11.9910
https://www.ncbi.nlm.nih.gov/pubmed/34977452
https://doi.org/10.1093/jleuko/qiac006
https://doi.org/10.1186/s12884-020-03147-9
https://doi.org/10.1016/j.jmoldx.2023.07.004
https://doi.org/10.1128/jcm.00790-21
https://doi.org/10.1093/cid/ciy477


Microorganisms 2025, 13, 1411 23 of 24

132. Durukan, D.; Read, T.R.H.; Murray, G.; Doyle, M.; Chow, E.P.F.; Vodstrcil, L.A.; Fairley, C.K.; Aguirre, I.; Mokany, E.; Tan, L.Y.;
et al. Resistance-Guided Antimicrobial Therapy Using Doxycycline-Moxifloxacin and Doxycycline-2.5 g Azithromycin for the
Treatment of Mycoplasma Genitalium Infection: Efficacy and Tolerability. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, 71,
1461–1468. [CrossRef]

133. STDCCN Ask Your Question. Available online: https://www.stdccn.org/render/Public (accessed on 6 March 2025).
134. Machalek, D.A.; Tao, Y.; Shilling, H.; Jensen, J.S.; Unemo, M.; Murray, G.; Chow, E.P.F.; Low, N.; Garland, S.M.; Vodstrcil, L.A.;

et al. Prevalence of Mutations Associated with Resistance to Macrolides and Fluoroquinolones in Mycoplasma Genitalium: A
Systematic Review and Meta-Analysis. Lancet Infect. Dis. 2020, 20, 1302–1314. [CrossRef] [PubMed]

135. Laumen, J.G.E.; van Alphen, L.B.; Maduna, L.D.; Hoffman, C.M.; Klausner, J.D.; Medina-Marino, A.; Kock, M.M.; Peters, R.P.H.
Molecular Epidemiological Analysis of Mycoplasma Genitalium Shows Low Prevalence of Azithromycin Resistance and a
Well-Established Epidemic in South Africa. Sex. Transm. Infect. 2021, 97, 152–156. [CrossRef]

136. Unemo, M.; Ross, J.; Serwin, A.B.; Gomberg, M.; Cusini, M.; Jensen, J.S. European guideline for the diagnosis and treatment of
gonorrhoea in adults. Int. J. STD AIDS 2020, 29, 956462420949126. [CrossRef] [PubMed]

137. Nakayama, S.; Shimuta, K.; Furubayashi, K.; Kawahata, T.; Unemo, M.; Ohnishi, M. New ceftriaxone- and multidrug-resistant
Neisseria gonorrhoeae strain with a novel mosaic penA gene isolated in Japan. Antimicrob. Agents Chemother. 2016, 60, 4339–4341.
[CrossRef] [PubMed]

138. Lee, K.; Nakayama, S.I.; Osawa, K.; Yoshida, H.; Arakawa, S.; Furubayashi, K.I.; Kameoka, H.; Shimuta, K.; Kawahata, T.; Unemo,
M.; et al. Clonal expansion and spread of the ceftriaxone-resistant Neisseria gonorrhoeae strain FC428, identified in Japan in 2015,
and closely related isolates. J. Antimicrob. Chemother. 2019, 74, 1812–1819. [CrossRef]

139. Anselmo, A.; Ciammaruconi, A.; Carannante, A.; Neri, A.; Fazio, C.; Fortunato, A.; Palozzi, M.A.; Vacca, P.; Fillo, S.; Lista, F.; et al.
Draft Genome Sequence of Neisseria gonorrhoeae Sequence Type 1407, a Multidrug-Resistant Clinical Isolate. Genome Announc.
2015, 3, e00903-15. [CrossRef]

140. Carannante, A.; Renna, G.; Dal Conte, I.; Ghisetti, V.; Mattelli, A.; Prignano, G.; Impara, G.; Cusini, M.; D’Antuono, A.; Vocale, C.;
et al. Changing Antimicrobial Resistance Profiles among Neisseria gonorrhoeae Isolates in Italy, 2003 to 2012. Antimicrob. Agents
Chemother. 2014, 58, 5871–5876. [CrossRef]

141. Golparian, D.; Unemo, M. Antimicrobial resistance prediction in Neisseria gonorrhoeae: Current status and future prospects.
Expert Rev. Mol. Diagn. 2022, 22, 29–48. [CrossRef]

142. Unemo, M.; Seifert, H.S.; Hook, E.W., 3rd; Hawkes, S.; Ndowa, F.; Dillon, J.R. Gonorrhoea. Nat. Rev. Dis. Primers 2019, 5, 79.
[CrossRef]

143. Sánchez-Busó, L.; Yeats, C.A.; Taylor, B.; Goater, R.J.; Underwood, A.; Abudahab, K.; Argimón, S.; Ma, K.C.; Mortimer, T.D.;
Golparian, D.; et al. A community-driven resource for genomic epidemiology and antimicrobial resistance prediction of Neisseria
gonorrhoeae at Pathogenwatch. Genome Med. 2021, 13, 61. [CrossRef]

144. Pleininger, S.; Indra, A.; Golparian, D.; Heger, F.; Schindler, S.; Jacobsson, S.; Heidler, S.; Unemo, M. Extensively drug-resistant
(XDR) Neisseria gonorrhoeae causing possible gonorrhoea treatment failure with ceftriaxone plus azithromycin in Austria, 2022.
Eurosurveillance 2022, 27, 2200455. [CrossRef] [PubMed]

145. Bradshaw, C.S.; Jensen, J.S.; Waites, K.B. New Horizons in Mycoplasma genitalium Treatment. J. Infect. Dis. 2017, 216 (Suppl. 2),
S412–S419. [CrossRef] [PubMed]

146. Jensen, J.S.; Bradshaw, C.S.; Tabrizi, S.N.; Fairley, C.K.; Hamasuna, R. Azithromycin treatment failure in Mycoplasma genitalium-
positive patients with nongonococcal urethritis is associated with induced macrolide resistance. Clin. Infect. Dis. 2008, 47,
1546–1553. [CrossRef] [PubMed]

147. Fernández-Huerta, M.; Barberá, M.J.; Serra-Pladevall, J.; Esperalba, J.; Martínez-Gómez, X.; Centeno, C.; Pich, O.Q.; Pumarola, T.;
Espasa, M. Mycoplasma genitalium and antimicrobial resistance in Europe: A comprehensive review. Int. J. STD AIDS 2020, 31,
190–197. [CrossRef]

148. Deguchi, T.; Ito, S.; Yasuda, M.; Sato, Y.; Uchida, C.; Sawamura, M.; Manda, K.; Takanashi, M.; Kiyota, H. Surveillance of the
prevalence of macrolide and/or fluoroquinolone resistance-associated mutations in Mycoplasma genitalium in Japan. J. Infect.
Chemother. 2018, 4, 861–867. [CrossRef]

149. Jensen, J.S.; Fernandes, P.; Unemo, M. In vitro activity of the new fluoroketolide solithromycin (CEM-101) against macrolide-
resistant and -susceptible Mycoplasma genitalium strains. Antimicrob. Agents Chemother. 2014, 58, 3151–3156. [CrossRef]

150. Chinelli, A.; Ubbiali, M.; Paparatto, G.; Torri, E.; Musco, A.; Galipò, R.; Meli, P.; Bellini, S.; Catucci, N.; Colaprico, L.; et al. Intro-
ducing comprehensive sexuality education in Italian schools: From the co-construction to the evaluation of a pilot intervention.
BMC Public Health. 2024, 24, 2089. [CrossRef]

151. Suligoi, B.; Salfa, M.C. Le Infezioni Sessualmente Trasmesse—Come Riconoscerle E Prevenirle. Rome, Italy. 2018. Avail-
able online: https://f.hubspotusercontent20.net/hubfs/8737774/Asset/IRagazzidiPasteur/Pubblicazioni/vol.10_le-infezioni-
sessualmente-trasmesse_suligoi-salfa.pdf (accessed on 23 January 2025).

https://doi.org/10.1093/cid/ciz1031
https://www.stdccn.org/render/Public
https://doi.org/10.1016/S1473-3099(20)30154-7
https://www.ncbi.nlm.nih.gov/pubmed/32622378
https://doi.org/10.1136/sextrans-2019-054371
https://doi.org/10.1177/0956462420949126
https://www.ncbi.nlm.nih.gov/pubmed/33121366
https://doi.org/10.1128/AAC.00504-16
https://www.ncbi.nlm.nih.gov/pubmed/27067334
https://doi.org/10.1093/jac/dkz129
https://doi.org/10.1128/genomeA.00903-15
https://doi.org/10.1128/AAC.00103-14
https://doi.org/10.1080/14737159.2022.2015329
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1186/s13073-021-00858-2
https://doi.org/10.2807/1560-7917.ES.2022.27.24.2200455
https://www.ncbi.nlm.nih.gov/pubmed/35713023
https://doi.org/10.1093/infdis/jix132
https://www.ncbi.nlm.nih.gov/pubmed/28838073
https://doi.org/10.1086/593188
https://www.ncbi.nlm.nih.gov/pubmed/18990060
https://doi.org/10.1177/0956462419890737
https://doi.org/10.1016/j.jiac.2018.08.009
https://doi.org/10.1128/AAC.02411-14
https://doi.org/10.1186/s12889-024-19610-7
https://f.hubspotusercontent20.net/hubfs/8737774/Asset/IRagazzidiPasteur/Pubblicazioni/vol.10_le-infezioni-sessualmente-trasmesse_suligoi-salfa.pdf
https://f.hubspotusercontent20.net/hubfs/8737774/Asset/IRagazzidiPasteur/Pubblicazioni/vol.10_le-infezioni-sessualmente-trasmesse_suligoi-salfa.pdf


Microorganisms 2025, 13, 1411 24 of 24

152. Wood, S.; Min, J.; Tam, V.; Pickel, J.; Petsis, D.; Campbell, K. Inequities in Chlamydia trachomatis Screening Between Black and
White Adolescents in a Large Pediatric Primary Care Network, 2015–2019. Am. J. Public. Health 2022, 112, 135–143. [CrossRef]

153. Teixeira da Silva, D.; Petsis, D.; Santos, T.; Mahajan, A.; Bonett, S.; Wood, S. Chlamydia Trachomatis/Neisseria Gonorrhea
Retesting Among Adolescents and Young Adults in a Primary Care Network. J. Adolesc. Health Off. Publ. Soc. Adolesc. Med. 2022,
71, 545–551. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2105/AJPH.2021.306498
https://doi.org/10.1016/j.jadohealth.2022.06.014

	Introduction 
	Methods 
	Chlamydia trachomatis 
	Epidemiology 
	Clinical Manifestations 
	Testing and Screening 
	Treatment 

	Treponema pallidum 
	Epidemiology 
	Clinical Manifestations 
	Testing and Screening 
	Treatment 

	Neisseria gonorrhoeae 
	Epidemiology 
	Clinical Manifestations 
	Testing and Screening 
	Treatment 

	Trichomonas vaginalis 
	Epidemiology 
	Clinical Manifestations 
	Testing and Screening 
	Treatment 

	Mycoplasma spp. and Ureaplasma spp. 
	Epidemiology 
	Clinical Manifestations 
	Testing and Screening 
	Treatment 

	Antimicrobial Resistance (AMR) 
	Neisseria gonorrhoeae 
	Mycoplasma genitalium 

	Discussion 
	Conclusions 
	References

