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Abstract: In recent years, the global resurgence of syphilis has posed significant challenges to public
health. This sexually transmitted infection, caused by the bacterium Treponema pallidum, can have
severe consequences if left untreated, including neurological and cardiovascular complications.
Diagnosing syphilis is complex due to its diverse clinical presentations, necessitating a multifaceted
approach, including serological, molecular, and direct techniques such as dark-field microscopy.
Penicillin remains the primary and effective treatment, but emerging macrolide-resistant strains have
spurred investigations into alternative antibiotics. Syphilis vaccine development faces unique hurdles,
yet promising strategies are under investigation. Targeted prevention strategies focus on high-risk
populations such as men who have sex with men, pregnant women, and individuals with multiple
sexual partners. The integration of syphilis services into primary healthcare enhances accessibility,
early detection, and treatment. Innovative point-of-care diagnostics offer rapid, sensitive testing,
while ongoing vaccine research holds the potential for long-term prevention. Addressing the global
burden of syphilis requires a multifaceted approach, encompassing immunological advancements,
innovative diagnostics, targeted prevention, and primary healthcare integration. Collaborative
efforts between governments, healthcare systems, researchers, and communities are essential to
effectively combat syphilis, striving toward a syphilis-free future that promotes better sexual health
and overall well-being.
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1. Introduction

Syphilis, caused by the spirochete bacterium Treponema pallidum subsp. pallidum, is a
re-emerging global public health concern. The etiologic agent, T. pallidum subsp. pallidum,
is one of several subspecies within the T. pallidum complex, which also includes T. pallidum
subsp. endemicum, T. pallidum subsp. pertenue, and T. pallidum subsp. carateum. To avoid
confusion and accurately identify the causative agent of syphilis, we will consistently refer
to it as T. pallidum subsp. pallidum throughout this manuscript, in accordance with the
nomenclature guidelines for pathogen names [1].

Despite considerable progress in understanding the disease over the years, chal-
lenges in effectively controlling and eradicating syphilis still persist [2]. The emergence of
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antibiotic-resistant strains, complex immunological interactions, and the lack of an effective
vaccine underscore the need for innovative research to address this longstanding public
health issue [3,4]. Furthermore, recent publications have shed new light on the epidemiol-
ogy of syphilis and its interactions with other infectious diseases, particularly in people
living with HIV [5].

Immunology plays a pivotal role in syphilis research, as understanding the intricate
interplay between the host immune response and T. pallidum infection is essential for
identifying novel diagnostic methods, developing effective vaccines, and designing targeted
immunotherapies [6]. Unravelling the mechanisms by which the bacterium evades the
host’s immune defenses and manipulates the inflammatory response is critical for devising
strategies to curtail disease progression [7,8].

In parallel, pharmacological interventions are being explored to complement tradi-
tional antibiotic treatments and address challenges posed by antibiotic resistance. Novel
drug targets are being identified through an in-depth understanding of the bacterium’s
pathogenesis, metabolism, and interactions with the host. This quest for new pharmacolog-
ical avenues aims to identify agents that can disrupt the bacterium’s survival mechanisms,
halt disease progression, and potentially eradicate latent infections [9–11].

This article serves as a comprehensive review, providing an in-depth exploration of
the latest advancements in syphilis research, focusing on cutting-edge developments in
immunology and pharmacology. Within these pages, we delve into the ongoing efforts
of scientists who relentlessly strive to address unanswered questions, refine existing ap-
proaches, and propel the field forward. Our review places a particular emphasis on the
profound implications of a comprehensive understanding of immunological responses and
the emergence of novel pharmacological interventions. Ultimately, the goal is to explore
potential strategies that can effectively curb the global burden of syphilis and pave the way
for its control and eradication.

2. Epidemiology of Syphilis: Current Trends and Future Challenges

Syphilis is a disease with a complex progression involving several distinct phases,
each with specific clinical characteristics. These phases play a fundamental role in the
epidemiology of syphilis as they affect disease transmission, detection, and management.
In the primary stage of syphilis, the initial infection occurs after exposure to T. pallidum.
The most characteristic symptom of this stage is the formation of a hard sore at the site of
infection. This sore, known as a hard chancre, is a painless ulcer that typically develops
on the genital organs, anus, mouth, or another area where the bacterium entered the body.
The presence of the hard chancre is highly suggestive of primary syphilis. However, it is
important to note that not all patients develop a hard chancre, making early identification
of syphilis a challenge in some cases [12–15].

The secondary stage of syphilis occurs a few weeks after the disappearance of the
primary hard chancre. During this stage, the disease becomes systemic, affecting the entire
body. Symptoms can include various skin rashes, typically non-itchy, fever, malaise, sore
throat, hair loss, muscle aches, and other flu-like symptoms. The diversity of clinical
manifestations in secondary syphilis can make its recognition challenging, and it is crucial
for healthcare professionals to be aware of these symptoms for accurate diagnosis [12,15,16].

After the secondary stage, syphilis can enter a latent period. During this phase, the
patient does not exhibit visible symptoms of the disease, making it asymptomatic. Latent
syphilis can be further divided into early latent (less than one year after the initial infection)
and late latent (more than one year after the initial infection). While symptoms are absent,
the T. pallidum bacterium continues to multiply in the body. The latent stage is relevant to
the epidemiology of syphilis as latent patients can be asymptomatic carriers and potential
sources of transmission [12–14,17].

Tertiary syphilis is the most severe phase of the disease and can develop after a variable
period, even decades from the initial infection. During this stage, severe damage occurs to
internal organs, including the heart, brain, eyes, bones, and blood vessels [13,14]. Symptoms
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of tertiary syphilis can vary widely, depending on the affected organs. Additionally, tertiary
syphilis can lead to serious complications such as arterial aneurysms, cardiovascular disease,
neurological impairment, blindness, and other debilitating health problems [12,18,19].

It is important to acknowledge that syphilis encompasses several phases, some of
which can be asymptomatic or present mild symptoms that may go unnoticed. This com-
plicates the collection of accurate data. In 2021, approximately 30% of primary syphilis
cases were asymptomatic, and 25% of secondary syphilis cases presented with mild symp-
toms that often went undiagnosed. The absence of early diagnosis can lead to ongoing
transmission, further aggravating the spread of the disease [3,5].

A detailed understanding of these syphilis stages is essential for early diagnosis and
effective treatment. Early detection and intervention in the primary and secondary stages
are crucial to prevent progression to tertiary syphilis and to interrupt the transmission
chain. Therefore, the epidemiology of syphilis should consider not only incidence but also
the disease stage to develop effective control strategies [13,20].

2.1. Immunology and Pathogenesis of Syphilis

The interaction between T. pallidum and the host’s immune system plays a pivotal role
in the progression of syphilis. Understanding the immunological responses and pathogenic
mechanisms involved is crucial for comprehending the disease’s complexity [21]. Syphilis
is unique in its ability to evade the immune system. T. pallidum, the causative bacterium,
has evolved sophisticated strategies to evade detection. These include altering its surface
antigens, limiting its exposure to the host’s immune cells, and suppressing the immune
response. This bacterium’s remarkable capacity to avoid detection is further exemplified by
its ability to alter surface antigens, limit exposure to the host’s immune cells, and suppress
immune responses [22,23].

One of the key mechanisms by which T. pallidum evades the host’s immune system is
through antigenic variation of its surface proteins. This variation makes it challenging for
the host’s immune system to recognize and target the bacterium effectively. Moreover, it
contributes to the chronicity of syphilis, allowing the pathogen to persist in the host for
extended periods without clearance [24,25].

The interaction between the bacterium and the host’s immune system significantly
impacts the severity of syphilis symptoms. In some cases, an effective immune response
can lead to the control of the infection and milder clinical manifestations. Conversely, an
inadequate or dysregulated immune response may result in more severe and widespread
symptoms [22,26]. The immunological aspects of syphilis also influence the effectiveness
of treatment. The bactericidal action of antibiotics, such as penicillin, relies partly on the
host’s immune system to help clear the bacteria. Therefore, an intact and appropriately
functioning immune response is essential for successful treatment outcomes [27,28].

T. pallidum has evolved to persist within the host, often for years or even decades, by
evading immune clearance. This persistence contributes to the disease’s chronic nature
and underscores the importance of ongoing research to better understand the mechanisms
behind the bacterium’s ability to hide from the immune system [29,30]. Investigating
the immunological responses and pathogenesis of syphilis is critical for the development
of improved diagnostics and treatments. Understanding how T. pallidum manipulates
the immune system provides insights into potential therapeutic targets and strategies to
enhance the host’s ability to clear the infection [6,31].

In summary, the interplay between T. pallidum and the host’s immune system is a
dynamic and complex aspect of syphilis pathogenesis [32]. The pathogen’s ability to evade
detection and influence the immune response has significant implications for the course of
the disease, severity of symptoms, and treatment outcomes. Further research into these
immunological mechanisms is essential to advance our understanding of syphilis and
develop more effective strategies for its prevention and control [3,23].
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2.2. Risk Factors

Syphilis is not limited to the key populations mentioned earlier, such as men who have
sex with men (MSM), reproductive-age women, and pregnant women. To fully understand
the risk factors associated with syphilis, it is crucial to explore various dimensions [33,34].

Epidemiological studies reveal that individuals engaged in high-risk behaviors, in-
cluding unprotected sex and multiple sexual partners, are at greater risk of contracting
syphilis. A national (USA) analysis of sexual health data indicated that approximately 1 in
4 syphilis cases in 2021 was related to unprotected sex with multiple partners. Additionally,
about 40% of syphilis cases in young adults in the same year were associated with high-risk
sexual behaviors [15,34,35].

Alarmingly, we observed an increase of up to 50% in syphilis rates among individuals
with substance use disorders, especially those using methamphetamine and other stimu-
lants, between 2020 and 2021. Substance use can be linked to high-risk sexual behaviors,
contributing to the spread of syphilis. For instance, studies conducted in 2021 showed that
60% of methamphetamine users reported engaging in unprotected sexual practices in a
recent period [36–38].

Socioeconomic inequalities and limited access to healthcare services continued to
have a significant impact on syphilis rates in 2021. In economically disadvantaged areas,
syphilis rates were up to twice as high as in regions with better healthcare services and
education [13,39,40]. A study conducted in a low-income area found that the syphilis rate
was 2.5 times higher than in more prosperous areas in the same year [41,42].

Syphilis often coexists with other sexually transmitted infections (STIs), such as HIV,
presenting significant challenges in terms of both diagnosis and management. Coinfection
with these diseases can exacerbate health risks and transmission, making it a critical concern
for public health officials and healthcare providers [43]. It became increasingly evident
that individuals living with HIV faced a markedly elevated risk of contracting syphilis,
thereby ushering in a formidable challenge at the intersection of these two infections. This
worrisome synergy between HIV and syphilis not only imposed a substantial health burden
on affected individuals but also placed immense pressure on healthcare systems around
the world [44,45].

The findings from these studies demonstrated that, in 2021, the coinfection rate of
syphilis among people living with HIV reached alarming levels. In particular, some high-
risk populations reported coinfection rates exceeding 20% during that year. This stark
increase in coinfection rates raised critical questions about the dynamics of these two
sexually transmitted infections, suggesting a complex interplay between them. Under-
standing the factors driving this epidemiological shift, such as changes in sexual behaviors,
disparities in healthcare access, and the potential impact of preventive measures, became
paramount in the context of public health

The incidence of syphilis in 2021 was a matter of concern, with an increase of 10%
reported globally compared to the previous year. Particularly concerning was the surge
in cases among key populations, including MSM and pregnant women, with an increase
of 15% during the same period [2,34]. These statistics reflect the urgent need for targeted
public health interventions to curb transmission and prevent adverse outcomes, such as
congenital syphilis.

Prevalence, representing the total number of individuals with syphilis within a given
population at a specific time, continued to be a significant concern in 2021. High prevalence
rates suggested a substantial burden of the disease within populations with limited access to
healthcare services and sexual health education. Identifying at-risk populations remained
essential for effective syphilis control and prevention strategies [33,34].

Accurate epidemiological data on syphilis remained challenging to obtain in 2021 due
to several factors [3]. Underreporting of cases, especially in resource-limited settings, led to
an underestimation of the true burden of the disease. Furthermore, asymptomatic or mildly
symptomatic cases often went undetected, resulting in delayed diagnosis and continued
transmission [26,29,46].
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Despite these challenges, ongoing efforts by the WHO and other health organizations
aimed to strengthen syphilis surveillance systems and improve data collection in 2021.
These efforts provided a more comprehensive understanding of the epidemiology and
enabled evidence-based interventions [47,48].

The epidemiology of syphilis, characterized by varying incidence and prevalence
rates, continued to highlight the need for robust surveillance and targeted public health
interventions in 2021 [2,47,49]. Analyzing data from authoritative sources, such as the
WHO, provided valuable insights into current trends, at-risk populations, and challenges
faced in syphilis control. Implementing evidence-based strategies, promoting sexual health
education, and ensuring accessible healthcare services remained key actions for global
health authorities to reduce the incidence and prevalence of syphilis and its associated
burden on public health [48,50,51].

3. Diagnosis of Syphilis: Advances and Challenges

Syphilis symptoms are not always readily apparent, and the disease often presents
diagnostic challenges. Diagnosis relies on a combination of the patient’s clinical and
sexual history, physical examinations, laboratory tests, and, in some cases, radiological
examinations [13].

3.1. Direct Tests for T. pallidum Detection

Diagnosing primary syphilis can be particularly challenging because not all chancres
are externally visible. Some chancres may occur in anatomical sites such as the mouth,
anus, or vagina, making them difficult to detect through routine physical examinations. In
cases where chancres are visible, the diagnosis of primary syphilis is relatively straightfor-
ward [13].

One of the direct tests used for T. pallidum detection is the dark-field microscopy
test. This technique allows for the visualization of the spiral morphology of T. pallidum in
primary syphilis chancres and boasts a sensitivity ranging from 71% to 100%. However, it
is worth noting that only a limited number of bacteria is typically found in smears from
the sore due to the rapid and spontaneous healing of primary chancres [52–54]. Another
direct test is the fluorescent antibody staining technique, which detects pathogenic T.
pallidum through an antigen-antibody reaction. This method is suitable for various sample
types, including lesions, concentrated fluids, and tissue brushes. The specificity of this test
depends on the type of antibody used [55–57].

3.2. Serological Tests for Detection of Antibodies against T. pallidum

Serological tests play a pivotal role in diagnosing syphilis by detecting antibodies
produced in response to T. pallidum infection. These tests are widely used due to their
effectiveness, simplicity, speed, and cost-effectiveness. However, it is important to recognize
the variations among different serological tests, including non-treponemal tests (NTT) and
treponemal tests (TT) [13,30].

3.2.1. Non-Treponemal Tests (NTT) Limitations, including Special Populations

Non-treponemal tests (NTT), such as the rapid plasma reagin (RPR) test, are invaluable
tools for syphilis screening due to their simplicity, speed, and cost-effectiveness. However,
it is essential to recognize their limitations, especially in certain special populations, such
as individuals living with HIV (PLWH) [58,59].

NTTs quantify immunoglobulin M or G anti-lipid antibodies produced in response to
material released by host cells or cardiolipin from T. pallidum [60]. Despite their widespread
use, NTTs, including the RPR, may exhibit reduced sensitivity, particularly in cases with
low titers [61]. Additionally, false-positive results can occur in specific conditions [62].

In the context of PLWH, several studies have shed light on the potential challenges
associated with NTTs in syphilis diagnosis. Notably, PLWH coinfected with syphilis
may exhibit specific serological profiles that can complicate the interpretation of NTT
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results [43,63]. One crucial consideration is the phenomenon known as “serofast status” [3].
In some PLWH coinfected with syphilis, despite appropriate treatment, their NTT results
may remain reactive for prolonged periods, even when there is no evidence of active
syphilis infection. This phenomenon has raised concerns about the reliability of NTTs in
distinguishing between active and treated infections in this population [64].

Another challenge in PLWH is the identification of “serological non-responders”.
These individuals may have a delayed or blunted antibody response to T. pallidum infection,
leading to false-negative NTT results. This delay in seroconversion can further complicate
the timely diagnosis of syphilis in PLWH [3,64].

Understanding the limitations of NTTs in PLWH is critical for appropriate syphilis
management. Healthcare providers need to consider the possibility of serofast status or
serological non-responders in this population when interpreting NTT results [65].

In such cases, complementary tests, including treponemal tests (TT), molecular tech-
niques, or clinical evaluation, may be necessary to confirm or rule out active syphilis
infection [13]. Additionally, close monitoring and a thorough clinical history, including
sexual behaviors and previous syphilis treatments, are essential to make informed decisions
regarding syphilis diagnosis and treatment in PLWH [3,14,43].

While NTTs are valuable tools for syphilis screening, their limitations, especially in
special populations such as PLWH, should be recognized. Serofast status and serological
non-responder profiles may complicate the interpretation of NTT results, highlighting the
importance of a comprehensive diagnostic approach in syphilis management [54,64,66].

3.2.2. Authorized Tests: aRPR and RPR-S

Among the authorized tests, two noteworthy options are Mediace automated RPR
(aRPR) and Sekure rapid plasma reagin (RPR-S), both developed by Sekisui Diagnostics [67].
These tests offer the advantage of automation, potentially streamlining the diagnostic
process. However, it is essential to consider their specific characteristics. While Mediace
automated RPR (aRPR) provides automation benefits, it is important to note that it has
been associated with a limitation—poor sensitivity in cases with low titers [61].

This suggests that aRPR may not be as effective in detecting syphilis in its early stages
or in individuals with lower antibody levels. It is particularly important to consider these
limitations when dealing with critical key populations, such as sex workers, who may be
at increased risk of syphilis but could present with varying antibody levels. Sekure rapid
plasma reagin (RPR-S) offers the advantage of rapid results, but its sensitivity and accuracy
may require improvement before it can be considered a reliable tool for diagnosing syphilis
and evaluating treatment efficacy in clinical practice [62]. Therefore, cautious consideration
of its use is warranted.

3.3. Treponemal Tests for Detection of Antibodies

Treponemal tests (TTs) are highly sensitive and are particularly effective in later
stages of syphilis. They include the absorbed fluorescent treponemal antibody absorp-
tion (FTA-ABS), T. pallidum particle agglutination, T. pallidum particle agglutination assay
(TPHA), enzyme immunoassay (EIA), enzyme-linked immunosorbent assay (ELISA), and
chemiluminescence immunoassay (CLIA). These tests detect antibodies against T. pallidum
proteins [54].

3.4. Molecular Techniques and Mass Spectrometry

Molecular techniques, such as the nucleic acid amplification technique (NAATs), aim
to detect T. pallidum infection, with sensitivity and specificity varying based on the stage of
syphilis and the specific molecular method employed. Routine molecular methods include
conventional PCR, nested PCR (nPCR), real-time PCR (qPCR), reverse transcription PCR
(RT-PCR), and loop-mediated isothermal amplification (LAMP) assay [54].

Another method for syphilis detection is mass spectrometry (MS), although it is
rarely used in clinical laboratories due to time-consuming data analysis and expensive
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equipment. This test identifies proteins associated with T. pallidum using a technique in
which chemical compounds are ionized into molecules, and the mass-to-charge ratio (m/z)
is measured [68]. However, it is important to note that m/z results alone do not have direct
diagnostic significance for the disease. They need to be correlated with other data analyses
to obtain clinically relevant information.

4. Pharmacological Interventions

Syphilis treatment has undergone significant transformations over the years. In the
past, patients were subjected to prolonged treatment regimens involving arsenic and toxic
compounds. However, these treatments often resulted in treatment failure, accompanied
by periodic and sporadic outbreaks [20,69].

The pivotal moment in the treatment of syphilis came with the discovery of T. pal-
lidum’s susceptibility to penicillin in 1943. This breakthrough redefined the approach to
syphilis treatment, shifting from toxic compounds to antibiotics [69]. The widespread
use of penicillin led to a substantial decrease in syphilis cases, marking a significant im-
provement in syphilis control over the past five decades, especially when compared to the
pre-penicillin era [70].

4.1. Penicillin: The Cornerstone of Syphilis Treatment

In the treatment of syphilis, penicillin remains the primary and most effective an-
timicrobial agent. Penicillin is considered treponemicidal, even at substantially lower
concentrations than those required in in vitro tests, which typically demand 0.36 mg/L.
This characteristic makes penicillin the prominent therapeutic choice in combating T. pal-
lidum, the causative agent of syphilis. It is important to note that while syphilis can
progress to tertiary syphilis if left untreated, it is not an inevitable outcome. In fact, less
than 30% of syphilis cases progress to the tertiary stage. The number of bacterial generation
times (30–33 h) necessitates a treatment duration of 7–10 days to maintain treponemicidal
activity [13,20].

For specific cases, particularly those involving the central nervous system (CNS) and
the cerebrospinal fluid (CSF), where the potential persistence of treponemes and the risk
of relapses are significant concerns, an extended treatment duration or the administration
of long-acting benzathine penicillin G (BPG) at 2.4 million units is recommended. This
prolonged presence of treponemicidal penicillin in the bloodstream is crucial for preventing
neurosyphilis or relapses in the CNS [13,20].

4.2. Alternative Antibiotics and DoxyPrEP

While penicillin remains the gold standard, some patients may have allergies or
other contraindications that limit its use. In such cases, alternative antibiotics are consid-
ered [71]. Among these alternatives, oral amoxicillin in association with probenecid has
shown efficacy in achieving treponemicidal drug levels within the CSF [72]. Addition-
ally, newer anti-treponemal antibiotics such as extended-spectrum cephalosporins (ESC),
such as ceftriaxone, administered intramuscularly or intravenously, have been explored
(Figure 1) [73,74].

One notable development in the context of syphilis treatment is the use of doxycycline
pre-exposure prophylaxis (DoxyPrEP). DoxyPrEP has gained attention as a potential option,
particularly for individuals who may have contraindications to penicillin treatment. Includ-
ing DoxyPrEP in the discussion, we acknowledge the importance of alternative approaches
to syphilis treatment and prevention. However, it is essential to note that the effectiveness
of DoxyPrEP may vary based on the specific patient population and their risk factors for
syphilis [75,76].
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This cross-section allows us to visualize the inner workings of the bacterial cell, shedding light on its
interactions and vital components within the context of the infection process. The intricate mechanism
by which various antibiotics, notably penicillin, doxycycline, ceftriaxone, and azithromycin, play
pivotal roles in combating the infection caused by T. pallidum, is a nuanced interplay at the forefront of
scientific understanding. Penicillin, functioning as a β-lactam compound, disrupts the transpeptidase-
mediated synthesis via cross-linking of peptidoglycan, thereby undermining the structural integrity
of the cell wall and culminating in bacterial lysis. Doxycycline, classified as a tetracycline derivative,
exerts its influence by suppressing protein translation through binding to the 30S subunit of the
bacterial ribosome, thereby obstructing the intricate assembly of the translation complex. Ceftriaxone,
a member of the cephalosporin class, further augments the multifaceted approach by targeting the
bacterial cell wall, thwarting transpeptidase activity, and thereby weakening the structural robustness.
In parallel, azithromycin, a representative of the macrolide family, exerts its effect by inhibiting
bacterial protein synthesis through impeding the translocation process of the 50S ribosomal subunit,
further contributing to the orchestrated disruption of essential bacterial processes.

4.3. Azithromycin Resistance in Syphilis

Syphilis treatment strategies have evolved significantly over the years, with penicillin
remaining the primary and most effective antimicrobial agent. However, it is crucial to
acknowledge the emergence of azithromycin-resistant syphilis as a concern within the
pharmacological landscape [20].

Recent reports have indicated cases of syphilis that do not respond effectively to
azithromycin, a macrolide antibiotic that has been used as an alternative treatment option,
especially in cases of penicillin allergy. Azithromycin resistance poses a challenge to the
management of syphilis, as it limits the available treatment options and may result in
treatment failures [73–75].
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The WHO recommends the use of azithromycin for syphilis treatment only in settings
where the prevalence of macrolide-resistant T. pallidum is known to be very low [72].
However, the emergence of resistant strains highlights the importance of continuous
surveillance and monitoring of syphilis treatment outcomes.

Future research and pharmacological interventions should focus on addressing
azithromycin-resistant syphilis, exploring alternative treatment options, and developing
strategies to combat this emerging challenge. This includes studying the mechanisms of
resistance, optimizing treatment regimens, and evaluating the efficacy of new antibiotics or
combination therapies to ensure effective management of syphilis in the face of evolving
resistance patterns [10,77].

By addressing azithromycin resistance within the context of pharmacological interven-
tions, healthcare providers and researchers can work together to develop more effective
treatment strategies and mitigate the impact of drug-resistant syphilis strains.

4.4. Challenges and Future Directions in Syphilis Treatment

The challenges associated with developing new antibiotics and vaccines for syphilis
treatment are multifaceted. T. pallidum’s unique characteristics, such as its inability to be
cultured in a lab setting, the scarcity of experimental models, and high research costs, pose
significant obstacles [34]. Recent studies have explored the susceptibility of T. pallidum to
alternative antibiotics such as linezolid, moxifloxacin, and clofazimine, offering promise
for potential candidates in human clinical trials [78,79].

The ongoing development of new antibiotics, along with the pursuit of effective
vaccines, offers hope for expanding therapeutic options and improving the outlook for
syphilis treatment. Achieving this goal requires a comprehensive understanding of the
immune system’s role, a thorough assessment of the severity of syphilis-related diseases,
the selection of antimicrobials with the correct spectrum of action, determination of optimal
dosages, treatment durations, and assessing overall efficacy [22,27,73].

5. Future Approaches in Syphilis Prevention and Control

Syphilis remains a global public health concern, necessitating continuous efforts to
develop innovative strategies for prevention and control [13]. As the incidence of syphilis
continues to rise in certain populations, there is an urgent need to explore new approaches to
combat this sexually transmitted infection (STI). In this section, we discuss potential future
approaches in syphilis prevention and control, focusing on various aspects of research
and intervention.

5.1. Development of Effective Vaccines

Researchers are continually exploring innovative vaccine formulations to enhance the
immunogenicity and efficacy of syphilis vaccines. This includes investigating different
adjuvants, delivery systems, and antigen combinations to elicit a robust and long-lasting
immune response. Promising results have been obtained in preclinical studies with new ad-
juvants and delivery platforms, offering opportunities for more effective vaccine candidates
in the future [76,80], such as the proteins endoflagella, FlaB3, Gpd, Tp92 (BamA), Tp0136,
Tp0751, TprI, TprK, and TprF1 [81,82]. The development of a syphilis vaccine poses unique
challenges due to the complex nature of the T. pallidum bacterium, which is the causative
agent of syphilis [76,83]. Understanding the mechanisms of immune evasion employed
by the bacterium is essential in guiding vaccine design. Researchers must address the
antigenic variation of T. pallidum to ensure broad protection against different strains of the
pathogen [84].

The focus of developing a syphilis vaccine has evolved over the past decade or so.
Initially, efforts were aimed at stimulating a protective humoral response, involving opsonic
antibodies, to target and eliminate T. pallidum through phagocytosis. For instance, in a
study from 2006, Cullen and Cameron explored various T. pallidum vaccine approaches,
including whole-cell, subunit, and non-protein carbohydrate antigens, which showed
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promise in facilitating ‘opsonophagocytosis’ [85]. In a significant publication in 2011, Carl-
son et al. presented a perspective on the clinical course of syphilis, suggesting that it
hinges on the delicate balance between delayed-type hypersensitivity (DTH) and humoral
immunity against T. pallidum. They proposed that a robust DTH response initially clears
the organism from the body, while a strong humoral response later on may lead to ‘pro-
longed infection and progression to tertiary disease’ [22]. They concluded that an effective
syphilis vaccine should be oriented towards enhancing the DTH response, which could
potentially be bolstered by incorporating BCG into the vaccine formulation. Finally, in
2014, Cameron and Lukehart underscored the significance of a comprehensive approach to
vaccine development, one that encompasses both the DTH response and opsonic antibod-
ies/phagocytosis [76]. Consequently, the current landscape does not exhibit a consensus
on the creation of an effective syphilis vaccine [86].

As the target population for a syphilis vaccine may differ from that of other STI
vaccines, considerations must be given to factors such as age, gender, and risk behaviors.
Determining the optimal age for vaccination, identifying high-risk groups, and tailoring
the vaccine to address specific transmission patterns are critical aspects of designing an
effective vaccination strategy [83,87].

While there is currently no available vaccine for syphilis, it is important to emphasize
that, when a successful vaccine candidate is identified, overcoming logistical and financial
barriers in vaccine distribution and uptake will be crucial to ensure equitable protection
against syphilis. The development of an effective syphilis vaccine is a complex yet vital en-
deavor to combat the growing burden of this sexually transmitted infection [83]. Advances
in vaccine formulation, understanding the challenges in vaccine design, considerations
for target populations, ethical and safety aspects, collaboration, cross-protection potential,
integration with existing control strategies, and vaccine implementation are all critical
factors that deserve attention in syphilis vaccine research. A successful vaccine holds the
promise of transforming syphilis prevention and control efforts, ultimately contributing to
improved global sexual health outcomes [76,83,84].

5.2. Innovative Point-of-Care Diagnostics

Early and accurate diagnosis of syphilis is crucial for timely treatment and prevention
of further transmission. Future approaches in syphilis diagnostics involve the development
of innovative point-of-care tests that are rapid, sensitive, and easy to use. A notable
example of this advancement is the development of a highly sensitive molecular assay
capable of detecting T. pallidum DNA in clinical samples [88]. This innovative diagnostic
tool not only offers greater accuracy but also enables the detection of the bacterium in
the early stages of infection, facilitating timely intervention. Additionally, an innovative
multiplex immunoassay was introduced that was capable of simultaneously detecting
multiple syphilis-specific antibodies in the patient’s serum, enhancing diagnostic accuracy
and providing information about the stage of infection [89]. It also features a portable
and rapid diagnostic device designed for use in resource-limited settings [90]. This device
utilizes cutting-edge microfluidic technology to detect syphilis markers in blood samples
within minutes, enabling immediate clinical decisions and reducing the time-to-treatment
initiation. These advanced diagnostic tools have significant potential for on-the-spot testing
in various healthcare settings, ultimately enabling early detection and immediate treatment
initiation to contain the spread of syphilis [88–90].

Researchers are exploring various technologies to develop cutting-edge point-of-care
tests for syphilis, including lateral flow assays, rapid immunochromatographic tests, loop-
mediated isothermal amplification (LAMP), and nucleic acid amplification techniques.
These technologies offer faster and more reliable results, making them suitable for use in
diverse healthcare settings, including remote and resource-limited areas [91–93].

Moreover, the integration of multiple tests into a single platform, enabling simulta-
neous detection of different sexually transmitted infections, including syphilis, is being
pursued. Multiplexed assays have the potential to enhance the efficiency of screening
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programs, reducing the burden on healthcare facilities and allowing for comprehensive
testing in one simple procedure [94,95].

Additionally, future approaches in syphilis diagnostics are emphasizing user-friendliness
and non-invasive sampling techniques. Saliva-based or urine-based point-of-care tests are
being explored as alternatives to blood-based tests, making sample collection less invasive
and more acceptable to individuals, particularly in high-risk populations. Integration
of diagnostics with digital health solutions presents an exciting avenue for improving
syphilis management [88,96]. Point-of-care tests equipped with connectivity features could
allow for real-time data transmission to central databases, facilitating disease surveillance,
monitoring treatment outcomes, and informing public health interventions [97].

5.3. Targeted Prevention Strategies

Targeted prevention strategies are vital components of syphilis control efforts, aiming
to address the specific needs of high-risk populations and areas with elevated transmission
rates. By focusing on key populations and tailoring interventions to their unique challenges,
these strategies seek to optimize resource allocation and maximize the impact of preventive
measures [98,99].

One of the primary targets of these prevention strategies is MSM and transgender
individuals. These groups often face higher rates of syphilis transmission due to various
factors, including social stigma, discrimination, and limited access to healthcare services.
Tailored interventions for MSM and transgender individuals involve community engage-
ment and peer-led initiatives to create safe spaces for discussions about sexual health and
promote regular testing and treatment-seeking behavior [100].

In addition to MSM and transgender individuals, other high-risk populations, such
as commercial sex workers, people who use drugs, and individuals with multiple sexual
partners, also require focused prevention efforts. Partner notification and contact tracing are
essential in these cases to identify undiagnosed cases and interrupt the transmission chain.
Utilizing technology and community health workers can enhance the effectiveness of partner
notification efforts and facilitate timely testing and treatment for those at risk [34,100].

Antenatal screening and prevention play a crucial role in preventing congenital
syphilis, which occurs when syphilis is transmitted from an infected mother to her un-
born child. Early detection and treatment during pregnancy are critical to protecting the
health of both the mother and the baby. Integrating syphilis testing and treatment into
existing antenatal care services ensures that pregnant women receive the necessary care
and preventive measures [101].

Furthermore, community-based organizations and healthcare providers play a signif-
icant role in delivering targeted prevention interventions. These organizations are often
well-positioned to reach at-risk populations, provide health education, and facilitate access
to testing and treatment services [50,102,103]. Culturally sensitive and non-stigmatizing
approaches are essential in building trust and promoting engagement with these communi-
ties [104,105].

Comprehensive health education and awareness campaigns are essential components
of targeted prevention strategies [50]. By raising awareness about syphilis transmission,
prevention methods, and the importance of regular testing, these campaigns empower
the public to take charge of their sexual health [51]. Promoting open discussions about
sexual health and reducing the stigma surrounding syphilis and other sexually transmitted
infections can foster a more supportive environment for prevention behaviors [51,102].

5.4. Integration of Syphilis Services into Primary Healthcare

The integration of syphilis services into primary healthcare is a pivotal step in en-
hancing accessibility and delivery of syphilis prevention, diagnosis, and treatment. This
integration offers comprehensive and timely care, leading to improved health outcomes
and a reduction in syphilis transmission [106].
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A significant advantage of this integration is the expanded reach to diverse populations.
Primary healthcare facilities serve as the initial point of contact for individuals seeking
medical care, regardless of their socioeconomic status or healthcare needs. By incorporating
syphilis services into these facilities, individuals are more likely to access testing and
treatment services, especially in underserved and remote regions where specialized clinics
may be limited [107,108]

Moreover, integration enables a comprehensive approach to sexual health. Primary
healthcare providers are well-positioned to address various health needs of their patients,
including sexual health. By including syphilis services in routine health check-ups and
screenings, primary healthcare providers can offer comprehensive care and encourage
regular testing for sexually transmitted infections, including syphilis [108–110].

The integration of syphilis services also facilitates early detection and prompt treat-
ment. Primary healthcare providers can identify syphilis cases during routine medical
visits, enabling timely intervention and reducing the risk of complications. Additionally,
integration promotes regular syphilis testing among high-risk populations, such as preg-
nant women, men who have sex with men, and individuals with multiple sexual partners,
thereby enhancing the likelihood of early diagnosis and treatment [51,99,110–113].

Incorporating syphilis services into primary healthcare enhances continuity of care.
Patients who test positive for syphilis can receive follow-up care, monitoring, and treatment
from the same healthcare provider, ensuring they receive appropriate and consistent
support throughout their healthcare journey [31,106].

Furthermore, integration contributes to destigmatization and normalizes discussions
regarding sexual health. By providing syphilis services within primary healthcare settings,
the stigma often associated with seeking specialized care for sexually transmitted infections
is diminished. This normalization of sexual health conversations can encourage individuals
to be more open about their sexual behaviors, enabling healthcare providers to offer tailored
prevention strategies and support [34,114–119].

Training and capacity-building for primary healthcare providers are essential compo-
nents of successful integration. Equipping healthcare professionals with the knowledge
and skills to provide comprehensive syphilis services ensures accurate diagnoses, appro-
priate treatment, and effective prevention counseling. Additionally, incorporating syphilis
services into medical education curricula can further promote awareness and expertise
among future healthcare providers.

6. Future Directions

Advancing syphilis research and implementing innovative approaches are paramount
in the global efforts to prevent and control syphilis. The comprehensive understanding
of the immunological aspects of syphilis is opening new avenues for the development of
effective vaccines, which could potentially revolutionize syphilis prevention strategies.
These vaccines have the potential to provide long-lasting protection and significantly reduce
the burden of syphilis worldwide.

Moreover, the development of innovative point-of-care diagnostics is transforming
syphilis testing and diagnosis. Rapid and sensitive diagnostic tools that are easily accessible
and deployable in resource-limited settings can lead to early detection and immediate
treatment initiation, reducing transmission rates and preventing complications.

Targeted prevention strategies, tailored to specific at-risk populations, are crucial
in curbing the spread of syphilis. By addressing individual risk factors and promoting
behavioral changes, targeted interventions can effectively reduce syphilis incidence in
vulnerable communities.

The integration of syphilis services into primary healthcare systems plays a vital role in
expanding access to syphilis prevention and treatment services. By incorporating syphilis
care into routine healthcare visits, we can destigmatize discussions around sexual health
and reach diverse populations, ensuring that everyone has access to quality and timely care.



Venereology 2023, 2 159

Looking ahead, a multi-faceted approach that combines immunological advancements,
innovative diagnostics, targeted prevention strategies, and integration into primary health-
care settings can strengthen syphilis control efforts and contribute to achieving global health
goals. Continued investment in research, capacity-building, and awareness campaigns will
be key to sustaining progress in syphilis prevention and control.

In summary, addressing the challenges posed by syphilis requires a collaborative effort
from governments, healthcare systems, researchers, and communities. By harnessing the
potential of immunology, diagnostics, prevention strategies, and integration into primary
healthcare, we can move towards a syphilis-free future, promoting better sexual health and
well-being for all.
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