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Abstract: Neurosyphilis, a late and severe manifestation of infection by Treponema pallidum,
continues to pose a major clinical challenge despite the availability of effective antibiotic
therapy. Although incidence declined dramatically following the introduction of penicillin in
the mid-20th century, recent decades have witnessed a global resurgence of syphilis, resulting
in renewed concerns about neurosyphilis in both immunocompetent individuals and those living
with HIV. Prevention strategies must therefore be strengthened to curb transmission, enable
rapid diagnosis, and ensure timely treatment before neurological involvement occurs. This
article reviews current understanding of neurosyphilis prevention and treatment, evaluates
evidence from existing literature, and discusses methodological considerations, clinical
outcomes, and future research priorities.

Prevention relies primarily on effective syphilis control programs, including widespread
screening, early diagnosis, partner notification, and behavioral interventions targeting high-risk
populations. Advances in laboratory diagnostics, such as point-of-care rapid treponemal tests,
have improved access to screening, particularly in resource-limited settings. However,
challenges persist in detecting asymptomatic early involvement of the nervous system.
Improved surveillance systems and integration of syphilis screening into routine healthcare—
especially for individuals with HIV—are essential to preventing progression to neurosyphilis.
Treatment of neurosyphilis remains centered on high-dose intravenous penicillin G, which
effectively penetrates the central nervous system and eradicates 7. pallidum. Alternative
regimens, including ceftriaxone, have shown promise for patients with true penicillin allergies,
though evidence remains mixed and limited by small sample sizes. The Jarisch—Herxheimer
reaction continues to be a clinical consideration, necessitating patient counseling and supportive
care. Treatment monitoring typically combines clinical evaluation with cerebrospinal fluid
(CSF) analysis, although optimal follow-up intervals remain debated.

Despite significant progress in prevention and therapy, diagnostic challenges, incomplete
understanding of pathogenesis, and rising incidence underscore the need for enhanced research.
Future directions include development of biomarkers for early detection, evaluation of shorter
or simplified treatment regimens, and improved strategies for implementation of public health
interventions. This article synthesizes current findings and proposes a comprehensive
framework for improving prevention and treatment of neurosyphilis in the modern clinical
landscape.
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Introduction

Neurosyphilis represents one of the most feared complications of untreated or inadequately
treated syphilis, historically responsible for profound neurological morbidity including
cognitive decline, psychiatric disturbances, motor dysfunction, and sensory deficits. Although
modern antibiotic therapy has dramatically reduced its prevalence, neurosyphilis continues to
occur in both early and late forms, sometimes progressing silently and undetected. The
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condition may affect any stage of syphilis, but it is most frequently associated with untreated
early infection, co-infection with HIV, or treatment delays that allow dissemination of
Treponema pallidum into the central nervous system (CNS).

Several contemporary factors contribute to the re-emergence of neurosyphilis. These include
global increases in syphilis incidence among key populations, such as men who have sex with
men (MSM), sex workers, and persons with HIV infection. Changing sexual behavior patterns,
reduced condom use, and gaps in public health infrastructure have further complicated
prevention efforts. Additionally, diagnostic ambiguity persists, as clinical manifestations vary
widely—from subtle cognitive changes to severe meningovascular complications—often
leading to delayed recognition.

Robust prevention strategies are therefore essential. Early syphilis screening and treatment
remain the most effective means of preventing neurosyphilis. Advances in serological testing,
including point-of-care assay development, have expanded opportunities for early detection.
For individuals at elevated risk, such as those with HIV, routine and frequent screening is
indispensable.

Treatment remains highly effective when neurosyphilis is recognized early. Intravenous
penicillin G is the gold standard, demonstrating excellent CSF penetration and bactericidal
activity. Nonetheless, concerns remain regarding treatment adherence, management of
penicillin allergies, and challenges in monitoring therapeutic success. Follow-up CSF
evaluation is recommended, but the optimal timing and frequency continue to be debated,
particularly in asymptomatic cases.

Given these clinical and epidemiological complexities, a comprehensive review of prevention
and treatment strategies is essential for guiding clinical decision-making and informing public
health policies. This article examines current evidence, highlights gaps in knowledge, and
proposes directions for future research.

Literature Review

The scientific literature on neurosyphilis has evolved significantly over the past several decades,
paralleling advances in diagnostics, antimicrobial therapy, and epidemiological surveillance.
Early studies established penicillin as a groundbreaking therapy capable of reversing
neurological damage and preventing disease progression. Classic research demonstrated that
high-dose intravenous penicillin could effectively penetrate the blood—brain barrier, providing
the foundation for current therapeutic guidelines. Subsequent studies confirmed the efficacy of
aqueous crystalline penicillin G, making it the universally accepted standard.

More recent literature has focused on the changing epidemiology of syphilis and neurosyphilis,
particularly in relation to HIV co-infection. Studies have shown that HIV may alter the natural
history of syphilis, increasing the risk for neurological involvement and modifying serologic
responses after treatment. Literature has also highlighted diagnostic challenges, emphasizing
the limitations of standard serologic tests and the need for improved biomarkers. CSF-VDRL
remains the most specific test for neurosyphilis, yet it lacks sensitivity, prompting ongoing
research into molecular detection methods, such as PCR-based assays and biomarkers of CNS
inflammation.

Treatment alternatives have also gained attention. Research on ceftriaxone as a substitute for
penicillin has yielded mixed results, with some studies suggesting efficacy comparable to
penicillin, while others highlight inadequate data and methodological limitations. As a result,
ceftriaxone remains an alternative only for select cases.

Public health literature emphasizes the importance of prevention, citing evidence that routine
syphilis screening, partner notification programs, and behavioral interventions can significantly
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reduce incidence. Despite these insights, gaps remain in understanding asymptomatic
neurosyphilis, long-term outcomes following treatment, and optimal screening intervals for
high-risk populations.

Main Body

Epidemiology and Pathogenesis
Neurosyphilis arises when 7. pallidum invades the central nervous system, a process that may
occur during early infection. While the immune system often clears the bacteria from CSF,
failure to do so can result in persistent infection and neurological damage. The resurgence of
syphilis worldwide has increased neurosyphilis cases, particularly among individuals with HIV
infection. HIV appears to impair immune control of syphilis, facilitating CNS invasion and
accelerating disease progression. Understanding these epidemiological shifts is critical for
developing prevention strategies.
Clinical Manifestations
Neurosyphilis presents in several forms: asymptomatic, meningeal, meningovascular, general
paresis, and tabes dorsalis. Asymptomatic neurosyphilis—often detected only through CSF
abnormalities—may progress to symptomatic forms if untreated. Meningeal neurosyphilis
typically occurs within the first year of infection and presents with headache, cranial nerve
palsies, and meningism. Meningovascular neurosyphilis may lead to stroke-like symptoms due
to inflammatory vasculitis. Late forms, such as general paresis and tabes dorsalis, are associated
with chronic CNS inflammation resulting in cognitive impairment and sensory ataxia. Early
identification of these manifestations is necessary for timely treatment.
Prevention Strategies
Primary prevention focuses on interrupting transmission of syphilis before neurosyphilis can
develop. Strategies include:
e Routine screening: Annual or more frequent screening for high-risk populations,
including MSM, sex workers, and individuals with HIV.
o Partner notification and treatment: Effective contact tracing reduces reinfection rates.
e Behavioral interventions: Educational programs, condom promotion, and harm-
reduction strategies have shown efficacy.
o Maternal screening: Prevents congenital syphilis and potential early neurological
complications.
Secondary prevention focuses on early detection and treatment of syphilis. Rapid treponemal
tests have improved accessibility, particularly in low-resource settings. Integration of syphilis
screening into HIV care programs has been shown to increase diagnosis rates.
Diagnostic Challenges
Diagnosis hinges on combining serologic tests with CSF evaluation. Non-treponemal tests (e.g.,
VDRL) and treponemal tests (e.g., TP-PA) help identify systemic infection, while CSF studies
confirm neurological involvement. CSF-VDRL remains the most specific test but lacks
sensitivity. Elevated CSF protein and lymphocytic pleocytosis support the diagnosis. Newer
molecular tests, such as PCR, offer promise but are not yet widely available.
Treatment Approaches
For confirmed neurosyphilis, treatment guidelines recommend aqueous crystalline penicillin G,
18-24 million units/day given IV for 10—14 days. This regimen ensures sufficient CSF levels to
eradicate 7. pallidum. An alternative regimen uses intramuscular procaine penicillin and oral
probenecid, though adherence can be challenging. Ceftriaxone (1-2 g daily IV or IM) is an
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acceptable alternative when penicillin cannot be used, though data are limited. Supportive care
includes management of the Jarisch—Herxheimer reaction, characterized by fever and malaise
within 24 hours of treatment.

Monitoring and Follow-Up

Monitoring focuses on clinical improvement and normalization of CSF parameters. Guidelines
typically recommend follow-up CSF evaluation at 6 and 12 months, though some evidence
suggests that improved blood serology may predict treatment success without invasive testing.
Individuals with HIV may require more frequent monitoring.

Public Health Implications

Rising rates of syphilis require strengthened public health infrastructure. Integrated screening
programs, improved access to care, and targeted outreach to high-risk populations are essential.
Provider training and awareness are also crucial for timely diagnosis. Enhanced surveillance
systems can help identify trends and inform prevention strategies.

Future Directions

Research priorities include identifying biomarkers for early CNS involvement, developing
simplified treatment regimens, improving diagnostic sensitivity, and integrating digital health
tools for partner notification and risk reduction. Public health strategies must adapt to evolving
epidemiological patterns, including the impact of HIV and changing sexual behaviors.
Research Methodology

This article is based on a narrative review methodology designed to synthesize existing
evidence on the prevention and treatment of neurosyphilis. The research process involved
several key steps. First, a comprehensive literature search was conducted using databases such
as PubMed, Web of Science, Scopus, and Google Scholar. Search terms included
“neurosyphilis,” “syphilis treatment,” “syphilis prevention,” “penicillin therapy,” “HIV
coinfection,” and “CSF diagnosis.” Inclusion criteria comprised peer-reviewed articles, clinical
guidelines from authoritative bodies such as the CDC and WHO, randomized controlled trials,
observational studies, systematic reviews, and meta-analyses published from 1985 to 2024.
Articles were included if they addressed epidemiology, diagnosis, treatment, prevention, or
public health strategies related to neurosyphilis.

Exclusion criteria included case reports with insufficient data, non-English publications,
laboratory-only studies without clinical context, and outdated sources superseded by recent
guidelines. The search process yielded several hundred articles, which were screened by title
and abstract. Relevant articles were subjected to full-text review and categorized according to
thematic relevance.

Data extraction focused on key outcomes, including clinical effectiveness of treatment regimens,
diagnostic accuracy of CSF tests, epidemiological trends, and impact of HIV co-infection.
Findings were synthesized into thematic domains to support the structure of this article. While
this methodology allows broad integration of current evidence, limitations include potential
publication bias, heterogeneity across studies, and lack of meta-analytic quantification.
Nevertheless, the narrative review approach provides a comprehensive and clinically relevant
synthesis of evidence.

Results

The literature review revealed several key findings. First, prevention strategies emphasizing
early diagnosis and treatment remain the most effective means of reducing neurosyphilis
incidence. Regular screening among high-risk populations, combined with improved
accessibility of rapid diagnostic tests, significantly increases detection rates. Studies also
confirm the effectiveness of partner notification programs in controlling syphilis transmission.
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Second, high-dose intravenous penicillin G remains the most reliable and effective treatment
for neurosyphilis, with cure rates exceeding 85% in most studies. Ceftriaxone demonstrated
comparable efficacy in some trials, although the evidence base remains limited. Third, HIV co-
infection emerged as a significant risk factor for neurosyphilis, with altered clinical presentation
and slower serologic response to treatment, emphasizing the importance of intensified
monitoring.

Diagnostic accuracy continues to pose challenges. CSF-VDRL retains high specificity but low
sensitivity, while CSF cell count and protein levels provide supportive but nonspecific evidence.
Emerging molecular diagnostics show promise, though most remain at research-stage and are
not widely implemented.

Public health data indicate rising global syphilis incidence, underscoring the urgent need for
strengthened surveillance, widespread screening, and public health intervention. Evidence
suggests that combining biomedical, behavioral, and structural interventions yields the greatest
preventive benefit.

Overall, findings confirm the continued centrality of penicillin therapy, the need for improved
diagnostics, and the importance of comprehensive public health strategies in managing
neurosyphilis risk.

Conclusion

Neurosyphilis remains a serious but preventable complication of Treponema pallidum infection.
Despite major advancements in diagnostics and treatment, recent epidemiological trends
highlight growing challenges in controlling syphilis and preventing neurological involvement.
This article reviewed existing evidence on prevention and treatment strategies, emphasizing
their clinical effectiveness, limitations, and implications for future research and public health
practice.

The review confirms that effective prevention begins with robust syphilis control programs.
Early detection through routine screening—particularly among high-risk populations—remains
crucial. Rapid point-of-care tests have improved accessibility, but implementation gaps persist.
Integration of syphilis screening into HIV care, prenatal programs, sexual health clinics, and
community outreach initiatives represents a powerful tool in reducing the risk of neurosyphilis.
Treatment with high-dose intravenous penicillin G continues to be highly effective. Despite the
availability of alternative antibiotics such as ceftriaxone, penicillin remains the gold standard
due to its proven efficacy and CNS penetration. Ensuring patient adherence, managing reactions
such as the Jarisch—Herxheimer reaction, and implementing consistent follow-up protocols are
essential components of successful treatment.

Diagnostic challenges remain, particularly the limited sensitivity of CSF-VDRL and the
absence of definitive biomarkers. There is an urgent need for research into more sensitive
diagnostic tools that can detect early CNS involvement before irreversible neurological damage
occurs. Advances in molecular diagnostics, such as PCR and biomarkers of inflammation,
present promising avenues but require further validation.

The rising incidence of syphilis globally highlights the need for comprehensive,
multidisciplinary public health strategies. Behavioral interventions, improved surveillance,
digital partner-notification methods, and expanded access to healthcare services can collectively
reduce transmission and prevent complications. Additionally, addressing social determinants of
health—such as stigma, lack of healthcare access, and socioeconomic inequality—remains
essential.

In conclusion, neurosyphilis is both preventable and treatable, provided that early detection and
appropriate therapy are administered. Continued investment in research, public health
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infrastructure, clinical training, and community-based interventions will be critical in reversing
current epidemiological trends. The future of neurosyphilis prevention and treatment depends
not only on medical advances but also on the coordinated efforts of clinicians, public health
practitioners, policymakers, and affected communities.
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