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Abstract:

Syphilis is a chronic and multi-stage infectious disease caused by Treponema pallidum, which has a rapid spread,
resistance to immune responses, and chronic infection. This review is a synthesis of animal evidence to study the
pathogenesis, clinical synergies, diagnostic plans, treatment plans, and epidemiological implications of the disease.
The use of animal models, especially rabbits, has been critical in understanding the interaction of the host and
pathogen, development of lesions, and immunological reactions. This research indicates the relative performance of
the traditional and reverse screening algorithm, which shows that reverse screening has a better sensitivity during
both early and latent periods, whereas the traditional approach is useful in monitoring active infection. The
development of molecular diagnostics, particularly PCR and immunoassays, has improved early diagnosis and
evaluation of the disease, whereas penicillin remains the most effective treatment despite the emerging resistance
issues in other treatments. Additionally, experimental epidemiological research adds to the knowledge on the
dynamics and persistence of transmission. Nevertheless, animal model limitations and issues with vaccine
development because of immune evasion remain a major problem. The review highlights the necessity of a better
experimental model, combined diagnostic, and novel treatment and vaccine options to improve the management of
the disease and future research outcomes.

Keywords: Syphilis, Treponema Pallidum, Reverse Screening Algorithm, PCR Diagnostics, Immune Evasion,
Antibiotic Therapy, Epidemiology.

Received: Feb. 18, 2026 Revised: March 16, 2026 Accepted: April. 18, 2026 Published: May 04, 2026

DOI: https://doi.org/10.64063/3049-1681.vol.3.issue5.4

https://aktpublication.com/index.php/jprims/issue/archive

This is an Open Access article distributed under the terms of the Creative Commons Attribution (CC BY NC), which permits
unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers. (https://creativecommons.org/licenses/by-nc/4.0/)

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-58-71

J. Pharm. Res. Integr. Med. Sci https://aktpublication.com/index.php/jprims/index

58


https://doi.org/10.64063/3049-1681.vol.3.issue5.4
https://aktpublication.com/index.php/jprims/issue/archive

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-58-71

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

1. INTRODUCTION
Syphilis is a multi-stage infectious sexual transmitted disease that is chronic and caused by
Treponema pallidum and has the potential to spread very fast and stay in the host. Animal
experiments have played a vital role in determining its pathogenesis, such as tissue invasion,
immune evasion, and lesion progression'. These models can offer an insight in understanding
clinical synergies between bacterial activity and host immune responses, as well as guide
development of diagnostic and therapeutic strategies.

Figure 1: Syphilis’

The purpose of this review is to investigate syphilis infection using animal evidence, the
contemporary methods of diagnosis, treatment, and the epidemiological effects of the disease. It
highlights the differences between traditional and reverse screening algorithms to evaluate their
applicability in early detection and disease surveillance. This study is significant to enhance
accuracy of diagnosis, treatment plan and providing future research directions in management of
infectious diseases.

1.1 Background and Context

Syphilis is a chronic, multi-stage infection disease, which is provoked by the spirochete
Treponema pallidum, with its ability to spread quickly and remain in the host. In animal and
experimental studies, the infection exhibits complicated pathophysiological mechanisms that
include quick tissue invasion, immune evasion and lesion development. These models have
played a critical role in the disease progression, as well as interactions between the host and
pathogen and clinical synergies between immune responses and bacterial persistence. In the long
run, the development of diagnostic techniques and treatment modalities have greatly enhanced
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the diagnosis and control of the infection, especially with the emergence of serological and
molecular methods’.

1.2 Objectives of the Review
This review aims to:

e To analyze the pathogenesis and host—pathogen interactions of Syphilis using animal-
based models

e To evaluate and compare traditional and reverse screening algorithms for effective
diagnosis in experimental settings

e To examine modern diagnostic advancements, including molecular and immunological
techniques, for early detection

e To assess treatment strategies and therapeutic outcomes, particularly antibiotic efficacy
and resistance patterns in animal studies

e To explore epidemiological insights, immune responses, and vaccine development
challenges derived from animal-based research

1.3 Importance of the Topic

It is essential to learn about syphilis by using animal models to enhance the standard of
diagnostics, coordination of treatment and control of the disease. The application of the
traditional and reverse screening algorithms is of special importance to the comparison of the
most effective methods of early detection and management®. In addition, experimental
epidemiology provides insights that help in enhancing the way diseases are modeled in terms of
transmission and persistence. The review is thus relevant in filling gaps in the experimental
research and practical applications in aiding in the formulation of better diagnostic tools,
therapeutic methodologies and future research directions in the studies of infectious diseases.

2. ANIMAL MODELS AND EXPERIMENTAL APPROACHES IN SYPHILIS
RESEARCH

The biology and pathogenesis of Syphilis caused by Treponema pallidum could not have been
comprehended without the use of animal models. Of these, rabbits (Oryctolagus cuniculus) are
the gold standard because they are highly susceptible and capable of producing lesions which
can reproducibly mimic lesions occurring at the primary stage of infection. After intradermal or
intratesticular inoculation, rabbits develop typical chancres, which enables the researcher to
investigate the lesion kinetics, bacterial load and host immune reactions in a controlled
environment’,

Additionally, the rabbit models can be used to track the course of infection, such as in the spread
to the lymph nodes and to the circulatory system. They are also very appropriate in experimental
reproducibility due to their relatively simple handling, cost-effectiveness and well-documented

response patterns6.

Less frequently used, non-human primates would be a closer estimate of systemic and
neurological involvement. These models have proved to be critical in exploring the
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neuroinvasion, latency and immune modulation. Nevertheless, they are restricted by ethical
issues, high maintenance and regulatory limits, which limit large-scale experimental designs’.

2.2 Summary of Key Research Studies

+ Rabbit Inoculation Studies
Comprehensive inoculation-based studies have shown that T. pallidum causes local lesions at the
point of entry, and then spreads progressively via lymphatic and hematogenous routes. These
experiments have played a crucial role in determining the early immunological reactions, such as
macrophages infiltration and anti-bodies. Moreover, seroconversion schedules in rabbits have
been used to optimize diagnostic intervals to detect®.
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Figure 2: Rabbit Inoculation’

+ Experimental Transmission Studies
Controlled inoculation has been proven by transmission experiments that even low bacterial
loads can cause infection. These investigations have given an understanding of the levels of
infectious dose, incubation and efficiency of transmission. They also emphasize the high
adaptability of the pathogen in the tissues of the host that also contributes to its persistence.

4+ Molecular Detection Studies
Early detection capabilities have been improved greatly by the use of Polymerase Chain
Reaction (PCR) methods on animal tissues. Studies based on PCR have shown the existence of
bacterial DNA prior to the development of visible lesion or serological response and hence
enhanced knowledge on subclinical stages of infection. These results have played a critical role
in confirming molecular diagnostics to be used as a complementary method to conventional
serology!’.
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2.3 Methodologies and Findings

The syphilis study on animals uses both the traditional and modern methods to guarantee true
detection and characterization of infection:

e Serological Testing: Commonly used to keep track of antibody responses. These tests
are sensitive in later stages of infection in animal models, but do not necessarily detect
early-stage disease because of slow antibody response.

o Dark-field Microscopy: Allows visualization of live spirochetes in lesion exudates. This
technique is also especially useful in early stages of the infection, though it involves
technical skills and requires the use of immediate samples.

e PCR Techniques: Provide highly sensitive and specific T. pallidum DNA detection in
tissues like skin, lymph nodes and blood. PCR has emerged to be a foundation of
experimental investigations because of its capability to detect infection before
seroconversion'!.

o Histopathology: The inflammatory reactions, such as perivascular tissue infiltration and
endothelial alterations, are typical tissue examination findings. The results are used to
correlate clinical manifestations with the underlying pathological processes.

2.4 Critical Evaluation

Strengths

Animal models give the researcher very controlled environment where the researcher is able to
standardize dose of infection, the route of administration and the time of observation. Such
control increases the reproducibility and allows a more accurate study of the disease progression.
Rabbit longitudinal studies provide an opportunity to follow up on initial infection until either
resolution or persistence which provides significant information about time dynamics. Moreover,
the similarity in the progression of lesions and response in rabbits reinforces their acceptance as
experimental models'?.

Weaknesses

Animal models have significant limitations despite their benefits. Rabbits are mainly used to
model early-stage infection, and do not undergo a multi-stage progression of the infection in full
detail, as observed in nature. The variations in the operation of the immune system between
humans and animals restrict extrapolation of results. Also, the ethical limitations especially with
the application of non-human primates limit the scale and extent of advanced research. The other
limitation is that it is difficult to model chronic or latent stages of infection that is less known in

animal systems'3.

3. KEY ASPECTS OF SYPHILIS RESEARCH IN ANIMAL MODELS
Syphilis has been found to spread quickly after being infected in studies on animals, resulting in
lesions due to the interactions of Treponema pallidum with the host immune system'®. Early
detection and control are enhanced by modern diagnostics (PCR, reverse screening), treatment
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with penicillin, whereas the transmission and persistence can be studied with experimental
models.

3.1 Pathogenesis and Clinical Synergies in Animal Models

The animal studies of Syphilis show that infection with Treponema pallidum starts with a swift
invasion of the host tissues at the point of inoculation. After entry, the pathogen spreads via the
lymphatic system and blood stream in a short time frame even before the appearance of visible
lesions'®.
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Figure 3: Pathogenesis of Animal Bacterial Infections'®

This dissemination in rabbit models results in the development of localized lesions (chancres)
that are inflammatory cell-infiltration-based, endothelial swelling-based, and vascular
alterations. The interplay between host immune and bacterial motility is very important in
developing diseases'®.

Clinical synergies are caused by a dynamic interaction between the pathogen persistence and
host defense response. Although the organism can take on a low antigenicity and stealth-like
outer membrane, which helps it avoid early immunity, innate immunity tries to contain the
infection by activating macrophages and releasing cytokines. It leads to chronic infection and
dissemination'®.

Moreover, in animal studies, immunopathological reactions, but not direct bacterial toxicity, play
a significant role in tissue damage and lesion development. These results are critical in the
context of comprehending the pathophysiology of diseases and developing specific
interventions'®.

3.2 Diagnostic Strategies
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+

Traditional Screening Algorithm

The classical frameworks of serological testing are reflected in the traditional diagnostic method
of animal models. It is started with non-treponemal tests, including VDRL-like or RPR-like tests
modified to be used in the laboratory, which identify antibodies to lipid antigens released as part
of tissue damage. Treponemal-specific assays are then used to confirm positive results’.

Findings in Animal Studies:

+

These techniques are effective in diagnosing active infections when there is a lot of tissue
involvement.

They are especially effective in tracking the response to treatment because they are
quantitative in nature.

But their sensitivity is low at the early stages of infection when the levels of the antibody
are low.

False negatives: Early or low-burden infections can be missed, which limits their ability
to be used as standalone screening methods.

Reverse Screening Algorithm

The reverse algorithm proposes to use treponemal-specific tests as a primary screening tool, and

non-treponemal tests to determine the disease activity?!.

Animal-Based Evidence:

Shows a better sensitivity to early infections, whereby the treponemal antibodies can be
detected earlier than the non-specific antibodies.

Better at identifying latent or subclinical infections in test animals.
Helps detect chronic infections which might not have a strong non-treponemal response.

However, it can also identify prior infections without differentiating between active
disease and this requires confirmatory testing.

3.3 Modern Diagnostic Advances

Recent developments in diagnostic techniques have greatly aided the ability to detect and
characterize infection in animal models:

Molecular Diagnostics (PCR): DNA of T. pallidum can be directly detected in tissues
using PCR-based methods in skin, blood, and lymph nodes. These techniques allow
detection of infection even before seroconversion, and are also useful in low-bacterial-
load and early-stage infections?.

Improved Immunoassays: Enzyme-linked immunosorbent assay (ELISA) and
chemiluminescent assays have strengthened the specificity and sensitivity in the
detection of treponemal antibodies. Such tests minimize cross reactivity and enhance a
more accurate diagnosis in the laboratory.
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o Biomarker Research: Newer studies are aimed at discovering infection-specific protein
and metabolic biomarkers. Candidate markers identified through animal serum analysis
can be used to aid in early diagnosis, staging of the disease and monitoring treatment.

e Combined Diagnostic Tests: Serological and molecular tests have been demonstrated as
better diagnostic tools when combined and allow a thorough evaluation of the infection
status.

3.4 Treatment Strategies in Animal Models

+ Antibiotic Therapy
In animal studies penicillin is the most effective and commonly used. Experimental results
always indicate a rapid clearance of bacteria and healing of lesions after administration. It has
become the standard in assessing new therapeutic agents due to its efficacy?.

+ Alternative Antimicrobials
Other antibiotics such as the macrolides and tetracyclines have been used in animal models to
identify alternative treatment options. Though these agents show some efficacy, new patterns of
resistance, especially in macrolides, are a challenge.

+ Therapeutic Monitoring
Treatment success in animal models is assessed through:

e Declining serological titers over time
o Absence of detectable bacterial DNA via PCR
e Resolution of clinical lesions and histopathological normalization

These monitoring strategies provide a comprehensive evaluation of therapeutic outcomes and
help in assessing relapse or persistence®*.

+ Experimental Therapies
Recent animal studies are exploring novel approaches, including combination therapies and
immunomodulatory strategies, to enhance treatment efficacy and overcome resistance?.

3.5 Epidemiological Insights from Animal Studies

Although syphilis is not naturally endemic in most animal populations, experimental models
have provided valuable epidemiological insights:

e Transmission Dynamics: In vitro rigorously controlled studies reveal high transmission
efficiency in direct inoculation conditions, and aid in specifying infectious dose limits
and exposure hazards.

e Dose Response Relationships: Inoculum size and severity of infection have been
determined by animal experiments and have helped understand disease progression and
virulence.

e Persistence and Latency: Animal models untreated exhibit long-term persistence of T.
pallidum in tissues, which supports the idea of latent phases of infection.
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e Modeling Disease Spread: Experimental epidemiology enables a scenario to be
simulated of infection spread under controlled conditions, which is useful in the
assessment of intervention strategies and diagnostic algorithms.

o Implication on Control Strategies: The animal research findings help in enhancing
screening procedures, increasing the effectiveness of treatment regimens and forecasting
the dynamics of outbreaks in theoretical models?.

4. HOST IMMUNE RESPONSE AND VACCINE DEVELOPMENT IN ANIMAL
MODELS

Infection of rabbits, animal studies have demonstrated that the initial response to infection by
Treponema pallidum is to stimulate the innate immune system, which is due to the recruitment
of macrophages and the production of cytokines, and then the adaptive immune system is
developed, consisting of humoral and cell-mediated responses. Nonetheless, the pathogen is
maintained by its capability to avoid immune recognition, which leads to a long-lasting infection
and incomplete clearance. The host immune responses and direct bacterial toxicity have been
shown to be more intertwined in causing tissue damage, which is driven by experimental
evidence indicating a significant role of host immune responses in tissue damage in comparison
to the direct bacterial toxicity?’.

One of the most important aspects that lead to persistence is the ability of the organism to evade
the immune system such as low antigenic exposure, antigenic variation, and less early
inflammatory signaling. These characteristics restrain immune recognition and impede the
formation of immune response to generate effective long-term immunity in animal models. As a
result, research on vaccines has been conducted with the aim of determining appropriate
antigenic targets in protein-based, DNA-based and adjuvant-enhanced approaches. Although
partial protective immunity has been obtained in rabbits, such techniques have yet to yield a
fully effective vaccine, in part because of the stealth-like properties of the bacteria®®,

There are still significant obstacles in the development of vaccines, such as the inability to
culture T. pallidum in vitro and availability of stable antigenic targets. Also, the existing animal
models do not completely reproduce the long-term immunity or latent infection phases. It is time
to focus on future research that emphasizes on the identification of conserved antigenic markers,
the development of better animal modeling systems and the combination of immunological and
molecular methods to improve vaccine efficacy and longevity®.

Table 1: Summary of Literature on Syphilis Epidemiology, Diagnostics, and Management?"

Author(s) Study Title Focus Area Methodology Key Findings
& Year

Salome et Congenital Congenital Review-based Highlighted rising

al. syphilis: a re- syphilis, analysis incidence despite
(2024)3! emerging but prevention, preventability;

preventable screening emphasized early

infection detection, prenatal

screening, and public
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health awareness
Schmidt Resurgence of Epidemiology, | Analytical study | Identified behavioral,
et al. syphilis in the resurgence of social, and healthcare
(2019)* United States: an factors epidemiological | factors; stressed need
assessment of data for improved
contributing surveillance and
factors interventions
Scobie et The dark art of Diagnostic Laboratory-based Found reverse
al. syphilis strategies, analytical study screening more
(2022)* | serology—analysis screening sensitive for
of testing algorithms early/latent stages;
algorithms highlighted need for
confirmatory testing
Shukla et Treponema Molecular Molecular and Explained genetic
al. (Molecular Typing biology, genetic analysis diversity and
(2022)% in Bacterial pathogen typing molecular
Infections) diagnostics;
emphasized improved
diagnostic precision
and tracking
Smit et al. Epidemiology, Epidemiology, Retrospective Highlighted disease
(2022)% management, healthcare model analysis burden, testing
quality of testing management, variability, and
and cost of cost analysis importance of
syphilis in standardized
Germany protocols and cost-
effective strategies

5. DISCUSSION
Animal experiments demonstrate that Syphilis is highly transmitted and difficult to fight, and it
can be better diagnosed by reverse screening and PCR, whereas penicillin can treat it.
Nevertheless, animal models and immune evasion have weaknesses that hinder vaccine
development and will need superior animal models and more sophisticated diagnostic and
treatment solutions®®.

5.1 Interpretation and Analysis of Findings

The animal studies on Syphilis show that infection with Treponema pallidum is characterized by
rapid transmission, immunity, and lesion development, which is greatly affected by the host
immune system. Research points out that the advancement of disease is not only caused by the
presence of bacteria but also as a result of immunopathological responses. Comparison of the
techniques of diagnosis reveals that reverse screening algorithms are more sensitive in the early
and latent phases, but the traditional methods remain effective in the active infection and
treatment monitoring®’.
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5.2 Implications and Significance

The results are of great importance in enhancing the level of diagnostic accuracy and treatment
interventions. The combination of molecular diagnostics like PCR and serological tests promotes
early diagnosis and detailed evaluation of the disease. The preservation of the efficacy of
penicillin treatment strengthens its use as the main treatment procedure in experimental
conditions. Also, animal epidemiology helps in comprehending the dynamics of transmission,
persistence and modeling of a disease, which are critical in developing effective control and
prevention measures*®.

5.3 Research Gaps and Future Directions

Even though significant progress has been made, there are still significant gaps in recent
research®®. The current animal models fail to completely recapitulate chronic and latent infection
phases, which limits their translatability. In addition, the immune evasion mechanisms of T.
pallidum are a challenge to the development of stable antigenic targets to develop vaccines.
Further studies are needed to come up with better animal models, develop better molecular and
immunological diagnostic methods and other innovative therapeutic and vaccine approaches.
These gaps will be essential to fill in order to improve disease management and inform future
progress in infectious disease studies*.

6. CONCLUSION

In conclusion, animal-based research on Syphilis caused by Treponema pallidum has
significantly advanced the understanding of its pathogenesis, clinical synergies, diagnostic
approaches, and treatment strategies. The use of experimental models and especially rabbits has
been of great help in understanding host-pathogen interactions, immune reactions, and
pathogenesis. The comparative analysis of traditional and reverse screening algorithms shows
that whereas traditional screening method is still effective in terms of overseeing active
infection, reverse screening is more efficient in terms of early and latent infection detection. The
early diagnosis has been further enhanced by the progress in molecular diagnostics particularly
PCR and penicillin remains the best therapeutic agent. Nevertheless, the use of animal models,
inability to mimic the stages of chronic infection, and the immune avoidance by the pathogen
also make it difficult to create vaccines and cure the disease completely. Hence, new studies are
needed to develop better experimental models, combine high-technology diagnostic methods,
and invent new treatment and vaccine methods to improve the control of the disease and to fill
the current gaps in the research of infectious diseases.
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