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Syphilis, caused by the spirochete Treponema pallidum subspecies pallidum, continues to be a major public health problem worldwide. Recent increases in the number of syphilis cases, in addition to the lack of an efficient vaccine against T. pallidum for humans, highlights an urgent need for the design and development of an efficacious syphilis vaccine. Here, we assess the vaccine potential of the adhesion protein Tp0136 and the outer membrane protein Tp0663. Rabbits were subcutaneously immunized with recombinant proteins Tp0136, Tp0663, or control PBS. Immunization with Tp0136 or Tp0663 generated a strong humoral immune response with high titers of IgG, as assessed by ELISA. Moreover, animals immunized with Tp0136 or Tp0663 exhibited attenuated lesion development, increased cellular infiltration at the lesion sites, and inhibition of treponemal dissemination to distant organs compared to the unimmunized animals. These findings indicate that Tp0136 and Tp0663 are promising syphilis vaccine candidates. Furthermore, these results provide novel and important information for not only understanding the pathogenic mechanisms of spirochetes, but also the development of spirochete-specific subunit vaccines.
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Introduction

Syphilis, caused by the spirochetal bacterium Treponema pallidum subsp. pallidum (T. pallidum), continues to be a globally prevalent disease, with an estimated burden of 36 million cases worldwide (1). In recent years, the rate of infectious syphilis has been sharply rising among men who have sex with other men (2–7). The incidence of congenital syphilis infections is also on the rise, with an estimated 1.36 million pregnant women infected worldwide each year, and approximately 520,000 of these pregnancies result in adverse outcomes (8). Moreover, syphilis also increases the risk of HIV transmission and acquisition (9). Despite the continued sensitivity of T. pallidum to treatment with penicillin, there is an urgent need for the development of an efficacious syphilis vaccine to complement the traditional screening and treatment approaches for the global elimination of syphilis, especially considering the increasing prevalence of syphilis worldwide.

Tp0136, a putative T. pallidum outer surface lipoprotein, has been implicated in treponemal dissemination (10). Tp0136 has been demonstrated to promote the migration of HMEC-1 cells and fibroblasts, contributing to the mechanism of chancre self-healing in syphilis (11, 12). Furthermore, Tp0136 is located on the T. pallidum surface, and as such, facilitates direct interaction with the host environment (10). Since T. pallidum Tp0136 has been shown to mediate attachment to plasma Fibronectin (Fn) and human cellular Fn (13), an abundant and ubiquitous ECM protein important for interactions between cells and the surrounding matrix, both of which are in close proximity to the vascular endothelium, interaction of Tp0136 with these molecules may contribute to facilitating T. pallidum dissemination via the bloodstream. Tp0663, a putative outer membrane protein that has surface-exposed epitopes (14), reacts strongly with serum antibodies from syphilis patients and T. pallidum-infected rabbits (15, 16), implying that it may have the potential to be a candidate vaccine.

To date, the development of a syphilis vaccine has achieved varying degrees of success (17, 18). Complete protection against T. pallidum challenge has been demonstrated only by immunizing rabbits with γ-irradiated whole cell T. pallidum preparations, which is considered an impractical immunization regimen (19). Partial protection, based upon attenuated lesion development, has been achieved in rabbits immunized with Tp0136 (10), TprI (20), TprK (21), Tp92 (BamA) (22), 4D (23), Gpd (24), TprF (25), endoflagella (26), and FlaB3 (27). Recent investigations have demonstrated that the immunization of rabbits with the laminin-binding adhesion protein Tp0751 protected against the dissemination of T. pallidum following intradermal challenge (28). Although these immunization regimens are impractical for use in humans, these studies indicate the importance of T. pallidum surface antigens and adhesins in conferring protection and significantly promote the development of a syphilis vaccine.

Here, we evaluated the immunoprotective capacity of Tp0663 and Tp0136 in a rabbit model of experimental syphilis. We showed that rabbits immunized with Tp0663 or Tp0136 displayed attenuated lesion development and exhibited a reduced treponemal burden in multiple distant organs when compared with the unimmunized rabbits. These findings demonstrated that Tp0663 or Tp0136 immunization inhibits treponemal dissemination to distant organ sites. Our results provide evidence that Tp0663 and Tp0136 may represent promising vaccine candidates for syphilis.



Materials and Methods


T. pallidum Propagation

Propagation of T. pallidum (Nichols strain) was performed as previously described (29). The bacteria were harvested from the treponemal suspensions by low-speed centrifugation to remove rabbit testicular debris.



Recombinant Protein Expression and Purification

The Tp0136 and Tp0663 genes, with an N-terminal hexahistidine tag, were separately cloned into the expression vector pET28a. The purification of recombinant Tp0136 and Tp0663 proteins was performed as previously described (10, 30), and then treated with Detoxi-Gel™ Endotoxin Removing Gel. Limulus amebocyte lysate (Chinese Horseshoe Crab Reagent Manufactory, Ltd., Xiamen, China) was used to detect the endotoxin in the Purified proteins, which were found to be less than 0.03 endotoxin unit (EU)/mL.



Immunization Procedure

A cohort of nine male specific-pathogen free New Zealand White rabbits (2.5 – 3.0 kg, 13 – 15 weeks of age; The Animal Department of University of South China, Hengyang, China) with negative VDRL and FTA-Abs serology were selected for the immunization experiments. Rabbits were randomly divided into three groups (PBS control group, Tp0136-immunized group, and Tp0663-immunized group), with three animals in each group. Each animal was injected three times at two week intervals (0, 2, and 4 weeks) with 150 μg of test antigen or PBS emulsified in a 1:1 mixture with complete Freund’s adjuvant system (complete adjuvant for the first challenge and incomplete for the subsequent challenge; Sigma-Aldrich, St. Louis, MO, USA) at each immunization. The immunizations were divided equally among four subcutaneous and two intramuscular injection sites. The antiserum was collected to estimate the serum antibody titers.



Intradermal Challenge

Twenty-one days after the final immunization, rabbits were sedated and intradermally challenged at eight sites along their shaved backs with 0.8 mL of 1×107 freshly isolated T. pallidum (Nichols strain). Challenge sites were examined daily and photographed every three days to document lesion development. Dark-field microscopic (Nikon Canada, Mississauga, ON, Canada) was used to evaluate the presence of motile spirochetes in the lesion aspirates 21 days post-challenge.



Analysis of a Specific Antibody Response to Recombinant Proteins

To evaluate the specific antibody response, 1 mL of blood was collected from rabbit ear veins in each group (n = 3, 3, 3) at 0, 2, 4 and 6 weeks following the first immunization. The blood was then centrifuged in order to separate the serum. The specific antibody levels were determined by indirect ELISA. Immulon microtiter 96-well plates (Thermo Labsystems, Franklin, MA) were coated at 4°C overnight with 10 μg purified recombinant protein. Excess antigen was washed off with PBS, and 200 μL of blocking buffer was added. After removal of blocking buffer, 100 μL of anti-serum was applied to the wells, starting with a 1/1000 dilution and further diluting the serum two-fold for each row of the plate. After 2 hours of incubation at 37°C, the wells were washed three times with wash buffer. Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:5000) was subsequently added to the wells and incubated at 37°C for 1 hour. The plates were rinsed three times with wash buffer, and 100 μL of TMB peroxidase substrate was added per well and incubated at 37°C for 15 minutes. Then 100 μL of 1 M sulfuric acid was added to stop the color reaction. Each experiment was repeated three times, and the absorbance was measured at a wavelength of 450 nm (BioTek Instruments, Winooski, VT, USA).



Detection of Rabbit Interferon γ

The IFN-γ concentration in the serum collected from the rabbit ear veins after the last immunization were evaluated according to the manufacturer’s instructions by using an IFN-γ ELISA kit (Cusabio Biotech Co., Ltd., Wuhan, China).



Extraction of T. pallidum DNA From Tissues and qPCR

The genomic DNA (gDNA) was extracted from T. pallidum-challenged rabbit tissues, including lesion biopsies at the local infection site, as well as liver, blood, spleen, and testicles, by using a DNeasy Blood and Tissue Kit (Qiagen, Shanghai, China) according to the protocol recommended by the manufacturer. Three tissue samples from each rabbit organ were analyzed for reproducibility. The gDNA was used as the template in the qPCR mixture according to the manufacturer’s standard protocol for QuantiFast SYBR one-step qPCR (Qiagen, Shanghai, China) and performed using a LightCycle 96 apparatus (Roche, Basel, Switzerland). Quantification of T. pallidum gDNA was determined using primers for the endoflagellar sheath protein (flaA) gene of T. pallidum and the collagenase-1 precursor (MMP-1) gene of rabbits (Table 1). A standard curve was created for flaA using a 10-fold serial dilution range from 107 to 101 copies of T. pallidum gDNA with an efficiency of 99.2% and an R2 value of 0.990. A standard curve was created for MMP-1 using a two-fold serial dilution from 100 to 0.0488 ng/mL of rabbit gDNA with an efficiency of 99.1% and an R2 value of 0.995. The original gDNA concentration of rabbit tissue used to create the standard curve was obtained from spectrophotometric measurements. PCR conditions for flaA and MMP-1 were as follows: initial denaturation at 95°C for 7 minutes, followed by 40 cycles of 95°C for 10 seconds, 56°C for 20 seconds, and 72°C for 20 seconds, A melt-curve analysis was performed with the following program: 95°C for 10 seconds, 65°C for 260 seconds, and 97°C for 1 second. Each assay was performed in triplicate. In addition, each assay was run with a no-template control.


Table 1 | Primer sequences used in qPCR.





Histopathology

Tissues taken from skin lesions and testicles of each rabbit were fixed in formalin and embedded in paraffin, The tissues were then stained with H&E to analyze the abundance of immune cells, including lymphocytes, macrophages, and plasma cells, via microscopy.



Statistical Analysis

Results are reported as means ± SD. All comparisons of differences between the test and control groups were assessed via the Students t test using GraphPad Prism 6.0 software (GraphPad Software, Inc., La Jolla, CA). P < 0.05 indicated a significant difference.




Results


Antibody Response of Rabbits to Immunization With Recombinant T. pallidum Proteins

To determine whether T. pallidum membrane proteins Tp0136 and Tp0663 were able to induce specific antibody response in rabbits, we performed serial two-fold dilutions of serum to detect specific antibody titers. As shown in Figure 1, Tp0136 and Tp0663 induced high titers of anti-Tp0136 and anti-Tp0663 antibodies starting at week 2 compared with PBS-immunized rabbits. Moreover, antibody levels after the first and second immunizations were higher in animals immunized with Tp0136 than in animals immunized with Tp0663. These results indicate that T. pallidum membrane proteins Tp0136 and Tp0663 are able to induce specific antibodies.




Figure 1 | Antibody titers in rabbits immunized with recombinant Tp0136 or Tp0663 protein. New Zealand rabbits were immunized with 150 μg of recombinant protein Tp0136 or Tp0663 emulsified in complete Freund’s adjuvant system. The control rabbits were immunized with PBS emulsified in complete Freund’s adjuvant system. Each animal was injected three times at two week intervals (0, 2, and 4 weeks). Blood was drawn from the rabbit ear veins at 2, 4, and 6 week, and the IgG antibody levels were determined by indirect ELISA. Each set of data is based on measurements derived from three rabbits. To determine antibody concentrations (titers), two-fold serial dilutions of serum were made and the endpoint titer was considered to be the last serum dilution with readings higher than the mean + 3SD of the negative controls.





Tp0136 or Tp0663 Immunization Induced IFN-γ Secretion

Since Th1-related cytokines are critical to the efficient clearance of T. pallidum from lesion sites (31), it is important to assess the immunoprotective effect of a potential syphilis vaccine. In this study, serum was collected from Tp0136- or Tp0663-immunized rabbits following the final immunization. The levels of IFN-γ were then measured by ELISA (Figure 2). Compared to that of rabbits immunized with PBS alone, the production of IFN-γ was significantly increased in the rabbits immunized with Tp0136 or Tp0663.




Figure 2 | Production of IFN-γ in rabbits immunized with recombinant Tp0136 or Tp0663 protein. Following the final immunization, blood was collected from each rabbits’ ear vein. The IFN-γ level in the blood was evaluated by ELISA according to the manufacturer’s instructions. The results are expressed as the mean ± SD from three individual rabbits in each group. Each experiment was performed in three independent experiments (**P < 0.01).





Tp0136 or Tp0663 Immunization Attenuated Lesion Development

Three weeks after the final immunization, all of the rabbits were sedated and intradermally challenged at eight sites along their shaved back with 0.8 × 107 of freshly isolated T. pallidum (total of 0.8× 107 T. pallidum/rabbit). During the subsequent 21 days, the appearance of lesions at the site of challenge were monitored, since chancre are unique to syphilis and represent the first clinical sign of infection (32). Lesions were monitored every three days for diameter and ulceration. Obvious lesions were present on all of the rabbits by day 11; however, Tp0136- or Tp0663-immunized animals presented delayed lesion development and smaller-size swellings compared to the control group (Figure 3A). Moreover, 21 lesion indurations (total of 24 sites) presented on control animals on day 4-6, and 24 lesion indurations (total of 24 sites) presented on Tp0136-immunized animals by day 8. However, only 16 lesion indurations (total of 24 sites) presented on Tp0663-immunized animals by day 8 (Table 2). The lesion diameter peak observed in control animals and Tp0136 immunized animals appeared at day 18, while in the Tp0663-immunized group the lesion diameter peak appeared at day 15 (Figure 3A and Table 2). The lesion diameter measured in the control group was larger than that in the vaccine groups, especially in the Tp0663-immunized group over the 21-day measurement period (Figure 3A and Table 2). Ulceration in the control group was apparent, and 85.7% of the lesions were ulcerated on day 21 (Figure 3B and Table 2). However, animals immunized with Tp0136 or Tp0663 presented only three ulcerations or no ulcerations, respectively, as compared to the control animals on day 21 (Figure 3B and Table 2). At day 21 post-challenge, dark-field microscopy was performed to evaluate the presence of viable T. pallidum in every lesion. As shown in Table 2, the ratio of lesions positive for motile T. pallidum in the control group was significantly higher than those in the two immunized groups.


Table 2 | Lesion data for control and immunized animals.






Figure 3 | Immunization with recombinant Tp0136 or Tp0663 protein attenuated lesion development. (A) Lesion diameters were monitored over 21 days in the control, Tp0136-immunized or Tp0663-immunized animals following T. pallidum challenge. (B) Indurated lesions from eight locations on the backs of the rabbits were taken 21 days post-intradermal challenge with T. pallidum (Nichols strain).





Tp0136 or Tp0663 Immunizations Inhibited T. pallidum Dissemination

To determine whether Tp0136 or Tp0663 immunization protects against T. pallidum dissemination, all of the rabbits were killed at day 21 post-challenge. We then used real-time quantitative PCR (qPCR) to assess the burden of T. pallidum in biopsies from both primary and distal lesion sites, including blood, spleen, liver, and testicles. Analysis of the treponemal burden of the primary lesion sites revealed that T. pallidum DNA concentration in the three control animals was slightly increased compared with the Tp0136-immunized animals, but was substantially higher than Tp0663-immunized animals (Figure 4A). Moreover, we tested the treponemal burden in the blood of the rabbits, since T. pallidum is spread through blood. As shown in Figure 4C, we found that the treponemal burden in the blood was lower in the immunized animals than in the non-immunized controls. Owing to the propensity for T. pallidum to disseminate to distant organ sites, such as the spleen, liver, and testicles (33), we also analyzed the levels of T. pallidum in distant organ sites. Our results showed the capacity of T. pallidum to disseminate from primary lesion sites to distant organ sites (Figures 4B, D, E), with the liver and testicle extracts exhibiting a similar trend towards lower treponemal burden in all of the rabbits immunized with recombinant proteins. The most striking decrease was observed for the treponemal burden in the testicles of the vaccinated animals relative to the control animals (Figure 4E). Importantly, minimal treponemal DNA in spleen was detected in the Tp0663-immunized animals. Taken together, these results indicate that immunization with Tp0136 or Tp0663 inhibits T. pallidum dissemination to distant organ sites.




Figure 4 | Immunization with Tp0136 or Tp0663 inhibited T. pallidum dissemination. Spirochete numbers were evaluated in control, Tp0136-immunized, or Tp0663-immunized animals by using qPCR to measure flaA DNA concentrations in lesion biopsies. The bacterial burdens in lesion biopsies are shown (A) at the local infection site, as well as in the disseminated infection sites of the (B) liver, (C) blood, (D) spleen, and (E) testicles at day 21 post-infection. Results were normalized within each tissue type based on the concentration of rabbit genomic DNA and presented as median ± interquartile range. Significance was assessed using Students t test (ns, not significant; P > 0.05,*P < 0.05, **P < 0.01, ***P < 0.001). Points correspond to three separately extracted tissue samples from each rabbit organ (nine total points in each group) were analyzed for reproducibility.





Immunization With Tp0136 or Tp0663 Promoted Inflammatory Infiltration

Since T. pallidum is thought to be cleared by macrophages via antibody-mediated opsonophagocytosis (34–36), hematoxylin and eosin (H&E) staining of biopsy samples obtained from incipient lesion sites of all of the animals was used to analyze the cellular infiltration, which was used to associate the decrease in the pathogen burden within primary lesion sites of vaccinated rabbits to immune cells (Figures 5A–H). Tp0136- or Tp0663-immunized rabbits had increased levels of immune cell infiltrate, including lymphocytes, macrophages, and plasma cells, relative to PBS-immunized rabbits (Figures 5A–H). Furthermore, analysis of the H&E-stained biopsy samples obtained from distant testicles revealed that inflammatory infiltrations were notably reduced in vaccinated animals compared to PBS-immunized animals (Figures 5I–P).




Figure 5 | Histopathological changes of skin and testicle tissue after T. pallidum infection in rabbits. Skin and testicle tissues from normal tissue control (A, E, I, M), PBS- (B, F, J, N), Tp0136- (C, G, K, O), or Tp0663-immunized rabbits (D, H, L, P, respectively) were sectioned and stained with H&E 21 days after infection with T. pallidum. Rabbits immunized with PBS and uninfected rabbits were used as controls. Inflammatory infiltrates in the skin and testicle tissue of rabbits were localized and predominantly lymphohistiocytic (black arrow = lymphocyte; black and white arrow = macrophage; gray arrow = neutrophil).






Discussion

Although development of T. pallidum vaccines has achieved varying degrees of success (17) and long-term in vitro culture of T. pallidum has progressed greatly (37), no effective syphilis vaccine is currently available. One reason is that the molecular mechanisms underlying T. pallidum pathogenesis are poorly understood. Current research regarding the development of a syphilis vaccine focuses primarily on outer membrane proteins and adhesins. In this study, we investigated if immunization with the putative outer membrane protein Tp0663 and adhesion protein Tp0136 were able to induce a sufficiently strong and specific immune response in rabbits, thereby offering protection against T. pallidum infection. The results provide clear evidence that compared to unimmunized rabbits, rabbits immunized with Tp0136 or Tp0663 presented increased specific antibody titers, attenuated lesion development, increased cellular infiltration at the lesion sites, and inhibition of treponemal dissemination to distant organs.

During syphilis infection, primary lesions in human or in rabbits contain mostly macrophages, CD4+ T cells, CD8+ T cells, and natural killer (NK) cells (38, 39). A strong delayed-type hypersensitivity reaction, mediated by local type 1 (Th1) cytokines produced predominantly by CD4+ T cells, is critical to the efficient clearance of T. pallidum from primary lesions (40). The subsequent Th1 cytokine-mediated activation of resident macrophages promotes opsonophagocytosis of treponemes (31, 39, 41, 42), which is thought to be the major mechanism of clearance. The histological analysis of primary lesion sites in our study revealed an increase in the cellular infiltration in Tp0663-immunized and Tp0136-immunized animals at day 21 post-challenge. Moreover, our results showed that Tp0663 and Tp0136 achieved high levels of serum antibodies against each protein after immunization. These antibodies possibly facilitated the retention of T. pallidum at the primary lesion sites by two potential mechanisms. One mechanism could be that the antibodies inhibited treponemal dissemination via blocking Tp0136-mediated invasion, which would be consistent with a previous study that showed Tp0136-specific serum inhibited the attachment of T. pallidum to both plasma and cellular Fn (13). The other mechanism could be that the antibodies opsonized T. pallidum, which promoted its clearance through opsonophagocytosis since Tp0663 and Tp0136 are both surface-exposed outer membrane proteins (10, 14). It is likely that both of these mechanisms may contribute to the function of Tp0663 and Tp0136 in protecting against T. pallidum dissemination. However, the specific mechanism remains to be further studied. Furthermore, the Tp0663-immunized or Tp0136-immunized animals showed a higher level of Th1 cytokine IFN-γ when compared to control animals, which was in accordance with the fact that the IFN-γ-dominated Th1 response facilitates the elimination of T. pallidum in the early infection stage (31).

Tp0136 was previously hypothesized to be a syphilis vaccine candidate (10). Since Tp0136 reacts strongly with serum antibodies from T. pallidum-infected rabbits and syphilis patients and can bind to host Fn and laminin (13), we preceded with rabbit vaccination experiments. Our findings were in agreement with the previous phenomenon that a significant delay in ulceration was observed in Tp0136-immunized rabbits (10). In addition, we further found that the recombinant Tp0136 protein was able to protect against T. pallidum dissemination from the primary site of infection to distant organs, indicating that Tp0136 may be a promising syphilis vaccine candidate. Owing to the fact that Tp0136 gene is extremely variable, it is possible that further work with the regions that are completely conserved among strains may generate better immune protection. Moreover, it is a good strategy to formulate a multi-component vaccine consisting of Tp0136 and other protective antigens. Although the surface-exposed outer membrane proteins are thought to be the most promising syphilis vaccine candidates at present, the identification of outer membrane proteins are elusive (22, 43). Brinkman et al. first showed that Tp0136 was surface localized (10), but then Cox et al. found that Tp0136 was periplasmic (44). Thus, it is necessary to determine the position of Tp0136 in T. pallidum, which may contribute to clarifying the protective mechanism of the recombinant Tp0136 protein against T. pallidum.

Although Tp0663 has not been well studied, some researchers have suggested that it has surface-exposed epitopes and could be reactive with sera from syphilis patients and New Zealand rabbits infected with the T. pallidum (14–16), suggesting that Tp0663 is readily expressed by T. pallidum. Although several individual antigens have previously been selected for immunization and tested for their protective capacity in rabbit models, only a few outer membrane proteins were proven to prevent chancre development. In this study, rabbits immunized with Tp0663 showed significantly delayed chancre development. In addition, unlike other outer membrane proteins, the chancre presented in Tp0663-immunized rabbits healed quickly, even compared to Tp0136-immunized rabbits and unimmunized rabbits. Similarly, qPCR and dark-field microscopy analysis suggested that the treponemal burden at the primary lesion sites of Tp0663-immunized rabbits were far less than that found in the primary lesion sites of Tp0136-immunized and unimmunized rabbits. This is probably because the anti-Tp0663 antibodies may have aided the macrophages in removing the majority of T. pallidum. However, the concrete mechanism needs further study.

Although this study exhibited promising results regarding the efficacy of Tp0136 and Tp0663 as syphilis vaccine candidates, it should not be ignored that the statistical power was limited because of the very small sample size of 3 rabbits per group as well as the fact that the rabbits were outbred. However, this pilot study can provide parameters for future investigations. Another limitation of this study was the use of an extremely high challenge dose. Challenge with a lower dose would likely have revealed more significant differences in lesion development. In addition, non-living vaccine antigens, such as single recombinant antigens, are often poorly immunogenic and require an adjuvant to help stimulate protective immunity based on antibodies and effector T cell functions. Although complete Freund’s adjuvant is unacceptable for human use due to undesirable side effects attributed to its use (45), Freund’s adjuvant is effective at activating innate immunity and developing antigen-specific T and B lymphocytes (46). Moreover, complete Freund’s adjuvant is also effective in stimulating a cellular immune response and may potentiate the production of IgG and IgA (47). Complete Freund’s adjuvant was used to enhance the immune response and preliminarily assess the vaccine potential of Tp0136 and Tp0663 in this study. However, clinically used and tested adjuvants should be used in further experiments.

In summary, the results presented in our study indicate that the T. pallidum adhesion protein Tp0136 and the outer membrane protein Tp0663 are promising vaccine candidates. Immunization with these proteins significantly attenuated lesion development and reduced treponemal dissemination within the host, resulting in protection similar to that with Tp0751 (28). Preventing the dissemination of T. pallidum is a vital requirement for a syphilis vaccine, as it would prevent the development of all stages of syphilis and the transmission of congenital syphilis. These results provide novel and important information for the understanding T. pallidum pathogenesis. Furthermore, these studies also provide insights into the development of spirochetal subunit vaccines, which may offer a timely solution to confront public health-targeted syphilis elimination.
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Immunogen  Number of lesions/number of ~ Number of DF-positive lesions/total Number of Ulcerative lesions/total Lesion status

sites (%)? lesions (%)” lesions (%)°
Median Diameter
day? (mm)®
Tp0136 24/24 (100) 8/24 (33.3) 3/24 (12.5) 11(4-18)  10.17 £3.12
Tp0663 16/24 (66.7) 4/16 (25) 0/16 (0) 11.5(8-15) 75+392
Control 21/24 (87.5) 17/21 (81) 18/21 (85.7) 13(8-18) 11.67 +4.42

“The denominator indiicates the total number of challenge sites.

bThe denominator indicates the total number of lesions examined by dark-field. microscopy. DF, dark-field.
°The denominator indicates the total number of lesions in the treatment group.

9The median day of lesion development with the range in parentheses.

®The maximal lesion size of lesions (Mean + SD) in the treatment group.
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