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                Human leishmaniasis is distributed worldwide, mainly in the tropics and subtropics, with a prevalence of 12 million cases including an approximate 0.5 million cases of VL and 1.5 million cases of cutaneous leishmaniasis (CL). CL is a complex disease with a wide spectrum of clinical manifestations varying from a spontaneous healing lesion to chronic and mutilating cutaneous and rarely achronic diffuse cutaneous disease. In India, CL is reported in some pockets of Rajasthan like Bikaner, Ajmer and Hanumangarh district, Himachal Pradesh, Kesargod district in South India, Kerela and Assam. Our study leads to identification and characterization of Leishmania isolates in CL patients in the endemic region in Rajasthan and understanding the critical immuno-modulators involved in regulating immunity to CL, that influence the clinical outcome of the disease. 
          Identification of new foci of cutaneous leishmaniasis (CL), along with reports of Leishmania donovani causing the disease, is an issue of concern. Clinico-epidemiologic analysis of 98 cases in the endemic regions of Rajasthan state, India, suggested the preponderance of infection in men (62.24%) compared with women (37.75%). Species characterization by internal transcribed spacer 1 (ITS1) polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP), kDNA-PCR, and immunofluorescence assay established L. tropica as the causative organism. When applied directly to 32 clinical samples, kDNA PCR had a sensitivity of 96.6%, whereas ITS1 PCR had a sensitivity of 82.75%, thus facilitating diagnosis and species identification. Either parasite culture or direct microscopy alone detected 48.2% and 65.5% of the positive samples, respectively, whereas culture and microscopy together improved overall sensitivity to 89.3% (25/28). Except for the kDNA PCR, all other assays were 100% specific. 
             Further, real-time PCR was carried out to assess parasitemia in dermal lesions of CL patients at pre-treatment and post-treatment stage. The standard curve designed for quantification of parasites showed linearity over 6-log range from 0.1 to 105 parasites per reaction, with a correlation coefficient of 0.991. The assay was able to detect 1 fg of  DNA, corresponding to 0.01 parasite and was 100% specific.  Leishmania parasite was detected in all 26 patients with a mean value of 1,18,357 parasite/g of dermal tissue and in none of the healthy controls (n=4). Parasite load was comparatively higher in early lesions with a mean value of 3,06,000 parasite/g of dermal tissue and lower in late lesions with a mean value of 1081 parasite/g of dermal tissue. Comparative analysis of parasite burden was also investigated in various clinical forms of CL ; ulcerated plaque and granulomatous nodule showed higher parasite burden with 4,20,200 parasite/g of dermal tissue and 1,82,540 parasite/g of dermal tissue respectively, compared to erythematous ulcerated (1780 parasite/g of tissue), erythematous nodule (1260 parasite/g of tissue), erythematous plaque (8066 parasite/g tissue). Following treatment, no parasite was detected in 9 of the 10 patients, while one patient showed parasite burden of 100 parasite/g of dermal tissue. The assay is applicable for the diagnosis of CL and provides an important molecular tool to monitor the efficacy of antileishmanial therapy.

           Apart from detection and treatment of CL, it is very important to study the immune parameters of the host as it is demonstrated from studies on mouse model that immune modulators play a major role in the disease pathogenesis. Cellular and humoral immune responses in patients with CL were investigated at both pre-treatment and post-treatment stages. Analysis of IgG was determined by ELISA in sera of CL samples at pretreatment stage, post-treatment stage and in controls. Level of IgG was significantly higher in CL samples at pretreatment satge (n=36) compared to post-treatment stage (n=16) or control (n=12) (P<0.05). Flowcytometric analysis showed that the percentage of CD3+, CD4+, CD8+ and CD45RA+ was down regulated significantly (P<0.03) in CL samples at pre-treatment stage (n=13) compared to controls (n=5), possibly due to sequestration of these cells in the lesions. Significant increment in the percentage of CD4+ cells was detected after treatment (p<0.05) compared to before treatment, while CD3+, CD8+, and CD45RA+ remained unaltered at post-treatment stage (n=10). Cellular immunity against CL is mediated predominantly through the CD4+ T cells in individuals with CL which are increased after treatment. Circulating levels of IL-1(, IL-6, IL-8, IL-10, TNF, and IL-12p70 were determined by Cytokine bead array, where IL-8 was found to be high in CL. IL-8 and monocyte chemoattractant protein (MCP)-1 are chemokines which recruit neutrophils and macrophage at the site of infection respectively. MCP-1 induces parasite killing via generaion of nitric oxide (NO). Investigation of circulating levels of IL-8, MCP-1 and NO, determined by ELISA, revealed increased level of all 3 in sera of CL patients at pre-treatment stage (n=20). At post-treatment stage (n=9), serum IL-8 levels declined; however, MCP-1 and NO remained unaltered. Intralesional expression of IL-8, MCP-1 and inducible nitric oxide (iNOS) was analyzed in CL patients by RT-PCR at pre-treatment stage (n=9) and compared with post-treatment stage (n=9) and healthy controls (n=6). Similar to circulating levels, increased transcripts of IL-8, MCP-1 (P<0.001) and iNOS (P<0.05) were evident before treatment in tissue lesions. IL-8 was down regulated after treatment (P<0.05), while MCP-1 and iNOS remained high after treatment. 
                         Further, the gene expression of pro-inflammatory cytokines was analyzed directly in skin lesions of CL patients at pretreatment (n=31) and post-treatment (n=14) stages, using semi-quantitative reverse transcriptase polymerase chain reaction (RT-PCR).  Interferon (IFN)-γ, Interleukin (IL)-1β, IL-8, Tumor necrosis factor (TNF)-α, IL-10, and IL-4 were significantly elevated (P<0.001) in CL patients at pretreatment stage compared to healthy controls, maximal increase being in the level of IL-1β.  Increased expression level of IL-4 was noticed in early lesions and in various polymorphic forms including erythematous plaques, ulcerated plaques and granulomatous plaques. At post-treatment stage, all of the 6 cytokines were down regulated significantly (P<0.05) in comparison with the pre-treatment stage.  Comparative assessment of treatment regimes with rifampicin or sodium stibogluconate (SSG) revealed all cytokines to be significantly reduced after treatment with rifampicin (P>0.05) but no significant decrement was noticed in the levels of IFN-γ, TNF-α and IL-10 (P>0.05) on treatment with SSG. 
             In the current study, we established that L. tropica is the causative agent of CL in endemic region using molecular and immunological tools. Quantitative parasite burden was determined in dermal lesions of CL patients by SYBR Green I based real-time PCR which was useful in detection of parasite and to monitor the efficacy of antileishmanial drug. This is the first comprehensive study to describe localized and circulating cytokine abundance in patients with CL caused by L.tropica. Cytokine expression was estimated before and after treatment for the characterization of immune profile in CL. By virtue of the inhibitory effects on macrophage function, the expression of IL-4 may play a role in disease progression in early lesions of CL. IL-8, MCP-1 and NO emerged as effector immunodeterminants in the pathogenesis for CL. IL-8 may facilitate influx of PMNs cells at inflammatory site serving as parasite “shelter”, while MCP-1 stimulates the parasite killing by macrophage via generation of NO. 
Future scope of the study

           A small subset of immune-regulatory genes was analyzed in present study, and led to identification of the immune-determinants that may play an important role in disease pathogenesis of CL. Therefore, further study need to be carried out to capture the global picture of cytokine gene expression in CL patients using microarray which includes various cytokine/chemokines and its receptor genes, apoptotic genes etc. Differentially expressed genes obtained from the microarray technology will indicate defects in different pathways such as signaling pathways, apoptotic pathways etc. which will be evaluated, followed by investigation of key molecules at protein level.  

