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Quantitative PCR assay for assessment of parasite burden

Development of Quantitative PCR assay for assessment of parasite burden in clinical samples of CL patients
Introduction

              CL is a complex disease with a wide spectrum of clinical manifestations varying from spontaneous healing lesions to chronic and mutilating cutaneous and rarely achronic diffuse cutaneous disease [Dogra et al., 1990 ]. It remains a major public health problem in many parts of the world, especially in tropical and sub-tropical countries. The recent increase in population movement to and from areas of endemicity through tourism, as well as migration due to wars and socio-economic factors, has resulted in higher numbers of imported CL cases [Gramiccia & Gradoni, 2005;  Schwenkenbecher et al., 2006 ]. The rapid spreading of parasite with increasing rates of infection begs epidemiological and molecular investigations.  Further, CL exhibits symptoms that are very similar to those seen in several other diseases, and thus laboratory confirmation is mandatory when the diagnosis is suspected. Serological tests show a high degree of cross-reactivity, cannot discriminate between past and current infections and their sensitivity is very low for CL and MCL [Salman et al., 1999; Hepburn, 2001]. The serological diagnosis furthermore yield false-negative results for about half of the patients coinfected with HIV-1 due to lack of detectable seroconversion [Murray et al., 1999; Desjeux et al., 2000; Harms & Feldmeier, 2002]. Therefore, detection of parasites is required in order to reliably confirm the diagnosis [Murray et al., 1999; Choi & Lerner, 2002]. Parasites can be detected in clinical samples by histology or immunohistochemistry and by parasite culture. In recent times, PCR has been applied successfully to detect Leishmania spp., with some PCR methods allowing differentiation between parasite strains, thus facilitating more efficient treatment [Choi & Lerner, 2002]. Several PCR protocols for combined detection and differentiation of parasites exist, including multiplex PCR [Harris et al., 1998], species-specific PCR [Salotra et al., 2001], and restriction fragment length polymorphism (RFLP) analysis [Schoenian et al., 2001; Kumar et al., 2007]. However, the multiple steps of post-PCR manipulation in these procedures require time and pose the risk of DNA contamination. A more rapid alternative is real-time quantitative PCR which quantifies DNA and has the potential to accurate parasite enumeration in biological samples [Nicolas et al., 2002; Bossolasco et al., 2003]. Real-time PCR is considered a very promising tools for detection and quantification of parasites and is already being applied to Toxoplasma gondii [Jauregui et al., 2001], Borrelia burgdorferi [Piesman et al., 2001], Plasmodium falciparum [Hermsen et al., 2001], and Neurospora caninum [Collantes-Fernandez et al., 2002]. Previously, relative quantification of L. infantum infection in liver of mice was determined by using TaqMan PCR method [Bretagne et al., 2001]. Further, a SYBR Green real-time assay was developed for quantification of Leishmania spp. in mouse tissues [Nicolas et al., 2002]. This technique may be useful for epidemiologic and diagnostic purposes, especially for the quantification of parasitemia during post-therapy follow-up.

                 Our aim in the present study was quantitative assessment of L. tropica parasites by SYBR Green I based real-time PCR in tissue biopsies of CL patients. The study was further extended to measure the parasite burden in cured patients of CL to verify the efficacy of treatment in endemic region. The assay has been evaluated focusing on analytical sensitivity, specificity and reliability of quantification. 

Materials

Reagents and Chemicals

SYBR Green I PCR Master mix was provided by Applied Biosystems, USA. Genus specific oligonucleotides were synthesized from Sigma, USA. Other reagents and chemicals were as described earlier.
Experimental methods

Patients and samples: 

                  Patients of CL were recorded in the Department of Skin, V. D. & Leprosy, S. P. Medical College, Bikaner (Rajasthan), India. The study was approved by and carried out under the guidelines of the Ethical Committee of the S. P. Medical College and A. G. of Hospitals, Bikaner, (Rajasthan). Patients were categorised as those with “early lesions” representing acute infection if they reported a history of 2 months or less of lesion appearance and as “late lesions” representing chronic infections if they reported history more than 2 months. Patients were given treatment with sodium stilbogluconate (SSG) intralesionally, 0.5ml / Cm2 of lesion, twice a week for 5-7 injections, depending on the lesion and its response to treatment. Alternatively, in cases with multiple lesions and in paediatric patients rifampicin (RFM) in dosage of 20 mg/kg of body weight was given for 3 months after all relevant investigations. Skin biopsies were taken before starting treatment (n=26) and after 2-4 weeks of last dose of treatment (n=10) in clinically cured patients. Three patients were treated with SSG, four with RFM, two with SSG followed by RFM and one with RFM followed by SSG. Four biopsy samples were collected as controls from normal skin of healthy volunteers. 
Parasite cultures. Parasites isolated from lesions of CL patients were propagated as promastigotes in M199 supplemented with 25mM HEPES (N-[2-hydroxyethyl]piperazine-N-1-[2-ethanesulfonic acid], 100 IU and 100μg/ml each of penicillin G and streptomycin sulphate, respectively from 10,000IU and 10,000μg/ml combined stock, supplemented with 20% heat- inactivated FCS (fetal calf serum) at 240C and 7.4 pH.  (pH 7.5) as described in chapter 4.

DNA isolation. Biopsy tissue was collected directly in NET buffer (150 mmol/L NaCl, 15 mmol/L, Tris-HCl, pH 8.3, 1mmol/L EDTA) for isolation of DNA. DNA was isolated from a weighed amount of tissue by overnight lysis in NET buffer containing Proteinase K (Sigma) and 1% sodium dodecyl sulphate as described in chapter 4.

Real-time PCR assay. The real-time PCR was applied for accurate quantification of the target sequence. The kinetoplast minicircle DNA, which is present at thousands of copies per parasite , has been used as target to quantify parasites in human tissue biopsies. Genus specific Primers were chosen by using Primer Express software 2.0 (Applied Biosystems, USA) and consisted of 5’-CTTTTCTGGTCCTCCGGGTAGG-3’(forward), and 5’-CCACCCGGCCCTATTTTACACCAA-3’ (reverse), these matched with the study of  quantification of L. infantum DNA in blood samples of VL by a real-time PCR assay [Mary et al., 2004]. A standard curve was constructed using DNA extracted by 10-fold serially diluted L. tropica parasite. Amplification and detection were performed using an ABI Prism 7000 sequence detection system (Applied Biosystems, USA). Standards, samples, and negative controls were analyzed in triplicate for each run.   A 10 µl of the PCR  reaction was performed, consisting of 1X SYBR Green I PCR Master mix (Applied Biosystems, USA), 10 pmol forward primer, 10 pmol reverse primer, and 1.5 µl volume of DNA from the biopsy sample. Cycling parameters were 50°C for 2 min, 95°C for 10 min, and 50 cycles at 95°C for 15 s and 60°C for 1 min. A threshold cycle value (Ct) was calculated for each sample by determining the point at which the fluorescence exceeded the threshold limit. A standard curve was obtained by plotting the Ct values against each standard of known concentration. 
Statistical analysis
  The Ct values are expressed as the mean and standard deviations (SDs). Input parasite numbers were obtained using absolute quantification method by interplotation of sample mean Ct value in the amplification standard curve of the L. tropica parasite. Reproducibility of the results was assessed through estimations of mean Ct values, SDs and intra-assay coefficient of variations. The coefficient of variations was calculated as the percentage of Ct standard deviations divided by its means. 
Results

Sensitivity and specificity of the assay: Initially, the sensitivity was determined by serially diluted known amount of parasite DNA (10 ng – 1fg). The sensitivity allowed a detection limit of 1 fg of DNA, corresponding to 0.01 parasite (data not shown).  The sensitivity of the PCR assay was further tested by using serial dilutions of parasite DNA extracted from a known number of parasites (Fig. 5.1). The detection limit was reached up to the level of 1 parasite. To determine the specificity of the assay, real-time PCR was carried out with DNA extracted from cultures of different species of Leishmania such as L. donovani AG83 (MHOM/IN/83/AG83) from India,  L. tropica WR664 (MHOM/SU/74/K27),  L. major LV39 (MRHO/SU/59/P/LV39) from the Soviet Union, and other organisms Plasmodium falciparum and Mycobacterium tuberculosis. The assay was specific for Leishmania and did not amplify DNA from Plasmodium falciparum or Mycobacterium tuberculosis (Fig. 5.2). 
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Fig. 5.1. Sensitivity of the PCR assay. DNA was extracted from 10-fold serially diluted L. tropica parasite. DNA (1μl) was amplified and analyzed on agarose gels.  Lane 1, 106  parasites; Lane 2, 105  parasites; Lane 3, 104 parasites; Lane 4, 103 parasites; Lane 5, 102 parasites; Lane 6, 10 parasites;  Lane 7, 1 parasite. 
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Fig. 5.2. Specificity of the PCR assay. Amplification of parasite DNA (10 ng) from various species and strains of Leishmania.  DNA isolated from parasite culture was subjected to PCR and analyzed. Lane M, 50-bp ladder; Lane 1, L. major LV39; Lane 2, L. major WR662; Lane 3, L. tropica K27; Lane 4, L.donovani AG83; Lane 5, L. donovani Sudan; Lane 6,  L. donovani DD8; Lane 7, Plasmodium falciparum, Lane 8, Mycobacterium tuberculosis; Lane 9, Water.
Linearity of the PCR assay. Serial dilution of L. tropica with final concentration ranging from 105 parasites to 0.1 parasite was performed, DNA extracted at each dilution  and subjected to real-time PCR to establish the standard curve for determining the absolute quantification of parasites (Fig. 5.3). The reproducibility of the assay was tested running triplicate samples with standard curve dilutions and controls on the same plate and on different days. The mean standard curve was linear over 6-log range of DNA concentrations with a correlation coefficient (r2) of 0.991. A non-template negative control (water instead of template DNA) with each PCR assay was included for stringent measures to control contamination. Table 5.1 summarizes the results obtained with amplification of DNA from serially diluted parasites.  
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Fig. 5.3. Standard curve with L. tropica obtained from SYBR green I based real-time PCR. Amplification of DNA extracted from10-fold serial dilution of the parasite. Each point was tested in triplicate. Slope, -3.23; intercept, 25.08; R2, 0.991.

Table 5.1. Mean CT values, intra-assay standard deviations (SDs) and coefficient of variations of dilution series of promastigote DNAs from L. tropica
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Analysis of parasite load at pre-treatment and post-treatment stage: 

               Leishmania DNA was detected in all the 26 patients of CL with a mean value of 1,18,357 parasite/g of dermal tissue  (range , 200 to 10,00,000). Parasites were not detected in healthy controls (n=4). At post-treatment stage, Leishmania DNA was not detected in 9 of the 10 patients (Ct value was >32), while one patient had 100 parasites/g of dermal tissue after treatment. The Ct value with mean ± standard deviation (SD) of all the CL patients was described in Table 5.2.
Parasite load in early lesion/ late lesions and in various clinical forms of CL:
        Comparative analysis of parasite load was carried out in early lesions (≤2 months, n=10) and late lesions (>2months, n=16) and in various polymorphic forms of CL; erythematous ulcerated (n=5), erythematous nodule (n=5), erythematous plaque (n=6), ulcerated plaque (n=5) and granulomatous nodule (n=5). Higher parasite load was detected in early lesions, with a mean of 3,06,000 parasite/g of dermal tissue (range, 3,000 to 1,000,000) compared to late lesions with a mean of 1081 parasite/g of dermal tissue (range, 200 to 3,000).  The parasite load in ulcerated plaque and granulomatous nodule was higher with 4,20,200 parasite/g of dermal tissue and 1,82,540 parasite/g of dermal tissue respectively, while  the parasite load was lower in erythematous ulcerated (1780 parasite/g of tissue), erythematous nodule (1260 parasite/g of tissue), erythematous plaque (8066 parasite/g tissue).
 Table 5.2. Results of real-time PCR assay for Leishmania kDNA in dermal lesions of CL patients
	Patients samples
	Type of lesions
	Duration of illness

(Months)
	CT  value

(Mean ± Standard deviation)

	1
	Erythematous plaque
	0.5
	23.1 ± 0.008

	2
	Granulomatous
	1.5
	22 ± 0.03

	3
	Ulcerated crusted plaque
	1.5
	23.2 ± 0.06

	4
	Erythematous nodule
	2
	24.3 ± 0.18

	5
	Ulcerated plaque
	2
	19 ± 0.17

	6
	Granulomatous nodule
	2
	16.4 ± 0.04

	7
	Erythematous nodule
	2
	25 ± 0.09

	8
	Erythematous plaque
	2
	22.2 ± 0.04

	9
	Ulcerated crusted plaque
	2
	15.3 ± 0.01

	10
	Ulcerated plaque
	2
	15.97 ± 0.02

	11
	Erythematous nodule
	3
	24.9 ± 0.05

	12
	Ulcerated crusted plaque
	3
	26 ± 0.29

	13
	Erythematous ulcerated
	3
	27.3 ± 0.28

	14
	Erythematous nodule
	3
	27.4 ± 0.21

	15
	Erythematous plaque
	4
	27.4 ± 0.11

	16
	Erythematous ulcerated
	4
	24.6 ± 0.16

	17
	Granulomatous
	5
	25.7 ± 0.2

	18
	Granulomatous nodule
	5
	27.8 ± 0.19

	19
	Granulomatous
	6
	27.2 ± 0.1

	20
	Erythematous ulcerated
	6
	24.1 ± 0.02

	21
	Erythematous ulcerated
	6
	24 ± 0.05

	22
	Erythematous plaque
	6
	26.9 ± 0.24

	23
	Erythematous ulcerated
	7
	26.9 ± 0.14

	24
	Erythematous plaque
	7
	26.2 ± 0.12

	25
	Erythematous nodule
	9
	26.4 ± 0.13

	26
	Erythematous plaque
	12
	27.4 ± 0.33


Discussion

                Our study established L. tropica as the species that cause CL in Bikaner, Rajasthan, which is the major focus of CL in India [Chapter 4, Kumar et al., 2007]. Sporadic cases of CL are also reported in other parts of India such as Himachal Pradesh, where both L. tropica and L. donovani were found as the causative agents in the four cases examined [Sharma et al., 2005]. In the present study, we have successfully adapted a SYBR green I based real-time PCR assay to measure the parasite load in tissue lesions of CL patients caused by L. tropica and also assessed the changes in parasite load following treatment. The present assay showed intra-assay coefficient of variation either lower than or comparable to Leishmania PCR assays reported earlier (Nicolas et al., 2002; Meide et al., 2008) and high reproducibility was maintained. The diagnosis of leishmaniasis relies on demonstration of parasite in the smears or skin biopsy specimens by direct microscopy, however, this tests lacks sensitivity and specificity. PCR tests to diagnose Leishmania infection have been shown to offer enhanced sensitivity over more traditional diagnostic methods, but are unable to quantify the parasite load [Aviles et al.,1999;  de Oliveira et al., 2003]. Real-time PCR is a relatively new advancement in the diagnostic arena and employs fluorescent labels to enable the continuous monitoring of amplicon formation throughout the reaction and also enable for quantification of the parasite. The major advantages of real-time PCR are that it is extremely rapid, less labor intensive (there are no gels to run and more samples can be processed at one time), there is less risk of contamination and it is highly specific. This technique has been widely reported for use in the diagnosis of a variety of diseases, including malaria and adenovirus infection [Faix et al., 2004; Perandin et al., 2004].
                 Limited studies are available for detection and quantitation of Leishmania in CL infections, with sensitivity too low for application to human disease [Nicolas et al., 2002; Meide et al., 2008]. Schulz et al., [2003] developed a quantitative assay that was able to discriminate different Leishmania species; however, accuracy was weak when parasitemia was under 100 parasites/ml. Such tests cannot be used for follow-up testing of treated patients, while the present test is able to detect 1 fg of DNA, which is corresponding to 0.01 parasite, and shows 100% specificity. No negative results were found for this CL group, thus, the assay was 100% sensitive. Our study revealed that real-time RT-PCR with SYBR green I is suitable for the quantification of parasite with high sensitivity and specificity. 

           At present, leishmaniasis is re-emerging and spreading worldwide and there are several reports of recent emergence of drug resistant and relapse cases of  lesishmaniasis [Desjeux ,2001;  Hadighi et al., 2006; Yardley et al., 2006), therefore, real-time PCR offers an opportunity to provide clinicians with point-of-care diagnosis and permit consideration of alternative treatments. Previously, similar study of real-time PCR for differential diagnosis of Leishmania spp. in tissue lesions was carried out in a collaborative study with our lab [Selvapandiyan, et al., 2008]. In the present study, Leishmania DNA was detected in all the samples of dermal tissues.              The study revealed that the parasite load was higher in early lesions (≤2 months) compare to late lesions (>2 months) suggesting that the parasites might be multiplying rapidly during the onset of infection [Bailey & Lockwood, 2007]. This observation was in keeping with the findings on slit smear examination which show larger number of LT bodies in acute infections in comparison with chronic infection. It is reported that CL caused by L. tropica is polymorphic in nature in its clinical presentation and evolution [Kochar et al., 2000]. Our study revealed that the parasite load was higher in ulcerated plaque and granulomatous nodule in comparison to eryhtematous ulcerated, erythematous nodule and erythematous plaque. These observation shows ulcerated plaque, granulomatous nodule and erythematous ulcerated are severe forms of CL which is in agreement with previous observations [Bailey & Lockwood, 2007; Kochar et al., 2000; Elamini et al., 2005]. At post-treatment stage, a clinical response was observed in all the patients, however, one out of the 10 patients had some residual infection (100 parasite/g of dermal tissue). The patient was treated with RFM followed by SSG, however, was not healed completely with RFM and was a case of recurrent infection, showing resistance to therapy. Persistence of parasites in the lesion tissues of CL after treatment is associated with a high risk of relapse or resistant, irrespective of clinical response [Bossolasco et al., 2003].     
              This study was focused on quantitative assessment of parasite burden in a large number of patients with CL caused by L. tropica in endemic regions and applicable for diagnosis, epidemiological studies, and vaccine trials. We have established real-time PCR assay for absolute quantification of Leishmania spp. parasites in tissue biopsies and it is reliable, rapid and noninvasive method for the diagnosis of leishmaniasis.  It was observed that parasite DNA remained detectable in some patients after treatment; therefore, assay is clinically useful for the patients which are under treatment for monitoring the success of antileishmanial therapy. This technique would be as a real-time “test of cure” assay to assess response to therapy. In addition, SYBR green I based real-time PCR assay is less costly as compare to Taqman based real-time PCR assay and feasible in reference labs for many remote or poorly equipped endemic areas.
