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Patient recruitment and diagnostic workup 

This prospective study was conducted at the B. P. Koirala Institute of Health Sciences (BPKIHS), a University Hospital in the Eastern region of Nepal from October 2008 to April 2011 in the framework of the KALADRUG-R project (see www.leishrisk.net/kaladrug). All patients suspect for VL (fever ≥ two weeks duration with clinical splenomegaly), were admitted for a complete diagnostic work-up and parasitologically proven kala-azar cases over two years of age were enrolled in the study after obtaining written informed consent from the patient or from the parents or guardian in case of children.

Clinico-epidemiological information was recorded in a case record form. Investigations included complete blood count and chemistry, rapid diagnostic test for malaria (Optimal), HIV serology testing using two different rapid tests (TRI-DOT, J Mitra& Co. Pvt. Ltd., New Delhi, India and Determine TM, Abbot Japan Co., Tokyo, Japan). Diagnosis of VL was confirmed by demonstrating Leishman-donovan (LD) bodies in a Giemsa-stained bone marrow aspirate or spleen aspirate, if former was negative.  

Clinical samples and parasite isolates

For each patient, one ml of tissue aspirates was directly inoculated into Tobie’s blood agar medium and incubated at±26oC for the cultivation of parasites [1] ; isolates obtained at the onset of treatment and at the event of relapse were respectively labelled BPKXXX/0 and BPKXXX/n , n standing for the number of months when relapse occurred. The overall parasite isolation rate was found to be 62% while the parasite isolation rate in MIL treatment failure samples was 55%. The remaining tissue samples were mixed with Na2EDTA (240µg/ml of tissue aspirate; Sigma) and stored at -70oC for DNA extraction. Leishmania donovani identity was confirmed by PCR-RFLP analysis of cysteine proteinase b genes[2]. 
Treatment and follow up 

VL patients were treated with MIL as per the National guidelines: ≥12 years weighing > 25 kg: 100 mg daily; weighing < 25 kg: 50 mg daily. Children (2-11 years): 2·5 mg/kg daily for 28 days[3]. The MIL capsules were directly obtained from their manufacturer Paladin Labs Inc. (Montreal, Canada), within the context of the national kala-azar elimination programme. Exclusion criteria included pregnancy or breast feeding, as well as women of child-bearing age who refuse or are unable to maintain contraception for a period of two months after completion of treatment.  Also SGPT/SGOT > 3 times, serum bilirubin > 2 times and serum creatinine> 1·5 times the upper limit of normal values, and cases with severe anemia or known kidney or liver disease were excluded. The patients that did not match the inclusion criteria were treated with amphotericin B (1 mg/kg/day for 14 days).All cases were hospitalised during the initial few days of therapy and received counselling regarding possible side effects and the strict need for completion of therapy. At discharge the patients were provided with drug supply till the next follow-up visit and a treatment card indicating the date for follow-up.  Follow-up was conducted at 15 and 28 day of therapy and travel cost for patient and one guardian was reimbursed.  During the follow-up visits clinical and laboratory assessments were conducted to determine any side effects, and at the 28 day visit initial outcome was assessed clinically and smear examination for LD bodies (bone marrow aspirate).  The cases were then followed up at three, six, and twelve months after completion of therapy to screen for clinical signs of relapse, which, if found, were subjected to repeat smear examination to confirm treatment failure. Cases which did not come for follow-up at the scheduled dates at BPKIHS were actively traced in their homes. Patients who failed treatment were retreated with the second-line therapy, i.e. amphotericin B. In our study, there were five kala-azar patients who defaulted during therapy were actively traced at their home and re-started on treatment with MIL. There was no added risk of relapse was found in this group.
Test for re-infection:

Paired bone marrow samples include samples collected before starting treatment and during the follow up when they presented with relapse. Of the 24 relapse cases, we could collect paired bone marrow samples in 11 patients only and eight paired samples generated interpretable results during the fingerprinting analysis to distinguish true relapse from re-infection. For experimental control duplicate DNA samples from isolates BPK543/0 were included. DNA from the bone marrow samples was extracted by QIAamp DNA minikit (Qiagen, Hilden, Germany) as per the manufacturers’ instruction and DNA fingerprinting was performed by applying kDNA mini-circle PCR-RFLP according to the method described elsewhere.4 The obtained fingerprint patterns were analyzed using BIONUMERICS software version 5.10 (Applied Maths, Ghent, Belgium) as described elsewhere[4]; a dendrogram was constructed using the un-weighted pair group method with arithmetic mean to visualize the molecular similarity between the genotypes.

Test for parasite susceptibility: 

The susceptibility of 45 confirmed L. donovani isolates (Table1) was assessed using a promastigote susceptibility test that has been validated [5]. This test was performed at two different locations: ITM and BPKIHS (Table 1). Briefly, promastigotes were exposed to MIL in the logarithmic phase of their growth in modified Eagle’s medium or HOMEM [6] supplemented with 20 % (v/v) foetal calf serum, and this within 12 passages after isolation from the patient.Each test well of a sterile 96 well plate, containing 105 parasites in 100µL, was topped with 100 µl drug solution which was prepared in 10 (ITM) or 6 (BPKIHS) concentrations ranging from 0.64 µM to 40 µM MIL (Batch 1149149 of the preservative-free crystalline form of MILwas kindly provided by Paladin Labs Inc.). One untreated control and 1 blank per strain was plated out in duplicate along the treated wells. Plates were sealed and incubated at 26°C.The promastigote growth inhibition was analyzed either by fluorescence method (ITM) or microscopic assessment (BPKIHS).

At ITM, plates were incubated at 26°C for 72 hours after which resazurin (20 µl of a 0·125 mg/ml stock)was added to each well. 

Another 24 hoursof incubation at 26°C later, growth inhibition was assessed by measuring fluorescence using the Victor X3 Multilabel Reader (PerkinElmer) by excitation at a wavelength of 560 nm and emission at 590 nm (ITM).At BPKIHS, trypan blue was added to each well after 96 hours of incubation at 26°C(±0·2%) so that the viable promastigotes could becounted by microscopy.

Blank-subtracted results were exported to GraphPad Prism 5 (GraphPad Software) to calculate the 50% inhibitory concentration (IC50) using a sigmoidal dose-response model with variable slope, to visualize results and to statistically analyze the data with a Mann-Whitney U-test. 
Test for compliance of treatment: 

Compliance to the oral MIL treatment was assessed at every follow-up visit during treatment using different approaches, including timely visits to hospital during follow-up , auto-reporting of missed capsules and adverse events, and capsule count (patients had to bring back the empty blisters). Post-treatment samples were collected at the end-of-treatment visit and sent to the Slotervaart Hospital, Amsterdam, The Netherlands, for analysis of the blood MIL concentration. Correct storage and transport conditions were assured (temperature of maximum -20ºC) until the time of analysis. Analysis was performed using liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS), based on the method described previously by Dorloet al.2008[7 ]. In short, samples were diluted in blank human plasma (dilution factor 50x), to account for any unwanted matrix changes, and a total volume of 250 μL of sample was prepared to be used for further sample processing and analysis.Solid-phase extraction (SPE) was employed for sample preparation, directly followed by injection onto the analytical column. The LC system was coupled to a triple quadrupole mass spectrometer (API3000, Applied BiosystemsSciex). Accuracy and precision were within 15% deviation. The area ratio of analyte/internal standard was used for quantitation of the samples.

To ascertain the quality of the MIL capsules supplied to the patients we assessed quality at the end of the project employing the same LC-MS/MS methodology stated above, comparing dilutions of dissolved capsule contents (n=3) with an equivalent dilution of a standard solution (in triplicate). 
Data analysis

Clinical data from the Case Report Form was entered in a pre-designed Microsoft Access database by a data entry clerk. The clinical coordinator cross-checked for data entry errors by performing cross-tabulation of data and verifying manually against the source documents. For the analysis of treatment outcome with MIL, only those with complete treatment (28 days) and complete 12 month follow-up were included. Kala-azar patients who defaulted during therapy were actively traced at home and restarted on treatment with MIL. In such cases only the second treatment episode is included in the analysis. 
Frequencies and cross-tabulations were used to describe the proportions of treatment outcome. Mean values were used for continuous variables such as age, haemoglobin, spleen size.

Univariate analysis was also performed for all potential risk factors for treatment failure/relapse by computing the odds ratio (OR) and 95 % CI. MIL end-of-treatment concentrations were compared between groups using the Mann-Whitney U-test. Data were analysed with the EPI info software package version 7.0 (Centre for Disease Control and Prevention, Atlanta, Georgia US), STATA software package (StataCorp LP, College Station, TX, USA) and the R statistical software package (version 2.14.0; http://www.r-project.org/).
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Table 1. List of isolates and their in vitro promastigote MIL susceptibility.

	Strain
(WHO code)
	MIL treatment outcome of patient
	IC50 to MIL
	Time of parasite isolation

relative to MIL-treatment

	MHOM/NP/04/NEP021/6*
	relapse
	4·82
	5 months post-treatment

	MHOM/NP/04/NEP052/3*
	relapse
	12·34
	2 months post-treatment

	MHOM/NP/04/NEP098/6*
	relapse
	5·08
	5 months post-treatment

	MHOM/NP/04/NEP107/6*
	relapse
	14·5
	5 months post-treatment

	MHOM/NP/04/NEP123/6*
	relapse
	4·71
	5 months post-treatment

	MHOM/NP/09/BPK406/6
	relapse
	2·94
	5 months post-treatment

	MHOM/NP/09/BPK411/0+
	relapse
	1·8
	12 months post-treatment

	MHOM/NP/09/BPK413/0+
	relapse
	1·16
	9 months post-treatment

	MHOM/NP/09/BPK433/0
	relapse
	1·94
	pre-treatment

	MHOM/NP/11/BPK450/18
	relapse
	4·681
	17 months post-treatment

	MHOM/NP/09/BPK455/0 (couple 1)
	relapse
	3·44
	pre-treatment

	MHOM/NP/10/BPK455/5 (couple 1)
	relapse
	4·13
	4 months post-treatment

	MHOM/NP/10/BPK471/10
	relapse
	2·6
	9 months post-treatment

	MHOM/NP/10/BPK475/9
	relapse
	2·07
	8 months post-treatment

	MHOM/NP/10/BPK486/6
	relapse
	2·4
	5 months post-treatment

	MHOM/NP/09/BPK491/0
	definite cure
	2·9
	pre-treatment

	MHOM/NP/09/BPK495/0
	relapse
	2·15
	pre-treatment

	MHOM/NP/09/BPK496/0
	definite cure
	2
	pre-treatment

	MHOM/NP/09/BPK497/0
	definite cure
	5·32
	pre-treatment

	MHOM/NP/09/BPK499/0
	definite cure
	1·07
	pre-treatment

	MHOM/NP/09/BPK500/0
	definite cure
	2·51
	pre-treatment

	MHOM/NP/09/BPK501/0
	definite cure
	14·87
	pre-treatment

	MHOM/NP/10/BPK506/0
	relapse
	0·99
	pre-treatment

	MHOM/NP/10/BPK507/0
	definite cure
	6·51
	pre-treatment

	MHOM/NP/10/BPK512/0+
	relapse
	1·2
	2 months post-treatment

	MHOM/NP/10/BPK513/0+
	relapse
	1·32
	2 months post-treatment

	MHOM/NP/10/BPK514/0
	relapse
	11·38
	pre-treatment

	MHOM/NP/10/BPK518/0
	definite cure
	3·42
	pre-treatment

	MHOM/NP/10/BPK519/0(couple 2)
	relapse
	3·27
	pre-treatment (couple 2)

	MHOM/NP/11/BPK519/12(couple 2)
	relapse
	3·663
	11 months post treatment (couple 2)

	MHOM/NP/10/BPK520/0
	definite cure
	2·57
	pre-treatment

	MHOM/NP/10/BPK523/0
	definite cure
	1·88
	pre-treatment

	MHOM/NP/10/BPK524/0
	relapse
	1·55
	pre-treatment

	MHOM/NP/10/BPK526/0
	relapse
	2·47
	pre-treatment

	MHOM/NP/10/BPK530/0
	relapse
	2·59
	pre-treatment

	MHOM/NP/10/BPK562/0
	relapse
	1·72
	pre-treatment

	MHOM/NP/11/BPK592/8
	relapse
	16·06
	7 months post treatment

	MHOM/NP/11/BPK594/0
	definite cure
	5·039
	pre-treatment

	MHOM/NP/11/BPK602/0
	definite cure
	3·505
	pre-treatment

	MHOM/NP/11/BPK605/0
	definite cure
	2·166
	pre-treatment

	MHOM/NP/11/BPK608/6
	relapse
	6·326
	5 months post treatment

	MHOM/NP/11/BPK609/0
	definite cure
	5·139
	pre-treatment

	MHOM/NP/11/BPK612/0
	definite cure
	5·399
	pre-treatment

	MHOM/NP/11/BPK615/0
	definite cure
	4·634
	pre-treatment

	MHOM/NP/11/BPK616/0
	definite cure
	4·644
	pre-treatment


ITM and BPKIHS indicate that the susceptibility test was performed at the Institute of Tropical Medicine in Antwerp, Belgium or the B.P. Koirala Institute of Health Sciences in Dharan, Nepal, respectively. * isolates obtained before the Kaladrug-R project, + patients received MIL treatment elsewhere (retrospective relapses); BPKxxx/n: n stands for the time when isolation was performed (months since the onset of treatment); pre- and post-treatment isolates from the same patient are referred to as couples.
