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Abstract

Background

In 2010, WHO recommended the use of new short-course treatment regimens in kala-azar

elimination efforts for the Indian subcontinent. Although phase 3 studies have shown excel-

lent results, there remains a lack of evidence on a wider treatment population and the safety

and effectiveness of these regimens under field conditions.

Methods

This was an open label, prospective, non-randomized, non-comparative, multi-centric trial

conducted within public health facilities in two highly endemic districts and a specialist refer-

ral centre in Bihar, India. Three treatment regimens were tested: single dose AmBisome

(SDA), concomitant miltefosine and paromomycin (Milt+PM), and concomitant AmBisome

and miltefosine (AmB+Milt). Patients with complicated disease or significant co-morbidities

were treated in the SDA arm. Sample sizes were set at a minimum of 300 per arm, taking

into account inter-site variation and an estimated failure risk of 5% with 5% precision. Out-

comes of drug effectiveness and safety were measured at 6 months. The trial was prospec-

tively registered with the Clinical Trials Registry India: CTRI/2012/08/002891.

Results

Out of 1,761 patients recruited, 50.6% (n = 891) received SDA, 20.3% (n = 358) AmB+Milt

and 29.1% (n = 512) Milt+PM. In the ITT analysis, the final cure rates were SDA 91.4%

(95% CI 89.3–93.1), AmB+Milt 88.8% (95% CI 85.1–91.9) and Milt+PM 96.9% (95% CI
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95.0–98.2). In the complete case analysis, cure rates were SDA 95.5% (95% CI 93.9–96.8),

AmB+Milt 95.5% (95% CI 92.7–97.5) and Milt+PM 99.6% (95% CI 98.6–99.9). All three regi-

mens were safe, with 5 severe adverse events in the SDA arm, two of which were consid-

ered to be drug related.

Conclusion

All regimens showed acceptable outcomes and safety profiles in a range of patients under

field conditions. Phase IV field-based studies, although extremely rare for neglected tropical

diseases, are good practice and an important step in validating the results of more restrictive

hospital-based studies before widespread implementation, and in this case contributed to

national level policy change in India.

Trial registration

Clinical trial is registered at Clinical trial registry of India (CTRI/2012/08/002891, Registered

on 16/08/2012, Trial Registered Prospectively).

Author summary

Treatment is one of key strategies for visceral leishmaniasis control and elimination. His-

torically a number of monotherapy drugs for VL treatment were used in India including

pentavalent antimonials, amphotericin B deoxycholate (AmB), and miltefosine (MF).

With the limited number of drugs available there was a need to preserve existing drugs

and to develop shorter and safer treatment regimens. Three short-course combination

regimen including AmBisome, miltefosine and paromomycin have been evaluated in a

phase III clinical trial conducted in India (2008–2010). All showed an excellent safety pro-

file and an efficacy of at least 97% in controlled conditions. In 2010, WHO recommended

the use of new short-course treatment regimens in kala-azar elimination efforts for the

Indian subcontinent. Although phase 3 studies have shown excellent results, there

remains a lack of evidence on a wider treatment population and the safety and effective-

ness of these regimens under field conditions within national program settings. This

study was implemented in field conditions with treatment provided by government doc-

tors, providing further evidence for scaling up new regimens in national program contexts

within the public health sector and contributing to national policy change in India.

Introduction

Visceral leishmaniasis (VL, also known as kala-azar) is an ultimately fatal disease with 10,311

reported cases in the Indian subcontinent in 2014 [1], although under-reporting means that

the real number is likely to be higher [2]. The number of reported cases in India has progres-

sively declined in recent years from 33,187 in 2011 to 6245 in 2016, an approximate annual

reduction of 30–35% [3]; this may be due to a number of factors, including the VL elimination

initiative in South-East Asia, the natural incidence cycles of the disease, and improvements in

social conditions.

Early and effective treatment is one of the pillars of the VL elimination strategy. Histori-

cally, a number of drugs have been used in India in monotherapy, including pentavalent
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antimonials, amphotericin B deoxycholate, miltefosine, paromomycin, and liposomal or lipid

formulations of amphotericin B [4,5]. Pentavalent antimonials, the only available treatment

for VL for decades, are no longer recommended in the most endemic state of Bihar due to

development of resistance, with treatment failure reaching more than 60% in some villages [6].

Miltefosine was introduced into the national program as an orally administered 28-day

monotherapy in 2005, with very satisfactory cure rates. However, its efficacy decreased from

96% to 90% within a decade of use in India [7,8], with higher reported failure rates in children,

likely to be related to the inappropriate linear dosage which was used [9].

In Nepal, a 10% failure rate for miltefosine at 6 months doubled to 20% at 12 months fol-

low-up. With limited drugs available, there was a need to preserve the existing drugs and to

develop shorter and safer treatment regimens [10]. Amphotericin B deoxycholate is a highly

efficacious drug with a cure rate of 97%, but requires in-patient treatment for up to a month,

which, coupled with infusion and drug-related adverse effects, has limited its utility [11].

AmBisome (Gilead Pharmaceuticals, Foster City, CA, USA) is a brand name for liposomal

amphotericin B (AmB). It has been studied extensively at a range of doses and shows excellent

safety and efficacy. In a study carried out by Sundar et al., a single 10 mg/kg dose of AmB had

95.7% efficacy and was safer than conventional amphotericin B deoxycholate [11].

An earlier phase III non-inferiority clinical trial in India comparing conventional ampho-

tericin B deoxycholate with three different low-dose combinations (AmBisome 5 mg/kg plus 7

days of miltefosine; AmBisome 5 mg/kg plus 10 days of paromomycin; miltefosine plus paro-

momycin both for 10 days) found all three to be non-inferior with final cure rates of�97% at

6 months [12]. In 2010, the WHO recommended these combination regimens along with a

single dose of 10mg/kg AmBisome (known as Single Dose AmBisome/SDA) as first line treat-

ments in South Asia [13] based on economic, safety, and efficacy considerations [14–16].

However, these hospital-based studies were restricted in sample size, conducted under very

controlled conditions, and mostly excluded unwell or patients from more vulnerable groups

(e.g. pregnant women or the very young/old). As such, the Drugs for Neglected Diseases initia-
tive (DNDi), in collaboration with Rajendra Memorial Research Institute of Medical Science

(RMRIMS), State Health Society Bihar, and Médecins Sans Frontières (MSF), conducted this

field effectiveness study to better determine the safety and feasibility of these treatment regi-

mens under field conditions within public healthcare facilities in Bihar, India.

Methods

Ethics statement

The protocol was approved by the Institutional Ethics Committee of RMRI Patna, Ethics

Review Board of Mèdecins Sans Frontières, London School of Hygiene & Tropical Medicine

(Ref 6046), Indian Council of Medical Research, Drug Controller General of India and

National Vector Borne Disease Control Programme. Written informed consent was obtained

by a treating physician. For children, consent of parents or of a legal representative was

obtained.

Trial design

This study was an open label, prospective, non-randomized, non-comparative multicenter

phase IV clinical trial conducted through government hospitals and primary health clinics

(PHCs) in Bihar state, India. The study was conducted from August 2012 to September 2015

in two districts (Vaishali and Saran) and at the Rajendra Memorial Research Institute of Medi-

cal Sciences (RMRIMS), a government research institute specializing in VL located in Patna.
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Inclusion and exclusion criteria

All patients meeting a case definition of VL defined as fever for more than 2 weeks, splenomeg-

aly, and confirmed with a positive rK-39 rapid diagnostic test (InBios, USA) were included in

the study. Relapse cases with a confirmatory parasitological diagnosis were also eligible.

Patients with concurrent PKDL, HIV and those reporting a history of hypersensitivity to the

investigational drugs were excluded.

Upon confirmation of VL, written informed consent was obtained by a treating physician.

For children, consent of parents or of a legal representative was obtained. Prior to treatment,

blood was taken for haemoglobin, alanine aminotransferase (ALT), aspartate aminostransfer-

ase (AST), and serum creatinine. Other tests were performed when medically indicated. For

women aged 12–55 years, a urinary pregnancy test was also conducted, with all pregnant

women being referred for SDA treatment. Due to the teratogenicity of miltefosine, women

with child-bearing potential unwilling to use long-acting injectable contraception during and

for three months after treatment were also referred for SDA treatment.

Height and weight were measured for all patients at admission. Anthropometric indicators

appropriate for patient age were calculated using the latest World Health Organization

(WHO) Multicentre Growth Reference [17]. Severe wasting was defined based on WHO crite-

ria (weight for height Z-score<-3 for children <5 years; BMI-for-age Z-score<-3 for those

5–19 years; and BMI<16.0 for adults). Severe anaemia was defined as haemoglobin <7 g/dL

for children <5 years; <8 g/dL for 5 years and older; moderate anaemia defined as<11 g/dL

but above the cut-off for severe anaemia [18].

Patients with haemoglobin <4 g/dl, serious concomitant infection (e.g. severe pneumonia),

complicated severe malnutrition, TB/VL co-infection, or children <2 years of age were

referred to the MSF VL treatment unit within Hajipur district hospital or RMRIMS for further

specialist management. These patients were treated with SDA as per physician decision and

included in the study.

Treatments

The three regimens evaluated were: a 10 mg/kg single intravenous dose of AmBisome (SDA); a

5 mg/kg single intravenous dose of AmBisome plus 7 days of linear dosage oral miltefosine

(AmB+Milt); and 11 mg/kg intramuscular base paromomycin plus linear dosage oral miltefo-

sine for 10 days (Milt+PM). Linear dosage of miltefosine was 2 doses of 50 mg (morning and

evening) for patients�12 years weighing more than 25 kg, or a single morning dose of 50 mg

for those weighing less than 25 kg. Children of 2–11 years were given miltefosine at a dose of

2.5 mg/kg/day orally divided into two daily doses.

The SDA regimen was administered in 5% dextrose over approximately 2 hours after com-

pletion of a test dose of 1 mg to check for hypersensitivity over 30 minutes; patients were dis-

charged the following day from the district hospital where clinical conditions allowed a safe

return home. The AmB+Milt regimen consisted of AmBisome 5 mg/kg, administered as above

on day 1, with oral miltefosine on days 2 to 8 to be taken at home with advice to return in case

of any adverse event. The Milt+PM regimen consisted of the oral miltefosine dose plus intra-

muscular paromomycin (11 mg/kg/day in a single daily dose) given concomitantly daily for 10

days. Patients treated at the district hospital were admitted to a VL ward for the 10 days of

treatment, whereas patients enrolled at PHC level were managed on an outpatient basis,

returning each day for the injection. Patients who failed to return for ambulatory treatment

were actively traced by telephone and, if necessary, in person to ensure maximum compliance.

Following national regulatory recommendation as part of the study approval process, children

were only treated at the district hospitals under the supervision of a paediatrician. At the specialist
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RMRI facility, all three modalities were used, based on clinician decision. Patients that relapsed

with any of the three treatment regimens were given rescue treatment as per physician decision.

Follow-Up

Patients were asked to return for two post-treatment follow-up visits. The first was scheduled

7–20 days after treatment onset to assess initial cure. A second follow-up visit was planned at 6

months (with a 5–10 month window period) after treatment onset, to assess final cure. Patients

were actively traced if they did not attend follow-up visits.

Outcomes

Treatment stopped was defined as treatment stopped early by the attending clinician for any reason.

Default was defined as failure to finish treatment against medical advice.

Relapse was defined as recurrence of clinical symptoms and visualization of parasites in

spleen or bone marrow aspirate before the 6 month follow up period.

Death was reported if it occurred from any cause up to 6-months post-treatment.

Lost to follow-up was defined as a patient who was unable to be traced at the 6 months fol-

low up window.

For effectiveness analyses, the primary outcome was final cure defined as a negative test of

cure at the end of treatment, absence of clinical signs and symptoms of VL and no relapse up

to 6 months follow-up.

Data analysis and statistical methods

Sample size. Since the objective of the study was to evaluate the effectiveness and safety of

each new treatment modality, the sample size requirement was based around the precision

with which effectiveness and safety could be estimated. Assuming a risk of failure of 5% at

6-months follow-up, a sample size of 225 patients per arm would allow for an effectiveness esti-

mation with 3% precision. Since treatment modality allocation was planned to be different

between sites, and the patient population might not be homogeneous (referral hospital vs PHC

in different districts), an adjustment was applied using a conservative design effect of 4 to

account for between-centre variability. In this case, a failure risk of 5% could be estimated at

around 5% precision with 300 patients per arm.

Statistical analysis. Two effectiveness analyses were performed. In the intention-to-treat

(ITT) analysis, all patients who received at least one drug dose were included; those with treat-

ment stopped, treatment default, or lost to follow-up at 6 months were considered as treatment

failures. In the complete case analysis, those with treatment stopped, default, or lost to follow-

up at 6 months were excluded. A single patient with post-kala-azar dermal leishmaniasis

(PKDL) treated before the 6-month follow-up was considered a treatment failure for the ITT

analysis, but was excluded from the complete case analysis. Analyses were conducted in SAS

9.3 (SAS Institute, Cary, NC, USA). Statistical differences were tested in univariate analyses

using Chi Square test, Fisher Exact test, Wilcoxon Rank Sum, or Kruskal-Wallis tests as appro-

priate. Multivariable logistic regression models were constructed, and model fit tested using

the Hosmer and Lemeshow Goodness-of-Fit Test. Inclusion of candidate variables was based

on measures of clinical history and severity that were judged to potentially influence disease

response; no automated variable selection was used for inclusion. Drug regimen variables were

maintained in the model; other variables were eliminated at p>0.05 using a stepwise back-

wards elimination procedure, in order to construct a model for treatment failure that explored

the role of potential risk factors and confounders. Confounding was ruled out for all covariates

tested (sex, liver and renal function tests, wasting, severe anemia).
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Safety. The adverse events reporting period for this trial lasted from the administration of

the first dose of study medication until the initial outcome assessment. All adverse events

(related or not related to medication) that occurred during the adverse event reporting period

specified in the protocol were evaluated by a physician and reported in the register. Each

adverse event was classified by the investigator as serious or non-serious. An adverse event was

defined as serious if it is either fatal or life-threatening, or requires or prolong hospitalization,

or resulting in persistent or significant disability or a congenital anomaly/birth defect. Serious

adverse events were recorded from screening until 6-months follow-up and classified by sever-

ity, seriousness, relationship to study drug, and resolution.

Results

A total of 1,761 patients were recruited, 534 (30.3%) children (�12 years) and 1,227 (69.7%)

adults (>12 years). Male predominance was more marked for adults than for children (769/

1227 [62.7%] vs 299/534 [56.0%]; p = 0.008). 891 (50.6%) of patients were treated with the

SDA regimen, 358 (20.3%) patients were treated with the AmB+Milt regimen and 512 (29.1%)

patients were treated with the Milt+PM regimen in the study (Table 1). Milt+PM was used

predominantly in Chapra district hospital (Saran District) and Saran PHCs; AmB+Milt in

Hajipur District Hospital (Vaishali District) and Vaishali PHCs and SDA almost exclusively in

Hajipur District Hospital (Vaishali District). Chapra district hospital treated 378 patients

(21.5%), Vaishali district hospital treated 1,052 patients (59.7%), 96 patients (5.5%) were

treated in a tertiary referral centre (RMRI), and 235 patients (13.3%) were treated at primary

health care centres in both districts (120 in Saran PHCs and 115 in Vaishali PHCs) (S1 Table).

Specific regimens were assigned by treatment site, leading to collinearity between regimen and

site. (Table 1 and S1 Table).

Although not significantly consistent, patients treated with SDA and Milt+PM (a majority

of whom were treated at district hospitals) were younger, more likely to be female, and to pres-

ent with severe wasting than those treated with AmB+Milt. The minority of patients treated at

the RMRIMS had a significantly longer reported duration of illness (median of 8 weeks as

compared to 4 weeks in other sites).

Severe anaemia was more common in the SDA treatment arm. ALT levels were higher in

the AmB+Milt arm, whereas AST levels were higher in the SDA and AmB+Milt arms than in

the Milt+PM arm (Table 1).

Overall, 1,684 patients (95.6%) completed the 6-month follow-up visit. Thirteen (0.7%)

patients did not complete treatment or had their treatment stopped by a study physician, and

64 patients (3.6%) were lost to follow-up at 6 months. Baseline characteristics of patients lost

to follow-up at 6 months (n = 64) differed from those who returned (n = 1697) for their fol-

low-up visits (S2 Table).

6-month effectiveness analysis

In the ITT analysis, the final cure rate for SDA was 91.4% (95% CI 89.3–93.1), AmB+Milt

88.8% (95% CI 85.1–91.9), and Milt+PM 96.9% (95% CI 95.0–98.2). In the complete case anal-

ysis, cure rates were SDA 95.5% (95% CI 93.9–96.8), AmB+Milt 95.5% (95% CI 92.7–97.5) and

Milt+PM 99.6% (95% CI 98.6–99.9) (Table 2).

Factors associated with relapse at 6 months

Relapse rates varied by drug regimen and were higher for children than for those older than 12

years (Tables 3 and 4). Those with illness that had lasted 8 weeks or less were also more likely

to have relapse at 6 months.
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Table 1. Baseline patient characteristics and completeness of follow-up by treatment arm.

SDA1

(N = 891)

AmB+Milt2 (N = 358) Milt+PM3 (N = 512)

Demographic characteristics

Mean age (years [SD]) 24.8 (16.9) 30.4 (17.6) 23.1 (17.8)

Age range (years) 2–80 3–75 2–70

Age� 12 years N (%) 271 (30.4) 74 (20.7) 189 (36.9)

Age > 12 years N (%) 620 (69.6) 284 (79.3) 323 (63.1)

Male N (%) 510 (57.2) 247 (69.0) 311 (60.7)

Recruitment site

Chapra District Hospital (Saran) 4 (0.5) 0 374 (73.1)

Hajipur District Hospital (Vaishali) 828 (92.9) 218 (60.9) 6 (1.2)

RMRI (Patna) 59 (6.6) 25 (7.0) 12 (2.3)

Saran district PHCs 0 0 120 (23.4)

Vaishali PHCs 0 115 (32.1) 0

Clinical characteristics

Weeks of illness

Mean [SD] 7.3 (8.4) 6.7 (6.2) 7.0 (6.0)

Median [IQR] 4 (3–8) 4(3–8) 4 (4–8)

Severe wasting N (%)4 143 (16.0) 39 (10.9) 88 (17.2)

Weight (mean [SD] in kg) 36.6 (15.2) 40.9 (14.0) 34.6 (15.5)

Hemoglobin (mean [SD] in g/dL) 8.5 (2.0) 9.1 (2.0) 9.3 (1.8)

Anemia5

Mild or none 103 (11.6) 66 (18.4) 91 (17.8)

Moderate 427 (47.9) 189 (52.8) 307 (60.0)

Severe 361 (40.5) 103 (28.8) 114 (22.3)

Creatinine (mean [SD] in μmol/L) 0.7 (0.3) 0.8 (0.3) 0.8 (0.3)

Alanine aminotransferase

Moderate elevation (49–199) N (%) 251 (28.2) 128 (35.8) 152 (29.7)

Marked elevation (�200) N (%) 32 (3.6) 17 (4.8) 11 (2.2)

Aspartate aminotransferase

Moderate elevation (49–199) N (%) 444 (49.8) 189 (52.8) 220 (43.0)

Marked elevation (�200) N (%) 90 (10.1) 44 (12.3) 33 (6.5)

Completeness of follow-up

Initial follow-up N (%) 885 (99.3) 355 (99.2) 508 (99.2)

6-month follow-up N (%) 853 (95.7) 333 (93.0) 498 (97.3)

Time until 6-month follow-up

Median (IQR)

195 (191–209) 194 (190–206) 203 (190–238)

1Single dose AmBisome
2AmBisome + miltefosine
3Miltefosine + paromomycin
4Severe wasting defined as weight-for-height Z-score <-3 for children <5 years; BMI-for-age Z-score < -3 for those 5–19 years; and BMI <16.0 for adults
5Severe anemia defined as hemoglobin <7 g/dL for children < 5 years; <8 g/dL for 5 years and older; moderate anemia defined as falling above the cutoff for severe

anemia and <11 g/dL.

https://doi.org/10.1371/journal.pntd.0006830.t001
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Safety analysis

Serious adverse events were infrequent in all study arms. There were 5 serious adverse events

(SAE) in the SDA arm. Anaphylactic reaction occurred during treatment in one patient and

was related to the study drug AmBisome. There were four SAEs after completion of treatment

and discharge from hospital: one asymptomatic atrial ectopic possibly related to AmBisome

and three other SAEs that were unrelated to the study drugs: TB empyema, hospitalization due

to dehydration and elevated creatinine, and lower respiratory tract infection. All SAEs resolved

completely with no sequela.

The most common adverse events were gastrointestinal (nausea, vomiting, diarrhoea,

abdominal pain) and back pain (Table 5). Adverse events leading to treatment interruption

were rare (<1% for all three drug regimens).

Table 2. Cure at 6 months, by treatment regimen and age group.

SDA1 AmB+Milt2 Milt+PM3

All ages

Intention-to-treat (N = 1761 patients)

Cured4 / total 814/891 318/358 496/512

Cure rate % (95% CI) 91.4 (89.3–93.1) 88.8 (85.1–91.9) 96.9 (95.0–98.2)

Complete case (N = 1683)5

Cured / total 814/852 318/333 496/498

Cure rate % (95% CI) 95.5 (93.9–96.8) 95.5 (92.7–97.5) 99.6 (98.6–99.9)

Age�12 years

Intention-to-treat (N = 534 patients)

Cured / total 250/271 67/74 184/189

Cure rate % (95% CI) 92.3 (88.4–95.1) 90.5 (81.5–96.1) 97.4 (93.9–99.1)

Complete case (N = 527)6

Cured / total 250/268 67/73 184/186

Cure rate % (95% CI) 93.3 (89.6–96.0) 91.8 (83.0–96.9) 98.9 (96.2–99.9)

Age >12 years

Intention-to-treat (N = 1227)

Cured / total 564/620 251/284 312/323

Cure rate % (95% CI) 91.0 (88.4–93.1) 88.4 (84.1–91.9) 96.6 (94.0–98.3)

Complete case (N = 1156)7

Cured / total 564/584 251/260 312/312

Cure rate % (95% CI) 96.6 (94.8–97.9) 96.5 (93.5–98.4) 100 (98.8–100)

1Single dose AmBisome
2AmBisome + miltefosine
3Miltefosine + paromomycin
4Cured defined as initial cure and no VL relapse at 6 month follow-up; treatment interruption, default, loss to follow-

up and one patient treated for PKDL 2 months after VL treatment considered as treatment failures in the intention-

to-treat analysis.
5Excludes 13 patients with treatment interruption or default, one patient treated for PKDL 2 months after VL

treatment and 64 patients lost to follow-up
6Excludes 1 patient with treatment interruption or default and 6 patients lost to follow-up
7Excludes 12 patients with treatment interruption or default, one patient treated for PKDL 2 months after VL

treatment and 58 patients lost to follow-up

https://doi.org/10.1371/journal.pntd.0006830.t002
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Discussion

Previous phase-3 randomized controlled trials have shown these regimens were non-inferior

to treatment with standard amphotericin B deoxycholate with ITT final cure of 93�0% for SDA

(95% CI 87.5–96.3), AmB+Milt 97�5% (95% CI 93.3–99.2), and Milt+PM 98�7% (95% CI 95.1–

99.8) [12]. Cure rates by ITT in this study, while not quite as high, still achieved acceptable lev-

els with the differences largely due to loss to follow-up. Earlier DNDi conducted a phase-3

Table 3. Univariate analyses of factors associated with VL relapse by 6 months, complete case population (N = 1683)1.

Factor Relapse (N = 55) No relapse (N = 1628) Odds ratio p value

n (row %) n (row %) (95% CI)

Regimen

SDA2 38 (4.5) 814 (95.5) Referent

AmB+Milt3 15 (4.5) 318 (95.5) 1.01 (0.55, 1.86) 0.974

Milt+PM4 2 (0.4) 496 (99.6) 0.09 (0.02, 0.36) 0.0008

Sex

Male 36 (3.6) 977 (96.4) 1.26 (0.72, 2.22) 0.418

Female 19 (2.8) 651 (97.2) Referent

Age

2–12 years 26 (4.9) 501 (95.1) 2.02 (1.18, 3.46) 0.011

>12 years 29 (2.5) 1127 (97.5) Referent

Reported length of illness

< = 8 weeks 52 (3.9) 1277 (96.1) 4.76 (1.48, 15.35) 0.0089

>8 weeks 3 (0.9) 351 (99.1) Referent

Severe anemia5

Yes 15 (2.7) 535 (97.3) 0.77 (0.42, 1.40) 0.39

No 40 (3.5) 1093 (96.5) Referent

Severe wasting6

Yes 13 (5.0) 249 (95.0) 1.71 (0.91, 3.24) 0.097

No 42 (3.0) 1379 (97.0) Referent

ALT�200

Yes 1 (1.7) 59 (98.3) 0.49 (0.07, 3.62) 0.487

No 54 (3.3) 1569 (96.7) Referent

AST�200

Yes 4 (2.5) 158 (97.5) 0.73 (0.26, 2.05) 0.550

No 51 (3.4) 1470 (96.6) Referent

Creatinine�1.5

Yes 1 (2.5) 39 (97.5) 0.76 (0.10, 5.59) 0.783

No 54 (3.3) 1589 (96.7) Referent

Patient category

Primary kala-azar 50 (3.1) 1540 (96.9) Referent

Previously treated kala-azar 3 (4.6) 62 (95.4) 1.49 (0.45, 4.91) 0.512

Transferred 2 (7.1) 26 (92.9) 2.37 (0.55, 10.26) 0.249

1Excludes 13 patients with treatment interruption or default, one patient treated for PKDL 2 months after VL treatment and 64 patients lost to follow-up at 6 months
2Single dose AmBisome
3AmBisome + miltefosine
4Miltefosine + paromomycin
5Severe anemia defined as hemoglobin <7 g/dL for children < 5 years; <8 g/dL for 5 years and older; moderate anemia defined as falling above the cutoff for severe

anemia and <11 g/dL.
6Severe wasting defined as weight-for-height Z-score <-3 for children <5 years; BMI-for-age Z-score < -3 for those 5–19 years; and BMI <16.0 for adults

https://doi.org/10.1371/journal.pntd.0006830.t003
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Table 4. Multivariable logistic regression model of factors associated with VL relapse by 6 months, complete case

population (N = 1683)1.

Factor Adjusted Odds ratio p value

(95% CI)

Regimen

SDA2 Referent

AmB+Milt3 1.08 (0.58, 2.00) 0.818

Milt+PM4 0.08 (0.02, 0.35) 0.0007

Age

2–12 years 2.07 (1.20, 3.59) 0.0096

>12 years Referent

Reported length of illness

< = 8 weeks 4.28 (1.32, 13.88) 0.0154

>8 weeks Referent

1Excludes 13 patients with treatment interruption or default, one patient treated for PKDL 2 months after VL

treatment and 64 patients lost to follow-up at 6 months
2Single dose AmBisome
3AmBisome + miltefosine
4Miltefosine + paromomycin

https://doi.org/10.1371/journal.pntd.0006830.t004

Table 5. Adverse events by treatment arm, intention-to-treat population (N = 1761).

SDA1

(N = 891)

AmB+Milt2 (N = 358) Milt+PM3 (N = 512)

Adverse events n (%) n (%) n (%)

At least one AE reported 134 (15.0) 91 (25.4) 92 (18.0)

AEs leading to treatment interruption 4 (0.4) 2 (0.6) 1 (0.2)

Hypersensitivity reaction 2 (0.2) 1 (0.3) 0 (0)

Dermatitis 1 (0.1) 0 (0) 0 (0)

Severe Vomiting 0 (0) 1 (0.3) 1 (0.2)

Severe Abdominal pain 1 (0.1) 0 (0) 0 (0)

Serious AE diagnosed after end of treatment

Asymptomatic atrial ectopic 1 (0.1) 0 (0) 0 (0)

Serious AE judged unrelated to treatment

TB empyema 1 (0.1) 0 (0) 0 (0)

Dehydration and elevated creatinine 1 (0.1) 0 (0) 0 (0)

Lower respiratory tract infection 1 (0.1) 0 (0) 0 (0)

Non-serious AEs

Abdominal pain or dyspepsia 13 (1.5) 20 (5.6) 19 (3.7)

Vomiting 43 (4.8) 61 (17.0) 45 (8.8)

Injection site pain or swelling 0 (0) 1 (0.3) 15 (2.9)

Back pain 42 (4.7) 9 (2.5) 0 (0)

Cough 14 (1.6) 9 (2.5) 4 (0.8)

1Single dose AmBisome
2AmBisome + miltefosine
3Miltefosine + paromomycin

https://doi.org/10.1371/journal.pntd.0006830.t005
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clinical trial in Bangladesh to assess safety and efficacy of short course combination regimens

in field conditions at Upazila level that provided excellent efficacy outcome (�95%) and very

good safety profile [19].

The demographic characteristics of the population enrolled in the study correspond to

those defined for this area, roughly 70% patients older than 12 years, 30% of them women of

child-bearing age. The effectiveness in complete case analysis in this study was slightly higher

in the Milt+PM arm than in the other two arms, which may partly be due to the higher num-

ber of clinically unwell patients being allocated to the SDA treatment arm.

Despite a range of clinical severity, presentations, and patient demographics, all of the treat-

ments showed excellent safety profiles. This study was non-comparative, both SDA and com-

bination of Milt+PM had satisfactory effectiveness of>90% which corroborates the decision

by the Indian control program to use these treatments in the elimination program. No compli-

cations were seen in pregnant (treated with SDA) or extremely young patients. Generally, the

treatments were easily prepared and administered by health care providers, and appeared to be

well accepted by patients.

When elimination was first envisioned, oral miltefosine was proposed to be used primarily

in the attack phase due to its acceptability. In parallel to the provisional results of this study, the

WHO included India in the AmBisome donation programme, resulting in India adopting these

new treatment modalities within the national elimination programme, replacing miltefosine

monotherapy. To date, this has proved to be a very effective strategy, with over 12,000 patients

having been treated in the attack phase with SDA within the public health sector across the

Indian subcontinent with excellent safety and efficacy [14]. Although widely implemented, SDA

is not without its limitations–complex storage and preparatory requirements mean that its safe

use is contingent on logistical support that is not required for Milt+PM, for example. The unin-

tended consequence of this has been the neglect of alternative drug combinations, which has

resulted in a lack of stock and awareness of these regimens in the national programme.

Considering the limited number of therapeutic options available, it is critical to ensure that

procurement and availability of all three drugs is ensured within the elimination framework.

Currently, all three WHO supported formulations of these drugs are produced by single source

manufacturers AmBisome (Gilead Sci., USA), miltefosine (Knight Therapeutic Inc., Canada),

and paromomycin sulphate (Gland Pharma, India) [16], making the supply chain sensitive to

factory and quality issues should they arise.

This reflects the urgent need for investment in bio-equivalence studies, technology transfer,

and alternative production, which may potentially need to be centralized and pooled to ensure

adequate market conditions. Moreover, all these limitations justify strengthening the develop-

ment of new chemical entities (NCEs) that are needed in the form of short-course oral combi-

nations, to replace the existing drugs in the Indian subcontinent and worldwide [20].

Although resistance to amphotericin B has yet to be demonstrated in vivo despite decades

of use, prolonged use of monotherapies such as miltefosine and paromomycin have resulted in

reduced drug susceptibility, and potential mechanisms of amphotericin B resistance have been

described [21]. Reduced drug susceptibility for SSG and Milt were only determined well after

they had progressed to unacceptable levels; as such it is critical that the national programme

develops sentinel surveillance for drug susceptibility monitoring of VL drugs so that early sig-

nals can be generated that can guide more rational use of existing therapeutic options. Such

initiatives are underway in India [22] but are yet to be developed in Bangladesh or Nepal.

There are also a number of challenges that need to be considered for the Milt+PM and AmB

+Milt regimens. Although compliance was very high in this study (>99%), this was based on

patients being actively traced to complete treatment and a large proportion being managed as

inpatients for the duration of treatment. The PHC system in Bihar remains weak and
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overburdened with long waiting times and irregular timings–thus returning daily for treat-

ment for a period of 10 days becomes an additional economic burden for patients and caregiv-

ers and is likely to result in reduced treatment compliance. Additionally, for Milt containing

regimens, there is a requirement for women of reproductive age to take a pregnancy test, and,

if negative, to comply with contraceptive cover during treatment and for 3 months afterwards,

something that has generally been poorly followed under programmatic conditions. Given

that the most common adverse event related to Milt is vomiting, contraceptive injections

remain the most suitable option, recently been made available in India within the public health

sector [23]. As such, clear coordination and preparation on safety messaging for all treatments

evaluated in this study is required.

There are a number of limitations to this study. Although it was originally planned that

each site would use a particular regimen, there was a degree of mixing of treatments between

sites. Additionally, children were under-represented due to regulatory demands, while the

majority of patients receiving the Milt+PM arm received treatment as in-patients, reducing

the validity of the feasibility interpretation of this arm in normative settings. Finally, the major-

ity of patients in two of the treatment arms were treated by MSF doctors, supporting activities

at Hajipur hospital.

This is the largest prospective study conducted using the revised WHO recommended VL

treatment regimens for the Indian subcontinent, and to the authors’ knowledge, the first NTD

based phase 4 study within the Indian subcontinent. The results were used by the Indian

national programme to support policy change, introducing SDA and the different combina-

tions as treatment options in the elimination strategy.
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