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Synopsis

	Background
	HIV co-infection drastically increases the risk of developing active VL. Clinical outcomes are dire in immune-compromised patients even with the best available treatment, and relapse is frequent. The incubation period may provide an important window of opportunity for a pre-emptive “screen an treat” approach in HIV co-infected patients to prevent progression from infection to the active disease. However, no recommendations exist to date due to lack of solid evidence. 

	Rationale
	It is not known which patients are at highest risk of disease progression, which role parasite/host/HIV factors play in the asymptomatic infection phase, and what the diagnostic values of existing Leishmania infection markers are. Such information is needed to develop a prognostic clinical tool for the detection of HIV patients at high risk of developing active VL.

	Aim
	To study the asymptomatic period preceding the onset of active VL in HIV‐infected individuals from VL endemic regions in Ethiopia as an avenue to develop an evidence‐based screen and treat strategy to prevent progression to active VL.

	Objectives
	Primary:
1. To estimate the prevalence of asymptomatic Leishmania infection
.
2. To estimate the incidence rate of asymptomatic Leishmania infection.
3. To describe the evolution of Leishmania infection markers over time.
4. To estimate the incidence rate of active VL.
5. To identify risk factors associated with the development of active VL.

6. To translate these risk factors into a clinical prognostic tool to identify individuals at high risk to develop active VL within 12 months .
Secondary:
1. To identify patterns in host immune markers that are associated with asymptomatic Leishmania infection.
2. To describe the evolution of host immune markers over time.

3. To identify patterns in host immune markers that are associated with treatment failure.
4. To identify patterns in host immune markers that are associated with VL relapse.

	Design
	Multi‐centre prospective cohort study with two years of follow-up for patients who remain VL free. Patients developing active VL during the study period will be followed for one year after disease onset.

	Population
	HIV-infected individuals residing in VL-endemic areas in Northern Ethiopia.

	Study sites 
	· Metema District Hospital
· Abdurafi Health Centre
Prospective to include Abrehajira District Hospital as study site, once operational, either replacing Abdurafi Health Centre or as a third recruitment site (see section 3.2).

	Inclusion/Exclusion
	Recruitment is stratified by sex to ensure 80% of participants being male.

Inclusion:
· Confirmed HIV-positive

· Enrolled in HIV care at one of the study sites
Exclusion:
· Age <18 years

· Diagnosis of active VL at enrolment
· Clinically compatible symptoms of active VL
· Not having the main place of residence in the study area for the past year

· Intending to move out of the study area within the next 2 years

· Not able or willing to provide informed consent

· No guardian available for patients not able to provide informed consent

· Medical emergency that make adherence to the study unlikely

· Underlying chronic medical condition that make adherence to the study unlikely 

· Other circumstances that make adherence to the study unlikely

	Sample size
	1,045 participants.

	Procedures
	Three-monthly visits, coinciding with routine ART follow-up, with clinical examination and sample collection for patients who do not develop VL. Patients who get diagnosed with active VL during the study period will, after a second informed consent interview, have weekly clinical examination and sample collection during hospitalization (for VL treatment), plus at three, six, nine and 12 months after initial diagnosis.

	Laboratory testing
	· Leishmania markers: rK39 RDT, rK39 ELISA, DAT, PCR, KATEX
· HIV markers: CD4 T-cell count, PCR
· Host immune markers: Full blood count, Cytokines-Chemokines-Acute Phase Proteins, Immuno-phenotyping, RNA sequencing 
· Other co-infections: Malaria microscopy, stool microscopy 

	Timeline
	· September 2016: Start recruitment (expected duration of one year)
· September 2019: End of follow-up of last asymptomatic participant

· September 2020: End of follow-up of last VL participant
· December 2020: Study closure; dissemination of results 


1. Introduction

1.1. Background

The burden of VL-HIV coinfection in East Africa

Visceral leishmaniasis (VL) or kala‐azar is a vector‐born disease caused by a protozoan infection with the Leishmania donovani species complex, which predominantly affects tissue macrophages.1
 Untreated, overt disease is universally lethal. The zoonotic form, with dogs as main reservoir, is caused by Leishmania infantum and is prevalent in several regions including the Mediterranean basin. The anthroponotic form is caused by Leishmania donovani and is prevalent in the Indian subcontinent (300,000 cases/year) and East Africa (30,000 cases/year), mainly Sudan and Ethiopia.1

Human immunodeficiency virus (HIV) has been identified as one of the emerging challenges for VL control.2
 HIV infection dramatically increases the risk of progression from asymptomatic Leishmania infection towards VL disease, with the immune system failing to control a recent or a latent, previously acquired Leishmania infection. European data suggest HIV to be associated with a >100-fold increased risk of developing active VL.


3
 The immune-pathological correlates of a full-blown VL episode on the other hand accelerate progression to acquired immune deficiency syndrome (AIDS). HIV has contributed to the re‐emergence of VL in Europe in the 1990’s, with up to 9% of AIDS patients in Southern Europe developing VL. This problem is now especially severe in Ethiopia, where close to 30% of patients with VL are co‐infected with HIV and where VL is a major cause of morbidity and mortality amongst HIV infected patients living in VL endemic regions.


4
 In Ethiopia, VL-HIV coinfection is essentially an adult problem, with paediatric cases being extremely rare. Moreover, it is predominantly an adult male problem although VL/HIV coinfection has been reported in women as well.4


 ADDIN EN.CITE ,5

In contrast with Leishmania infantum endemic regions in Europe, where introduction of anti-retroviral therapy (ART) resulted in a significant reduction in the incidence of VL‐HIV, scaling‐up of ART did so far not yield similar effects in East‐Africa. In Ethiopia, the VL-HIV burden remains high, and an increasing number and proportion of VL cases are now seen in individuals on ART, including primary VL episodes. The World Health Organization (WHO) and others have been very clear on this, stating that “the effect of ART on VL incidence seen in Europe (…) cannot be extrapolated to the developing world, where the condition of patients is much worse and the L. donovani species is highly virulent”.


4

Clinical management of VL‐HIV coinfection remains unsatisfactory, especially in East‐Africa.


4-7
 Despite increased availability of ART, the case‐fatality rate remains high (reaching 25%). Up to 50% of patients fail to clear parasites from infected tissues and recurrent relapse is frequent, ultimately leading to a stage of treatment unresponsiveness and overwhelming parasite infection.


8-10
 It is clear that once VL is established in HIV‐infected individuals ‐ meaning that L donovani infection has evolved to the overt disease stage ‐ prognosis at the individual level is dire.
The need for an upstream approach

Tackling Leishmania donovani infection before disease onset is thus a logical approach. Similar approaches have been shown successful in other HIV‐associated opportunistic infections. Cryptococcal disease is equally associated with a poor prognosis and treatment outcomes in HIV co-infected individuals. For this condition, a “screen and treat” strategy is currently recommended by WHO, whereby – in areas where cryptococcal disease is prevalent – individuals screening positive for early cryptococcal infection receive pre‐emptive treatment with fluconazole.


11
 This strategy is underpinned by a number of facts. First, cryptococcal antigenemia can be reliably detected, and prototype lateral flow assays that can be used on blood and urine have been developed. Second, detection of cryptococcal antigens in the serum in otherwise asymptomatic patients precedes overt disease and is an independent risk factor for mortality. Importantly, pre‐emptive treatment of asymptomatic cryptococcal antigenemia with fluconazole – widely available in HIV care programs ‐ can prevent clinical progression towards overt disease and reduce mortality.


12-14
 Isoniazid prophylactic therapy targeting latent tuberculosis infection is another WHO‐recommended preventive strategy based on the same “screen and treat” principal.


15
 While conceptually attractive in the context of VL‐HIV, the basic understanding and evidence for a comparable VL prevention strategy is currently lacking.

Asymptomatic Leishmania infection

Increasingly, it has been recognized that asymptomatic infections outnumber VL cases in most regions, and that asymptomatic infections could potentially play a major role in anthroponotic transmission.
 ADDIN EN.CITE 
16,17
 In immunocompetent individuals, infection will usually be contained by the immune system. In some VL‐endemic regions, up to 20‐30% of the population were found to be asymptomatically infected.
 ADDIN EN.CITE 
16,17
 Recent reports confirmed the frequent occurrence of asymptomatic Leishmania infection in Ethiopia.


18-20
 However, it is not yet well defined how to identify asymptomatic infections.


17
 Different diagnostic markers have been used, including serological (direct agglutination test (DAT), rK39 immuno-chromatographic test (ICT), enzyme-linked immunosorbent assay (ELISA), Western Blot), parasitological (microscopy, culture), molecular (polymerase chain reaction (PCR)‐based), immunological (Leishmania Skin Test (LST)) and antigen detection (latex agglutination test (Katex)) assays.
 ADDIN EN.CITE 
15,16
 Asymptomatic infection has traditionally been defined as positivity in any of the different leishmanial markers. However, whether positivity in any of these tests represents a different stage of infection over time, or whether it reflects a different type of parasite‐host interaction, and whether it has clinical or prognostic implications is unknown. Moreover, there are indications that positivity for several markers like PCR and Leishmania antigens is transient,16
 and the same might apply to the serological tests.


21
 Detailed and repeated assessment of the different markers is hence needed to better capture the kinetics of Leishmania infection.

As the host immune system seems to be the critical factor associated with treatment success, relapses and disease severity, a better immune-pathogenetic understanding of the early events is of critical importance for predicting active VL disease progression. Composed immune phenotypes during the asymptomatic phase could perhaps also predict treatment failure of active VL and parasite recrudescence after treatment due to an early locking of the immune system in a certain pattern dependent of initial events. A number of specific immune-biological patterns have been associated with asymptomatic Leishmania infection. In general, a more exuberant pro‐inflammatory immune response has been observed in asymptomatic individuals compared to individuals with active disease, including higher levels of antigen-specific interleukin (IL)‐2, IL‐12 and interferon (IFN)‐γ release, enhanced production of IL‐17 and IL‐22 and lower systemic levels of IL‐ 10.


22-24
 These findings suggest that a polarized pro‐inflammatory phenotype is involved in keeping the Leishmania infection under control, while a more mixed inflammatory/suppressive phenotype is associated with active disease. However, it is not known how these phenotypes fare against the background of HIV infection, which itself leads to modulation of the pro‐inflammatory cytokine network, and a generalized hybrid (chronic) activation/suppression phenotype.25
 Characterizing these inflammatory phenotypes in detail in HIV patients could lead to a novel classification of asymptomatic Leishmania infection into new risk categories, possibly facilitating their clinical management.

VL prediction in HIV co-infected patients

Asymptomatic Leishmania infection has up to now predominantly been studied from an epidemiological perspective, as a measure of past or ongoing parasite transmission at population level. Importantly, in striking contrast with immunocompetent individuals whereby the risk of disease progression after infection is relatively low (ranging from 1% to 10%), and treatment of asymptomatic cases is currently not recommended,16
 the situation might be entirely different in HIV co-infected, immunosuppressed individuals because of the far-reaching clinical consequences of a further undermining of the immune‐response by VL.


4
 There is however not a single clinical study so far addressing the risk of asymptomatic Leishmania donovani infection in HIV infected individuals in endemic regions (East‐Africa; Indian subcontinent). How common asymptomatic Leishmania infection occurs in HIV‐infected individuals living in VL‐endemic areas, how it evolves (self‐resolving, chronic, or intermittent), whether/how it affects the course of HIV infection, and which individuals are at risk of disease progression towards VL is entirely unknown. A better understanding of these processes could help design rational clinical strategies and targeted interventions to prevent VL disease progression in high risk individuals.
Current data in immunocompetent individuals indicate that overt disease is preceded by a prolonged period of asymptomatic infection, which can be detected using different markers of Leishmania infection. VL-HIV coinfection in Ethiopia is essentially seen in adults, and males are known to be affected much more frequently than females.
 ADDIN EN.CITE 
16,26
 Typically, most cases of VL occur within a year after infection (usually within 6‐9 months).


26
 Alternatively, VL can occur due to reactivation of a previously acquired latent infection following HIV‐induced immunosuppression. Importantly, also in HIV patients, a prolonged period of asymptomatic Leishmania infection preceding clinical progression has been documented.


27-29
 Conceptually, this period constitutes a window of opportunity for screening strategies, integrating host, HIV and Leishmania infection markers, to capture those at high risk of VL. Ultimately, this could lead to a “screen and treat” strategy for VL in HIV-infected individuals living in VL‐endemic areas, whereby the individual’s short‐term risk of VL is assessed at every clinical encounter. 
Studying asymptomatic Leishmania infection in HIV patients in Ethiopia

Since 2009 a clinical research network has emerged in a VL endemic region in Northern Ethiopia that provides a unique platform for addressing these questions. Within the study region, we have are collaborating with the Metema District Hospital (MDH), which is a hospital in the catchment area of the UoG Hospital. MDH has an HIV clinical cohort, with a total of approximately 1,500 HIV-infected patients in follow-up. As residents of this region with high VL-endemicity, these patients are exposed to Leishmania infection and are in regular HIV care. Thus, this setting provides a unique opportunity for a comprehensive study of clinical aspects of prevalent and incident asymptomatic Leishmania infections, and to gather the necessary evidence to pioneer the concept of a “screen and treat” approach in HIV‐infected individuals living in VL‐endemic areas.

1.2. Rationale

To develop a “screen and treat” strategy, a large prospective cohort study is required whereby VL-exposed HIV infected individuals are followed with regular evaluation for prevalent/incident asymptomatic Leishmania infection and the risk of VL disease progression. Based on this information, prognostic clinical tools can be developed and evaluated for the detection of patients at high risk of developing active VL. 
Such research should then be followed by interventional studies focussing on preventive treatment. Ultimately, this could lead to a “screen and treat” strategy for VL in HIV-infected individuals living in VL-endemic areas.
2. Study aim and objectives
Aim
To study the period preceding the onset of active VL in HIV‐infected individuals from VL endemic regions in Ethiopia as an avenue to develop an evidence‐based screen and treat strategy to prevent progression to active VL.

Objectives 

Primary objectives
1. To estimate the prevalence of asymptomatic Leishmania infection
.
2. To estimate the incidence rate of asymptomatic Leishmania infection.
3. To describe the evolution of Leishmania infection markers
 over time, how markers relate to each other, and how the evolution of markers differs between individuals with asymptomatic Leishmania infection who develop active VL during follow-up and individuals with asymptomatic Leishmania infection who do not develop active VL.

4. To estimate the incidence rate of active VL.
5. To identify risk factors from demographic/clinical characteristics as well as HIV/host immunity/Leishmania infection markers that are associated with the development of active VL.
6. To translate these risk factors into a clinical prognostic tool to identify individuals at high risk to develop active VL within 12 months.
Secondary objectives
1. To identify patterns in host immune markers
 that are associated with asymptomatic Leishmania infection.
2. To describe the evolution of host immune markers over time, how markers relate to each other, and how the evolution of markers differs between individuals without asymptomatic Leishmania infection; individuals with asymptomatic Leishmania infection who develop active VL; and individuals with asymptomatic Leishmania infection who do not develop active VL.
3. To identify patterns in host immune markers that are associated with treatment failure.

4. To identify patterns in host immune markers that are associated with VL relapse.
3. Methods

3.1. Study Design

This is a multi‐centre prospective cohort study among HIV-infected individuals residing in VL-endemic areas in Northern Ethiopia.

1,045 participants without active VL at baseline will be enrolled. We expect to finish recruitment within one year. Since VL is much more common among men, and also to ensure sufficient outcome events during follow-up, recruitment will be stratified by gender, with 80% of enrolled patients being male. 
The follow-up duration will be two years for patients who do not develop active VL (asymptomatic phase). If a patient develops active VL, he/she will enter a post-asymptomatic follow-up phase of one year after disease onset (see Figure 1). This results in a maximum follow-up duration of three years for a patient who develops active VL at the last visit of the asymptomatic follow-up phase (M24), setting the maximum duration of the whole study at 4 years from start of enrolment until end of follow-up of the last patient. 
Follow-up visits, coinciding with routine ART follow-up, are three-monthly and include clinical examination and sample collection from all participants.
Participants who develop active VL during the study follow-up will receive VL treatment as per standard of care in Ethiopia (see Annex VL-NG). These patients will have a second informed consent interview and will be asked to agree for one year of follow-up after disease onset, with weekly clinical examination and blood sampling during their hospitalization (for VL treatment) and with blood sample collection during their routine ART follow-up visits at three, six, nine and 12 months after end of treatment. We expect that this will concern only a very small fraction of enrolled participants (see section 3.5).
Figure 1: Study scheme for recruited participant:
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Note: red dots stand for possible onsets of asymptomatic VL.
3.2. Study setting
The VL-HIV research network in Ethiopia and the AfriCoLeish consortium

Since 2009, research collaboration in Ethiopia is increasing between different partners, including the Institute of Tropical Medicine-Antwerp (ITM), University of Gondar (UoG), Addis Abeba University (AAU) and the Leishmaniasis East Africa Platform (LEAP), the Drugs for Neglected Diseases initiative (DNDi), The London School of Hygiene and Tropical Medicine (LSHTM), and Médecins Sans Frontières (MSF). This network established the AfriCoLeish consortium, funded by the European Union (EU) through an FP7 grant (see also www.africoleish.org). Our proposed research aims at leveraging the established research capacity – currently centred around active VL – to focus on the early stages after Leishmania infection prior to disease onset. Among these actors, ITM, UoG and MSF will be partners for this study.
UoG has a dedicated Leishmaniasis Research and Treatment Centre (LRTC), founded by DNDi, and is part of a network of clinical trial sites in East-Africa aiming to conduct high-standard clinical trials on VL. It acts as referral centre for VL treatment for a wide geographical area, including Metema and Abdurafi, the two clinical sites involved in this project. Building on the fruitful ITM‐LRTC collaboration from 2009‐2013, an institutional capacity building project started in 2014 under the ITM‐UoG “Switching the Poles” Framework Agreement (see Annex FA3). UoG is part of the clinical research network under this framework. A key purpose of this capacity building project is to allow UoG scientists to conduct high quality clinical research, backed-up by quality laboratory services and with appropriate storage capacity available for UoG to store study samples during the studies and, as indicated, for use in future research. The molecular diagnostic facility at UoG is established via this collaboration. Additionally, a sample repository is being established in UoG Hospital for preserving biological samples for future use, with effective sample management and documentation. Laboratory quality within the Framework activities is assured via the HIV/STD Reference Laboratory and the Central Laboratory for Clinical Biology at ITM. 
Clinical sites

The foreseen study sites for this research will be Metema District Hospital (MDH) and Abdurafi Health Centre (AHC). AHC is an MSF-supported Leishmaniasis treatment site and has been a field site of an ITM-sponsored VL trial in the past (NCT01360762). MDH is run by the Ethiopian Ministry of Health (MoH). Both sites are VL diagnosis and treatment centres located in VL‐endemic areas and have HIV treatment programs in place with an active HIV cohort of approximately 1,500 adults in Metema and 600 in Abdurafi. This includes patients on ART as well as individuals not yet eligible for ART (pre‐ART). As residents of the area, they are in stable follow‐up care in these centres. Patients enrolled in HIV care are managed according to the national guidelines. This involves regular (every two to three months) clinical and laboratory assessments (including cluster of differentiation type 4 (CD4) count) and initiation of ART as per national guidelines. 
There might be the opportunity to include Abrehajira District Hospital as study site. This hospital is newly built but not yet inaugurated. Once it starts functioning, it might replace AHC or become a third recruitment site for this study, pending operational decisions of MSF. 
Leishmania screening or primary VL prophylaxis in asymptomatic HIV-positive individuals is currently not recommended in the national and international guidelines and hence not performed routinely at MDH and AHC. In line with national guidelines, VL diagnosis in HIV infected individuals is based on parasitological diagnosis (tissue aspiration) at these sites (see Annex VL-NG). Also VL treatment follows national guidelines at both sites, and is provided free of charge.
Laboratory infrastructure and facilities

LRTC in Gondar has a well‐functioning laboratory adhering to high laboratory quality standards, with regular quality control (QC) as part of the clinical trials monitoring process. At both clinical sites, capacity and monitoring is in place for temporal sample storage at the indicated temperatures until shipment to LRTC. Leishmania PCR and immunological assays will be conducted at the UoG/LRTC, with the exception of next-generation RNA sequencing being performed at a high-throughput specialized centre in Belgium.
Pilot phase

A small pilot study (BE:B300201420565; ET:R/C/S/V/P/05/582/2015) of 540 participants was conducted to assess feasibility of the project in this remote low-resource setting and confirm the presence of asymptomatically infected individuals. Collected data and samples were quite similar and will be analysed in the same manner, to extend follow-up period of certain individuals that participated in both studies.
3.3. Study Population

We will enrol HIV-infected adults stratified by sex (80% male/20% female) residing in a VL endemic region in Northern Ethiopia who attend health services at one of the study sites.
Inclusion criteria

· Confirmed HIV positive
· Enrolled in HIV care at one of the study sites.

Exclusion criteria

· Age <18 years

· Diagnosis of active VL at enrolment *
· Clinically compatible symptoms of active VL **

· Not having the main place of residence in the study area for the past year
· Intending to move out of the study area within the next 2 years
· Not able or willing to provide informed consent

· No guardian available for patients not able to provide informed consent

· Medical emergency that make adherence to the study unlikely

· Underlying chronic medical condition that make adherence to the study unlikely 
· Other circumstances that make adherence to the study unlikely as determined by the site PI.
* National VL guidelines require microscopy confirmation through tissue aspiration for VL diagnosis in HIV infected patients (see Annex VL-NG) though is not always followed in routine care. Obtaining aspirates is not part of study procedures. Therefore, patients who are diagnosed with active VL by the clinician at time of enrolment, be it with or without microscopy confirmation, are excluded and referred for VL treatment according to national guidelines.

** Patients who present with clinically compatible symptoms of active VL at time of enrolment but are not diagnosed with active VL by the clinician will not be enrolled but will be again screened for eligibility during their next routine visit once symptoms have subsided.

3.4. Endpoints

For primary objectives

1. Prevalence of asymptomatic Leishmania infection
: The proportion of individuals with asymptomatic Leishmania infection at enrolment, among all enrolled participants. 

2. Incidence rate of asymptomatic Leishmania infection: The number of individuals with newly diagnosed asymptomatic Leishmania infection per person-years at risk during follow-up, among participants without Leishmania infection at enrolment.
3. Evolution of Leishmania infection markers
: The proportions of individuals with positive test results for the different Leishmania infection markers at each follow-up visit, separately for individuals who develop active VL during follow-up and individuals who do not develop active VL, among all participants with asymptomatic Leishmania infection, stratified by infection status at enrolment.
4. Incidence rate of active VL: The number of individuals who develop active VL per person-years at risk during follow-up, among all enrolled participants.

5. Risk factors for active VL: The association between the risk to develop active VL during follow-up and demographic/clinical characteristics as well as HIV/host immunity/Leishmania infection markers from baseline onwards.
6. Prognostic tool for active VL: A clinical decision algorithm, prioritizing and integrating identified risk factors, that is able to most efficiently predict the risk of developing active VL within 12 months.
For secondary objectives
1. Patterns in host immune markers
 for asymptomatic Leishmania infection: The association between asymptomatic Leishmania infection and the levels of the different host immune markers, among participants tested for host immune markers.
2. Evolution of host immune markers: The average levels of the different host immune markers at each follow-up visit, separately for individuals without asymptomatic Leishmania infection; individuals with asymptomatic Leishmania infection who develop active VL; and for individuals with asymptomatic Leishmania infection who do not develop active VL, among participants tested for host immune markers.
3. Patterns in host immune markers for VL treatment failure: The association between the risk of VL treatment failure and the levels and evolution of the different host immune markers, among participants who develop active VL and receive VL treatment.

4. Patterns in host immune markers for VL relapse: The association between the risk of VL relapse and the levels and evolution of the different host immune markers, among participants who develop active VL.
3.5. Sample size calculation

Our sample size estimation is based on the prognostic value of demographic/clinical characteristics and HIV/host immunity/Leishmania infection markers to predict the occurrence of VL within the next 12 months (see section 2, primary objective 6). Calculations account for recruitment stratified by gender (80% males, 20% females).
To estimate the sensitivity of a prognostic marker for active VL (i.e. among the patients who develop active VL during follow-up, the proportion of patients with a positive infection marker result at an earlier time point during the 12 months preceding disease onset) to within 10% requires a minimum of 100 true VL cases in the worst case of a sensitivity of 50%. We assume the following parameters for HIV-infected patients included in this study: A prevalence of asymptomatic Leishmania infection of 17% in males and 4% in females; a one-year cumulative incidence of asymptomatic Leishmania infection of 17% in males and 4% in females taking an average incubation period of one year for both sexes as a basis; a one-year risk to develop active VL after newly diagnosed asymptomatic Leishmania infection of 20% in both sexes; and a one-year risk to develop active VL in patients without diagnosis of asymptomatic Leishmania infection of 2% in both sexes. With these parameters we can expect 100 active VL cases amongst 940 participants during a follow-up period of two years. Allowing for 10% loss to follow‐up, we aim at recruiting 1,045 individuals for this study. These assumptions are based on estimates from Metema hospital and on epidemiological work in the region among HIV‐negative individuals.
 ADDIN EN.CITE 
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 The main difference being made is the assumption that the annual risk for individuals with asymptomatic Leishmania infection to develop active VL would be 20% in our cohort of HIV-infected patients instead of 5‐10% found in immunocompetent individuals.


26

The prevalence estimation of asymptomatic Leishmania infection will be obtained from a cross-sectional analysis at baseline among all enrolled individuals. With 1,045 patients, this will provide a precision of 2.5-3% for males and 2-3.5% for females.

Based on the numbers above we expect 895 non-infected patients at baseline. This will provide an incidence rate estimation of asymptomatic Leishmania infection with a precision of 23/1000py for males and 27/1000py for females.
The incidence rate estimation of active VL will be obtained from all enrolled participants. With 1,045 patients, this will provide a precision of 14/1000py for males and 22/1000py for females.

The occurrence of asymptomatic Leishmania infection as well as active VL will be monitored at regular intervals during follow-up with modification of sample size as required.

4. Procedures
4.1. Patient flow and clinical data collection

Enrolment
All eligible patients attending ART services at one of the study sites during the recruitment period of one year will be invited consecutively to participate. To keep workload manageable, not more than 20 patients will be enrolled per day. The informed consent interview and confirmation of eligibility will be done during the same consultation visit at the ART clinic. Stratified recruitment status by sex (80% males, 20% females) will be reviewed regularly and recruitment procedures will be adapted accordingly. A screening and recruitment log will be kept.
Patient follow-up

The standard follow-up period is two years. The standard follow-up period of two years can be prolonged with a maximum of 1 year (with a separate consent) for patients who develop active VL (see Figure 1).
Follow-up visits are scheduled every three months. Active defaulter tracing (routine system is applied in each site) will be done for patients who miss two appointments consecutively, and for outcome assessment.
Data collected at enrolment (M0)
Clinical information at enrolment is obtained by the study nurse by asking questions to the patient, a VL-focused clinical examination, and a HIV-focused patient file review. This information will be recorded on a paper source document. The following information will be collected:
· Socio-demographic information (including age, sex, occupation, residence)
· HIV-related information (including diagnosis, WHO staging, opportunistic infections (OI))
· ART-related information (including CD4 count, ART regimen, OI treatment)
· VL-related information (including VL history, VL symptoms)
· Other information on current and past medical conditions (including malaria, chronic comorbidities, concomitant medication)
· VL-focused clinical examination (including vital signs, VL signs and symptoms)
Furthermore, laboratory samples (marked as M0 in Table 1) are collected and source documentation will be stored with the patient files. See section 4.2 for details. Results from Leishmania markers that determine infection status for this study
 will be available to the study sites before the M3 visit of the patient to ensure correct sampling of immunological tests (see section 4.2 for details).
Clinical and laboratory data are subsequently entered into an electronic case report form (eCRF). See section 7 for details.
Data collected at follow-up visits (M3 to M24)
As at the M0 visit, clinical information during follow-up visits is obtained by asking questions to the patient, a VL-focused clinical examination, and a HIV-focused patient file review. This information will be recorded on a source document. The following information will be collected:
· ART-related (including ART regimen change and adherence since last visit)
· VL-related (including VL-compatible symptoms since last visit)
· Other medical information (including health-related events or change in medication since last visit)
· VL-focused clinical examination: same as at M0

Furthermore, laboratory samples (marked as M3 to M24 in Table 1) are collected and source documentation will be stored with the patient files.
Clinical and laboratory data are subsequently entered into an eCRF. See section 7 for details.
Unscheduled visits

During the recruitment interview and at each scheduled follow-up visit, the patient will be encouraged to seek care timely at the study site hospital at any time in between the three-monthly visits, be it for VL-compatible symptoms or any other medical condition. This is part of recommended routine care for HIV patients in VL-endemic areas in Ethiopia. Such visits will be recorded as “unscheduled visits” and recorded as such in the study. If VL is suspected by the study nurse during an unscheduled visit, the same procedures as for incident VL cases during scheduled follow-up visits apply (see below). 
Incident active VL cases

If VL is suspected in a participant based on anamnesis or clinical examination during follow-up, an aspirate will be taken for confirmatory purposes according to national guidelines (marked as Xa in Table 1). All standard study tests as during regular follow-up visits will be done at this occasion too. Additionally, the parasite load of the tissue aspirate will be recorded. If active VL gets confirmed, the patient will receive standard of care for VL according to national guidelines (see Annex VL-NG) and be invited to enter a post-asymptomatic follow-up phase with one year of follow-up after disease onset (see next paragraph and Figure 1). The coordinating investigators are informed of each new reported confirmed VL case among study participants within one week.

Post-asymptomatic phase

Patients who get diagnosed with active VL during follow-up will be asked to consent for one year follow-up after disease onset with study visits at day 0, 7, 14, 21, and 28 during their hospitalized VL treatment period (in case of extended treatment period, weekly sampling will be continued until end of treatment), and at three, six, nine and 12 months after end of treatment. At each visit, a clinical examination will be done (same as during asymptomatic follow-up), and laboratory samples as indicated in Table 3 will be collected.
Outcome assessment
Outcomes during asymptomatic phase
Outcomes will be established for all patients at one year of follow-up and two years of follow-up (the latter being the last scheduled visit of each patient). These outcomes are defined as:

· Experienced active VL 

· No active VL
· Death before last scheduled visit
· Lost to follow-up

· Transfer-out: patient referred to another health care provider outside the study area
· Study withdrawal
Outcomes during post-asymptomatic phase

In case a participant develops active VL and consented for the one year follow-up after disease onset, final outcomes will also be established after treatment and after 12 months of follow-up.

After treatment:

· Treatment successful

· Treatment failed

After 12 months follow-up:

· Experienced VL relapse
· No VL relapse
· Death before last scheduled visit

· Lost to follow-up
· Transfer-out: patient referred to another health care provider outside the study area
· Study withdrawal
4.2. Laboratory Sample collection & Testing
Flow schedule I: asymptomatic phase

The laboratory and clinical procedures as indicated in Table 1 will be performed for all enrolled participants.
Advanced immunological testing (immunophenotyping and RNA sequencing) will only be done on a sample of 50 non-infected patients, randomly selected at baseline, plus on all patients diagnosed with asymptomatic Leishmania infection at baseline and during follow-up. Immunological sampling will start from M3 onwards once the Leishmania infection status is known.
Table 1: Flow chart of procedures and laboratory tests during the asymptomatic period:
	Clinical Data
	Enrolment (M0)
	M3
	M6
	M9
	M12
	M15
	M18
	M21
	M24

	Eligibility / Inclusion and exclusion criteria
	X
	
	
	
	
	
	
	
	

	Informed Consent 1
	X
	
	
	
	
	
	
	
	

	Socio-demographic data
	X
	
	
	
	
	
	
	
	

	Concomitant medication
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Medical history
	X
	
	
	
	
	
	
	
	

	Health-related events since last visit
	
	X
	X
	X
	X
	X
	X
	X
	X

	HIV history/status
	X
	
	
	
	
	
	
	
	

	ART history/adherence
	X
	X
	X
	X
	X
	X
	X
	X
	X

	VL history/symptoms
	X
	X
	X
	X
	X
	X
	X
	X
	X

	VL-focused clinical examination
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Laboratory tests
	Enrolment (M0)
	M3
	M6
	M9
	M12
	M15
	M18
	M21
	M24

	Leishmania infection marker, indirect
	rK39 RDT
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	DAT
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	rK39 ELISA
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Leishmania infection marker, direct


	PCR
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	Katex
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	Spleen aspiration
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa

	
	Bone marrow aspiration
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa

	
	Lymph node aspiration
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa

	HIV marker
	CD4 T-cell count
	x
	
	x
	
	x
	
	x
	
	x

	
	PCR (Viral load)
	x
	
	x
	
	x
	
	x
	
	x

	Host immune markers
	Full blood count
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	Cytokines, Chemokines, Acute Phase Proteins
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	Immuno-phenotyping
	
	Xb
	xb
	xb
	xb
	xb
	xb
	xb
	xb

	
	RNA sequencing
	
	Xb
	xb
	xb
	xb
	xb
	xb
	xb
	xb

	Malaria
	Microscopy / RDT
	x
	xc
	xc
	xc
	xc
	xc
	xc
	xc
	xc

	Stool
	Stool examination
	x
	x
	x
	x
	x
	x
	x
	x
	x


xa: collected as part of standard of care only if clinically indicated to confirm active VL (see Annex VL-NG). Not part of study procedures.

xb: Only collected from all patients with prevalent or incident asymptomatic Leishmania infection and from a randomly selected subgroup of 50 non-infected participants starting from M3 onwards (once the Leishmania infection status is known). 
xc: collected only if clinically indicated to confirm malaria.

During the asymptomatic phase, the samples, quantities and place of processing are as follows:

Table 2: Type of sample and quantity collected during the asymptomatic phase

	Sample
	Test
	Place of testing
	M0
	M3
	M6
	M9
	M12
	M15
	M18
	M21
	M24
	Long-term storage*

	4ml EDTA
	HIV PCR
	LRTC
	X
	
	x
	
	x
	
	x
	
	x
	X

	
	PCR Leish
	LRTC
	X
	X
	x
	x
	x
	x
	x
	x
	x
	

	4ml SST
	DAT
	LRTC
	X
	X
	x
	x
	x
	x
	x
	x
	x
	X

	
	RK39 ELISA
	LRTC
	X
	X
	x
	x
	x
	x
	x
	x
	x
	

	
	RK39 RDT
	site
	X
	x
	x
	x
	x
	x
	x
	x
	x
	

	
	Cytokines, chemokines, APP
	UoG
	X
	x
	x
	x
	x
	x
	x
	x
	x
	

	4ml EDTA
	CD4
	Site
	X
	
	x
	
	x
	
	x
	
	x
	X

	
	Full blood count
	Site
	X
	x
	x
	x
	x
	x
	x
	x
	x
	

	
	Cytokines, chemokines, APP
	LRTC/Belgium
	X
	x
	x
	x
	x
	x
	x
	x
	x
	

	
	Malaria microscopy/RDT
	Site
	X
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	

	VOLUME blood drawn for non-infected:
	12ml
	12ml
	12ml
	12ml
	12ml
	12ml
	12ml
	12ml
	12ml
	Tot: 108 ml

	2x5ml Cyto-Chex BCT
	Immunophenotyping
	Belgium
	
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	X

	2.5 ml PAXgene
	RNA sequencing
	Belgium
	
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	xa
	X

	VOLUME blood drawn for immune subset:
	12ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	Tot: 208ml

	5ml Urine
	KATEX
	LRTC
	X
	x
	x
	x
	x
	x
	x
	x
	x
	X

	Aspirate slide
	Spleen/Bone/Lymph Node
	Site
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	Xb
	

	Stool
	Examination
	Site
	X
	x
	x
	x
	x
	x
	x
	x
	x
	


Xa Only collected from all patients with prevalent or incident asymptomatic Leishmania infection and from a randomly selected subgroup of 50 non-infected participants starting from M3 onwards (once confirmation of active VL is known) (e.g. if positive at M6, participant will sampled at M9 until M16).
Xb collected only if clinically indicated to confirm malaria or VL according to routine care.

*Left-over storage
Flow schedule II: Post-asymptomatic phase

For patients who develop active VL, the following samples and clinical data will be collected after VL diagnosis: 

Table 3: Flow chart of procedures and laboratory tests during the post-asymptomatic period:
	Clinical data
	Start of Treatment (D0)
	D7
	D14
	D21
	End of treatment (D28)
	(Extended Treatment)
	M3
	M6
	M9
	M12

	Eligibility / Inclusion and exclusion criteria
	X
	
	
	
	
	
	
	
	
	

	Informed Consent 2
	X
	
	
	
	
	
	
	
	
	

	Concomitant medication
	X
	X
	X
	X
	X
	(X)
	X
	X
	X
	X

	Health-related events since last visit
	X
	X
	X
	X
	X
	(X)
	X
	X
	X
	X

	ART history/adherence
	X
	X
	X
	X
	X
	(X)
	X
	X
	X
	X

	VL symptoms/treatment
	X
	X
	X
	X
	X
	(X)
	X
	X
	X
	X

	VL-focused clinical examination
	X
	X
	X
	X
	X
	(X)
	X
	X
	X
	X

	Laboratory tests
	Start of Treatment (D0)
	D7
	D14
	D21
	End of treatment (D28)
	(Extended Treatment)
	M3
	M6
	M9
	M12

	Leishmania infection marker, indirect
	rK39 RDT
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	DAT
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	rK39 ELISA
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	Leishmania infection marker, direct


	PCR
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	Katex
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	Spleen aspiration
	xa
	xa
	xa
	xa
	xa
	(x)a
	xa
	xa
	xa
	xa

	
	Bone marrow aspiration
	xa
	xa
	xa
	xa
	xa
	(x)a
	xa
	xa
	xa
	xa

	
	Lymph node aspiration
	xa
	xa
	xa
	xa
	xa
	(x)a
	xa
	xa
	xa
	xa

	HIV marker
	CD4 T-cell count
	x
	
	
	
	
	
	
	x
	
	x

	
	PCR
	x
	
	
	
	
	
	
	x
	
	x

	Host immune markers
	Full blood count
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	Cytokines, chemokines, APP
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	Immunophenotyping
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	
	RNA sequencing
	x
	x
	x
	x
	x
	(x)
	x
	x
	x
	x

	Malaria
	Microscopy/RDT
	xc
	xc
	xc
	xc
	xc
	xc
	xc
	xc
	xc
	xc

	Stool
	Stool examination
	x
	
	
	
	x
	
	x
	x
	x
	x


Xa collected as part of standard of care only if clinically indicated to confirm active VL, confirm VL treatment success, or VL relapse (see Annex VL-NG). Not part of study procedures.

(x) Patients who experience VL treatment failure receive extended VL treatment as part of standard of care (see Annex VL-NG).

xc: collected only if clinically indicated to confirm malaria.

During the post-asymptomatic phase, the samples, quantities and place of processing are as follows:

Table 4: Type of sample and quantity collected during the post-asymptomatic phase

	Sample
	Test
	Place of testing
	D0
	D7
	D14
	D21
	End of treatment
	(Extended treatment)
	M3
	M6
	M9
	M12
	Long-term storage*

	4ml EDTA
	HIV PCR
	LRTC
	X
	
	
	
	
	
	
	x
	
	X
	X

	
	PCR Leish
	LRTC
	X
	X
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	4ml SST
	DAT
	LRTC
	X
	X
	x
	x
	x
	(x)
	x
	x
	x
	X
	X

	
	RK39 ELISA
	LRTC
	X
	X
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	
	RK39 RDT
	site
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	
	Cytokines, chemokines, APP
	UoG
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	4ml EDTA
	CD4
	Site
	X
	
	
	
	
	
	
	x
	
	X
	X

	
	Full blood count
	Site
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	
	Cytokines, chemokines, APP
	LRTC/Belgium
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	

	
	Malaria microscopy/RDT
	Site
	Xb
	Xb
	Xb
	Xb
	Xb
	(X)b
	Xb
	Xb
	Xb
	Xb
	

	2x5ml Cyto-Chex BCT
	Immunophenotyping
	Belgium
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	X

	2.5 ml PAXgene
	RNA sequencing
	Belgium
	X
	x
	x
	x
	x
	(x)
	x
	x
	x
	X
	X

	VOLUME blood drawn:
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	(24.5ml)
	24.5ml
	24.5ml
	24.5ml
	24.5ml
	Tot: 220.5ml

	5ml Urine
	KATEX
	LRTC
	X
	x
	x
	x
	x
	(x)
	
	x
	
	X
	X

	Aspirate slide
	Spleen/Bone/Lymph Node
	Site
	Xb
	Xb
	Xb
	Xb
	Xb
	(x)b
	Xb
	Xb
	Xb
	Xb
	

	Stool
	Examination
	Site
	X
	
	
	
	x
	
	x
	x
	x
	x
	


Xb collected only if clinically indicated to confirm malaria or VL according to routine care.
(x) Patients who experience VL treatment failure receive extended VL treatment as part of standard of care (see Annex VL-NG).

*Left-over storage 

Study tests
Leishmania infection marker:
· Indirect VL marker:

· rK39 RDT: This rapid diagnostic test detects antibodies against the 39-amino-acid repeat recombinant leishmanial antigen (rK39). It is currently the cornerstone of VL diagnosis in WHO recommended diagnostic algorithms and of many national guidelines (including Ethiopia). In this study, we will use the commercially available product (IT-LEISH, BioRad, USA).

· DAT: The Direct Agglutination Test is used in routine diagnostic algorithms as a follow-up serological test for rK39 negative individuals. DAT produced at ITM will be used in this study. 

· rK39 ELISA: For this study, standardized ELISA targeting serum antibodies to rK39 antigen will be conducted. 

Note: Both RDT and ELISA tests for antigen rK39 can be changed to rK28 if deemed more appropriate. During the start of the study, rK28 will be evaluated and validated against rK39. 

Direct VL marker:
· PCR: Real-time PCR to detect Leishmania will be performed on all samples for this study. When positive, quantitative real-time PCR will be done.
· Katex: For leishmanial antigen detection in urine, the Katex kit (Katex, Kalo Biological Ltd, UK) based on latex agglutination testing will be used in this study.
Aspirates: If aspirates are obtained as per routine practice, information on parasite load will be collected for study purposes.
HIV markers:

· CD4 cell count: The CD4+ T-cell count will be directly measured at regular time intervals of all recruited patients to record/evaluate their ART-regime and HIV infection.

· PCR: The plasma HIV viral load is measured by means of PCR at regular time intervals of all recruited patients to record/evaluate their ART-regime and HIV infection.

Host immune markers:

· CBC: Routine full blood count will be performed by a panel of tests that evaluate red blood cells, white blood cells and platelets circulating in the blood. 

· Cytokines, Chemokines, APP: A battery of relevant serum cytokines (e.g. IL-1b, IL-2, IL-4, IL-17, IL-22, IFN-y), chemokines (e.g. IL-8) and acute phase proteins (e.g. CRP) will be retrospectively measured by means of a Multiplex or ELISA method using commercially available kits on a selection of stored samples. 

· Immuno-phenotyping: Phenotyping by Cluster of Differentiation (CD) markers of immune cell populations by means of flow cytometry will be performed on cryopreserved Peripheral Blood Mononuclear Cell (PBMC) isolates from Cyto-chex BCT tubes (or equivalent), which preserve peripheral blood samples qualitative and quantitative leukocyte subset characteristics.
· RNA sequencing: Next generation RNA sequencing will be performed on stored PAXgene tubes. 
Due to the lack of advanced transcriptomics, multiplex and multi-colour flow cytometry technology in Ethiopia; flow cytometry measurements, extensive cytokine panels and RNA sequencing followed by extensive RNA-seq data analysis will be performed in Belgium to further explore immune dysregulation.
Other parasite infection markers:
· Malaria RDT or Microscopy: thick smear and thin smear
· Parasitology: microscopic stool examination

Infrastructure, equipment and procedures have already been put in place for all tests except for Cytokines/Chemokines/APP, HIV PCR, rk39 ELISA and PBMC isolation. These will be implemented in due time in collaboration with ITM for the conduct of this study.
Place of testing

Samples tested at the recruitment sites are performed directly on fresh samples. Sample testing at LRTC will be performed in batches on stored samples. Advanced immunological testing that cannot be done in Ethiopia will be conducted at ITM in Belgium.
Sample storage

Specimens that will not be tested at recruitment sites will be stored at minus 20 °C before being transported to LRTC. All leftovers of samples will be stored at minus 80°C in a repository at LRTC for future non-commercial research, together with samples from the pilot phase. This sample repository is set-up to evaluate newly arising potential risk markers, for quality assurance purposes (e.g. retesting of HIV infection), and for future non-commercial research. Separate approvals will be sought from all relevant ethics committees for all future research before the conduct of such new research proposals.
4.3. Data Analysis
All analyses will take into account the stratification by gender and the multi-centric design of the study.

Enrolment and follow-up

The number of participants screened, confirmed eligible, enrolled and excluded will be presented following the STROBE flow diagram template.
Baseline characteristics

Participants will be described with respect to baseline characteristics using medians and interquartile ranges for continuous variables, and counts and percentages for categorical variables. 

Primary objectives
1. Prevalence of asymptomatic Leishmania infection
: Prevalence will be estimated with 95% Wilson confidence interval.
2. Incidence rate of asymptomatic Leishmania infection: The incidence rate will be estimated with 95% confidence interval.
3. Evolution of Leishmania infection markers
: The evolution of Leishmania infection markers will be described as proportions of individuals with positive test results for the different Leishmania infection markers at each follow-up visit from the first positive infection marker result onwards. Graphs will be produced for individuals who develop active VL during follow-up and for individuals who do not develop active VL, stratified by infection status at enrolment. Mixed effects models will be considered to assess the evolution of infections markers over time.
4. Risk to develop active VL: The incidence rate will be estimated with 95% confidence interval.
5. Risk factors for active VL: Multivariable analysis will be done to estimate adjusted odds ratios for the association between active VL and demographic/clinical characteristics as well as HIV/host immunity/Leishmania infection markers with 95% confidence intervals.
6. Prognostic tool for active VL: A clinical decision algorithm to identify HIV-infected patients at high risk of VL development within 12 months will be developed. Several methods will be explored depending on the selected variables and adapted to the needs of the algorithm (CART, risk score, etc.). Performance of the algorithm will be assessed by sensitivity, specificity, predictive values and ROC analysis.
Secondary objectives

For these objectives, principal component analysis may first be performed on the host immune markers to reduce dimensionality.
1. Patterns in host immune markers
 for asymptomatic Leishmania infection: Logistic regression will be used to estimate the association between the risk of asymptomatic Leishmania infection and host immune marker levels at the different visits.
2. Evolution of host immune markers: Graphs will be produced to display the evolution of host immune marker levels over time stratified by individuals without asymptomatic Leishmania infection during follow-up; individuals with asymptomatic Leishmania infection who develop active VL during follow-up; and individuals with asymptomatic Leishmania infection who do not develop active VL. Mixed effects models will be considered to assess the evolution of infections markers over time.
3. Patterns in host immune markers for VL treatment failure: Regression models will be fitted with treatment failure as dependent variable and (evolution over time of) host immune markers as independent variables.
4. Patterns in host immune markers for VL relapse: Regression model will be fitted with VL relapse as dependent variable and (evolution over time of) host immune markers as independent variables.
Interim analyses

Cross-sectional data of some primary and secondary endpoints will already analysed when the recruitment target has been reached (approximately at one year after the start of the study):

· Prevalence of asymptomatic Leishmania infection

· Comparison of Leishmania infection markers

· Patterns in host immune markers for asymptomatic Leishmania infection

In addition, interim data analyses will be done when i) 50% of participants completed one year of follow-up and ii) when 100% of participants completed one year of follow-up.
Statistical analysis plan

A detailed statistical analysis plan will be written and approved before the database is locked.

5. Ethical issues
5.1. Ethics and regulatory review
This study protocol and any further substantial amendments will be submitted for formal review and approval to the Institutional Review Board (IRB) of the ITM, the Ethics Committee of the University Hospital in Antwerp, the IRB of the University of Gondar, the National Research Ethics Review Committee (NRERC) of Ethiopia, relevant local health authorities in Ethiopia, and the Ethics Review Committee of MSF. No participants will be enrolled or subject to study-related procedures before written approval from these bodies is obtained. The study will be carried out according to the principles stated in the Declaration of Helsinki 2013 and any further update, the Good Clinical Practice of the WHO, and those of the Ethiopian Food, Medicine and HealthCare Administration and Control Authority (FMHACA), all other applicable national and international regulations, and according to established international scientific standards. This study will also be registered in the publicly accessible www.clinicaltrials.gov clinical trial register.
5.2. Obtaining Informed Consent
All patients will be asked to provide informed consent before undergoing any study-specific procedures. The Informed Consent Forms (ICF) as well as the informed consent interview will describe the purpose of the study, the procedures to be followed, the risks and benefits of participation, the voluntary nature to participate as described in the Helsinki Declaration (2013), the 2014 NRERC guidelines, and other applicable guidelines. Study participants will be informed that participation in the study is completely voluntary and that the participant can withdraw from the study at any time without any negative consequences or any implications on routine care.
The IC interviews will be conducted in the native or preferred language of the patients by a qualified person formally identified by the PI. Written information and consent forms will be provided to the patients for their review in English, Amharic or Tigrigna at their choice. The written information and consent form will be translated in Amharic and Tigrigna by a native speaker. It will be back-translated and double-checked for correctness by a second person with good knowledge of the context and the population of the study. The translated ICFs will be submitted to national review boards for approval. 
Individuals attending the health facility and potentially eligible for the study will be informed on the study by the investigator or his/her research assistant. Patients will be given enough time to ask questions and to take a free decision. If the individual is willing to participate, he/she will be given the ICF and the content will be read by the patient or, if illiterate, by an independent witness to the patient. If the patients freely confirms the willingness to participate, he/she will be invited to confirm this by signing the ICF, adding his/her name (or thumb-printing if illiterate). The form will be countersigned by the recruiting study staff. The patient will receive a completed copy of the ICF to keep.
If a patient (or guardian) is unable to read or write, an independent witness must be present during the informed consent interview. The signature of the independent witness will be obtained in addition to the patients’ thumbprint.
5.3. Confidentiality and privacy
The study investigators will be responsible for reporting the patient’s personal details and identification code in a subject identification code list. To ensure confidentiality, this list will be kept in a separate, locked cupboard together with the signed ICFs and only authorised members of the study team will have access to it. All participant information will be stored in locked filing cabinets in areas with access limited to study site staff. All participant information and laboratory specimens, including stored specimens, reports, study data collection, process, and administrative forms will be identified by the study code, date of sample collection and type of study visit. Names will not be used. The database will be secured with password-protected access systems (see section 7 for details). Participant’s study information will not be released to anybody outside the medical team, except as necessary (and under confidentiality agreement) for the independent monitoring, auditing and for inspection by competent authorities.
During or after final publication of results, individual patient data might be publicly shared on an anonymized basis, in line with the requirements that are currently being set up.
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5.4. Standard of care

Patients not eligible or refusing to participate in this study will receive standard of care as per routine practice. If a patient is diagnosed with VL, either before enrolment or during follow-up after enrolment, standard of care as per routine practice will be offered following Ethiopian guidelines (see Annex VL-NG), whether the patients consents to the second ICF or not. If needed, treatment of non-leishmaniasis conditions will be offered as per routine care.

5.5. Accrual of evidence during the study period
It is currently not well-known how to use the different leishmanial tests in clinical care for HIV-infected patients, especially in Leishmania donovani endemic regions. The current consensus at the national and international level is that generally speaking asymptomatic infection in immunocompetent or immune-deficient individuals should not be treated. Also, primary prophylaxis for VL is currently not recommended. In this regard, care needs to be taken to prevent that results from study-related Leishmania infection tests lead to unnecessary investigations or treatment by the treating physician. On the other hand, if data that can inform the management of asymptomatic Leishmania infection becomes available during the study, these will be made available. The following strategy will be implemented:
Communication of study-related laboratory results

Prior to the study initiation, a consensus document will be compiled by local and international experts on the current knowledge on the clinical relevance of the different leishmanial laboratory tests. 
In general, laboratory data from study-related Leishmania infection markers will not be made available to the clinicians. However, on a case by case basis, treating physicians can request to be informed by the coordinating investigators about certain tests results if considered in the benefit of the patient. 

Adjustment of clinical care

Every six months during the study period, summary data and specific problematic cases (selected by the research team) will be formally reviewed by a scientific advisory committee (SAC) for implications on patient care. If considered necessary by the SAC, clinical care will be adjusted in discussion with the site PI. The need for more regular patient follow-up, additional investigations or early treatment initiation will also be discussed during these reviews. The SAC will include relevant Ethiopian and non-Ethiopian experts not directly involved in the study. As required, additional external expert advice will be sought.

5.6. Reimbursement

There will be no reimbursement for participation in the study. Since there will be no visits only for study purposes compared to routine care, no travel costs will be reimbursed. All costs for study-related laboratory tests will be covered by the study. Patients with conditions detected by study-related tests will be referred into routine care and local programmes.

5.7. Sample storage

All samples and sample left-overs not used during the course of this study will be stored at LRTC in Gondar for 25 years after the end of the study, together with samples from the pilot phase. After this period, samples will be destroyed after obtaining approval of the sponsor and the NRERC. Samples will remain at LRTC, who will have ownership of the samples, for the entire storage duration. Responsibility for the samples repository during the storage duration and financial sustainability remains with the country coordinating investigator. New research protocols will be submitted for approval to all concerned IRBs and Ethics Committees for future non-commercial research using these samples.
All participants will be requested to give consent separately for the long term storage of their samples. Samples of participants not consenting for this long-term storage will be destructed after completion of the study follow-up and possible use for quality assurance tests. Participants will also be explained for how long and where their samples will be stored and which type of secondary research may be performed on their samples in the future.

Material Transfer Agreements will be signed if samples are shipped out of Ethiopia to Belgium or to other potential research partners.
5.8. Insurance

The Institute of Tropical Medicine as sponsor of this study foresees in an insurance policy, available for all participants enrolled in the study, to cover consequences of damages which result from this research. ITM has negotiated an arrangement with Amlin Corporate Insurance in which this research is no-fault insured (as required by the Belgian law on Experiments on the human person of May 7th 2004). 

Subjects who suffer injury from study-related procedures will be entitled to free medical treatment for such injury, and to such financial assistance as would compensate them equitably for any resultant impairment, disability or handicap, as explicated in the informed consent. 
6. Monitoring And Quality Control
The ITM clinical trials unit (CTU) has been supervising the project and quality management of a clinical trial NCT01360762 in the same study region in collaboration with LRTC/UoG. As part of the trial quality system, for this study the CTU via the Trial Management Group (TMG) will implement and/or supervise all good clinical practice (GCP)-related activities such as the ethical and regulatory submissions, data management, site staff training in GCP, and the on‐site GCP monitoring visits, and will ensure overall project planning and management. At least three on‐site GCP-monitoring visits will be carried out by the CTU to ensure and document protocol and overall GCP‐compliance.
The Central Laboratory for Clinical Biology and the HIV/STD Reference Laboratory of ITM will take overall responsibility to provide support for the implementation and sustainment of a laboratory quality system for all study specific analyses and for quality control of the PCR (in collaboration with the Unit of Molecular Parasitology at ITM), which is implemented as part of the ITM‐UoG Framework Agreement (see Annex FA3). The following activities will be done specific for the present study: standard operating procedures (SOP) for GCP good quality laboratory standards will be adapted to the specific needs if required; a laboratory analytical plan will be developed to cover the additional tests included in the present study; procedures for the selection, procurement, shipment, transport and storage of diagnostics will be developed; and a system for external and internal quality control of laboratory tests will be established. 
The GCP set‐up put in place in this study will constitute a solid basis for further high quality clinical research, including if applicable phase II/III clinical trials.

7. Data Management And Archiving
7.1. Data Management

Data Management will be performed by the CTU (ITM) in collaboration with study staff at the UoG and at the study sites.

Data entry 

Only data defined by the study protocol will be captured. All Clinical and laboratory data will be entered from source documents via electronical case report forms (eCRFs) into a clinical study database using MACRO. MACRO is a clinical trials management software which supports ICH-GCP quality standards and requirements (such as the FDA’s CFR 21 part 11, e.g. the need for electronic signature and electronic audit trail). The software features amongst others an integrated eCRF tracking and query management system, which permits a traceable communication between the sites. It also allows for importing and exporting data in various formats and ensures that the entire database can be archived in pdf format for long-term storage and for audit purposes.

Data entry will be done on laptops into an off-line version of the eCRFs. Edit checks programmed onto the eCRFs will validate data at time of data entry. System validation of the eCRFs will also be done, in particular on the edit checks. Data entry and subsequent data handling will be performed by trained study staff under the supervision of the site PIs. Offline eCRFs in the field will be frequently synchronized with the central database on the ITM server.
Data validation and quality

Good data management practices during the design of the eCRFs, such as the use of coding, check boxes, question input masks and drop down menus will enhance the data quality. Aside the automatic edit checks, also manual checks will be performed to identify out of range data, missing data and inconsistent data. Training sessions on data management will be organized to build and strengthen capacity at Gondar University and the sites. In addition, regular communication with the site on data management will be held to closely follow up on the progress.

Data confidentiality and security

Information of study participants will be handled confidentially. A participant identification code will be assigned to each study participant. Any information that could lead to the identification of the participant will not be included on the eCRFs, nor on any other paper documents or electronic files used for data management. The name and contact data for each participant will be kept separately and limited to authorized study staff. 
All paper documents and electronic files needed for data management will be restricted to authorized study staff, both at the CTU and at study sites. The study computers and eCRFs will only be accessible via a Login with personal username and password. A list of authorized users of the eCRFs and the database will be kept at the CTU and updated regularly. Data backup will be maintained at the ITM server and at the study laptops.
7.2. Archiving

The site PIs are responsible for ensuring a secure and appropriate location for storage of the Investigator’s File and any other study related documentation present at site, as well as for ensuring that only site staff that is competent and delegated to work for the study has access to these files. The Investigator’s File will contain all essential study documents. After study completion, all relevant study documentation will be retained in accordance with the local legislation and will be archived in Gondar for a minimum period of five years after completion of the study. ITM will be informed prior to destruction of the files. The Investigator’s File will at all times remain available for internal audits and/or inspections of regulatory authorities, also after completion of the project.
The Trial Master File and any other sponsor related documentation will be archived at ITM at a secure and appropriate location and will only be accessible for competent and delegated sponsor staff. After completion of the study, the Sponsor File will remain available for internal audits and/or inspections of regulatory authorities for a period of 25 years or according to regulatory requirements.
8. Dissemination of Results

Events for the dissemination of results, in particular of findings and implications relevant to the study population, will be organized at local and national (Ethiopian) levels at the end of the study. In Ethiopia, information will be shared at regular intervals with the MoH, WHO in Ethiopia, and the National Leishmania Task Force. Findings of the study will be submitted to open-access peer-reviewed journals. Abstracts will be sent for consideration at national and international conferences. Communications and publications of study results or future publications on analyses from the sample repository will be led by coordinating investigators jointly. Partnering Institutions will be involved in the publication processes. Authorship details will be defined in a separate publication SOP, which will be finalized and approved by all partners.
To provide timely feedback to policy makers, local communities and the scientific community, findings from intermediate analysis as outlined in section 4.3 will be prepared for publication. 

During or after final publication of results, individual patient data might be publicly shared on an anonymized basis, in line with the requirements that are currently being set up.
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9. Annexes
Annex FA3 

FA3-III (2014-2016 Formulation Proposal for Country Programmes
Annex VL-NG 

Ethiopian National Treatment Guidelines for Visceral Leishmaniasis
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