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ABSTRACT

Early case detection is a pillar of India’s strategy to eliminate visceral leishmaniasis (VL) as a
public health problem by 2030. To identify and treat the several thousand VL cases

remaining within a population of 150 million people, surveillance must be continuously
refined and reinforced. In Bihar, India’s most endemic state, strategising efficient and long-
term surveillance requires understanding current and projected costs of active- and passive-
case detection (ACD and PCD) alongside the degree to which policy-relevant research is able

to inform and adjust elimination activities.

This thesis is separated into two research themes. First, the impact of economic analyses on
surveillance is reviewed and findings are presented on the costs and outcomes of ACD and
PCD activities in Bihar. Bottom-up micro-costing and top-down expenditure analyses
compare programme costs, cost per case detected, and the cost to scale-up activities across a
heterogeneous landscape of incidence. Districts with medium- or high-incidence might be
sufficiently addressed through passive case detection accompanied by less costly index case-
based active detection, whereas low-incidence districts might require higher cost house-to-

house active surveillance to reduce the risk of resurgence.

The second theme explores the extent to which VL modelling research is practically applied
within India’s elimination programme. In-depth interviews with decision makers, programme
managers, and researchers examine the use and perceived value of incidence predictions, the
likelihood of reaching elimination targets, and projected effects of different interventions for
informing programme strategy. Decision makers and researchers reported that knowledge
utilisation may be impeded by assumptions that 1) models accurately reflect transmission

dynamics, 2) modellers apply their analyses to specific programme operations, and 3) there is



accountability in the process of translating knowledge to policy. Engaging decision makers in
the later stages of the modelling process, especially interpretation, may be crucial to

garnering the political support needed to translate knowledge into programme activities.

Modelling and economics are critical research disciplines for projecting incidence and
programme costs throughout the process of neglected tropical disease elimination. This DrPH
thesis examines and contributes to actionable research and its use in policy through the lens

of strategising case detection to eliminate VL as a public health problem in India.



DOCTOR OF PUBLIC HEALTH (DrPH) SUMMARY STATEMENT

The Doctor of Public Health (DrPH) degree at the London School of Hygiene and Tropical
Medicine (LSHTM) is a practice- and research-based doctoral level qualification intended to
equip graduates with the knowledge and experience to understand and apply scientific
knowledge to achieve public health gains. The DrPH programme is organised into three
sequential and compulsory components:
l. Two taught modules in Evidence-Based Public Health Policy & Practice and
Understanding Leadership, Management, & Organisation
Il. A professional research attachment, or Organisational Policy Analysis (OPA),
carried out over six- to twelve-months in a public health organisation
M. A research project carried out over 18-months that leads to the production of a

thesis

Continuing from a background in public health policy with research experience in
population-level interventions, the DrPH programme aligned with my ambition to develop
and hone policy-relevant research skills. I enrolled in September 2017 and completed two
requisite modules that reinforced my capacity to design research intended for policy,
improved my ability to communicate and collaborate with diverse actors, and advanced my
understanding of the dynamics between and within public health organisations. In early 2018,
| began a part-time 18-month research assistant position within the LSHTM-based
consortium SPEAK India (Setting the Post-Elimination agenda for Kala-Azar in India),
where my interest in visceral leishmaniasis developed. This led to the completion of my
professional attachment (OPA) with the New Delhi branch of the consortium KalaCORE,

where | carried out a retrospective analysis of how the organisation rolled out and maintained



an improved VL treatment programme from 2014-2018. The product of this research
component was a programme analysis composed explicitly for KalaCORE and published

internally at LSHTM.

While evaluating India’s VL treatment programme during the OPA, I was motivated to
formulate a thesis that would address: 1) how and at what cost VL cases are first detected
prior to treatment, and 2) how decision makers in India value and use research insights
relating to case detection strategies. The former question would allow me to develop
fundamental skills in economic analysis, while the latter would facilitate a real-world
examination of research actionability in policy. This thesis proposal was presented to the
Public Health Policy faculty, examined by Dr Emma Harding-Esch and Dr Sedona Sweeney

of LSHTM, and accepted in June 2019.

During the past several years at LSHTM | also engaged in teaching as a Seminar Leader on
two master’s level courses: Applied Communicable Disease Control and Health Policy,
Process & Power. Guiding students through these modules allowed me to revisit and
communicate public health literature, theories, and case studies from a new perspective,

which enhanced the breadth of my DrPH experience.
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GLOSSARY OF TERMS

acquired immunity

An immune system response to a foreign substance or microorganism in which a person
elicits or receives antibodies from another source and thereby develops immunity. There are
two subtypes: 1) adaptive immunity, which occurs in response to being infected with or
vaccinated against a particular microorganism when the body mounts an immune response
that can prevent or reduce future infection; and 2) passive immunity, which occurs when a
person receives antibodies to a disease or toxin rather than making them through their own
immune system

active case detection (ACD)

A type of surveillance or case finding approach in which health care workers systematically
search for and clinically verify infected patients who have not visited a health facility for
treatment. Active case detection requires substantially more time and resources than passive
case detection, but is more complete and methodical

basic reproduction number (Ro)

Denoted as Ro, this metric is used to quantify the transmission potential of an infectious
disease in a particular environment by calculating the average number of secondary
infections produced by an initial case of infection in a population where everyone is
susceptible during the period of infectiousness. If Ro > 1 the number of cases will increase; if
Ro = 1 the number of cases is constant; and if Ro < 1 the number of cases will decrease

control
The mean reduction of disease incidence, prevalence, morbidity, and/or mortality to a locally
acceptable level as a result of deliberate efforts or intervention measures

cost analysis

Uses both costs and outcomes to estimate the total cost of implementing a programme or
intervention. Useful to decision makers for budgeting, performance monitoring, and resource
allocation

cost-effectiveness analysis
An evaluation to compare the costs of interventions against their adverse and beneficial
health consequences, usually measured by a natural unit such as cases-averted

cost-minimisation analysis
A form of comparative economic analysis that compares the cost of two or more
interventions (or policy alternatives) that are assumed to have equivalent health outcomes

deterministic model (of infectious disease)

A model which describes the average (mean) behaviour of the infection dynamics in a
population and does not incorporate the effects of chance. It usually applies to population-
based models

disease benchmark

An achievable, quantifiable target relating to disease incidence, prevalence, morbidity, and/or
mortality that is used to measure progress of deliberate efforts towards control, elimination,
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or eradication in a defined geographical area. These are most often defined and validated by
the World Health Organization

dynamic model (of infectious disease)

A model which describes changes in given quantities (typically state variables) over time,
frequently used to describe the transmission dynamics of an infectious agent by capturing the
processes that lead to transmission, infection, recovery, and/or acquisition/waning immunity,
as well as host demographic processes, with the purpose of understanding how these
processes impact the incidence and prevalence in the host population

economic cost
Costs that capture the full value of resources, including the monetary value for opportunity
foregone of donated goods, volunteer time, or where otherwise no market prices are available

elimination of transmission (EOT)

Commonly referred to as interruption of transmission, this is defined as achieving a mean
reduction to zero of the incidence of infection caused by a specific pathogen in a defined
geographic area as a result of deliberate intervention efforts, with minimal risk of resurgence
and/or reintroduction

elimination as a public health problem (EPHP)

A term related to both infection and disease (morbidity associated with the infection), which
is defined by achievement of measurable global targets set by WHO in relation to a specific
disease. When targets are reached, continued action is required to maintain targets and/or to
advance towards elimination (interruption) of transmission

endemic

A disease or condition regularly found among particular population groups, populations, or in
a certain area, by which the number of cases varies around an average determined by
transmission conditions. The level of endemicity can be measured by determining how
common an infection is, or by determining the change in rates of infection over time

eradication
The global and permanent reduction of incidence to zero of a specific pathogen as a result of
deliberate efforts, with no risk of reintroduction

exposure
Having come into contact with a cause of, or possessing a characteristic that is determinant
of, a particular public health problem

financial cost
Costs that characterise resources paid for and those planned to be spent, usually from the
perspective of a specific payer, programme, or organisation

force of infection (FOI)
The rate at which a susceptible individual becomes infected per unit time
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health policy and systems research

An interdisciplinary and emerging field that seeks to understand and improve how societies
organise themselves in achieving collective health goals, and how different actors interact in
the policy and implementation processes to actualise policy outcomes

incidence
The occurrence of new cases of disease in a population over a specified period of time

incubation period
The time interval from exposure to an infectious agent to the onset of symptoms of an
infectious disease

individual-based model

A model that works bottom-up to describe population-level behaviour that emerges from
interactions between autonomous individuals and their environment. The history of every
individual is used to create a network structure based on a unique set of attributes and state
variables

infection
Invasion of the body tissues of a host by an infectious agent, whether or not it causes disease

innovative and intensified disease management (IDM)

A category of disease intervention used when cost-effective control tools do not exist and
where large-scale use of tools is limited. The goal is to manage diseases within primary
healthcare systems and eliminate those diseases as public health problems

morbidity
Disease; any departure, subjective or objective, from a state of physiological or psychological
health and well-being

mortality
Death; in infectious disease models mortality rates enter as background death rates and/or
excess mortality rates due to the infection

natural history of disease

The course, development, and/or progression of a communicable disease over a period of
time in a person who is not receiving treatment. The stages of natural history are often
marked as exposure, infection (symptomatic or asymptomatic), and outcome (either recovery,
chronicity, or death)

neglected tropical diseases (NTDs)

An umbrella term used to describe, in contrast with malaria, TB, and HIV, a group of over 20
communicable diseases, conditions, and toxins that affect over 1.7 billion people globally and
which perpetuate a cycle of poverty. They are grouped together as a result of similarities in
the marginalized populations they affect, the methods of diagnosis and treatment, their
disease and economic burdens, and lower levels of investment in diagnostic and therapeutic
tools that contribute to their neglect
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outcome

Any or all possible results that can stem from exposure to a causal factor or from preventive
or therapeutic interventions; all identified changes in health status that result from the
handling of a health problem

passive case detection (PCT)

A type of surveillance system in which disease cases and data are generated and reported
from a health facility where a symptomatic patient is diagnosed. This is the most common
type of surveillance and is typically coordinated through hospitals and clinics governed by
one organization or entity

post-kala-azar dermal leishmaniasis (PKDL)

A complication of visceral leishmaniasis characterised by a macular, maculopapular, and
nodular rash in a patient who has recovered from VL and is otherwise well. It occurs in 5-
15% of successfully treated VL cases, and has been shown to contribute to transmission of
VL through the bite of a sandfly vector

prevalence
The proportion of a defined population found to be affected by a disease or medical condition
at a specific point in time

preventive chemotherapy/preventive chemotherapy and transmission control (PCT)

A category of disease intervention that focuses on the availability of safe and effective drugs,
which make it feasible to implement large-scale preventive chemotherapy (such as mass drug
administration). In NTDs it is also referred to as preventive chemotherapy and transmission
control (PCT), whereby the term ‘preventive’ refers not only to the prevention of infection
but to the prevention of morbidity by tackling the load of infection stages that lead to disease
sequelae and transmission. It is typically preceded by rapid epidemiological assessment
methods that help determine the endemicity of the infection/disease in a particular area such
that individual diagnosis (screening) is not necessary before deploying PCD strategies

resurgence
Disease resurgence is defined as the reappearance of new infections in significant numbers
after a disease has subsided, owing to the measures applied to reduce or interrupt its
transmission. Resurgence may be a result of societal factors, political dynamics,
programmatic factors such as premature cessation of intervention efforts, and/or biological
factors such as drug and vector resistance

static model

A model that does not account for changes in given quantities over time, and which does not
explicitly describe contact (and therefore disease transmission) between individuals. The
force of infection is a fixed value; therefore, a static model may not adequately assess the
impact of interventions that reduce incidence or the prevalence of infection

stochastic model

A model that incorporates the effects of chance and randomness, and/or the effects of
population size and structure (demographic stochasticity) when determining the number of
individuals that become infected, infectious, and recover per unit time. Ranges of (rather than
fixed) parameter values can also be considered such that the model runs produce different
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outputs when sampling from parameter space. Individual-based models are typically
stochastic models

structured model

A model that includes compartmentalisation, usually reflecting various health and disease
states. Other characteristics can also be structured, such as age, sex, and other relevant
variables

transmission (of infection)
Any mode or mechanism by which an infectious agent is spread to a susceptible host
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CHAPTER 1. INTRODUCTION

1.1 Overview and scope of thesis

This DrPH thesis aims to inform visceral leishmaniasis (VL), or kala-azar, elimination
strategies in India by contributing to and evaluating the use of policy-relevant research. VL is
targeted for elimination as a public health problem (EPHP) in India, which will require long-
term surveillance and response. In an effort to inform and support EPHP strategies, this work
focuses on case detection activities coordinated by the national Kala-Azar Elimination
Programme (KEP). Aligning with the DrPH aim to engage both in research and its use to
achieve public health gains, the scope of this thesis is interdisciplinary and includes both

quantitative and qualitative methods.

First, this thesis explores research disciplines that are compelling and influential to the design
of surveillance programmes around the point of elimination. For VL in India, the science
behind resource allocation and the cost of surveillance activities lacks political support and is
therefore underdeveloped. This thesis directly addresses a gap in actionable research by
presenting a cost analysis and comparison of several active- and passive- case detection
(ACD and PCD) activities across varying degrees of VL incidence in India’s most endemic
state, Bihar. The results of this study inform how and why each case detection method could

be more strategically implemented across space and time.

Second, this thesis explores how and whether policy-relevant research is used to inform VL
surveillance strategies in India’s KEP. Timely and actionable evidence is increasingly
generated in the field of mathematical modelling for VL in India, but the extent to which it is

valued and applied to elimination activities is unknown. The second research component
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investigates the perceived value and use of VL mathematical modelling to decision makers in
India involved in programme design and implementation. Opportunities to integrate
economics and modelling to generate more robust and comprehensive evidence for policy are

also explored.

Presented in a paper-style format, this thesis includes seven chapters that revolve around two
central research components: a cost analysis of VL case detection strategies in India, and a
qualitative study examining the value and use of VL transmission modelling in India’s KEP.
The chapters preceding each research component support and substantiate the outlined
objectives by presenting theories, literature, gaps in knowledge, and justification of the

methodology used for investigation.

1.2 Thesis aim and objectives

Aim: This DrPH thesis aims to inform VL surveillance strategies in India by evaluating the
cost of current case detection activities and examining the value and use of mathematical
modelling in policy. Three thesis objectives are identified and outlined below, including
specific study questions, with two central research components presented as papers R1 and

R2:

Objective 1—L iterature Reviews
Purpose: To identify policy-relevant research disciplines for informing VL surveillance
strategies in India

1. What are examples of timely and policy-relevant research used to inform surveillance
and elimination programmes?
2. For VL in India, what is the availability of economic and modelling research to

inform surveillance and elimination programmes?
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a. What gaps exist in the presence and production of actionable research for VL
elimination in India?

b. Where actionable research exists, is there evidence of how it is used and
applied in the KEP?

Objective 2—Paper R1
Purpose: To evaluate the costs and outcomes of VL active- and passive case detection
activities in India

1. What are the current surveillance activities that support early VL case detection in
India?

2. What are the programme and unit costs for detecting additional VL cases in India?

3. Do the costs and outcomes of case detection vary across low, medium, and high VL
incidence in India?

4. What are the costs of scaling up current VL case detection strategies in India?

Objective 3—Paper R2
Purpose: To examine how mathematical modelling is valued and used to inform surveillance
in India’s Kala-Azar Elimination Programme

1. Has mathematical modelling research contributed to informing transmission dynamics
and case detection strategies for VL in India?

2. How do decision makers and programme managers in the KEP understand, value, and
use VL mathematical modelling research?

3. What are the barriers to translating knowledge produced by VL modelling research

into policy in the KEP?

1.3 Outline of chapters

Chapter 1 introduces the scope, objectives, and structure of the work presented in this thesis,
detailing specific research questions and a brief synopsis of neglected tropical disease (NTD)
control and elimination. Chapter 2, the background, provides a broad overview of VL in

India, including disease characteristics, epidemiology, the history of regional elimination
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programmes in the Indian Subcontinent (ISC), and current pillars and partners of India’s
KEP. A review of policy-relevant research disciplines is then presented as they relate more
broadly to NTDs around the point of elimination. Several disciplines are identified for their
ability to inform elimination programmes: economic evaluations to substantiate resource
allocation, and mathematical modelling to project and strategise the feasibility of achieving

elimination benchmarks across space and time.

The literature review in Chapter 3 explores the value of economic evaluations for informing
the design, implementation, and longevity of surveillance activities during elimination. This
chapter details economic analyses conducted for VL in India throughout the past decade and
identifies gaps in knowledge addressed in paper R1. Chapter 4 is the first research paper
(R1), which presents programme and unit costs of two VL active case detection strategies
(index case-based and house-to-house) alongside passive case detection, and compares the

outcomes of each programme across low, medium, and high incidence areas.

Where compelling evidence for informing VL case detection strategies already exists, in the
case of mathematical modelling, the final aim of this thesis is to identify how actionable
research is valued and used in KEP policy. Chapter 5 presents an overview of mathematical
models, their actionability within other NTD elimination programmes, and a review of
modelling literature specific to VL in India produced over the past decade. The second part of
Chapter 5 then reviews literature surrounding theories of Knowledge Translation (KT) and
Knowledge to Action (KTA) to substantiate a framework for investigating how knowledge
generated from VL modelling is, or could be, applied to surveillance and elimination policies

in India. Chapter 6 presents a second research paper (R2) that uses qualitative interviewing to
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examine the value and actionability of VL modelling in the KEP from the perspective of

decision makers, programme managers, and researchers in India.

The outcomes and implications of the literature reviews and research papers are synthesised
in Chapter 7, the discussion, with a focus on contributions and implications of papers R1 and
R2 to surveillance and elimination in the KEP. The potential to integrate economic analyses
into mathematical models for VL, and its relevance to policy and decision making, is also
examined. Lastly, a reflection on the advantages and disadvantages of examining case

detection strategies from an interdisciplinary perspective is considered.

Figure 1-1 displays the thematic organisation of the two central research themes and their

corresponding literature reviews.
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CHAPTER 1
Introduction

Thesis outline, scope,
and research objectives

CHAPTER 2
Background

Overview of VL, elimination activities, and
surveillance as a pillar of the KEP

Objective 1
To identify policy-relevant research disciplines for
informing VL surveillance strategies in India

Objective 2 Objective 3
To evaluate the costs and outcomes of VL active- To examine how VL mathematical modelling is
and passive- case detection strategies in India valued and used to inform surveillance in the KEP
CHAPTER 3 CHAPTER 5
Literature Review 1 Literature Review 2
Economic theory for Research actionability: mathematical models
surveillance and elimination for VL surveillance and Knowledge
activities Translation theory
CHAPTER 4 CHAPTER 6
Research Paper 1 Research Paper 2
Costs and outcomes of ACD and The value and use of mathematical
PCD for VL in India modelling in the KEP
CHAPTER 7
Discussion

Figure 1-1.

Contributions and implications of findings to VL surveillance and
KEP policy in India; and strengths and limitations of
interdisciplinary thesis approach

Flow-diagram of thesis chapters and objectives
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1.4 Neglected Tropical Disease control and elimination

Global NTD burden

Nearly one third of the global population is either living with or at risk of acquiring a
neglected tropical disease (NTD) [1]. A collective of over 20 conditions, the vast majority of
NTDs are chronic bacterial, parasitic, and viral infections that often cause life-long
disfigurement and disability [2]. The joint classification of NTDs was created shortly after
the Millennium Development Goals (MDGSs) were adopted in 2000 because of stark
similarities in their geographical overlap, co-infections, risk factors, and potential synergistic
strategies for diagnosis, treatment, and prevention [3]. The World Health Organization
(WHO) currently prioritises 22 NTDs for eradication, elimination, or control, recognising
that their combined disease burden is comparable to that of malaria, TB, and HIV [4].
Eradication signifies a global and permanent reduction of incidence to zero for a specific
pathogen, without risk of reintroduction [5]. Elimination either refers to interruption of
transmission (elimination of transmission—EOT—defined as a reduction to zero of the
incidence of infection in a defined geographical area), or as a public health problem
(elimination of a public health problem—EPHP—defined by achievement of measurable
targets set by the WHO, where continued control actions are required to maintain targets) [5].
Lastly, control is the mean reduction of disease incidence, prevalence, morbidity, or mortality

to a locally acceptable level as a result of deliberate and continued intervention measures [5].

As their name suggests, NTDs have been historically overlooked relative to the political
voice, research, and funding of higher profile diseases [6]. Their relatively low mortality
(measured in years of life lost—YLL) but high morbidity (measured in years lived with
disability—YLD) generates substantial economic and societal burdens that are heightened by

associations with HIVV/AIDS, malaria, tuberculosis, non-communicable diseases, and a
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disproportionate impact on women and girls [7]. NTDs consistently afflict rural and
impoverished communities through detrimental cycles of malnutrition, lower economic
productivity, and physical disability; and although the predisposition of vulnerable
populations is not well understood, persistent poverty is shown to be associated with NTD

transmission and re-emergence [8-11].

NTD Roadmaps: Historical and current

Over the past two decades, significant political and financial support has developed around
international and national agendas to control, eliminate, and eradicate NTDs [12]. WHO,
Drugs for Neglected Diseases Initiative (DNDi), and the Foundation for Innovative
Diagnostics (FIND) set the stage for elevating NTDs to an international platform in which
consolidated targets, guidelines, and partnerships could be acted upon [2]. In 2012, WHO
published a Roadmap for NTD Implementation to accelerate international efforts by setting
seemingly achievable, disease-specific targets [13]. Simultaneously, the London Declaration
on NTDs (LDNTDs) was written and endorsed by pharmaceutical companies, research
institutions, and several public and private partnerships to eventually form the Uniting to
Combat NTDs (UCNTDs) coalition [14]. Five progress reports have since been published by
UCNTDs on achievements towards NTD control and elimination, the most recent of which
details over one billion people were treated for at least one NTD in 2018, 1.7 billion
treatments were donated by the pharmaceutical industry in 2018, and 33 countries have

eliminated at least one NTD since 2012 [15-19].

Despite enormous progress and commitment, the goal to control, eliminate, and eradicate

NTDs has been retargeted for 2030 [20]. WHO published a new NTD roadmap for 2021-

2030 informed by disease experts, modellers, donors, partners, and Member States, which
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revolves around three pillars to: 1) accelerate programmatic action, 2) intensify cross-cutting
approaches, and 3) change operating models and culture to facilitate country ownership
(Figure 1-2) [4]. The three pillars are organised into criterion that require concerted action
through research, monitoring and evaluation, and capacity-building, under which each NTD

is assessed in terms of requirements to meet the 2030 targets (Figure 1-2).

Change operating models
Accelerate Intensify cross-cutting and culture to facilitate
programmatic action approaches country ownership

Technical progress, e.g

entific Country ownership at
understanding, effective intervention

national and subnational levels

Strategy and service delivery, Clear stakeholder roles

g. planning and implementation, Mainstreamin, hin national throughout NTD work
N Sy improve the

Organizational set-ups,
i ers, / operating models and
ration and thinking d to achieve
Coordinating with oth 5 the 2
within and beyond health
NTD-related interventions

) 1

data, monitoring and evaluatior

Source: WHO. Ending the neglect to attain the Sustainable Development Goals: A roadmap for neglected
tropical diseases 2021-2030. Geneva: World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 IGO.

Figure 1-2. Three pillars of the WHO NTD roadmap for 2021-2030, and subcategories that
require concerted action through research, monitoring and evaluation, and capacity-building.

30



These pillars are referenced and adapted throughout this thesis to examine ways in which
science can inform surveillance activities in alignment with an internationally endorsed
framework for elimination. The WHO NTD roadmap for 2021-2030 also designates updated
disease-specific targets for the control, elimination, and eradication of NTDs, which are

outlined in Appendix 1.

Tool-readiness for NTD control and elimination

Interventions for NTDs are often categorised according to the availability of instruments for
control, in that they are either ‘tool-ready’ or ‘tool-deficient’ [21]. Tool-ready diseases are
those with inexpensive and scalable strategies such as preventive chemotherapy and
transmission control (PCT, or PC-NTDs), in which mass drug administration (MDA) is a
commonly employed approach [22]. These diseases include dracunculiasis, leprosy,
lymphatic filariasis, onchocerciasis, schistosomiasis, soil-transmitted helminthiasis, and
trachoma. Where effective control tools exist for PC-NTDs, emphasis is on capacity
strengthening, advocating coordinated approaches, and scaling-up existing programmes to

support national preventive chemotherapy programmes [23].

Tool-deficient NTDs are those with comparatively costly strategies for control that require
innovative and intensified disease management (IDM, or IDM-NTDs), where early case
detection and treatment are usually prioritised [24]. IDM-NTDs include Buruli ulcer, Chagas
disease, human African trypanosomiasis, leishmaniases, and yaws. Many IDM-NTD-
endemic populations live in remote rural areas with limited access to diagnosis and treatment.
There is relatively lower investment in research and development for IDM-NTDs, therefore
rapid development and implementation of improved control tools is prioritised alongside

health service expansion in affected areas [25]. The remainder of the NTD control strategies
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are addressed through vector ecology and management (VEM) or water, sanitation, and

hygiene (WASH) practices [26, 27].

Elimination as a public health problem (EPHP)

Tool-readiness is only one facet that informs targets for NTD control, elimination, and
eradication. Although many diseases were initially targeted for elimination through
interrupted transmission to reach and sustain less than one case per 10,000 population per
year, the presence of asymptomatic infections and other elusive drivers of transmission
rendered this goal unachievable and counterproductive for some (Appendix 1) [28, 29]. In
this, elimination as a public health problem (EPHP) was coined to define measurable targets
specific to infection, disease, demographics, or geography that require long-lasting control
measures [29]. EPHP has improved the feasibility of targets for Chagas disease, lymphatic
filariasis, schistosomiasis, soil-transmitted helminthiases, trachoma, and visceral
leishmaniasis, but tools and definitions used for this ‘attack’ phase may differ from those
requisite for long-term control and surveillance [30, 31]. For EPHP diseases, it is essential
that financial, political, and research momentum be continuously reinforced to strategise

long-term control activities that prevent resurgence [32].

Political and financial support for NTDs

Progress towards NTD benchmarks over the past two decades has been largely dependent on
international donors, public-private partnerships, and technical advisory that are projected to
continue in support of the WHO 2030 targets [33]. To date, the Bill and Melinda Gates
Foundation (BMGF) has donated over $1 billion USD to support organisations working in
NTD MDA, surveillance, and vector control, much of which has been earmarked towards

research [34, 35]. Twelve pharmaceutical companies have pledged to donate treatment
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through 2025 for 14 NTDs, where distribution, monitoring, and evaluation are intended to be
coordinated at the national level [4]. Vertical NTD programmes are also being targeted for
horizontal integration through joint interventions based on similarities in disease treatment or
diagnosis [4, 36—39]. Lastly, cross-coordination within national health systems is currently
prioritised to leverage resources and capacity across sectors of vector control, mental health,

disability and inclusion, women’s and child health, eye health, and nutrition [4, 40-43].

National ownership of NTD programming is increasingly encouraged, especially as evidence
suggests its horizontal integration strengthens health systems and increases the stability of
finances and resource allocation in the long-term [44-48]. Reliance on international donors
and partners complicates the path of transitioning responsibility and accountability to the
national level, where roles of international advisory versus national implementation must be
critically defined [49-52]. International partners often assume roles to streamline supply
chains, develop control tools, and incentivise political mobilisation, whereas surveillance
systems to monitor NTD burden, geographical distribution, and populations at risk naturally

rely on national ministries of health [53].

Science and surveillance for NTD elimination

As NTD incidence declines, resources to identify and report cases become difficult to sustain
[40, 54, 55]. WHO emphasises that evaluation and monitoring of surveillance systems will
become increasingly critical and costly for all NTDs, which most national NTD programmes
have yet to mobilise at adequate and sustainable levels [45]. Much of the official NTD data
reported by health ministries is fragmented and incomplete, where national surveillance
systems must be strengthened to not only monitor incidence but also create evidence-based

and context-specific decisions for future activities [56, 57].
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In a capacity-building study to sustain NTD programmes and progress, 34 country
participants identified a need for improved surveillance to monitor disease burden,
distribution, morbidity, and programme costs [51]. Support for surveillance is also necessary
to evaluate control and elimination indicators outlined in Appendix 1, most of which revolve
around transmission levels. Six research priorities have been identified to strengthen
national-level surveillance for NTD elimination programmes: 1) dynamic mapping of
transmission, 2) near real-time capture of population dynamics, 3) modelling based on a
minimum essential database, 4) implementation of mobile health and sensitive diagnostics, 5)
design of effective response packages tailored to different transmission settings and levels,
and 6) validation of approaches and response packages [58]. A more critical and constructive
evaluation of surveillance systems could be achieved through supportive research that
focuses on case identification and management, programme evaluation, and transmission

dynamics over space and time [59].

Interdisciplinary research for NTD surveillance

To promote comprehensive evidence for NTD elimination strategies, national programme
integration, and context-specific programming, surveillance research could be enhanced
through cross-collaboration between research disciplines. There has been an over-reliance on
unidimensional solutions that often lacks insight into political and environmental contexts,
financial feasibility over time, and social compliance and adherence in endemic populations
[60]. Interdisciplinary NTD elimination research is key to transition from evaluating solely
the effectiveness of an intervention towards its effectiveness in a specific landscape,

population, and political context [61]. Addressing this gap requires implementation sciences
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that incorporate researchers, policy makers, programme managers, and endemic communities

themselves, which many NTD programmes have reported a lack of synergy across [62, 63].

For NTD interventions that involve researchers and implementers interfacing directly with
endemic communities, social sciences are key to engendering trust, tailoring programmes to
local conditions, promoting broader effects of vertical programmes, and addressing issues of
misinformation and non-compliance [64]. The practicality of long-term surveillance also
relies on policy makers collaborating with health economists to understand disease burden
from the societal perspective, financial planning from the provider perspective, and projected
savings of investing in elimination [65]. Health systems research is required for both vertical
surveillance and the prospect of integrating NTD surveillance horizontally to assess cost-
effectiveness of programmes, multi-sectoral financial coordination, and resource distribution
[66]. Environmental sciences show climate change poses challenges to NTD surveillance
through increased migration, altered patterns of geographic transmission, and the population
biology of parasites, vectors, and hosts [67-69]. COVID-19 research might also provide a
platform to improve surveillance through lessons learned on mathematical modelling, contact

tracing, smartphone case-identification, and the effects of interrupted NTD programmes [59].

Surveillance-response research is a fundamental pillar to monitoring and achieving NTD
elimination targets, especially for diseases targeted for EPHP that require long-term control
measures [56]. It can, and should, be used to strengthen national health programme data
collection, empower country-level ownership, and facilitate ingenuity and resourcefulness for
targeted interventions [4]. Comprehensive surveillance research necessitates interdisciplinary
and context-specific assessments that bring a diversity of perspectives to the table, including

NTD-endemic populations themselves [63].
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1.5 Roles and responsibilities

Table 1-1 outlines the roles and responsibilities of design, data collection, analysis, and

presentation of this thesis, and Table 1-2 categorises the intention of each chapter for either

publication or thesis only.

Table 1-1. Roles, responsibilities, and additional input of thesis activities.

COMPONENT ACTIVITY RESPONSIBILITY ADDITIONAL
INPUT
PREPARATORY Development of project objectives and ND, GM FTP, SC
WORK work plan
Site selection ND, GM FTP, SC
Ethics submission ND GM, FTP
Local authority permissions ND GM, SC
DEVELOPMENT OF Costing frameworks and spreadsheets  ND, FTP GHCC
DATA COLLECTION
TOOLS Knowledge utilisation interview guide
ND GM, SC, AF
DATA COLLECTION R1:
AND ANALYSIS Field work with CARE ND FTP, GM, SC
Field work with KalaCORE ND FTP, GM, SC
Site visits to PHC ND FTP, GM, SC
Cost analysis ND, FTP GM, SC
R2:
Key informant identification ND SC, LC,GM
Interviews ND
Transcription ND
Coding and analysis ND
RESEARCH PAPERS Paper R1: Costs and outcomes of ND FTP, GM, SC, TM,
active and passive case detection for SS, BS, KP, LP
visceral leishmaniasis (kala-azar) to
inform elimination strategies in Bihar,
India
GM, FTP, SC, AF,
Paper R2: The value and actionability =~ ND LC
of mathematical modelling in India’s
Kala-Azar (visceral leishmaniasis)
Elimination Programme
SUPERVISION Overall DrPH and thesis GM, FTP, SC AF

ND: Natalie Dial; GM: Graham Medley (Primary Supervisor); FTP: Fern Terris-Prestholt (Secondary

Supervisor); SC: Simon Croft (Tertiary Supervisor); AF: Alec Fraser (External Advisory Member); GHCC:
Global Health Cost Consortium; LC: Lloyd Chapman; TM: Tanmay Mahapatra; SS: Sridhar Srikantiah; BS:
Bikas Sinha; KP: Khushbu Priyamvada; LP: Lucy Palmer.
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Table 1-2. Intention of chapters for publication or thesis only.

Chapter Title Submission status

1 Introduction Unpublished, for thesis only

2 Background Unpublished, for thesis only

3 Literature review 1: Economic evaluations for surveillance Unpublished, for thesis only
during elimination

4 Paper R1: Costs and outcomes of active and passive case Published in PLOS Neglected
detection for visceral leishmaniasis (Kala-Azar) to inform Tropical Diseases 03 February
elimination strategies in Bihar, India 2021

5 Literature review 2: Surveillance, mathematical modelling, and | Unpublished, for thesis only
knowledge translation theory

6 Paper R2: The value and actionability of mathematical Prepared for submission to Health
modelling in India’s Kala-Azar (visceral leishmaniasis) Policy and Planning
Elimination Programme

7 Discussion Unpublished, for thesis only
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CHAPTER 2. BACKGROUND

This chapter begins with a broad overview of the epidemiology, geographical distribution,
burden, and management of visceral leishmaniasis (VL) globally. It then describes the
context-specific history of control and elimination in the Indian Subcontinent, with a focus on
programmatic gaps in India. Contextual and demographic characteristics are included to
frame socio-economic indicators and health sector fragmentation that influence VL
transmission and surveillance. Both epidemiological and operational challenges to
eliminating VL as a public health problem are highlighted alongside areas of policy-relevant
research. Lastly, the potential for interdisciplinary research—specifically, economics,
modelling, and policy evaluations—to inform the design, methods, and long-term

requirements of surveillance activities is examined.
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2.1 Visceral leishmaniasis disease characteristics and epidemiology

Clinical forms of leishmaniases

The leishmaniases are a group of parasitic protozoan neglected tropical diseases (NTDs)
transmitted to humans through the bite of an infective phlebotomine sandfly vector [1, 2].
More than one billion people live in leishmaniases-endemic areas, with risk of disease
acquisition associated with poverty, malnutrition, displacement, poor housing, and
compromised immunity [3]. Over 20 species of Leishmania cause three main forms of the
disease: 1) cutaneous leishmaniasis (CL), the most common form; 2) mucocutaneous
leishmaniasis (MCL), the most disabling form; and 3) visceral leishmaniasis (VL), the most
severe form [1]. CL is characterised by ulcers on exposed skin of the face, arms, and legs of
an infected individual [1]. With over one million annual cases, CL is targeted by WHO for
control at the country level [1]. MCL is also characterised by lesions, but those on the
mucous membranes of the nose, mouth, and throat cavities, which result in social burden and
stigma [1]. The development of MCL is not well understood, but often occurs simultaneously

with, or subsequent to, CL infection [4].

VL remains one of the top parasitic diseases with outbreak and mortality potential, with an
estimated 50-90,000 new cases per year [5]. VL also accounts for 20-30,000 deaths annually
and is the second-maost fatal disease caused by a parasite globally, after malaria [1]. Severe
clinical VL infections (also referred to as kala-azar) are characterised by fever, weight loss,
enlargement of the spleen and liver, and a 95% fatality rate if left untreated [1]. Two hundred
million people are at risk for VL in over 70 countries, yet 90% of cases are found in only
eight: Brazil, Eritrea, Ethiopia, India, Kenya, Somalia, South Sudan, and Sudan (Figure 2-1)
[6, 7]. The remainder of this thesis focuses on VL; in particular, science that informs

transmission and progress towards its elimination in the context of India.
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Source: WHO Global Health Observatory. Map: Control of Neglected Tropical Diseases (NTDs). 2021. World

Health Organization. Geneva. [7]

Figure 2-1. Status of global visceral leishmaniasis endemicity (2019).

Taxonomy and geography of VL parasite and vector

Species of the Leishmania genus are unicellular parasitic flagellate trypanosomes from the

class Kinetoplastida [8]. Transmission and natural history vary according to Leishmania

species, which also impacts control strategies in different geographical contexts [9]. In Asia,

VL transmission is anthroponotic, with humans as the main vertebrate host infected by

Leishmania donovani [10]. Conversely, VL transmission in Latin America and the

Mediterranean is zoonotic, with Leishmania infantum causing the majority of infections and

the domestic dog serving as the main reservoir host [11].

As VL infection is specific to L. donovani and L. infantum, the parasite species are also

specific to sandfly vectors of the subfamily Phlebotominae. Phlebotomine sandflies are
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arthropod insects (Diptera: Psychodidae) that average 1.5-3.5 mm in length, with stilt-like
legs that mimic those of a mosquito [12]. In the New World, zoonotic VL is transmitted by
sandfly species of the genus Lutzomyia, while in the Old World anthroponotic VL is
transmitted by sandfly species of the genus Phlebotomus. L. donovani is transmitted
exclusively by Phebotomus argentipes; and although Phlebotomus papatsi species exist as
human-biting sandflies in the region, they lack vector competence for L. donovani in these

settings [13].

Lifecycle of VL parasite

L. donovani parasites require both a human (definitive) host and a sandfly (intermediate) host
to complete their lifecycle (Figure 2-2). An infective sandfly transmits the parasite to humans
during a bloodmeal by injecting the promastigote stage into the skin [14]. Promastigotes then
enter the bloodstream and migrate to the spleen, liver, and bone marrow. Unlike other
parasitic protists, L. donovani is unable to directly penetrate host cells and instead depends
upon phagocytosis by macrophages, or other mononuclear phagocytic cells, within the first
24 hours [14]. Phagocytosed promastigotes then undergo transformation into amastigotes, the
unflagellated and unciliated parasitic stage aimed to disseminate infection, over 24-72 hours
[15]. Amastigotes multiply in cells of various host tissues, with as many as 50-200 in a fully
congested cell [15]. The host cell then ruptures, releasing amastigotes into tissue cavities and
back into the blood stream. When a sandfly takes a blood meal, it ingests both free and
phatocytosed amastigotes circulating in the peripheral blood. Amastigotes then transform into
flagellated promastigotes in the sandfly gut within 1-3 days, becoming larger and
considerably elongated [16]. Promastigotes divide by simple binary fission and migrate to the
proboscis of the sandfly within 6-9 days to repeat the cycle of infection during the next blood

meal [16]. A distinct morphological feature of parasites in this class is a kinetoplast: an
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organelle containing a mass of mitochondrial DNA, present in both promastigote and

amastigote forms, that can be used for identification in microscopy [17].

Sandfly Stages Human Stages
@ sandfly takes a blood meal “
omastigotes are
(ingects promastigote stage
nto the skin) e phagocytized by

macrophages
or other types
of mononuciear
phagocytic cells

e Divide in the gut and /
migrate to proboscis

Amastigotes transform into
0 promastigote stage in the gut

Promastigotes transform
into amastigotes

e
A Amastigotes multiply in cells
of various tissues and infect
\ \ other cells
e Ingesbon of
parasitized cell

Sandfly takes a blood meal
(ingests macrophages infected
with amastgotes)

A: Infective Stage
A- Diagnostic Stage

Source: Centers for Disease Control and Prevention. DPDx Laboratory Identification of Parasites of Public
Health Concern. 2021. CDC. Atlanta.

Figure 2-2. Lifecycle stages of L. donovani parasite in human (definitive) and sandfly
(intermediate) hosts.
Vector characteristics
Sandflies undergo complete metamorphosis through four life stages: egg, larva, pupa, and
adult. The immature stages require warm and moist environments, although they do not rely
on standing water (as mosquitoes do) to complete development [18]. Sandfly eggs are laid by
female adults in suitable habitats of high organic content, like soil or anima excreta, to
provide emerging larvae with shelter, moisture, and nutrition. Time-to-hatch depends largely

on environmental temperature and ranges between 6-17 days [18]. Larvae move very little
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distance from their hatching site and develop in four larval stages (instars) that mark an
increase from 0.55mm to 3.2mm in size [12]. After around three weeks of larval
development, the pupa stage denotes shedding of the exoskeleton over 7-10 days, similar to a
small butterfly chrysalis [18]. Adult sandfly morphology includes dense ‘hair’ coverage,
wings, large eyes, antennae, long legs, and dagger-shaped mouthparts [12]. The sandfly
thorax is distinctively humped, which makes their head appear lower than the upper body

surface [19].

Although both male and female sandflies obtain nutrients from plant matter and juices,
females require a mammalian blood meal in order to complete egg development [19]. In the
Indian Sub-Continent (ISC), both bovines and humans are the typical bloodmeal source of
sandflies, which means sandfly breeding and resting sites are located around cowsheds and
human dwellings [20]. Host preference varies; as some studies show an affinity for bovine
bloodmeals while others document indiscriminate feeding behaviour on either host in the
immediate vicinity [21, 22]. Sandflies are largely nocturnal as a result of vulnerability to
dehydration during the day, with highest biting activity around midnight [20]. They seek
protective habitat during rest hours, such as animal burrows, tree buttresses, holes, and
human habitations [23-25]. With an average flight range of 300m, sandflies are considered
weak fliers and instead fly close to the ground in short hops [18]. This restricted mobility
results in adult sandflies remaining close to the vicinity of their larval development site for

the remainder of their life, which averages 9-11 days for females [19, 26].

VL diagnosis, treatment, and sequelae

The incubation period from initial infection to gross inflammatory response can range from

two weeks to 18 months, but clinical symptoms may take years to appear [27]. VL can be
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diagnosed in several ways: through clinical presentation of fever, splenomegaly, and
suppressed immunity; laboratory tests such as microscopy, liver and spleen biopsy, or bone
marrow aspiration; or with a rapid diagnostic rK39 antibody test to confirm active infection if
a patient presents with clinical symptoms [28]. Liver biopsy, spleen biopsy, and bone marrow
aspiration can be used to detect active VL infection via microscopy. VL amastigotes can be
identified intracellularly (if phagocytosed by a macrophage) or extracellularly through
distinct morphological features of the parasite, such as its kinetoplast [29]. In addition to
quantifying parasite load, biopsy and aspiration can detect the presence and abundance of
immune response cells, such as lymphocytes, eosinophils, and macrophages [30]. However,
some studies have documented parasite presence in either spleen, liver, or bone marrow;
therefore, aspiration or biopsy may be required from at least two sites to verify parasite
presence [31]. Further, although biopsy and aspiration are highly sensitive methods of
diagnosis, the procedures carry risk of fatal haemorrhage in inexperienced medical staff and

are therefore not the first-line diagnostic method [14].

The rapid rK39 antibody test is the gold standard for diagnosis in India, as it has high
sensitivity (98%) when combined with presentation of clinical symptoms [32]. This
immunochromatographic strip test detects the presence of immunoglobulin G (1gG) antibody
in response to a recombinant K39 antigen expressed by Leishmania species that cause VL
[33]. Although antibody tests only verify past and present immune response rather than active
parasite infection, they are reliable, non-invasive, cost-effective, and easily administered in
rural settings [34]. Specificity for rK39 rapid tests is relatively low, and an improved
diagnostic that differentiates infection versus exposure will be essential to reach elimination
in the ISC [35]. Another diagnostic challenge exists on the village level, as patients are

commonly misdiagnosed and treated for a number of febrile illnesses mistaken for VL. Initial
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clinical VL features are shared with other common diseases such as malaria, typhoid, and
tuberculosis, which often complicates and postpones correct diagnosis [36]. VL also acts as
an opportunistic infection associated with HIV, resulting in mutually reinforcing disease
progression and compounded immunosuppression that has been identified as a rising disease

threat by WHO [37].

No universal treatment option exists for VL, as drug efficacy varies according to Leishmania
species and geographical population [38]. In 2014, liposomal amphotericin B (AmBisome)
was documented to cure VL in South Asia as a single-dose injection with high efficacy and
low toxicity, where a patient could be successfully treated the same day as diagnosis [39, 40].
AmBisome’s mechanism of action targets an infected macrophage and disrupts the parasite
membrane, causing cell death [41]. Studies in the ISC confirm AmBisome has the highest
cure- and recovery rate of any available treatment, reducing over 99% of an individual’s
parasite load by day 30 post-treatment [42]. The second-line therapy in South Asia is a
combination of paromomycin and miltefosine, which respectively involve three-weeks of
often painful injections and four-weeks of oral drugs with several toxic effects [43]. In East
Africa, pentavalent antimonials (sodium stibogluconate, or SSG) are administered in
combination with paromomycin and involve serious risks of cardiotoxicity [44]. Of those
successfully treated for VL, the secondary skin condition post-kala-azar dermal leishmaniasis
(PKDL) appears in 5-15% of patients [45]. Recent studies have confirmed PKDL infections
perpetuate VL transmission through sandfly vectors [46, 47]. Early identification and
treatment of PKDL are included as primary objectives in the WHO Roadmap for NTDs 2021-

2030 [48].
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Natural history of VL

The progression of VL includes four disease states: susceptible, asymptomatic infection,
symptomatic infection, and recovered or dormant (Figure 2-3). The mean duration of
asymptomatic infection is 147 days, with 14.7% progressing to symptomatic disease [49].
Onset of symptoms is normally marked by prolonged fever for more than 14 days, which a
patient or community healthcare worker may mistake for a number of febrile ilinesses such as
typhoid, malaria, TB, or typhus [50]. Once an infected individual develops hepatomegaly and
splenomegaly, the risk of mortality increases exponentially without treatment [50]. The mean
duration of symptomatic VL is around 140 days, but a 98% recovery rate has been
documented in patients in the ISC treated with AmBisome [49]. The recovered, or dormant,
stage of natural immunity is around 1,110 days (about three years) [49]. PKDL can be
considered a fifth disease stage in which individuals develop a secondary skin sequelae
within six months to three years, which recent studies confirm contributes to VL transmission
[45, 47]. Some PKDL infections clear without intervention, but others require Miltefosine or

AmBisome treatment [51].

#5-15% develop
sequelae within 6
months to 3 years

*Mean duration is 1,110 days

*98% recovery rate with
AmBisome treatment

*Mean duration is
147 days

*14.7% progress to
symptomatic VL
*Mean duration is

140 days

Figure 2-3. Natural history of VL disease stages.

Little is known about the role and duration of acquired immunity after infection, as well as

the infectiveness during different disease stages towards the sandfly [52]. Similarly, the

underlying immune mechanism that results in infections remaining asymptomatic or
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developing into clinical disease is not well understood [53]. Some studies suggest that
progression to clinical disease is influenced by parasite dose and inoculation route, but the
majority of knowledge concerning immunity is limited to mouse models that exhibit a
different compartmentalised immune response than humans [54]. Innate immune response to
VL infection may be influenced by nutritional status, as both VL patients and their family
members are often underweight and relatively anaemic [55]. Malnutrition is linked to the
severity and progression of other parasitic infections, yet a recent Cochrane Review
concluded that no studies, completed or ongoing, address the effects of nutritional

supplements in patients being treated for VL [56].

2.2 VL in the Indian Subcontinent (ISC)

Geographically considered the Indian Subcontinent (ISC), India, Nepal, and Bangladesh are
the last remaining VL-endemic countries in South Asia (Figure 2-4) [57]. In 2003, the region
jointly established a regional alliance called the Kala-Azar Elimination Programme (KEP)
aimed at lowering VL incidence to a level no longer considered a public health problem [58].
The target of this goal is formally coined elimination as a public health problem (EPHP) by
WHO, which relates to both infection and disease [59]. EPHP is a benchmark for diseases
that may not be feasibly eliminated through interruption of transmission, which requires
reduction to zero of the incidence of infection caused by a specific pathogen in a defined
geographic area [59]. EPHP targets are disease- and country-specific, and may refer to: 1)
reducing incidence to less than one case per 10,000 population per year, 2) reducing
transmission below a certain threshold, 3) reducing the proportion of heavy intensity
infections, or 4) reducing case-fatality rates to less than 1%, as is the target for VL in the ISC
[60]. A crucial difference between elimination of transmission (EOT) and EPHP is the long-

term surveillance efforts required for the latter. Due to the large proportion of asymptomatic
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individuals that may not require treatment but do contribute to transmission, it is essential
that control measures remain in place after EPHP targets are met in order to maintain
identification of and responsiveness to new cases and prevent resurgence or re-introduction

[60].

Bangladesh

Uttar Pradesh, IN |

West Bengal, IN

Jharkhand, IN

Figure 2-4. Geographical distribution of VL in Nepal (green), Bangladesh (teal), and India’s
four endemic states (dark blue).

Nepal and Bangladesh claim to have reached VL benchmarks of less than one case per
10,000 population per year at the sub-district level and are undergoing validation by WHO
[61, 62]. The process of validation is disease- and country-specific; in the case of VL in the
ISC, countries must sustain less than one case per 10,000 population at the sub-district level
for three consecutive years [59]. India not only has the highest VL prevalence in South Asia,
but also accounts for 25% of all global cases [63]. VL remains endemic in India’s four north-
eastern states of Bihar, Jharkhand, Uttar Pradesh, and West Bengal (Figure 2-4) [5]. The term
endemic refers to a disease that is common in a particular geographical area, but may be

interpreted as occurring at a particular frequency [64]. Although VL infections are certainly
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persistent and localised in India, the remainder of this thesis will reference case numbers in

terms of incidence rather than level of endemicity to avoid confusion.

India: health sector context and demographic indicators

Of India’s 1.3 billion population, 12.4% are estimated to be living in poverty [65]. The
country’s total expenditure on health is 4.7% of their gross domestic product (GDP), one of
the lowest in the world, and life expectancy is between 67-70 years from birth [65]. India has
one of the lowest health workforce densities, with seven physicians (compared to the global
average of 14) per 10,000 population [66]. Only 40% of India’s health workforce serve rural
communities where over 70% of the population resides [67]. Agricultural labour accounts
most of the work in rural India, where 85% of households have access to clean drinking
water, 55% of households have access to electricity, and only 17% of households have access
to toilets [68]. Malnutrition continues to be India’s highest risk factor driving combined death
and disability, with rates among children two- and five- times higher than those in Sub-
Saharan Africa and China, respectively [69-71]. Several types of malnutrition and
micronutrient deficiencies have been associated with increased susceptibility to infectious

diseases in the region, especially for rural populations [71].

Healthcare in India is largely divided between public and private sectors. Less than 40% of
India’s hospitals are government-funded, where much of the population seeks private
healthcare at high out-of-pocket (OOP) expenditures [72]. As of 2019, 47% of India was
estimated to have achieved Universal Health Coverage, however, the responsibility to fund,
govern, and deliver national health services is fragmented between central and state

governments [73, 74]. Traditional healers, or uncertified rural practitioners (URPS), are
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common in rural communities, of which 40% have received a graduate- or technical- degree

beyond secondary school [67].

Heterogeneity of VL and administrative units in India

Since KEP operations rolled out in 2005, the ISC region has reduced VL incidence from
50,000 cases to fewer than 3,000 in 2019, 93% of which are reported from India [75].
Incidence is defined as the number of new or relapsed VL cases reported within a calendar
year [76]. VL distribution is vastly heterogeneous across India’s four endemic states, with
incidence ranging from less than one case to over 600 in a given district (Figure 2-5) [77].
Variation in VL incidence is related to population density and geographical dimensions in
each district. In Bihar, India’s most VL-endemic state, district-level population varies from
over 7 million to just under 800,000 [78]. Therefore, EPHP benchmarks are targeted to a
smaller geographical sub-district, or block, level. Bihar’s 38 districts contain a total of 534

blocks, and each block may have between 20-130 villages. Village-level population density

also varies, with between 500-15,000 residents per village [78]. Although village-level EPHP

benchmarks would lead to more accurate and precise operational targets, rigorous data

collection and follow-up are difficult to implement and sustain on a granular level. Therefore,

VL surveillance data is accumulated for each block, and incidence is measured and compared

per 10,000 population per year [76].

55



>=618&<89 >=1528& <168
>=31&<61 >=135& <152

Bihar Jharkhand
>=119& <=614 >= 183 & <= 198
>=89 & <119 >= 168 & <183

>=148& <31 >=118&< 135
>=5&<14 >=102& <118
>=3&<5 >=88 & <102
>=08&<3 >=73&<88
Uttar Pradesh West Bengal

>=318<=33 e el A el

>=9 & <31 >=10&<?1

>= <
= 1
elbic2 >=18&<6

>=0&<1
>=0&<0

>=18&<1
>=0&<1
>=08&<0

Figure 2-5. District-level heterogeneity of VL incidence per block during 2019 in India’s
four endemic states: Bihar, Jharkhand, Uttar Pradesh, and West Bengal.

The KEP is technically coordinated through the National VVector Borne Disease Control
Programme (NVBDCP), under India’s Ministry of Health and Family Welfare, and
operationally run at the state level [79]. District- and block-level hospitals are referred to as
Community- and Primary- Health Centres (CHCs and PHCs), which serve as government-
funded health foci for several villages. PHCs, on average, cover a 120 km radius of
approximately 25 villages, or 30,000 people, in rural regions [80]. Each CHC and PHC unit is
required to document new and relapse VL cases through several recording tools such as
patient treatment cards, laboratory registers, and Kala-Azar registers [81]. Kala-Azar registers
are collated at the district level, and new VL cases reported are organised according to block.
District-level VL case reports are then analysed and interpreted at the state-level every three
months, where operational and management activities are coordinated [81]. The NVBDCP

compiles monthly VL reports from each state, and a review of the elimination programme is
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conducted every six months for individual states and once per year for the entire country

[81].

2.3 Regional Kala-Azar Elimination Programme history and current pillars

During its inception, the KEP was originally operated through state and district Malaria
Control Offices and the primary health system with an agenda to roll out government-
sponsored drugs and insecticides to reduce VL morbidity [82]. The inertia created by WHO,
LDNTD, and UCNTD in 2012 prompted drug procurement pathways and technical advisory
to actualise the goal to reduce annual VL incidence to less than one per 10,000 population at

the block level [83].

As studies confirming liposomal amphotericin-B (AmBisome) efficacy developed, 2014
marked the beginning of a pivotal four-year programme funded through the UK’s
Department for International Development (DFID) [84]. Amongst other operational support,
DFID and WHO created the consortium KalaCORE to establish AmBisome training and
distribution in over 120 PHCs in India [85]. Roll-out of this single-day treatment drastically
improved compliance and adherence to VL treatment, as patients were able to complete the
drug course directly after diagnosis [86]. Both diagnosis and treatment for VL are currently
provided at no-cost in designated CHCs and PHCs through a partnership between WHO and

the KEP [87].

In 2017, the KEP published an Accelerated Plan for Kala-Azar Elimination that included an
operational framework for elimination through: 1) early case detection and complete case
management, 2) integrated vector management and surveillance, 3) monitoring and

surveillance evaluation, 4) strengthening capacity of human resources, 5) advocacy,
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communication and social mobilisation for behavioural impact, and 6) programme
management [87]. A national surveillance database, the Kala-Azar Management Information
System (KAMIS), was then established to combine case management and surveillance in a
single platform [88]. KAMIS is managed by the non-governmental organisation (NGO)
CARE India, who are responsible for training medical providers and programme managers to
properly document diagnosis, treatment, and follow-up VL patients through the digital- and

app-based line-list registry system [89].

The KEP vector control strategy has predominantly employed bi-annual indoor residual
spraying (IRS) with synthetic pyrethroids to interrupt human-sandfly transmission [90, 91].
Where people are at risk of transmission of vector-borne diseases, IRS involves spraying
insecticide chemicals on the interior walls of houses, animal dwellings, and other public
structures. IRS in India was originally implemented in the 1940’s to target malaria using
dichlorodiphenyltrichloroethane (DDT), which had a secondary benefit to VL control [92].
By 2013, however, vector resistance to DDT was documented in both mosquitoes and

sandflies, which prompted the NVBDCP to rely on pyrethroid insecticides instead [93].

Although transmission models suggest IRS is capable of reaching VL EPHP targets in the
ISC if sandfly abundance were to be reduced by 67%, spraying approaches have been
confronted by issues in quality control of the insecticide and accurate targeting of terrestrial
sandfly larvae sites, which have undermined evidence of reducing vector populations [93,
94]. A recent IRS study documented reduction of sandfly populations by using improved
quality and dose of the insecticide alongside increased coverage of houses (>80%) in a
specified geographical area [92]. Whether the NVBDCP is able to improve insecticide quality

and coverage is dependent on operational and funding capacity at the national level [91].
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Another study suggested that IRS strategies may require targeting exophagic P. argentipes

that have adapted their feeding behaviour to take blood meals outside of houses, structures,

and dwellings [95]. A vaccine would be the best overall preventive tool, but complexities in
host immune response prove challenging and are more often studied for L. infantum in

zoonotic regions [96-98].

As of 2020 in India, VL is confined to 54 districts within Bihar, Jharkhand, Uttar Pradesh,
and West Bengal, with approximately 140 million people at risk of infection [99]. It is
important to recognise that full elimination of VL transmission is difficult to achieve and
document, as not every infection leads to detectable and symptomatic clinical disease [100].
The NVBDCP currently aims to reach and sustain VL EPHP by prioritising early case
detection and prompt treatment, which will require sustained surveillance to maintain
reduced incidence [76]. Accordingly, the WHO NTD roadmap for 2021-2030 targets have
been updated to achieve less than 1% case fatality rate due to primary VL and to detect 100%

of PKDL cases in order to reach EPHP [60].

2.4 Challenges to eliminating VL as a public health problem in India

To review the functionality and challenges of current KEP strategies, an Independent
Assessment of the KEP was conducted in 2019 by WHO, NVBDCP, state-level programme
managers, and international researchers [99]. Threats to achieving elimination targets were
identified in high incidence ‘hot-spots’, low socio-economic castes, gaps in surveillance, and
inadequate access to government-sponsored treatment centres [99]. To address focal
outbreaks, increased relapse rates, high proportions of HIV-VL co-infection, and high

burdens of PKDL, the independent assessment recommended that the KEP [99]:
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1) Intensify case-based surveillance activities and later sustain them through a
syndromic approach (fever and skin lesions) at the health facility level for VL and
PKDL,;

2) Systematically introduce a registry and monitoring system of suspected cases;

3) Improve services for the lowest socio-economic castes;

4) Enforce VL as a notifiable disease across public, private, endemic, and non-endemic
settings; and

5) Create a National Task Force for governance and accountability between stakeholders

and implementers.

Given VL heterogeneity and the presence of asymptomatic infections in India, long-term
surveillance and monitoring of suspected cases to reach EPHP will require research that goes
beyond epidemiological characteristics of the pathogen [101, 102]. India’s confluence of
existing environmental, socio-economic, and demographic factors increases its risk for
infectious disease outbreaks, with eight emerging and re-emerging diseases documented in
recent years [103]. To combat disease recrudescence in India, WHO prioritises surveillance-

response research to address the need for and effects of targeted control strategies [104].

Timely and context-specific surveillance research is needed to reinforce political and
financial momentum and avoid relaxing control measures too quickly [105]. Other NTD
programmes that have achieved low disease incidence have documented threats associated
with relaxed control measures around the point of elimination. Barriers to polio eradication
include uncertain funding, waning political will, and persistence of silent infections [106,

107]. In India, studies show that leprosy re-emergence may have resulted from the
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government’s premature enthusiasm to declare elimination, which has in turn undermined

accurate reporting of new cases [108].

VL resurgence is also plausible due to cyclical trends that characteristically occur every 15
years in association with maximum and average temperatures prior to peak sandfly periods
[109]. Challenges to sustain VL EPHP efforts in Bangladesh were identified as equally
scientific and political, where optimising surveillance is prioritised with a focus on
operational and technical capacity [110]. Researchers are also studying the impact of the
COVID-19 pandemic on delayed surveillance and control efforts for VL in India, projecting
increased rates of underlying infection in high-transmission areas that may delay elimination
up to nine years [111-113]. VL resurgence is possible, and indeed likely, in India if
surveillance is not reinforced through political, financial, and research commitments that

substantiate long-term control strategies to reach and maintain EPHP.

2.5 What research is needed to guide and inform VL surveillance in India?

Chapter 1 introduces the three pillars of the WHO NTD roadmap for 2021-2030 to highlight
areas where concerted action is needed in the short-, mid-, and long-term to reach disease-
specific targets (Figure 2-6) [48]. Pillar 1 refers to programmatic action in the short-term that
must be accelerated to continue progress towards disease-specific targets, whereas pillars 2
and 3 aim to mobilise programme integration and country ownership over the mid- and long-
term. Where accelerating programmatic action is essential in the immediate, the roadmap
assesses each NTD according to technical aspects, strategy and service delivery, and enablers
required to address operational gaps. For VL, WHO acknowledges that critical action through
research, monitoring and evaluation, and capacity building is required in every sub-category,

denoted by orange and red squares in Figure 2-6.
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It can be inferred from both the WHO NTD roadmap and the Independent Assessment of the
KEP that the majority of programmatic action for VL in India revolves around surveillance-
response strategies. Surveillance-response strategies are crucial final steps to achieving
efficient and effective control measures for diseases approaching elimination and require
substantial coordination and support at the national level [114]. Between surveillance and
response are core functions of case detection, registration, confirmation, and reporting; data
analysis and interpretation; intervention preparedness; and control and response legislation
[115]. Surveillance also relies on a functioning network of researchers, implementers,

stakeholders, and policy makers, a dynamic in which much less research is focused [115].

Substantiating long-term VL surveillance in India requires an understanding of 1) the
technical elements of surveillance (scientific understanding and interventions), 2) strategy
and service delivery (operations, governance, logistics, and infrastructure), and 3) what will
enable long-term surveillance to reach and sustain EPHP (advocacy, funding, collaboration,
and capacity-building). This section explores research disciplines relevant to informing VL
surveillance activities, or programmatic action, in alignment with pillar 1 of the WHO NTD

roadmap for 2021-2030.

1) Technical elements of surveillance: interventions
WHO classifies three basic systems of passive, sentinel, and active surveillance [116].
Passive surveillance is the regular reporting of disease data by all institutions that see patients
for diagnosis and treatment and is usually the least costly method. Sentinel surveillance is
used when high-quality data is missing and required for a particular disease, where selected
reporting units likely to see cases (typically large hospitals with laboratory facilities) are

called upon to collect data within a specified community. Active surveillance, the most
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resource-intensive, often involves case searches within communities when diseases are
targeted for elimination or eradication and every possible case must be found and

investigated.

VL surveillance, or case detection, is carried out both actively and passively in India. An
individual either becomes symptomatic and seeks care at a PHC or CHC, referred to as
passive case detection (PCD), or is identified through systematic village-level surveillance
conducted by health officials, referred to as active case detection (ACD). Three ACD
methods have been used in the past decade to identify VL cases at the village level: 1)
blanket ACD, which involves house-to-house screening for symptoms, 2) camp ACD, where
a temporary diagnostic centre is set up between one to three villages, and 3) index case-based
ACD, where mobile ACD officers travel to the village of a recently diagnosed VL case to

screen neighbours for symptoms.

Currently, the KEP relies mainly on index case-based ACD, which may be limited in both
thoroughness and geographical scope in practice [99]. As ACD requires substantial human
resources, two evaluations were recently published in an aim to contribute towards targeting
approaches to improve feasibility to reach and sustain EPHP. Bindroo et al. identified that the
trade-off between the number of villages targeted and ACD yield depends on operational
efficiencies, and that improving sensitivity and comprehensiveness of ACD will be crucial to
preventing VL resurgence [117]. Dubey et al. found that ACD strategies are an essential
supplement to PCD for reducing the time between VL infection and diagnosis, and therefore
risk of transmission, and may be required perpetually even after EPHP is achieved [118].
From 2014-2018, the KEP also employed an intervention that combined blanket and camp

ACD in high incidence areas [119-121].
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The 2019 WHO independent assessment reported that data was unavailable for many ACD
activities, implementers were unclear of ACD guidelines, and the overall approach in Bihar
was unsystematic [99]. Lack of a border surveillance mechanism makes identification of
sporadic VL infections difficult, particularly in villages with no previous cases [99].
Similarly, although Accredited Social Health Activists (ASHAS) are trained and incentivised
to refer suspected VL cases to hospitals for diagnosis, the degree to which this referral system
works is not well documented as a standardised record system does not exist at the village
level [122, 123]. More rigorous reporting and data collection mechanisms will be necessary
at the village-level to monitor suspected cases, treated cases, and population movement

across borders.

2) Strategy and service delivery: operations, governance, and logistics
As VL cases become increasingly difficult and important to identify, surveillance must
expand beyond a sole reporting system to being hypothesis-driven and aim for preventive,
rather than reactionary, responses [124]. Research priorities to improve the design of NTD
surveillance systems revolve largely around evaluating transmission, population dynamics,
mobile- and active case detection, tailored responses for different transmission settings and
levels, and intervention activities [114]. A major challenge for VL surveillance-response is
addressing heterogeneity at the sub-district, or block, level where EPHP targets are focused.
Control measures must be tailored for both low incidence areas and hotspots, each of which
are associated with different indicators of poverty, waning immunity, and seasonal migration
[125-127]. Understanding transmission is essential for addressing heterogeneity, as other
NTD studies have documented vastly improved efficiency and efficacy in tailoring control

activities to spatial correlates [128].
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Evaluating VL transmission dynamics is also critical to assess the likelihood of reaching
2030 EPHP targets. Predicting incidence and the impact of interventions across space and
time has become standard for many NTD surveillance-response systems during elimination
[129]. Where immediate policy responses were required throughout the COVID-19
pandemic, many health systems relied on simulations of the virus across various interventions

and demographics to create decisions and recommendations [130-132].

A compelling research tool for emerging and endemic diseases alike is mathematical
modelling, which can simulate transmission dynamics across a diversity of epidemiological,
environmental, demographic, political, social, and economic indicators to predict potential
outbreaks [133]. Modelling for VL in India has gained much traction over the past decade,
largely due to international research facilitated by the Bill and Melinda Gates Foundation
(BMGF) [134-136]. This modelling has focused on the drivers of VL transmission, effects of
delayed health-seeking behaviour, likelihood of reaching EPHP, and forecasts of incidence

across future time periods [46, 49, 137-149].

The extent to which this growing body of modelling literature for VL has influenced or
informed surveillance in India is not well documented. Policy recommendations have been
presented from the perspective of some modellers, as has the need for more investments in
surveillance modelling to stop VL transmission [150, 151]. Studies on the development of
surveillance systems for COVID-19 identified that experts in computational epidemiology,
public health policy, and human behaviour must work in unison to create an effective policy

response [152]. A gap in knowledge surrounding VL surveillance in India is not necessarily
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in the availability of modelling research to inform its design, but rather in the transfer and

application of knowledge into policy.

3) Enablers for long-term surveillance: advocacy, funding, and capacity-building
Lastly, surveillance research must explore not only the technical capacity required to reach
EPHP, but also the political, economic, and social contexts in which effectiveness relies on
[153, 154]. Health economics has the capacity to inform both political and village-level
communities in that it can inform top-down resource allocation for government spending as
well as socio-economic benefits and poverty reduction on the individual level [155-157].
Much of the early process to prioritise NTD control and elimination revolved around
financial incentives to leverage international funders, drug donations, and policy moments
within national agendas [158]. Continuing to mobilise political, donor, and financial support
for long-term NTD surveillance will require characterising the cost-effectiveness of current

interventions and the investment required to reach elimination [159, 160].

The current costs and investment required for long term surveillance have been identified as
unmet challenges in other NTD programmes [161-165]. There is mounting evidence for the
cost-effectiveness of mass drug administrations for PC-NTDs [166-169], but economic
assessments of case detection and programme integration are sparse [170-172]. An essential
step to establish and sustain VL surveillance and control measures in India, and eventually
integrate them horizontally into other vector-borne and febrile disease programmes, requires

research to understand current and projected costs of surveillance activities [99, 173, 174].

Similar to forecasting incidence across space and time, economic indicators can also be

modelled to project the resources and capacity required to reach EPHP [175, 176]. Only three
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studies have been conducted on the cost of VL surveillance in India, which were published
nearly a decade ago when incidence and control activities differed substantially [119-121].
The effectiveness and efficiency of surveillance could be improved by economic research
that informs the cost of different interventions across disease heterogeneity, resource
allocation for diagnostic and treatment stockpiles, human capacity necessary for vertical
versus horizontal programming, and the potential costs saved by investing in and achieving

elimination.

Gaps in knowledge for VL surveillance in India

This chapter explores how interdisciplinary research can inform surveillance and elimination
activities for VL in India. Chapters 3 and 4 examine the value of economic evaluations to
surveillance-response strategies, where a gap in knowledge exists around the availability of
such research for VL in India. Chapters 5 and 6 explore VL modelling research, which is
relatively more abundant, and its value to decision makers in the KEP. In the future, it may
be important to synthesise interdisciplinary indicators and methods of investigation
comprehensively, which is explored in Chapter 7, the discussion. The WHO NTD roadmap
for 2021-2030 will continue to be referenced throughout this thesis to frame how research
can improve surveillance and facilitate national ownership over design, implementation, and

horizontal integration of activities.
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CHAPTER 3. LITERATURE REVIEW I: HOW CAN ECONOMIC EVALUATIONS
CONTRIBUTE TO SURVIELLANCE AND PRIORITY SETTING DURING DISEASE

ELIMINATION?

This chapter aims to outline theories and literature surrounding economic evaluations of
disease surveillance and elimination programmes to support the design, methods, and gaps in
knowledge addressed in paper R1 (Chapter 4). A brief overview of core methods and
guidelines for economic evaluation in healthcare is first presented. Literature is then reviewed
to outline facets of elimination and surveillance programmes that are amenable to economic
evaluation, with a focus on addressing heterogeneity, programme integration, and long-term
resource requirements. Lastly, an overview of economic evaluations in India’s VL

elimination programme is outlined, followed by policy-relevant gaps in knowledge.
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3.1 Economic evaluation in healthcare: methods and guidelines

Economic evaluation is a research discipline used to assess resources that are often scarce—
people, time, facilities, equipment, knowledge, and the impact of difference courses of
action—to inform alternatives, perspectives, and accountability for decision making [1]. In
healthcare, it can inform policy and programme design by comparing interventions in terms
of their costs and consequences, and can be achieved by considering different contexts,
outputs, and techniques for analysis [1]. From the perspective of individual recipients of
healthcare, healthcare providers, or society generally, economic evaluations are carried out

through various methods and measurements depending on the intended application [1-6].

Methods of analysis

Methods of evaluation are determined by assessing the appropriateness to the intended user,
characteristics of the intervention, and relative generalisability, transferability, and
comparability of measurements [7]. Cost analysis is an approach to estimate the total cost of
implementing a programme or intervention, and is useful to decision makers for budgeting,
performance monitoring, and resource allocation [8]. Although both costs and outcomes are
assessed, cost analyses are often not considered true economic evaluations as they do not
directly compare relative consequences to relative costs [1]. The most common method of
economic evaluation is cost-effectiveness analysis, which compares costs of interventions
against their adverse and beneficial health consequences as measured by a natural unit, such
as cases averted [9]. Cost-utility analysis is a subset of cost-effectiveness analysis where
outcomes are presented as utilities, comparing costs to changes in quality and length of life,
usually measured by quality-adjusted life years (QALY's) gained or disability-adjusted life
years (DALYSs) averted. These generic health outcomes allow for comparison of

interventions across health conditions [5]. Cost-benefit analysis aims to maximise welfare,
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rather than health effects, by comparing costs and health outcomes both presented in
monetary terms. This allows for comparisons across broader outcomes such as education or

infrastructure investments [4].

Measurements for analysis

The average cost of an intervention, service, or output is expressed as a unit cost, where
specific terminology is important to define both units and costs. Units are generally the
outputs of health services and might refer to interventions, direct or supporting services,
activities, or resources [7]. A health outcome should be generalisable, appropriate for the
decision problem, and capture positive and negative effects [10]. Common measures to assess
quality and quantity of life are DALYSs averted or QALY gained, although other monetary,
utility, or interventions measures can be used [11]. Non-disease specific health outcomes
encompassed by DALY's and QALY s are encouraged to give decision makers the opportunity

to compare trade-offs between competing investments [10].

Costs can be defined in terms of financial and economic, fixed and variable, and incremental
and marginal [7]. Financial costs characterise resources paid for and those planned to be
spent, usually from the perspective of a specific payer, programme, or organisation. These
can generally be found in the providers’ accounts. Economic costs capture the full value of
resources including estimating a monetary value for opportunity foregone of donated goods,
volunteer time, or otherwise where no market prices are available. Fixed costs are inputs that
stay constant as the level of service provision increases, whereas variable costs change as the
volume of service increases. Average cost functions reflect both fixed and variable costs and
are used to describe how unit costs vary as the level of service increases. Marginal cost is the

cost of producing one additional unit of output as service levels increase, whereas
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incremental cost is the difference in cost between two or more interventions or programmes

and can be used to compare the changes of service scale.

Methods of costing can be distinguished between top-down and bottom-up, which are
sometimes interchangeably referred to as gross- or micro-costing, respectively. Micro-costing
includes granular and disaggregated inputs by the activity or patient level, such as counting
the quantity of resources used and multiplying by their respective prices, whereas gross-
costing characterises overall programme costs and expenditures from the service level [7].
Both top-down and bottom-up methods can be used in tandem to provide comprehensive
estimates of interventions and services. Evaluations must be of sufficient duration, or time
horizon, to capture all relevant costs and effects, and consider appropriately discounted costs
and effects to characterise present values. In reporting the methodology behind economic
evaluations, transparency is paramount and must include the uncertainty associated with both

internal and external validity [12].

Guidelines and frameworks

Guidelines for economic evaluation have become essential for promoting quality standards
across diseases, settings, methods of analysis, and transparent reporting, where the WHO and
UK National Institute for Health Care Excellence (NICE) provide comprehensive and open-
access resources to support priority setting [13-16]. To encourage the production of quality
economic evaluations for low- and middle-income countries (LMICs), BMGF commissioned
a reference case (Gates-RC) in 2013 that outlines a systematic approach for standardised
metrics and methods in countries with both technical and political constrains [10, 17, 18]. As

of 2016, over 230 economic evaluations were published annually specific to LMICs [19].
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3.2 Economic evaluation in elimination programmes

As diseases approach elimination and new cases become more difficult to identify, the
resources and investment needed for surveillance can increase significantly per outcome
achieved [20]. It may be for this reason that many economic analyses produced for LMICs
targeting disease elimination focus on the incentives and social benefits of achieving
elimination rather than the costs and alternatives to reaching targets [21]. Evaluating the cost
of intensifying activities to reach elimination is crucial to maintain political and financial
commitments, especially as the investment required to sustain surveillance may dwindle

against competing disease priorities [22].

Elimination and its benefits are conceptually simple, but strategising surveillance to achieve
incidence targets reveals several time-driven operational challenges [23]. Evaluations to
intensify surveillance are more often compared to health outcomes and behaviour change
than the resources demanded for such activities, which can complicate implementation and
long-term investment for elimination [24]. Surveillance-response activities are particularly
difficult to design in heterogenous landscapes of incidence and must be informed by trade-
offs between alternative approaches as measured by the cost of early case detection (through
economics) and transmission dynamics of the pathogen (through epidemiology and
modelling) [25, 26]. This is also true for evaluating trade-offs of investing in efficiency
versus equity of scaling up interventions, as elimination often targets diseases that affect poor
and vulnerable groups and may require greater resources to access hard-to-reach populations

[27].

Although traditional economic evaluation encourages resources to be allocated efficiently,

the decision-making process during disease elimination may revolve less around efficiency
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and more around ensuring heterogeneity and equity are addressed [28]. There is increasing
evidence that incorporating socio-demographics into dynamic transmission modelling is key
for addressing both heterogeneity and equity of elimination activities [29-34]. The
methodological approaches and reporting practices between modelling and economics are not
always immediately synergistic, and early collaboration is required to agree on the
comparability and availability of data, patterns of disease, intended and relevant outcomes,
and concepts of equity [28]. Including decision makers in economic research is also essential,
as many programmes in LMIC experience health system constrains on finances, capacity, and

coordination that must be factored in to generate pragmatic recommendations [35].

3.3 Economic evaluation for surveillance during elimination

Surveillance systems typically employ six core activities: case detection, registration,
reporting, confirmation, analysis, and feedback, which can be evaluated in terms of
efficiency, effectiveness, and integration [36]. The aim of evaluating surveillance-response
systems is to predict and contain disease outbreaks, identify high-risk populations, monitor
impact and progress towards disease targets, and identify areas in which performance is poor
SO corrective measures can be taken [37]. Around the point of elimination, programmes and
policies can be directly informed by costs and effectiveness of surveillance in terms of: 1)
technical requirements, 2) strategy and service delivery, 3) enablers to reach and sustain a
post-elimination agenda, and 4) opportunities for shared resources and programme

integration [38, 39].

Technical requirements of surveillance

Tools and technology for surveillance refer broadly to databases and information sharing for

case management, laboratory and field-based diagnostics, mobile and mapping devices for
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disease tracking, vector control instruments, and medicines [40]. The use of these tools
depends on human, financial, and political capacity to carry out surveillance-response
procedures [41]. To deploy surveillance tools and capacity in a timely, targeted, and efficient
manner, economic research is key to evaluating the effectiveness and completeness of

operational activities [42].

Strategy and service delivery

Economic evaluation is also essential for substantiating methods of when, how, and to whom
surveillance should be targeted to reduce sources of infection and improve case management
[43]. Determining the scale and scope of surveillance requires an understanding of how
passive-, sentinel-, and active- case detection activities are viable in terms of costs and
outcomes over space and time [44, 45]. In this dimension of surveillance research, economic
evaluations must be informed by, or compatible with, epidemiological and operational
sciences that characterise disease transmission dynamics and implementation activities [43,
46, 47]. Addressing disease heterogeneity and the role of asymptomatic infections are also
essential in evaluating the cost and likelihood of identifying cases through different

surveillance methods [48, 49].

Enablers for long-term surveillance and the post-elimination agenda

A major challenge in economic evaluations for elimination programmes is determining the
reliability and sustainability of resources given funding from both national and international
levels. In malaria elimination, complexities of international aid and supranational priority
setting influence the financial stability of programmes, but have not been studied extensively

[50]. Economic evaluations are key to informing and guiding the action required for long-
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term surveillance to reach and sustain post-elimination benchmarks, as well as mobilising the

willingness and capacity of national governments to assume financial ownership [51, 52].

Shared resources and programme integration

Opportunities for programme integration are widely promoted across NTDs that employ
similar surveillance strategies, especially those eligible for treatment through MDAs [53-56].
Programme integration can also be accomplished by synthesising different activities for the
same disease, such as community-level surveillance and IRS for vector control [57, 58].
Integration challenges seen in NTD and malaria surveillance programmes include aligning
definitions of suspected cases, clarifying roles, responsibilities, and training requirements for
implementers, and synergising support of NGOs and other local sectors [59, 60]. Assessing
the resource requirements and benefits of integration requires economic evaluation of
programme management, implementation, and monitoring and evaluation [59]. As NTD
programmes are promoted for national-level ownership, evaluating the financial requirements
to transition and integrate surveillance activities into ministries of health is increasingly

essential during the period of elimination [61-63].

3.4 Economic evaluation for VL in the ISC

Costing VL burden

Some economic evaluations have been conducted for VL on the ISC, the majority of which
assess socio-economic burden on the individual or household level. A study in Nepal
reported the majority of VL patients preferred to consult local faith healers or private services
rather than public health facilities, which accounted for 75% of costs prior to receiving
allopathic diagnosis and treatment [64]. This and another study also reported most patients

sold assets, such as land and livestock, to cover costs of care [64, 65]. Although national
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governments in the ISC provide VL treatment at no-cost, the considerable direct and indirect
costs of delayed diagnosis often propel households deeper into poverty [66-68]. As it relates
to inequity, a 2009 study found that 83% of households in communities with high VL
incidence belonged to the two lowest quintiles of wealth distribution [69]. A decade later,
patient costs of VL illness in India are decreasing due to shorter treatment regimens and
better access to care. However, there remains a dearth of knowledge on current cost estimates

to inform elimination strategies and priority setting [70].

Costing vector control activities

Vector control is a prioritised control activity for VL in India using IRS. A 2008 cost analysis
found that VL ecological vector management (EVM) activities were not cost-effective at the
household-level, but recommended the use of long-lasting insecticidal nets (LLIN) and IRS
in various combinations according to geographical incidence [71]. However, the
effectiveness of IRS coverage and insecticide quality continues to be questioned, where
evaluating the costs and outcomes of IRS programming may provide insight into barriers to
effective programme implementation [72—76]. There may be an opportunity to explore the
effects of interrupted IRS activities in India due to COVID-19, which could inform future
resource allocation, priority setting, and programme integration during elimination and post-

elimination phases [77].

Costing case detection

ACD has been shown to contribute to early VL detection that facilitates prompt treatment and
transmission declines in India [78-82]. House-to-house (blanket) case detection has
historically yielded the highest number of previously unidentified VL cases, but literature on

the costs and outcomes of ACD is limited to three studies conducted from 2009-2012 when
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VL incidence and control activities differed substantially [79, 81]. Table 3-1 summarises the
results of previous ACD cost analyses in India, converted to $USD in 2021, alongside
estimated VL incidence at the time of evaluation. In each study, PCD was excluded as an

integrated public health service in India.

Table 3-1. Previous cost analyses for ACD in India, reported in 2021 $USD alongside VL
incidence during the year of publication.

STUDY YEAR ACD COST PER NEW VL CASE NATIONAL VL INCIDENCE IN
DETECTED (IN 2021 $USD) INDIA AT TIME OF STUDY
(WHO)
SINGHET AL. | 2010 Blanket: $135 - $758 30,000

Camp: $25 - $797
Index case-based: $168 - $241
Incentive-based: $60 - $654

HIRVE ET AL. | 2010 Blanket: $60 - $128 30,000

HUDA ET AL. 2012 Camp: $386 24,000

The costs of blanket and camp ACD approaches vary within and between each study, which
could be a result of a number of factors including VL incidence levels, geographical
distribution and population size, programme management and staffing, length of programme,

and the diagnostic methods employed.

Complementary versus redundant case detection methods

PCD is a fundamental surveillance system for communicable diseases that is typically
universally employed for data collection on routine health information [83]. Although PCD is
an integrated healthcare reporting platform, analysis is often limited by data quality,
timeliness, and uniformity between different institutions [83]. For diseases and conditions
where surveillance must be met with timely response and interventions, ACD may be

implemented in tandem to PCD as a complementary case detection method. Supplementing
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PCD with ACD not only improves the likelihood of identifying cases and connecting
individuals to treatment, but also bolsters timely and robust data collection for designing

appropriate response activities [37].

There is potential for redundancy between different methods of ACD. For example, the four
most common methods of ACD (blanket, camp, index case-based, and incentive-based)
would not necessarily be implemented together, other than for: 1) a comparison study to
document outcomes of different methods, or 2) a targeted or intensified approach for an at-
risk population, geographical area, or time of year where/when cases and transmission are
notably higher [84]. Although their costs would be additive, the opportunity for ACD
methods to complement one another can be evaluated, especially for centralised diagnostic
camps in the vicinity of more rigorous suspected case identification activities [85]. For
diseases transitioning from control to EOT or EPHP, it may be prudent to regard multiple
case detection methods as complementary, rather than redundant, across space and time as a

means to identify the critical remaining cases [86].

3.5 Gaps in economic evaluation of VL surveillance in India
To reach and sustain elimination of VL as a public health problem in India, research is
needed to substantiate the investment required and strategy behind long-term surveillance
activities across a heterogeneous landscape of incidence. Economic evaluations are key to
addressing several unknowns in VL surveillance as they relate to pillars of the WHO NTD
framework for 2021-2030, including:

1) The projected cost and likelihood of reaching EPHP using current surveillance tools

and capacity;
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2) How surveillance activities can be effectively tailored to address heterogeneity and
equity;

3) Opportunities and trade-offs of integrating surveillance into other disease
programmes; and

4) The international- and national-level investments needed to reach elimination
benchmarks, and if national ownership is feasible for long-term control and a post-

elimination agenda.

Requisite to each of these unknowns is understanding the cost and outcomes of current
surveillance activities, particularly in terms of comparing the investment required to identify
one additional VL case. Incidence has decreased ten-fold since the three previous cost-
analyses were published for VL ACD activities in India between 2010 and 2012 [87]. 2018 is
the most recent year in which several case detection activities were carried out
simultaneously, including PCD, index case-based ACD, and a combination of blanket and
camp ACD. Evaluating the costs and outcomes of VL surveillance activities could provide
policy-relevant information on their effects across different geographical incidence levels,
mobilise further economic analyses on programme intensification and integration, and might
also be applied to transmission modelling to comprehensively inform elimination targets and
strategies. Figure 3-1 displays how these research questions connect to the three pillars of the
WHO NTD framework for 2021-2030 and could inform both short- and long-term

surveillance strategies for VL EPHP in India.
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Accelerate
programmatic action

PAPER R1: What are the costs
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surveillance activities?
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Effective interventions
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service delivery
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multisectoral action
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What is the cost and likelihood of
reaching VL EPHP in India using current
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tailored to address heterogeneity and
equity in India?

What are the opportunities and trade-
offs of integrating VL surveillance into
other disease programmes in India?

What international- and national-level
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EPHP benchmarks, and is national
ownership feasible?

Figure 3-1. Gaps in economic evaluations for VL in India as they relate to surveillance
activities and the three pillars of the WHO NTD framework for 2021-2030.
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Informing surveillance and priority setting in the KEP

Action taken to manage, intervene, or monitor elimination activities is often coordinated at
the state- and district levels, where surveillance data is also synthesised and reported [88, 89].
Although an evaluation of VL case detection activities may have the potential to inform
district- and state-level operational activities, it would likely be most relevant to budgeting
and resource allocation at the national level where KEP directives are generated. Assuming
both human and financial resources are limited, identifying and comparing the cost of
surveillance activities to find an additional VL case would be useful to prioritise activities in

the short- and medium-term during this phase of elimination in India.

Priority setting requires rational, explicit, and transparent evidence to influence design and
implementation of surveillance activities, which a singular study would not accomplish [90].
WHO promotes the iterative analysis of surveillance plans, metrics for programme
evaluation, and characterisation of disease dynamics, where contributing partners likely
require a platform for collaboration and priority setting. Such a platform does exist for VL in
India; Chapters 5 and 6 explore this alongside the relationship between researchers, decision

makers, and implementers.

3.6 Framing study design and methods for paper R1

Guidelines for costing surveillance

Paper R1 (Chapter 4) presents a cost analysis of VL ACD and PCD activities in India, with
an aim to compare provider-level costs per VL case detected across varying levels of
incidence. As disease- and context-specific costing resources for VL in India do not exist, the
design of paper R1 relied on several methodological principles guided by the Global Health

Cost Consortium Reference Case (GHCC-RC), WHO-CHOICE framework, and a toolkit for
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evaluating the cost-effectiveness of syphilis screening [7, 10, 13, 91, 92]. Literature also
guided methods to cost intervention activities in terms of the likelihood of reaching
elimination benchmarks in a geographical setting by comparing the total cost, average cost

per outcome (e.g., new cases detected), and cost of scaling up activities [93-95].

Paper R1 is submitted in published form under word-count limitations, therefore Appendix 2
includes a table and description of specific parameters of design, methods, and analysis as
guided by GHCC-RC methodological principles. Appendix 3 details example data collection

forms used for the cost analysis in paper R1.

Implications for thesis

As Chapter 2 identifies a specific KEP objective to intensify VL surveillance, this chapter
explores how economic research can inform its design, implementation, and long-term
requirements to reach and sustain elimination targets. For VL in India, the scale and scope of
surveillance must be iteratively updated to encourage efficient use of resources as cases
become more difficult to find. Although ACD is promoted as a surveillance strategy in India,
the costs per additional VL case detected have not been evaluated in recent years or
compared to PCD as an integrated public health service. This chapter identifies the relevance
of evaluating and comparing costs and outcomes of VL surveillance activities across varying
geographical incidence, which is carried out in paper R1 (Chapter 4). The applicability of
economic evaluations to policy and other research disciplines is examined in both Chapter 5,

a literature review on mathematical modelling, and Chapter 7, the discussion.
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CHAPTER 4. PAPER R1: COSTS AND OUTCOMES OF ACTIVE AND PASSIVE CASE
DETECTION FOR VISCERAL LEISHMANIASIS (KALA-AZAR) TO INFORM

ELIMINATION STRATEGIES IN BIHAR, INDIA

The need for interdisciplinary research to substantiate the design, implementation, and
longevity of VL surveillance in India is reviewed in Chapters 2 and 3. Economic research is
particularly compelling alongside epidemiological and operational assessments and could
provide policy-relevant information in a number of valuable ways—including evaluations of
surveillance tools and capacity, scale and scope of activities, opportunities for integration,
and resources required for long-term control measures. An apparent gap in knowledge exists
surrounding the costs and outcomes of VL surveillance activities from the perspective of

India’s Ministry of Health.

This research paper presents a cost analysis of VL. ACD and PCD activities in India’s most
VL-endemic state, Bihar, and compares the outcomes of each programme across district-level
incidence. Two ACD methods are included: index case-based ACD, and a combination of
blanket (house-to-house) and diagnostic camp ACD, which were last implemented in tandem
during 2018. Paper R1 fulfils the methodological Objective 2 outlined in Chapter 1: to
determine programme and unit costs for detecting additional VL cases in India, to assess how
costs and outcomes vary according to VL incidence, and to evaluate the costs of scaling up
case detection activities. Implications to this thesis are discussed and presented following the

reference list.
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Abstract

Background: Effective case identification strategies are fundamental to capturing the
remaining visceral leishmaniasis (VL) cases in India. To inform government strategies to
reach and sustain elimination benchmarks, this study presents costs of active- and passive-
case detection (ACD and PCD) strategies used in India’s most VL-endemic state, Bihar, with

a focus on programme outcomes stratified by district-level incidence.

Methods: Expenditure analysis was complemented by onsite micro-costing to compare the
cost of PCD in hospitals alongside index case-based ACD and a combination of blanket
(house-to-house) and camp ACD from January to December 2018. From the provider’s
perspective, a cost analysis evaluated the overall programme cost of each activity, the cost

per case detected, and the cost of scaling up ACD.

Results: During 2018, index case-based ACD, blanket and camp ACD, and PCD reported
1,497, 131, and 1,983 VL-positive cases at a unit cost of $522.81, $4,186.81, and $246.79,
respectively. In high endemic districts, more VL cases were identified through PCD while in
meso- and low-endemic districts more cases were identified through ACD. The cost of
scaling up ACD to identify 3,000 additional cases ranged from $1.6-4 million, depending on

the extent to which blanket and camp ACD was relied upon.

Conclusion: Cost per VL test conducted (rather than VL-positive case identified) may be a
better metric estimating unit costs to scale up ACD in Bihar. As more VL cases were
identified in meso-and low-endemic districts through ACD than PCD, health authorities in
India should consider bolstering ACD in these areas. Blanket and camp ACD identified fewer

cases at a higher unit cost than index case-based ACD. However, the value of detecting
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additional VL cases early outweighs long-term costs for reaching and sustaining VL

elimination benchmarks in India.

Author summary

Visceral leishmaniasis (VL) is targeted for elimination in India by 2020, where early
identification and prompt treatment are essential measures for reaching and sustaining
incidence benchmarks. Both active- and passive- case detection (ACD and PCD) strategies
have been employed in recent years, and evaluating the cost and outputs of each is now
important for sustaining funding and political momentum. This study presents overall and
unit costs for PCD, index case-based ACD (where neighbours in the vicinity of a recent VL
case are screened), and a combination of blanket and camp ACD (involving house-to-house
case searching and weekly diagnostic camps) in Bihar, India during 2018. Results of this
study indicate that a larger proportion of VL cases were found through PCD in high incidence
districts, which may be related to increased interaction with ACD officers. ACD can be
bolstered in meso- and low-incidence districts where educational exposure to VL is low and
risk of resurgence is high. Although blanket and camp ACD unit costs were at least four
times higher than index case-based ACD, the number of VL cases identified through this
approach may warrant the investment to achieve VL elimination. Cost and outcomes of VL
case finding approaches need to be continuously evaluated until elimination benchmarks are

reached and integrated into sustained surveillance programmes.
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Introduction

The Kala-Azar Elimination Programme (KEP)

Visceral leishmaniasis (also known as Kala-Azar) is a parasitic Neglected Tropical Disease
(NTD) endemic in 83 countries worldwide, with reported global incidence just over 17,000 in
2018 [1]. Transmitted by the female phlebotomine sandfly, VL is characterised by prolonged
fever, enlarged spleen and liver, anaemia, substantial weight loss, and a 95% fatality rate if
left untreated [2]. International elimination efforts alongside increased availability of rapid
diagnostic tests and improved treatment have contributed to a substantial decline in VL cases
over the past decade, particularly in the Indian Subcontinent (ISC) [1,3]. Due to elusive
transmission dynamics confounded by asymptomatic carriers and the sequela post-Kala-Azar
dermal leishmaniasis (PKDL), VL is currently targeted for elimination as a public health
problem (EPHP), signifying sustained control activities are essential for reaching and

maintaining incidence targets to prevent disease resurgence [4].

Over 25% of the global VL burden exists in India, where 85% of cases are reported in the
state of Bihar. In 2005, a regional Kala-Azar Elimination Programme (KEP) developed
within the ISC to mobilise national programming, international financial support, and drug
donations; this has helped facilitate Nepal and Bangladesh achieve EPHP benchmarks [5].
Early case detection is a prioritized measure for reducing transmission in India, which relies
on effective surveillance to support accurate diagnosis and complete treatment at the hospital

level [6,7].

However, institutional and socio-economic barriers challenge the integration of rural

populations into India’s health system, where patients may consult uncertified rural

practitioners (URPs), lack accessibility to and trust in government health facilities, or not
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seek medical support [8-10]. To expedite identification and referral of potential VL cases, the

KEP has supported village-level active case detection (ACD) over the past decade.

Active and passive case detection (ACD & PCD) in the KEP

Prompt diagnosis and treatment of VL serves two purposes: to prevent death, and to reduce
transmission. Through the systematic screening of populations in endemic areas by health
staff to find cases, ACD has been shown to contribute to early VL detection in India [6,8,11].
Four distinct, but not mutually exclusive, approaches to ACD exist: blanket (house-to-house
screening), camp (mobile diagnostic teams visiting targeted villages), index case-based
(searching for new cases in the vicinity of confirmed cases) and incentives-based (village
health workers paid to find suspected cases) [6]. Although ACD activities are conducted at
the village level, suspected cases are then reported at the block level (a sub-district region

where elimination targets are measured) as well as within Bihar’s 33 endemic districts.

In Bihar, a range of ACD strategies have been managed by two different organisations:
CARE and KalaCORE. Since 2017, the non-profit organisation CARE has worked with the
state government to lead index case-based ACD in support of the KEP. Their programme
relies on Kala-Azar Block Coordinators (KBCs) conducting snowball-surveillance in the
vicinity of recent VL patients at one-, six- and 12- months post-treatment. Fortnightly ACD is
then conducted in each village for 12 months after its last reported VL case. Additionally, key
informants such as family members, school teachers, and shop keepers, as well as Accredited
Social Health Activists (ASHAS), are trained to report potential VL cases to KBCs by
telephone. Separately, KalaCORE (a consortium funded by UK Aid) operated from 2015-
2019 employing a combination of blanket and camp ACD. KalaCORE recruited and trained

KBCs, local medical staff, and other ACD officers to conduct blanket (house-to-house)
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surveillance in villages with high VL incidence, followed by weekly diagnostic camps to

confirm VL infections and refer cases to treatment facilities.

Without active intervention, VL cases are presumed to be found through Passive Case
Detection (PCD), that is, symptomatic individuals presenting at a static hospital or Primary
Health Centre (PHC) with no prior interaction with a KBC or ACD officer. In 2014, as part
of India’s KEP, over 120 VL treatment centres were strategically established within PHCs in
close proximity to high endemic villages (with more than five cases per 10,000 population
per year) [12]. These treatment centres offer free rK-39 rapid VL diagnostics and single-dose
AmBisome treatment through the Government of India’s National Vector Borne Disease

Control Programme (NVBDCP), and are designated referral sites for all suspected cases [13].

Informing and updating EPHP strategies

To achieve Bihar’s EPHP target of less than one VL case per 10,000 population per block per
year by 2020, policy-relevant research is needed to assess current VL surveillance strategies
[13,14]. Economic evaluation compares resources required, cases identified, and costs of
parallel surveillance programmes for informing priority setting across elimination strategies.
Three economic analyses of ACD on the ISC were conducted between 2010-2012, where the
cost per case detected through blanket and camp ACD varied between $21-$629 and PCD
was excluded as it was considered an integrated public health service [6,8,11]. As VL
incidence was five-fold higher during that time[1], it is important now to re-evaluate the cost
and investment in ACD during a period when numbers of VL cases are low and the

elimination target is close.
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Importantly, as disease cases decrease often so does financial and political support to
maintain control activities given competing disease priorities in lower-middle income
countries (LMIC) [15,16]. Donor-funded VL programmes in India are especially vulnerable
at the point around EPHP, where viability, value, and longevity of current programmes must
be evaluated to adapt and advocate financial support [17]. Methods for assessing disease
screening during EPHP often compare programme costs to the likelihood of reaching
elimination benchmarks as a means to provide translatable evidence for decision makers [18-
21]. Therefore, the aim of this study was to conduct a cost-minimisation analysis of current
VL case detection programmes to determine the least costly approach to achieving EPHP in

the endemic state of Bihar.

Results of this study should extend insight into how the health officials could scale-up and
modify ACD strategies to reach EPHP efficiently, which may provide generalizable lessons
for VL globally as well as other NTDs approaching elimination [22,23]. This evaluation may
also provide information for the eventual integration of VL case detection horizontally into

other febrile illness programmes after elimination benchmarks are achieved.
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Methods

Ethics statement

Ethical approval was obtained from the London School of Hygiene and Tropical Medicine in
November 2019 (Reference Number 17763), and permission to collect data from CARE and

KalaCORE was subsequently confirmed (Appendices 4-6).

Cost model
National guidelines for economic analysis in India are not available, where this study
followed the Global Health Cost Consortium Reference Case alongside costing literature for

disease surveillance in low- and middle-income contexts [24-27].

Fig 4-1 illustrates the basic activities, communication, and patient flow of each programme:
PCD, blanket and camp ACD, and index case-based ACD. This study involved both primary
and secondary data collection from three organisations and two government facilities
involved in ACD and PCD in Bihar, India. Using a top-down approach (including facility-
level financial data) supplemented by bottom-up micro-costing (relying on observation and
interviewing), programme inputs, costs, and outputs were estimated to generate a cost model
from the provider’s perspective (Bihar Ministry of Health and Family Welfare). Given VL
seasonality and occurrence of overlapping ACD activities, a full year (January-December
2018) was used to capture transmission dynamics, start-up, and project costs at a standard
discount rate of 3%. Costs of treatment were excluded from this study under the assumption
that all VL cases are eventually confirmed in hospital and treated same day for all
approaches. Although PKDL case finding is integral to the KEP, it was excluded due to lack

of comparable data across ACD and PCD programmes.
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Fig 4-1. Diagram of VL active and passive case detection in Bihar. Activities, communication, and patient flow involved in PCD, blanket and
camp ACD, and index case-based ACD for visceral leishmaniasis in Bihar, India during 2018.
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Study area

With a population of 104 million, the north-eastern state of Bihar is India’s fifth most
impoverished municipality [28]. As Bihar is 89% rural, over 60% of the workforce engages
in agricultural and farming activities [28,29]. One third of the state reportedly lives below the
poverty line, accounting for the second highest malnutrition rates in India [29]. Less than
25% of Bihar residents have completed secondary education, where females exhibit the

lowest national levels of both educational attainment and labour force participation [29].

Data sources

ACD. Data was collected from CARE regarding index case-based ACD, and from
KalaCORE regarding blanket (house-to-house surveillance) and diagnostic camp ACD.
Project accounts and expenditure reports from 2018 were collated to determine start-up costs
(training, materials, per diems), capital costs (buildings, equipment, vehicles), and recurrent
costs (salaries, medical supplies, travel). Economic costs were estimated for donated goods,
indirectly purchased equipment, and training. Interviews with financial officers, programme
managers, KBCs, and District Programme Officers then triangulated programme reports by
examining programme structure, length of activities, and missing costs associated with ACD.
Some inputs were also estimated from other VL costing studies in the literature, manufacturer
costs for vehicles, rental rates for equivalent office space in Bihar, and market prices of

relevant supplies (see Appendix 7 for sources of each input).

Outputs were reported individually by CARE and KalaCORE, detailing the number of

suspected, tested, and VVL-positive cases identified at the district level through respective

ACD programmes during 2018.
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PCD. The cost of PCD was calculated at the PHC level, designating 2015 as the ‘start-up’
period when VL treatment centres were established in Bihar that included updated diagnostic
and treatment protocol. The start-up (training, staff, materials) and capital costs (cold-chain
storage, buildings, vehicles) were estimated from programme asset registers and interviews.
Recurrent costs to screen and test individual patients were estimated through direct
observation and interviews with medical officers to determine staff time for clinical
examination, laboratory costs, and prices to stock, maintain and use VL diagnostics in Bihar.
Costs and time associated with medical officers’ absence from normal duties to attending

training were included.

Outputs included number of patients tested and identified as VVL-positive through PCD,
which were estimated from incidence reported by the Kala-Azar Management Information
System (KAMIS) and Ministry of Health Management and Information System (HMIS)
databases. PCD-specific outputs were estimated by subtracting the number of cases identified

through ACD from overall VL incidence reported by KAMIS in Bihar during 2018.

Cost Analysis

The annual incremental economic costs of each programme were estimated for the base year
2018. All resources were accounted for, including donated goods and opportunity costs of
unpaid time to attend trainings. Start-up, capital, and recurrent costs were analysed by
categorising each line item by input type. The start-up period was defined as all costs
incurred during project conception and training prior to implementation (first patient
screened). Where provider costs were shared across hospital units (overheads, staff time,

laboratory equipment), allocation factors were estimated from direct observation,
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interviewing, and referencing hospital-based costing literature specific to Northern India

[30,31].

Unit costs were calculated in Excel by dividing each programme’s total cost by the total
number of cases suspected, tests conducted, and VL-positive cases identified. All costs were
reported in local currency, Indian Rupee (INR), and converted to 2018 $USD using central
bank exchange rates [32]. The least costly approach of ACD and PCD was evaluated by
comparing total and unit programme costs as well as the cost of scaling up ACD to identify
further unreported VL cases. Outcomes of each programme were stratified by district-level
(high >200 cases, meso 50-200 cases, and low <50 cases) VL incidence in Bihar to evaluate

areas where bolstering ACD may have a greater epidemiological advantage.

Sensitivity Analysis

A sensitivity analysis was conducted to determine the robustness of assumptions used in the
cost analysis (see Appendix 7 for list of assumptions). To determine the extent to which
variation in values, unmeasured variables, and altering key assumptions led to different
interpretations or conclusions, a univariate sensitivity analyses varied vehicle life years (+/- 5
years), operation (+/- 10%), discount rate (+/- 3%), central cost allocation factors (+/- 5%),
personnel salaries (+/- 10%), and economic life years of start-up, training, and other capital

costs (+/- 2 years).

A scenario analysis also explored the impact on variability of the observed intervention, such
as personnel time allocation (+/- 5%), number of VL tests conducted (+/- 10%), and price of
rkK-39 tests (+/- 50%). A multivariate sensitivity analysis illustrated best- and worst-case

scenarios according to variation in the univariate parameters.
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Modelling and scale-up

Marginal costs of scaling up each ACD strategy were estimated through variable costs
required to detect one additional VL case or conduct one additional test. The cost of scaling
up each ACD programme to varying degrees was compared by calculating marginal cost to
conduct an additional 25,000 tests (which would identify an additional 3,000 VL cases).
Finally, outcomes of each programme were compared by district-level incidence in Bihar, as
reported by the KAMIS database during 2018, to understand how costs were likely to be

influenced by incidence.
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Results

Cost summary

Programme outputs. Of the 3,611 VL cases reported in Bihar during 2018, 45% were
identified through ACD. PCD, blanket and camp ACD, and index case-based ACD
respectively conducted 31,000, 1,945, and 12,261 VL tests and found 1,983, 131, and 1,497
VL-positives during this timeframe (Table 4-1). The percentage of VVL-positives identified
relative to tests conducted ranged from 7% in both PCD and blanket and camp ACD to 12%
in index case-based ACD.

Table 4-1. Cost Summary and Outputs of PCD, Blanket & Camp ACD, and Index
Case-Based ACD for VL during 2018.

Cost Category PCD Blanket & Camp ACD Index Case-Based ACD
$USD % $USD % $USD %
Start-up
Training $22,304.51 4.56% $1,565.54 0.29% $7,699.88 0.98%
Other Start-up -- -- $1,058.48 0.19% $767.07 0.10%
Total Start-up $22,304.51 4.56% $2,624.02 0.48% $8,466.95 1.08%
Capital Costs
Building & Storage $8,961.77 1.83% $1,311.27 0.24% $591.90 0.08%
Equipment $11,611.70 2.37% $4,350.14 0.79% $4,157.75 0.53%
Vehicles $837.97 0.17% $2,399.51 0.44% $13,574.20 1.73%
Other Capital Costs $1,121.69 0.23% $1,128.25 0.21% - -
Total Capital Costs $22,533.13 4.60% $9,189.17% 1.68% $18,323.85 2.34%
Recurrent Costs
Personnel $200,781.30 41.03% $347,630 63.38% $536,650.78 | 68.57%
Supplies $177,295.91 36.23% $20,972.75 3.82% $4,774.75 0.61%
Vehicle Operation & Maintenance $2,793.04 0.57% $21,885 3.99% $181,025 23.13%
Building Operation & Maintenance $51,151.70 10.45% $430.23 0.08% $373.88 0.05%
Recurrent Training $12,525.23 2.56% $1,555.52 0.28% $33,038.30 4.22%
Diagnostic Camps - -- $144,185 26.29% - -
Total Recurrent Costs $444,547.18 90.84% $536,658.50 97.85% $755,862.71 = 96.58%
TOTAL ANNUAL COSTS $489,384.82 100% $548,471.69 100% $782,653.51 100%
Total Costs without Start-up $467,080.31 95.4% $545,847.67 99.52% $774,186.56 98.8%
Units & Costs N Cost per N Cost per N Cost per
($USD) ($USD) ($USD)
Suspected or Screened VL Case 225,000 $2.18 2,212 $247.95 16,459 $47.55
VL Tests 31,100 $15.74 1,945 $281.99 12,261 $63.83
VL Positives 1,983 $246.79 131 $4,186.81 1,497 $522.81
VL Tests (Recurrent costs only) $14.29 $275.92 $61.65
VL Positives (Recurrent costs only) $224.18 $4,096.63 $504.92
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Start-up, capital, recurrent, and total annual costs of PCD, blanket and camp ACD, and index-
case based ACD in Bihar during 2018, presented in $USD and as a percentage of total
programme cost. Cost per suspected or screened VL case, VL tests conducted, and VL-

positive case identified in each programme are included.

Total programme costs. Total programme cost calculations included both financial and
economic costs, where index case-based ACD was the highest at $782,653.51, and blanket
and camp ACD and PCD were similar at $548,471.69 and $489,384.82, respectively.
Financial costs for index case-based ACD, blanket and camp ACD, and PCD were
$559,019.33, $525,996.80, and $279,260.99. Over 90% of costs were recurrent in all
programmes, the majority of which were attributed to personnel salary. Vehicle operation,
supplies, and the cost of diagnostic camps within blanket ACD were the second highest

overall program expenditures.

Unit costs. At $4,186.81 per VVL-positive case identified, blanket and camp ACD was eight
times higher than index case-based ACD at $522.81. However, blanket and camp ACD was
only four times higher than index case-based ACD per VL test conducted, at $281.99 versus
$63.83. PCD was $246.79 per VL-positive identified and $15.74 per test conducted. Within
each ACD programme, the cost per suspected case and cost per test conducted were similar,

indicating accuracy in their respective screening strategies.

Sensitivity analysis
Sensitivity analyses conducted for each of the three programmes are shown, where Figs 4-2
through 4-4 represent variations in cost per VL test conducted and Figs 4-5 through 4-7

represent cost per VVL-positive case identified.
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PCD (cost per VL test conducted)

Base Case: $15.74
Best & Worst Case Scenario  $12.00 | N 521.18

Quantity VL Tests Conducted (+/- 15%) s13.63 [l 51851
Salary (-/+ 10%) $15.09 N 516.38
Cost rk-39 (-/+ 50%) $15.17 I $16.31
Economic Life Years Start-Up (-/+ 2 years) 51553 [ 516.21
Discount Rate (0%, 6%) $15.48 I 516.14 mHigh
Economic Life Years Other Capital (-/+ 5 years) s1556 [ $16.10 - Low
Personnel Time Allocation (-/+ 5%) 515.41 I $16.06
Patient Overhead (-/+ 10%) $15.57 [l $15.90
$11.00 $13.20 5$15.40 $17.60 5$19.80 $22.00

Cost per VL test conducted (SUSD 2018)

Fig 4-2. Sensitivity analysis of PCD costs per VL test conducted. Variations in PCD cost
per VL test conducted in Bihar during 2018.

Blanket & Camp ACD (cost per VL test conducted)
Base Case: $281.99

Quantity VL Tests Canducted (+/- 10%) s2se.30 [ N 531341
sl /4 10% soce 12 | I ::2:sc
Cost rk-39 (-/+ 50%) s279.03 [ s28495

Vehicle Operation (-f+ 10%) 5280.87 Il $283.12

mHigh
Camp Operation (-/+ 10%) s281.50 || s282.48

uLow
Discount Rate (09, 6%) s281.54 | 528248
Economic Life Years Start-Up (/+ 2 years) s281.54 ] 528336
Ecanamic Life Years Capital (-/+ § years) 28174 || $282.40

$225.00 $255.00 $285.00 $315.00 $345.00

Cost per VL test conducted (SUSD 2018)

Fig 4-3. Sensitivity analysis of blanket & camp ACD per VL test conducted. Variations
in blanket & camp ACD cost per VL test conducted in Bihar during 2018.

Index Case-Based ACD (cost per VL test conducted)

Base Case: $63.83

Best & Worst Case scenario sa7.o¢ | N sc<.00

Personnel Time Allacation (-/+ 20%) $55.08 _— $72.59
Quantity VL Tests Conducted (+/- 10%) sss.03 [N ;oo
Salary (-/+ 10%) sse.qc [N ::s::
Vehicle Operation (-/+10%) s62.35 [ <6531 = High
Discount Rate (0%, 6%) s63.28 [l s64.80 mlow
Economic Life Years Start-Up (-/+ 2 years) $63.56 I- $66.21
Economic Life Years Vehicles (-/+ 5 years) $63.62 II $64.20
$45.00 $55.00 565.00 575.00 585.00

Cost per VL test conducted (SUSD 2018)

Fig 4-4. Sensitivity analysis of index case-based ACD per VL test conducted. Variations
in index case-based ACD cost per VL test conducted in Bihar during 2018.
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PCD (cost per VL-positive case identified)
Base Case: $246.79

Best & Worst Case Scenario $216.44 | N $252.30

Salary (-/+ 10%) s23e.66 [N ;:::.o:
Cost rk-39 (-/+ 50%) s237.85 [ 5:55.73
Economic Life Years Start-Up (-/+ 2 years) s2435¢ I $254.29
Discount Rate (0%, 6%) $242.71 [ 525315 uHigh
Economic Life Years Other Capital (-/+ 5 years) s243.95 I 525247 - Low
Personnel Time Allocation (-/+ 5%) s241.73 I 525185
Patient Overhead (-/+ 10%) $244.21 I $249.37
$210.00 $225.00 $240.00 $255.00 $270.00 $285.00

Cost per VL-positive case identified ($USD 2018)

Fig 4-5. Sensitivity analysis of PCD costs per VL-positive case identified. Variations in
PCD cost per VL-positive case identified in Bihar during 2018.

Blanket & Camp ACD (cost per VL-positive case identified)

Base Case: 54,186.81

ot 3940509 sazes: [ 5+

Vehicle Operation (-/+ 10%) $4,170.10 .. $4,203.51
Camp Operation (-/+ 10%) $4,179.58 Il $4,194.03 mHigh
Hlow
Discount Rate (0%, 6%) 54,180.16 II $4,194.08
Economic Life Years Capital {-/+5 years) 54,183.14 Il 54,192.91
Economic Life Years Start-Up (-/+ 2years) $4,180.22 I. $4,207.11
$3,750.00 $3,920.00 $4,090.00 $4,260.00 $4,430.00 $4,600.00

Cost per VL-positive case identified (SUSD 2018)

Fig 4-6. Sensitivity analysis of blanket & camp ACD per VL-positive case identified.
Variations in blanket & camp ACD cost per VVL-positive case identified in Bihar during 2018.

Index Case-Based ACD (cost per VL-positive case identified)
Base Case: $522.81

Personnel Time Allocation (/+ 20%) sesi12 | ot
Salary (-/+ 10%) s4sc.57 | :::: -5

Vehicle Operation (-/+ 10%) ss10.72 [ s+
mHigh
Discount Rate (0%, 6%} ss18.20 [ ss307s
mLow
Economic Life Years Start-Up (-/+ 2 years) $520.55 I- $534.13
Economic Life Years Vehicles (-/+ 5 years) ss21.00 [l ss25.83
$415.00 $460.00 $505.00 $550.00 $595.00 $640.00

Cost per VL-positive case identified (SUSD 2018)

Fig 4-7. Sensitivity analysis of index case-based ACD per VL-positive case identified.
Variations in index case-based ACD cost per VL-positive case identified in Bihar during
2018.
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Cost per VL test conducted. As an alternative scenario, quantity of tests conducted (+/-
10%) yielded the largest unit change in cost per test for blanket and camp ACD (ranging
from $256.30 to $313.41) and PCD (ranging from $13.68 to $18.51). For index case-based
ACD (Fig 4-4 and Fig 4-7), increasing or decreasing personnel time allocated to ACD

activities contributed the largest unit cost range (from $55.08 to $72.59).

Cost per VL-positive identified. As an assumptions test, variations in personnel time and
salary produced the greatest influence on cost per case detected in each of the three
programmes. Altering staff salaries by 10% would increase or decrease cost per VL case

detected between 5-12%.

District-level incidence

Within Bihar’s 33 VL-endemic districts, incidence ranged from over 800 to less than 10 cases
in 2018. Fig 4-8 displays the number of district-level VVL-positive cases identified within each
programme stratified by incidence. PCD identified more VL-positive cases in high incidence
districts, while both ACD programmes collectively identified more VVL-positive cases across
districts reporting less than 200 cases. Blanket and camp ACD mostly targeted ‘hot spots’
and high-incidence villages, but also contributed to detecting some cases in low-incidence

districts.
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Fig 4-8. VL-positive cases identified through ACD and PCD stratified by district-level
incidence. Number of VL-positive cases identified according to district-level incidence
through index case-based ACD (IC-B) (pink), blanket & camp ACD (B&C) (blue), total
ACD (index case-based ACD and blanket & camp ACD together) (teal), and PCD (green) in
Bihar during 2018.

Cost of scaling up ACD

ACD has the potential to be scaled up to find additional cases, whereas PCD is integrated in
the health system without the opportunity to expand existing services. Decision makers may
be interested in the costs and outputs of detecting additional VL cases by investing differently
in each ACD strategy. To project outcomes of scaling up ACD in Bihar, programme costs of

both ACD methods were pooled together as if hypothetically allocated or coordinated

through one entity, such as NVBDCP.

Ninety percent of VL cases identified through ACD in 2018 were detected using the index
case-based strategy. WHO declares around one-half of global VL cases are actually reported,
therefore Fig 4-9 displays the cost of scaling up ACD to identify an additional 3,000 VL
cases in Bihar [2]. Fig 4-10 illustrates the additional cost of investing from 0-50% in blanket
and camp ACD to conduct 25,000 more VL tests. In each scenario, the overall programme
cost would increase from approximately $1,600,000 USD to around $4,000,000 USD if

blanket and camp ACD were increasingly relied on.
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Fig 4-9. Cost of scaling up ACD to identify additional cases. Cost of scaling up index
case-based (IC-B) and blanket & camp (B&C) ACD to identify 3,000 additional VL cases.
Total programme cost includes both IC-B and B&C together, as if managed by a single
funder.
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Fig 4-10. Cost of scaling up ACD to conduct additional tests. Cost of scaling up index
case-based (IC-B) and blanket & camp (B&C) ACD to conduct 25,000 additional VL tests.
Total programme cost includes both IC-B and B&C together, as if managed by a single
funder.

From the average cost per test conducted of index case-based ($63.83) and blanket and camp
ACD ($281.99), the marginal cost per test of scaling up to detect 3,000 additional cases was
$61.65 and $275.92, respectively. In both strategies, the marginal cost of scaling up testing

was only slightly less than the average cost and continued to decrease minimally with up to

70,000 additional tests conducted.
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Discussion

In addition to evaluating programme and unit costs during 2018, this study revealed that more
VL cases were identified through PCD in high-incidence areas and through ACD in meso-
and low-incidence areas. This pattern aligns with previous studies on high-incidence areas in
the ISC, although there is a lack of literature examining the effects of ACD in meso- and low-
incidence populations [6,8,11]. The lowest cost for scaling up ACD would solely involve the
index case-based strategy given high unit costs of blanket and camp ACD. However, the
blanket and camp approach accounted for 8% of VL cases identified through ACD, which

may rationalise high unit costs to achieve and sustain EPHP.

Alongside overall and unit costs, evaluating the tactical strengths and weaknesses of each
ACD programme informs where to re-direct VL resources in Bihar to reach EPHP. Index
case-based ACD is likely more advantageous over time and blanket and camp ACD over
space. Effects of index case-based ACD are longer-term as a product of educating key
informants to identify and refer potential cases when ACD officers are not present. Blanket
and camp ACD is more robust and systematic in a given geographic area, yet house-to-house

surveillance is limited by absence of disease symptoms at a given point in time.

Strengthening educational reach of index case-based ACD

Results of this cost analysis indicate an opportunity to bolster ACD in districts with less than
200 cases, where individuals may have less physical, but also educational, exposure to VL.
As the frequency and magnitude of index case-based ACD mirrors VL incidence in each

area, high-incidence populations presumably have more interaction with ACD officers and
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trained key informants. Therefore, these populations might be more likely to recognise VL

symptoms early and seek care than lower-incidence populations.

Similarly, a 2009 study in the ISC found a lower percentage of VL cases were detected
through ACD than PCD in areas with increased educational activities from NGOs [33]. VL
populations already have higher poverty levels and lower educational attainment and literacy
compared to India’s national average [6,8,34], therefore sustaining vigilant disease
identification is especially challenging and crucial in neglected areas. Even where VL cases
are infrequent in meso- and low-incidence areas, reinforcing educational aspects of index

case-based ACD might facilitate longer-term diagnosis through PCD.

Blanket & camp ACD in low-incidence districts

Clustered outbreaks have been recently documented in previously low-incidence settings in
Bihar, possibly in part due to decreased host competence in areas with few VL infections
[35]. In these populations, a greater proportion show decreased immunity over time and are
disproportionately susceptible to transmission from acute VL infections [36,37]. Other
studies show a correlation in time and space between outbreaks in previously non-endemic
areas adjacent to endemic areas, especially in highly impoverished populations [38,39].
Curtailing such outbreaks may require more robust ACD tactics, where drivers of
transmission are related to lack of previous VL exposure, high poverty, and risk-related

proximity to new cases [40].

In this, blanket and camp ACD may be best utilised as a deployable intervention in low-

incidence areas at risk of VL outbreaks. Although blanket and camp ACD unit costs were

eight times higher than index case-based ACD, it remains a valid strategy for two reasons: 1)
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it targeted high-incidence areas and may actually be more beneficial for low-incidence areas,
and 2) the value of detecting additional cases early may be significant enough to support the

high initial investment necessary for reaching EPHP.

Focusing house-to-house surveillance on districts with less than 200 cases per year could be
more valuable than presuming it will capture a high number of cases in high-incidence areas.
Detecting few cases in low-endemic areas would likely yield the same high unit cost but at a
greater epidemiological advantage. Blanket ACD might also be strategically implemented

around months of the year when VL transmission is greatest.

Horizontal programme integration

To date, VL treatment and prevention programmes have been predominantly vertical in India.
Given the importance of continued surveillance, yet the high cost of identifying cases at the
village level, it will be prudent to eventually integrate VL ACD horizontally with other
infectious disease programmes. VL blanket and camp ACD tactics align with other skin- and
fever-related disease surveillance strategies, both of which are ongoing in the ISC. Several
recent studies document feasibility of integrating VL into ACD for febrile illnesses such as

malaria, tuberculosis, and leprosy, particularly using the camp approach [41,42].

Additionally, historical data trends show a spike in VL transmission often occurs every 15-17
years, which will likely be exacerbated by relaxed control measures as incidence is lowered
[43,44]. Even when EPHP benchmarks are reached, it will be important to sustain VL
surveillance in some form to avoid and prepare for potential transmission resurgence. The
appropriate stage for integration, additional resources required, and potential risk of

neglecting cases due to decreased concentration on VL should be explored.
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To support ACD scale-up in the immediate, it may be best to focus on the cost of additional
tests conducted rather than additional cases detected. Figs 4-9 and 4-10 show the same
investment is needed when relying on the blanket and camp strategy for 50% of additional
tests conducted but only 25% of additional VVL-positive cases detected. Although blanket and
camp ACD is undeniably more costly, a diversified case-finding strategy may be critical
around this period of EPHP. ACD scale-up should ideally be strategised and coordinated by
one entity, such as NVBDCP. As VL incidence further declines, it will become necessary to
document all ACD outputs at the block and village level, which the index case-based

programme must adopt.

Costs and outcomes reported in this study may be applicable to VL strategies on the ISC, or
other diseases aiming toward elimination where active case finding is increasingly relied on.
It is imperative that ACD tactics, outputs, and barriers be readily shared between programmes
in India to continue supporting a timeline and best strategy for achieving EPHP thresholds.
Future research on the investment needed to reach VL EPHP should include expenditures and
outcomes of other control activities such as indoor residual spraying (IRS) for sandfly vector

control, treatment to remove the threat of PKDL as a reservoir, and antigen diagnostic tests.

Conclusion

The characterisation and projection of VL case detection costs are fundamental to India’s
elimination strategy. As VL cases become both more difficult and critical to find, this study
provides insight into how PCD and index case-based ACD might be enhanced by targeting
blanket and camp ACD in areas with lower incidence. This analysis should be built upon in

future economic studies, particularly where horizontal ACD programme integration is
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considered. Blanket and camp ACD must be investigated for its additional value to
addressing PKDL, co-infections, and marginalised groups. Economic evaluations should also
be integrated into complementary disciplines that forecast the impact of case finding
strategies alongside the likelihood of reaching elimination, such as mathematical modelling.
Cost analyses provide compelling information for decision makers to strategise resource
allocation and programme activities and must be encouraged and expanded as NTD-endemic

countries approach disease elimination.

Limitations

This study includes several limitations. First, it is possible that some cases reported in each
distinct ACD or PCD activity overlap between programmes. No patient identifiers were
collected in this study, where future research may consider tracing suspected cases from

village-level identification to confirmed treatment.

Uncertainty may also exist in the generalisation of costs across different populations, given
varying VL endemicity and the potential for co-infection with other diseases. This study was
limited in availability of block- and village-level data, which would have more accurately

informed programme outputs within specific incidence levels.

Bias may be present in reported expenditures of each programme, especially under- or over-
estimation of inputs and time spent on activities. To address this, staff-time and input
allocation was estimated through micro-costing the hours, resources, and frequency of
activities in each strategy. Determining micro-costing parameters relied on interviews and
direct observation, and therefore may include bias of self-reporting by staff or in generalising

observed activities across other facilities. However, the diversity of data sources, lack of
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missing data, and sensitivity analyses should provide a best estimate regarding overall inputs,

costs, and outputs of each strategy.

This study did not include costs of treatment of VL cases in India, under the assumption that
all VL cases identified at the PHC-level are treated the same day. There may have been loss
to follow up between VL-positives identified through ACD and those cases confirmed at
PHCs. Loss to follow-up in index case-based ACD was addressed by documenting and
tracing potential cases between ACD officers, doctors at adjacent PHCs, and NVBDCP. In a
similar attempt to minimize loss to follow-up, confirmed cases found through blanket and
camp ACD were given formal documentation of their VVL-positive test result, allowing them

to proceed directly to treatment at the PHC.
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Implications for thesis

This chapter contributes new and relevant information for both political and research realms
by presenting the costs and outcomes of VL case detection activities in India across varying
levels of incidence. Although a singular cost analysis does not necessarily merit policy
change, the results of this study could facilitate and contribute towards future surveillance-
response research as discussed in Chapters 2 and 3. These findings could also inform
resource allocation and budgeting within the KEP and operational partners, as it expands
what was known on the scope and scale of ACD within a heterogeneous landscape of

incidence.

There is potential to integrate the costs identified in this study into transmission models to
forecast the costs and likelihood of reaching elimination benchmarks using different
combinations of ACD and PCD, which is discussed in Chapter 5. There is also potential to
examine the costs of long-term control measures and opportunities to integrate VL ACD
horizontally into other surveillance programmes, which will become increasingly relevant as

VL incidence continues to decline.
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CHAPTER 5. LITERATURE REVIEW I1: EXAMINING RESEARCH ACTIONABILITY
IN THE KEP THROUGH MATHEMATICAL MODELLING AND KNOWLEDGE

TRANSLATION THEORY

This chapter presents literature and theories to support the study design and gaps in
knowledge addressed in paper R2 (Chapter 6). The value and use of research to decision
makers in India is examined through the lens of mathematical modelling due to its relevance
and volume of studies aligned with VL surveillance in India. An overview of modelling in
policy is examined across NTD programmes, followed by modelling literature specific to VL

in India according to its applicability to surveillance and elimination activities.

The theory of Knowledge Translation is then reviewed to structure the design and conceptual
framework used in paper R2. Elements of the Knowledge-to-Action (KTA) cycle are
examined, where the theory of Knowledge Utilisation is identified for its categorical
dimensions of knowledge exchange between producers (researchers) and users (decision
makers). As paper R2 is included with word count limitations, this section aims to provide

additional support for the background and methods of Chapter 6.
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5.1 Mathematical modelling for surveillance and elimination programmes

Modelling origins and theory

Some of the first mathematical models were produced in the 18" century to simulate the
epidemiology behind smallpox and cholera outbreaks [1]. In characterising increased life
expectancy by eliminating diseases, or their transmission, the value of modelling grew
rapidly in the late 19" and early 20" century amongst public health physicians in
collaboration with statisticians [2, 3]. Modern mathematical epidemiology today is largely a
product of compartmental models developed throughout these decades, which argued that
disease transmission depends on the number of susceptible and infectious individuals in a
population [4]. The concept of a basic reproduction number, Ro, was also coined during this
time to define the average number of secondary infections resulting from an infectious person
in a fully susceptible population during the duration of infectiousness. Ro denotes a threshold
condition between an infection dying out (when Ro<1) or the onset of an epidemic (when

Ro>1) [2, 5].

Mathematical modelling for public health allows for simplified representations of complex
phenomena in real-world populations, infectious diseases, and vectors. They are built to
describe dynamics, behaviour, and parameters that can be expressed as symbols linked to
mathematical formulae and are usually analysed using computers. In the circumstance of a
particular disease—VL, for example—the dynamics of infection are categorised into different
states: 1) pre-infectious or latent, as the time from infection to when a host is able to transmit
to another host, 2) incubation, as the time from infection to onset of clinical symptoms, and

3) infectious, as the period of time until a host is no longer able to transmit the infection to
others [6]. There are also different stages of immunity that may result after a host is infected:

1) solid immunity, when an individual cannot become infected again, 2) susceptible, when an
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individual recovers from infection but remains vulnerable to some extent to further infection,
and 3) no immunity, when an individual develops little or no immunity after recovering from

infection [6].

Compartmental models commonly display the dynamics of infection between those
susceptible, exposed, infectious, and recovered (SEIR), with the possibility of becoming
susceptible once again after recovered (SEIRS) (Figure 5-1) [7, 8]. In Figure 5-1, the
infectious rate, B, represents the rate of transmitting the infection between an infectious
individual and a susceptible individual (and therefore includes the contact rate and the
probability of transmission upon contact); the incubation rate, o, is the rate at which latent
individuals becoming infectious; the recovery rate, v, is determined by the average duration
of infection (i.e. its reciprocal), and & is the rate at which recovered individuals lose
immunity and return to a susceptible state. The average duration of incubation is 1/, and the

recovery rate is y = 1/D (where D is the average duration of infection).

.
//,’ \\\\
p o Y
o e B

SEIR - SEIRS model

Source: Institute of Disease Modelling (IDM). 2021. Bill and Melinda Gates Foundation.

Figure 5-1. Compartmental model of susceptible, exposed, infectious, recovered (SEIR) and
again susceptible (SEIRS) individuals.

Generally, the total population size (N) will be the sumof S+ E + | + R. In a closed
population with no births or deaths, the reproduction number Ro = B/y. In a compartmental

model that captures vital dynamics (births and deaths) and the introduction of new
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susceptible individuals that may sustain an epidemic, p and v represent birth and death rates
and are assumed to be equal to maintain a constant population size. In the SEIRS model, &
represents the rate of waning immunity, whereby individuals remain immune for a certain
period of time followed by an exponential distribution when immunity diminishes (at
constant rate &). Compartmental models may be represented using difference equations that
describe the change (increase and decrease) in the number of susceptible, exposed, infectious,
and recovered individuals over a discrete time period (At), or using differential equations that
describe the rate of change with respect to time t in the number of susceptible, exposed,
infectious, and recovered individuals (i.e. taking time to be infinitesimally small, denoting

rates of change) [9].

Model characteristics

Mathematical models are used to understand the situation of an infection in the absence or
presence of control interventions; for simulation when the cost of collecting some data may
not be feasible but epidemiological projections may be required, or when there is a large
number of experimental conditions to test, so that models can be used to test potential
hypotheses [10]. A variety of methods have been developed to approach modelling objectives
and problem-solving from different perspectives. There are three general categories of
methods that encompass mathematical modelling of infectious diseases: 1) statistical methods
for epidemic surveillance, outbreaks, and identification of spatial patterns; 2) mathematical
and mechanistic state-space models that forecast the evolution of hypothetical spread in
dynamic systems; and 3) machine learning approaches that use web-based data mining and
surveillance networks to forecast the evolution of on-going epidemic spread [10]. Choosing

the appropriate model structure relies on considerations of the natural history of infection, the
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accuracy and time period over which model predictions are required, and the research

question.

Types of models can be further specified into categories of deterministic or stochastic, static
or dynamic, and individual or structured. Deterministic models use pre-determined input
parameters that describe what happens on average in a population; for example, using a fixed
rate of disease onset and rate of recovery [9]. Stochastic models account for chance and
randomness, where the number and rate of people who progress between different disease
states may vary [9]. If the risk or force of infection is predetermined and population contact is
not explicitly described, a static model will be used [9]. If the risk or force of infection
depends on the number of infectious individuals in a population, and will therefore change
over time, a dynamic transmission model will be used [9]. Compartmental SEIR models are a
type of structured model that categorises health and disease states, and may be further
partitioned by age, sex, and other relevant characteristics [11]. Individual-based models are
more complex to formulate, as they construct bottom-up population-level networks by

identifying interactions and behaviours of autonomous individuals in their environment [11].

Models can also be tailored to the complexities of endemic, epidemic, or vector-borne
diseases, and populations with heterogeneous, spatiotemporal, or age-specific indicators [12].
In a given population, Ro can be used to indicate a theoretical target for an intervention
programme to achieve, usually in terms of a vaccine or case detection activities. However,
application of this concept is complicated for diseases with long incubation periods between
infection and the onset of symptoms, as well as for diseases that require individual level case
detection and treatment [13]. This is the case for VL, where the next section details a

compartmental SEIR model specific to the pathway of disease progression alongside sandfly
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infectivity. Although modelling may be limited in its capacity to provide policy-relevant
results for more complex diseases, it remains an important tool for synthesising both
quantitative data and qualitative assumptions to examine the impact of different interventions

on interrupting transmission [13].

Modelling NTD control and elimination programmes

The application of modelling to inform policy came into widespread use throughout the 20
century, with notable advances to HIV/AIDS, SARS, influenza A, smallpox, tuberculosis,
and malaria control programmes [14]. A substantial amount of current infectious disease
modelling is aimed at providing support to elimination and eradication efforts by examining
population- and host- level dynamics alongside the simulated impact of interventions [15].
Mathematical models have played a pivotal role in guiding programmes and policy making
for NTD control and elimination, especially over the past decade [16]. Several research
groups have emerged over this time, namely the NTD Modelling Consortium and the London
Centre for Neglected Tropical Disease Research (LCNTDR), in efforts to 1) evaluate the
effectiveness of current interventions for achieving WHO benchmarks, and 2) to investigate
how to best implement new and complementary strategies in the case of insufficient WHO

strategies [17, 18].

In 2015, the NTD Modelling Consortium published a thematic collection of papers to
highlight recent work and advances of modelling for disease-specific NTD control and
elimination [19]. Chapter 1 of this thesis describes why NTDs are often categorised
according to their tool-readiness as PC-NTDs or IDM-NTDs, under which control- and
elimination strategies are also designated. The NTD Modelling Consortium’s 2015

publications categorise their developments and insights according to PC-NTDs and IDM-
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NTDs. For PC-NTDs eligible for population-level treatment, the intensity and frequency of
mass drug administration (MDA) rounds have been successfully modelled to inform
elimination strategies, including how to securely scale-down resources without the risk of
resurgence [20—24]. Where IDM-NTDs are not suitable for population-level treatment,
modelling is instead focused on the effects of surveillance and vector control strategies. For
human African trypanosomiasis, Chagas disease, and VL, modelling has consistently
identified the risk of hot-spots, heterogeneity, long incubation periods, and insufficient
intervention coverage as likely barriers to achieving elimination or EPHP benchmarks [25—

28].

5.2 Mathematical modelling for VL

VL model characteristics

The majority of VL modelling in the ISC explores the pathway in which a human host passes
through various disease stages at certain rates. These models are constructed using
assumptions that rely on the current understanding of biology and natural history of the
disease and its vector, or otherwise fitting each model to the best available data. Figure 5-2,
cited from a 2015 publication by Rock et al., illustrates a flow diagram of VL disease states
and how the sandfly vector may interface with each stage [29]. The coloured boxes correlate
to various stages of infection: 1) blue denotes no current infection, 2) green denotes non-
symptomatic but infected individuals, 3) red denotes infected and symptomatic individuals,
and 4) yellow denotes sandflies with and without infection. The orange box indicates infected
human stages that are also infective to sandflies. The dotted lines illustrate the pathway of
transmission between humans and sandflies, whereas solid lines illustrate potential paths of

progression through various disease stages.
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Figure 5-2. SEIR model for visceral leishmaniasis, illustrating pathway of disease states in
humans and pathways of transmission with sandfly vectors.

For a parasite or pathogen with multiple host species, cross-species transmission is
determined by the force of infection (FOI), which is the rate at which susceptible individuals
become infected per unit time [30]. In indirectly transmitted zoonotic diseases with a single
reservoir and single target, as is the case of anthroponotic VL’s intermediate sandfly vector
and definitive human host, FOI is calculated as the product of the prevalence in the reservoir,
the reservoir-human contact rate (via the vector contact rate), and the probability of infection
given contact [31]. However, the measure of parasite infection in sandflies and incidence in

humans is nonlinear, which complicates models and their underlying assumptions [31].

Characterising the prevalence of infection in a vector population is usually accomplished
using insect light traps and examining parasite presence in sandflies through microscopy and
PCR [32]. A xenodiagnoses study found that infectiousness in VL patients increased with
severity of disease—patients with less than 10 parasites per mL blood transmitted to fewer
than one in 200 blood-fed flies, while patients with severe clinical disease transmitted to one
in five blood-fed flies [33]. Models must also consider the human biting rate and vector

density, which may vary according to how temperature and humidity change throughout the
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year [34]. There are few studies that estimate sandfly biting rates, and those that exist may
not include standardised methods that are sufficiently robust to inform modelling [35, 36].
Sandfly bites elicit a strong antibody response in humans that is specific to the sandfly
salivary proteins, which drops 30 days after exposure if the host is not re-exposed [37]. This
biomarker provides the best indicator of sandfly biting rates, but is limited by the cross-

reactivity observed against saliva of other human-biting sandflies [38, 39].

VL models are further complicated by PKDL sequelae in 5-15% of patients successfully
treated for VL, which can take over two years to develop [40]. An individual with PDKL is
nearly equally as infectious as a VL patient and is therefore a key component of VL
transmission modelling [41]. As PKDL infectiousness was only documented in recent years,
its inclusion in models is also relatively recent [42]. However, the emphasis on PKDL
transmission in modelling has had a direct impact on updated VL EPHP targets within the

WHO 2021-2030 NTD roadmap [43].

VL modelling in the ISC

Since 2015, over two dozen modelling studies have been published specific to VL in India
(or the ISC) in an aim to inform national elimination strategies. Chapter 6 (paper R2) of this
thesis presents a qualitative study on the perceived value and use of VL modelling to decision
makers in India for informing elimination strategies. Although an overview of VL modelling
literature is presented in Chapter 6, this section provides further detail on the models and
their development over time. The central thematic objectives of this literature revolve around
VL transmission, the effects of interventions, and the likelihood of reaching elimination
targets, which are explored descriptively below. Table 5-1 then outlines the model type,

objectives, outcomes, and gaps identified in each study. The models referenced in this section
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aim to provide a comprehensive overview of VL modelling studies in the context of India

over the past decade, but are not necessarily exhaustive.

Transmission

Initial modelling of VL in India focused on addressing unknowns of individual-level disease
progression, infectivity, and demographic indicators. Modelling the natural history of VL
helped to characterise the likelihood of asymptomatic individuals developing VL and the risk
of increasing infectivity with progression to clinical symptoms [28, 44, 45]. Where
longitudinal data is important but missing, age has been used as a proxy for time but requires
more data to uncover infectivity in relation to disease progression [45, 46]. For asymptomatic
infections, modelling has shown that age patterns vary considerably over space and time and

that acquired immunity may increase with age [47].

The majority of recent VL models have aimed to estimate who contributes to transmission
and to what extent, the effects of declining VL incidence, and the accuracy with which future
cases can be predicted. Modelling studies have suggested that PKDL presents a major barrier
to achieving elimination through status quo intervention activities [48]. While earlier
modelling studies suggested that asymptomatic individuals were the main drivers of
transmission [48, 49], a more recent detailed spatio-temporal analysis incorporating data from
xenodiagnoses studies suggests that the relative contribution of asymptomatic individuals is
small, and that VL and PKDL cases drive transmission [40, 50-53]. Analyses have shown
that as VL incidence decreases in a population, the contribution of PKDL to transmission and
the pool of immunologically naive individuals may increase, creating the potential for new
outbreaks [44, 50, 54, 55]. Most recently, modellers have been able to forecast incidence at

the sub-district level with meaningful accuracy over a one- to four- month time horizon [56].
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Interventions

Interventions have also been evaluated according to their current and projected contribution
towards elimination targets. One study modelled the likelihood of achieving elimination by
reducing delays in detection or by increasing population coverage for ACD [57]. Another
showed that reducing the time from health-seeking behaviour to diagnosis could significantly
reduce transmission and incidence, but would require novel diagnostic tests with high
specificity to avoid false positives [58]. The role of case proximity in transmission has also
been modelled to assess the potential impact of spatiotemporally targeted interventions,
which would need to cover a radius up to 500 metres around a new VL case within a short

timeframe of their onset in order to reduce transmission risk [50, 59].

Some VL models have analysed scenarios in which the intervention or its effects are more
theoretical. The role of a potential vaccine, for instance, has been modelled despite the
absence of a vaccine for human VL, as has the potential to control sandfly density by treating
cattle with fipronil drugs, which Kill both blood-feeding adults and faecal-feeding larval
sandflies [60—62]. Vector control models suggest elimination could be possible if sandfly
density is reduced by increased efficacy and coverage of IRS or by destroying breeding sites,
but there is a lack of evidence that IRS reduces VL incidence and scepticism surrounding the

quality of current synthetic pyrethroid used [48, 63—66].

Elimination targets
As elimination targets have been re-defined for 2030, the Bill and Melinda Gates Foundation
(BMGF)-funded NTD Modelling Consortium (NTDMC) VL Group reviewed recent models

and reported that the current target is suitable for sub-districts with mid-level incidence (up to
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five cases per 10,000 population), but additional interventions may be required for high

incidence settings and hot spots [67]. NTDMC advised that PKDL must be included in the

new targets and that an unintended structural incentive may exist for the KEP to not report

cases and prematurely claim elimination [67]. Additionally, a 2017 review suggested VL

elimination in India has yet to be achieved because models fail to capture relevant local

socio-economic risk factors such as community awareness, access to care, adherence to

treatment and follow up, and cost-effectiveness of interventions and policies [68].

Table 5-1. Outline of VL modelling studies in India by model type, objectives, assumptions,
outcomes, and gaps identified.

Model [Ref]

Stauch et al.
2011 [49]

Stauch et al.
2014 [64]

Chapman et
al. 2015 [28]

Medley et al.
2015 [58]

Model type, objectives, & assumptions

Deterministic compartmental model

Parameters estimated for L. donovani
transmission and optimising EPHP by
comparing treatment-based or vector-based
interventions

Transmission model

Investigated transmission thresholds
dependent on reduction of sandfly density
through IRS, LLIN, or destroying breeding
sites

Multi-state Markov (compartmental) model

Using data collected over a 4-year
timeframe, key epidemiological parameters
were estimated to simulate the duration of
asymptomatic infection and the proportion
of individuals that develop clinical
symptoms

A) Disease progression and health-seeking
behaviour model

Modelled progression of disease from

symptoms to diagnosis, and progression of

health-seeking behaviour

B) Transmission model

Modelled incidence of infection, delay
between infection and onset of symptoms,
duration of latent stage, and compared
intervention that reduces time to diagnosis

Outcomes & gaps identified

Simulation showed that asymptomatic individuals
ineligible for treatment primarily drive transmission
Treatment can reduce prevalence of symptomatic
disease, but incidence remains unchanged due to
intensity of transmission

Vector-related interventions can reduce prevalence of
asymptomatic infections, but must be combined with
treatment (especially for active PDKL infections)
Simulations suggest that EPHP is possible if sandfly
density is reduced by 67% by killing sandflies, or if
breeding sites can be reduced by 79% through
environmental management

Reduction of vector’s life expectancy is more effective
than reduction of breeding site capacity

Probability of progressing to clinical disease was
associated with initial seropositivity and
seroconversion

Estimated duration of asymptomatic infection was 147
days, and symptomatic infection was 140 days, with
14.7% of asymptomatic individuals developing clinical
disease

The extended period of asymptomatic infection is
important to transmission, and future interventions
must aim to reduce time from onset of symptoms to
diagnosis and treatment

Shortening time from healthcare-seeking to diagnosis
is likely to reduce VL incidence dramatically
Maintaining population and health system awareness
are key as incidence declines

Diagnosing patients early in the fever stage could
reduce incidence, even using a moderately-sensitive
test

Improving diagnostic specificity is crucial to detecting
early stages of active infection
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Das et al.
2016 [44]

Hirve et al.
2016 [63]

Poché et al.
2016 [61]

Rock et al.
2016 [45]

Le Rutte et al.
2016 [48]

Le Rutte et al.
2017 [60]

Hollingsworth
et al. 2018
[46]

to intervention targeting undifferentiated
fever stage
Statistical model

Examined VL transmission and
seroconversion in households with VL,
PKDL, and asymptomatic infections
Systematic review

Examining role of asymptomatic infection,
VL treatment relapse, and PKDL in VL
transmission

Individual-based, stochastic, life-stage-
structured model

Simulated the impact of interventions on
sandfly vector populations based on
fipronil-based drugs for cattle

Systematic review

Examined biology and data behind VL
models, realistic predictions, effectiveness
of interventions, and key issues

Deterministic, age-structured transmission
model

3 models with different main reservoirs of
infection (asymptomatic, reactivation after
initial infection, and PKDL) were
developed. Assumptions about the duration
of immunity, exposure to sandflies, and
optimal versus sub-optimal IRS
effectiveness were fitted to the data for
different levels of VL endemicity

Transmission model: population-based,
deterministic, age-structured

Compared 3 models assuming different
contributors to transmission: symptomatic
individuals, asymptomatic individuals, and
asymptomatic individuals with vector
population dynamics

Systematic Review

Modelling literature is reviewed for 9 NTDs
to examine progress towards 2020 goals.

VL infections are the major reservoir for transmission
PKDL and asymptomatic individuals do not exhibit
higher transmission than VL

Early identification and treatment must be priority
interventions for reaching EPHP

Prevalence of asymptomatic infections was 4-17 times
higher than VL infections

Infectiveness of PKDL was 32-53%, meaning
infections do contribute to VL transmission

VL relapse is highest in HIV-VL coinfected patients
Modelling outcomes varied, predicting that elimination
is unlikely; asymptomatic individuals may account for
up to 82% of transmission; VL cases are the main
drivers of transmission; or sandfly density and breeding
sites must be reduced by 67-79% to reach EPHP
Simulation indicated fipronil-based drugs are effective
in reducing sandfly abundance, depending on timing of
administration relative to seasonality of sandfly
lifecycle

For cost-effectiveness, model suggested administration
between April-August (3 times per year)

Sandfly density could be reduced between 83-97%
Better documentation and understanding of the natural
history of disease, immunity, and stages of infection
are key for future modelling

The role of asymptomatic and symptomatic infections
to contributing to transmission must be considered
alongside parasite-sandfly-vector interaction

Gaps in knowledge around current biological
understanding and the impact of diagnosis, treatment,
and vector control undermine model capacity, and will
be crucial for the next generation of VL modelling
Predicted impact of IRS varied substantially between
each model

Reaching EPHP targets in the ISC depends on
assumptions regarding the main reservoir of infection
The model assuming asymptomatic infections are main
drivers of transmission is likely the most realistic based
on model fit to data

Reaching EPHP targets is most likely feasible in areas
with low- and medium- endemicity and optimal IRS

In highly endemic settings with sub-optimal IRS
efficacy, additional interventions (such as ACD) will
be required

EPHP targets are likely to be met in blocks with <10
VL cases per 10,000 population per year using ACD
and IRS tools

In blocks with <5 VL cases per 10,000 population per
year, increasing the scope and effectiveness of IRS
could lead to elimination 1-3 years earlier

All models suggest VL transmission will continue after
EPHP targets are met, and surveillance and control
must remain until interruption of transmission is
achieved

Models have contributed to the knowledge base in
terms of natural history, duration and progress of
disease states, and drivers of transmission
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Le Rutte et al.

2018 [54]

Chapman et
al. 2018 [47]

Chapman et
al. 2018 [59]

Barley et al.
2019 [55]

Chapman et
al. 2020 [50]

For VL, knowledge garnered from

statistical, probabilistic, and deterministic
age-structured, and transmission models is
extrapolated to identify progress and gaps

Transmission models

Policy-relevant conclusions are synthesised
from recent transmission modelling. A
model is generated to predictions VL
incidence relating WHO-recommended
interventions

Statistical and catalytic models

Diagnostic tests were compared to
prevalence of infection and age groups to
assess trends. Infection prevalence age
distribution data was modelled using
reverse catalytic model to determine
seroconversion rates and immunological
responses over different timescales

Spatiotemporal transmission model

Key parameters were determined by fitting
a transmission model to geo-located
epidemiological data in high VL endemic
villages. Bayesian inference framework was
developed to account for unknown infection
times, missing symptom onset, and recovery
times

Transmission model

Model is developed to quantify risk of VL
infection in India and Sudan, relying on
prevalence level and control reproductive
number

Spatiotemporal transmission model

This study combined xenodiagnoses data
with geo-located incidence data to detail the
changing roles of VL, PKDL, asymptomatic
infection, immunity, and transmission

More recent models compare and predict the impact of
different interventions on reaching EPHP targets
Policy implications can be generated from the body of
modelling during this period, especially for improving
access to diagnosis and improving efficacy of IRS
Most models suggest asymptomatic individuals
contribute significantly to transmission

The relative infectivity of different disease stages is not
well-understood, but must be examined to better define
assumptions relating to transmission

Model suggests that WHO guidelines should be
sufficient to reach EPHP targets in areas with medium
VL endemicity (up to 5 cases per 10,000 population
per year)

Additional interventions may be required in high-
incidence regions, but the efficacy of interventions
depends on the relative infectiousness at different
disease stages

Asymptomatic and PKDL infections pose threats to
reaching EPHP

As incidence decreases, the pool of immunologically
naive individuals (and potential for new outbreaks) will
increase

The age-independent catalytic model provided the best
fit to infection prevalence data

Model suggests infection rates may increase with age
Age patterns in asymptomatic infection vary
significantly in the ISC

Infection prevalence increased with age, but acquired
immunity may also increase with age

Young children may have lower exposure to sandflies
There is poor standardisation of serological tests,
which makes data comparison difficult between studies
Parameter estimates suggest that in high endemic
settings, VL risk decreases in relation to distance from
a case

At 90m from an infective individual, the risk of
developing VL is reduced by half

VL cases contribute significantly more to transmission
than asymptomatic individuals

Spatially targeted interventions may be key to reducing
VL transmission

Interventions must target a radius >300m around a new
case to reduce risk of VL transmission

Value of reproductive number is found to be 60%
higher in India than in Sudan

Reproductive number is also found to be most sensitive
to the average sandfly biting rate, regardless of regional
difference

Treatment rate is found to be most sensitive parameter
to VL prevalence

Risk factors associated with vector are identified as
more critical to transmission dynamics than factors
relating to humans

Model suggests that while VL cases drive transmission
in high incidence areas, the contribution of PKDL
increases significantly as VL declines

VL transmission is highly focal: 85% of secondary
cases occur <300m from inferred infector
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Coffeng et al.

Transmission model

2020 [57]

Nightingale et

Study aimed to understand how changes in
detection delay and population coverage of
improved detection impact VL incidence
and mortality. Predicted impact of reduced
detection delays and increased population
coverage

Spatiotemporal statistical model

al. 2020 [56]
Models were developed for monthly VL
case counts at block level to evaluate fit and
one-month-ahead predictive power

NTDMC 2020 Systematic review

[67]

To assist the WHO in formulating new
guidelines for 2021-2030 NTD roadmap,
NTDMC reviewed modelling objectives
and outcomes over past decade

Average time from infector to secondary cases was <4
months for 88% of cases

Time from PKDL infector to secondary VL infection
can be up to 2.9 years

Estimated secondary cases per VL and PKDL case
varied from 0 to 6, and depended on infector’s duration
of symptoms

Prevention of PKDL could reduce VL incidence 25%
Prompt detection and treatment of PKDL is crucial to
reaching EPHP

Improved case detection, either by higher population
coverage or by reduced time in detecting symptomatic
cases, would cause an initial rise in observed VL
incidence followed by a reduction in incidence
Similarly, relaxed detection efforts would lead to an
apparent (temporary) one-year reduction of VL
incidence followed by resurgence

Duration of symptoms is highly associated with
detection effort

Effectiveness of case detection activities cannot be
based solely on VL incidence

Duration of symptoms in detected cases must be used
as an additional indicator of programme performance
Model captured 94% of observed case counts during a
24-month test period

One-, three-, and four-month ahead forecasts
demonstrated strong predictive performance

For models informed by routinely collected
surveillance data, predictions are sufficiently accurate
and precise

Forecasts could be used to guide stock requirements of
RDTs and drugs, or target ACD strategies over space
and time

Current EPHP target is feasible for settings with low to
medium endemicities

Additional control measures are required for high
incidence areas

PKDL must be added to targets, as models simulate
PKDL contributes to VL transmission and will pose a
barrier to reaching EPHP

VL is highly focal, and hotspots must be prioritised for
increased control measures

2020 target may incentivise countries to not detect and
report cases as incidence declines and benchmarks are
approached

Future modelling may focus on the risk of
recrudescence when interventions are relaxed after
EPHP targets are achieved

Of the 19 published studies included in this table, four are systematic reviews, three are

statistical models, one is an individual-based model, and eleven are transmission dynamics

models. A reliance on transmission modelling is common across NTDs and vector-borne

diseases, as the state variables and parameters used help to characterise and address
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underlying biological mechanisms of disease spread, issues of data availability, and political
strategies for control and elimination [31, 46, 69]. Although VL required additional time,
funding, and momentum to build a modelling base that could inform EPHP and elimination
strategies, this decade-long cross-collaboration between disciplines, countries, and modelling
partners directly contributed towards the 2021-2030 roadmap for NTDs and was

congratulated upon by the WHO [70, 71].

Actionability of VL modelling in the KEP

Mathematical models are increasingly relied on as support tools to estimate risks and
generate public health recommendations, but there are no formal guidelines or frameworks to
substantiate their professional competencies or translation into policy [72]. In public health,
actionability spans: 1) the relevance and completeness of information provided by knowledge
producers, 2) the way in which information is communicated to a target audience, and 3) the
capacity of decision makers to address barriers and take recommended steps [73]. Several
factors may influence the actionability of modelling to inform policy that are both internal
and external to models themselves. A study on HIV modelling in Africa attributed its
successful policy influence to sustaining partnerships, capacity building, and identifying a
champion for promoting the value and use of modelling evidence [74]. For malaria
elimination, another study identified that mathematical modelling had greater influence in
policy when combined with economic modelling, particularly at the end stages of elimination

[75].

Figure 5-3 depicts how published VL modelling literature for the ISC aligns with objectives

of pillar 1 within the WHO NTD roadmap for 2021-2030. Framing this literature within the

WHO roadmap helps to convey their relational development over time, where the majority of
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models address technical and strategic dimensions of VL elimination. The objective of paper
R2, which examines ways in which modelling may be enabled to inform policy in India, is

outlined in red.
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Accelerate

programmatic action

Technical Scientific understanding

Diagnostics

Effective interventions

Stauch et al. 2011. Visceral leishmaniasis in the Indian
Subcontinent: Modelling epidemiology and control.

Stauch et al. 2014. Model-based investigations of different
vector-related intervention strategies to eliminate visceral
leishmaniasis on the Indian Subcontinent.

Chapman et al. 2015. Quantification of the natural history of
visceral leishmaniasis and consequences for control.

Medley et al. 2015. Health-secking behaviour, diagnostics
and transmission dynamics in the control of visceral
leishmaniasis in the Indian Subcontinent.

Das et al. 2016. Longitudinal study of transmission in

households with visceral leishmaniasis, asymptomatic
infections and PKDL in highly endemic villages in Bihar.

Hirve et al. 2016. Transmission dynamics of visceral
leishmaniasis in the Indian Subcontinent: A systematic
literature review.

Poche et al. 2016. Visceral leishmaniasis on the Indian
Subcontinent: Modelling the dynamic relationship between
vector control schemes and vector life strategies.

Rock et al. 2016. Progress in the mathematical modelling of
visceral leishmaniasis.

Chapman et al. 2018. Age trends in asymptomatic and
symptomatic Leishmania donovani infection in the Indian
subcontinent: A review and analysis of data from diagnostic
and epidemiological studies.

Chapman et al. 2018. The role of case proximity in
transmission of visceral leishmaniasis in a highly endemic
village in Bangladesh.

Barley et al. 2019. A comparative assessment of visceral
leishmaniasis burden in two eco-epidemiologically
different countries, India and Sudan.

Strategy and Operational and
service delivery normative guidance

Planning, governance and
programme management

Monitoring and evaluation

Access and logistics

Health care infrastructure
and workforce

Le Rutte et al. 2016. Feasibility of eliminating visceral
leishmaniasis from the Indian subcontinent: explorations with a
set of deterministic age-structured transmission models.

Le Rutte et al. 2017. Elimination of visceral leishmaniasis in
the Indian Subcontinent: A comparison of predictions from
three transmission models.

Hollingsworth et al. 2018. Quantitative analyses and modelling
to support achievement of the 2020 goals for nine neglected
tropical diseases.

Le Rutte et al. 2018. Policy recommendations from
transmission modelling for the elimination of visceral
leishmaniasis in the Indian Subcontinent.

Chapman et al. 2020. Inferring transmission trees to guide
targeting of interventions against visceral leishmaniasis and
post-kala-azar dermal leishmaniasis.

Coffeng et al. 2020. Impact of changes in detection effort on
control of visceral leishmaniasis in the Indian Subcontinent.

Nightingale et al. 2020. A spatio-temporal approach to short-
term prediction of visceral leishmaniasis diagnoses in India.

NTDMC. 2020. Insights from mathematical modelling and
quantitative analysis on the proposed WHO 2030 targets for
visceral leishmaniasis on the Indian Subcontinent.

Enablers Advocacy and funding

Collaboration and
multisectoral action

Capacity and
awareness building

PAPER R2: How is VL modelling research used and valued by
decision makers in the KEP?

Figure 5-3. Mathematical modelling literature for VVL in the ISC framed within Pillar 1 of the

WHO NTD framework for 2021-2030.
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5.3 Examining the actionability of VL modelling within the KEP
Chapter 6 details the conceptual framework and methodology of knowledge utilisation used
to guide paper R2. This section aims to discuss knowledge translation theories and literature

for additional context and support.

Health policy and systems research (HPSR)

Health policy and systems research (HPSR) is a broad and interdisciplinary field that aims to
improve how health systems respond and adapt to health policies, and how health policies
can shape broader determinants of health [76]. HPSR is a collection of economics, sociology,
political science, and epidemiology that seeks to understand and improve how health goals
can be achieved and how actors interact in the policy and implementation process. Although
commonplace in high-income country governance, HPSR is not a foundation of many LMIC
policy processes, which results in barriers to effectively designing and implementing health
services for populations in need [77, 78]. A prevalent issue in HPSR is the inconsistent use of
terminology to describe research being conducted: depending on the discipline, multiple
definitions of operational-, implementation-, dissemination-, or health systems research exist
for often duplicated or overlapping objectives [79]. Defining the appropriate HPSR domain is
essential to characterise the focus, users, and utility of the research outputs. Health system
research focuses on building blocks and policy within a healthcare system, implementation
research focuses on strategies for specific products or services, and operational research

focuses on specifics of health programmes on a local level [79].

Knowledge Translation and Knowledge-to-Action theories

Often synonymous with implementation research is the theory of knowledge translation

(KT), which aims to explore gaps in decision making, improve knowledge synthesis and
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distillation, enhance determinants of knowledge uptake, and determine the effectiveness and
sustainability of different KT approaches [80]. KT involves examining the ‘know-do’ gap
between knowledge producers (researchers) and knowledge users (decision makers). A
commonly applied KT model is the knowledge-to-action (KTA) framework, which provides

an iterative and dynamic approach to investigating complexities of the KTA cycle (Figure 5-
4).
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Interventions Use
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B_a_rners:r Evaluate
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S
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% Tools/ ;.55
® Products 2=
Adapt | 4 Sustain
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Determine the
Know/Do Ga®
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Source: Straus S, Tetroe J, Graham I. Chapter 1: Knowledge Translation in Health Care: Moving from Evidence
to Practice. 2013. BMJ Publishing Group. 2" Edition. Oxford, UK.

Figure 5-4. The Knowledge-to-Action cycle.

KTA is used widely in public health research, either in its entirety or in component form, to
guide and conceptualise the design, delivery, and evaluation of implementation activities
[81]. WHO also embeds the KTA cycle into several international projects, including the

GRADE working group, which evaluates the quality of evidence and strength of policy
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recommendations, and the evidence-informed policy network (EVIPNet), which promotes the

use of health research evidence in policy making within 36 LMIC [82, 83].

To design a study that addresses research actionability of modelling in the KEP, KTA cycle
components that are most relevant to the content and context of VL in India must be
identified. The KTA framework contains two components: the generation of knowledge to
address a public health issue or problem (the central funnel) and its translation into action
(the outer cycle). The components and dynamics within the knowledge-generation cycle
could be used to examine the processes and barriers of translating mathematical modelling

research into policy in India.

Knowledge generation begins with knowledge creation, which typically stems from basic,
applied, and action research published in scientific literature [84]. Knowledge diffusion, then,
focuses on communication channels and information dissemination between researchers and
public health actors. Lastly, knowledge utilisation seeks to measure information pickup,
processing, and application from the perspective of decision makers and other public health
actors, which denotes an important transfer of power and accountability in the cycle.
Knowledge on VL modelling in the KEP has been both created (generated) and diffused
(published), therefore the question of whether or not it is or should be applied to policy must

be investigated within the component of knowledge utilisation.

5.4 Knowledge utilisation
Knowledge utilisation is not only a component of the KTA cycle, but also an independent
model that encompasses many perspectives, contexts, and stages of knowledge application

[85]. It can be applied to evaluate programme and policy effectiveness against different types
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of knowledge use in certain contexts, or the ways in which knowledge may be used
symbolically, rhetorically, or tactically. Several knowledge utilisation models have emerged
since the late 1970’s, which span different objectives: to address public policy making,
problem-, structure-, or process-contingency, as well as different perspectives: towards either

the knowledge producer (researcher) or knowledge user (decision maker) [86, 87].

For VL modelling in the KEP, knowledge utilisation requires the perspective of decision
makers and programme managers as knowledge users, the identification of specific
knowledge transfer events, and a way in which the value and application of modelling could
be examined. In 1980, Knott and Wildavsky coined ‘seven standards of knowledge
utilisation’ to untangle specific dimensions of knowledge transfer that capture experiences,
perceptions, and insight of policy makers [88]. These seven dimensions of knowledge
utilisation include: reception, cognition, reference, effort, adoption, implementation, and
impact, and are employed in the conceptual framework used in Chapter 6 (paper R2) to study

the value and use of VL modelling to decision makers in India.

5.5 How can HPSR inform modelling actionability in India?

WHO advocates that HPSR must be embedded into the process of decision making, rather
than existing as an end in itself, which requires global, regional, and country-level
collaboration [89]. A systematic review found that HPSR was particularly influential to
policy in LMIC when embedded within one or more building blocks of: health service
delivery, medical products, information systems, health workforce, financing, or government
leadership [90]. The institutional embeddedness of research in the health sector also relies on
sufficient research capacity, reputation, and the quantity and quality connections between

institutions and decision makers [91].
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Policy implementation in the context of India is complex, whereby some decision makers and
stakeholders are thought to have less power than front-line providers, managers, and citizens
[92]. However, healthcare directives and programme funding are coordinated at the national
level, with operations run by individual states. For a disease such as VL with low incidence
and relatively limited political attention, it is likely that state, district, and block-level
programme managers will have different insight into barriers, gaps, and successes of KEP
activities than policy makers at the national level. VL modelling has the potential to inform
KEP activities and health system building blocks on a variety of echelons, and it is important
to examine its value and use to a diversity of actors involved in the knowledge-use process.
In this, the participants in paper R2 span different institutions, geographic locations,
educational and training backgrounds, and proximities to working with research in an effort
to understand how research is embedded and how its use could be improved in the policy

process.

Implications for thesis

This chapter reviews the current VL modelling literature specific to the context of India, and
frames how this body of work addresses technical and strategic objectives outlined in pillar 1
of the WHO NTD roadmap for 2021-2030. A gap is identified in the mobilisation VL
modelling research to inform policy. Although its relevance to policy is evident, the extent to
which decision makers understand, value, and use modelling to inform surveillance strategies
is documented or understood. The second half of this chapter identifies how research
actionability can be studied through the theory of KT, or more specifically the knowledge
utilisation framework. Events of knowledge reception, cognition, and application from

researchers to decision makers are emphasised in this model and employed within the
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qualitative study presented in Chapter 6 (paper R2). The importance of embedding HPSR
into research and decision-making processes is also highlighted and discussed further in

Chapter 7, the discussion.
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CHAPTER 6. PAPER R2: VISCERAL LEISHMANIASIS ELIMINATION IN INDIA:
WHY DO POLITICAL DECISION MAKERS STRUGGLE TO ACT UPON
MATHEMATICAL MODELLING EVIDENCE?

Mathematical modelling of infectious diseases is a practical and progressive tool in policy
making, particularly for informing NTD surveillance and elimination programmes. This
chapter presents paper R2, a qualitative examination of the perceived value and actionability
of VL modelling to decision makers in the KEP. Chapter 5 details VL modelling literature
published over the past decade as it relates to informing transmission dynamics, the impact of
interventions, and the likelihood of reaching EPHP targets in India. The theory of knowledge
utilisation is also described in the previous chapter to frame its relevance towards specific
events of knowledge transfer between producers (researchers) and users (decision makers).
This chapter aims to explore research actionability through the lens of VL modelling in India
given its substantial evidence base and relevance to surveillance-response activities. Ways in
which modelling and decision-making processes could be improved are discussed within this
chapter, whereas broader implications towards VL surveillance and interdisciplinary research

are explored in Chapter 7, the discussion.
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ABSTRACT

As India comes closer to eliminating visceral leishmaniasis (VL) as a public health problem,
surveillance efforts and elimination targets must be continuously revised and strengthened to
identify the estimated 3,000 remaining cases. Mathematical modelling is a compelling
research discipline for informing policy and programme design in its capacity to project
incidence across space and time, the likelihood of achieving benchmarks, and the impact of
different interventions. To gauge the extent to which modelling informs policy in India, this
qualitative analysis explores how and whether decision makers understand, value, and
reference recently produced VL modelling research. Sixteen semi-structured interviews were
carried out with both users and producers of VL modelling research, guided by a knowledge
utilisation framework grounded in knowledge translation theory. Participants reported that
barriers to knowledge utilisation often relate to assumptions that 1) models accurately reflect
transmission dynamics, 2) modellers apply their analyses to specific programme operations,
and 3) there is accountability in the process of translating knowledge to policy. Employing
communication intermediaries may be crucial to garnering the political trust and support

needed to translate knowledge into programme activities.
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BACKGROUND

Neglected Tropical Disease Elimination

Substantial progress has been made globally over the past decade to interrupt and drive down
transmission across the collective of now 20 neglected tropical diseases (NTDs) [1]. The
World Health Organization (WHO) roadmap for control, elimination, and eradication has
now been restructured for 2030 [1], reflecting the fact that reaching and sustaining low-
incidence becomes increasingly challenging and costly as targets are approached. Political,
financial, and research momentum must be reinforced to find NTD cases transparently,
substantiate and secure resource allocation, and streamline the evidence to policy process [2,
3]. As the COVID-19 pandemic has additionally postponed fundamental programmes and
activities, actionable research is essential for informing the scale, scope, and intensity of

intervention strategies required to reach elimination targets and mitigate NTD resurgence [4].

Visceral Leishmaniasis Elimination in India

Visceral leishmaniasis (VL), also known as kala-azar, is a NTD with the second highest
fatality rate of any parasitic disease, where India accounts for 25% of the global burden [5].
Transmitted by the female phlebotomine sandfly, VL is characterised by fever, anaemia,
enlargement of the spleen and liver, and a 95% fatality rate in those untreated [5]. Cases of
post-kala-azar dermal leishmaniasis (PKDL), a secondary skin condition of VL, also
contribute to transmission [6-8]. Therefore, VL in India is targeted for elimination as a public
health problem (EPHP) and will require long-term surveillance to sustain low-incidence and

quell the risk of both outbreaks and resurgence.

Since its inception in 2005, India’s national Kala-Azar Elimination Programme (KEP) has

achieved substantial declines in VL incidence, but an estimated 3,000 cases remain amongst
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an at-risk population of approximately 150 million within India’s four VL-endemic north-
eastern states [5]. With difficulty actualising the previous elimination goal of less than one
VL case per 10,000 population at the sub-district (or block) level, the revised WHO target
aims to achieve less than 1% case fatality rate due to primary VL and to detect 100% of
PKDL cases in India by 2030 [1, 9]. Early diagnosis, treatment and vector control are pillars
of India’s KEP, which are carried out through a combination of active and passive case

detection activities alongside indoor residual spraying (IRS) of synthetic pyrethroids [1, 10].

Modelling to inform elimination strategies

Strategising the scale and scope of elimination activities requires iterative research to identify
drivers and dynamics of VL transmission, which is best characterised by rigorous reporting
and evaluation of surveillance activities [4]. As ubiquitous and complete disease-specific
surveillance is impossible, case detection during pre-elimination must be prudently designed
and implemented to minimise uncertainty in reported incidence. However, as disease
incidence decreases, so do sample numbers that generate statistical power necessary for

programme evaluation [11].

With its capacity to capture and reproduce important features of the real world through
simplified structures, mathematical modelling is a compelling research tool for characterising
dynamics between those susceptible, exposed, infectious, and recovered from a disease [12,
13]. Modelling has played an integral role in mitigating modes of disease transmission across
populations at risk by projecting the dynamics of pathogens, vectors, and hosts, the potential
impact of different interventions, and herd immunity thresholds requisite for achieving and

sustaining elimination targets [12, 14].
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The direct application of modelling to policy, however, is not only context- and disease-
specific but also influenced by factors internal and external to the models [15]. For malaria
and NTDs eligible for population-level treatment through mass drug administration (MDA),
the application of modelling to inform policy and programme design is relatively
straightforward through evaluating the intensity and longevity of interventions necessary to
reach elimination targets [14, 16-19]. Other NTDs, like VL, require individualised case
finding through ‘innovative and intensified disease management’ (IDM) due to non-specific
symptoms, transmission, and involved treatment, which in some cases complicates how
modelling extends to strategising surveillance, interventions, and elimination targets [20-24].
Partnerships and stakeholders within and between modelling and policy realms also affect
their translatability [25], as does the inclusion or exclusion of economic, social, and political

indicators [15].

Insights from VL modelling in India

Over the past seven years, a marked increase in VL modelling has been sought and
accomplished to contribute towards India’s national elimination strategy [26—28]. This body
of modelling has spanned various objectives to characterise transmission, the effects of
interventions, and the likelihood of reaching elimination, including the improvement of data

collection to better inform models themselves.

Much of the early modelling on individual-level disease progression, infectivity, and
demographic indicators improved knowledge surrounding the natural history of VL [6, 14,
29-31]. More recent transmission models have contributed knowledge that 1) VL and PKDL
cases are the main drivers of transmission, 2) the pool of immunologically naive individuals

increases alongside declining incidence, and 3) VL incidence can be accurately forecasted up
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to 4-months over space and time [6, 32—36]. Interventions, particularly those that reduce the
time from infection to diagnosis, have also been modelled and compared to the prospect of
reaching elimination targets [35, 37-39]. Lastly, the geographical scope and timeline of
WHO elimination targets have been modelled to evaluate their feasibility given current

strategies and a dynamic landscape of incidence [40].

Although these VL models did not include, or necessarily warrant, explicit policy
recommendations or responses, they have contributed sufficient knowledge towards drivers
of transmission, the potential impact of interventions, and whether elimination targets are
achievable. The ability of VL modelling to inform surveillance-response activities in India
will become increasingly relevant throughout this stage of elimination, especially as cases
become more difficult to find and require resources be allocated efficiently across a
heterogenous landscape of incidence [41, 42]. Policy-relevant knowledge garnered from
modelling should be examined to support political momentum for reaching EPHP targets

against competing disease priorities [43, 44].

The use of modelling in KEP policy

Given the volume of VL modelling research now available within the context of India, it is
timely to consider the extent to which these individual and collective findings have or could
influence the design and implementation of KEP elimination activities. As models are only as
robust as the data they rely on, so too are they only as influential as their actionability and
perceived relevance to decision makers. A divergence has been observed between the goals
of researchers and decision makers throughout the development of models for communicable
diseases, where the objective of broad epidemiological understanding verses practical

management must be addressed and resolved [13].
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Modellers recognise the significance of carefully presenting assumptions and comparisons
within their evolving evidence base to garner trust and support of policy makers [4]. The
NTD Modelling Consortium recently published a guideline of Policy-Relevant Items for
Reporting Models in Epidemiology (PRIME) to improve 1) stakeholder engagement, 2)
complete model documentation, 3) complete description of data used, 4) communication of
uncertainty, and 5) testable model outcomes [45]. Although these PRIME guidelines offer
actions that modellers may take, what is crucially missing is the perspective of decision
makers and the degree to which policy and its actors must be engaged throughout research

formulation, data collection, analysis and interpretation of results.

Knowledge utilisation to examine modelling in the KEP

This study aims to explore whether, and how, VL modelling research has informed or
influenced KEP strategies in India and the ways in which its actionability could be improved.
Characterising barriers between information generated from research and what is done in
practice requires investigating the ‘know-do’ gap, where this study employs the theory of
knowledge utilisation to explore the transfer, exchange, diffusion, and implementation of VL
modelling research into KEP policy [46-48]. Barriers to the operationalisation of VL
modelling are identified from the perspective of those designing, interpreting, and
implementing policy related to VL elimination research in India. Exploring decision makers’
perceived value and use of VL modelling will assist researchers in the next iteration of
models and politicians in the next iteration of elimination guidelines, which should likewise

extend to other NTDs and broader geographical contexts.
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METHODS

Conceptual Framework

Knowledge translation (KT) is a dynamic and iterative process that includes the synthesis,
dissemination, exchange, and ethically sound application of knowledge to improve health,
provide more effective health services, and strengthen healthcare systems [49]. It requires
collaboration between researchers, clinicians, decision makers, and communities, and can
extend to the design, implementation, or evaluation of public health programmes. There
remains an important distinction between information (objective, contextualised facts),
knowledge (empirical analyses), and evidence (replicable, hypothesis-driven propositions) in
the way scientific results should be packaged and portrayed for policy [50]. VL modelling
research in this study is categorised as knowledge, in that it represents individual, and not
necessarily comprehensive, studies specific to VL elimination and surveillance programmes
in India. However, this body of VL modelling work might also be considered a collection of
state-of-the-art frameworks that represent the transmission dynamics and impact of VL

interventions according to updated evidence, assumptions, and data.

A review of KT, knowledge-to-action (KTA), and diffusion of innovations theories was
carried out to identify a framework that would systematically approach the relationship
between knowledge producers and users, as well as examine barriers to the transfer of VL
modelling to policy in India [48, 51-53]. The conceptual framework of knowledge utilisation,
developed by Knott and Wildavsky, was employed for its identification of explicit stages of
KT between producer to user [54]. These stages of knowledge utilisation guided development
of a semi-structured interview questionnaire to explore seven dimensions of the theory’s

framework, outlined in Table 6-1.
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Table 6-1. The seven dimensions of the knowledge utilisation framework

Knowledge Utilisation Dimension Description

Reception How relevant information was received

Cognition How information was read, digested, and understood

Reference If and how information changed the views, preferences, or

understanding of the magnitude or probabilities of the impact

Effort The process by which information influences action

Adoption How information is put into policy

Implementation How information is implemented into policy or the programme
Impact How and whether a change in policy can influence desired
results

Data Collection
Ethical approval was obtained from the London School of Hygiene and Tropical Medicine in
November 2019 (Reference Number 17763), and data collection was conducted from August

to October 2020 (Appendix 4).

Participant selection and characteristics

This study targeted international-, national-, and state-level decision makers, programme
managers, and researchers involved in designing and implementing VL elimination in India.
As VL prevalence is low compared to other infectious diseases, the number of senior decision
makers and programme managers was expected to be relatively limited. Purposive sampling
drove participant selection for inclusion in the study, which was subsequently expanded by
snowball sampling. In-person meetings were not feasible due to the COVID-19 pandemic;

therefore, all interviews took place over private and secure video conference calls.

Interviews
Twenty-eight decision makers, programme managers, and researchers with knowledge,
insight or experience regarding mathematical modelling for VL in India were initially

contacted by email to request participation in the study. Of these, 16 key informants
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(affiliated with the organisations detailed in Table 6-2) agreed to participate in an in-depth,

semi-structured interview.

Table 6-2. Organisation and location of key informants included in the study.

Organisation (Abbreviation) Location (City or Number of
State, Country) Participants
CARE India Bihar, India 2
Banaras Hindu University (BHU) Uttar Pradesh, India 1
Institute of Post-Graduate Medical Education Kolkata, India 1
and Research
Médicines Sans Frontiéres (MSF) Amsterdam, 1
Netherlands
World Health Organization Headquarters Geneva, Switzerland 2
(WHO HQ)
World Health Organization South-East Asia | Uttar Pradesh, India 1
Regional Office (WHO SEAROQ)
Indian Council of Medical Research (ICMR) | Uttar Pradesh, India 1
/ Vector Control Research Centre (VCRC)
Drugs for Neglected Diseases Initiative Uttar Pradesh, India 1
(DND:I)
Institute of Tropical Medicine (ITM) Antwerp, Belgium 1
PATH Bihar, India 1
Bill and Melinda Gates Foundation (BMGF) | Uttar Pradesh, India 1
Rajendra Memorial Research Institute Bihar, India 1
(RMRI)
Bangladesh Ministry of Health and Family Dhaka, Bangladesh 1
Welfare
National Vector Borne Disease Control Uttar Pradesh, India 1
Programme (NVBDCP)

Consent to participate in the study was confirmed prior to initiating interviews, each of which
lasted between 35-80 minutes (Appendices 8 and 9). The interview guide was iteratively
updated based on key informant responses, especially as new themes emerged surrounding
modelling and the policy process in India (Appendix 10). Interviews were audio-recorded,
transcribed verbatim, and corroborated by notes taken during interviews. Key informants

were assigned a unique identifier to ensure anonymity, where interview excerpts and
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references denote each participant’s overarching affiliation within either ‘research’ (R-) or

‘policy’ (P-) followed by a number.

Coding and Analysis

Interview transcriptions were analysed using the qualitative software NVIVO 12.6.0
(released in November 2019) by QSR International using a mixed-methods deductive
(grounded in knowledge utilisation theory) and inductive (generation of new theories)
approach [55]. Codes were organised and compared within each of the seven dimensions of
knowledge utilisation and analysed according to converging and diverging views on
perceived value and usefulness of VL modelling research to decision makers. With the aim to
highlight and address specific barriers to knowledge utilisation, flexibility was retained in
analysis to explore shifts in key informant responses regarding linear, relational, and systems-
based dynamics of knowledge producers and users [56]. Participant responses are organised
in the results section in alignment with the seven dimensions of knowledge utilisation and

examined analytically through thematic comparison within the discussion.
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RESULTS

Themes are presented within each of the seven dimensions of knowledge utilisation,
supported by direct quotes or in-text paraphrasing, and referenced by each participant’s
unique identifier. Although the knowledge utilisation framework suggests a linear path
between information reception and its eventual impact via policy, this study considers each

dimension impartially without implicit correlation between former and subsequent categories.

Reception. The majority of participants received information regarding past and ongoing
modelling studies at international meetings involving multiple organisations and institutions,
in which modelling was one of several foci. Those engaged in modelling itself received new
information from either research collaborations or published literature (R1, R4, R6). Each of
the 16 participants affirmed that the best timeframe for modellers to formally engage with
decision makers is at least once per year, either virtually or in-person. Meetings between
researchers and policy makers should focus on discussing and deciding whether modelling

results have the potential to update the programme (P4).

Modelling presented alongside other research fields helped to contextualise its purpose and
contribution towards VL elimination, and sparked interest in broadening interdisciplinary
collaborations between biologists, economists, social scientists, and modellers (R8). One key
informant suggested a liaison between researchers and decision makers would aid effective
communication:
“You can’t be a jack of all trades; you can’t be a modeller and also a public health
communicator. Sometimes you need individuals who are experts in public health who
can actually be that bridge between modellers and policy makers. Often people who
are good communicators are not good modellers, and vice versa. We need public

health individuals as part of the modelling group who are similar to human resources
division who can communicate with the policy makers.” (R8)
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Cognition. Participants expressed varying degrees of understanding modelling research.
Within specific study components, the objectives of modelling were most easily digested and
comprehended by decision makers. However, a disconnect was reported in objectives
prioritised between modellers and decision makers:
‘Sometimes politicians are interested in something different than what we as
modellers think is important; sometimes they want us to answer a question that cannot
be addressed through modelling. They don’t always understand what the models can

and can’t do, and we have to tell them we are limited in what our models can be used
for.” (R6)

Specific equations, parameters, and processes of the models themselves were understood
least by decision makers, as well as by researchers without specific training in modelling (R5
& R8). Decision makers felt comfortable to ask questions and seek clarification directly with
researchers to improve their understanding of study outcomes (P7). However, where
actionable policy recommendations were not regularly communicated as part of modelling
research, or perhaps not warranted, the perceived relevance of modelling to decision makers
diminished:
‘Generally, the decision makers think that a model is made because something has to
be done as an academic exercise and based on that modellers come up with results
that only they understand which doesn’t have any practical ground-level reality. My
recommendation is for each and every researcher to learn how to describe our
processes clearly, comprehensively and intuitively, which is possible. [Modelling] can
be explained in a language that is more practical and pragmatic, and it can be
interpreted in a way which is actionable giving us estimates or predicted values that
are scalable and later on sustainable.” (R4)
To increase political support and ownership through comprehensive engagement, decision
makers should be involved in the modelling process from the beginning stage of identifying
knowledge gaps and objectives (R2, R4, R8, P2, and P4).
‘[We should] create a training programme where people from NVBDCP or [the
Indian Council of Medical Research] come together for a 2- to 3-week intensive
modelling training, and everyone uses their own data, and everything is basic. Like,
put in these 5 inputs and produce this; something elementary enough that the
programme might see effects of increasing their IRS coverage. | think the programme

could feel that modelling is a tool for them to use with their own data and knowhow.
But because a training like that hasn’t happened, modelling results are always an
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outsider coming in with a fully baked model that is always mysterious, and they
wonder how did they get there? Especially because I haven't given them my data. If it
were done more hand-in-hand with the programme from a capacity-building angle,
modelling might have more influence on the programme.’ (P5)

Reference. Where different modelling outcomes could influence the magnitude and
probability of policy change, key informants expressed resounding interest in case
predictions and forecasts at the village level (R1, R2, R3, R5, R6, P3, P4, and P8). Village-
level case predictions were perceived as desirable for decision makers to 1) inform a more
targeted, coordinated, and actionable response:

‘From the case-level and village-level data, a very valuable thing I would like to know
is which are the villages in which | am sure to get a VL case, or at least the highest
probability. Some models give me a number of how many blocks might have cases
based on looking at the whole of the previous year, but we need to go as micro-level
as possible so that we can have a point of action. We need to be able to plan pro-
actively and go there well-prepared. If I know that in a block there will be 10 villages
with VL cases based on the previous year, then | can pay attention to that block. |
would want to prove that modeller wrong by intensifying my ACD. That type of
research would help for planning.” (R1)

and 2) improve surveillance for other sources of VL-related transmission:

‘If modelling shows us outbreak predictions for a certain number of cases and we end
up seeing in reality that 20-30% of those cases are missing and undiagnosed, then we
can plan to improve the surveillance part. This is the major role | see for modelling
predictions is on programme implementation. The foremost thing is for us to find
cases at the earliest and not permit a case of VL, PKDL, or HIV-VL so that
ultimately, we stop transmission. Once we have that, then diagnostics and treatment
are both available so there is not much issue financially for the programme.
Surveillance activities need to be improved based on the models.” (P8)

The next most anticipated modelling outcome was to re-evaluate and substantiate VL
elimination targets in India. Key informants referenced one modelling study, in particular,
that was ‘used extensively by the programme’ as it ‘gave insight into how realistic it is to
reach a target’ (P7):
‘The definition of elimination is based on an annual incidence of VL per lowest
administrative unit, the block or subdistrict, below a certain target. One model showed
that even with very low transmission, there will always be by coincidence a block or
other administrative unit that will in one year exceed that limit. This means the

disease is no longer eliminated, which makes it very difficult to evaluate and maintain
elimination. If you always have these small pockets that pop up and go away again,
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that in itself is not a problem if the higher incidence in that specific year is just a
coincidence. But it still means you have to send outbreak teams to that area for further
investigation and if necessary, do control activities. So that is an important activity for
post-elimination control and sustainability, because it will require quite big
investments to sustain elimination.” (P1)

Effort. Key informants largely viewed researchers, not politicians, as responsible for the
provision of information that compels policy change (P2, R4, P4, and P8). When research
objectives, methods, results, and limitations were not clearly communicated by researchers,
key informants identified that disinterest or distrust arose in decision makers:

‘We need trust from the fraternity of people using modelling results, and that trust
will help decision makers to be informed. This is thoroughly missing, and what has
happened now is that the difference between a prediction, forecast, and speculation is
not clear to anyone. So, programme managers and general people think much of
modelling as an educated guess. Every statistic is an educated guess, but that
education is informing the randomness that’s taken into account in the systematic
results. That structured common sense is required to be explained in a language so
that people will stop thinking about modelling as assumption-based speculations.’
(R4)

Modelling assumptions have in part been a result of unknowns in transmission dynamics, for
which modelling has mobilised improved data collection. Therefore, on the other hand, some
key informants conveyed the value of modelling despite its inherent unknowns:

‘I think despite the unknowns about VL transmission, modelling is still valuable. The
data is increasingly solid that asymptomatic carriers are not contributing to
transmission but PKDL is. The beauty of a model to me is, you can assume with one
symptomatic person there are 10 asymptomatic people that contribute 0% versus 5%
to transmission, and you can model different scenarios to understand at what point
would we need to intervene. You can have sensitivity analyses that say we don 't know
everything, but what if it were this or that and what would the impacts be? If you
knew absolutely every variable then obviously you could model that, but right now
what’s appealing is that you can have a set of equations in which you can plug in
different variable estimates and get different answers and impacts.” (P5)

Adoption. Key informants identified differences between VL and other NTDs in the way
modelling is able to explore ongoing intervention strategies and thereby be adopted into

policy.
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‘For some diseases, modelling is much more direct in that it simulates interventions
that you can quickly translate to policy. I think that’s the case to a much lesser extent
for VL. Much of the modelling work has been on gaining insight into transmission
and the unknowns, like how important is this duration of immunity that we don’t
know about? What could be the role of asymptomatics, and if they do play a role then
what is their impact? These are higher-level questions and not necessarily informing
an ASHA or an IRS spray-man of what to do tomorrow.’ (R6)

To increase the likelihood of adopting modelling outcomes into policy, key informants stated
modelling should leverage economic indicators and provide comprehensive projections of
programme impact alongside long-term costs (P5 & R8). The importance for models to
explore novel strategies, especially during this stage of peri-elimination, was also
encouraged:
‘People should not think that innovation and operational research ends now. I think it
is important now because when you have a reduced number of cases it becomes more
difficult to bring cases further down because of the lack of evidence and knowledge.
This is where innovation and research should be supported, and we continue to
advocate for this. Otherwise, there is a tendency to think that further research is not
required because we’re on the verge of elimination. It took 20 years to reach this
space, and if we lose out everything in the next 5 years it will be difficult to restart
such activities.” (RS5)
Implementation. In order for modelling outcomes to be implementable within the KEP, the
majority of key informants reported that modellers should improve their understanding of
ongoing programme activities, capacity, and infrastructure.
‘Modellers absolutely need to know more about operational activities on the ground. |
don’t think modellers personally visit those places. It is very important to look at
operations in the field and understand the context, then adjust the data to those
realities.” (P6)
Beyond refining research objectives and contextualizing results for policy, key informants
reported that directly observing operational activities was also essential to combat unreliable
data and discrepancies in reported coverage of activities (P2 & P4).
‘Once you predict the areas where the elimination programme needs to be, the
modellers need to know what is in those areas physically on the ground. If they knew
what was on the ground, they would have a better idea of how to come up with a

solution. They need to visit the areas where the programme is going on—they need to
see the system and what is lacking at the ground level. Being a researcher, sitting at a
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big institution either in India or in London, it is difficult to compare this to what is
going on in the national programme and being delivered.” (R7)

Impact. The bureaucracy, policy process, and relationship between WHO and the KEP
complicate the observed impact of modelling through policy change.

‘The way in which elimination work is done in India, in particular, is that WHO has a
guideline, and you do A, B, C and all the programmes follow A, B, C. Modellers
might come in and say you know, if you did A twice, skipped B and jumped to C, you
could see a better impact. The problem is even if the programme fully believes and
trusts this information, they feel their hands are tied because of the way WHO

controls policy. So, it’s difficult to see a model have direct programmatic impact.’
(P5)

Key informants acknowledged that even if a policy change were to be achieved, barriers to
enforcement may undermine actual impact.
“This is the main frustration with working at WHO is that when you gather the experts
and those on top of the knowledge to make reports, recommendations, and research

questions, it’s often just a paper that remains on a shelf or in a PDF on a website
because those with the power and money decide not to support it.” (P2)

183



DISCUSSION

The value and use of VL modelling research examined in this study was largely perceived as
instrumental and conceptual, in that it had identified and addressed unsolved problems
relating to VL elimination but had not legitimised concrete policy solutions for the KEP.
Participants believed that researchers should improve their communication of models and
understanding of operational activities, but that accountability and enforcement between the
WHO and KEP remain institutional barriers to policy change. Political trust might be
heightened by either engaging decision makers in model interpretation to enhance ownership

and understanding of research, or by employing a communication intermediary.

Assumptions undermine knowledge utilisation
Assumptions were identified as barriers to knowledge utilisation in the way models
themselves are designed and presented, but also in how modellers assume programme

operations occur and in assumed ownership over knowledge translation in the policy process.

1) Model assumptions and uncertainty
As models are an abstraction of reality, their application to programmes and policy can be
limited by variability in parameters that leads to different assumptions, especially across
space and time [30]. In this, decision makers expressed confusion and distrust surrounding
model assumptions and uncertainties, in that they undermined the substance of results by
rendering them speculative. Assumptions and uncertainties are inherent elements of
modelling and, although they may be mitigated or reduced by optimising model structure,
parameters, and fit, the ways in which they are presented and negotiated for end-users hold
equal importance [57-59]. From the research perspective, modellers must identify, quantify,

and communicate model outcomes in a way that delineates risk from uncertainty [60].
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Uncertainty may exist in the model structure, parameters, or natural variability of temporal
and spatial elements, which might be leveraged by identifying how improved data collection
and surveillance could minimise uncertainties for future research [61]. From the policy
perspective, decision uncertainty might relate to the risk of choosing one alternative course of
action over another, for example, in terms of financial or epidemiological risk [62]. There is
an opportunity to negotiate the perceived usefulness of models from objective beliefs about
their quality towards how they function within broader research, societal, and political

environments [59].

Much of the VL modelling accomplished over the last seven years required modellers to first
address gaps in the collective understanding of transmission, natural history, and immunity.
When less was understood about the drivers and parameters of VL transmission, model
assumptions may have dissuaded decision makers from acknowledging their potential
usefulness. As VL modelling is increasingly intended for and potentially warrants a policy
response, its limitations may need to be addressed by encouraging decision makers and
researchers to explicitly discuss the meaning and confines of assumptions, how to test them,

and what data to collect.

Improving political trust of VL models may necessitate a new role altogether by employing a
communication intermediary, or liaison, between researchers and decision makers.

Communication intermediaries must have expertise in the relevant research field to be able to
communicate and endorse research, but also have insight into the policy process and actors in
the relevant context to identify routes and opportunities for change [63]. Such a role might be

stipulated and supported by funders and jointly recruited by researchers and decision makers.
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2) Modellers’ assumptions of on-the-ground operations
Participants recognised that a strength of modelling is its power to hypothesise a variety of
scenarios on a scale to help inform decision making, but many indicated that VL modelling
must be improved through its design around and for operationalisation. Successful modelling
in other NTD programmes, especially those reliant on MDA, demonstrates that existing
processes are easier to refine and improve than roles, resources and activities that are not in
place [17-19, 64, 65]. Participants identified that models should not only address ongoing
interventions such as ACD and IRS, but that modellers must also observe these activities on-
the-ground to determine operational gaps, central roles, and scalable activities. Further,
participants indicated that without witnessing on-the-ground operations, national programme
data lends itself to skewed interpretation and less-realistic analyses. It is important that VL
modellers exhibit an understanding of activities, roles, and hierarchies within the KEP and

more directly gauge their work towards a policy response.

3) Assumptions of ownership over knowledge translation
The process of translating knowledge into policy between researchers, the KEP, and WHO in
India poses challenges to enforcement. Some participants were discouraged in the prospect of
translating modelling into actionable policy due to confusion in assumed power of
implementation between the KEP and WHO. Although the KEP ultimately coordinates and
enforces activities, they rely on formal technical support and guidance from WHO
frameworks that are not always promptly realised into action. Further, WHO frameworks
may be too broad and infrequent to align with the timely and policy-relevant results that

modelling intends to produce.
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An independent assessment was published by researchers, decision makers, and programme
managers through WHO in 2020, which suggested modellers publish objectives early and
often to improve their usefulness to decision makers [66]. This study, conversely, found that
the majority of decision makers are currently, and prefer to be, briefed on modelling through
in-person partnership meetings. Therefore, it may be beneficial to capitalise on existing
platforms and relationships between modellers and decision makers to encourage research
actionability in the KEP. Modelling might be more effectively operationalised incrementally
through informal routes of policy change by leveraging influence and discussion during

partnership meetings.

Eliciting a top-down national- or state-level KEP response may not be feasible or justified
from existing VL modelling research, but a bottom-up approach could be useful to inform
and evaluate the impact of village- or block-level programme activities. For example, as
some participants suggested, a pilot programme to heighten ACD in a village or block where
incidence is forecasted to be higher in subsequent months could be feasibly trialled on a small
scale. In this, models themselves can be considered a tool to communicate current and
prospective policy-relevant research opportunities primed for implementation or scale-up.
Knowledge utilisation literature also indicates that research is used in different ways over
time by different groups, and the dynamics between knowledge producers, users, and

translation can be adjusted during periods of static response [52].

Co-production of modelling objectives and interpretation
Researchers and politicians are often viewed separately as ‘two communities’ in public
health, and barriers to the translation of research into policy are regularly traced back to the

production and communication of scientific knowledge [46]. As producers of knowledge
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with accountability over analysis and scientific integrity of modelling results, researchers in
this study were assumed to hold more influence than decision makers in determining the
relevance of models to policy; and although decision makers in the KEP readily support
modelling objectives and data collection, they are not consistently included in analysis,

interpretation, and therefore application of modelling for policy.

Co-production of research between scientists and decision makers can improve accountability
in translating knowledge to policy [67, 68]. Especially as participants identified deficiencies
in modellers’ understanding of on-the-ground operations, and researchers likewise identified
unrealistic goals or requests from decision makers, co-production of research embeds and is
embedded in a more realistic discussion around normative operational practices and analytic
techniques [69, 70]. It may be important that all stakeholders aim to reach consensus of

modelling results in order to effectively translate research into policy [25].

The fidelity of co-production, however, is often limited by increased time commitment,
financial and reputational costs, and power struggles [71]. Co-production should be
approached cautiously, as it requires agreement to responsibilities, outputs, and authority that
may be unrealistic or even damaging to established partnerships [72]. As an exercise of co-
production, participants proposed a modelling workshop giving decision makers the
opportunity to formulate, analyse, and interpret models themselves to improve their
ownership and understanding of results. This aligns with some findings that co-production is
best adopted as an exploratory social practice to shift, but not mandate, conventional
dynamics of engagement, credibility, and productivity between researchers and policy

makers [73].
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The NTD and policy interface

Barriers to knowledge utilisation identified in this study are reflected in other NTD
programmes globally, particularly in contextual governing dynamics and research
communication [45, 74]. The process of informing elimination strategies through modelling
not only relies on aligning research objectives and national agendas but also then translation
to and observation of WHO guidelines. Other NTD programmes supported by international
donors found that silo-ed funding poses additional challenges to implementation and policy
influence, which strengthens the case for national-level programme integration and financial
ownership [75]. As modelling continues to drive forward innovative and policy-relevant
elimination research for NTDs, its application might best be encouraged through informal
policy platforms, workshops, and communication intermediaries. Future qualitative studies

are necessary to continue identifying context-specific barriers to translating knowledge into

policy.

CONCLUSION

With its capacity to employ diverse variables, illuminate trends and drivers of transmission,
and project the likelihood and resources required for reaching elimination, mathematical
modelling is an increasingly applicable field for informing VL elimination in India. Through
the framework of knowledge utilisation, key informants gauged their reception,
understanding, and prioritisation of VL modelling outputs aimed at informing the KEP and
identified barriers to action within the policy process. Overarchingly, participants assigned
value to the knowledge mathematical modelling has contributed to VL transmission and
elimination targets in India, but with reservation surrounding its direct application to ongoing
activities. Where objectives, outcomes, and limitations are not effectively communicated, the

capacity of modelling to influence policy is undermined. Results of this study suggest
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knowledge utilisation may be impeded specifically within the process of interpreting and
operationalising modelling findings. Political trust and endorsement of modelling might be
improved by employing communication intermediaries and engaging decision makers in

interpretation of results.

LIMITATIONS

This study aimed to gauge the value and practicality of VL modelling for decision makers in
India, which may have resulted in participation, researcher, and sampling biases. Although a
strength of qualitative research is its ability to identify complexities and subtleties of issues in
depth and detail, it is often subject to issues of rigor, transparency, reliability, and validity
compared to quantitative research. Validity, as it relates to the honesty and genuineness of
data collected, was addressed by relying on a substantiated and commonly used theoretical
framework of knowledge utilisation. Reliability, as it relates to the reproducibility and
stability of data, was addressed by including a diversity of actors and presenting coinciding
and conflicting responses. Further, the framework of knowledge utilisation allows for

reproducibility and transparency of future research conducted in this field.

Although the study was grounded in the theoretical framework of knowledge utilisation,
qualitative interviewing is inherently subjective due to the presence and training of the
interviewer. The interviewer did not have prior involvement with the modelling work in
question, which strengthened the objectivity and neutrality of their perspective. The influence
researchers may exert on their findings is a common concern throughout qualitative research
and was also addressed by considering reflexivity throughout the process of study design,

data collection and analysis.
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The number of participants may have resulted in sampling bias. The limited number of
decision makers and programme managers working in VL in India was identified prior to
conducting interviews but was reduced further by lack of participant availability throughout
the COVID-19 pandemic. Sampling bias was addressed by including participants from
diverse organisations, countries, and positions in research, programme implementation, and
policy, as well as recruiting additional participants through snowball sampling. Participant
bias was also addressed by transparently reporting the interviewer’s position, affiliation, and
research aims prior to conducting interviews, as well as through framing open-ended and

neutral questions.

Participation bias is likely present in that key informants’ perspectives, insight, and
experience were influenced by their current job position, organisational affiliation, and field
of expertise. Some participants had more technical experience with modelling while others
had more technical experience with the policy process and its actors in India. Both
perspectives were important to compare and contrast in this study and should provide a more
comprehensive understanding of the working relationship between VL researchers, decision
makers, and programme managers in India. This qualitative analysis could be strengthened
and expanded by further investigating the relationship between modellers and researchers
through direct observation during partnership meetings, analysing documents of the KEP and
WHO policy processes in India, and through case studies following the influence of a

particular modelling study from inception to reception by policy makers.
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Implications for thesis

This chapter explores research actionability by examining the perceived value and use of VL

modelling to decision makers in India. Modelling was identified as a discipline in which a

substantial amount of knowledge has been generated over the past decade, especially for VL

in India, but with scarce evidence of its use in policy. Chapter 5 details how modelling has

informed surveillance-response activities across other NTDs, especially those eligible for

MDA. This chapter offers a new perspective on barriers and challenges to informing and

influencing KEP directives through VL modelling. Guided by the theory of knowledge
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utilisation, events of knowledge reception, cognition, influence, and impact are examined by
collating the insight, experience, and perspective of participants included in this study. To
address barriers to knowledge utilisation in the KEP, both researchers and decision makers
may need to adjust processes and expectations. This chapter identifies the importance of
qualitative research and HPSR to describing complexities, dynamics, and working
relationships between researchers, policy makers, and stakeholders. Ways in which HPSR
might be encouraged and embedded in future research and decision-making processes are

considered in Chapter 7, the discussion.
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CHAPTER 7. DISCUSSION

This DrPH thesis set out to examine and contribute to actionable research for VL elimination
and surveillance activities in India. From an interdisciplinary perspective, it addresses the
science behind VL surveillance strategies by 1) evaluating the costs and outcomes of case
detection activities across varying levels of incidence, and 2) examining the value and use of
mathematical modelling research to decision makers. This chapter synthesises key findings
and contributions of papers R1 and R2, considers strengths and weaknesses of an
interdisciplinary approach, and discusses implications to surveillance, integration, and

regional VL elimination in South Asia.

7.1 Key findings and contributions to knowledge
In alignment with the objectives outlined in Chapter 1, this section summarises the literature
reviewed in Chapters 2, 3, and 5, and discusses key findings and specific contributions of the

research presented in Chapters 4 and 6 (papers R1 and R2).

Obijective 1: To identify policy-relevant research disciplines for informing VL surveillance
strategies in India

To support the research conducted in papers R1 and R2, Objective 1 examines specific
challenges behind reaching VL EPHP in India and how policy-relevant research might
address gaps identified in the WHO 2021-2030 roadmap. Surveillance-response research will
be crucial for reinforcing the political and financial commitment needed to reach and sustain
VL EPHP targets throughout pre- and post-elimination phases. Lessons learned from PC-
NTDs and other elimination programmes show that epidemiology, economics, and health
systems research have a strong influence on the design and implementation of surveillance,

especially when approached from an interdisciplinary perspective. Chapter 3 identifies how
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economic analyses aid in strategising resource allocation to address heterogeneity and equity,
the scale and scope of surveillance, opportunities for programme integration, and long-term
funding requirements to reach and sustain elimination. The literature reviewed in Chapter 3
also identifies that economic evaluations from the providers’ perspective for VL in India are

Scare.

Conversely, mathematical models examining the dynamics of VL transmission, potential
impact of different interventions, and likelihood of reaching elimination benchmarks in India
are relatively abundant. Chapter 5 explores how the field of modelling has contributed to
strategising surveillance-response activities in other elimination programmes, highlighting
how the actionability of VL modelling is complicated by disease characteristics,
transmission, and treatment. As modelling can provide valuable insight on the scale, scope,
and intensity of surveillance required to reach VL EPHP targets, it is essential that HPSR be
incorporated into future research and policy processes to improve the translation of
knowledge to action. This literature review makes a case for examining how VL modelling is

valued and used by decision makers in India.

Although not a formal research component of this thesis, Objective 1 (Chapters 2, 3, and 5)
frames and supports how actionable research for VL surveillance activities in India can be
examined from a dual perspective. Where economic evidence is absent, paper R1 addresses
the costs and outcomes of case detection activities; and where modelling evidence is more

available, paper R2 addresses its perceived value and usefulness to decision makers.

Obijective 2: To evaluate the costs and outcomes of VL active- and passive case detection

activities in India
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Recent KEP evaluations assert that improved efficiency, sensitivity, and comprehensiveness
of ACD will be key to achieving VL EPHP in India [1, 2]. To update and expand the
economic perspective of VL surveillance, which has not been explored since 2012, paper R1
compares costs and outcomes of PCD, index case-based ACD, and a combination of blanket
& camp ACD when all three methods were employed in 2018 [3-5]. As the most resource-
intensive activity, it was expected that blanket and camp ACD would yield the highest cost at
$4,186.81 USD per VL positive case detected. Index case-based ACD was one-eighth this
cost at $522.81 USD per VL positive case detected, followed by PCD at $246.79 USD.
However, if instead considering the number of VL tests conducted, the margin between
blanket and camp ACD and index case-based ACD is nearly halved, at $281.99 USD versus

$63.83 USD, respectively.

To contextualise the costs of VL surveillance, outcomes of each activity are compared across
geographical incidence ranging from over 800 to less than 10 VL cases per district during
2018. Around 45% of all VL cases were detected from cumulative ACD, which identified
more VL positive cases in low incidence districts than PCD. It is possible that the larger
proportion of VL cases identified through PCD in high incidence districts may have been a
result of increased community awareness of VL due to the frequency of index case-based
ACD interventions in those areas. A 2018 study found that villages having received
behaviour change communication (BCC) for VL were 50% more likely to refer symptomatic
community members to visit PHCs for diagnosis and treatment [6]. Future programme
evaluations should consider the secondary impact of community education through ACD,
which could be valuable for strategising case detection in populations with limited

knowledge on VL symptoms and referral sites.
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Lastly, this study estimated that between $1.6 to $4 million USD is required to identify an
additional 3,000 VL cases, depending on the extent to which blanket and camp ACD is
intensified. Blanket and camp ACD was targeted towards high-incidence districts during
2018, which may not be its most effective application. Although blanket and camp ACD
requires substantial investment and human capacity, it should not be excluded as an option
for future case detection strategies. Several assessments of case detection strategies for
malaria have reasoned that index case-based ACD alone is insufficient for reaching
elimination, especially in low-incidence regions where patient follow-up is a primary
operational challenge [7-10]. The contribution of detecting additional, albeit few, VL cases
through blanket and camp ACD may be critical to reaching and sustaining EPHP if it is

targeted towards low-incidence or previously non-endemic areas in India.

More economic analyses are needed to inform India’s VL surveillance activities in the short-,
mid-, and long-term [11-15]. To inform or intensify strategies in the short-term, disease
heterogeneity and equity must be factored into design and implementation. In the mid-term,
the results of paper R1 can be 1) expanded upon using different methods of economic
measurement to inform resource allocation and the impact of different strategies, and 2)
integrated into mathematical models to project costs and incidence in future time states. In
the long-term, economic analyses will be crucial for examining the trade-offs of integrating
VL surveillance horizontally into other disease programmes and identifying the investment

needed to sustain EPHP in the post-elimination phase [16—25].

Although intermediary health outcomes, such as number of tests conducted, are not ideal in

economic evaluations, they may be relevant to long-term planning in elimination

programmes. Malaria elimination programmes highlight a need to determine the cost of
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establishing a consistent baseline of surveillance for long-term control methods, which could
be reflected in the number of tests conducted [26]. For diseases with low incidence,
comparing the probability of success between interventions, rather than the lowest cost
intervention, becomes more important in evaluations that aim to address decision uncertainty.
A recent NTD study advocated for a new economic framework that considers the
implications of switching from an optimal strategy (such as DALY's averted or cases
detected) to a strategy with higher likelihood of meeting elimination targets (such as long-
term surveillance or integrated case detection) [27]. Justifying and incentivising a baseline
number of tests required for annual surveillance might also address the perverse incentive to

not report VL cases as incidence declines [28].

Objective 3: To examine how mathematical modelling is valued and used to inform VL
case detection in India’s KEP

The second research component of this thesis contributes knowledge on the extent to which
VL modelling research is valued and used to inform surveillance activities in the KEP, which
was previously unexplored [29-34]. A common theme in paper R2 relates to assumptions: 1)
within the models themselves, 2) in whether modellers orient their analyses and
recommendations towards specific programme operations, and 3) as to whom is responsible
for translating knowledge to policy. Participants reported confusion surrounding the meaning
and confines of assumptions, which likely resulted in a distrust of modelling results. Similar
challenges to resolving assumptions have been identified in modelling of disease outbreaks in
Europe, where the impetus for timely policy change and alignment between stakeholders may

have been stronger [35].
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Paper R2 identifies that a communication intermediary, or liaison, may be necessary to
improve trust and confidence between researchers and decision makers in India. Knowledge
translation and exchange literature affirm that including members of the research setting in
decision-making discussions can contribute to data credibility and implementation [36—40].
Therefore, a communication intermediary position between VL modellers and decision
makers should undoubtedly be held by a modeller, or collaborator, in India. Further, a long-
term capacity strengthening approach to improve communication, which would also scale up
the availability and usefulness of modelling for policy, will likely require a training scheme
to ensure scientists in India have the ability to construct and interpret their own models

independently [41-43].

A dedicated position or role for communicating between researchers and decision makers is
not widely employed in elimination programmes, but its value has been considered [44].
More often, the opportunity for co-production between modellers and decision makers is
promoted to develop mutual understanding of programme operations, political restrains, and
the analytic capacity of models to inform policy [45]. As most participants received
information about past, current, and proposed modelling during VL partnership meetings,
there may be an opportunity to engage decision makers in the process of analysing and
interpreting models to improve their understanding of results and relevance to policy. A
workshop could allow researchers to train decision makers in the process of design, analysis,
and interpretation of modelling, which might present an opportunity to trial the value of a

communication intermediary.

Participants also questioned the direct relevance and application of modelling to ongoing

programme activities. It will be important for researchers to design and interpret future
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models around specific programme operations by observing ACD, IRS, and data collection
activities in-person. Although most disease control and elimination programmes are
coordinated at the national level, implementation is highly dependent on local context and
often requires bottom-up consideration of operations on the frontline [46]. Several
participants requested that modelling results be piloted on the village-level, especially where
incidence can be forecasted several months in advance to inform the resources and capacity
required for ACD activities. The significance of forecasting incidence is recognised for other
NTDs, but a framework is likely required to improve the rigor and utility of predictions for

use in policy [47].

The emergence of modelling consortia and ensembles are expected to improve interactions
between necessary stakeholders considerably in the foreseeable future, especially for
modellers and decision makers [48]. The Regional Technical Advisory Group (RTAG) on
VL is a platform in which research consortia, funders, and governing bodies can jointly
evaluate science, policy, and barriers to EPHP for endemic Member States of the South Asia
region [49]. Despite its existence for over a decade, paper R2 identified confusion
surrounding who is ultimately accountable for mobilising knowledge into policy. Modelling
consortiums for tuberculosis (TB) and HIV have seen improved translation of knowledge to
policy through long-term relationships between stakeholders. One way mutual trust was
established in these consortiums was by iteratively re-evaluating models that decision makers

were familiar with as new data and parameters became relevant [45].

The governing dynamics of VL surveillance in India are complicated, as WHO ultimately

guides and validates elimination but does not perform an implementation role. The KEP

directs and enforces activities according to WHO guidelines that are based in scientific
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evidence but often time-consuming and challenging to revise. A study investigating policy
development and scale-up of ACD for TB found that 56% of programme managers relied on
WHO guidelines to inform decision making, while only 13% used scientific evidence [50].
As modellers work closely with decision makers in the KEP, there may be an opportunity to
leverage informal routes of policy change by piloting activities on a small-scale.
Overarchingly, barriers to translating knowledge into policy identified in paper R2 align with
existing literature that calls for improved engagement in and capacity for HPSR research in

developing countries [51-53].

7.2 Limitations and strengths of thesis approach

Chapters 4 and 6 discuss limitations to internal and external validity of the methods, analysis,
and generalisability within papers R1 and R2. In this section, limitations and strengths are
considered in terms of the thesis approach and how interdisciplinary research fulfils and

confines DrPH programme objectives and practical public health solutions.

7.2.1 Limitations

Cost analysis: units of measurement and generalisability

The units of measurement used to compare ACD and PCD costs and outcomes in paper R1
may be limited in their generalisability and longevity, as they do not encompass generic
health outcomes that allow for comparison of interventions across health conditions [54].
Although the cost per new VL case detected has relevance to the KEP in the short term, it
may require re-evaluation in the future as cases decline and heterogeneity increases in India
[55-58]. One of the intended applications of these unit costs is within mathematical models
to examine the validity and viability of surveillance activities over time. This opportunity is

discussed in the research findings but the overlap between economic and modelling
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disciplines is not well-established for VL in India. Paper R1 was not designed or analysed for
application to a specific or ongoing mathematical model, which may undermine its

applicability. It may be important to conduct future economic analyses in direct collaboration
with modellers to build appropriate parameters and indicators into the design, data collection,

and analysis [59, 60].

Paper R1 presents costs and outcomes of ACD and PCD specific to the endemic state of
Bihar, which may not be directly generalisable to operational activities and governance in
Jharkhand, Uttar Pradesh, and West Bengal. For example, 70% of Jharkhand is considered
rural and 30% of populations are tribal communities [61]. Rates of education and knowledge
of infectious diseases are lower in Jharkhand, which negatively impacts trust in medical
professionals and health-seeking behaviour [62]. However, VL surveillance is also carried
out on the KAMIS platform in Jharkhand, and the state shares similar KEP governance,
funding, and implementation to Bihar [1]. The application of paper R1 to remaining VL-
endemic states would require additional analysis of context-specific operations and disease

heterogeneity in these areas.

Research actionability and dissemination

Paper R2 includes recommendations and opportunities to improve the actionability of VL
modelling research to policy in India, but is likely limited in its exposure, language, and
accessibility to relevant decision makers and programme managers. Although this study is
written for publication in a scientific journal, it aims to inform a broader audience than solely
researchers. This is a limitation of evaluating and disseminating research without a
programmatic platform to encourage its visibility to other stakeholders [63, 64]. There may

also be a limitation in the relevance of the knowledge utilisation framework, where its
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usefulness depends on whether and how it can be embedded into future research and policy
evaluations [65-67]. To improve the exposure of this study and encourage knowledge
translation assessments in the future, these research findings should be shared with a diversity
of relevant policy, programme, and research actors. Evidence-to-policy initiatives may appear
relevant to only researchers and decision makers, but programme designers, implementers,
and managers should all be included in future policy studies for their influence and insight

[68].

Interdisciplinary approach

A DrPH thesis is relatively reduced in content compared to a PhD and challenged to fulfil
both breadth and depth of its research objectives. Mounting a practical public health
contribution can become further complicated by engaging in multiple research disciplines
[69]. Although the importance of interdisciplinary research is a key theme in the literature
referenced throughout this work, neither paper R1 nor R2 combine multiple disciplines into a
single study. There may also have been a missed opportunity to contribute knowledge and
develop skills within a single discipline, which was substituted for the objective of engaging

in practical and diverse public health research.

7.2.2 Strengths

Methodology and participant inclusion

Papers R1 and R2 highlight an advantage of assessing issues at multiple scales by including
different echelons of programme implementers, management, and governance [70]. Paper R1
not only examined top-down expenditure reports and managers of ACD and PCD
programmes, but also compared the reality of activities in the field through observation and

micro-costing. The differences in perceived cost and time of ACD activities reveals the
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importance of including a diversity of participants in economic analyses of surveillance
programmes. Future economic evaluations of VL surveillance activities should include both
top-down (national and state governance) and bottom-up (on-the-ground implementation)
perspectives for a representative assessment [68]. Similarly, a diversity of participants was
sought for inclusion in paper R2 to explore the extent to which programme managers,
implementers, and decision makers understand and value VL modelling research. Participants
in this study conveyed the importance of considering programme governance from WHO and
KEP perspectives in tandem with on-the-ground operational activities to design research

intended for a policy response.

Methodological strengths of this thesis approach are also apparent within and across
guantitative and qualitative disciplines. Interviews conducted in both papers R1 and R2
revealed subjective insights and experiences that could potentially impact KEP operations. In
paper R1, ACD officers claim to have spent more time on case detection than their
supervisors reported, which is important to this and future analyses. Paper R2 identified
several barriers to knowledge translation that otherwise would not be captured through
quantitative programme and process evaluations. To analyse complex biological, political,
and social factors in public health programmes, a dual-qualitative and quantitative

perspective should be increasingly employed [71].

Interdisciplinary approach

An interdisciplinary approach was advantageous for examining and contributing towards
actionable research to inform VL surveillance strategies in India. This thesis was able to
explore actionability from a dual perspective: both the availability of research and its use in

policy. Where economic analyses for VL surveillance in India are deficient, paper R1
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contributes knowledge on the cost and outcomes of surveillance activities. Under the notion
that compelling research should inform policy, barriers to knowledge translation could then
be studied through the comparatively strong evidence base of mathematical modelling.
Challenges and opportunities for translating modelling into policy could foreshadow and
inform similar circumstances for economic analyses in the future. Although economics and
modelling are independent disciplines, this thesis identifies opportunities to synthesise and

explore them comprehensively to improve actionability [55, 72-75].

The importance of HPSR to research actionability also emerged through this interdisciplinary
approach [76]. Although this thesis focused largely on the content of policy-relevant
research, it identified that barriers exist beyond the availability of evidence and its perceived
significance to decision makers. Other NTD elimination programmes may face similar
systems-based challenges between researchers, implementers, national governance, and
WHO that extend beyond the content of research. This strengthens the case for not only
examining barriers to knowledge translation but embedding HPSR broadly into policy

making to encourage and maximise opportunities for research actionability [77].

The benefits of an interdisciplinary thesis also relate to the advancement and application of
diverse research skills gained under DrPH programme objectives. Paper R1 allowed for the
development of skills in designing, analysing, and interpreting economic research with an
aim to inform VL surveillance activities in India. Paper R2 allowed for the development of
skills in quantitative interviewing, which highlighted the value of examining experiences,
insight, and perspectives of those designing and implementing surveillance activities.

Maintaining flexibility through quantitative, qualitative, and systems-based research can
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contribute to professional competencies across public health directives, academia, and

geographical settings.

7.3 Implications of thesis
This section considers the overarching and generalisable implications of this work to VL

surveillance, horizontal integration with other disease programmes, and regional elimination.

Research for improving surveillance

Research for IDM-NTDs has been broadly prioritised to improve early case detection, control
tools, and health service expansion to reach WHO targets for control and elimination [78,
79]. In comparison to PC-NTDs that readily employ economic and modelling research to
elimination activities, IDM-NTDs struggle to both develop and apply actionable research
[78]. Beyond the technical aspects of surveillance, NTD elimination research is challenged to
address the feasibility of implementation on health system and community levels [80, 81].
Repercussions of the COVID-19 pandemic will likely amplify the need for comprehensive
research that is focused on sustaining progress towards elimination and quelling the risk of

NTD resurgence [82].

For vertical VL surveillance in India, interdisciplinary research may be the key to resolving
technical requirements of surveillance with political and community-based constraints [83].
Although research that focuses on the cost and impact of interventions over time is essential
to reaching EPHP in India, the practicality of inciting change from national- to community-
levels should also be prioritised [1, 2]. Several studies identify that social and health systems
research are neglected elements of NTD elimination programming and have the potential to

directly complement biomedical disciplines [84-86].
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In paper R1, the greater number of VL cases identified through PCD in high incidence
districts may have been an unintended consequence of increased ACD activities in those
areas. Integrating such findings into dynamic transmission models could further explore the
non-linear effects of VL interventions and their impact on transmission [75]. Financial and
logistical constraints of long-term surveillance have been experienced by other elimination
programmes, where community-based vigilance is promoted as a cost-effective supplement
for improving knowledge and access to resources in [87]. Context-specific community
evaluations might provide the KEP with more robust and precise evidence to base
programme decisions on, considering incidence varies from over 600 to less than one VL

case in endemic districts [88].

Another programmatic challenge in India may be the relative number of public- versus
private healthcare facilities and the geographic extent of KEP coverage. The trend of private
health sector growth is on the rise in South Asia, where 55% of patients in Nepal and 27% of
patients in Bangladesh prefer to access non-governmental sectors [89]. In India, up to 80% of
outpatient services are provided by the private facilities, especially in rural areas where
distrust in medical professionals is higher [89-91]. A surveillance assessment in Nepal
showed the average time from onset of symptoms to diagnosis for VL patients was 20 days in
non-programme districts and only three days in KEP-covered districts [92]. To improve trust
in KEP-sponsored treatment facilities in India, as well as knowledge of VL symptoms and
treatment, community education may be a necessary component of future surveillance

activities [93-95].
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Opportunities for horizontal integration

Research on programme integration has been largely focused on PC-NTDs that share similar
diagnosis or treatment, especially where MDA can be implemented for several diseases at
once [96]. A multi-country assessment of PC-NTD programme integration established a ‘best
practice roll-out package’ detailing the value of: 1) conducting leadership and situational
analyses, 2) developing a plan for disease mapping and programme scale-up, and 3) creating
a central coordinating mechanism [97]. However, dichotomising the ‘tool-readiness’ of
NTDs may contribute to a lack of research, innovation, and development of resources for
horizontal integration of IDM-NTDs [98]. For VL, the opportunity to combine the diagnostic
application of existing surveillance programmes of skin-related diseases or febrile illnesses

must be explored.

As more than half of the 20 NTDs present with skin manifestations, WHO encourages that
endemic countries develop an approach to integrating skin-related diseases for community
awareness, surveillance and mapping, and monitoring and evaluation [99]. Integrating skin-
related disease surveillance programmes could both increase coverage and decrease costs,
although operational challenges are anticipated [100]. Many skin-related infections are not
painful or disparaging enough to mobilise patients to participate in active surveillance,
especially during early stages of clinical presentation [101]. One integration study identified
that improving community awareness is essential for combatting stigma and lack of
knowledge surrounding treatment for skin-related NTDs [102]. From the operational
perspective, synergising fragmented disease programmes requires additional funding and
capacity to assess cost-effectiveness and feasibility throughout the integration process [103,

104].
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Febrile illnesses such as malaria, typhoid, and TB are more commonly investigated for the
prospect of integrated surveillance. Interestingly, the emergence of COVID-19 may promote
new opportunities to expand integrated programming to include both emerging and endemic
fever-related illnesses, which could include VL [105]. A major challenge for integrating
febrile illnesses is in disease heterogeneity, where surveillance mapping is crucial to
characterise co-endemicity and develop a targeted approach [106]. Studies also show that
increased availability of diagnostic tools is essential for integrated surveillance to correctly

identify undifferentiated fevers [107].

To support and inform programme integration, a shift is necessary from disease-specific and
unidimensional research to cross-cutting approaches with adjacent disciplines [108].
Although the feasibility and impact of integrating VL diagnostic camps with other activities
has been examined in the ISC, economic analyses and transmission models are excluded
from existing assessments [20, 109, 110]. Trade-offs of programme integration could be
informed by the costs and outcomes of surveillance activities presented in paper R1, but will
require interdisciplinary research across other disease programmes to strategise funding and
implementation [73, 111, 112]. A comprehensive approach to integrating surveillance should
include economics, epidemiology, and policy disciplines supplemented by 1) social sciences
to engender trust in communities and tailor surveillance to local levels, 2) environmental
sciences to characterise the effects of climate change and migration, and 3) COVID-19

research to understand its ongoing and residual impact on elimination progress in India.

Regional VL elimination efforts in the ISC

The past two decades of prioritising NTDs onto the international stage for action exposed

technical-, disease-, and context-specific barriers to control and elimination [113]. The next
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decade of action may be challenged to mobilise knowledge gained from other elimination
programmes to strengthen surveillance, secure long-term funding, and respond to modern
challenges [114-116]. As new VL cases have been recently reported in Bhutan, Thailand,
and Sri Lanka, cross-border initiatives will be essential to map and manage regional
incidence throughout pre- and post-elimination phases [49, 117]. Open borders and poor
national coordination of state-run surveillance are identified as barriers to malaria elimination

in India [118].

A principal recommendation from the Independent assessment of the KEP was to create a
national task force that oversees progress and guides strategic action for VL elimination in
India, but strengthening regional advisory may be more beneficial to accelerating outbreak-
and targeted responses across countries [119]. Several regional South Asia elimination
programmes for malaria and other NTDs have seen success in sharing context-specific
surveillance strategies such as community-level incentives for case referral, increasing
awareness through educational campaigns, and establishing an inter-country platform for
sharing epidemiology and migration data [120-123]. As RTAG functions to provide
technical advisory on VL elimination for the region, there may be an opportunity to translate
lessons learned from Nepal and Bangladesh to synergise operational guidelines, information
sharing, and financial and programme management structures to other countries in South

Asia [124].

Lessons learned from Latin American countries (LACs), where VL is also targeted for
regional elimination, could be relevant to RTAG’s role in South Asia. An analogous
partnership structure operates between the Inter-American Development Bank (IDB), Pan

American Health Organization (PAHO), and Global Network for NTDs (GN) that provides
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community-based technical support measures to eliminate NTDs regionally [125]. Over the
past decade, the partnership launched several demonstration projects to show proof of
principle of integrated surveillance for trachoma, Chagas disease, leishmaniasis, rabies,
onchocerciasis, and soil-transmitted helminths (STHs) [126]. Results from the demonstration
projects were translated into a conceptual framework that outlines key components of
management, financing, implementation, and monitoring and evaluation of integration on a
continuum ranging from linkage to coordination and full merging of programmes [22].
Integrating socio-economic, environmental, and political indicators into geospatial modelling
have also been integral to regional NTD integration in LACs and Africa, which strengthens

the argument for collaboration between disciplines [126, 127].

Novel strategies to improve VL surveillance for EPHP in India may necessitate cross-
collaboration between research disciplines, regional programmes, and diseases eligible for
horizontal integration. RTAG, KEP, and NTD modelling consortium are viable platforms to
facilitate collaboration but establishing modes of accountability and actionability may require
international governance and oversight. In tandem with prioritising comprehensive evidence
across disciplines, programmes, and countries, the KEP must embed modes of understanding

and facilitating the translation of knowledge into action.

7.4 Recommendations for actionable research in the KEP

In alignment with DrPH objectives to encourage the application of research towards a
practical public health response, this thesis includes recommendations to improve research
actionability in the KEP. First, the production of economic analyses for VL in India from the
provider’s perspective must be strengthened to inform the effectiveness of interventions and

identify trade-offs of integrating surveillance into other disease programmes. Research on
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programme integration with other tool-deficient NTDs as well as febrile and skin-related
illnesses should be designed in collaboration with modellers, implementers, and decision

makers [128-132].

Second, mathematical modelling should be tailored towards ongoing operational activities
and employ a communication intermediary between researchers and decision makers.
Opportunities to pilot modelling results on a small-scale should be considered, especially for
forecasting incidence as a surveillance-response tool. It will be prudent for modellers and
economists to collaborate on the costs and impact of both vertical and horizontal
interventions over time to reach EPHP benchmarks. Lastly, HPSR must be embedded into
both policy and research processes to better understand how changes to surveillance can be

realised on national and community levels.

To orient the objectives and findings of this thesis within NTD targets and KEP directives,
the WHO NTD roadmap for 2021-2030 is referenced throughout Chapters 1-6. Figure 7-1
outlines recommendations generated from this thesis as they align with the three pillars to
reflect: 1) technical, strategic, and operational challenges of VL surveillance in India, and 2)
opportunities for research to inform surveillance strategies, programme integration, and
country ownership [133]. Across all three pillars, improvements in economic, modelling, and
HPSR research are identified for ways in which they could accelerate programmatic action,
intensify cross-cutting approaches, and facilitate country ownership. Papers R1 and R2 are
included for their contribution to informing programmatic action, in contrast to the broad and

generalisable implications examined in this section.
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CONTRIBUTION TO
SCIENCE AND
SURVEILLANCE IN THE
KEP

PAPER R1: Costs and
outcomes of VL
surveillance activities
in India

PAPER R2: Value and
use of modelling
research to decision
makers in the KEP

RECOMMENDATIONS FOR THE PRODUCTION AND USE OF ACTIONABLE RESEA

Pillar 1 ‘

Pillar 3

Change operating models
and culture to facilitate
country ownership

Accelerate
programmatic action

Intensify cross-cutting
approaches

Technical progress, Country ownership at
understanding, effective in ion ery platforms th bine national and subna

Clear stakeholder roles
throughout NTD work

ervice delivery,
implementation

Organizational set-ups,
Enablers, conte arsal he operating models and
fundin inki S TETE

Economic evaluations should be mobilised to:
e  Address cost and effectiveness of surveillance activities, heterogeneity and equity, programme
integration, and longevity
e  Assess opportunities and trade-offs of programme integration
¢ Evaluate the investment needed to reach and sustain EPHP

Modelling should be improved to:
Address ongoing operational activities for surveillance

Employ communication intermediaries to advocate relevance and actionability of models to
decision makers

Pilot recommendations on a small-scale (bottom-up) as opposed to relying on top-down policy
change

Transmission and economic modelling should be co-produced to:
e Model intervention costs and outcomes over time
* Forecast likelihood and resources required to achieve elimination targets
e Evaluate the investment and strategy for post-elimination

Health Policy and Systems Research (HPSR) should be embedded in research and policy to:
»  Encourage the production and use of actionable research for surveillance and elimination activities
®  Organise and align stakeholders
®  Promote country ownership over surveillance activities, research, and evidence-to-policy initiatives

Figure 7-1. Policy and research recommendations framed within pillars of the WHO NTD
roadmap for 2021-2030.
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CONCLUSION

As VL incidence declines in India, surveillance-response activities must be substantiated by
research that addresses transmission dynamics, programme operations, and accountability in
decision making. Where economic analyses to inform VL intervention costs and
effectiveness are scarce, research actionability is limited by its availability. This thesis
contributes knowledge towards the costs and outcomes of index case-based ACD, blanket
and camp ACD, and PCD across varying levels of VL incidence in India. While index case-
based ACD and PCD are less costly, it may be valuable to employ blanket and camp ACD in
areas at risk of VL outbreaks or resurgence. Conversely, where VL modelling literature is
readily available, research actionability is limited by communication and governance.
Championing the value and relevance of modelling to decision makers may necessitate an
intermediary to align research objectives with operational activities and government
mobilisation. Modellers should explore opportunities to pilot results on a small scale and
assess the value of integrating economic indicators to strengthen comprehensive evidence for
decision makers. HPSR must be embedded within research and policy making processes to
encourage the production and use of actionable research in the KEP. Throughout remaining
pre- and post-EPHP phases in India, VL surveillance strategies should prioritise knowledge
generated from, but not limited to, economic, modelling, and policy evaluations to improve

programme effectiveness and longevity.
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APPENDICES

Appendix 1. Disease-specific targets and indicators for reaching NTD control, elimination,
elimination as a public health problem (EPHP), and eradication by 2030.

Target Disease Indicator 2020 2030
Eradication Dracunculiasis Number of countries certified free of 187 (96%) | 194 (100%)
transmission
Yaws Number of countries certified free of 1 (1%) 194 (100%)
transmission
Elimination Human African trypanosomiasis | Number of countries verified for interruption | 0 15 (62%)
(interruption of (gambiense) free of transmission
transmission) Leprosy Number of countries with zero new cases 50 (26%) | 120 (62%)
Onchocerciasis Number of countries verified for interruption | 4 (12%) 12 (31%)
of transmission
Elimination as a Chagas disease Number of countries achieving interruption 0 15 (37%)
public health of transmission with 75% treatment coverage
problem (EPHP) Human African trypanosomiasis | Number of countries validated for EPHP (<1 | O 8 (61%)
(rhodesiense) case/10,000 people/year over five years)
Leishmaniasis (visceral) Number of countries validated for EPHP 0 64 (85%)
(<1% case-fatality rate)
Lymphatic filariasis Number of countries validated for EPHP 17 (24%) | 58 (81%)
(below transmission threshold four years
after stopping MDA)
Rabies Number of countries having achieved zero 80 (47%) | 155 (92%)
human deaths from rabies
Schistosomiasis Number of countries validated for EPHP 0 78 (100%)
Soil-transmitted helminthiases Number of countries validated for EPHP 0 96 (96%)
Trachoma 10 (15%) | 66 (100%)
Control Buruli ulcer Proportion of cases in late stage at diagnosis | 30% <10%
Dengue Case-fatality rate 0.80% 0%
Echinococcosis Number of countries with intensified control | 1 17
Foodborne trematodiases Number of countries with intensified control | N/A 11 (12%)
Leishmaniasis (cutaneous) Number of countries in which 85% of all N/A 87 (100%)
cases are detected and reported, and 95% of
cases treated
Mycetoma, Number of countries in which diseases is 1 (3%) 15 (50%)
Chromoblastomycosis and other | included in national control and surveillance
deep mycoses programme
Scabies and other ectoparasites Number of countries having incorporated 0 194 (100%)
scabies management into UHC package of
care
Snakebite envenoming Number of countries having achieved N/A 132 (100%)
reduction of mortality by 50%
Taeniasis and cysticercosis Number of countries with intensified control | 2 (3%) 17 (27%)

Adapted from: WHO. Ending the neglect to attain the Sustainable Development Goals: A roadmap for neglected

tropical diseases 2021-2030. Geneva: World Health Organization; 2020. License: CC BY-NC-SA 3.0 IGO.
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Appendix 2. Methodological principles of the Global Health Cost Consortium Reference
Case (GHCC-RC) used to develop the parameters of paper R1.

GHCC
REFERENCE
CASE OUTLINE

METHODOLOGICAL

PRINCIPLE

PAPER R1 PARAMETERS

STUDY DESIGN

RESOURCE USE
MEASUREMENT

PRICING AND
VALUATION

ANALYSING AND
PRESENTING
RESULTS

w N

10.

11.

12.

13.

14.

15.

16.

Purpose, population,
and intervention

Perspective
Type of cost
Definition of Units

Time horizon
Scope of costing

Measuring and
allocating resource
use

Sampling

Measuring units of
outputs

Timing of data
collection

Sources of price data
Valuing capital
inputs

Discount, inflation,

and conversion rates

Shadow prices

Cost functions and
heterogeneity
Uncertainty

A) Priority setting for medium-term financial planning

B) Facility and community level surveillance implementers

C) Index case-based ACD, blanket & camp ACD, and PHC-level
PCD

Provider (or payer): India Ministry of Health

Economic and financial, real-world costs

Average cost of intervention per VL case- screened, suspected, or

found positive

January-December 2018, when index case-based ACD, blanket &

camp ACD, and PCD were ongoing simultaneously

All start-up, training, capital, recurring, and opportunity costs were

included

Bottom-up micro-costing and top-down expenditure costing were

conducted in tandem to capture relevant costs and activities

comprehensively

Sampling included several months of document-collection prior to

a 3-week fieldwork visit, in which index case-based ACD and

PCD activities were observed first-hand. Interviews were also

conducted with programme managers and directors of each ACD

and PCD activity.

Number of VL cases screened, number of suspected VL cases

identified, and number of VL cases diagnosed

Recall bias was minimised for index case-based ACD and PCD, as

they were ongoing activities during data collection. Blanket and

camp ACD activities last conducted in 2018 relied more heavily

on expenditure reports, but were supplemented by several

interviews with programme managers and implementers

Data reflected relevant prices across settings and were adjusted to

the purpose of the study. All costs were converted into $USD

during the base year 2018.

All capital costs were appropriately annuitized and depreciated

based on their useful life, opportunity cost, discount rate, and year

purchased.

Discount rates in India over the past three years were consistently

3%, which was used in this study. Currency conversion was

achieved using OANDA and World Bank exchange rates to adjust

prices to the base year.

Opportunity costs were estimated by referencing products or

activities with similar market value, useful life, or salary (for

volunteer time). Prices of donated and subsidised goods were

included in full, as reported by WHO and DFID.

Heterogeneity was considered in terms of VL incidence at the

district-level.

Uni- and multi-dimensional sensitivity analyses were conducted

for each calculation of intervention per VL test conducted and

found positive.
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17. Transparency All cost estimates, resources, and assumptions were recorded and
published in an open-access data repository.

Study design

Defining the purpose, perspective, costs, units, and time horizon were straightforward in that
VL ACD and PCD should be evaluated from the provider’s perspective (India’s Ministry of
Health) during 2018, the most recent year in which two distinct ACD programmes were
implemented in tandem with PCD. The outcome of finding one additional case through
distinct ACD and PCD activities was determined the best unit of comparison to inform
national programme strategy and for potential application to modelling studies. The method
of comparison aligned as a cost analysis or cost-minimisation analysis to identify the least-
costly method of finding an additional VL case. An inherent limitation of this method is in
the exclusion of DALY averted or QALY's gained as a natural unit of measurement,
although separate cost and benefit analyses still provide valuable information.

Resource use measurement

To determine the scope of costing, resource use measurement, sampling techniques, output
measurement, and timing of data collection, a toolkit for evaluating the implementation of
syphilis screening largely guided data collection. The toolkit outlined specific programme
functions relevant to ACD and PCD activities in India, and importantly provided a roadmap
synthesising bottom-up micro-costing and top-down expenditure analysis. The toolkit also
outlined explicit inputs for each programme to define start-up, training, capital, recurrent, and
quality assurance costs that were otherwise generic in other guidelines.

Pricing and valuation

Methods from similar costing literature in surveillance and elimination programmes,
especially malaria and tuberculosis, guided the statistical and uncertainty analyses of paper
R1. These studies focused on evaluating the cost of two or more activities in terms of the
likelihood of reaching elimination benchmarks in a geographic setting by comparing the total
cost, average cost per outcome (e.g., new cases detected), and cost of scaling up an activity.

Analysing and presenting results

For this study, it was important to present results and recommendations for not only the
national government as a provider, but other supporting organisations that implement
operational activities of ACD and the greater scientific community to encourage additional
economic analyses.
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Appendix 3. Example Costing Worksheets used for data collection in Paper R1.

START UP COSTS:

TRAINING (EXA)
Sources of data:

|Central costs Quantity [Days Fin. cost Econ. cost (daily Total cost %Allocation Annual programme cost
used chafge for (# project participants

equivalent space) Fin. [Econ. | # participants) Fin. |Econ.
Training Venue
Training rooms
Lab rooms
Other space
Equipment:
Transport (e.g van use/ hire plus fuel)

Total cost %Allocation Annual programme cost

Training supplies guantity unit price Fin. Econ. Fin. Econ.

practice test kits

gloves

refreshments

stationary

Other costs

communications

TOTAL CENTRAL TRAINING COSTS

* please remember that though some of the inputs are generally considered recurrent, the activity as a whole should have a life of longer than a

year, and is therefore annualised and treated in the same way capital costs.
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CAPITAL COSTS: BUILDINGS AND STORAGE

(EXA)

Sources of data:

Buildings/ storage
spaces (list)

Annual rent/hire

Fin.

Econ.

Furnishing @
10%

Annual cost
Fin.

Econ.

% Allocation
cost

Annual programme cost

Fin.

Econ.

TOTAL

RECURRENT COSTS:
PERSONNEL (EXA)

Sources of data:

Category of personnel
(list with grade where
appropriate)

Gross annual salary

Cost of annual allowance (specify)

Total annual cost

9.%

Fin.

Econ.

Fin.

Econ.

Fin.

Econ.

Allocation
cost

Annual programme cost

Fin.

Econ.

TOTAL
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Appendix 4. LSHTM Ethical Approval for research conducted in papers R1 and R2.

London School of Hygi & Tropical Medici LONDON
Keppel Street, London WC1E 7HT SCHOOL(’}C !"‘:

g\:;ﬁ:lgzrg::urdd (0)20 7636 8636 E’gglg&]i r{

www.Ishtm.ac.uk MEDICINE
Observational [ Interventions Research Ethics Committee

Ms Natalie Dial

LSHTM

6 November 2019

Dear Natalie,

Study Title: Evaluating the cost of active and passive case detection for visceral leishmaniasis (Kala-Azar) to inform post-elimination strategies in India

LSHTM ethics ref: 17763

Thank you for your application for the above research, which has now been idered by the Observational Committee.
Confirmation of ethical opinion

On behalf of the Committee, [ am pleased to confirm a favourable ethical opinion for the above research on the basis described in the application form, protocol and supporting
documentation, subject to the conditions specified below.

Conditions of the favourable opinion
Approval is dependent on local ethical approval having been received, where relevant.
Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Type File Name Date Version
Investigator CV Natalie Dial CV 2019 06/08/2019 1
Tnvestigator CV Emily Sara Nightingale - CV 3000812019 1
Information Sheet DrPH Cost Analysis Participant Consent Form 30/08/2019 1
Information Sheet DrPH Cost Analysis Participant Information Sheet 30/08/2019 1
Infonmation Sheet DrPH Knowledge Utilisation Participant Consent Form 30/08/2019 1
Information Sheet DrPH Knowledge Utilisation Participant Information Sheet 30/08/2019 1
Advertisements Cost Analysis Recrmtment Email 30/08/2019 1
Advertisements Knowledge Utilisation Recruitment Email 30/08/2019 1
Protocol / Proposal DrPH Knowledge Utilisation Inferview Guude 30/08/2019 1
Protocol / Proposal ACD Micro-costing data collection form 30/08/2019 1
Protocol / Proposal PHC Micro-costing data collection form 30/08/2019 1
Protocol / Proposal ~ Draft Cost Analysis Spreadsheet and Caleulations Framework 3000812019 1
Protocol / Proposal  Ethics application study protocol 03/09/2019 1
Local Approval Pernussion letter - KalaCORE 26/09/2019 1
After ethical review

The Chief Investigator (CI) or delegate is responsible for informing the ethics committee of any sub hanges to the application. These must be submitted to the Committee for

PF

review using an Amendment form. Amendments must not be initiated before receipt of written favourable opinion from the committee.

The CI or delegate is also required to notify the ethics committee of any protocel violations and for Suspected Unexpected Serious Adverse Reactions (SUSARs) which occur during the
project by submitting a Serious Adverse Event form.

An annual report should be submitted to the committee using an Annual Report form on the anniversary of the approval of the study during the lifetime of the study.

At the end of the study. the CI or delegate must notify the committee using an End of Study form.

All afor tioned forms are available on the ethics online applications website and can only be submitted to the committee via the website at: http://lec.Jshtm.ac.uk

PR PSR PSR K [N, B WA N T

Yours sincerely,

Professor [immy Whitworth
Chair

ethics@lshtm.ac.uk
http://www.lshtm.acuk/ethics/
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Appendix 5. KalaCORE permissions letter.

M
MOTT M

MACDONALD

To whom it may concem

10 Fleet Place
London EC4M 7RB
United Kingdom

T +44 (0)20 7651 0300
F +44 (0)20 7248 2698
mottmac.com

Mott MacDonald Limited. Registered in
England and Wales no. 1243287
Registered office: Mott MacDonald House,
8-10 Sydenham Road. Croydon CRO 2EE.
United Kingdom

Permission to Collect and Use Active Case Detection
Data

26 September 2019

| hereby confirm that | have given approval to Natalie Dial to
collect and use cost data on Active Case Detection of
Visceral Leishmaniasis cases that was generated during the
KalaCORE programme. She is also granted permission to
interview former members of the KalaCORE project team.

Mott MacDonald was the leading managing contractor to the
Department for International Development for this
programme and | was the Project Principal for the

programme.

Lucy Palmer
KalaCORE Project Principal
+44 207 651 0135
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Appendix 6. CARE India permissions request and confirmation.

LONDON /2f;

SCHOOLY (g & SPEAK
HYGIENE |} B India
&TROPICAL \ Y JNE&

MEDICINE \&&=

Project title:
Evaluating the cost of active and passive case detection for visceral leishmaniasis
(Kala-Azar) to inform post-elimination strategies in India

Investigator

Natalie Dial, MSc, MIPM

DrPH Candidate, LSHTM
Research Assistant, SPEAK India

Supervisors

Graham Medley, LSHTM
Fern Terris-Prestholt, LSHTM
Simon Croft, LSHTM

Project summary

The objective of this doctoral thesis is to evaluate the cost and outcomes of active and passive case
detection (ACD & PCD) in areas with different VL endemicity within Bihar, India. By collecting
financial and incidence data reported by CARE, KalaCORE and Primary Health Centres from 2017-
2018, a cost analysis will be conducted to evaluate:

1) Total cost of ACD and PCD programmes
2) Cost of ACD and PCD per new VL case diagnosed
3) Cost and outcome of scaling up ACD in areas comparing high and low incidence

This cost analysis will then be used to develop a methodology for integrating economic models into
ongoing transmission models (with the math modelling team in SPEAK India), to predict incidence
and expected costs for reaching elimination benchmarks. Finally, a qualitative study (supervised by
Simon Croft) will investigate the relevance of these economic and modelling studies to decision
makers in India for strategising VL case detection tactics to reach elimination as a public health
problem. The investigator also works within the SPEAK India research consortium at LSHTM, where
this project is both supported and supervised by Graham Medley and Simon Croft. The costing
component, including all financial data collection and analysis, will be overseen by Fern Terris-
Prestholt, an economist at LSHTM.

Outcomes

The overarching goal of the project is to produce results that will inform and support VL case
detection strategies.

Results of this project will be included in a thesis submitted to LSHTM, and, where feasible and
possible, developed for peer-reviewed publication. The collaboration with CARE India will be
acknowledged and co-authorship offered where appropriate.

Data request from CARE
Active Case Detection Programme Reports:

1. Financial Reports
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This research project will rely on information, reports, and data regarding costs associated with
CARE’s ACD programme during 2017-2018. In similar economic studies, costing data includes
financial allocation reports, project expenditures, budget line-lists, and interviews with senior
programme and financial officers. First, the researcher will request permission to include CARE data
in her thesis project. If the organisation agrees to share data, the researcher will enquire on the
existence of ACD financial documentation via email with senior CARE programme managers. Once a
consensus is reached regarding the availability of data, the researcher will coordinate a fieldwork visit
to India in the Fall of 2019 to obtain relevant financial reports and documentation from CARE.
Access to such financial information, documentation and reports may require some data-gathering
within CARE. Where information and reports require considerable effort to locate or consolidate data,
the researcher may be able to assist during a fieldwork trip to India in Fall 2019. Additionally, where
financial data may be missing or not documented in CARE programme reports, the researcher
requests the ability to interview 2-5 senior programme officers and financial managers. This is to
capture important metrics of costs, time, and resources dedicated to ACD during the time period to
ensure accuracy in the subsequent economic calculations and analysis.

2. VL Case Detection Data
To determine the number of new VL cases detected through ACD, this project also requires
programme data on VL diagnoses within CARE’s ACD programme during 2017-2018. This data may
already exist within ACD programme reports or as a part of KA-MIS, but will be requested as it best
matches and relates to the data available in CARE ACD financial reports. These ACD case detection
reports may also be collected as a part of her fieldwork trip in Fall 2019.

3. KA-MIS Database
Finally, the research project will require reference to the KA-MIS database to stratify and tailor the
economic analysis to variations in incidence. Emily Nightingale of the SPEAK India mathematical
modelling team currently works with the KA-MIS dataset, supervised by Graham Medley, which the
researcher requests permission to use and cite for VL endemicity calculations.

Confidentiality

All information, datasets, and programme reports obtained by the researcher will be kept confidential,
and only discussed with or shown to her supervisors (listed above) during analysis. Project results will
be shared with CARE prior to publication or presentation.

Email confirmation:

From: Sridhar Srikantiah <ssridhar@careindia.org>
Subject: Re: Economics of case detection

Date: 1 October 2019 at 14:29:46 BST

To: Graham Medley <Graham.Medley@Ishtm.ac.uk>
Cc: Bikas Sinha <bikas@careindia.org>

Please let Natalie come, I am marking Bikas who will co-ordinate this.

Sridhar
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Appendix 7. Cost model assumptions.

VARIABLE

ASSUMPTIONS

SOURCE

All Programmes

Cost per VL
test

350INR or $4.75USD (+/- 50% in the sensitivity analysis)

rK-39 manufacturers
(Bio-Rad Laboratories,
InBios International
Inc, CTK Biotech Inc)
and VL literature

Discount Rate

3% (0%, 6% in the sensitivity analysis)

World Bank Discountt
Rates

Treatment
(excluded)

All patients are eventually diagnosed (or re-confirmed VL-
positive) at the hospital (PHC) level and immediately treated
with AmBisome. The cost for AmBisome treatment would be
consisted in all three programmes, therefore cost of treatment
was excluded to focus on cost of diagnosis and case
identification.

National Vector Borne
Disease Control
Programme
(NVBDCP) Guidelines
(2017)

Index Case-Based ACD

Economic life
years of start-

up

3 years was determined the average start-up period to roll out
CARE’s ACD programme and get the KAMIS database off the
ground. Start-up included mostly training and travel costs.

CARE records and
staff interviews

Outputs

Total number of patients suspected, tested, and found VL-
positive through CARE’s ACD programme were recorded by
DPOs, KBCs, and lab technicians and ultimately recorded in the
KAMIS database. This analysis relied on data reported in
KAMIS, but triangulated average monthly patient tests and
positives by interviewing DPOs, KBCs and lab technicians.

KAMIS and staff
interviews

Training

Conference venue rates included subsistence (650INR or
$8.81USD per person), and 18% tax added, plus rental of
podium, projector, and microphone

CARE estimated all travel costs were included in staff salary for
training, therefore this study included travel expenses as
economic costs (not declared by the provider)

CARE records and
staff interviews

Vehicles

CARE claimed transportation vehicles (motorbikes) of Kala-
Azar Block Coordinators as a stipulation of their hiring.
Therefore, CARE did not include this expense as a financial
cost, and this study included the cost of each motorbike as an
economic cost. The cost of an average motorbike was estimated
from direct observation and staff interviews. Manufacturer
prices were used to calculate vehicle price, where expected
useful life of the bike and average discount rate of capital goods
were used to evaluate depreciation.

Staff interviews, direct
observation, and
manufacturer prices

Salaries

1. State Programme manager (SPM) and SPM Jr.
(1,200,000INR or $16,271USD per year at 5%
allocation)

2. Field Research Officer (960,000INR or $13,017USD
per year at 50% allocation)

3. District Programme Officer (696,000INR or
$9,437USD per year at 50% allocation)

4. Kala-Azar Block Coordinator (240,000INR or
$3,254USD per year at 75% allocation)

5. ASHA (550INR or $7.45USD per year at <5%
allocation)

CARE records and
staff interviews
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Vehicle

Vehicle and motorbike operating costs (fuel, oil, maintenance,

Staff interviews, local

Operation registration, etc) were estimated from both staff interviews and (Patna, Bihar) prices
local prices for equivalent services. Again, CARE included this | for fuel, oil, insurance,
cost in the salary of each staff member, where this analysis maintenance,
included vehicle operating costs as economic costs. registration, etc

Building Furnishing, electricity and rent were determined from some CARE records and

Operation CARE records and costs of equivalent office space in Patna and | online rental price for
were allocated individually between the three staff members equivalent space
who manage the programme from CARE headquarters (two
staff work <5% while another worked 75%).

Training & Accommodation, travel, salary, and subsistence fees per training | CARE records and

recurrent session were estimated from staff interviews and occurred an staff interviews

training average of once per year for DPOs and KBCs. Quality control

(or quality assurance) was considered to be a part of recurrent
training, and included in these estimations.

Personnel time
allocation

Due to discrepancies in staff interviews between supervisors and
fieldworkers on personnel allocation, direct observation was
used to triangulate minutes spent on each activity (and +/-20%
was used in the sensitivity analysis). Supervisors claimed that
ACD officers worked 30% of their time on the programme,
while the ACD officers themselves claimed to work between
75-95%. Therefore, time and frequency of activities were
estimated from direct observation and used to determine KBCs
work 75% and DPQOs work 50% on ACD activities. The
sensitivity analysis varied this allocation by 20% to better
capture the large discrepancy.

Staff interviews and
direct observation

Supplies

Patient case registers were the main supply expense for each
District Programme Officer and Kala-Azar Block Coordinator,
with a useful life of one year.

Staff interviews and
direct observation

Equipment

Cell phones were the main equipment used by KBCs and DPOs,
and the average cost was estimated from the current retail value
in 2019 and converted to the base year of 2018.

Staff interviews, direct
observation, and
manufacturer prices

Waste
Management

Not disclosed to investigator and may be negligible

No record in CARE

Blanket & Camp ACD

Economic life
years of start-

up

Initial training costs were sourced from KalaCORE’s expenses
dataset from 2017, detailing costs in the start-up up year of 2015
and lasted 2 years. Costs were annualized and translated into the
base year 2018. Transport costs detail flights from Delhi to
Patna for Project managers (reported in lump-sum) and local
travel for managers within Patna to conduct training. Trainers
present and total number of field coordinators and ASHAS
(participants) were estimated through interviews and the data
expenses spreadsheet. Financial salary costs were reported for
FCs to attend this training, which included travel and per diem.
Accommaodation was detailed separately. Cost of training venue
was not reported, therefore the cost of hiring an equivalent
venue for three days (reported training time) was estimated in
Patna, India and included as an economic cost.

The start-up period is defined as the inception period, where one
month in 2015 was dedicated to developing training protocol
and plans prior to the first ACD round implementation.
Management fees (salaries) were estimated from the inception
report detailing phase 1 ACD monthly, where project staff were
shown to work 1 month before the start of the program.
Economic costs of ASHASs taking one day off from normal work
to attend training are included.

KalaCORE
expenditure reports
and staff interviews
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Outputs Project outputs included number of people screened, number of | KalaCORE programme
people tested for VL, and total VL positive cases during 2018. report
No cases are included in the start-up period. Although
KalaCORE detailed patient data down to the village level
(including district, block, and village where patient was
screened, tested, and diagnosed), data was only considered on
the district level to match data in the CARE dataset.
Salary Both staff salary per grade and allocation factors detailed in KalaCORE
KalaCORE expenditure reports expenditure reports
Vehicle For managerial staff, only one vehicle was purchased for the KalaCORE
operation programme, and the remainder of vehicles were rented vehicles | expenditure reports

or taxis. These costs were included as a lump sum (specific to
staff position) in the travel cost section. Travel costs were
triangulated by estimating distance and fuel using Google maps.

For fieldworkers, vehicle operation and maintenance costs were
detailed in the expenditure spreadsheet as lump sums for fuel,
oil, maintenance, registration, and spare parts. These costs
reported in KalaCORE’s expenditure report were triangulated
with staff interviews.

and staff interviews

Capital goods

Building and storage costs were detailed in KalaCORE’s assets
register from 2015-2018. Office costs were minimal and only
included 1 table and 4 chairs. Other capital costs included
additional equipment used in the KalaCORE office in Patna
(laptop, microwave, refrigerator).

KalaCORE
expenditure reports,
asset registers, and
manufacturer prices

Camp operation

Economic costs of using local health facilities (sub-centres) for
diagnostic camps at the end of each week were included, as the
centres were dedicated to VL testing rather than normal
operations. The sub-centre’s normal cost of operation and
equipment use was estimated by referring to government reports
on construction, size, equipment, electricity, and supplies lists.
The allocation factor for use of this space for one day was
estimated using information from staff interviews on the utility
of each item for the diagnostic camp. The cost of operating a
sub-centre for one day was estimated by referring to another
costing study conducted in Norther India during 2014 (and costs
were translated to the base year of 2018).

KalaCORE
expenditure reports,
staff interviews, and
IPE Global interviews

Retraining Recurrent training was recorded as a lump sum per staff level KalaCORE
(fieldworkers, ASHAs, or additional refresher trainings). expenditure reports
and staff interviews
Waste Waste management was estimated by protocol detailed by Staff interviews and
management project managers during interviews, along with medical waste KalaCORE

disposal costs reported for Bihar by government facilities. rk-39
test disposal occurred after each camp was held, with waste
transferred back to Patna for disposal at a government health
facility. Travel costs for waste disposal were included in the
staff’s ‘overall travel costs’, but was evaluated as an economic
cost as an activity funded by NVBDCP (and not KalaCORE).

expenditure reports

Recurrent costs

Other recurrent costs included management fees or goods and
services taxes, detailed in KalaCORE’s expenditure dataset.
Management fees are attributable to consultancy from IPE
Global, which was confirmed during interviews with KalaCORE
project managers.

KalaCORE
expenditure reports
and staff interviews

Passive Case Detection

Economic life
years of start-

up

Although India’s Government of Health and Family Welfare
was the provider in this programme’s cost analysis, KalaCORE
was responsible for implementing the new VL treatment
programme in PHCs over 2 years, including medical officer

KalaCORE staff
interviews and
expenditure reports
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training, ice-lined refrigerators for cold chain storage, and rK-39
and AmBisome distribution to each facility. KalaCORE’s asset
registers, programme expenditures, and interviews with staff
detailed the start-up costs for passive case detection, and were
recorded as economic costs (not financial) as they were funded
by DFID and not the Government of India

Salaries Doctor, lab technician, and nurse salaries were estimated from Local job forums and
average local salaries published on governmental public records | staff interviews
for similar positions in Bihar, which were also triangulated
through staff interviews. A generalization was made (based on
several interviews) that the average hospital has one medical
officer, one auxiliary nurse, and two lab technicians per VL-unit
that assist in patient intake and diagnosis. Salaries were varied
by 10% in the sensitivity analysis.

Training Staff trainings were conducted by KalaCORE and MSF during KalaCORE records
AmBisome rollout (the start-up period). Training costs and interviews with
estimated frequency, participation, and standard operating medical staff, lab
procedures of initial trainings that targeted doctors, nurses and technicians, and
lab technicians. Training was considered part of their trainers from IPE
‘continuing medical education’ and staff were paid their normal | Global (contracted by
salary, but this study took into account the economic cost of KalaCORE)
staff not engaging in normal working activities. No additional
compensation for travel or subsistence was given. Retraining
occurred 1-2 days per year and involved one trainer from MSF
or KalaCORE during 2018.

rk-39 tests rk-39 costs were estimated using distributor prices online, and Manufacturer prices
included as an economic costs as they are donated goods and not | (Bio-Rad Laboratories,
paid for by the provider. InBios International

Inc, CTK Biotech Inc)

Equipment Medical equipment costs were drawn from KalaCORE reports National Vector Borne
detailing cost of ILR, diagnostic tests, and various Disease Control
administrative supplies (desks, chairs, fans, refrigerators). Other | Programme
capital costs in patient rooms were documented through (NVBDCP) published
observation (average room included two beds, desk, fan, ILR, equipment lists, staff
small fridge/freezer, patient registrars, phone, waste disposal) interviews and direct
and estimated through distributer prices in Bihar online, and observation
converted to the base year of 2018. A 50% allocation was
estimated for diagnostic use of equipment, as the other 50% was
excluded as dedicated for treatment (according to staff
interviews, direct observation, and standard operating
procedures published by NVBDCP).

Supplies Recurrent supplies include rK-39, rK-16 diagnostics, gloves, Staff interviews, direct
and other general medical supplies (such as disinfectant, observation, standard
disposable goods, and administrative supplies) were operating procedures
documented through staff interviews, direct observation, and (NVBDCP), and
average diagnostic materials for vector-borne disease units literature (Boelaert
published in the literature. Costs were estimated using 1999)
manufacturer pricing online, alongside KalaCORE expenditure
reports. The cost of parasitological diagnosis through bone
marrow and spleen aspiration were estimated from a previous
costing study (Boelaert 1999) and converted to 2018 base year
costs for the 17% of patients that could not be diagnosed with a
Rapid Diagnostic antibody test (according to KAMIS database).

Building, Size of patient rooms were estimated through direct observation | Direct observation,

storage, and (3 square meters), collated with government PHC reports of staff interviews, and

patient operational capacity, and averaged across all 73 hospitals were costing literature
overhead ILRs and AmBisome had been distributed as part of the national | detailing VL patient

Kala-Azar Elimination Programme. Annual rent in Bihar was
estimated to be 30INR or $0.41USD per square foot during

diagnostic costs within
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2018 according to rental information in equivalent spaces.
Patient allocation was estimated to be 50% for diagnosis and
50% for treatment, the former of which was used in the cost
model. Waste management was also documented within patient
overhead costs.

hospitals in Northern
India (Chatterjee 2013)

Economic life
years of capital

Life years of capital were estimated from literature specific to
Northern India and staff interviews, with an average working
life of 20 years for general office equipment. The working life
of medical equipment (ILR, lab equipment, and diagnostic tests)
was estimated from each individual manufacturer.

Staff interviews and
average life span of
medical supplies in the
literature (specific to
Northern India)

Personnel time
allocation

Time spent on patient intake and diagnostic activities was self-
reported by medical officers and triangulated with standard
operating procedures for each rK-39 test, bone marrow
aspiration procedure, laboratory activities, and general patient
administrative activities.

Staff interviews, direct
observation, standard
operating procedures,
administration, and
average outpatient time
in hospital from the
literature

Quality Control
(monitoring)

Two vehicles were dedicated to Monitoring and Evaluation
officers who oversaw ILRs, rK-39 stock and use, and medical
officer training. Costs of these two M&E officers were
considered economic (as funded by KalaCORE and not the
provider), where supplies, equipment, salaries and travel costs
were included in the overall PCD cost.

KalaCORE
expenditure reports
and staff interviews

Outputs

Number of VL cases screened, diagnosed, and treated were
estimated by the lab technician and patient registry. Number of
patients diagnosed in hospitals during 2018 was estimated using
the KAMIS database. The number of VL cases documented by
HMIS in Bihar during 2018 was 3,659, where KAMIS
documented 3,611. The KAMIS database is assumed to be more
reliable in this study, but the sensitivity analysis took into
account this slight discrepancy by varying the number of tests
conducted by +/- 10%.

Patient registries,
KAMIS, HMIS
database, and staff
interviews
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Appendix 8. Participant information sheet for paper R2.

Participant Information Sheet

Knowledge Utilisation Study
Date: July 2020

Project Title
Evaluating the use of modelling research in India’s Kala-Azar Elimination Programme

Invitation

You are being invited to take part in this research project. Before you decide to do so, it is
important you understand why the research is being done and what it will involve. Please
take time to read the following information carefully and discuss concerns with the
investigator. Please ask questions if any information or aims remain unclear, or if you would
like more information before taking part in this study. You are free to decline answering any
questions or taking part all together. Thank you for your time reviewing this document.

What is the project’s purpose?

This project aims to study how modelling research is understood, valued, and used by
decision makers for strategising elimination of visceral leishmaniasis (VL) as a public health
problem in India. The goal is to understand how this research can best contribute to
informing KEP strategies for reaching reductions in incidence.

Why have | been chosen?

You have been chosen because of your knowledge and experience relating to VL elimination
and programme delivery. The purpose of this interview is to better understand your
interpretation and assessment of recent modelling studies, with a goal to increase usefulness
and value of this research to the Kala-Azar Elimination Programme for strategising
elimination as a public health problem.

Do | have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part, you will be
able to keep a copy of this information sheet and will be asked to indicate your agreement
with a consent form. You are free to withdraw at any time and are not required to give a
reason.

What will happen to me if | take part?

You will be asked a series of questions relating to VL modelling and India’s elimination
programme. The questions and answers will be recorded on an audio device, to later be
transcribed in a confidential and secure file.

What do | have to do?
Please answer the questions honestly, according to your own opinion, and to the best of your
recollection. There are no commitments or restrictions associated with participating.

What are the possible benefits of taking part?

There are no immediate benefits for those people participating in the project. The aim of the
research is to better understand and strategise VL case detection activities in Bihar as India
aims toward elimination as a public health problem.
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What if something goes wrong?

If you have any complaints or concerns surrounding the project, in the first instance you can
contact the investigator, and further any supervising member of her research team or the
London School of Hygiene and Tropical Medicine.

Will my taking part in this project be kept confidential?

All the information collected about you during the course of the research will be kept strictly
confidential. You will not be able to be identified or identifiable in any reports or
publications. All data collected about you in the interview or supporting documentation will
be stored in an encrypted USB drive that is only accessible by the investigator.

What will happen to the results of the research project?

Results of the research will be reported back to participants, key actors involved in VL case
detection activities in India, and decision makers with an aim to inform future programming.
This study is also intended to be published in scientific literature, to share experiences of the
program with the broader scientific community.

Who has ethically reviewed the project?
This project has been ethically approved by the London School of Hygiene and Tropical
Medicine’s Ethical Review Committee.

Contacts and further information:

Investigator: Natalie Dial

natalie.dial@Ishtm.ac.uk

DrPH Candidate, London School of Hygiene and Tropical Medicine
15-17 Tavistock Place, London UK WC1H 9SH

Academic Supervisor: Prof Graham Medley

Professor of Infectious Disease Modelling, London School of Hygiene and Tropical
Medicine

graham.medley@Ishtm.ac.uk

Fern Terris-Prestholt
Professor of Health Economics, London School of Hygiene and Tropical Medicine
fern.terris-prestholt@Ishtm.ac.uk

Prof Simon Croft
Professor of Parasitology, London School of Hygiene and Tropical Medicine
simon.croft@Ishtm.ac.uk

Thank you for taking part in this research.
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Appendix 9. Participant consent form for paper R2.

Participant Consent Form
Knowledge Utilisation Study

Version: 1
Date: July 2020

Name of Researcher: Natalie Dial (Investigator)

Please Initial Box:

I confirm that | have read and understood the Participant Information Sheet
dated July 2020 (version 1). | have had an opportunity to consider the
information, asked questions, and have received satisfactory answers:

| understand that my participation is voluntary and that I am free to withdraw
at any time from the interview, without giving any reason:

| consent to the interview being recorded. | understand that the researcher will
not use any specific quotations from this interview in any paper or reports
without my explicit permission. | understand that the researcher will contact
me to seek permissions and that | am free to decline the use of my quotations
in any documents. My quotations in papers or reports will be anonymous and
not attributable to me:

| agree to participate in the study.

Name of Participant Date Signature

Researcher Date Signature

245



Appendix 10. Interview guide for paper R2.

Study title: Evaluating the Cost of Active and Passive Case Detection of Visceral

Leishmaniasis (Kala-Azar) to inform a post-elimination strategy in India

Interview Guide

Knowledge Utilisation Study

Version 2: July 2020
Investigator: Natalie Dial, MSc, MIPM, DrPH Candidate, London School of Hygiene and
Tropical Medicine

Target participant population: decision makers and senior-level programme managers

involved in VL programme delivery in Bihar, India

Semi-structured in-depth interview guestionnaire:

Introductory questions

What organisations, consortiums, universities do you work with?

What is your role at your organisation?

o What diseases do you work on?

o How long have you been working on VL?

How long have you been working with modellers or on modelling?

Reception: how relevant information was received

A.
B.
C.

How do you normally hear results of new modelling studies?
How do you receive information on newly-published modelling research?

What is your preferred method for receiving study results?

Cognition: how information was read, digested, and understood

A.

Is the modelling research easy to access, read, and understand?

B. Do you prefer more or less tables, figures, and graphics?
C.
D

. What could be improved?

Do you prefer explicit policy recommendations based on research?
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Reference: if and how information changed the views, preferences or understanding
of the magnitude or probabilities of the impact

A. When does new information change your opinion on design of the current KEP?

Effort: how information might influence future actions

A. When does new information influence how you strategise/change the KEP in the
future?

B. How so?

C. Has COVID-19 research influenced or mobilized action in India or in your work?

. Adoption: how information can influence policy outcomes
A. What type of modelling results are most valuable to informing elimination
strategies?
a. Likelihood of achieving elimination
b. Effect of certain interventions
c. Include broader indicators like SES and economics of programme?

B. How often should research inform policy?

Implementation: how information can be implemented into the programme

A. How feasible is it to translate modelling results into policy and programme
implementation?

B. What is the timeframe that modelling predictions would best inform programme

delivery in your work?

Impact: how a change in policy would influence desired effects

A. How can research be made more valuable and useful for influencing programme
strategies?

B. Has COVID-19 research impacted a programmatic or policy response?

C. Are there any lessons learned from the COVID-19 research and policy response
that apply to VL in India?

D. How has COVID-19 affected you as a decision maker, manager, or researcher?
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