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Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

1. Introduction

In the context of climate change adaptation, it is critical to identify and characterize vulnerabilities
to climate change, and generate appropriate data for integrated adaptation measures. Towards this
end, structured and transparent, participatory decision aid tools can serve as a unifying process to bring
together a diverse array of stakeholders and types of data in order to share and discuss issues and
considerations of concern when facing complex decision problems such as those posed by climate
change and particularly those related to vector-borne and zoonotic diseases which lie at the interface
between humans, animals and the environment.

This project set out to develop a customized prioritization tool using a multicriteria/multi-actor
decision analysis (MCDA) approach to prioritize vulnerability and adaptation actions to climate change
focused on the needs of end users. This tool for prioritizing and integrating a wide range of available
information, including both scientific evidence and stakeholder informed discussions was assessed in the
context of two contrasting study regions, one low-income and one high-income (Burkina Faso and
Quebec). The approach used to prioritize both diseases and interventions pertaining to climate sensitive
infectious diseases can be adapted and applied to other health issues in other regions, in order to
improve planning for public health hazards related to climate change in other regions and contexts.
Ultimately, adaptation measures that are grounded in the realities of the field, and therefore more
easily applicable by local authorities and communities, emerge from these processes.

2. Context / objectives

Health is dependent on many determinants ranging from our genetic and physical environment
in which we live to the social environments in which we interact, affecting our ability to adapt and cope
with challenges (1). Climate influences many of these determinants through direct effects on the
physical environment or indirect effects such as economic and psychological impacts resulting from
natural disasters that can disrupt the social environment of an individual and their resilience (2).An
important aspect of our changing climate relates to the changing dynamics of water resources. In recent
decades, it is estimated that climate change has contributed to desertification and increasing water
shortages in parts of Africa (3) and increased risk of flooding in other regions. In Canada, it is expected
that climate change will increase the frequency of heavy rainfall and the risk of flooding that can
damage infrastructures and ecosystems (1). Climate change not only affects human health through
direct effects (e.g. extreme heat, floods, etc ...), but can also affect health through effects on supporting
systems (e.g. animal and ecological health, biodiversity, economic activities) all of which should be
considered in adaptation planning. Changes to these supporting systems, coupled with climate change
and other socio-environmental changes have been linked to the increased emergence and re-
emergence of infectious diseases, including vector-borne diseases (4,5). Heavy rains, flooding and high
temperatures contribute to increased breeding sites for disease vectors such as mosquitoes and have
been linked to outbreaks of Rift Valley fever in parts Africa (6) and outbreaks of West Nile virus and
western equine encephalitis in parts of North America (7). Changing water resources dynamics due to
ongoing climate change could alter the risk of vector and water-borne diseases in different regions of
the world with the most significant impacts affecting the most vulnerable populations in these areas. In
this context, it is essential not only to be able to identify areas at risk, but also to identify and mobilize
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vulnerable populations in these areas and propose sound mitigation strategies, appropriate and
acceptable for all.

This project focused on adapting to climate change related issues and included end-users,
researchers and decision makers committed to active participation in these studies in countries of study
by the project. To this end, we set out to identify the socioeconomic and environmental factors (criteria)
contributing to the vulnerability of people to the risks of vector-borne diseases associated with the
changing dynamics of water resources (heavy rains, floods and droughts) by adopting a multi-criteria
decision aid approach (MCDA). MCDA is a decision support tool that has been commonly used in various
sectors such as environmental management, engineering and management allowing for the organization
and ranking of actions or alternatives in accordance with their performance measured via quantitative
and qualitative criteria (8). A comparative analysis (specificity, contrasts, similarities) of climate sensitive
infectious diseases and interventions was undertaken in two regions: southern Quebec (Canada) and
Burkina Faso (West Africa), applying MCDA as a rigorous and transparent tool for the realization of the
management of health issues, identification of concrete indicators of vulnerability of the population, as
well as a practical tool for the active participation of stakeholders and knowledge transfer. This
approach contributes to the thoughtful identification of climate sensitive infectious diseases of concern
in accordance with local priorities and contributes to integrate adaptive planning to manage and control
vector-borne diseases in accordance with locally held values.

In this context, three main objectives were identified:

1. To examine, assemble and discuss existing scientific information (knowledge synthesis) on climate
sensitive infectious diseases and health impacts related to vector-borne and zoonotic diseases under
changing water dynamics in Quebec and in Burkina Faso, comparing and contrasting socio-economic
and environmental inequalities that contribute to these health impacts.

2. To describe and compare, by cross-sectional study in two study areas (Quebec and Burkina Faso),
perceived concerns and capacities of the public to adapt and cope with changes to the risks posed
by vector-borne and zoonotic diseases in a context of climate change.

3. To assess and validate a specific set of indicators of vulnerability to diseases studied through the
development of a multi-criteria / multi-actor process (MCDA tool and process). This will include a
participatory process with local stakeholders to evaluate the different viewpoints and offer seamless
integration of these views. While targeting a specific theme (Vulnerability changing water dynamics)
MCDA will be applied as a process that can be generalized and transferred to different health goals
or other areas.

A fourth objective had originally been planned pertaining to spatial models but had to be dropped
due to time constraints following field work difficulties resulting from political instability in the originally
planned study region Niamey (Niger). As a result of this change, the original GIS database phase of the
project was abandoned (T3.1.9) as was mentioned in the first progress report sent in February 2014. In
conjunction with the abandon of this phase of the project, the integration in the SUPREME system was
no longer relevant given this adjustment. Modifications were made to move the planned field work to a
region in a neighbouring country Ouagadougou (Burkina Faso) and a validation model in Manitoba
(Canada) was also added to the project as a fall back in case further difficulties were encountered in
carrying out the field work. The validation module carried out in Manitoba is also included in this report.
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3. Theoretical framework / summary of the literature

Climate change is one process amidst a larger context of human induced social-environmental
changes that are affecting ecosystem dynamics and consequently having an impact on health including
climate sensitive infectious disease (CSIDs). Various determinants of health such as the environmental
characteristics of the location where individuals live, local physical infrastructures, social and
institutional contexts and demographic factors affect an individual’s exposure and underlying sensitivity
to CSIDs as well as their ability to cope or respond (adaptive capacity) to CSIDs. As part of the first phase
of this research project, factors were identified to help prioritize CSIDs in two study regions of interest:
Quebec and Burkina Faso. In the second phase, an endemic vector-borne CSID was selected in each of
the study regions and factors important to consider in managing these diseases were identified in the
context of each of the study regions.

Climate Sensitive Infectious Diseases (CSIDs)

Climate sensitive infectious diseases (CSIDs) are communicable diseases, usually vector-borne,
waterborne, foodborne, or airborne diseases, with a component of their transmission that is sensitive to
changes in temperature or precipitation and related environmental variables (e.g. humidity, length of
growing season). The transmission of many infectious diseases is sensitive to weather conditions,
particularly those with life cycles outside of the human body (9). These diseases encompass those
diseases likely to 1) emerge, 2) re-emerge or 3) change their geographical or temporal distribution as a
result of ongoing changes to climate (6). Some of the better known examples of vector-borne CSIDs
include Malaria, known to be endemic in Burkina Faso (10), and WNv, that has been circulating in
Quebec since 2002 (11), both of which are mosquito-borne diseases, where the mosquito vector is the
climate sensitive component of transmission. Other CSIDs include a number of enteric waterborne and
foodborne infections such as Salmonella, pathogenic E. coli and Campylobacter, which are pathogens
that have been shown to have increased growth rates as temperatures rise (12). A short list of CSIDs and
their climate sensitive components is shown in table 1.

From a simplified perspective, changes in weather and climate result in changing incidence of
CSIDs due to changes in the rate of proliferation, survival and transmission of pathogens and their
vectors. The seasonal and spatial patterns of these agents may also change (6). Temperature and
precipitation changes affect water cycle dynamics and in turn can have implications for ecosystems,
microbial and parasitic evolution. For VBDs, changes to the water cycle or water cycle dynamics can
affect the availability of breeding places for vector species. Heavy rainfall, flooding and drought
conditions can all increase breeding space for vector species such as mosquitoes (via pools of water left
behind following flood and/or drought events) and have been linked to VBD outbreak events such as Rift
valley fever in parts of Africa (7). Drought has also been linked to amplification of Saint Louis
encephalitis virus in Florida as dwindling water sources may increase the likelihood of multispecies
contact at available water sources (13). Changes to temperature can affect the reproduction rate,
survival rate and rate of contact of vectors with host species as well as the replication and survival of
pathogens within vector species. Changes in incidence of Malaria have been observed in south America
in correlation with the El Nino Southern Oscillation (ENSO) (14), and outbreaks of WNv and western
equine encephalitis have been linked with warmer than usual temperatures in parts of North America
(15). Heavy rainfall, flooding and drought conditions can increase the risk of contamination of drinking
water sources as a result of runoff following extreme precipitation events as occurred with the E. coli
0157 outbreak in Walkerton, Ontario (16). Drought and runoff can also increase the pathogen
concentration in drinking water supplies as has been observed in parts of rural Quebec (17). Similarly,
changes in temperature also affect the reproduction and survival rate of waterborne pathogens.
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From a public health perspective, CSIDs are complex diseases to study and to plan for because
they arise at the interface of multiple interconnected systems and scales — human, environmental,
animal - and our technical and societal adaptations to these changes are challenging (18). Socio-
economic factors and resulting behavioural changes as well as other forces have been shown to play an
important role in the emergence of CSIDs as observed recently in California with increases in WNv
following foreclosures of homes and resulting abandoned swimming pools (19). Warmer weather has
been identified as a likely motivator for people to spend more time in the sun and as such is likely to
increase the risk of skin cancers (20). Warmer weather and the likely resulting behavioural change of
people spending more time outdoors may also increase the chances of contact with mosquitoes thereby
increasing the risk of VBD transmission. Additionally, driving forces such as global ecosystem change, the
existence of suitable climate, the geopolitical stability of a region, the economic stability and related
nutritional status and general health of a population, state of the underlying health infrastructure, the
immunity of the local population, the existence of suitable vectors and reservoir hosts, changes in
human behavior and other factors are crucial components that need to be taken into account when
planning public health strategies (see Fig. 1)(6,21).

Table 1 Examples of climate sensitive mechanisms

Climate variables

Effect of climate change and Climate sensitive components

Disease examples

Heavy rainfall,
flooding and warm
temperatures

Increase in breeding space for vector species such as
mosquitoes (via pools of water left behind following flood
events)

Increased temperatures also accelerate vector
reproduction and pathogen proliferation within the vector

Malaria, Rift
valley fever, WNv

Heavy rainfall,
flooding and warm

Waterborne pathogen proliferation and contamination via
runoff

E. Coli 0157,
Cryptosporidiosis

temperatures Warmer temperatures accelerate pathogen proliferation

Drought conditions Increased breeding space for vector species such as Saint Louis
and warm mosquitoes (via pools of water left behind following encephalitis
temperatures drought events)

Reduced number of water sources provides an opportunity
for increased encounters of various species at available
water sources

Increased temperatures also accelerate vector
reproduction and pathogen proliferation within the vector

Milder winters,
warmer summers,
cooler falls

Extended transmission season, increased overwinter
survival, range expansion, more frequent opportunities for
transmission

WNyv, Eastern
equine
encephalitis

Adaptation and adaptive capacity

Given current CO, emissions in the atmosphere over the 400 parts per million mark and the threat
of global warming passing the 2°C threshold, anticipatory adaptation is seen as an optimal response to
projected changes in order to reduce the worst effects of CC (22). Predicted impacts of CC will vary
widely by region (23) and planned adaptation to these impacts consequently will need to vary widely as
well (24). A recent review by Lesnikowski and colleagues (2011) reveals that most of the adaptation by
Annex | countries (countries that committed themselves to reducing their greenhouse gas emissions
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(GHG) under the Kyoto Protocol(25)) is currently focused on knowledge building and planning stages;
however some actions are starting to be put into place.
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Figure 1. Conceptual overview of relationship between climate and infectious diseases [80]

In assessing adaptation options and policy, the relevant affected sectors need to be included in
the discussion and pertinent evaluation criteria need to be selected in order to properly assess the
options proposed. Criteria should be complete, operational (comparable) mutually independent and
non-redundant (22). Fissel (2006) suggests the following criteria be considered: social determinants of
vulnerability, current vulnerability to climate variability addressed, compatibility with existing policy
goals, feasibility, and estimated burden of disease avoided. Social determinants of vulnerability are
similar to social determinants of health, but will vary depending on the specific health outcome being
examined (26). In their study on adaptation policy in the Netherlands, de Bruin and colleagues (2009)
used the following criteria: the importance of option in terms of expected gross benefits that can be
obtained, the urgency of the option, the no-regret characteristics of the option (good to do irrespective
of CC), the co-benefits to other sectors and domains, the effect on climate mitigation (e.g. land use
changes that reduce emissions as side effect) and in a separate evaluation, the 3-part feasibility of an
option, scored their technical, societal and institutional complexity (22).

According to Klein (27), adaptation can be planned and proactive in advance of anticipated
changes or it can be reactive following the occurrence of events. Planned adaptation consists of 4 steps:
1) information collecting and awareness building, 2) planning and design, 3) implementation, and 4)
monitoring and evaluation (27). In order to improve proactive planned public health adaptation, it is
important to assess the current knowledge and awareness of the general public to CSIDs. Furthermore,
as adaptation and vulnerability are inextricably linked, it is important to assess the potential adaptive
capacity of a population in order to improve adaptation planning where this capacity is low. Socio-



Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

economic factors are generally used as the prime indicators of adaptive capacity, however, taking into
account socio-cognitive factors is thought to provide a more accurate reflection of what behaviours
individuals will actually adopt (28).

Multi-criteria decision aid (MCDA) and public health

At its broadest level, public health is concerned with the prevention and control of disease
through a range of activities (29) including surveillance and policy making for the promotion of healthy
behaviours, healthy communities and healthy environments. These broad objectives of public health can
be loosely categorized into risk assessment (e.g. surveillance, drug evaluation, etc) and risk management
(e.g. policymaking, priority setting, etc) types of activities. A number of frameworks have been proposed
for the evaluation of health risks where the common elements include defining the health problem in its
(broad) context, analyzing the risks associated with the problem, examining the options for addressing
the risks, making decisions about which options to implement, applying the selected options and
evaluating the results all within a process that allows for step iteration and involvement of stakeholders.
Multi-criteria decision aid (MCDA) (sometimes referred to as multi-criteria decision analysis or multi-
criteria decision making — but here we will use multi-criteria decision aid to refer to the process and
multi-criteria decision analysis to refer to the actual analysis step in the process) is a decision support
framework that has its origins in the field of operations research and has been used in a wide number of
disciplines ranging from environmental management (30,31), agriculture (32), transportation and urban
planning (33,34), and to a limited extent in public health (35,36).

MCDA can be performed with a single actor or decision-maker involved in the process or can be
extended for use in a group decision context with multiple stakeholders (37). MCDA provides
transparency and support for multiple stakeholder participation in order to evaluate a set of alternatives
using both quantitative and qualitative criteria. MCDA assists decision makers and stakeholders in the
search for mutually acceptable solutions by identifying similarities and differences in stakeholders’ value
systems and helping with the structuring and reflection of the decision problem by highlighting
strengths and weaknesses in the alternatives under consideration. MCDA based approaches begin with
an intelligence phase where the problem definition, decision constraints and evaluation criteria are
defined. This is followed by a design phase where the list of possible alternatives and decision-makers’
preferences are made explicit. The final phase, the “decision or recommendation” phase, consists of
applying the decision rules and sensitivity analysis in order to produce a recommendation. The MCDA
process is highly compatible with various risk assessment frameworks used in Public Health (38). The
intelligence phase of MCDA can accommodate the problem definition, risk assessment and option
identification steps while the design phase of MCDA can accommodate the strategy selection step.
Although the evaluation of results may not correspond exactly to the final “decision or
recommendation” phase of a typical MCDA, this step is not incompatible with the final phase of MCDA
and can easily be added to this phase.

The compatibility between MCDA processes and Public Health risk assessment and risk
management needs has been recognized by authors in the Public Health literature. A recent search of
the literature for studies describing comprehensive MCDA use in Public Health found 12, 6 of which
were performed in Europe, 3 in North America, and the other 3 in South America, Asia and Africa.
According to Baltussen and Niessen (2006) (35), and based on surveys of the literature, there has been a
limited exploration of MCDA in public health and health care to date; however, many of the studies from
the field of environmental management that have made use of MCDA have had Public Health
implications (e.g.: healthcare site selection (39), waste management (40—42) and various forms of toxic
site selection (43,44), flood management and risk assessment (45-47)). Of those public health related
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papers that have broached the topic of MCDA, few have engaged in a comprehensive MCDA process,
most refer to MCDA to illustrate its principles (35,36,46,48,49) or identify and weight criteria for priority
setting and other public health related decision making (50). Decision type problems in public health
that have made use of MCDA range from risk assessments of various kinds (health technology (51,52),
drug (53), pathogen (50), treatment alternatives), policy making and priority setting (38,54-59), risk
management and diagnosis and health care (60,61).

4. Methodology / data

A cross-sectional study design was used to examine disease prioritization and adaptation
preparedness via intervention prioritization in the face of climate sensitive infectious diseases (CSIDs)
for populations living in southern Quebec (Canada) and Burkina Faso (West Africa). The main study
consisted of two parts: 1) a disease prioritization exercise and an, 2) intervention prioritization exercise.
This was followed by a comparison between the regions. The project aimed to understand concerns of
interest in prioritizing diseases and interventions in the respective regions. All parts of the research
project were conducted successively between January 1st 2014 and June 2016. A validation exercise
examining the portability of an existing decision aid model to another region (Manitoba, Canada) was
also carried out as a part of a fall back project.

Disease prioritization

A cross-sectional comparison of criteria selected for climate sensitive infectious diseases priority
setting was carried out in Quebec (QC) and Burkina (BF) using a participatory decision-aid approach.
Criteria selected at both sites were compared in order to identify commonalities and specificities of
perspectives for prioritization of climate sensitive infectious diseases with the overall goal of reducing
their public health impact and to examine the potential effect of criteria on disease prioritization results.
The results of this comparison have been published and are available in the appendix (62). An overview
of the results is presented below.

A comprehensive review of the literature was conducted to assess current knowledge on CSIDs
posing a threat or with the potential to become a threat to southern Quebec (Canada). A thorough
search of online article databases including PubMed and WebOfScience databases was performed using
keywords to identify articles published within the last 10 years relating to CSIDs of concern for Quebec.
Keywords such as “Climate sensitive infectious diseases”, “Quebec”, “Canada” were used in combination
with specific diseases to identify articles of interest. This review of the literature was used to inform the
multi-criteria phase of the project.

Multi-criteria decision analysis

An evaluation and pilot prioritization of diseases was performed using a participatory multi-criteria
decision aid process (MCDA) (see Fig.2 adapted from (62)). Multi-criteria decision analysis is a decision
aid approach that allows the comparison of multiple actions based on multiple, potentially conflicting
criteria. The MCDA process consists of 12 steps including (Fig 2): 1) Problem definition, 2) Identification
of scenarios (if applicable), 3) Identification of stakeholders, 4) Identification of potential
actions/alternatives (diseases or interventions in this case), 5), Identification of key decision issues and
translation into criteria, 6) Weighting of criteria, 7) Gathering of evidence, 8) Evaluation of actions over
all identified criteria, 9) Multi-criteria decision analysis, 10) Sensitivity analysis, 11), Interpretation of
results, 12) Presentation and review.



Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

The MCDA process consists of two main parts, a problem structuring component (steps 1-8) and a
decision analysis component (steps 9-12). Stakeholders are invited to participate in the process. Focus
group discussions are held to define the problem, discuss the key decision issues, and define appropriate
criteria and categories as well as measurement scales for these. An evaluation of the performance of the
identified items was performed by the researchers and submitted to the stakeholders for review.
Stakeholders were asked to weight the criteria according to their value preferences and in line with their
organisational affiliations. The decision analysis phase of the process was performed using multicriteria
decision analysis software to analyse and rank decision alternatives. Following this a sensitivity analysis
was performed on the results to examine the robustness of the ranking outcome and the results were
interpreted and discussed with stakeholders.

Problem structuring phase Decision Analysis phase

= Define categories and
criteria of concern to
stakeholders in decision-
making process with
appropriate scales,
indicators and desired

= Agpregate weighted criteria
and evaluated intervention
performance matrix using
MCDA tool to obtain
intervention rankings

+Describe the public health
threat

*Describe challenges

1.Describe
problematic

5.Define
criteria

direction of effect = Repeat for all scenarios
. o - = Perform sensitivity
2.Define E;ﬁnr::sgﬂgﬁn:‘?lssnn 6.Weight + Elicit criteria weights from analyses for all stakeholders
scenarios impact the relative Y c.-rl'tefia = sl toidentify criteria with
- - b= . scenarios pivotal weights among

importance of criteria stakeholders

= Review and interpret
intervention profiles,
ranking results and
decision maps

« Identify points of
convergence and
divergence between
stakeholders

= [dentify and invite key
multi-disciplinary experts
and stakeholders to
collaborate and contribute
tothe process

= Perform literature review
of both peer- and grey
literature

3.1dentify
stakeholders

7.Gather
evidence

«Perform literature scoping » Assess each intervention » Validate results with

review of potential over each criteria to create stakeholders and elicit
4.1dentify interventions 8.Evaluate aperformance matrix feedback
W ENTES  «Elicit expert opinion I ST« Validate assessments and « Take note of methodology
regarding appropriate evidence used by external adaptation opportunities
interventions experts where possible where applicable

Figure 2. Steps in a multi-criteria decision analysis (MCDA) process (see (63))

Stakeholders

For the disease prioritization phase of the project, stakeholder consultation sessions were organized
both in Quebec and Burkina Faso using a convenience sample of actors. In Quebec, this consultation
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session was held in September 2014 in Montreal, Quebec at the Quebec national institute for public
health (Institut National de Santé Public du Québec, INSPQ) office in Montreal. In Burkina Faso, this
consultation session was held in February 2015 in Ouagadougou at the Université Aube Nouvelle.
Invitations to attend the sessions were sent out to actors that had either previously been involved in
giving feedback on the acceptability of government interventions for the province of Quebec or who had
experience in various aspects relating to infectious disease or environmental management in Burkina
Faso.

Two main focus group discussions (FGD) were held with 12-15 local stakeholders in each of the two
study regions (Quebec and Burkina Faso). FGDs are a recognized qualitative research method used for
data collection (63). FGDs promote group interaction encouraging participants to talk to one another in
order to generate information on a particular subject (63). This method is known to be useful for
exploring knowledge and experiences of importance to participants on a subject with the use of open
ended questions (63). Notes were taken during the focus group discussions and recordings were made
of discussions following written informed consent from participants. The goals of the FGDs were
presented to the group at the start of the meeting and confidentiality of responses was assured.

Following agreement on a list of decision criteria for disease prioritization, stakeholders were asked
to weight these criteria in order to produce a portrait of their value preferences pertaining to CSID
prioritization. Stakeholders were given a Microsoft Excel spreadsheet tool with instructions asking them
to distribute 100 points among all the criteria categories. Following this, stakeholders were then asked
to redistribute 100 points within each category across all criteria. The spreadsheet tool automatically
calculated the absolute weights of criteria. As a final step in the weighting process, stakeholders were
asked to verify that the relative weights between criteria accurately reflected their values.

The PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluations) method
was used in all multi-criteria decision analysis phases. The PROMETHEE method calculates a score for
each action based on the evaluation values given to each action, the weights expressed by stakeholders
and pair wise comparison of the number of times an action is preferred over all other actions. The
resulting list is an ordered ranking of the actions listed from the most preferred action to the least
preferred action by all stakeholders (the group) in accordance with the evaluations given and weights
expressed by stakeholders.

Analysis of the performance and criteria weights was performed using the visual PROMETHEE
software (version 1.4.0.0) and the D-Sight software (version 3.3.2, D-Sight Company). Geometrical
analysis for interactive aid (GAIA) analysis maps, available with both the D-Sight software and visual
PROMETHEE software, were also used to aid in visual interpretation of results.

Comparison between study regions

A comparison between the two study regions, Quebec and Burkina Faso was performed to examine
generalizable elements versus specific ones with regards to climate sensitive infectious disease
prioritization. An initial model was created first with stakeholders in Quebec and then validated and
discussed with stakeholders in Burkina Faso. The weighting of criteria retained as relevant for the two
study regions were graphically compared. Criteria and categories were compared where possible
between the two study regions. The FGDs were also used to contextualize the differences between the
two regions.
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Intervention prioritization

For the second part of this project, in order to assess adaptation management to CSIDs, a specific
vector-borne disease was selected in each study region to prioritize focused intervention options. West
Nile virus, a mosquito-borne disease endemic in Quebec, was selected for this region and malaria,
another mosquito-borne disease endemic in Burkina Faso, was selected for this later region. Cross-
sectional approaches were adopted to examine criteria and interventions appropriate for the
management of a mosquito-borne infectious disease in Quebec (West Nile virus) and Burkina Faso
(malaria). Criteria selected at both sites were compared in order to identify commonalities and
specificities of perspectives across regions and examine the potential effect of criteria on intervention
prioritization results. The results of each region’s intervention management results have been submitted
for publication and are currently under review. An overview of these results is presented below.

In the Quebec context, multiple transmission scenarios were defined to evaluate whether
priorities changed under increased transmission intensity. These transmission scenarios are described in
Appendix 1. In the Burkina Faso context, only the current transmission scenario was evaluated following
discussion with stakeholders and in coherence with the existing challenges already occurring with
infectious disease management in this region.

Additionally, as part of a fall back plan, a validation exercise was carried out in Manitoba to assess
and discuss the applicability and modifications required to adapt a previously constructed Lyme disease
model from Quebec to a Manitoban context. Lyme disease is an emerging vector-borne disease in
Canada caused by Borrelia burgdorferi and transmitted by black legged ticks (Ixodes scapularis primarily
on the east coast and Ixodes pacificus and Ixodes angustus on the west coast). Lyme disease has been a
reportable disease in the province of Quebec since 2003 and has been reportable in Manitoba since
2009. Due to the relatively recent emergence of Lyme disease in Quebec, a pilot project was initiated in
2010 using a multi-criteria decision analysis approach (MCDA) to examine potential management
strategies for the disease in the province. Four Lyme disease management decision aid models were
constructed as part of the pilot project conducted in Quebec between 2010 and 2012 with a team of
researchers from the Université du Quebec a Montréal (UQAM), and the Université de Montréal
(UdeM). These models included models to prioritize risk communication actions for the general public
and health professionals, prioritize surveillance actions and prioritize prevention and control
interventions. These results are also included in the current report.

A comprehensive review of the literature was first conducted to assess current knowledge of
West Nile virus specific interventions in Quebec and malaria specific interventions for Burkina Faso. This
literature informed evidence was used to identify potential interventions and their relative effectiveness
in reducing risk associated with the diseases specific to each study region. Additionally, a literature
review was conducted to assess specific information relative to Lyme disease management in Manitoba.

In the case of Quebec and Burkina Faso, the preliminary literature review was conducted to
construct an initial list of interventions appropriate for each disease and region for discussion with
stakeholders (64-69). Interventions including active and passive surveillance, large scale and targeted
communication campaigns and various prevention and control interventions were included in this
preliminary list. Interventions under development and implementable under both a short and long-term
perspectives were included in order to provide a range of options to cover all transmission scenarios. A
baseline, status quo intervention encompassing passive surveillance of human cases was also included.
The proposed interventions were then discussed and validated with participating stakeholders during a
focus group discussion. Individual feedback was solicited from all stakeholders following the discussion
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by means of a Delphi survey during which stakeholders had the opportunity to suggest additional
interventions previously missed (70). Consensus was not explicitly sought during this process; rather
stakeholders agreed that an intervention would be retained in the model so long as at least one
stakeholder deemed it pertinent to include.

Multi-criteria decision analysis

West Nile virus and malaria

For the Quebec and Burkina Faso phases of the project, focus group discussions (FGD) were held
with 12-15 local stakeholders in each study region to discuss appropriate interventions as well as criteria
to prioritize these interventions. A first FGD was held in Quebec in April 2014 to create the West Nile
virus multi-criteria decision analysis model. This model was then presented and adapted for malaria
during a FGD held with local stakeholders in Burkina Faso in February 2015.

In the province of Quebec, stakeholders already involved in WNV management from various
levels of government, academia as well as from an existing expert committee on WNV in Quebec were
invited to participate in the MCDA process in April 2014. In Burkina Faso, stakeholders with backgrounds
in entomology, environmental management and public health were invited to participate. Discussions
were held in February 2015 at the Université Aube Nouvelle. Stakeholders included individuals from the
national program against malaria (PNLP), the national research and training center for malaria (CNRFP),
national disease control organization, Operational planning, regional health authorities, mosquito
control operations and independent researchers.

The evaluation and prioritization of the identified interventions was performed using a multi-
criteria decision aid process (MCDA). The initial intervention decision-aid model was created with
stakeholders in Quebec and then adapted and discussed with stakeholders in Burkina Faso.

Lyme disease

A collaboration with the Manitoba Health, Healthy Living & Seniors association was created in order
to facilitate contact with a group of local experts for participation as stakeholders in the Lyme model
project. Discussions were held with stakeholders to adapt the previously constructed Quebec Lyme
model (71) and run a preliminary assessment of the interventions for Manitoba. Discussions with
experts were held to adjust assessment scores to the Manitoban context. Follow-up surveys were
conducted to finalize the list of actions and criteria to include in the model.

Scenario weighting

Manitoban stakeholders were invited to weight the list of criteria retained in the model according to
two hypothetical transmission scenarios. The hypothetical transmission scenarios were not meant to
represent historical situations, nor describe a scientific consensus on any true scenario, but rather were
meant to describe hypothetical situations. Scenario 1 was a hypothetical low incidence transmission
scenario roughly equivalent to the current status of Lyme disease transmission in Manitoba. Scenario 2
was a hypothetical high incidence transmission scenario. The contextual details describing these two
hypothetical transmission scenarios are shown in table 2.

The results of this consultation and follow-up steps contributed to the data required for preliminary
analysis of prevention and control interventions for the management of Lyme disease in Manitoba. The
modifications to the original Quebec model and resulting preliminary rankings resulting from the
Manitoba modifications are described in the sections below. The evaluation and prioritization of the
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identified interventions was once again performed using a multi-criteria decision aid process (MCDA) in
visual PROMETHEE.

Table 2. Hypothetical Lyme disease transmission scenarios for criteria weighting

. Scenario 1 Scenario 2
Scenario L L
name Low incidence High incidence
of Lyme disease in Manitoba of Lyme disease in Manitoba
The number of human cases of Lyme disease in
Manitoba has increased to over a 100 per year.
Television, radio and written media have covered this
The number of human cases of Lyme disease multiple times and had many Lyme patients
Management | disease in Manitoba is between 20 and 30 | testify about their negative health effects as a result
context per year. Media and the general public are | of acquired Lyme disease. Many calls are being
starting to pay attention to the disease. received from concerned citizens following tick bites.
You must make decisions regarding prevention and
control actions to manage the disease in the
province.
General Lyme disease prevention . L .
Current . .y - P . General Lyme disease prevention information
. information available on the Manitoba . . .
actions of the . . . available on the Manitoba health website and
health website and ongoing community . . .
government o ongoing community outreach activities
outreach activities
A few ticks have been submitted and . . .
. . . Borrelia burgdorferi infected ticks are regularly
found to be infected with Borrelia . . .
. S . submitted by the general public and regional
Scenario burgdorferi in highly populated regions of L . .
L . . veterinarians from highly populated regions of the
description the province. A larger number of infected . S . )
. ) province. Numerous cases of tick bites with bull’s eye
ticks are reported in less populated . .
. . rash have been reported in the province
regions of the province.
5. Results

Disease prioritization

Twenty—four stakeholders in total accepted the invitation to participate in the consultations
held in September 2014 in Quebec (n=12) and in February 2015 in Burkina Faso (n=12). Effective criteria
for prioritization of CSID threats and the likelihood of future changes within a 10-30-year time frame
were discussed. A nominal group technique was used to help structure this discussion (72) and produce
an ordered list of consensual criteria. Criteria identified during the FGD were synthesized and
prioritization criteria were tested against a pilot list of diseases identified during the comprehensive
literature review to produce an initial ranking of CSIDs of concern for southern Quebec. Both groups of
stakeholders included medical doctors, entomologists, microbiologists, biologists, academic researchers
and members of the public. Actors included participants from the following organizations in Quebec:
Ministry of agriculture, forestry and food (MAPAQ), ministry of sustainable development, environment,
parks and fauna (MDDEFP), regional public health authorities, sick patients advocate, municipal
environmentalists and entomologists, microbiologists from provincial laboratories, and Independent
researchers, University of Montreal. In Burkina Faso, actors included participants from the following
organizations: Members from the national program against malaria (PNLP), The national research and
training center for malaria (CNRFP), National disease control organization, Operational planning,
regional health authorities, Mosquito control operations, and Independent researchers, University Aube
Nouvelle.
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Criteria

Table 3. Criteria for the prioritization of climate sensitive infectious diseases

Quebec Burkina
(QC) Faso (BF)

PHC-01 — Current incidence of human cases in country X X

PHC-02 — Severity of the disease (both physically and mentally) X X

PHC-03 — Vulnerable groups X X

PHC-04 — Potential to increase social inequality * X

PHC-05 — New disease t

Category Criteria

Public Health
Criteria (PHC)

SIC-01 — Risk perception of the public X
SIC-02 — General level of knowledge, attitude and behaviour of the
Social Impact ) X X
public
Criteria . .
(sI0) SIC-03 — Risk perception of health workers *

SIC-04 — Risk perception of decision makerst

SIC-05 — International position with regards to the disease *

REC-01 - Existence of favourable conditions for disease

- X X
transmission
Risk and Epidemiol

ISk and EpIAEMIOIOBY  pec-02 — Epidemic potential X X

Criteria (REC) ]
REC-03 — Current global trend of disease over last 5 years X X
REC-04 — Proportion of susceptible population X X
Animal and AEC-01 — Incidence of animal cases X X
Environmental Health AEC-02 — Severity of disease X X
Criteria (AEC) AEC-03 — Can infect environment X X
ECC-01 — Cost to the government X X

Economic Criteria .

(ECO) ECC-02 — Cost to private sector (and NGOs) T X X
ECC-03 — Cost to individuals (and families) * X X
SOC-01 — Capacity to detect and diagnose X X
SOC-02 — Existence and effectiveness of current treatments X X
Strategic and SOC-03 — Level of scientific knowledge of the disease X X
Operational Criteria  SOC-04 — Optimization opportunities X X
(SOC) SOC-05— Reportable disease X X
SOC-06 — Access to treatment ™ X
SOC-07 — Adequate conditions to treat the disease T X

* Criteria added in Quebec (Canada)
T Criteria added or modified in Burkina Faso (Africa)

Drawing from previous work (71,73), a preliminary list of 15 evaluation criteria, distributed over
five categories (“Public Health” criteria, “Social Impact” criteria, “Economic” criteria, “Strategic and
Operational”, and “Animal and Environmental Health” criteria) was compiled by the research team. Each
criterion was defined with a measurement scale (allowing for a quantitative or qualitative assessment of
an intervention), including a direction of desired effect. Linear preference functions were used with all
criteria and qualitative assessments were transformed into monotone ascending or descending scales
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depending on the direction of the desired effect (74). The relevance of criteria and their measurement
scales was discussed and validated with stakeholders. Individual feedback was also solicited via a Delphi
survey (70). Once again, consensus was not explicitly sought regarding retained criteria; rather a
criterion was retained so long as at least one stakeholder deemed it pertinent. Weights of zero were
permitted by stakeholders to indicate absence of importance for a given criterion during the weighting

process (described in the following section).

Table 3.

Table 4. Quebec stakeholder weights for all criteria

Stakeholders were asked to weight criteria under all
transmission scenarios. Scenarios were presented to stakeholders as hypothetical yet climatically
plausible transmission scenarios meant to examine the effect of changing criteria trade-offs under
different transmission intensities. The list of identified criteria and used in each region is presented in

s1[s2[s3[sa]s5[s6]s7[s8]s9]s10

PHC1| 6 |6 | 5|5 | 8 |5 |11]|6 |5 14

PublicHealth |PHC2 | 4 |12]10[13] 2 |5 126 | 4 | 5
Criteria (PHC) [PHC3 | 8 [ 9 [ 5 [ 5| 5 [ 5 |45]6 |6 | 12
PHC4 | 2 |3 [ s |23 |5 |25 25| 4

Social Impact | SIC1 |25 5 |9 |1 |75|4 | 5 |10| 4 2
Criteria(SIC) | sic2 |25 0|6 |4 75|45 [10]5 ] 3
, RECL| 9 |83 [s5|10]5|6|5]6] 9
Epg‘:':n"’i‘gl‘igy REC2| 8 |8 |10(10| 1 |5| 9 |5 |5 | 4
(REC) REC3| 8 |8 |10|5| 2|5 |5 [5]a] 2
REC4| 6 | 33|10 2 |5|5|5]|5]| 5
Animaland |AEC1| 4 |3 |3 |2 |5 |6 | 2|2 |4] 3
Environmental "y e 13 3[4 |5 |6 | 2 | 4| a]| 1

Health Criteria

(AEC) AEC3 | 3 [ 3|5 |4a| 5|62 |4]5]1
. Ecct| 2 |24]6| 862149
Crff;?:;ggc) ECC2| 2 | 2122 5|52 1]4]s
Ecc3| 2 24226215 2
soct| 113|227 5|6 |12]5] 4
Strategicand | SOC2 | 9 |13| 6 |15| 10| 5| 9 |12 ]| 5 8
Operational |SOC3 | 6 | 3 | 5| 2| 2 | 4] 5 1|5 1
Criteria(soc) [soca| 3 |6 [ 2|12 [3 |3 |15 5
socs| 2 o] 2o 133 [1]5]2

Due to time constraints and the time sequence in which the study steps were carried out, the
model was initially developed with Quebec stakeholders and then presented and modified following
discussions with stakeholders in Burkina Faso. The new criteria that were added for Burkina Faso were

the following:

In the public health category:

- The potential to increase social inequality was removed
- New disease was added

In the social impact category:

- Risk perception of health workers was added
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- Risk perception of decision makers was added
- International position with regards to the disease was added

In the strategic and operational impact category:

- Access to treatment was added
- Adequate conditions to treat the disease was added

Following discussions, stakeholders in both regions were asked to weight criteria in accordance
with their value system using a pre-prepared excel spreadsheet tool with instructions provided as
described in multi-criteria decision analysis methods section above.

Table 5. Burkina Faso stakeholder weights for all criteria

S1 [Ss2 [s3[sa [s5 [s6 [s7]s8 [s9 [s10

PHC1 |20 |16 |2 |79[32]|54]7 |4 14 |12

PublicHealth |[PHC2 |12 |12 [1 [45]14 |45]10]2 [o |12

Criteria(PHC) |[PHC3 |4 |8 [1 [34]2 [27]4 |1 |o |6

PHC4 |4 |4 |1 |68]1 [54]21 |1 |1 |1

sick |1 [2 |1 |33]65][32]5 |5 |7 |6

social Impact sic2 [1 [3 |2 [13]1 [35]|0 |o5]1 |1

Criteriasig) |3I€3 [1 2 [3 [39]1 |35]0 [os[1 [1

sica |5 [2 |2 |33]28[28[3 |2 [3 o

sics |2 [1 |2 [13]1a]4 |2 [2 |5 |6

- RECL|8 [8 [2 |5 |8 |42]6 |5 |65]2

E'psidzmology REC2|6 |4 |2 |6 |1 |42]0 |4 |1 |2

(REC) REC3 |4 |6 [3 [4 |1 [28]0 [2 |1 |2

REC4 |2 [2 [3 [5 |6 [28]7 |6 |65]4

Animal and AEC1 |05]2 |2 |12]2 |56]2 |1 |2 |2
Environmental

Health Criteria | AEC2 | 054 |1 |12]2 [42]2 |1 |2 |2

(AEC) AEC3 |4 [4 |2 |96|4 [42]6 |6 [8 |4

. Eccl [53[15]10]11 [11 [68]7 [13 |2 |o

Eﬁﬁzz;ﬂécq ECC2 |53 |1 |5 |36|16|34|1 [15|3 |0

ECC3 |45[25]10[36(66|68]7 [12 |11 |14

soc1|05|6 [13]23[32]26]/10[4 |8 o

soc2|05[3 |7 [21]23]36(6 |5 [4 |5

Strategicand | SOC3 | 4 157 |23]|05|36|2 |45|25|25

Operational SOC4 | 3 155 |21|05|26|2 |45|25]25

Criteria (SOC) | SOC5 | 1 157 [21)12|36|5 |9 4 9

soc6 [05]0 |4 [212]o0o5]2 Jo o |1 o

soc7 | 05152 [21]34]22](5 |3 |3 |5

Ten stakeholders in each respective region completed the disease prioritization criteria
weighting exercise with results shown in tables 4 and 5. A comparison of the average category weights
across the two regions is shown in Fig. 3. Mean criteria category weights were similar between both



Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

regions except for the “Risk and Epidemiology” (p = 0.001) and “Economic” (p=0.008) criteria categories
which were found to be significantly different.

50 -
45 A
40 A

35 A

Weights

25 A
O

20 A

PHC SIC REC AEC ECC soc

Criteria categories

Figure 3. Average weighting of disease decision criteria categories by regions

(Burkina Faso represented by red square markers and Quebec represented by blue circular markers). Criteria
categories are shown along the X axis and average weights by category are shown along the y axis. Bars indicate
the stakeholder assigned weight ranges for criteria categories. The differences between the two groups (BF and

QC) were found to be significant for the “Risk and Epidemiology” (REC) and “Economic” (ECC) categories only
(unequal variance t-test, p < 0.5). Criteria category Legend: PHC: Public Health Criteria; SIC: Social Impact Criteria;
REC: Risk and Epidemiology Criteria; AEC: Animal and Environmental Health Criteria; ECC: Economic Criteria; SOC:

Strategic and Operational Criteria.
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In QC, the “Public Health” criteria category received the highest weight average followed by
“Risk and Epidemiology”, “Strategic and Operational”, “Animal and Environmental Health”, “Economic”
and “Social Impact” criteria categories the last two of which were tied for last place. In BF, “Strategic and
Operational” category received the highest weight average for the group of stakeholders followed by,

“Public Health”, “Economic”, “Risk and Epidemiology”, “Social Impact” and “Animal and Environmental
Health” criteria categories.

The weight span for categories was generally narrower among stakeholders in QC. The range
from minimum to maximum weight per category spans approximately 15 points for all categories by QC
stakeholders whereas the weight ranges span from 5 to 35 for categories by stakeholders in BF (Figure
3). The two categories with the largest weight discrepancy in BF were the “Public Health” criteria
category and the “Strategic and Operational Criteria” category, both of which were also the highest
weighted categories overall for this region.

Pilot prioritization

An exploratory prioritization of five mosquito-borne diseases, chikungunya (CHIKV), dengue
(DENV), lymphatic filariasis (LF), malaria (MAL) and West Nile virus (WNV) was carried out to examine
the effects of criteria weightings on disease ranking in both QC and BF contexts. Mosquito-borne
diseases were chosen as mosquitoes are poikilotherms unable to regulate their own temperatures and
resulting sensitivity to climatic parameters (4,75). The five pilot diseases, CHIKV, DENV, LF, MAL, and
WNV were assessed using context specific data for each region obtained in the literature and via
discussion with stakeholders.

Participating stakeholders were asked to weight criteria and a literature search was conducted
in order to assess and score performance of diseases on all criteria contextualized for the two regions.
Analysis of the performance and criteria weights was performed with the PROMETHEE method in visual
PROMETHEE software (version 1.4.0.0). The resulting data and weights were analyzed using a MCDA
framework and resulted in differences in the relative importance (i.e. prioritized importance) of the
diseases between the two regions. In QC, the resulting disease prioritization order was: WNV, MAL,
DENV, CHIKV and LF, while in BF, the resulting disease prioritization order was: DENV, MAL, CHIKV, LF
and WNV.

Table 6. Pilot climate sensitive infectious disease criteria evaluations for Quebec
Criteria
PHC1PHC2PHC3 PHC4 SIC1SIC2REC1REC2REC3REC4AECIAEC2AEC3ECCI1ECC2ECC3S0C1S0C250C3S0C4S0C5

MAL 0 4 1 1 2 1 3 1 1 5 0 0 2 2 1 1 1 2 3 1 1
DENV 0 4 0 1 1 1 1 1 3 5 0 1 2 2 1 1 1 1 3 1 0
LF 0 3 0 1 1 1 2 2 1 5 0 1 2 1 1 1 1 2 3 1 0
CHIKV 0 2 0 1 1 1 1 1 3 5 0 2 2 1 1 1 1 0 2 1 0
WNv 1 2 1 1 1 2 3 2 1 5 6 4 2 2 1 1 1 0 3 1 1

Disease evaluation matrix showing evaluation scores for each of the five pilot diseases based on context specific data reviewed
pertaining to each disease over all criteria.

Note: Criteria PHC4, REC4, AEC3, ECC2, ECC3, SOC1, SOC4 non-discriminating with the above data set due to lack of variation
between diseases but could be discriminating with different diseases or more refined data set. Criteria were retained in the
model due to expressed interest of stakeholders.
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Table 7. Pilot climate sensitive infectious disease criteria evaluations for Burkina Faso

Criteria

PH PHC PHC PHC SIC SIC SIC SIC SIC REC REC REC REC AEC AEC AEC ECC ECC ECC SOC SOC SOC SOC SOC SOC sOC
¢cT2 3 5 12 3 451 2 3 4 1 2 3 1 2 3 1 2 3 4 5 6 17

MAL 4 4 1 o 3 3 2 3 2 3 2 1 0o 0 2 1 2 3 1 1 1 1
DENV 6 4 0 o 2 2 2 1 1 3 2 2 5 6 12 2 2 2 1 1 3 1 1 1 1
LF 4 3 0 o 2 2 1 1 1 3 2 1 5 6 1 2 2 2 2 1 2 3 1 1 2 2
CHIKV 6 2 0 o 111 1 2 3 2 3 5 6 2 2 2 2 2 1 0 2 1 0 1 1
WNv 6 2 0 o 1 1 1 1 1 3 2 1 5 5 4 2 1 1 1 1 0o 3 1 0 1 1

Disease evaluation matrix showing evaluation scores for each of the five pilot diseases based on context specific data reviewed
pertaining to each disease over all criteria.

Note: Criteria PHC5, REC1, REC2, REC4, AEC3, SOC1, SOC4 non-discriminating with the above data set due to lack of variation
between diseases but could be discriminating with different diseases or more refined data set. Criteria were retained in the
model due to expressed interest of stakeholders.

Intervention Prioritization

West Nile virus in Quebec

Twelve stakeholders participated in the West Nile virus management discussions held in Quebec
following which 23 interventions (Table 8) and 18 evaluation criteria were retained (Table 9).
Interventions included individual protective measures, mosquito source reduction measures, adult
mosquito control measures, and interventions aimed at the animal reservoir.

Table 8. Interventions for the management of WNV in QC

Individual levels interventions

Code Interventions Description
INT-11 Use of mosquito repellent Ex.: DEET, p-menthane-3,8-diol applied to skin
INT-12 Use of domestic insecticides Ex.: aerosols, torches, spirals, etc.
INT-I13 Use of alternative technologies Ex.: automatic insecticide dispensers, electric traps, etc.
INT-14 | Wearing light colored, long clothing Use of robust and tightly woven fabric
INT-15 | Reducing outdoor activities Reduce outdoor activities in high risk areas at dusk and dawn
INT-16 Reinforcing the immune system Via healthy living and lifestyle
INT-17 | Inspecting window screen integrity Install and inspect integrity of screens on windows and doors
INT-I8 Human vaccination Alternative in development
INT-I9 | Wearing insecticide treated clothing® | Insecticide treated clothing
INT- 118 | Eliminating peridomestic larval sites Stagnant water, rain water barrels, pails, pool covers, drains
Regional level interventions
Code Interventions Description
INT-R1 | Modification of natural larval sites Ex.: water banks, swamps, marshes,

INT-R2 | Modification of man-made larval sites | Ex.: treated water basins, reservoirs, damns, roadside
ditches, catch basins, underground water canals, vacant and
commercial lots, snow disposal sites, used tire sites

INT-R3 | Use of parasites and micro-organisms | Use of parasites and pathogenic micro-organisms
Ex.: nematodes, mushrooms

INT-R4 | larvicides Ground application of larvicides at identified mosquito
breeding sites

INT-R5 | Use of mosquito predators Ex.: birds, bats, fish, insects

INT-R6 | Dissemination of sterile males Use of sterile male mosquitoes or other compatible insects

INT-R7 | Use of lethal ovitraps # Traps destined for females with lethal liquid
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INT-R8 | Use of adulticides Treatment by truck or plane
INT-R9 | Vaccination of animal reservoir Vaccination of the main animal reservoir
Ex.: vaccination of American blackbirds

INT-R10 | Reduction of the main animal Ex.: controlled reduction of American blackbirds
reservoir #

INT-R11 | Modification of animal reservoir Ex.: move American blackbird dormitories away from
habitat # inhabited areas

INT-R12 | Increase biodiversity at peridomestic Ex.: attract other birds near habitat (to reduce circulating
level # levels of the virus)

INT-R13 | Status quo —Human passive Encourage research and knowledge transfer regarding
surveillance control and prevention methods

INT-R14 | Large scale communication campaign | Ex.: media campaign, social media, etc
1

INT-R15 | Targeted communication campaign T | Ex.: health professionals (detection of new cases)

INT-R16 | Active surveillance * Ex.: mosquitoes, birds, human cases

# intervention not assessed due to insufficient information in the literature
T intervention not included in current model

Although communication and surveillance interventions were explicitly recognized as important
elements within a VBZD management programme by stakeholders, these interventions were not
included in the current model due to concerns regarding the ability to properly assess the efficacy of
these interventions under one comprehensive model. The consensus was to explore these interventions

separate

ly in a future exercise.

Table 9. Criteria for the management of West Nile virus in Quebec.

Category

| WNV criteria

Description

Public Health Criteria (PHC)

PHC1 - Incidence reduction

Reduction in incidence of human cases

PHC2 - Entomological risk reduction

Reduction of entomological risk

PHC3 —Physical health impact

Impacts to human physical health

PHC4 - Mental health impact

Impacts to human mental health

PHC5 — Social equity

Impact on social equity

PHC6 — Reduction of circulating virus

Reduction in level of circulating virus in animal reservoir

PHC7 — Proportion affected

Proportion of population that benefits from the action

Social Impact Criteria (SIC)

SIC1 — Public acceptance

Level of public acceptance

SIC2 — Impact to credibility

Impact to confidence in and credibility of organisation in charge

Economic

Criteria (ECC)

ECC1 — Government cost

Cost to the government

ECC2 — Municipal cost

Cost to municipalities

ECC3 — Individual cost

Cost to individuals

Strategic & Operational Criteria (SOC)

SOC1 - Delay

Delay before appearance of desired effect

SOC2 — Complexity

Institutional and operational complexity of the action

SOC3 — Sustainability

Sustainability of the action

SOC4 — Other policy impact

Impact on other public policies

Animal &

Environmental Criteria (AEC)

AEC1 — Animal health impact

Impact on animal health

AEC2 — Environmental impact
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Stakeholder weights for the criteria for the first transmission scenario are presented in table 10.
Weights for additional scenarios are included in the supplementary material (see Appendix 2). The
criteria deemed most important (most points attributed per criterion by stakeholders), were
predominantly criteria related to the “Public Health” category, followed by the “Economic” category or
the “Strategic and Operational” criteria category. In nearly all transmission scenarios, “Animal and
Environmental Health” criteria ranked lowest, with fewest weights attributed by stakeholders. Within
the “Public Health” category, a majority of weights were attributed to the “incidence reduction”
criterion, and “physical health impact” criterion. Within the “Social Impact” category, the “credibility
impact” criterion received the highest weight in most scenarios. Within the “Economic” criteria
category, the “government cost” criterion received the highest weight. Within the “Strategic and
Operational” criteria category, the “delay” criterion was given highest weight for medium and high
scenarios. Finally, in the “Animal and Environmental Health” criteria category, the “environmental
impact” criterion was given the highest weight for all scenarios.

Assessments were performed for all interventions over all criteria using measurement scales
discussed and finalized with stakeholders. Evaluations were based on existing peer-reviewed evidence,
grey literature and available data. When data was not available for an evaluation, expert judgment was
used. All information relative to the evaluations was compiled into an assessment matrix then revised
and discussed by all evaluators. Assessments were further reviewed and validated by external experts
with specific field or research experience.

Table 10. Criteria weighting by QC stakeholders
S1 | 52 | 3 | s4 | s5 | s6 | s7 | s8 | s9 | si0 | si1
PHC1I | 16 | 9 | 10 | 5 11 | 16 | 15 | 16 | 6.25 | 6.67 | 168
PHC2 | 8 3 10 | 5 11 | 6 0 8 5 | 667 | 4.8
PHC3 | 4 3 5 5 3 10 | 20 | 6 | 75 | 667 | 24
Public Health PHCA | 4 3 5 5 3 2 10 | 2 | 125 667 | 096
Criteria (PHC) PHC5 2 3 5 5 1 2 2.5 4 1.25 | 6.67 | 2.4
PHC6 | 2 3 5 5 1 2 0 0 | 188 | 6.67 | 48
PHC7 | 4 6 | 10 | 20 | 20 | 2 | 25| 4 | 188 267 13'8
Social Impact SIC1 2 7 5 5 25 5 5 10 6.4 0 3
Criteria (SIC) sic2 3 3 5 5 | 25 | s 5 0 | 16 | o 7
| Eeccr 75| 5 | 75 [625| 68 | 10 | 625 | 75 | 44 | 833 | 8
ECO”OETE‘ECC)”te”a ECC2 | 25 | 5 | 525|625 66 | 75 | 6.25 | 3.75 | 825 | 833 | 7
ECC3 | 15 | 10 | 225 | 125 | 66 | 7.5 | 125 | 3.75 | 275 | 16.7 | 5
. soc1 6 | 525 ]| 4 0o | 75 | 05 | 25 | 5 3 0 5
Strategic and soc2 | 4 |225| 7 | 75 |375| 1 | 25 | 75 | 3 0 4
Operational soca | 8 6 7 | 75 | 195 | 3 | 25 | 5 | 25 | 0 5
Criteria (SOC) : : . -
soc4 | 2 | 15 | 2 o | 18 | 05 | 25 | 75 | 15 | o 6
c rﬁ/’:;?:;a;c:al AEC1 5 10 | 25| o s | 10 | 25| 5 |08 | o | 12
Health Criteria
(AEQ) AEC2 5 15 | 25 | o 5 10|25 5 [ 12| o | 08

Multi-criteria decision analysis for Quebec

Two main sets of analyses were performed, one based on individual-level interventions (n=11)
and the second based on regional-level interventions (n=10). For the purpose of exploratory
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comparison, an analysis of combined individual-level and regional-level interventions was also
performed. Following this, sensitivity analyses were performed on all criteria and for all stakeholders to
examine the robustness of rankings and identify potentially weight-sensitive criteria.

Global results
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Figure 4. GAIA decision map for QC regional-level model

A strong level of congruence was generally observed among weights expressed by stakeholders
across all scenarios. The high-risk transmission scenario analysis of regional-level interventions
illustrates this (Fig 4). In figure 4, two semi-coalitions of stakeholders can be observed consisting in one
case of stakeholders 4,5,7,9 and 10 and in the second case of stakeholders 1,2,3,5,8,11 and 12.
Stakeholder positions are generally all pointing in the same direction as the decision axis indicating that
no stakeholders is in direct opposition to the group consensus; however slight differences between
these two groups of stakeholder weights can be observed. A statistical comparison of weights (Welch’s
t-test, unequal variances) revealed that these two groups of stakeholders had significant differences in
weights for the Social impact category (p=0.015) as well as the Animal and Environmental Health criteria
category (p=0.04). From an organizational standpoint, stakeholders in the 2nd coalition consist of a mix
of organizations including public health, wildlife and environmental management. The 1st coalition
consists of a mix of wildlife and public health related organizations. The bigger difference between these
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two groups may be their spatial planning mandates with stakeholders in coalition 2 having more
involvement in daily field operations and stakeholders from coalition 1 being more involved at a regional
planning scale, though not strictly so. Both points of view are important to take into account and despite
their differences in weighting; there is a consensus with regards to recommended interventions.
Stakeholder positions were seen to converge under scenarios of increasing severity. Sensitivity analyses
were performed to examine the robustness of weights given by stakeholders to criteria in the models
and their effect on the overall rankings. The criteria most sensitive to stakeholder weights primarily
consisted of criteria from the “Public Health” category, as well as the “credibility impact” criterion,
“individual cost” criterion and “government cost” criterion.

Individual level interventions for Quebec

Table 11. Ranking of the individual-level protection interventions for QC.

Low risk Medium risk High risk

Scenarios 1 > 3 2 5 6

Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net

Intervention nk | Flow | nk | Flow nk | Flow | nk | Flow nk | Flow nk | Flow

INT-01 Use of mosquito

5 -0 5 -0 6 -0 6 -0 6 -0.02 | 6 -0
repellent
INT-02 Use of domestic 8 [-01 |8 |01 |7 [-01 |7 |01 |8 |-011 |8 |-01
insecticides

INT-03 Use of alternative

. 9 -0.1 9 -0.1 8 -0.1 9 -0.1 9 -0.11 |9 -0.1
technologies

INT-04 Wearing light

. 2 019 |2 0.17 |2 022 |2 022 |2 023 |2 0.22
colored, long clothing

INT-05 Reduction of

. . 4 0.09 4 0.07 4 0.09 4 0.08 4 0.09 4 0.08
activities at peak times

INT-06 Reinforcing the

. 6 -0 7 -0.1 9 -0.1 8 -0.1 7 -0.05 | 7 -0.1
immune system

INT-07 Inspecting window

. . 1 0.22 1 0.23 1 0.25 1 0.25 1 0.27 1 0.25
screen integrity

INT-08 Human vaccination 11 | -0.2 11 | -0.2 11 | -0.2 11 | -0.2 10 | -0.19 |10 | -0.2

INT-09 Wearing insecticide

. 7 -0 6 -0 5 001 |5 0 5 003 |5 0.01
treated clothing

INT-10 Eliminating

. . . 3 012 |3 0.11 |3 011 |3 0.1 3 0.10 |3 0.11
peridomestic larval sites

INT-23 Status quo 10 | -0.2 10 | -0.1 10 | -0.2 10 | -0.2 11 | -0.23 | 11 | -0.2

The top four ranked personal protection interventions, inspecting window screen integrity,
wearing lightly colored clothing, and eliminating peridomestic mosquito larval sites, reducing outdoor
activities at peak times, were identical across all scenarios (Table 11). These rankings are based on
evidence-based assessment scores combined with stakeholder assigned weights. Figure 5 shows how
Inspecting window screen integrity scores high on a majority of criteria with the exception of
“entomological risk reduction”, “reduction of circulating virus” and “social equality” where it received
lower scores. The second and third ranked interventions, wearing light colored clothing and eliminating

peridomestic larval sites, also scored highly on a majority of criteria (Fig 5).

The least favoured interventions among this subset varied slightly from one transmission
scenario to another, but generally included: use of alternative technologies, human vaccination and
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status quo (Table 11). Examination of the profiles for the bottom ranked interventions, status quo and
human vaccination, (Fig 5) shows how these interventions score poorly on most criteria including many
“Public Health” criteria, a category consistently weighted highly by all stakeholders. Human vaccination
in particular scores poorly over many criteria, notably “entomological risk reduction”, “physical health
impact”, “social equity” (if not covered by universal health care, then some costs must be incurred by
the general public for vaccination), “public acceptance”, “credibility impact”, “government cost”,
“individual cost”, “delay”, and “complexity” (highly complex since licensed human vaccine not yet
available).

INT-7 - Inspecting window screen integrity INT-4 - Wearing light colored, long clothing
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Figure 5. Intervention profiles for six individual-level protection interventions.

Ranking of regional-level interventions for Quebec

In the model containing regional-level management interventions (Table 12), the top three
interventions were consistently: larvicides, vaccination of animal reservoir and modification of man-
made larval sites with small variations in the order of these interventions depending on the scenarios.
Examination of regional-level intervention profiles showed larvicides, vaccination of animal reservoir and
modification of man-made larval sites, to be top scorers over most of the criteria, although Larvicides

PHCL PHC2 PHC3 PHC4 PHCS PHCB PHC? SIC1 SIC2 ECCi ECC2 ECC3 SOOI SOC2 SOC3 50C4 AECL AEC2 ) PHCL PHC2 PHC3 PHC4 PHCS PHCE PHC? SIC1 SIC2 ECC1 ECC2 ECC3 SOC1 SOC2 SOC3 S0C4 AECL AEC2



Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

n u n u n u

scored less well on the “government cost”, “complexity”, “other policy impact”, “animal health impact”
and “environmental impact” criteria (see Appendix 2). The vaccination of animal reservoir intervention
was found to score less well on the “incidence reduction” criterion compared to larvicides, but scored
relatively well on other criteria “reduction of circulating virus” criterion in particular. The modification of
man-made larval sites intervention scored less well on “Economic” criteria, “Strategic and Operational”
criteria and the “Animal and Environmental Health” criteria.

Table 12. Ranking of the regional-level management interventions for QC.

Low risk Medium risk High risk

Scenarios 1 5 3 7 5 6

Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net

Intervention nk | Flow | nk | Flow | nk | Flow | nk | Flow | nk | Flow | nk | Flow

INT-08 Human vaccination 10 | -0.18 | 8 -0.13 | 8 -0.17 | 9 -0.21 | 7 -0.13 | 7 -0.15

INT-11 Modification of natural

. 5 0.01 6 -0.01 | 4 0.12 4 0.17 4 0.13 4 0.13
larval sites

INT-12 Modification of man-

. 3 0.10 |3 0.08 |3 0.18 |3 0.18 |2 0.22 |2 0.21
made larval sites

INT-13 Use of parasites and

.. . 7 -0.07 | 7 -0.07 | 7 -0.13 | 7 -0.13 | 8 -0.16 | 8 -0.15
pathogenic micro-organisms

INT-14 larvicides 1 021 |2 019 |1 |o025 |1 |028 |1 |020 |1 |o027
INT-15 Use of mosquito 4 (009 |4 |005 |5 |0 5 (002 |5 |002 |5 |o001
predators

L’:‘;jse Dissemination of sterile | o | 51 |9 | 016 |9 |-019 |10 | 021 |10 | 021 |9 |-021
INT-17 Use of adulticides 9 |-017 |10 |-022 |10 |-021 |8 |-019 |9 |-0.19 | 10 | -0.21
INT-18 Vaccination of animal 2 1020 |1 |024 |2 022 |2 |019 |3 |015 |3 |o0.19
reservolr

INT-23 Status quo — Human

. . 6 -0.05 | 5 002 |6 -0.07 | 6 -0.10 | 6 -0.12 | 6 -0.1
passive surveillance

The ordering of the bottom three interventions included: use of adulticides, dissemination of
sterile males, and human vaccination in the low and medium-risk scenarios. For the high-risk scenarios,
the bottom ranked interventions changed to include use of parasites and pathogenic microorganisms
instead of human vaccination.

Ranking of combined individual- and regional-level interventions for Quebec

In the combined model of individual- and regional-level interventions (Table 13), inspecting
window screens and wearing lightly colored clothing were always ranked 1t and 2". This was most often
followed by larvicides in all but the low-risk scenario 2 where it was replaced by eliminating
peridomestic larval sites. The bottom three ranked interventions most often included use of parasites
and pathogenic microorganisms, dissemination of sterile males, and adulticides.

Table 13. Ranking of combined individual-level and regional-level management interventions for QC

Low risk Medium risk High risk

Scenarios 1 > 3 2 5 6

Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net Ra | Net

Intervention nk | Flow | nk | Flow | nk | Flow | nk | Flow | nk | Flow | nk | Flow

INT-01 Use of mosquito

9 0.00 |7 0.06 |9 0.05 (10 [ 0.02 |10 |0.02 |10 |0.02
repellent
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INT-02 Use of domestic

e 11 | 004 |9 |002 |11 | 001 |11 |-002 |12 |-0.06 | 11 | -0.04
insecticides

INT-03 Use of alternative 14 | -011 | 12 | -0.04 | 12 | -0.05 | 12 | -0.07 | 14 | -0.12 | 14 | -0.09
technologies

INT-04 Wearing light colored, 2 (019 |2 |022 |2 |027 |2 |o25 |2 |027 |2 |o025
long clothing

INT-05 Reduction of activitiesat | o | 510 | 4 | 913 (4 |014 |5 |012 |4 |013 |5 |o011
peak times

INT-06 Reinforcing the immune | 15 | e | 10 | 1002 | 13 | -007 | 14 | -0.08 | 11 | -0.06 | 12 | -0.06
system

INT-07 Inspecting window screen | | 35 | 1 1534 |1 |034 |1 |033 |1 |035 |1 |033
integrity

INT-08 Human vaccination 17 | -0.15 | 16 | -0.15 | 16 | -0.19 | 17 | -0.21 | 15 | -0.14 | 15 | -0.16
INT-05 Wearing insecticide 10 |-002 |8 |003 |8 |005 |9 |007 |8 |005 |9 |o003
treated clothing

INT-10 Eliminating peridomestic | = | 510 |3 | 914 |5 |014 |4 |012 |6 |011 |4 |o012
larval sites

INT-20 Modification of natural | 1> | e | 15 | 910 |10 |002 |8 |007 |9 |005 |8 |005
larval sites

INT-21 Modification of man- 7 |oo1 |11 |-004|7 |005 |7 |007 |5 |012 |6 |011
made larval sites

INT-22 Use of parasites and 15 |-012 | 17 | -016 |17 | -021 | 16 | -0.19 | 17 | -0.22 | 17 | -0.21
pathogenic micro-organisms

INT-23 Larvicides 3 (016 |6 |010 |3 |014 |3 |018 |3 |020 |3 |o018
INT-24 Use of mosquito 8 [001 |13 |-007 |14 |-0.11 |13 |-008 | 13 | -0.07 | 13 | -0.07
predators

Irr’:lz:-l-ezss Dissemination of sterile | o | 10| 16 | 022 |18 | -0.25 | 18 | -0.24 | 19 | -0.26 | 18 | -0.25
INT-27 Use of adulticides 19 | -0.19 | 19 | -0.26 | 19 | -0.28 | 19 | -0.25 | 18 | -0.24 | 19 | -0.25
INT-28 Vaccination of animal 4 (013 |5 |011 |6 |009 |6 |008 |7 |[006 |7 |o0.09
reservolir

INT-32 Status guo - human 16 | -012 | 14 | -0.08 | 15 | -0.15 | 15 | -0.17 | 16 | -0.19 | 16 | -0.17

passive surveillance

Malaria in Burkina Faso

Twelve stakeholders participated in the consultations and discussions around malaria
management in Burkina Faso. Following discussion with stakeholders, 34 interventions (Table 14) and 20
evaluation criteria were retained (Table 15). In similarity to the West Nile virus model, interventions
included individual protective measures, mosquito source reduction measures, and adult mosquito

control measures.

The evaluations of interventions were once again aggregated with criteria weights and analyzed
using a multi-criteria analysis tool. Here only regional level interventions were assessed. In contrast with
the Quebec model, far less congruence was observed among weights expressed by Burkina Faso
stakeholders. Instead, a large amount of variability was observed, indicating highly differing views and
perspectives among stakeholders participating in this instance of the exercise.
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Table 14. Interventions for the management of malaria in BF.
Individual-level interventions
Code |Interventions Description
INT-I1 | Use of mosquito repellent Ex.: (':ontainir?g DEET, p-menthane-3,8-diol
applied to skin
INT-12 | Use of domestic insecticides Ex.: aerosols, torches, mosquito coils, etc.
INT-I3 | Use of alternative technologies Ex.: automatic insecticide dispensers, electric
traps, etc.
INT-I6 | Reinforcing the immune system qucation and balanced nutrition to enhance
immune system
INT-17 Use and inspection of window screens Install and inspect integrity of screens on
windows and doors
INT-18 | Human vaccination Alternative in development
INT-19 | Wearing insecticide treated clothing Insecticide treated clothing (Permethrin
treated)
INT-110 | Sleeping under an insecticide treated bed net Use of deltamethrin or Permethrin treated
bed nets
INT- 111 | Use of alternative mosquito repellents Ex.: Neem creams, FASO soap, etc.
INT- 112 | Use of traditional plants to repel mosquitoes Ex.: drinking specific teas to help repel plants
INT- 113 | Use of air conditioners or fans
INT- 114 | Use of anti-malarial medication Chemoprophylaxis
INT- 115 | Home treatment with traditional plants
INT- 116 | Home treatment with pharmacy bought medication
INT- 117 | Private indoor residual spraying
INT- 118 Improving sanitation of domestic habitats Irjcluding the eliminating peridomestic larval
sites
Regional-level interventions
Code | Interventions Description
INT-R1 | Modification of larval sites (both natural and artificial) Ex.: water banks, swamps, marshes,
INT-R2 | Larval control of aquatic habitats Ex.: BTl or insecticides
INT-R3 | Indoor residual spraying
INT-R4 | Use of genetically modified mosquitoes
INT-R5 Outreach and awareness campaign and free bed net Deltamethrin or Permethrin treated nets
distribution
INT-R6 | Human vaccination Alternative in development
INT-R7 Use of rapid diagnostic tests and artemisinin based
therapies
INT-R8 | Reinforce health agent skills and competencies
INT-R9 | Targeted intermittent treatment for vulnerable groups Ex.: pregnant women and children under 5
INT-R10 | Seasonal chemoprophylaxis for children 3-59 months
INT-R11 | Promotion, support and valorisation of research results
INT-R12 Pron'.lc?tion, support and valorisation of traditional
medicine
INT-R13 | Protection of the environment and traditional plants
Training and tools with community volunteers to ensure
INT-R14 .
awareness and treatment with TDR
INT-R15 Strengthening collaborative links and integration with
nutrition programs and other diseases
INT-R16 | Development of inter-sectoral collaboration
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Table 15. Criteria for the management of malaria in Burkina Faso.

Category | WNV criteria

Description

Public Health Criteria (PHC)

PHC1 - Incidence reduction

Reduction in incidence of human cases

PHC2 - Entomological risk
reduction

Reduction of entomological risk

PHC3 —Physical health impact

Impacts to human physical health

PHC4 - Mental health impact

Impacts to human mental health

PHC5 — Social equity*

Impact on social equity

PHC7 — Proportion affected

Proportion of population that benefits from the action

PHC8 — Appropriate differential
diagnostic

Adds to correct differential diagnostic between malaria and other
diseases with similar symptoms

Social Impact Criteria (SIC)

SIC1 — Public acceptance

Level of public acceptance

SIC2 — Impact to credibility

Impact to confidence in and credibility of organisation in charge

SIC3 — Public awareness

Level of public awareness and sensitization to the disease

Economic

Criteria (ECC)

ECC1 — Government cost

Cost to the government

ECC3 — Individual cost

Cost to individuals

ECC4 — Private cost

Cost to private sector and NGOs

Strategic & Operational Criteria (SOC)

SOC1 - Delay

Delay before appearance of desired effect

SOC2 — Complexity

Institutional and operational complexity of the action

SOC3 - Sustainability *

Sustainability of the action

SOC4 — Other policy impact*

Impact on other public policies

SOCS5 — Optimization
opportunities

Opportunities for optimization with other vector control interventions

or other health related programs

Animal &

Environmental Criteria (AEC)

AEC1 — Animal health impact

Impact on animal health

AEC2 — Environmental impact

* Criteria added following discussion with stakeholders

Note: Criteria are listed in “quotes” when referenced in the text to distinguish from interventions which are listed

in italics
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Figure 6. Regional-level management intervention ranking for BF
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Weights tended to vary considerably between stakeholders as observed in Table 16. The weight
ranking of categories for this region was public health, operational, economic, social impact and animal
health respectively in that order.

Table 16. Criteria weights by stakeholders

§1|S2 | S3 | S4 S5 S6 S§7 | S8 | S9 | S10
PHC-01 | 5 | 20 | 2 7.5 3.2 5 7 2 |15] 11
PHC-02 | 3 0 2 5 10 5 6 |103]| 7 0
PHC-03 | 1 8 6 2.5 3.2 375 |10 | 5 9 0
PHC-04 | 2 2 |05]125| 148 |1875| 8 (04| O 6
PHC-05 | 2 4 |05]125| 1.2 |1875| 3 |07] O 6
PHC-06 | 3 2 1 ]1125| 1.2 375 | 4 (01| O 6
PHC-07 | 4 4 3 |1625| 64 375 | 7 | 15| 7 6
SIC-01 |10 | 18 | 2 1 6.5 8 5112 | 8 7
SIC-02 | 5 3 4 2 2.75 4 3 5 3 0
SIC-03 | 5 9 4 7 15.75 8 2 5 5 7
AEC-01 | 5 1 3 3 3.5 5 4 2 4 6
AEC-02 | 15| 9 2 12 3.5 5 6 6 8 6
ECC-01 | 5 2 110 5 10.8 7.5 7 115 ] 2 0
ECC-02 | 5 |15 5 7 3.2 5 4 9 6 7
ECC-03 | 10 | 1 5 7 4.4 7.5 3 145]| 6 7
ECC-04 | 0 (05| 5 1 1.6 5 1 ]|15] 3 0
SOC-01 | 2 |45 | 2 12 1.2 5 5112 |5 | 10
SOC-02 | 3 3 |14 75 | 1.04 4 4 9 5 5
SOC-03 | 10 | 4.5 | 25 6 2.32 6 6 6 4 5
SOC-04 | 5 3 4 45 | 3.44 5 5 3 3 5

Intervention rankings for Burkina Faso

In the regional-level management interventions model (Table 17, Fig 6), the top three identified
interventions included: IPT to vulnerable groups, distribution of free bed nets, and rapid diagnostic tests
and ACTs.

Table 17. Ranking of the regional-level management interventions for BF.

Intervention Rank | Net Flow

INT-N1 Information and education campaign (e.g. bed nets) 4 0.021

INT-N2 Strengthen health agent capacity 0.003

INT-N3 IPT vulnerable groups 0.303

INT-N4 Distribution of free bed nets and sensitization campaign 0.260

INT-N6 RDT + ACTs 0.078

INT-N7 Chemoprophylaxis children under 5 -0.030

7
1
2
INT-N5 Mass vaccination campaign 9 -0.045
3
8
6

INT-N8 Targeted Larval control 0.016
INT-N9 Indoor residual spraying 10 -0.146
INT-N10 Environmental management 11 -0.152
INT-N11 Capacity strengthening of CRAs 5 0.019

INT-23 Status quo 12 -0.228
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Lyme disease in Manitoba

As part of a fall back plan, a validation exercise was carried out in Manitoba to assess adaptability of
a previously constructed Lyme disease model from Quebec. These results are presented in the following
section.

Stakeholders

A stakeholder consultation was held on January 22nd, 2015 in the city of Winnipeg, Manitoba at
Manitoba Health, Healthy Living and Seniors. Invitations to attend the session were sent by
collaborators at Manitoba Health, Healthy Living and Seniors to contacts with interests in zoonotic
disease management. A total of 9 stakeholders attended the discussion session from the following
organisations: Manitoba Health, Healthy Living and Seniors, Saskatchewan Ministry of Health, Zoonotic
diseases consultant, Manitoba Government, veterinary public health, City of Winnipeg, Public health
agency of Canada, Independent researcher, University of Manitoba. This group of stakeholders included
medical doctors, veterinarians, and entomologists.

Criteria and weights

The original Quebec (QC) Lyme disease model (71) was presented and discussions were held
regarding the necessary modifications for its application in MB. This same model was used as a starting
point for the creation of the mosquito-borne disease models described in earlier sections and as such
criteria and categories of interventions are similar. Following discussion with stakeholders, the original
12 criteria from the Quebec model were retained and 9 new criteria were added for a total of 21 criteria
distributed among 5 criteria categories: public health, social impact, animal and environmental health,
economic and strategic and operational impact criteria. Many of the newly suggested criteria were
similar to the proposals made in Switzerland. Strategic and operational criteria were separated from
economic criteria in the Manitoba model. A detailed list of the criteria used in the models, the direction
of the desired effect and scale, is included in the appendix. The new criteria that were added for
Manitoba were the following:

In the public health category:
- Reduction of disseminated Lyme cases
- Increased case detection
In the social impact category:
- Increased public awareness
In the Animal and environmental health category:
- Reduction in incidence of animal cases
In the economic criteria category:
- Savings to the public sector
- Potential benefits to the private sector
In the strategic and operational impact category:
- Sustainability of effect
- Intra-regional coherence
- Inter-regional coherence

Stakeholders were asked to weight retained criteria in the model according to the two described
transmission scenarios. The details of the weightings made by all nine stakeholders (51-S9) for each of
the two hypothetical transmission scenarios are shown in tables 18 and 19.
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Table 18. Low incidence scenario weightings by stakeholder (S1-S9) for all criteria.

S1|S2 |S3|S4|S5|S6 | S7 | S8 |59
PHC-01 (14| 14 |10 |10 | 10 | 11 6 16 | 10
PHC-02 | 8 |53 | 4 |9 |10| 6 |45 2 2
Public Health criteria PHC-03 |14 |53 |10 4 8 8 6 6 5
PHC-04 |14 |35| 6 | 4 | 8 8 |[45| 4 |10
PHC-05 | 6 7 5|16 | 4 2 9 | 12| 6
SIC-01 | 2 |45| 4 |10 6 8 |45 | 2 5
Social impact criteria SIC-02 | 3 (45| 7 2 (15]12 |38 8 8
SIC-03 | 8 6 719 (25|10 |68| 10| 5
AEC-01 | 4 |38 | 5 |10]| 6 4 | 75|13 | 4
Animal and environmental health criteria | AEC-02 | 4 |38 | 5 | 4 7 5 10 | 10 | 4
AEC03 | O [ 75| 5 4 7 3 |75]125] 2
ECC01| 4 |45| 3 |2 |10| 2 |25]| 3 4
Economic Criteria ECC-02 | 1 3 2|11 )| 4 4 |15|05)| 4
ECC03 | 2 |45]| 3 | 3 4 2 |35 1 5
ECC-04 | 1 3 2 |2 2 3 125|055
SOC-01 | 2 2 4 |2 1 2 1 1 2
SOC-02 | 4 2 31| 4 1 |125| 3 1 3
SOC-03 | 4 6 313 4 | 25| 3 2 4
Strategic and operational impact criteria
SOC-04 | 3 2 5|6 2 |25 6 4 6
SOC-05 | 1 2 3|1 1 1 5 1 1
SOC-06 | 1 6 | 4| 4 1 15| 2 1 5
Table 19. High incidence scenario weightings by stakeholder (51-59) for all criteria.
S1|S2|S3|S4|S5|S6 | S7 | S8 |59
PHC-01 |16 |16 |10 |12 | 25 | 11 | 11 | 20 | 20
PHC-02 | 8 | 6 | 2 |10| 75| 6 |45| 2 1
Public Health criteria PHC-03 |17 | 6 | 8 | 2 6 8 3 8 5
PHC-04 |17 | 4 |10 | 4 6 8 3 4 |10
PHC-05 | 6 | 8 | 8 | 1 6 2 9 6 | 12
SIC-01 | 2 |4 |5 |10|36]| 4 6 2 5
Social impact criteria SIC-02 3 6 6 1|36 20 6 4 110
SIC-03 | 8 |10 | 8 |12 |18 | 6 3 114 |12
AEC-01 | 3 | 6|3 |10|45| 5 6 | 13| 2
Animal and environmental health criteria | AEC-02 | 3 | 2 3|4 |53]| 4 4 11 | 2
AEC03 | 0| 2|3 |4 |53 3 |10|13|1
ECC01| 4 |3 |1 ]2 |52]| 2 |53| 4 2
Economic Criteria 021012111112 4 1151111
ECC03 | 3 |3 |1 |2 |52]| 2 |45)| 4 1
ECC04| 0| 2|1 |1]07] 3 |38]| 1 1
soc01| 1|6 |8 |5|13|15| 7 |05]| 3
soc02| 3|2 |4 |5|13|25| 2 (03] 2
) _ ) o SOC03| 3|6 |5 |3 ]|52|25| 4 (25| 3
Strategic and operational impact criteria socozl 2121615 |26l25] 3 1 5
soco5|{ 0|2 (1]1]|13|15| 3 (051
soco06| 1|2 |6 |5|13|15| 1 |03|1
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Without exception, all stakeholders gave more weight to the Public Health criteria category than
all other categories under both scenarios. In general, stakeholders gave higher weight to the public
health criteria category at the expense of other categories under the high incidence scenario with the
exception of stakeholder S4 that gave less weight to this category under this scenario and stakeholders
S6, S7 and S8 all of whom gave the same weight to this category under both scenarios. Although
stakeholders S4, S6, S7 and S8 gave the same or less to the public health criteria category under scenario
2, generally more weight was given to criteria PHC-01 (reduction of human cases of Lyme disease) under
scenario 2 for all of these stakeholders with the exception of stakeholder S6 who gave the same weight
to criteria in this category under both scenarios 1 and 2.

Interventions

The list of sixteen interventions originally included in the Quebec model was presented to
stakeholders. These action represented potential prevention and control actions that could be currently
or eventually put into place to help manage Lyme disease in Quebec. Following discussion with
stakeholders in Manitoba, the original list of sixteen actions was retained and 7 new actions were added
to the model for a total of 23 actions. These new actions suggested by stakeholders in Manitoba could
be categorized as interventions targeting humans, vectors in the environment and vectors on reservoir
hosts. The new actions that were added for Manitoba were the following:

- Discourage access to high-risk public areas (via warning signs warning)

- Large scale communication campaign

- Increase physician awareness and knowledge

- Controlled fires separated as distinct action from general large scale landscaping
- Targeted rodent control

- Rodent vaccination

- Status quo MB

Status quo baseline interventions for Quebec and Manitoba were both included in the Manitoba
model even though these two actions differed as a result of the differences in baseline public health
effort in the two provinces. Status quo in Quebec at the time of the original model creation was defined
as basic preventive health messages made available to the public via the provincial health authority
website. Status quo in Manitoba for the purposes of the current project has been defined as basic
preventive health messages with public outreach including informational stands at outdoor events,
garden centers and recreational camps. A detailed list of all interventions used in both the Quebec and
Manitoba models is shown in table 21.

It was suggested that ALT-01: Excluding people from high-risk public areas be removed from the
Manitoba model given that the action was deemed to not be applicable in Manitoba based on
discussion with stakeholders; however, during follow-up surveys asking stakeholders which actions
should be retained in the model, an argument was made to keep it in the model for comparison sake.
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Table 20. Interventions included in the models

MB Model QC Model
Code Action Description Code QC description
ALT-1 Excluding people . . CONT10
xau I. & p- P . Restrict access of the general public to
from high-risk public C
high-risk tick areas e.g. parks
areas
Discourage access to Install warning signs concerning Lyme N/A N/A
ALT-2* high-risk public areas | disease risk in designated Lyme risk
areas in order to inform the general
public
L Alternative not currently available but | CONT11 | Human vaccination
ALT-3 Human vaccination .
exists
Setup specialized diagnostic and CONT12 | Making available special Lyme
Setup special Lyme treatment clinics to increase public disease diagnostic/treatment
disease sensitization to the issue and help clinics
ALT-4 . .
diagnostic/treatment | reduce the number of cases by
clinics improving detection and treatment of
K] the disease
43_? Large scale Lyme Widespread educational campaign N/A N/A
ju ALT-5* disease promoting main methods of Lyme
- communication disease prevention (including use of
% campaign tick repellent)
:’{ Increase physician Promote physician knowledge and N/A N/A
P « | awareness and active lookout for Lyme disease cases
& | ALT-6 o .
£ knowledge of Lyme via informational newsletters and
Z disease training courses
Removal of tick and deer favourable CONT3a Small scale landscaping
Small scale . . . . .
. habitat at small scale via various (removal of tick habitats)
ALT-7 landscaping (removal .
. . methods e.g.: mowing, removal of
of tick habitat)
leaves, bush and tree removal
. Removal of tick and deer favourable CONT3b | Large scale landscaping
Large scale habitat . . . . .
e, habitat at large scales via various (removal of tick habitats)
ALT-8 modification (removal .
. . methods e.g.: mowing, removal of
of tick habitat)
leaves, bush and tree removal
- Application of granular Acaricides or CONT1a Small scale acaricide
Small scale acaricide . S . . L
.. . aerosols to kill free living ticks in the application to kill free-living
application to kill ) .
ALT-9 .. . environment at small scales (e.g. ticks
" free-living ticks on
k4] ublic erounds organophosphates, carbamates,
g P & pyrethroids)
ju Application of granular Acaricides or CONT1b | Large scale acaricide
% Large scale acaricide aerosols to kill free living ticks in the application to kill free-living
§ ALT-10 | application to kill environment at large scales (e.g. ticks
£ free-living ticks organophosphates, carbamates,
§ pyrethroids)
‘S: Application of desiccants or insecticidal | CONT2 Application of
g Application of soaps to reduce tick density in the desiccants/insecticidal soap
% ALT-11 | desiccants/insecticida | environment (pyrethroid containing).
20 | soap Less toxic than acaricides but require
g more frequent application
2 | ALT- . Removal of tick and deer favourable N/A N/A
9 * Controlled fires o
2|12 habitat via controlled burn
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Cutaneous application of Acaricidesto | CONT4 ‘4-poster’ device
ALT-13 | ‘4-poster’ device deer via food (corn) distribution
devices
Feed-administered . . CONTS Feed-administered ivermectin
. . Oral treatment of deer using bait . .
ivermectin to deer at . S . to deer at bait stations to
ALT-14 . . stations containing ivermectin treated .
bait stations to control ticks
. corn
control ticks
Installation of cardboard tubes CONT8 ‘Damminix’ device
ALT-15 | ‘Damminix’ device containing Permethrin treated cotton
useable by rodents for nesting
Bait boxes to deliver a L - CONT9 Bait boxes to deliver a passive
. . Topical insecticide method to treat - . .
ALT-16 | passive application of e . application of fipronil to
. . rodents with fipronil
fipronil to rodents rodents
ALT- Targeted rodent Rodent eradication in controlled areas N/A N/A
17* control such as farms, etc.
ALT- . Rodent targeted bait vaccine to reduce | N/A N/A
" Rodent vaccination . .
. 18 B. Burgdorferi infection
-%’0 . Restriction of deer access to certain CONT7?7 Exclusion of deer by fencing
o Exclusion of deer by . ;
< | ALT-19 . areas via gates or fences in order to
© fencing . .
2 reduce tick populations
S Reduction of deer population via CONT6a Deer hunting
‘2 | ALT-20 | Deer hunting controlled hunt to reduce tick
qé populations (several years’ delay)
*GEJ Reduction of deer population via deer CONT6b | Deer culling
+ | ALT-21 | Deer culling cull to reduce tick populations (several
2 years’ delay)
Continue with current course of CONTO Status quo (basic preventive
assive Lyme prevention and control communication strate
ALT-22 | Status quo—-QC i y . P . &)
communication on website, no new
action
9 Continue with current course of active | N/A N/A
o | ALT- Lyme communication outreach actions
v N Status quo — MB y .
2123 (community events, garden centers,
§ camps, etc...)

* New actions added in the Manitoba model
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In addition to the new evaluations required for newly added actions and criteria, modifications
were also made to existing evaluations in order to align them with the current Manitoba Lyme disease
transmission and management context. The details of these modifications are listed in the appendix.

6. Analysis and discussion

Disease prioritization

Criteria and Context

In examining the results of the disease prioritization exercise carried out in Quebec and Burkina
Faso, a number of similarities and differences between retained criteria can be observed. The presence
of consistent criteria, such as the severity of a disease and risk perception, suggests that similar concerns
may apply across regions when prioritizing resources to reduce the public health impact of diseases.
Some of these potentially generalizable dimensions have been seen in previous studies with the most
common categories pertaining to minimizing the burden on the population, accounting for the existing
health system capacity and feasibility of management (76). In the current study, in addition to the
criteria common to both regions, a number of modifications were made by stakeholders in each region
in order to clarify and add relevance pertaining to the decision context of the region. These adjustments
reveal important details with respect to resource availability, capacity and concerns that should be
taken into account when discussing and planning prioritization of infectious diseases.

It should be noted that the focus group discussion with stakeholders in BF took place in the
midst of the Ebola outbreak that was ongoing in the West African region (2015). Although no cases of
Ebola were reported in BF, the threat and fear of the disease was at the forefront of the minds of all.
The effect of the neighboring Ebola crisis likely had a significant impact on the criteria discussed by
stakeholders in BF as illustrated by the BF specific criteria added by stakeholders. These included criteria
pertaining to the disease being “new” for the region, risk perception by various groups as well as criteria
pertaining to access to treatment and conditions for treatment. The risk perception criteria in particular
capture the concern expressed by stakeholders as to the important potential differences between the
level of threat perceived by health workers, decision makers and the international community.
Moreover, access to treatment and availability of adequate conditions to treat a disease are part of the
reality of the health management context in BF, but were also brought up as a direct response to what
was observed in neighboring countries during the Ebola crisis such as limited availability of potential
vaccines to treat the disease and access only to select patients at the time.

Criteria weighting

The large weight span range among stakeholders in BF compared with QC stakeholders suggests
stronger consensus or alignment of values among this later group of stakeholders even if individuals
came from different sectors. The focus group discussion in QC was coherent with a potential categorical
separation between economic concerns and more feasibility related concerns as found within the
strategic and operational considerations category; however, during the focus group discussion in BF, all
feasibility concerns were first and foremost related to economic concerns. “Economic” concerns such as
the instability of funds were a topic that was brought up repeatedly throughout the course of the
discussion. Lack of autonomy with regards to funding decisions can be crippling and frustration could be
heard from stakeholders during discussion regarding the inability of researchers to select their own
research topics due to financial priorities imposed by foreign investors. The finding of “Strategic and
Operational” concerns being generally weighted above “Public Health” concerns (with an even greater
discrepancy between these relative rankings if “Economic” and “Strategic” criteria were combined into
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one same category), reflects the overriding economic discourse that appears to drive much decision
making in the region. Burton previously noted that “(high income countries) have generally assumed
that they have the financial and technical resources to adapt as and when necessary” (77) suggesting
that operational considerations are rarely the primary obstacles in decision making which is in marked
contrast to discussions held with local stakeholders in BF.

The narrowest weight span was found for the “Animal and Environmental Health” category in BF
suggesting stronger consensus among stakeholders as to the reduced importance of this category for
them relative to all other categories. While the “Animal and Environmental Health” category was also
among the bottom three weighted categories in QC, there was more dispersion in the weights given to
this category suggesting that there was less of a consensus as to the relative importance of this category
for QC stakeholders.

Effect on disease prioritization

Burkina Faso (BF) and the province of Quebec (QC) are very different regions on a multitude of
levels. Notably, with regards to mortality, the leading cause of which is infectious diseases in BF whereas
in QC, the greatest burden of disease across all ages is primarily due to non-communicable diseases.
Based on the weights expressed by stakeholders, and region specific data assessments of the pilot
diseases, some differences were found between the two regions in the ranked importance of these
diseases.

In QC, the only disease currently occurring endemically is WNV and likely explains its first place
ranking for this region. Among the remaining disease, while MAL and DENV may be similarly of concern
with regards to health severity, the current existence of suitable vectors for MAL in QC likely explains its
higher ranking over DENV for this region. Suitable vectors (Aedes albopictus and Aedes aegypti) for
CHIKV and DENYV exist in the United States (78) but are not yet present in Canada. There are concerns of
these vectors making their way to Canada with continued climate change (79). Malaria has historical
transmission in Canada and the US prior to eradication efforts in the early 20" C and therefore suitable
transmission conditions exist (i.e. vector and climate); however, studies examining chances of
autochthonous transmission of this disease in Canada estimate that the risk is low given the disease
transmission cycle requirements of this parasitic disease and current healthcare system (80). While the
combination of factors required for emergence and transmission of diseases is complex, the chances of
a viral disease outbreak are generally considered to be higher once suitable vectors become present as
replication times and requirements are generally shorter and simpler than for parasitic diseases (81).
Recent viral outbreaks in the United Kingdom would appear to support this (82). CHIKV and LF have
lower health severity and once again, the existence of effective treatment for LF is likely a driving cause
of its last place ranking (hence lower concern).

In BF, DENV was ranked first among the five diseases according to the group ranking followed by
MAL, CHIKV, LF and WNYV respectively. The assessments for DENV and MAL differed primarily on the
following criteria: “current incidence of human cases in the country” (currently unknown in the case of
DENV), public perception and knowledge (relatively lower for DENV than for MAL currently in BF),
“current global trend of disease over last 5 years” (MAL has been generally stable in the
region),incidence and severity of animal disease (not applicable to MAL), cost to government and NGOs
(more investment currently made for MAL hence costs higher), detection and treatment (treatment
exists for MAL though a potential DENV vaccine may soon become available (83)). Furthermore,
stakeholder weighting of criteria likely played an important role in the final group ranking of DENV
above MAL. DENV outbreaks have occurred in BF (most recently in 2013 (84)) but current exact
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incidence and prevalence numbers are incomplete. Although MAL is the leading cause of death among
infectious diseases in BF, there is growing concern about underreporting and detection of DENV and
greater attention to this disease is warranted (84). While CHIKV may be present in BF, its lesser health
severity compared with DENV and malaria likely play the largest part in reducing its priority order for
this region. LF has long been present in the region, but also has lower health severity and effective
treatment available. WNV has lower health severity assessment compared to the other four diseases
and is likely the primary reason for its last place ranking.

Limitations

The list of criteria identified and validated with stakeholders was based on an initial review of
the literature by the authors and would likely have differed if criteria had been solely identified by
stakeholders. However, in the interest of working towards a “complete” list of criteria, the participatory
approach with stakeholders following the creation of an initial literature based set, allowed stakeholders
to complete and give their opinion on criteria that have been used elsewhere resulting in an arguably
more complete list than would have otherwise been created.

The weighting exercise may have been challenging for some stakeholders while fairly intuitive
for others. Given this, alternative weight elicitation methods may be worth pursuing depending on the
context and experience of stakeholders. Alternative approaches used elsewhere include discrete choice
experiment approaches (57) such as conjoint analysis (85) and consensus methods. The pilot
prioritization exercise was aimed at illustrating the effect of different criteria and weights on disease
ranking and should not be interpreted as a formal assessment of local priorities. Data from the literature
and from discussions with stakeholders was used to score diseases. Additional data and further
discussions with experts are warranted to verify the validity of these findings.

Intervention prioritization

West Nile virus in Quebec

In examining the results of the intervention prioritization exercise for West Nile virus
management in Quebec, we demonstrated the potential for adaptation planning of WNV under climate
change transmission scenarios using multi-criteria decision analysis (MCDA). The categories retained in
our study are consistent with previous multi-stakeholders concerted decisions that have taken place in
public health over the past 20 years (73,86,87). Aenishaenslin and colleagues (2013) had previously
demonstrated the possibility of MCDA use for management of Lyme disease emergence in Canada and
had suggested that general criteria categories exist that are suitable for VBZD management at large (71).
Our study further supports the application of MCDA for VBZD and reinforces the notion of common
categories of concern to consider in VBZD management. Additionally, our study has shown how many of
these concerns remain relevant under various scenarios of transmission intensity with climate change.

The degree of concern (weights) attributed to different criteria by stakeholders was shown to
vary with transmission intensity of scenarios. This was expected as we anticipated that an increasing
number of reported cases in the scenarios would lead to increased concern for public health and social
impact related considerations thereby triggering a trade-off among remaining criteria. A similar result
was found in the Lyme disease study (71). The ranking of interventions was found to vary under
different scenarios and among the different models. This was also expected since changes in weights
affect rankings. Intervention profiles can be examined to further understand the relative rankings of
interventions independently of stakeholder assigned weights (see supplementary material for
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comprehensive coverage of profiles). Model rankings and interpretation are discussed in more detail in
the following sections.

The relative rankings of individual-level interventions were generally not found to vary
considerably across the scenarios (low to higher risk transmission). This stability suggests specific
protective behaviors that remain effective and acceptable and should continue to be promoted in
communication campaigns in order to reinforce adaptive capacity to climate change. The individual-level
model results observed where inspection of window screens, wearing light colored clothing, eliminating
peridomestic larval sites and reducing outdoor activities at peak times were highly ranked and use of
alternate technologies, human vaccination and status quo were lower ranked are consistent with
primary prevention messages already included in Quebec WNV communication campaigns as well as
other Canadian and the US ones (88-90). These messages are also consistent with personal protection
methods prescribed within integrated vector management programs in Europe (91). The inspection of
window screens in particular was the most highly ranked intervention at this level and indeed is already
a common and well accepted practice in most homes in the province of Quebec (92). As such few if any
financial costs are expected to be associated with the promotion of this strategy; however, individuals
without sufficient economic means may be less likely to replace or purchase window screens.
Examination of the relative strengths and weaknesses of interventions via their intervention profiles
illustrates how a comprehensive public health strategy can be built that addresses all concerns raised by
stakeholders. For example, the second and third ranked interventions, wearing light colored clothing
and eliminating peridomestic larval sites, which also ranked highly, are complementary to the inspecting
window screen integrity intervention as they score well on criteria were inspecting window screens
performed less well.

Overall, the rankings of regional-level interventions were found to vary more than individual-
level interventions across the climate change transmission intensity scenarios. The positional stability of
top ranked interventions here too suggests specific actions to manage WNV effectively that remain
acceptable across a range of transmission dynamics. The positional change of other interventions such
as vaccination or modification of natural mosquito larval sites, under the higher transmission risk
scenarios suggests increased acceptability of potentially more controversial interventions under these
conditions. Periodic re-evaluations are warranted as additional information becomes available for these
interventions.

Evaluated regional-level interventions were primarily vector targeted with the exception of the
vaccination (human and animal) and status quo (human passive surveillance) interventions. Top ranking
interventions included use of larvicides, vaccination of animal reservoir and modification of man-made
larval sites having scored highly on most criteria but with important trade-offs on other criteria. For
example, use of larvicides scored poorly on cost, operational complexity and environmental criteria.
Mosquito control programs are costly and complex to operate as they require entomological
surveillance programs, well-trained staff and infrastructure (65) and repeated application in order to
maintain effectiveness (93,94). Nevertheless, vector control remains key to effective vector borne
disease management (95). While the vaccination of animal reservoir intervention was highly ranked, the
inclusion of a criterion explicitly targeting the level of circulating virus in the animal reservoir may
explain the high ranking of this strategy as it is the only measure that directly acts on this aspect of
transmission. A few studies have demonstrated success with this measure (96-98) but for the time
being, it remains a hypothetical intervention for the province of Quebec. With regards to man-made
larval sites, studies have found that proximity to certain types of structures such as combined sewer
overflow systems have been significantly associated with high rates of WNV infection in humans and
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corvids; however, construction and modification of major infrastructure can be very costly (67,99,100).
Additionally, man-made water systems such as those designed to handle sewer overflow may have
negative impacts on water quality and animal health by association (101).

In the combined model, four out of the top seven interventions included individual measures.
This suggests that based on available evidence, current epidemiological levels of WNV, and values held
by experts in Quebec, interventions aimed at personal level protection, source reduction or reduction of
circulating levels of virus are most appropriate over habitat modification interventions and other forms
of vector control and also under the higher transmission risk scenarios described in this study. These
results are in agreement with the management options currently implemented in Quebec and
elsewhere in North America although other forms of vector control (such as the use of adulticides) have
been employed elsewhere in North America under high levels of WNV transmission (64,102).

Limitations

From our initial stakeholder validated list, four interventions were found to currently lack
sufficient data for evaluation (use of lethal ovitraps, reduction in abundance of the main animal reservoir
species, modification of habitat to reduce host reservoir species, and increasing biodiversity at the
peridomestic level). While MCDA methods exist to deal with missing data (103), these were not explored
in the current study to avoid speculating on their efficacy and acceptability. Future models should
explore these interventions as data becomes available.

The exploration of multiple scenarios in the models did not yield very different rankings.
Convergence of stakeholder values was seen under scenarios of increased transmission severity;
however, this did not strongly impact rankings. Many of the stakeholders have been working together
on WNYV related projects for a number of years which may in part explain the observed homogeneity in
responses. A recommendation for future studies would be to include a more diverse group of
stakeholders to examine the potential variation in responses. Furthermore, to reduce workload, to
explore low and high transmission scenarios first and if variations are found, to follow-up with medium
transmission scenarios analyses where warranted.

Intervention evaluations were not re-assessed under the different scenarios. While many of
these evaluations would likely not have changed, the social impact related evaluations might have with
potential effects on rankings. However, no data were available to document this change for the current
evaluation. An exploration of these and other potential changes to evaluations under different
transmission scenarios in future studies may be warranted.

The PROMETHEE algorithm used in the ranking process provides a relative position for ordered
interventions, therefore while general observations can be taken away from this analysis, such as
individual preventive measures being preferred over regional-level interventions, the actual ranking
results are valid only for the current model. In other words, middle or bottom ranked interventions
should not necessarily be dismissed as being “poor”, rather they are less favoured over the top ranked
interventions in the current model but still remain viable options to explore in future models or analyses
as new options and information become available. Overall “poor” interventions, known to be so at the
outset should not be included in the model in the first place. For this reason, it is worthwhile to explore
specific subsets of interventions to further deepen our understanding of why one intervention may
outperform another.
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Malaria in Burkina Faso

In examining the results of the intervention prioritization exercise for malaria in Burkina Faso,
we demonstrated how a process for participatory planning and management of a vector-borne disease,
in this case, malaria, can be performed in a developing context using multi-criteria decision analysis
(MCDA). Although highly influenced by the approach used where previously constructed models were
presented, adapted and validated with stakeholders in Burkina Faso, the categories retained, were
found to be similar with the models developed in other contexts.

Regional-level management model

The top ranked regional-level model results were fairly consistent with currently recommended
WHO strategies to manage malaria including IPT for vulnerable groups, distribution of free bed nets, use
of RDTs and ACTs and large scale information and education campaign on bed nets (104). Interestingly,
indoor residual spraying (IRS) was ranked among the bottom three strategies. While IRS is among the
WHO recommended strategies and a pilot project was carried out in Burkina Faso by USAID, this
intervention has not been scaled up to the national scale in Burkina Faso due to insufficient funds to do
so (105). Many of the ranked strategies are complementary and should be combined where possible to
increase coverage efficacy. Examination of the individual action profiles can be done to improve
combination of complementary interventions.

Limitations

Due to the validation nature of the malaria component of the project, a fully iterative MCDA process
was not carried out. Instead, elements from the original Quebec model were used and adapted to fit the
Burkina Faso context following discussions with a small group of stakeholders involved or interested in
vector-borne disease management. As a result, the final list of included actions and criteria were
influenced by and sensitive to the original Quebec parameters. Had a fully iterative process been carried
out without reference to the original Quebec model, and with a different set of stakeholders, it is
possible that important variations would have been obtained in the list of final actions and criteria
retained for inclusion in the model. Furthermore, the evaluations of the actions over all criteria were
contextualized for the Burkina Faso context based on consultation with only a small group of
stakeholders. A fully iterative process and consultation with additional stakeholders and experts may
have resulted in different evaluations of these parameters.

Lyme disease in Manitoba

The global ranking of all actions included in the model according to all stakeholders revealed the
5 most interesting actions for the group of stakeholders in the low transmission scenario were: ALT 5
(Large scale Lyme disease communication campaign), ALT-03 (Human vaccination), ALT-06 (Increase
physician awareness and knowledge of Lyme disease), ALT-23(MB status quo) and ALT-02 (Discourage
access to high-risk public areas) (Table 23). The 5 least interesting actions for the group of stakeholders
were: ALT-19 (Exclusion of deer by fencing), ALT-15 (use of ‘Damminix’ devices), ALT-12 (Controlled
fires), ALT-11 (Application of desiccants and insecticidal soap), and ALT-21 (Deer culling).

A graphical analysis of stakeholder positions relative to the group decision and evaluations of all
actions showed that all stakeholders were generally in agreement with this final ordered ranking with no
stakeholder in direct opposition to the final decision. Figure 7 shows a GAIA decision map of stakeholder
positions relative to all actions with the decision axis shown as a bold red bar. This map shows that all
stakeholders are generally in agreement with the group ranking since all stakeholders are positioned in
the same direction as the final decision axis. Individual stakeholder analysis (Fig. 8) further revealed that
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action ALT-5 (Large scale Lyme disease communication campaign) was the top preferred action for all
stakeholders and was a dominant action among all other actions included in the model for the low
transmission scenario.

Table 21. Rank and score of all potential actions according to all stakeholders for the low transmission scenario

Rank action Phi Phi+ Phi-

1 ALT-05 0,4108 0,5370 0,1262
2 ALT-03 0,2293 0,4081 0,1788
3 ALT-06 0,1589 0,4699 0,3110
4 ALT-23 0,1565 0,4154 0,2589
5 ALT-02 0,1406 0,3567 0,2161
6 ALT-01 0,1110 0,3740 0,2631
7 ALT-04 0,0905 0,4207 0,3302
8 ALT-22 0,0686 0,3794 0,3108
9 ALT-13 0,0436 0,2849 0,2413
10 ALT-20 0,0191 0,2889 0,2698
11 ALT-09 0,0004 0,2771 0,2768
12 ALT-08 -0,0005 0,2781 0,2786
13 ALT-14 -0,0102 0,2618 0,2720
14 ALT-07 -0,0408 0,2635 0,3043
15 ALT-10 -0,0684 0,2487 0,3170
16 ALT-17 -0,1050 0,1933 0,2983
17 ALT-16 -0,1182 0,1911 0,3094
18 ALT-18 -0,1291 0,1789 0,3079
19 ALT-19 -0,1412 0,2292 0,3705
20 ALT-15 -0,1671 0,1662 0,3332
21 ALT-12 -0,1772 0,1704 0,3476
22 ALT-11 -0,2181 0,1544 0,3725
23 ALT-21 -0,2535 0,1407 0,3942




Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

51

AT-12[ AT-10 [
ALT-07 [
ALT-14
MT-11 [ : = B aT-os
ALaT-0O
AlT-15 ~n
O AaLT-21 Qﬁ.LT—lm .E'L%E A ACT08

ALT-22
= M ALT-23

58

ALT-05

Figure 7: GAIA stakeholder map for all actions weighted for low transmission scenario

1.0

-1.0
Figure 8: Individual Stakeholder rankings for low transmission scenario




Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

In the high incidence scenario, the group ranking (Table 24) showed the 5 most interesting
actions for the group of stakeholders to be ALT 5 (Large scale Lyme disease communication campaign),
ALT-03 (Human vaccination), ALT-01(Excluding people from high risk areas), ALT-23(MB status quo) and
ALT-02 (Discourage access to high-risk public areas). The 5 least interesting actions for the group of
stakeholders are: ALT-12 (Controlled fires), ALT-18 (Rodent vaccination), ALT-15 (use of ‘Damminix’
devices), ALT-11 (Application of desiccants and insecticidal soap), and ALT-21 (Deer culling).

A graphical analysis of stakeholder positions relative to the group decision and evaluations of all
actions shows that all stakeholders are generally in agreement with this final ordered ranking with no
stakeholder in direct opposition to the final decision. Figure 9 shows a map of stakeholder positions
relative to all actions with the decision axis and shows that all stakeholders are generally in agreement
with the group ranking since all stakeholders are positioned in the same direction as the final decision
axis. Individual stakeholder analysis as shown in figure 10 further reveals that action ALT-5 (Large scale
Lyme disease communication campaign) is generally the top preferred action for all stakeholders;
however, in contrast to scenario 1, this action is not a dominant action for all stakeholders.

Table 22. Rank and score of all potential actions according to all stakeholders for the high incidence transmission
scenario

Rank action Phi Phi+ Phi-

1 ALT-05 0,3895 0,5282 0,1386
2 ALT-03 0,2717 0,4298 0,1581
3 ALT-01 0,1441 0,3929 0,2488
4 ALT-23 0,1325 0,4040 0,2715
5 ALT-02 0,1255 0,3470 0,2216
6 ALT-06 0,1203 0,4600 0,3397
7 ALT-04 0,0761 0,4215 0,3454
8 ALT-13 0,0662 0,2972 0,2311
9 ALT-22 0,0494 0,3664 0,3170
10 ALT-08 0,0317 0,2964 0,2646
11 ALT-09 0,0282 0,2931 0,2649
12 ALT-14 0,0164 0,2759 0,2595
13 ALT-20 0,0071 0,2801 0,2730
14 ALT-07 -0,0112 0,2801 0,2914
15 ALT-10 -0,0219 0,2734 0,2953
16 ALT-17 -0,1275 0,1810 0,3085
17 ALT-16 -0,1491 0,1724 0,3215
18 ALT-19 -0,1613 0,2088 0,3701
19 ALT-12 -0,1652 0,1756 0,3408
20 ALT-18 -0,1667 0,1584 0,3251
21 ALT-15 -0,1769 0,1592 0,3360
22 ALT-11 -0,2215 0,1506 0,3720
23 ALT-21 -0,2575 0,1352 0,3926
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Lyme model Limitations

Due to the validation nature of the Lyme component of the project, a fully iterative MCDA process
was not carried out. Instead, elements from the original Quebec model were used and adapted to fit the
Manitoba context following discussions with a small group of available stakeholders involved or
interested in Lyme disease management. As a result, the final list of included actions and criteria were
most probably influenced by and sensitive to the original Quebec parameters. A number of additional
stakeholders with interests in Lyme disease management were unable to attend. Had a fully iterative
process been carried out without reference to the original Quebec model, and with all potentially
interested stakeholders, it is possible that important variations would have been obtained in the list of
final actions and criteria retained for inclusion in the model. Furthermore, the evaluations of the actions
over all criteria were contextualized for the Manitoba context based on consultation with only a small
group of stakeholders. A fully iterative process and consultation with additional stakeholders and
experts may have resulted in different evaluations of these parameters.

7. Conclusion and recommendations

The main objectives of this project were to examine and assemble elements important for climate
sensitive disease and intervention prioritization in two contrasting study regions. These objectives were
successfully achieved by means of multi-criteria decision aid processes carried out in two main contexts:
a low income context and a high income context (Burkina Faso and Quebec). Preparation for the MCDA
processes necessitated an extensive review of the literature contextualized for each region, as well as
identification of relevant stakeholders, discussions with experts, questionnaires, statistical models,
identification of relevant alternatives and criteria, the assessment of the alternatives contextualized for
each region and weighting of criteria by local stakeholders. This enabled the creation of context specific
matrices and context specific models analysed for both disease and intervention prioritization exercises
within each region. As mentioned previously, the GIS database phase of this project was abandoned
(mentioned in the first progress report sent in February 2014) rendering the integration of a GIS
database into the SUPREME system no longer relevant given this adjustment. Nevertheless, the MCDA
tools assessed and resulting approach for disease and intervention prioritization in a context of climate
change produced as a result of this project represent an assessment of an adaptation climate change
adaptation approach that is transferable and reusable by the climate change adaptation community in
other health and regional contexts. The generalizable elements of the models represent solid starting
models for assessment in other health contexts. These results have been made publicly available in a
published scientific article (62) and presentations in scientific conferences. Two other articles are
currently under review with additional articles in preparation that will further present methodological
tools and aspects of this project. The existing scientific article (62), which is freely available online (open-
access), serves as a guide on to how to carry out a disease prioritization process using a multicriteria
decision aid approach. The intervention prioritization articles are currently under review. Furthermore,
additional guidance on the construction of MCDA matrices and their application within an MCDA
process are forthcoming and will be published online.

The general structure of both the disease prioritization and mosquito-borne disease intervention
models were adapted separately for each context. Criteria and categories were generally similar across
settings while weights varied subtly to reflect local priorities. The participation of local stakeholders
allowed the addition of decision criteria of interest for the respective regions and demonstrated the
added value of using a participatory approach to develop contextualized decision-aid tools. Moreover,
in the intervention models, local stakeholder participation revealed a much richer range of
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considerations than what is generally referenced in the malaria control literature. Given the contextual
differences between the two main study regions in terms of current levels of disease transmission,
general level of public and health professional awareness, management effort, and as a result,
evaluation parameters for the models, differences were anticipated and found with regards to the
global ranking of recommended diseases as well as intervention prioritization results.

Additionally, with regards to the fall back component added consisting of the validation of a Lyme
disease model in a new context, the general structure of the original model for prevention and control
interventions for Lyme disease management developed in Quebec was found to be applicable to the
Manitoba context. Criteria and general interventions categories were the same and most individual
criteria and interventions were kept unchanged. The participation of local stakeholders allowed the
addition of decision criteria and potential interventions of interest for this province and this observation
showed the added value of using a participatory approach to develop well adapted decision-aid tools.
Given the contextual differences between the two provinces (Quebec and Manitoba) in terms of current
levels of Lyme disease transmission, general level of public and health professional awareness,
management effort, and as a result, evaluation parameters for the models, differences were anticipated
and found with regards to the global ranking of recommended prevention and control actions between
the two provinces. Lyme disease is currently present in Manitoba. Current annual cases of Lyme disease
in Manitoba are more numerous than in Quebec at the time when the original model was first created.
Different levels of public awareness and concern probably exist in Manitoba than in Quebec and
similarly, different levels of public health agent risk perceptions for the disease exist. A very vocal
advocacy group has put significant pressure on public health in the province to address the issue of
Lyme disease in Manitoba. As a result of all of the above, the baseline level of public health effort
toward Lyme disease prevention and control is already different in Manitoba than it was in Quebec at
the time of the original model creation.

The MCDA approach is based on a socio-constructivist paradigm and the validity of results are not
based on strict reproducibility of results, but rather representativeness of society or relevant group of
experts. The validity is also intimately tied to the coherence and transparency of results that are
modeling a complex system. There are limits inherent in the choice of stakeholders, but the
stakeholders chosen in our studies were meant to be relevant to the dimensions at stake within the
decision problem. Additional iterations with a wider set of stakeholders should be performed to assess
the stability and potential diversity of modeled components in the future. MCDA can integrate multiples
types of data and allows the tracking of multiple dimensions of concern often overlooked in traditional
cost-benefit analysis. Additionally, the use of scenarios can enable the examination of tradeoffs between
performance and acceptability under different conditions.

The evaluation of both diseases and interventions are constrained by the quality and availability of
data. Where insufficient data was found, diseases or interventions were generally omitted. If local
expert knowledge was available to satisfy the data needs, expert assessment was used. Otherwise, the
gap in the literature was documented as a finding and informative to the process nevertheless.
Additional iterations of the process can and should be performed as new data becomes available in the
future.

The PROMETHEE algorithm used in the ranking processes provides a relative position for ordered
items; therefore while general observations can be taken away from these analyses, such as potential
disease priorities for one region over another or intervention priorities in one region or another, the
actual ranking results are valid only for the current models. In other words, care should be taken in



Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

extrapolating results from these models or interpreting the results beyond the context in which they
were performed. Furthermore, middle or bottom ranked items in any of the model should not
necessarily be dismissed as being “poor”, rather they are less favoured over the top ranked items in the
specific model but still remain viable options to explore in future models or analyses as new options and
information become available.

Disease prioritization and management of vector-borne zoonotic diseases are complex problems.
Participatory decision aid approaches such as multicriteria decision analysis (MCDA) can be used to
construct a rich portrait of the decision problem by structuring important elements necessary for
informed decision making in a transparent fashion and aiding common shared understanding of the
important decisional dimensions that need to be taken into account.

This project showed how disease prioritization as well as vector-borne and zoonotic diseases (VBZD)
management models can be created and adapted to assess priorities under different contexts. Given the
depth of both the model building exercises and broad similarities across regions and context in
approaching public health related decisions, MCDA models are useful as a base starting point for the
analysis of complex decision problems, be they decision prioritization or intervention prioritization.
Further work is warranted to better understand and clarify decision making mechanisms and
determinants leading to effective public health decision making under a variety of contexts.
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Appendix 1 — West Nile virus risk transmission scenarios

Risk transmission scenarios assessed under the MCDA model for West Nile virus interventions in Quebec.

Management context and interventions

Scenario Scenario description
P advocated for WNV season underway
1 low-risk - At the end of September, 26 cases declared. All declared cases are symptomatic and . .
. . . . . . Y . P . . Since few WNV cases declared in past two
without distributed among two of the nine socio-sanitary regions of Quebec within which human .
. . R . L . years (< 10) and few resources available to
interventions - transmission of WNV were previously documented. Clinical presentation of cases was

« Current »,
end of season,

consistent with literature reported symptoms. Passive surveillance of equines (MAPAQ)
and of wildlife birds (CQSAS) is coherent with human surveillance data (with respect to

coordinate interventions at beginning of the
season, primary intervention strategy for the
current season has primarily consisted of

low intensity — the number and geographical distribution of cases). Entomological surveillance data . . .
. . - . . . providing WNV related information on the
Decision for suggests a high density of mosquitoes for the current season, but little WNV found in . .
. . ministry website (MSSS)
next year circulation at present.
. . Previous year, 23 cases declared. WNV a

2 low-risk - At the end of September, 26 cases declared. All declared cases are symptomatic and Y . .

. . . . . . o . concern for Quebec population. Series of
with distributed among two of the nine socio-sanitary regions of Quebec within which human . . . .
. . . . L . interventions carried out at beginning of
interventions - transmission of WNV were previously documented. Clinical presentation of cases was

« Current »,
end of season,
low intensity -
Decision for
next year

consistent with literature reported symptoms. Passive surveillance of equines (MAPAQ)
and of wildlife birds (CQSAS) is coherent with human surveillance data (with respect to
the number and geographical distribution of cases). Entomological surveillance data
suggests a high density of mosquitoes for the current season, but little WNV found in
circulation at present.

transmission season. Primary interventions at
provincial level: providing WNV related
information on ministry website (MSSS).
Application of larvicides within risk zones. Calls
for vigilance to network medical practitioners.
Large scale communication campaign

3 medium-risk
- without
interventions -
« Outbreak»,
mid-season,
high intensity —
Rapid decision
for current
season

At end of July, 40 symptomatic cases declared to ministry. (Historically, majority of cases
occur mid-Aug.-Sep.). 10 cases from regions where no human or animal cases have ever
been recorded, suggesting geographical expansion of virus into new zones.
Meteorological forecasts predict hot and dry summer. Passive surveillance of equines
(MAPAQ) and wildlife (CQSAS) coherent with human surveillance data and suggest acute
viral activity compared with data collected over past two years. Among WNV infected
horses, 3 declared from regions where no human cases were previously declared and
where WNV virus circulation never previously recorded. Entomological surveillance data
suggest an increase in mosquito activity and circulation of virus (high density of Culex
pipiens and high level of infection). Past two weeks, vector index (number of infected
mosquitoes) on rise.

Since few WNV cases declared in past two
years (< 10) and few resources available to
coordinate interventions at beginning of the
season, primary intervention strategy for the
current season: providing WNV related
information on the ministry website (MSSS)

4 medium-risk
-with
interventions -
« Outbreak»,
mid-season,

At end of July, 40 symptomatic cases declared to ministry. (Historically, majority of cases
occur mid-Aug.-Sep.). 10 cases from regions where no human or animal cases have ever
been recorded, suggesting geographical expansion of virus into new zones.
Meteorological forecasts predict hot and dry summer. Passive surveillance of equines
(MAPAQ) and wildlife (CQSAS) coherent with human surveillance data and suggest acute

Previous year, 23 cases declared. WNV a
concern for Quebec population. Series of
interventions carried out at beginning of
transmission season. Primary interventions at
provincial level: providing WNV related
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high intensity —
Rapid decision
for current

viral activity compared with data collected over past two years. Among WNV infected
horses, 3 declared from regions where no human cases were previously declared and
where WNV virus circulation never previously recorded. Entomological surveillance data

information on ministry website (MSSS).
Application of larvicides within risk zones. Calls
for vigilance to network medical practitioners.

season suggest an increase in mosquito activity and circulation of virus (high density of Culex Large scale communication campaign
pipiens and high level of infection). Past two weeks, vector index (number of infected
mosquitoes) on rise.
End of September, 800 symptomatic cases declared. 40 cases from regions where no
. . animal or human cases previously recorded, suggesting a geographical expansion of the
5 high-risk - L . . - -
. virus into new zones. Passive surveillance of equines (MAPAQ) and wildlife (CQSAS) are . .
without . . . - Since few WNV cases declared in last two years
. . coherent with human surveillance data and appear to suggest acute viral activity .
interventions - (< 10) and few resources available to

« Epidemicy,
end of season,
high intensity -

compared with data collected over past two years. Among WNV infected horses, 12
declared from regions where no human cases were previously declared and where virus
circulation never previously recorded. Moreover, 72 birds submitted to CQSAS (passive
surveillance) tested positive for WNV. Entomological surveillance suggests an increase in

coordinate interventions at beginning of the
season, primary intervention strategy for the
current season: providing WNV related

Decision for . L . . . . . L . information on the ministry website (MSSS
next vear mosquito activity and circulation of virus (high density of Culex pipiens and high level of ¥ ( )
y infection). Past four weeks, vector index (number of infected mosquitoes) increasing
significantly.
End of September, 800 symptomatic cases declared. 40 cases from regions where no
. . animal or human cases previously recorded, suggesting a geographical expansion of the Previous year, 23 cases declared. WNV a
6 high-risk - N . . > s . .
with virus into new zones. Passive surveillance of equines (MAPAQ) and wildlife (CQSAS) are concern for Quebec population. Series of
interventions coherent with human surveillance data and appear to suggest acute viral activity interventions carried out at beginning of

« Epidemicy,
end of season,
high intensity -
Decision for
next year

compared with data collected over past two years. Among WNYV infected horses, 12
declared from regions where no human cases were previously declared and where virus
circulation never previously recorded. Moreover, 72 birds submitted to CQSAS (passive
surveillance) tested positive for WNV. Entomological surveillance suggests an increase in
mosquito activity and circulation of virus (high density of Culex pipiens and high level of
infection). Past four weeks, vector index (number of infected mosquitoes) increasing
significantly.

transmission season. Primary interventions at
provincial level: providing WNV related
information on ministry website (MSSS).
Application of larvicides within risk zones. Calls
for vigilance to network medical practitioners.
Large scale communication campaign
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Appendix 2 — Quebec stakeholder weights for scenarios
Criteria weighting by QC stakeholders for SC2

Actl | Act3 | Act2 | Act4 | Act5 | Act10 | Act6 | Act7 | Act8 | Act9 | Act1ll

SP-01 | 16 9 10 12 11 8.75 15 16 14 0 16.96
SP-02 |8 3 10 12 11 5 0 8 6 0 53
SP-03 | 4 3 5 0 3 7.5 20 4 4 8 2.65
SP | SP-04 |4 3 5 6 3 2 10 4 2 2 2.65
SP-05 | 2 3 5 0 1 0.5 2.5 4 2 0 2.65
SP-06 | 2 3 5 0 1 0.5 0 0 6 0 2.65
SP-07 | 4 6 10 0 20 0.75 2.5 4 6 0 20.14
PC PC-01 |2 7 5 10 2.5 2 5 5 8 0 5.25
PC-02 |3 3 5 10 2.5 8 5 5 2 0 9.75
EC-01 |75 5 7.5 0 6.8 10 6.25 | 10 32 40 1.75
EC | EC02 |25 5 525 |5 6.6 7.5 6.25 |5 6 40 1.75
EC-03 | 15 10 2.25 |5 6.6 7.5 125 |5 2 0 1.5
OP-01 |6 525 | 4 9 7.5 6 2.5 5 2.4 0 6.25
opP OoP-02 | 4 2.25 |7 9 375 |6 2.5 5 2.4 0 7.5
OP-03 |8 6 7 12 195 |6 2.5 5 2 0 5
OoP-04 |2 1.5 2 0 1.8 2 2.5 5 1.2 0 6.25
SAE-01 | 5 10 2.5 3 5 10 2.5 5 0.8 1 1.2
SAE SAE-02 | 5 15 2.5 7 5 10 2.5 5 1.2 9 0.8

Criteria weighting by QC stakeholders for SC3

Actl | Act3 | Act2 | Act4 | Act5 | Act10 | Act6 | Act7 | Act8 | Act9 | Actll

SP-01 | 16 10.5 | 15 12 11 5 20 18 10 0 17.5
SP-02 |8 3.5 10 6 11 3.75 0 12 125 |0 10
SP-03 |4 3.5 5 6 3 7.5 15 4 125 | 40 2.5
SP | SP-04 |4 3.5 6 1.25 5 2 5 10 1
SP-05 | 2 3.5 5 0 1 2.5 2 2.5 0 1.5
SP-06 | 2 3.5 0 0 2.5 0 0 2.5 0 2.5
SP-07 | 4 7 10 0 20 2.5 0 2 5 0 15
PC PC-01 |2 7 2.5 10 2.5 12 10 7.5 8 0 2
PC-02 |3 3 2.5 10 2.5 18 15 7.5 2 0 8
EC-01 |75 2.5 5 0 3.4 12.5 20 3.5 15 10 6
EC | EC-02 |25 2.5 3.5 5 3.3 7.5 0 3.5 3 10 7
EC-03 | 15 5 1.5 5 3.3 5 0 3 2 0 7
OoP-01 |6 105 |6 9 24 1.5 10 12 6 1 10.8
oP oP-02 | 4 4.5 105 |9 4.5 1.25 0 105 | 3 6 1.8
opP-03 | 8 12 10.5 | 12 0.9 1.75 0 6 6 1 2.7
oP-04 | 2 3 3 0 0.6 0.5 0 1.5 0 2 2.7
SAE SAE-01 | 5 6 2.5 5 2.5 6 0 2.5 2.5 6 1.5
SAE-02 | 5 9 2.5 5 2.5 9 0 2.5 2.5 14 0.5
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Criteria weighting by QC stakeholders for SC4

Actl | Act3 | Act2 | Act4 | Act5 | Act10 | Act6 | Act7 | Act8 | Act9 | Actll

SP-01 | 16 10.5 | 15 12 12 4 20 14 125 |0 16.5
SP-02 |8 3.5 10 6 12 3 0 10 10 0 11
SP-03 | 4 3.5 5 6 3 6 15 6 12.5 | 48 2.75
SP | SP-04 |4 3.5 5 6 3 1 5 4 4 12 1.1
SP-05 | 2 3.5 5 0 0 2 5 2 1 0 1.65
SP-06 | 2 3.5 0 0 0 2 0 0 5 0 2.75
SP-07 |4 7 10 0 20 2 0 4 5 0 19.25
PC PC-01 |2 7 2.5 10 2.5 8 10 7.5 17 0 3
PC-02 |3 3 2.5 10 2.5 12 15 7.5 3 0 12
EC-01 |75 3.75 |5 0 3.4 12.5 20 525 |15 10 1.5
EC |EC-02 |25 3.75 | 3.5 5 3.3 7.5 0 525 |3 10 1.75
EC-03 | 15 7.5 1.5 5 3.3 5 0 4.5 2 0 1.75
OP-01 | 6 7 6 9 24 6 10 8 3.2 2.22 | 17.25
opP oP-02 | 4 3 105 |9 4.5 5 0 7 1.6 2.78 | 2.3
OP-03 | 8 8 10.5 | 12 0.9 7 0 4 3.2 2.78 | 1.15
OoP-04 | 2 2 3 0 0.6 2 0 1 0 222 |23
SAE-01 | 5 8 2.5 5 2.5 6 0 5 1 4 1.5
SAE SAE-02 | 5 12 2.5 5 2.5 9 0 5 1 6 0.5

Criteria weighting by QC stakeholders for SC5

Actl | Act3 | Act2 | Act4 | Act5 | Act10 | Act6 | Act7 | Act8 | Act9 | Actll

SP-01 16 15 10 8 11 6 40 14 18 13 17.6
SP-02 8 7.5 10 0 11 4.5 0 8 15 0 11
SP-03 4 5 8 3 9 20 8 21 35.8 | 2.75
SP | SP-04 4 5 8 3 0 4 0 16.3 11
SP-05 2 5 5 0 1.5 0 2 0 0 1.65
SP-06 2 7.5 5 8 3 0 2 3 0 5.5
SP-07 4 5 10 8 20 3 0 2 3 0 15.4
PC-01 2 3.5 5 15 2.5 12.5 0 10 14 | 125 | 1.75
pC PC-02 3 1.5 5 15 2.5 12.5 20 10 06 | 125 | 3.25
EC-01 7.5 2.5 5 4 6.8 10 5 10 27 0 8
EC | EC-02 2.5 2.5 3.5 4 6.6 6 0 5 3 0 7
EC-03 15 5 1.5 2 6.6 4 0 0 5
OoP-01 6 8.75 5 0 7.5 15 15 1.5 1.5 0 6
OP-02 4 3.75 | 875 5 3.75 | 1.25 0 6 3.6 0 2.25
oP OP-03 8 10 8.75 5 195 | 1.75 0 6 0.9 0 2.25
OoP-04 2 2.5 2.5 0 1.8 0.5 0 1.5 0 0 4.5
SAE SAE-01 5 4 2.5 5 5 8 0 2.5 0.8 3 2.5
SAE-02 5 6 2.5 5 5 12 0 2.5 1.2 7 2.5
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Criteria weighting by QC stakeholders for SC6

Actl | Act3 | Act2 | Act4 | Act5 | Act 10 | Act6 | Act7 | Act8 | Act9 | Act1ll
SP-01 16 15 10 8 11 5 16 14 24 13 15.4
SP-02 8 7.5 10 0 11 3.75 0 8 24 0 11
SP-03 4 5 5 8 7.5 8 8 28 | 35.8 | 2.75
SP | SP-04 4 5 5 8 1.25 8 4 0 16.3 1.1
SP-05 2 5 5 0 2.5 4 2 0 0 1.65
SP-06 2 7.5 5 8 2.5 0 2 2.4 0 5.5
SP-07 4 5 10 8 20 2.5 4 2 1.6 0 17.6
PC PC-01 2 35 5 10 2.5 8 5 10 0.7 | 12,5 | 5.25
PC-02 3 1.5 5 10 2.5 12 5 10 03 | 125 | 9.75
EC-01 | 7.5 2.5 5 8 6.8 15 30 7.5 | 135 0 2
EC | EC-02 | 25 2.5 3.5 8 6.6 7.5 0 375 | 1.5 0 1.75
EC-03 15 5 1.5 4 6.6 2.5 0 3.75 0 0 1.25
OoP-01 6 8.75 5 0 7.5 6 2.5 1.5 0.6 0 8
oP OoP-02 4 3.75 | 8.75 5 3.75 5 2.5 4.5 1.8 0 3
OoP-03 8 10 | 8.75 5 1.95 7 2.5 7.5 0.6 0 3
OoP-04 2 2.5 2.5 0 1.8 2 2.5 1.5 0 0 6
SAE-01 5 4 2.5 5 5 5 5 5 0.4 3 2.5
SAE SAE-02 5 6 2.5 5 5 5 5 5 0.6 7 2.5
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Appendix 3 — West Nile virus intervention profiles
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Appendix 4 - Criteria included in the Manitoba Lyme model

o Desired
Criteria . — .
Criteria Description Indicator effect and Scale
Category . .
direction
PHC-01 — Measures effectlver?es's of action Reduction in o
Reduction in to reduce reported incidence human Maximize
. (proportion of cases in the L reduction of | 0: Nil; 1: Low; 2: Moderate; 3: High
incidence of . incidence of
population) of human cases . human cases
human cases . Lyme disease
(symptomatic or not)
PHC-02 - Measures effectiveness of action Maximize
Reduction in to reduce entomological risk Reduction of entomologica . .
. . . . . 0: Nil; 1: Low (<33%); 2: Moderate (33-66%); 3: High (>66%)
entomological (infection rates and abundance of | vector density | I risk
risk major vectors) reduction
Public health Measures the adverse (direct and . s . . .
c:telr(i:a (ePaHC) PHC-03 - indirect) effect of the a(ction on Severity of Minimize 0: No effect or some positive effect; 1: Indirect negative effects
Adverse health adverse health |adverse on mental or social health; 2: Direct negative effects on physical

impacts

human health (incl. vulnerable
groups)

effects

health effects

health

PHC-04 —

Reduction of
disseminated
Lyme cases *

Measures the effectiveness of the
action to reduce the incidence
(proportion of cases in the
population) of disseminated Lyme

Reduction in
disseminated
Lyme incidence

Maximize
reduction of
cases

0: Nil; 1: Global reduction of Lyme cases; 2: Reduction in
disseminated Lyme cases

PHC-05 — Measures the potential for an Increased Maximize
Increased case action to lead to an increase in the | detection of detection 0: No effect on case detection; 1: More cases detected;
detection * number of Lyme cases detected Lyme cases ability
SIC-01 — Level of Measures the degree .of Degree of Maximize 0: Nil (this method will not be a;ceptable to the public); 1: Low
. acceptance of the action by the — (not easily accepted by the public); 2: Moderate (acceptable to
public . . acceptance of | social . . .
population and various . public, but some opposed); 3: High (well received by general
acceptance the population |acceptance .
stakeholders public)
SIC-02 - Measures the proportion of the Number of Maximize the
Social impact | Proportion population likely to benefit from cople number 1: <25%; 2: 25-50%; 3: 50-75%; 4 : >75%
criteria (SIC) | benefitting the action peop benefitting
0: None, the intervention is aimed at tick density reduction only;
SIC-03 — Level of . Degree of Maximize 1: Low, the intervention is aimed at human populations but
. Measures the degree of public . - - L . .
public . . public public does not have an explicit objective to raise public awareness; 2:
" awareness raised by the action . . . . .
awareness awareness awareness Moderate, the intervention may raise public awareness in a

passive way; 3: High, the intervention aims to raise awareness in
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o Desired
Criteria S — .
Criteria Description Indicator effect and Scale
Category . .
direction
an active way.
Surface*Sensitivity*Intensity?
Level of risk t Minimize th rf.: 1: Nil; 2: Small scale; 3: Large scale; Sens.: 1: Nil; 2: Land;
AEC-01 — Impact | Measures the effect of the action evelotrsicto inimize the Su 1 2: S cale; 3: Large scale; Sens ' <L d;
. . the environment | 3: Water; 4: Land and water; Int.: 0: No effect or positive effect;
on habitat on the environment . . . - .
environment al risk 1: fence; 2: mowing; 3: Acaricides; 4: removal of vegetation; 5:
Burning;
Animal and Number*Species*Intensity*
environment Measures the effect of the action Minimize the | Nb.: 1: Nil; 2: Effect on one specific species; 3: Effect on several
AEC-02 — Impact . . Level of health - . . . ;
al health on animal species (non-target animal health | species; Spp.: 1: Nil; 2: Low valued species; 3: Highly valued

criteria (AEC)

on animal health

species)

risk to animals

risk

species; Int.: 0: No effect or positive effects; 1: Morbidity; 2:
Mortality

AEC-03 -
Reduction in
incidence of
animal cases *

Measures the effectiveness of the
action to reduce the incidence of
animal cases (dogs as indicator)

Reduction in
animal
incidence of
Lyme disease

Maximize the
reduction in
incidence of
animal cases

0: Nil; 1: Low; 2: Moderate; 3: High

Economic
criteria (ECC)

ECC-01 - Cost to
public sector

Estimates the cost to the public
sector

Cost incurred
by the
government

Minimize the
cost

0: Nil; 1: Low; 2: Moderate; 3: High

ECC-02 — Cost to
private sector

Estimates the cost to the private
sector

Cost incurred
by the private
sector

Minimize the
cost

0: Nil; 1: Low; 2: Moderate; 3: High

ECC-03 — Savings

Estimates the potential for

Potential for

Maximize the

to public sector | economic saving to occur for economic savings 0: No savings; 1: Savings estimated to occur
* public sector savings &
ECC-04 — .
. . . . . Potential for -
Potential private | Estimates potential for economic . Maximize . . . . )
. . . economic . 0: No economic benefit; 1: Potential economic benefit
sector economic | benefit to occur for private sector . benefit
. benefit
benefit *
Strategic and Estimates the length of time Estimated time
operational SOC-01 —dela between implementation of the delay between | Minimize the
. P y . P . . v T 1: Days; 2: Weeks; 3: Months; 4 : Years
impact before results action and the observation of action and delay
criteria (SOC) desired effects results




Prioritization tools for diseases and interventions targeting
Populations in Africa and Canada vulnerable to water-related health issues

o Desired
Criteria S — .
Criteria Description Indicator effect and Scale
Category . .
direction
. 1: Simple (minor institutional changes); 2: Intermediate
. . Level of Minimize the . . .
SOC-02 - Estimates the operational . N (necessitates new hires); 3: Moderate (necessitate new work
. . operational level of . . . L
Operational complexity related to the . . teams in one sector of intervention); 4: Complex (requires inter-
. . . . complexity of operational . s
complexity implementation of the action . . sectoral/inter-institutional changes); 5: Very complex
the action complexity . . -
(necessitates creation of new structures or organizations)
0: Nil (This action should have no negative impact or slight
. . ositive effect on organisation’s perceived credibility); 1: Low
SOC-03 - Estimates the potential for P . . & P y)' L,
. . . . N (this action may have a weak adverse effect on organisation’s
Potential impact | negative impacts to perceived Perceived Minimize ) - . .
L, . " . - perceived credibility); 2: Moderate (this action may have a
to organization’s | credibility of the organization by credibility conflicts N .
. . moderate adverse effect on organisation’s perceived
credibility the general public - . . .
credibility); 3: High (this impact may have a strong negative
impact on organisation’s perceived credibility)
0: Nil; 1: low: must be reapplied frequently to obtain long term
SOC -04 — . . Duration of Maximize the | effect; 2: moderate — must be maintained sporadically for effect
S Estimates the duration of . . . s .
Sustainability of officiency of the action effectiveness of | duration of to occur, but effect sustainable in time; 3: excellent— once in
effect * ¥ the action effectiveness | place, effect is sustained without repeated efforts required to
maintain
SOC-05- Intra-
. . - Coherence -
regional Estimates the coherence within L Maximize the . . . . ) ) .
. within the 0: Nil, not applicable province-wide; 1: Applicable province-wide
coherence of the province . coherence
* province
strategy
SOC-06- Inter- . . . - . . .
. Estimates the coherence with Coherence with I 0: Nil, intervention not recommended by neighbouring
regional . . . . . Maximize the i, . . . .
neighbouring region strategies regional authorities; 1: the intervention recommended by neighbouring
coherence of . . . coherence i,
strategy * (Canadian provinces and US) strategies authorities.

* New criteria added in the Manitoba model




Appendix 4 - Modifications made to Quebec Lyme disease evaluations for the Manitoban context

Action

Modifications

Interpretation

ALT-1

Exclude people
from high-risk

PHC-01 criteria increased from 1 to 2
PHC-03 criteria increased from 0 to 1
AEC-01 criteria decreased from 3to 1
SIC-01 criteria decreased from 3 to 0

Reduction in incidence of human cases of Lyme
disease deemed to be moderately effective.
Potential for adverse health effects increased from
none to indirect negative effects on mental or

public areas SIC-02 criteria decreased from 3 to 2 | social health
ECC-01 criteria increased from 0to 1 | Potential negative impact on habitat reduced from
SOC-01 criteria decreased from 2 to 3to1l
1 Social acceptability reduced from high to nil
Proportion benefitting reduced from 50-75% to 25-
50%
Cost to public sector increased from none to low
Potential Delay before results reduced from weeks
to days
ALT-3 SIC-01 criteria decreased from 3 to 2 | Social acceptability reduced from high to moderate

Offer human
Lyme vaccine

SIC-02 criteria increased from 3 to 4
ECC-02 criteria increased from 0 to 3
SOC-03 criteria decreased from 2 to
0

Proportion benefitting increased from 50-75% to
over 75%

Cost to private sector increased from Nil to high
Potential for negative impact on credibility reduced
from moderate to nil.

ALT-4

Setup special
Lyme disease
diagnostic /
treatment clinics

SIC-01 criteria decreased from 4 to 3
SOC-02 criteria decreased from 5 to
4
SOC-03 criteria decreased from 2 to
1

Social acceptance reduced from very high to high
Operational complexity decreased from very
complex to complex

Potential for negative impact on credibility
decreased from moderate to low

ALT-7

Carry out small
scale landscaping

PHC-03 criteria decreased from 1 to
0

AEC-01 criteria decreased from 20 to
12

SIC-01 criteria decreased from 3 to 2
ECC-01 criteria increased from 1 to 2
SOC-02 criteria decreased from 4 to
3

SOC-03 criteria decreased from 2 to
1

Potential for adverse health effects decreased from
indirect negative effects on mental health to no
effect

Potential impact on habitats reduced from 20 to 12
Social acceptability reduced from high to moderate
Cost to public sector increased from low to
moderate

Operational complexity reduced from complex to
moderate

Potential for negative impact on credibility
decreased from moderate to low

ALT-8 AEC-01 criteria decreased from 30 to | Potential impact on habitats reduced from 30 to 24
24 Potential impact on animal health reduced from 9
Large scale AEC-02 criteria decreased from9to6 | to6
habitat SIC-01 criteria decreased from 2 to 1 | Social acceptability decreased from moderate to
modification SIC-02 criteria increased from 1 to 2 low
Proportion benefitting increased from less than
25% to 25-50%
ALT-9 AEC-02 criteria increased from 8 to Potential impact on habitat increased from 8 to 12
12 Cost to public sector increased from low to
Small scale ECC-01 criteria increased from 1to 2 | moderate
acaricide ECC-02 criteria decreased from 1 to 0 | Cost to private sector decreased from low to none
application SOC-02 criteria decreased from 4 to Delay reduced from years to months
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3
SOC-03 criteria decreased from 3 to
2

Potential negative impact on credibility decreased
from high to moderate

ALT-10 SIC-01 criteria decreased from 2to 1 | Social acceptability reduced from moderate to low
SIC-02criteria decreased from 4 to 2 Proportion benefitting reduced from >75% to 25-

Large scale 50%

acaricide

application

ALT-11 SIC-01 criteria decreased from 2to 1 | Social acceptability reduced from moderate to low

Desiccants /
insecticidal soap

ECC-01 criteria increased from 1 to 2

Cost to public sector increased from low to
moderate

ALT-13

‘A-poster’ device

SIC-01 criteria decreased from 3 to 2
SIC-02 criteria increased from 1 to 2
SOC-03 criteria decreased from 2 to
1

Social acceptability reduced from high to moderate
Proportion benefitting increased from <25% to 25-
50%

Potential negative impact on credibility decreased
from moderate to low

ALT-14

Deer bait stations

PHC-01 criteria increased from 1 to 2
PHC-02 criteria decreased from 2 to
1

SIC-01 criteria decreased from 3 to 2
SIC-02 criteria increased from 1 to 2
ECC-01 criteria increased from 1 to 2
SOC-03 criteria decreased from 3 to
1

Reduction in incidence of human cases of Lyme
disease increased from low to moderate
Reduction in entomological risk reduced from
moderate to low

Social acceptability reduced from high to moderate
Proportion benefitting increased from <25% to 25-
50%

Cost to public sector increased from low to
moderate

Potential negative impact on credibility reduced
from high to low

ALT-15 PHC-01 criteria increased from 0 to 1 | Reduction in incidence of human cases of Lyme
SIC-01 criteria decreased from 3to 2 | disease increased from nil to low
‘Damminix’ SOC-03 criteria decreased from 2 to Social acceptability decreased from high to
devices 1 moderate
Potential negative impact on credibility reduced
from moderate to low
ALT-16 PHC-01 criteria increased from 0 to 1 | Reduction in incidence of human cases of Lyme

Rodent bait boxes

PHC-02 criteria increased from 1 to 2
SIC-01 criteria decreased from 3 to 2

disease increased from nil to low
Reduction in entomological risk increased from low

with fipronil SOC-01 criteria increased from 3to 4 | to moderate
SOC-03 criteria decreased from 2 to Social acceptability decreased from high to
1 moderate
Delay increased from months to years
Potential negative impact on credibility reduced
from moderate to low
ALT-19 PHC-03 criteria increased from O to 1 | Potential for adverse health effects increased from

Deer exclusion via
fencing

SIC-01 criteria decreased from 3 to 2
SIC-02 criteria increased from 1 to 2
SOC-03 criteria decreased from 2 to
1

none to indirect negative effects on mental or
social health

Social acceptability decreased from high to
moderate

Proportion benefitting increased from <25% to 25-
50%
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Potential negative impact on credibility reduced
from moderate to low

ALT-20

Deer hunting

PHC-01 criteria increased from O to 1
SIC-Olcriteria increased from 2 to 3
SOC-02 criteria decreased from 4 to
3

SOC-03criteria decreased from 3 to 2

Reduction in incidence of human cases of Lyme
disease increased from nil to low

Social acceptability increased from moderate to
high

Operational complexity reduced from complex to
moderate

Potential negative impact on credibility reduced
from high to moderate

ALT-21 AEC-02 criteria decreased from 27 to | Potential impact on animal health reduced from 27
18 to 18

Deer culling SIC-01 criteria decreased from 1to 0 | Social acceptability reduced from low to nil
SOC-02 criteria increased from 4 to 5 | Operational complexity increased from complex to
SOC-03 criteria decreased from 4 to very complex
3 Potential negative impact on credibility reduced

from very high to high

ALT-22 SOC-03 criteria decreased from 1 to Potential negative impact on credibility reduced
0 from low to nil

Status quo

(baseline)
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Abstract: The effects of climate change on infections diseases am an important global health concern
and necessitate decisions for allocation of esoures. Economic tools have been used previously;
however, how prioritization results might differ when done using broader considerations identified
by local stakeholders has yet to be assessed. A multicriteria decision analysis (MCDA) approach was
used toassess multi-stakeholder expressed concemns around disease prioritization viz focus groups
held in Quebec and Burkina Faso. Stakeholders weighted criteria and comparisons were made across
study sites. A pilot disease prioriization was done to examine effects on disease rankings. A majority
of identified eriteria were common to both sites. The effect of context specific criteria and weights
resulted in similar yet distinct priotitizations of diseases. The presence of consistent criteria between
sites sugpests that common concerns exist for prioritization; how ever, contexkspecific adjustments
reveal much regarding resource availability, capacity and concerns that should be considered as this
impacts disease ranking. Participatory dedsion aid approaches facilitate rich knowledge exchange
and problem structuring. Furthermore, given multiple actors in low- and middle-income countries
settings, multi-actor collaborations across non-governmental organizations, local government and
community are important. Formal mechanisms such as MCDA provide means to foster consensus,
shared awareness and collaboration.
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