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Introduction

The World Health Organization (WHO), World Organisation for Animal Health (OIE), Food
and Agricultural Organization of the United Nations (FAO), and Global Alliance for Rabies
Control (GARC) have established a global goal for the elimination of dog-mediated human
rabies deaths by 2030 [1,2]. A significant number of rabies endemic countries have also com-
mitted themselves, individually or as a group, to eliminate rabies from their territories.
Although tools to eliminate canine rabies are available, financial resources for rabies control
are scarce. [2]. Public—private partnerships have shown effective results in the control of cer-
tain neglected tropical diseases [3]—like filariasis elimination championed by the Global Alli-
ance for the Elimination of Lymphatic Filariasis (GAELF) [4] and Guinea worm control
spearheaded by the Carter Center [5]—and could prove a possible strategy for rabies. The
funding to achieve global elimination of dog-mediated human rabies deaths has not yet been
realized, and it is unlikely that a single external partner would be able to provide all resources
necessary to develop an endemic country’s comprehensive, multiyear rabies control program
[5]. Instead, the fiscal investment and infrastructural development will, in many instances,
need to be driven in part from the endemic country’s government [2,3]. Indeed, just as rabies
elimination is a global public good, national governments should recognize that freedom of
dog rabies is a national public good, for which public funds should be invested. National gov-
ernments should also take the lead in making the final decisions on the overall strategy and the
day to day implementation of rabies elimination or control activities. Support from external
sources, including international agencies, public entities, donor governments, and private
partners, may assist with bridging the funding gap and should aim to fund objectives that align
with, or promote, the development of a sustainable government-operated rabies program.
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Existing rabies control resources for countries

Government’s commitment to disease interventions begins with a multisectoral, One Health
understanding of the disease burden and agreement that a given disease is a national priority.
To facilitate prioritization of a county’s top endemic and emerging zoonotic diseases, the Cen-
ters for Disease Control and Prevention (CDC) has developed a One Health Zoonotic Disease
Prioritization tool (OHZDP) [6], offered as a two-day facilitated workshop with stakeholders
from the human, animal, environmental health, and other relevant sectors. As of May 2018, 19
of 20 countries that have held OHZDP workshops have prioritized rabies [7-14].

For countries that have not prioritized control of rabies or committed to rabies elimination
as a national priority, advocacy and increased recognition of the rabies burden may help foster
intragovernment support. Several tools for rabies advocacy have been developed in recent
years. In 2017, United Against Rabies (UAR), a collaboration of four partners—WHO, the
FAOQ, the OIE and the GARC—was created to advocate for rabies control. UAR fosters a multi-
stakeholder platform to engage countries and experts to advance towards zero dog-mediated
human rabies deaths by 2030 [15] (http://www.who.int/rabies/news/RUA-Rabies-launch-
plan-achieve-zero-rabies-human-deaths-2030/en/). In some countries intragovernmental sup-
port has been fostered through rabies champions—persons who undertake advocacy and
awareness roles to motivate communities and governments to action. To support development
of rabies champions, the GARC provides annual awards for community leaders [16] and hosts
online rabies educational courses [17]. An even more comprehensive educational platform
was created by Pasteur Institute, the Customized Online Training (COLT) for rabies control
officers [18]. This one-year intensive course trains approximately 30 people per year from
numerous countries to be rabies control advocates and experts within their country. The
course is hosted online but also includes a two-week on-site workshop and continued mentor-
ing by workshop organizers after the one-year program is completed. Intragovernment sup-
port for rabies control has also been fostered through bilateral country agreements targeting
regional rabies control and elimination goals. Perhaps the greatest accomplishments in
regional rabies control in the past two decades was seen in Latin America, where regional
rabies program directors made agreements to commit to canine rabies elimination [19]. This
model has been replicated in several regions in just the past several years, with the formation
of the ASEAN Rabies Elimination Strategy in 2015 (Brunei, Cambodia, Indonesia, Lao PDR,
Malaysia, Myanmar, Philippines, Singapore, Thailand, Viet Nam). In Africa, the Pan-African
Rabies Control Network (PARACON) was established in 2015 as the regional network for
sub-Saharan African countries [20]. Subsequently, smaller, community-based, subregional
planning structures included the Eastern Africa rabies control planning commission and the
first meeting of the East Africa Rabies Network in 2017 (Kenya, Tanzania, Rwanda, Ethiopia,
Uganda) [21].

In the early stages of rabies control advocacy there are often limited data on the burden of
the disease, and data that are available are based on rudimentary surveillance systems that cap-
ture only a fraction of human rabies cases [22]. Several burden estimation methods are avail-
able to help describe a country’s rabies burden, even where limited data are available. In 2015,
the global burden of rabies was estimated by a group of international rabies experts, and coun-
try-specific results were published in a supplemental file within the publication [23]. Subse-
quently, a District Health Information System 2 (DHIS2)-based Rabies Epidemiological
Bulletin was developed in order to improve rabies surveillance and the reporting of rabies epi-
demiological data from Africa; this platform was most recently extended to include the Asian
Rabies Control Network (https://rabiesalliance.org/networks/aracon) [20]. Two interactive
rabies-burden models are also available. The first is the BioEcon model, developed by the
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United States Department of Agriculture. This is an individual-based stochastic simulation
model to forecast the burden of rabies and economic cost associated with user-defined control
measures [24]. The second is a deterministic compartmental model that also estimates the
human rabies burden under user-defined scenarios, as well as the economic cost to control the
disease through dog vaccination, referred to as the RabiesEcon model [25].

Once countries have committed to rabies control as a priority, it is important to evaluate
the current capacity and gaps in logistical capacity, personnel, and financial support. To evalu-
ate a country’s rabies program, the GARC, the FAO, the OIE, and WHO developed the Step-
wise Approach towards Rabies Elimination (SARE) tool [26]. During a multiday workshop,
stakeholders from the human, animal, and environmental sectors are guided by this Excel-
based tool (Microsoft, Redmond, WA) to evaluate their rabies control program and develop a
list of high-priority activities to advance their elimination program [26,27]. The SARE tool
also links to several international guidance documents, including the WHO Technical Report
Series (TRS) on rabies [28], the OIE Terrestrial Manual [29], and the Blueprint for Canine
Rabies Control [26].

The Global Dog Rabies Elimination Pathway (GDREP) tool was developed to help estimate
the financial and human capital required to achieve canine rabies elimination [2]. This tool
describes a three-step approach towards achieving a successful dog rabies vaccination pro-
gram: preparation, scale-up, and sustainability. The tool is available in an interactive, online
format (https://garc.shinyapps.io/gdrep/) [2,30].

These resources provide practical guidance for developing rabies control programs, detailed
protocols to conduct field operations, and estimates of the cost, time, and personnel to achieve
the goal of rabies elimination. Lacking from these available resources is guidance for how gov-
ernments and their external partners can foster host government leadership of these rabies
control activities.

Combining resources for sustained control efforts

A proposed strategic approach for coordinating rabies engagement and elimination collabora-
tions (Fig 1) was developed to guide the engagement of government and external partners on
canine rabies elimination in a way that promotes host nation leadership. This approach con-
siders that the strengths and utility of current published tools—including OHZDP [6,31], the
SARE [26], and the GDREP [2]—are complimentary and can be used as a strategic framework
or as individual aids to develop long-lasting government-sponsored rabies control capacity in
endemic countries. Desired outcomes, suggested activities, and available resources related to
this strategic approach are listed in Table 1.

Prioritization (Activity I of Fig 1)

Prioritization of diseases has been performed in a multitude of ways [6,9,47-49] and is a criti-
cal first step in gaining government support for building public health capacity. The CDC’s
OHZDP tool is one of the few prioritization tools that uses qualitative, quantitative, and semi-
quantitative methods within a One Health framework by engaging stakeholders from the
human, animal, and environmental health sectors as well as other relevant government sectors
and their external partners [6,31]. Prioritization through stakeholder engagement is often nec-
essary for diseases like rabies, which require sustained support and collaboration from multiple
governmental sectors. When rabies has not been considered a national priority, activities that
raise awareness of disease burden and improve in-country advocacy for rabies control should
also be pursued.
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A Strategic Approach to Foster Sustained Rabies

Elimination Programs

- Does the country have a list of prioritized zoonotic diseases? I

Engage with United Against Rabies (UAR)
organization

Support programs to develop rabies

Conduct a One Health Zoonotic Disease champions

Prioritization (OHZDP)

or similar disease prioritization process Improve rabies burden estimations

Conduct a rabies program evaluation (e.g. SARE)
and economic assessment (e.g. GDREP)

- What are the priorities and capacity of the country to control rabies? IEEE—G—

LOW CAPACITY MODERATE CAPACITY HIGH CAPACITY
Activity llla Activity llib ~Activity lllc
Establish the Burden Mitigate Rabies Deaths Canine Rabies Elimination
IMPROVEMENT OF HUMAN IMPROVE ACCESS TO PEP DOG RABIES VACCINATION
RABIES CASE DETECTION PROGRAMS
I to PEP - ;
& Develop IAboratory capacity o Improve access to o Characterize dog populations
o Develop regional laboratory services o Evaluate current mass vaccination
o Integrate rabies case definitions into strategies
encephalitis or acute febrile illness  Develop laboratory-based
surveillance systems surveillance systems for humans and  Develop vaccination programs
animals reaching at least 70% of the dogs

® Conduct community and health-center _
surveys to elucidate rabies exposure o Implement Integrated Bite Case o Conduct post-vaccination evaluations

rates and healthcare seeking behaviors ~ Management to improve PEP utilization

- What successes have been realized? 1 —
Re-evaluate country progress and priorities
o Repeat SARE biannually
o Measure program impacts and progress of activities
o Disseminate results and lessons learned with in-country stakeholders e

Fig 1. A strategic approach to foster sustained rabies elimination collaborations. GDREP, Global Dog Rabies
Elimination Pathway; OHZDP, One Health Zoonotic Disease Prioritization; PEP, post-exposure prophylaxis; SARE,
Stepwise Approach for Rabies Elimination.

https://doi.org/10.1371/journal.pntd.0006756.9g001
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Table 1. Available resources for suggested activities in engagement and elimination of canine rabies in endemic countries.

Activities | Outcomes

II

IIIa

IIIb

IIIc

Suggested Activities Available
Resources
Determination of rabies control as a priority of the Conduct an OHZDP workshop or similar disease prioritization process that [6,31]
host government uses a multisectoral, One Health approach
Improved intragovernment awareness and advocacy | Collaborate with UAR to improve in-country advocacy for rabies control [15]
for rabies elimination Promote rabies champion development [16-18]
Improve rabies case detection [32]
Estimate the burden of rabies in the country [2,23,25]
Identification of critical activities necessary to Conduct the SARE workshop or multisectoral evaluation of in-country rabies [26]

improve the rabies elimination program

Improve detection of human rabies cases

Development of an IBCM system to reduce

situation and elimination readiness

Conduct community KAP survey to determine bite rates, healthcare-seeking [33]
behavior, human deaths

Conduct prospective human rabies investigations using medical center records | [34]
Establish routine case investigation protocols with verbal autopsy tools [35]

Integrate human rabies into existing acute neurologic (encephalitis) or AFI [36], [37]
syndromic surveillance system

Establish laboratory capacity for detection of human rabies cases [2,38-40]

Evaluate current surveillance capacity for detection of human and animal rabies | [26]

unnecessary PEP usage and decrease human deaths | cases

Establish IBCM protocols [32]

Establish PEP treatment recommendations [26]

Implement pilot IBCM programs [32]

Evaluate impact on healthcare-seeking behaviors

Evaluate impact on health economics [41]

[42]

Improvements of canine rabies vaccination coverage | Estimate the cost to implement effective mass dog vaccination programs [2]
to 70% and maintain coverage for five years Describe the dog population [43,44]

Evaluate the current vaccination program [26]

Develop and implement the ideal vaccination campaign including securing [45], [46], [26]

supply of vaccines for the required vaccination coverage and program duration

Abbreviations: AFI, acute febrile illness; CDC, Centers for Disease Control and Prevention; GDREP, Global Dog Rabies Elimination Pathway; IBCM, integrated bite

case management; KAP, Knowledge, Attitude, and Practices; MMWR, Morbidity and Mortality Weekly Report; OHZDP, One Health Zoonotic Disease Prioritization;
OIE, World Organisation for Animal Health; PEP, post exposure prophylaxis; SARE, Stepwise Approach for Rabies Elimination; UAR, United Against Rabies; WHO,
World Health Organization.

https://doi.org/10.1371/journal.pntd.0006756.t001

Evaluation (Activity II of Fig 1)

Once the efforts to garner the commitment of the country to prioritize rabies control or elimi-
nation are successful, conducting a SARE evaluation is a strategic next step to identify critical
gaps that may be hindering rabies control progress. The host government and partners should
determine the most impactful activities that pertain to short-term rabies control success by
considering the outcome of the SARE report [26]. Furthermore, partners and host govern-
ments will likely derive considerable benefit from performing an economic landscape analysis
(e.g., GDREP) to promote an understanding of the financial goals and timeframe required to
achieve disease elimination.

Strategies for rabies control activities based on country priorities
(Activity III of Fig 1)

Approaches to generating comprehensive rabies control strategies were separated into three
broad categories based on host government priorities, funding availability, and logistical
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capacity. Countries with limited logistical capacity and funding for rabies control should
consider investing in programs that improve human rabies case detection, in an effort to
bolster support for rabies control activities. Countries with moderate logistical and funding
capacity should focus on activities that can quickly reduce human rabies deaths. Such activities
include improving access to rabies post-exposure prophylaxis (PEP) and improved rabies sur-
veillance systems. Countries with high levels of logistical and fiscal capacity should consider
supporting activities that will permanently eliminate canine rabies (e.g., mass dog vaccination).
Given the One Health approach required to control rabies, activities will often overlap, and
the order in which activities are implemented is flexible and based upon country-specific
context.

Establish the rabies burden (Activity IIIa of Fig 1)

Sustained commitment to rabies control often requires recognition of the disease burden. Bur-
den is best characterized through routine public health surveillance activities to characterize
the number of human and animal cases [23]. Laboratory-based surveillance systems can pro-
vide quantitative epidemiologic data that can be useful for advocacy and evaluating interven-
tions. WHO, OIE, and the CDC have produced laboratory manuals to guide countries in
building laboratory infrastructure [29,50-52].

Countries that lack a dedicated rabies surveillance system may consider integrating human
rabies surveillance into an existing program that detects common clinical signs of rabies such
as fever or encephalitis. Acute neurologic (encephalitis) or acute febrile illness (AFI) syndro-
mic surveillance programs may provide such a platform for improved case detection [37,53].
Utilization of the WHO case definitions for clinical diagnosis of rabies in humans can provide
an indicator of the potential burden without requiring laboratory capacity or a dedicated sur-
veillance program [28].

If the country does not currently have surveillance capacity, community surveys or health
center trace-back surveys to elucidate rates of dog bites, human rabies deaths, and health-
seeking behaviors can produce valuable information for conducting country-specific burden
estimations [54].

Mitigate human rabies deaths (Activity IIIb of Fig 1)

Human rabies deaths can be drastically reduced through improved access to vaccines for per-
sons with suspected rabies exposures [1]. Provision of rabies PEP may not be a sustainable
solution to eliminate human rabies deaths, as demand can quickly overwhelm resources if the
virus is not controlled in the reservoir population. More judicious use of PEP can be achieved
by integrating surveillance activities and diagnostic findings with PEP decision algorithms.
Development of regional laboratory services is also a possible means of reducing treatment
delays and the provision of unnecessary treatments, especially in remote areas. Integrated bite
case management (IBCM) programs can improve the delivery of PEP to persons with high-
risk exposures while simultaneously reducing the frequency in which nonrabies exposures
lead to unnecessary vaccination [32,42].

For various reasons, countries often opt to initiate IBCM through pilot projects [55]. Pilot
projects allow the development and evaluation of tailored programs, which consider the
unique cultural, logistical, and financial situations among the many diverse rabies-endemic
countries. Pilot projects also allow countries to showcase an intervention’s feasibility, utility,
and cost effectiveness, which would justify national expansion of the program [33,56].
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Rabies elimination through mass dog vaccination (Activity IIIc of Fig 1)

Countries that currently have the desire and resources to eliminate canine rabies and have
implemented programs to increase access to vaccines for persons with rabies exposures should
focus efforts on mass dog vaccination. These activities should include enumeration of the dog
population, evaluation of an array of vaccination strategies, and development of a vaccination
program with a goal of >70% coverage in endemic areas. Organizations such as World Animal
Protection and OIE have developed resources to help planning and evaluation of dog vaccina-
tion campaigns, as well as management of stray dog populations; these resources can be found
on the rabies control blueprint, section “Case Studies and Documents”.

Reevaluate country progress and priorities (Activity IV of Fig 1)

The strategic approach considers changing capacity and priorities of the host government to
control rabies. The activities proposed by this approach can serve as a general guide rather
than a fixed path towards rabies elimination. For example, a country may choose to conduct
dog vaccination programs, an activity in Activity Illc, while building a pilot IBCM project, an
activity in Activity IIIb. The approach incorporates frequent reevaluation of country progress
and priorities by repeating the SARE evaluation every two years. The government and their
external partners can also reevaluate their progress and priorities by frequent measurement of
program impacts and progress of activities. Results and lessons learned should be shared with
all partners to improve program advocacy.

Models of success
Kenya

Much of Kenya’s progress in rabies elimination has been noted by the activities conducted
between 2000 and 2015, including their initial efforts to describe the epidemiology of rabies
and assess the most effective vaccination strategy for rabies elimination through empirical data
and mathematical modeling [57,58]. In 2012, the Kenyan government established the Kenya
Zoonotic Disease Unit (ZDU) [59] to improve communication between the Ministry of Health
and Ministry of Agriculture Livestock and Fisheries, with the mandate of fostering collabora-
tion between key health sectors for the management of zoonotic diseases. One of the primary
goals of the ZDU was to enhance or build zoonotic epidemic and endemic disease surveillance
and to coordinate implementation of control measures. As part of the development of this stra-
tegic plan, rabies was prioritized as one of the zoonotic diseases targeted for enhanced surveil-
lance and control (Activities I and II). Rabies was again prioritized during a formal OHZDP
workshop in 2015 (Activities I and II) [9].

The establishment of the ZDU has been a catalyst for the rabies control program in Kenya
and the region. Between 2012 and 2014, the ZDU organized multistakeholder forums for
rabies experts in the country to develop a rabies elimination plan. The plan gained further sup-
port and was strengthened in 2015, when the country conducted a SARE workshop. The
GDREP was conducted in 2017 (Activity II). This elimination plan has attracted donor sup-
port for canine rabies vaccination and surveillance campaigns in two pilot counties, which will
inform implementation in other regions (Activities IIIb and IIIc) [60]. In addition, existing
community-based AFI surveillance has incorporated a specific syndromic component to cap-
ture animal health information, which is expected to provide more information about commu-
nity-based rabies cases in animals (Activity IIIa). Kenya also recognizes that rabies is a
transboundary disease, therefore the ZDU—with support from the CDC and the GARC—held
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the first Eastern Africa regional meeting on rabies control in 2017 to strengthen support and
collaboration for regional rabies elimination [21].

Haiti

At the time of initial engagement in 2011, Haiti’s surveillance system detected, on average, 10
annual human rabies deaths, while the international community and RabiesEcon modelling
estimated more than 100 deaths [23,25,32]. This discrepancy influenced the government to
place rabies within the scope of their priorities. Suitable zoonotic disease prioritization tools
[6] were not available at the start of this project, so the CDC and host government partners
focused initial efforts on developing country-specific burden estimates and improving animal
and human rabies surveillance (Activities I and II) [33,56]. Revised rabies burden estimates
(133 annual deaths) were calculated from the RabiesEcon model using Haitian-derived data
and were reported to the Haitian government in 2014 (Activity I) [25,32]. Additionally, the
CDC assisted in the development of a rabies laboratory to improve human and animal case
detection (Activities IIIa and IIIb).

In 2013, Haiti’s national rabies laboratory was established, and a passive animal rabies sur-
veillance system was implemented with combined inputs from the agriculture and public
health sectors. This activity served to increase the awareness of rabies (an 18-fold increase in
detection of rabid dogs was demonstrated within the first 6 months of operation), and it func-
tions as a platform for human and animal health workers to collaboratively investigate human
and animal rabies cases (Activities I1Ia and IIIb) [32].

Engagement between Haitian government and several external partner agencies grew
between 2014 and 2017. A formal SARE workshop was conducted in 2015 and GDREP in
2016 (Activity II), and the national rabies control plan was updated to reflect priority activities.
Several educational trainings were supported by the CDC and the GARC, which included a
workshop in which over 40 Haitians were awarded the Rabies Educator Certificate (Activity I)
[17]. The Ministry of Agriculture used data collected through surveys and surveillance activi-
ties to successfully apply for World Bank funding to establish a national animal rabies surveil-
lance program in 2016 and scale-up national canine rabies vaccination coverage (>200,000
dogs vaccinated in 2017) (Activities IIIc and IV).

At the onset of this collaboration in 2011, the Haitian government and their external part-
ners had conflicting opinions as to the priority of rabies control among the numerous public
health issues impacting Haiti. Therefore, initial efforts were directed towards obtaining gov-
ernment commitment and support by demonstrating the disease burden [32,56]. Haiti is a
positive example of how a collaborative rabies control program does not always need to be
approached in a stepwise fashion; rather the tools and approaches described above can be
implemented strategically, throughout the evolution of the program.

Conclusion

Rabies elimination requires a One Health approach with long-term and large-scale commit-
ments, both from international entities as well as host governments. In many situations, exter-
nal partners of the governments of rabies-endemic countries will likely be needed to provide
technical expertise or to supplement fiscal and logistical gaps. However, sustainable rabies
elimination programs are based on host government leadership [2,3]. Disease prioritization is
an important first step for governments as well as partner organizations to ensure that expecta-
tions are aligned with a common goal. The tools to assist information gathering, planning, and
collaborations from both human and animal health sectors are publicly available. These tools
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can be applied sequentially or strategically and iteratively during the multiyear progression
towards canine rabies elimination.
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