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Rabies is an ancient zoonotic viral disease that 
still exerts a high impact on human and animal 
health. The disease is almost 100% fatal after 
clinical signs appear, and it kills tens of thousands 
of people per year worldwide, particularly 
in Africa and many parts of Asia. Although 
the disease in humans can be prevented by 
timely post-exposure prophylaxis, its access 
and affordability is limited in rabies endemic 
countries. With 99% of infections in humans 
caused by rabid domestic dog bites, controlling 
the infection in this reservoir population has 
been proven to be most effective to reduce and 
eliminate human rabies cases. In this context, 
this Research Topic invited contributions on 
the control and elimination of dog mediated 
human rabies. Publications on epidemiological, 
educational, policy-related and economic 
aspects of dog and human rabies surveillance, 
implementation of control in dogs and humans 
and scientific documentation of success stories 
were consolidated. We hope that these articles 
contribute to reaching the ambitious goal, set by 
key players in global health, of the elimination of 
dog mediated human rabies by 2030.
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Editorial on the Research Topic

Towards Elimination of Dog Mediated Human Rabies

Rabies is a zoonotic viral disease with a high impact on human and animal health. The disease is 
almost 100% fatal after clinical signs appear and kills tens of thousands of people per year worldwide. 
About 99% of infections in humans are caused by rabid domestic dog bites. Human disease is related 
to poverty, with the highest burden in Asian and African low-income settings. Along with the group 
of neglected tropical diseases, increasingly recognized by high-level global health policy as indicators 
of functionality of health systems, rabies is scheduled for potential elimination as part of the UN 
sustainable development goals. In late 2015, the international rabies community, represented by 
more than 100 (mostly rabies endemic) countries, set a global target of eliminating human rabies 
mediated by dogs by 2030. Despite this momentum, rabies has received relatively less international 
attention compared with some of the other NTDs as of yet.

In this research topic, 123 authors contributed 15 articles (9 original research articles, 4 perspec-
tive pieces, and 2 reviews) from different regions in the world (4 from Australasia, 5 from Africa, 1 
from Latin America, 4 global, and 1 theoretical) discussing various aspects of working towards the 
achievement of this goal. The collection brings together the experience and lessons learned from rabies 
control programs small and large, research aimed at improving the design and cost-effectiveness of 
rabies control programs, and analysis of the resources needed to expand rabies control efforts.

Our understanding of rabies control is sufficient, and the key tools are available to eliminate the 
disease. However, an overview by Fahrion et al. highlights the challenges and barriers to successfully 
implementing sustainable control of the disease. This article sets the scene for the whole collection, 
by discussing not just the gaps but also possible solutions for the socio-political, organizational, 
technical, and resource-linked issues that are being addressed by many different stakeholders. It 
highlights the need for applied research, a feature that has been taken up by most of the articles of 
this research topic.

Evidence that rabies can be locally eliminated has been built in recent years in a variety of settings, 
demonstrated here by Byrnes et al., Valenzuela et al., and Mpolya et al., describing successful state-
wide programmes in Sikkim, India, Ilocos Norte, Philippines, and Southeast Tanzania and Pemba 
Island. All the programs were implemented by the government, in collaboration with one or more 
organizations, such as NGOs, WHO, OIE, national and international research institutes, and private 
foundations. Mass rabies vaccination in dogs and promotion of post-exposure prophylaxis (PEP) in 
humans were the common interventions, supported by dog population management (Byrnes et al.) 
and promotion of surveillance (Valenzuela et  al.; Mpolya et  al.), including the use of innovative 
methods such as mobile phone tools (Mpolya et al.), and the transition to intradermal PEP delivery 
(Mpolya et al.). Two facts were highlighted in all case studies, namely, the importance of a One Health 
approach demanding involvement of stakeholders from the veterinary and public health sectors 
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and the challenge of sustaining progress in areas situated amidst 
rabies endemic areas.

From all projects there are lessons to be learned that can be 
used to support efforts elsewhere. This is particularly true for the 
coordinated approach to rabies control programs across Latin 
America and Caribbean (LAC), described by Del Rio Vilas et al., 
whose lessons derived are highly relevant to large-scale regional 
elimination goals. Although the target to eliminate rabies from 
LAC had to be reset four times since the implementation of the 
program in 1983 (it is currently set to 2022), a massive reduction 
of the human and animal rabies cases to (almost) 0 in most of 
the LAC countries has been achieved. One of the key messages is 
the need for adapted regional and national strategies to recognize 
that countries can vary enormously in their capacities.

Long-term intensive programs are required to achieve sustain-
able elimination and ensure that the reduction of cases is not 
followed by a resurgence of the incidence. The example from 
Morocco described by Darkaoui et al. demonstrates how inad-
equate implementation of the law, slack requests for responsibility 
from dog owners, and weak collaboration between Ministries 
impeded success in controlling rabies. Arief et al. also highlight 
the need for sustained control efforts in Bali, Indonesia, where 
dramatic reduction of rabies cases were achieved, but resurgence 
of disease has shown that elimination was still not possible.

What are the knowledge and action gaps that need to be 
addressed to implement sustainable rabies control programs 
at small and large scales? Concrete examples are addressed in 
articles of this research topic:

• The availability of high-quality surveillance data to support 
control efforts is absolutely vital. Unified reporting platforms 
have to be established (such as the epidemiological rabies 
bulletin for Africa proposed by Scott et  al.) and sustainable 
community engagement has to be ensured for effective sur-
veillance (Brookes et al.). The latter can only be achieved by 
the use of culturally adapted communication pathways.

• For concrete planning of control programs, detailed questions 
must be answered. For example, which subpopulation of dogs 
should be targeted in specific environments to reach the overall 
goal of elimination of rabies from the population? Theoretical 
modeling approaches can be used to answer such questions. 
In their setting, Leung and Davis identified the free-roaming 
owned dogs to be the most critical population to be vaccinated. 
Arief et  al. conducted an observational study and identified 
puppies and dogs living in rural areas as having a higher risk 
of being unvaccinated, thus the focus should be set on these 
populations. Taylor et al. provide a comprehensive overview in 
their review on dog population management, an intervention 
for which evidence of its benefits with regards to rabies control 
is still lacking. The authors advocate for cost-effectiveness 
studies for dog population management and suggested that 

safe, effective, cheap, and injectable contraceptives for females 
should be a research priority to benefit management of dog 
populations.

• The important job of assessing the vaccination coverages 
achieved in free-roaming dogs is often neglected. Sambo et al. 
found that transect studies (counting vaccinated and unvac-
cinated dogs in the streets) soon after the campaign is cheap, 
quick, and provides good results. It is, therefore, more appro-
priate for routine monitoring of mass vaccination campaigns 
than household or school-based surveys.

• Not only in relation to rabies, but any control program, 
cost-effectiveness and identification of funding needs and 
options are crucial to ensure sustainability. Mindekem et  al. 
found that a strategy that combines canine vaccination with 
the provision of PEP is more cost-effective in the long term 
than relying on PEP alone, particularly when communication 
across the human and veterinary health sectors is guaranteed 
to minimize unnecessary PEP application. Wallace et  al. 
evaluated funding and capacity needs to reach the elimination 
of canine rabies globally and identified cheaper vaccine and 
increased efficiencies in vaccine delivery and application as 
ways to reduce these projected costs, but predicted that com-
plementary dog population management interventions would 
markedly increase costs. Innovative financing mechanisms 
are needed to secure sufficient financial support, which is 
frequently a stumbling block to ensure that comprehensive 
vaccination plans can move forwards. Welburn et al. consider 
whether Development Impact Bonds could help to fill this 
funding gap. Such a finance model would enable investors 
taking on the risk of program delivery to ensure stricter man-
agement of implementation.

It is noteworthy that almost all contributions highlighted the 
need for an intersectoral approach involving all stakeholders, 
including the engagement of the communities. A One Health 
approach along the path to disease elimination (from resource 
allocation, to raising awareness, surveillance, implementation 
of control interventions, and eventual elimination) is a crucial 
requirement to realize the goal of 2030. To borrow words from 
Wallace et al., this research topic “hopes to stimulate and inform 
the necessary discussion on global and regional strategic plan-
ning, resource mobilization, and continuous execution of rabies 
virus elimination” that will be necessary to eliminate human-
mediated canine rabies by 2030—a target that should not be 
reset.
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Rabies, a vaccine preventable neglected tropical disease, still claims an estimated 
35,000–60,000 human lives annually. The international community, with more than 100 
endemic countries, has set a global target of 0 human deaths from dog-transmitted 
rabies by 2030. While it has been proven in several countries and regions that elimination 
of rabies as a public health problem is feasible and tools are available, rabies deaths 
globally have not yet been prevented effectively. While there has been extensive rabies 
research, specific areas of implementation for control and elimination have not been 
sufficiently addressed. This article highlights some of the commonest perceived barriers 
for countries to implementing rabies control and elimination programs and discusses 
possible solutions for sociopolitical, organizational, technical, and resource-linked 
requirements, following the pillars of the global framework for the elimination of dog- 
mediated human rabies adopted at the global rabies meeting in December 2015.

Keywords: rabies, dog rabies, neglected tropical diseases, zero human deaths, global framework, implementation

BAcKGrOUND

During the past decade, neglected tropical diseases (NTDs) have gained more recognition on the 
global health and development agendas (1–3). The transition from the Millennium Development 
Goals to the Sustainable Development Goals has renewed emphasis on ending the inequality that 
has deprived neglected communities from access to effective and affordable health care (Goal 3.8) 
and includes a specific goal to end NTDs by 2030 (Goal 3.3) (4).

Rabies, a viral disease categorized by the World Health Organization (WHO) as a NTD, kills tens 
of thousands of people every year, mostly among underserved populations in Africa and Asia; more 
than 95% of human rabies deaths result from the bites of infected dogs (5, 6). While the disease is 
almost 100% fatal, effective human and dog vaccines to prevent rabies are available. Elimination of 
dog-transmitted rabies as a public health problem is feasible (7, 8) by vaccinating dogs and providing 
post-exposure prophylaxis (PEP) to humans until dog rabies is eliminated (5).
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Elimination of canine rabies is integral to the WHO–OIE1–
FAO2 tripartite collaboration, which works at the animal–human–
ecosystems interface (9, 10). A joint global meeting (Geneva, 
December 2015) marked a milestone at which human and animal 
health sectors agreed a framework to eliminate canine rabies with 
the vision of ending dog-mediated human rabies by 2030 (8) 
(Figure 1). All 180 Member countries of the OIE affirmed this 
commitment in Resolution N.26 adopted by the World Assembly 
of Delegates of the OIE in May 2016.3

Rabies is widely recognized as a public health threat that 
warrants prioritization of control efforts in Asia (11–13), Africa 
(14), and among the least developed nations globally (15). Health 
leaders are increasingly aware that this fatal disease could be 
eliminated as a public health problem cost effectively in a rela-
tively short time (7, 16), yet rabies remains neglected and progress 
remains slow.

While there has been extensive research on the rabies virus, 
a comparative lack of operational research has led to knowledge 

1 World Organization for Animal Health.
2 Food and Agriculture Organization of the United Nations.
3 http://www.oie.int/fileadmin/Home/eng/About_us/docs/pdf/Session/2016/A_
RESO_2016_public.pdf.

gaps in how to design and implement control and elimination 
programs where they are needed most (11, 17) and calls for a 
“science of rabies elimination” (18). What barriers remain to 
coordinated efforts within and among countries? What is needed 
to transform the increased public and political awareness into 
real progress on the ground? And ultimately, what is needed to 
translate existing knowledge into success against rabies in a coun-
try? This paper discusses aspects of the “science to policy gap,” 
(perceived) barriers to progress and possible solutions (Table 1). 
It is structured according to the pillars of the Global framework 
for the elimination of dog-mediated human rabies (Figure  1), 
namely, sociocultural, technical, organization, political, and 
resources, reflecting a coordinated approach.

OvercOMiNG BArriers tO rABies 
eLiMiNAtiON

Political or sociocultural—raising Public 
Awareness and Political Will
Making the Burden Visible, Demonstrating Impact
Prioritization of a disease is brought about through increasing 
pub lic awareness and political will (19). One of the most important 
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tABLe 1 | Key areas for improvement, necessary actions, and the stakeholders required to take action to support programmatic success for canine 
rabies elimination.

Pillar Action By who Main target audiences/beneficiaries

POteNtiAL BArrier: LAcK OF AWAreNess AND PriOritiZAtiON

Political Demonstrate the burden and impact Epidemiologists, public health and veterinary services, program 
managers, international organizationsa

Government policy makers, global health 
funders

Political Declare the disease notifiable Government lawmakers, World Health Organization (WHO), OIE Health and veterinary professionals

Political Implement adequate surveillance in 
both humans and animals

Policy makers, public health and veterinary authorities Local authorities, health and veterinary 
professionals

Sociocultural Build awareness of the risks and 
prevention methods

All stakeholders, but especially: health educators, media, program 
managers, international organizationsa

General public, particularly children

Sociocultural Build community engagement and 
responsible dog ownership

Policy makers, health communicators, communities, NGOs Communities/general public, dog owners

POteNtiAL BArrier: LAcK OF NecessArY GUiDANce At reGiONAL AND NAtiONAL LeveL

Organizational Plan effective interventions Program managers with support of international organizationsa 
and experienced countries with successful programs as examples

National implementation authorities

Organizational Enable intersectoral collaboration at 
local and national levels

All relevant government sectors, NGOs and private partners, 
international organizationsa

Program managers and health-care 
providers

Organizational Regional collaboration Regional networks and (economic) associations, direct country 
partnerships, international organizationsa

Program managers

POteNtiAL BArrier: cUMBersOMe MetHODOLOGies

Technical Simplify rabies diagnosis for 
surveillance

Researchers, test developers and producers National and regional laboratory and 
surveillance personnel

Technical Simplify access to vaccine (Regional or national) responsibilities for procurement 
mechanisms, OIE and WHO vaccine banks

Government policy makers, global health 
funders, Program managers

Technical Simplify vaccine regimen and delivery Researchers, expert groups developing recommendationsb and 
guidelines, logisticians

Health authorities, community health 
providers

Technical Improve effectiveness of vaccination 
strategies

Program managers, epidemiologists/researchers Program implementers

Technical Assess and implement control and 
management of dog movement

Policy makers, veterinary authorities, researchers Local authorities, dog owners

POteNtiAL BArrier: iNADeQUAte FUNDiNG

Resources Ensure adequate resources for a 
program

Governments and international and bilateral funding agencies 
[including (international) funding agencies, foundations, private 
donors/investors, etc.]

Government and local policy makers, 
global health funders, program managers

Resources Build necessary capacity and expertise 
for sustained control

National capacity building agencies, international organizationsa Government health departments, local 
authorities, medical and veterinary officers

Resources Build a business plan for global rabies 
elimination

WHO, OIE, FAO, GARC Government policy makers, (global) health 
funders, program managers

a“International organizations” refers primarily to the FAO/OIE/WHO tripartite and global NGOs such as Global Alliance for Rabies Control (GARC). But these roles and principles are 
equally valid for other organizations working in rabies or zoonosis control.
bA WHO Strategic Advisory Group of Experts on Immunization (SAGE) working group on rabies vaccines and rabies immunoglobulins was established in 2016 and is currently 
reviewing the scientific evidence and relevant programmatic considerations on the use and scheduling of these. The proposed recommendations resulting from this work will be 
considered by SAGE during its October 2017 meeting.
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means of convincing policy makers to prioritize a disease and 
invest resources is to demonstrate its impact on public health and 
the economy and the potential benefit of targeting the disease.

High-quality surveillance data are needed, but human rabies 
deaths are commonly underreported 100-fold (20–22), and the 
absence of data and solid evidence for estimates induces a cycle 
of neglect (23). Conversely, the onset of a control program that 
delivers better surveillance data is a precondition to increased 
awareness. Where quantitative assessments have been attempted, 
rabies has been ranked consistently among the top five zoonotic 
diseases, for example, in India (12), Mongolia (13), Jordan (24), 
Ethiopia (25), Myanmar (26), and Kenya (27).

Declaring a disease notifiable is crucial to establish functional 
reporting (28), and monitoring and surveillance of the disease 
should, therefore, be a central element of every rabies program. 
Rabies is also included in the OIE list of notifiable diseases.4 Dis-
ease surveillance starts at the community level, where awareness 
about the disease needs to be complemented by clear guidance 
on reporting to the authorities, ideally integrated into the wider 
national health information and statistics systems. Pathways 

4 http://www.oie.int/en/international-standard-setting/terrestrial-code/
access-online/.
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must be included for transmission of data from the community 
level to the national level and to the OIE and WHO, resulting in 
feedback and action to keep individuals along the reporting chain 
informed and engaged. To ensure that data are comparable and 
informative, indicators should be well-defined and measurable. 
Novel technology such as notification via cell phones could be 
further explored (29).

Creating Public Awareness
Rabies burdens individuals, families, societies, and economies 
(6). As communities become aware of this threat, political pres-
sure to act will accumulate. Building awareness and education 
about how to avoid and treat rabies exposures is, therefore, crucial 
in mobilizing a country to eliminate rabies. Champions at all 
levels (community to national) are central to this effort as they 
directly advocate and educate communities (7). World Rabies 
Day, recognized by the United Nations and commemorated every 
year on 28th September, celebrated its 10th anniversary in 2016 
with 302 events in 57 countries (as of December 21, 2016). This 
annual awareness-raising event has shown a remarkable upwards 
trend since its inception and is an example of the dedication of 
innumerable people worldwide (30, 31).

Building an Engaged Society
An integral part of a regional or national plan is to build a proac-
tive society that is fully engaged in the dog rabies elimination 
efforts of the country. Awareness of rabies at the community 
level alone is not enough to increase pressure on governments 
to improve their control efforts. Besides well-informed general 
public and responsible pet owners, committed, supportive policy 
makers are needed who will cohesively support national efforts 
to achieve and maintain freedom from rabies. Currently, most 
efforts to raise public awareness focus on promoting rabies 
information, which may not translate into the desired behavior, 
practices, and actions. Thus, it is important to invest in a national 
communication strategy and in impact monitoring that use the 
science of behavioral change and consider the diverse behavioral 
drivers, incentives, motivations, and larger sociocultural context 
of the target audience.

An example of behavioral change necessary for rabies control is 
that owners accept responsibility for their dogs and any offspring 
they may produce. This includes protecting dogs from rabies 
through vaccination and from unwanted reproduction. The pro-
motion of such responsible dog ownership can be achieved only 
through a combination of adequate legislation, public awareness, 
and education, recognizing cultural and economic conditions. 
Public health and veterinary authorities, animal welfare organiza-
tions, and private veterinarians should work together to establish 
and maintain responsible dog ownership programs especially in 
communities at risk.

Organizational—establishing Necessary 
Policies and Guidance
Effective Planning of Elimination Programs
National authorities are responsible for developing national 
strategies and implementing programs but they are frequently 

overwhelmed by multiple human and animal disease priorities 
and the challenges associated with programs stretched across sec-
tors and administrative levels. It may be difficult to know where 
to start and what is needed—a potential barrier. Guidance for 
developing and monitoring control and elimination programs 
is, however, freely available. For example, the Stepwise Approach 
toward Rabies Elimination, which is embedded in the rabies 
blueprint,5 follows the principles of enhancing intersectoral col-
laboration. This guidance has been used by countries across three 
continents, mostly at national or regional stakeholder consulta-
tions, to kick-start coordinated rabies control (32). Likewise, the 
rabies surveillance blueprint6 provides guidance for planning of 
surveillance in particular. Knowledge about these tools needs to 
be disseminated and promoted more widely.

Intersectoral Collaboration
While the incremental benefits of a One Health approach for 
rabies control are established at the highest international level, 
its operationalization at national or local levels remains a chal-
lenge. Administrative and management structures may need to be 
harmonized across sectors according to different ministries and 
budget lines and coordinated with stakeholders from the private 
sector (33). National stakeholder consultations that convene all 
actors across ministries, local and national levels as well as the 
private and public sectors, however, have proven excellent plat-
forms from which to build connections and trust and from where 
operational barriers and constraints to effective collaboration in 
rabies prevention as well as possible solutions can be explored. The 
outcome of these consultations is the drafting of integrated, mul-
tidisciplinary rabies action plans (34). For example, coordination 
at the national level can pave the way for integrated management 
of bite cases at the local level, jointly involving human and animal 
professionals to ensure reporting of bite and rabies incidents, 
proper risk assessments, and a coordinated response while at the 
same time sharing logistic resources (35, 36). Close involvement 
of social sciences, the education sector, and municipalities is now 
equally recognized, for example, as a powerful method for pre-
venting dog bites in children, increasing knowledge and aware-
ness about rabies, and in sustainably managing dog populations 
in affected communities (36).

Sharing and Comparing: Transparency and Regional 
Collaboration
International cooperation and coordination in planning, imple-
menting, and evaluating rabies control programs at all levels is 
crucial for success and cost effectiveness (5). As canine rabies is 
a transboundary disease, collaboration, cooperation, and trans-
parency between countries can provide new insights for tackling 
the disease. Authorities often perceive admitting public health 
problems as failure and prefer not to address endemic rabies 
at international level, thereby missing an opportunity to share 
information. Establishing contacts between public health and 
veterinary authorities of neighboring regions and countries and 

5 http://caninerabiesblueprint.org/.
6 http://rabiessurveillanceblueprint.org/.
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frequently exchanging information and data can be a first step 
toward building trust and more regular bilateral or multilateral 
interaction. WHO collaborating centers, OIE, and FAO refer-
ence laboratories and other organizations can help countries to 
share, compare, and learn from each other’s experience (5, 37). 
Participation at international disease conferences can also attract 
more international attention at a political level.

A regional approach has been fundamentally important for 
the effective control of rabies in Western Europe (5) and, more 
recently, Latin America (38). Rabies control program managers 
from across Latin America and the Caribbean meet at meetings 
facilitated by the Pan American Health Organization (REDIPRA) 
and the large scale, parallel declines in dog and human rabies 
achieved are striking (39). In Asia, the Association of Southeast 
Asian Nations launched a joint Rabies Elimination Strategy that 
encapsulates a regional approach in 2015.7 The Middle Eastern, 
Eastern Europe, Central Asia, and North Africa Rabies Experts 
Bureau has held meetings since 2010 (40) and has called for a 
strong regional initiative with high level political support (41). 
In sub-Saharan Africa, the Pan-African Rabies Control Network 
was created in 2015 and shows promise as a suitable platform to 
drive a regional approach to rabies control (37). Such regional 
approaches will be vital to implementing the global strategic 
framework to eliminate dog-mediated rabies and will, therefore, 
require further extension with strong participation and political 
support from all countries for success.

technical—ensuring Necessary 
technology and Knowledge
Diagnostics
Diagnostic tests confirm animal rabies cases, allowing better PEP  
decision-making and monitoring the progress of control efforts. 
The reference, fluorescent antibody test, is not practicable in many 
endemic settings due to costs and enhanced laboratory require-
ments. Thus, alternative tools using less specialized equipment, 
such as Direct Rapid Immunohistochemical Test (42) and lateral 
flow devices (43), could play an important role provided further 
validation and quality approval.

Predicting the Need for Vaccine: Forecasting
Manufacturing cycles of both human and animal rabies vaccines 
require several years of appropriate forecasting by countries in 
order to supply the actual need. An absence of accurate data 
impairs forecasting and thereby resource allocation. The veteri-
nary services of endemic countries often have insufficient knowl-
edge of dog population size or ecology and human health services 
lack accurate data on bite case exposures. Both sectors thus suffer 
from procurement delays or stock shortages, which can result in 
less effective control of the disease and may force countries to 
turn to manufacturers selling vaccines that are overly expensive 
or may not meet international quality standards (44). Vaccine 
banks or stockpiles at regional levels as managed by OIE or WHO 
have become a solid mechanism for countries to maintain the 

7 http://vncdc.gov.vn/files/article_attachment/2015/3/endorsed-ares-final.pdf.

supply of quality-assured vaccines and allow manufacturers to 
forecast and stabilize their production over years with lowered 
pricing through bulk purchase (45). Moreover, vaccine banks have 
contributed demonstrably to the scaling up and maintenance of 
local, national, or sub-regional programs in Asia and Africa (46) 
and incentivized recipient countries to increase data collection, as 
reporting on vaccine use and results is required. The opportunity 
of a potential investment from GAVI (the Vaccine Alliance) into 
human rabies vaccine from 2018 onward (47) could substantially 
facilitate low-income countries’ access to affordable rabies vac-
cine and stimulate the necessary political will to tackle human 
rabies at a large scale.

Getting the Vaccines to the Community
Despite the encouraging improvements observed in the field of 
universal health coverage, poor accessibility to and affordability 
of PEP [particularly of rabies immunoglobulin (RIG)] remain in 
most rabies-endemic countries (48). Certainly, progress has been 
made, for example, on shortening PEP regimens (fewer health 
facility visits) and countries changing their policy to cost-saving 
intradermal administration of rabies vaccines as recommended 
by WHO (49). There is hope that new technologies currently 
under evaluation by WHO (thermostable rabies vaccine, mono-
clonal antibodies as an alternative to human and equine RIG) 
will facilitate cost-effective delivery of PEP as well as dog vaccine 
to where it is needed. The long needed scale up and adaption 
of mechanisms for supply and distribution of PEP has received 
a global push through discussions around a potential GAVI 
investment.

More Tailored Dog Vaccination Strategies
Rabies is integrally linked to the ways people live with their dogs. 
Its control requires an adequate understanding of the dog ecol-
ogy and dog-keeping practices in a country in locally differing 
sociocultural contexts (e.g., urban vs rural, among different eco-
nomic, religious, or ethnic groups). Factors that can profoundly 
affect rabies transmission and control are usually not sufficiently 
understood to design the most appropriate control strategy, 
and as a result, efforts and resources can be wasted. In most 
circumstances, almost all dogs can be handled and vaccinated 
by the parenteral route (50). In rare cases, however, dogs may 
not be accessible to parenteral vaccination, thus jeopardizing the 
coverage of vaccination campaigns. Improved dog capture and 
vaccination techniques, as shown through the establishment of 
rabies A-teams by FAO in Bali, can assist with reaching dogs that 
are difficult to capture and handle.8 Oral dog vaccination using 
a hand-out model may be used effectively to immunize those 
inaccessible dogs while ensuring the safety of the vaccinators, the 
community, and non-target species. The best feasible solution for 
long-lasting marking of vaccinated dogs should be decided on 
during planning of campaigns (51).

The lack in dog movement control has been attributed as 
responsible for rabies spread in endemic areas and incursion in 
previously free countries or regions. Vaccinating at least 70% of 

8 http://www.fao.org/indonesia/news/detail-events/en/c/411271/.
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animals in order to eliminate rabies from a free-roaming dog 
population is a widely acknowledged recommendation (8). 
However, empirical work [e.g., on area-specific basic reproductive 
ratio (R0) (52)] suggests that different settings probably require 
different vaccination strategies and coverages to control rabies 
successfully. High vaccination coverage in high-risk areas may 
be more crucial than medium coverage across the whole country, 
but clear guidance on this is lacking. Better knowledge of area/
country specific factors related to dog-keeping practices, dog 
population turnover, and contact rates between dogs and wildlife 
can help in determining a more flexible, realistic required dog 
vaccination coverage. This can help to optimize resource alloca-
tion (53, 54) and define the most appropriate vaccination strate-
gies and financing (55), the best vaccination campaign frequency 
(52), and how to target vaccination to the highest risk areas and 
segments of the dog population.

Making resources Available
As for any public health program, sustainable funding sources 
are a precondition to starting a rabies control program, and the 
absence of those sources is one of the main barriers. There are 
ways, however, to reduce the investments necessary for rabies 
control and to integrate rabies into existing streams of work and 
financing.

Recognizing rabies control as a public good and thus as the 
responsibility of national governments is key to a sustainable 
rabies elimination effort. Donor contributions should be struc-
tured so as to be catalytic to the establishment of the program, 
and long-term dependence on donor support should be avoided 
through a well-planned strategy for donor exit.

In most rabies-endemic countries, human PEP and vaccinat-
ing animals against rabies remain an “out-of-pocket” market. As 
they build on their commitments to universal health coverage 
and the sustainable development goals (56), governments need 
to step up their funding and integrate rabies control into sustain-
able health plans, ensuring dog vaccination, and PEP are avail-
able at the primary health-care level. Costs can be substantially 
decreased by using the intradermal route for human vaccines 
and tailoring dog vaccination to local circumstances (see above). 
Rabies surveillance and control in dogs should be integrated 
into existing infectious diseases reporting mechanisms and vac-
cination programs, requiring also more integration of funding 
streams. For example, in the Philippines, the ministry of health 
invests in dog vaccination as a public health measure, creating 
a leverage effect (57). Innovative mechanisms for financing and 
cost sharing can help to make vaccine purchase more affordable. 
To support funding bodies in planning and costing, WHO is cur-
rently developing in collaboration with FAO, OIE, and the Global 
Alliance for Rabies Control, a comprehensive business plan that 

encompasses both human and animal perspectives for achieving 
the 2030 target. In the longer term, investing in rabies prevention 
and control is cost-efficient, saving both lives and money (16, 58). 
It is possible to start small and then unlock more investment by 
demonstrating value.

Capacity building is an investment in human resources with 
crucial importance for the sustainability of a project. Parallel to 
the technical efforts made by the country, plans to build related 
capacity through training, professional development, and/or 
continuing education will ensure quality at implementation and 
ensure future sustainability. This contribution to health systems’ 
strengthening can be a legacy that rabies control efforts leave to 
a nation.

cONcLUsiON

This paper describes some of the main technical, organizational, 
and political challenges that countries encounter when imple-
menting measures to control and eliminate rabies. However, there 
are solutions to many of these perceived barriers and opportuni-
ties to fill existing gaps. As summarized in Table 1, health officials, 
program managers, donors/investors, and all those involved in 
development of strategies should be aware of those applicable to 
their local, national, and regional contexts as early as possible, to 
make coordinated, informed decisions and successfully fight this 
devastating disease.
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In Latin American and Caribbean (LAC) countries, the number of cases of dog- mediated 
human rabies is at its lowest since the onset of the Regional Program for Rabies 
Elimination in 1983, a commitment from LAC countries to eliminate dog-mediated rabies 
coordinated by the Pan American Health Organization. Despite minor setbacks, the 
decline in the number of human cases has been constant since 1983. While many LAC 
countries have significantly reduced rabies to a level where it is no longer significant 
public health concern, elimination has proven elusive and pockets of the disease remain 
across the region. In the 33-year period since 1983, the region has set and committed 
to four dates for elimination (1990, 2000, 2012, and 2015). In this paper, we ponder 
on the multiple causes behind the elusive goal of rabies elimination, such as blanket 
regional goals oblivious to the large heterogeneity in national rabies capacities. Looking 
ahead to the elimination of dog-mediated rabies in the region, now established for 2022, 
we also review the many challenges and questions that the region faces in the last 
mile of the epidemic. Given the advanced position of the Americas in the race toward 
elimination, our considerations could provide valuable knowledge to other regions 
pursuing elimination goals.

Keywords: rabies, canine mediated, America, regional program, elimination

iNtrODUctiON

In 1983, when dog-mediated rabies in the American region was the cause of over 200 human deaths 
and 12,000 dog cases per year, representatives from the countries, gathered at the first Regional 
Meeting of Rabies Program Directors (REDIPRA) (1) coordinated by the Pan American Health 
Organization (PAHO/WHO), had the vision of a future free of dog-mediated rabies. Armed with 
nerve tissue vaccine for dogs, they launched a region-wide plan leading to mass dog vaccination 
campaigns across the region and set up the first elimination goal for the Americas, by 1990. Three 
other elimination goals followed in 2000, 2012, and 2015. Although the goal was not achieved by 
2015, the coordinated regional efforts toward elimination led to the control of dog-mediated rabies 
in most of the Americas. At the time of writing, eight dog-mediated human rabies cases have been 
reported across the region in 2016, all in Haiti.

In the following, we ponder on the possible reasons that may have contributed to the four missed 
elimination goals to date, and specifically target the final years of the regional control program. We 
then speculate on the main challenges that lay ahead. Our considerations, necessarily from a regional 
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perspective, are based on the experience of the region in the race 
toward elimination and could provide valuable knowledge to 
other regions pursuing similar goals.

cHALLeNGes PAst AND FUtUre

On Program Management
At the announcement during the last REDIPRA meeting in 
2015 (1) that the fourth elimination goal was not going to be 
achieved, PAHO and the countries did not establish another 
deadline, but agreed on a pathway toward the definition of the 
next goal. Two possible future goals were discussed: (i) elimina-
tion of canine rabies or (ii) elimination of dog-mediated human 
rabies. Countries chose the latter, as they did on the previous four 
occasions. Regardless of the scope of the goal, countries agreed to 
the recommendation that the new date for elimination had to be 
based on the systematic evaluation of countries’ rabies capabili-
ties. This approach to goal setting differs from the previous four 
that led to arbitrary elimination dates that failed to recognize 
the heterogeneous development of rabies capabilities among 
countries.

Proactively coordinated, the aggregated evaluation of coun-
tries’ rabies capacities, and their improvement plans toward 
disease elimination should inform the earliest date at which the 
region would be able to eliminate the disease. Moreover, the 
aggregation of gaps from all countries would inform the regional 
demand for specific capacities, e.g., rabies vaccine, some of which 
could be more efficiently provided by a regional mechanism (e.g., 
PAHO’s Revolving Fund) (1).

The development of a systematic evaluation framework of 
the countries capacities is thus critical. Such a framework would 
require the definition of regional standards and indicators as well 
as clear requirements regarding the nature and quality of the 
evidence needed to support control and elimination claims. A 
PAHO review of indicators used by the countries to monitor the 
performance of their rabies programs identified large heterogene-
ity, in the number of indicators per country, from just a few to 
more than 100, and in the nature of them, from process indicators 
to outcome indicators (2).

The importance of the regular REDIPRA meetings, which 
constitute the strategic governance platform of rabies programs 
in the region, cannot be underestimated. Group dynamics 
prevalent at these meetings exercise great influence on strategic 
issues that cannot be replicated remotely. Specifically, we stress 
the importance of peer-pressure among countries. In addition, 
regional coordination requires formal structures to facilitate 
regular networking in the interval between REDIPRA meetings, 
e.g., via working groups around specific products such as inter-
laboratory proficiency exercises (1).

On coordination, we must mention stakeholder engagement, 
even if briefly, and specifically one of the most salient actors in 
recent years, i.e., animal rights groups. The engagement of officials 
with these groups was not always productive and, at times, led to 
departures from the real focus on rabies control. But a change 
at both camps appears evident in recent years. Both sides have 
learned to moderate their message, and now understand that 
negotiation and not confrontation leads to better outcomes for 

all. Official programs start to recognize that these groups need to 
be brought to the discussion table at the planning stages, as they 
can deliver niche-specific approaches to local problems.

On evidence
The impact of interventions can only be monitored with reliable 
data. Since 1998, PAHO has been collecting data via question-
naires to the countries on their programs’ performance prior to 
the regular REDIPRA meetings. It was only at the most recent 
REDIPRA in 2015 that a thorough analysis of the data could be 
presented (1).

Earlier reports stated that a number of Latin American and 
Caribbean (LAC) countries were conducting excellent rabies sur-
veillance (3). These results seem to concur with those reported by 
zoonosis managers to a survey in early 2015 who replied that they 
were satisfied with the sensitivity of their rabies surveillance (4). 
However, to the best of our knowledge, and with the exception of 
Haiti (5), there is no systematic evaluation of rabies surveillance 
in the region, and we are not aware of recent patient chart reviews 
of acute encephalitis or sensitivity estimation of dog surveillance. 
Specifically on the latter, the region, by large, follows the recom-
mendation of sampling a proportion of the dog population (3). 
This, at best, has facilitated discussions on the importance of tar-
geting dogs for early warning and, at worst, has drained resources 
without informing the epidemiology of the disease. Recent work 
supported by PAHO questions this approach to surveillance 
and suggests more efficient alternatives (6). These studies also 
show the importance of variant identification, especially at the 
end game, and are a reminder that some countries in the region 
still lack this capacity in-house, or even nimble mechanisms to 
acquire it elsewhere for prompt response to cases.

The investigations that followed the recent occurrence of 
multiple dog cases in Brazil (7), spanning to more than one 
local authority, highlighted fundamental structural problems, 
not rabies-specific, for the generation of sound evidence, i.e., 
the absence of a common standard for data gathering across 
administrative units. This is likely to resonate in other countries, 
and it highlights the need for a standard epidemiological report. 
To that effect, the region will benefit from the ongoing efforts by 
Brazil toward the harmonization of processes across its network 
of zoonosis’ surveillance units.

The regional rabies database, SIRVERA (8), despite all its 
shortcomings, has played a critical role in the success of the 
regional program. A perhaps overlooked contribution is that 
SIRVERA is the most tangible product of the program across 
its many years and participating countries. Together with other 
“brands” of the program (e.g., REDIPRA), SIRVERA has bundled 
the countries around the regional goal. That is, those countries 
that contribute data to it. Three countries where rabies is still 
endemic have consistently failed to report to SIRVERA. Such 
failure to report not only impacts on the ability of the program 
to monitor regional progress, but it has important consequences 
on neighboring areas pursuing control and elimination as they 
struggle to assess the risk of incursion from such countries. Like 
the other capacities, SIRVERA needs to change to adapt to the 
end game too and become the exhaustive repository of rabies 
programs performance indicators in the region. In other words, it 
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must not just chase cases but also track and identify substandard 
capacity planning and deployment that constitute the best early 
warning of rabies risk.

On resources
A prolonged epidemic tail, consecutive goal failures and farther 
in time goals, contribute to investors’ fatigue (in the case of the 
Americas, these are mainly government budget holders, with 
external donors playing a much limited role, except for Haiti). 
It is a well-described fact that short-term goals lead to greater 
willingness to invest (9). The opposite can lead to reduced donor 
engagement. Efforts to attract resources must contemplate break-
ing down long-term regional goals, to reduce the long payback 
period, into country and area-specific objectives with short- and 
medium-term deliverables linked to enhanced capacity deploy-
ment to attract more investors/donors seeking quick returns. 
In other words, investment opportunities need to be indexed to 
processes and capacities that are fully measurable, tractable, and 
prone to direct influence. Moreover, short-term successes, e.g., 
the declaration of an increasing number of rabies-free countries 
and areas along the way, would reduce the perception of uncer-
tainty around the overall investment for regional elimination, 
farther ahead.

Efforts to attract investment must also recognize that at the 
end game, there is little room for inefficiencies. As a result, 
optimization of regional and national resource allocation 
schemes, e.g., by country or geographical area vs. by capacity, 
merits study to prevent underperforming assets from receiving 
undeserved support (10, 11). This tendency may stem from 
failure to accept underperforming capacities relative to others, 
or a lack of appreciation of the full scope of opportunity costs. 
This might well be the case of devoting scarce resources to dog 
sterilization, an intervention that delivers a much lesser punch 
at a much greater cost than dog vaccination. Inefficient invest-
ment will only prolong the tail end of the epidemic, directly 
resulting in further cases and unnecessary deaths and, as a 
result, increasing the risk of goal fatigue. Other inefficiencies, 
either at the national or regional level, could occur as a result of 
maintaining vaccine production facilities for reduced domestic 
demand, unsubstantiated dog surveillance strategies that lead to 
no useful evidence for decision making, or the current prophy-
laxis schemes (PEP), promoting intramuscular administration, 
prevalent across the region.

On vaccination
Notwithstanding occasional problems, all countries in the 
region, except for those that have been free from rabies for 
years, plan the purchase of vaccine (for humans and dogs) in 
their annual budgets. This, in comparison with other regions, is a 
feast. Not all, though, manage to acquire the vaccine at all (most 
notably Haiti), or in the quantities and timelines needed. The 
insufficient deployment of vaccine, whether in control or elimi-
nation stages, is the ultimate reason as to why rabies persists in 
some of those countries. Insufficient dog vaccine deployment, 
due to deficient population coverage, untested vaccine quality, 
mismanagement of batches, and non-compliance with protocol, 
translates into failure to consistently achieve herd immunity in 

a number of scattered locations that remain endemic, even if 
undetected. Occasional donations and exchanges of vaccines 
between countries, whether brokered by PAHO or not, have 
been the norm in the past to supply vaccine to areas in acute 
need (3, 12). This solidarity may be threatened as more areas 
reach elimination in the region, and hence reduce the size of 
their rabies programs and vaccine stockpiles. In such a scenario, 
where one single exposure may delay the region’s goal, a regional 
mechanism to guarantee rapid deployment of rabies vaccines 
merits consideration.

Following on our remarks about the limited appetite for inef-
ficiencies at the last mile, dog vaccine application must seek ways 
to reduce repeated vaccination of easy-to-reach animals. Beyond 
the financial implications, these animals contribute to vaccine 
coverage indicators, despite bringing no additional immunity, 
and may lead to a false sense of achievement about herd protec-
tion in the targeted dog population.

Rabies programs across the region have benefited from the 
incorporation of human rabies vaccine in the countries’ regular 
acquisition of biologicals through PAHO’s purchasing mecha-
nisms. In 2014, following recommendations from REDIPRA 
(13), PAHO also included the dog vaccine in its portfolio of 
biologicals on offer through the PAHO revolving fund. Via large 
purchases, PAHO guarantees the provision of quality vaccine 
at competitive prices, and, most importantly, promotes regular 
budgeting practices in the countries. Improvements are possi-
ble, for example, by incorporating human rabies vaccine in the 
well-established logistical systems of the Expanded Programme 
on Immunization in country. This is a work in progress after a 
communication by PAHO to that effect was sent to the countries 
last year.

Despite seeing the lowest human case count in over 30 years, 
the demand for human rabies vaccine is on the rise. If human 
vaccine sold by PAHO’s purchasing mechanisms is a good proxy 
for the overall use across the region, bearing in mind that not 
all the LAC countries buy through PAHO, we have noted an 
average increase of over 55,000 doses of human vaccine every 
year for the period 2005–2015. In 2015 alone, circa of 900,000 
doses were acquired via PAHO’s revolving fund. Although alter-
native dog surveillance systems, such as those based on tracking 
exposures after reported bites, could lead to more efficient PEP 
application (6), rabies programs must prepare for long-lasting 
demand of PEP even in the absence of canine rabies cases for 
quite some time.

On Awareness
In contrast to the evident scars left by smallpox, or other dis-
eases with obvious sequelae, rabies does not leave living bearers 
to remind us of its occurrence. Together with the declining 
incidence, awareness of the disease will wane. This phenomenon 
will only get worse, and it would be important to regularly moni-
tor the levels of awareness among the population in risk areas. 
Activities to that effect, e.g., knowledge-attitudes and practices 
surveys, may deliver collateral benefits by capturing heightened 
risk perception among the population that may provide suffi-
cient reason, in the absence of adequate surveillance, for policy 
intervention.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


18

Del Rio Vilas et al. Tribulations of the Last Mile

Frontiers in Veterinary Science | www.frontiersin.org January 2017 | Volume 4 | Article 4

A decrease in awareness may also lead to reduced uptake of 
preventive measures as seen in other diseases, e.g., measles vac-
cine. For rabies, the impact might be twofold: leading to reduced 
dog vaccination, and PEP uptake and prescription by health 
staff after exposure. The latter was the target of the recent rabies 
alerts issued by PAHO after a number of cases in the region (14). 
However, no similar alerts were issued after evidence of insuf-
ficient dog rabies vaccines coverage in risk areas. This, again, 
highlights the reactive nature of the program chasing cases and 
not capacities (or their absence).

FiNAL reMArKs

It has been said that the regional rabies elimination program is a 
victim of its own success, as reduced disease incidence leads to 
relaxation of controls, and new evidence needs at the end game 
challenge attitudes and practices that worked well during the con-
trol phase, but may not do so well during the last mile. Given the 
regional success, some resistance to accept innovations tested in 
other settings, as is the case of intradermal human rabies vaccine 
or the use of capture–recapture methods to estimate dog vaccine 
coverage, is expected. Transferring successful approaches from 
well-controlled projects in local settings elsewhere is not without 
difficulty as managers tend to dismiss them as generated from 
different contexts of little applicability to their own. This may be 
true, given well-known limitations in external validity of even 
the most robust investigations (15). However, the merit of these 
well-controlled studies elsewhere is undeniable, and the region is 
now benefiting from such findings in the formulation of canine 
surveillance guidance and area level classification.

Basic problem structuring theory identifies two types of com-
plexities in every problem and decision setting to its resolution: 
technical or analytical complexities, and organizational com-
plexities (16). For rabies in the Americas, where effective tools 
are available for its control and elimination, disease persistence is 
due to organizational failure at the planning, implementation, or 
evaluation of the rabies program. Specifically, failure to (i) gather 
and properly present the evidence about disease risk and vulner-
abilities to budget holders, (ii) systematically generate synergies 
with other programs and stakeholders to ensure efficient capacity 
deployment, and (iii) conduct thorough risk assessment on the 
sustainability of the rabies program. We recognize the impact 
of externalities on any disease program, but for dog rabies and 
the Americas, the authors believe that contextual factors play a 
critical role in one country alone: Haiti.

Improvements are underway. The regional program has 
now developed a framework for evaluation of rabies capacities, 

commissioned research to robustly guide dog surveillance 
requirements (5) and classify areas based on a composite 
measure of risk (17), and recently released a new SIRVERA 
platform capable of managing all the evidence needs in the 
elimination phase (8). These tools come with a price. They 
need increasing amounts of quality and timely data to provide 
the required precision, around results of interventions such 
as dog vaccine coverage, to support robust and opportune 
decision-making.

Reaching out to countries to promote reporting as per the new 
data standards and to support the shift in focus toward monitor-
ing capacities and vulnerabilities, and not just cases, will require 
increased resources by the regional program. The additional 
resource will have to be distributed across endemic, at risk and 
free areas. Although the most obvious targets are the endemic 
and at risk classes, the region must also capitalize on those 
areas that achieve freedom. To that effect, the regional program 
needs to formalize the processes around rabies elimination and 
maintenance of such status and demand thorough risk analysis by 
countries that contemplate interventions beyond their borders in 
collaboration with areas still posing a risk.

Good as a planned approach may be, elimination requires 
more than cold preparation. Failure to reach the 2015 elimina-
tion goal should have generated a state of crisis to justify major 
transformational changes in the regional program. Without such 
changes, in the form of a state of urgency to propel the commit-
ment to prompt elimination, the risk of apathy is real. Without 
consideration of the intangible benefits stemming from elimina-
tion, mostly of a political nature, the cold calculations around 
the diminishing returns of additional disease control measures at 
this stage may lead to the perpetuation of the current situation. 
This would betray the vision of those colleagues over 30 years ago. 
Without the pressure of an imminent goal, there are no regional 
consequences as a result of a new case, beyond the tragic death of 
a human being by a shameful disease.

The recently approved “Plan of Action for the elimination of 
neglected infectious diseases and post-elimination actions 2016–
2022” (18), should deliver the new impetus, and the resources, 
to reach rabies elimination by 2022. Of mention is the inclusion 
in this plan, for the first time, of a reference to the elimination of 
canine rabies transmission.
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A third of the world rabies burden is in India. The Sikkim Anti-Rabies and Animal Health 
(SARAH) program is the first state-wide rabies program in India and demonstrates a suc-
cessful One Health model of dog-mediated rabies elimination. The SARAH program was 
created in 2006 as a collaboration between the Government of Sikkim and international 
non-government organizations—Vets Beyond Borders and Fondation Brigitte Bardot. 
Activities are directed to canine rabies vaccination, humane dog population control, 
community education, and treatment of sick and injured animals. In 2005, there were 
0.74 human rabies deaths per 100,000 (4 deaths) within Sikkim, and from 2006 to 2015, 
there were no human rabies deaths. In 2016, two human rabies deaths were reported 
near the West Bengal border region. From 2005 to 2010, the incidence of animal rabies 
is unknown; from 2010 to 2016, eight cases of animal rabies were reported. Major 
challenges for the program are continued commitment to rabies control in the face of 0 
to low human rabies incidence and the risk of rabies incursions. Effective intersectoral 
communication between Health, Veterinary, Forestry, and Police officers is essential 
to enable rapid response to animal bite incidents and possible rabies incursions. An 
integrated One Health approach needs to be maintained with enhanced active rabies 
surveillance. Other states must establish similar programs if India is ever to achieve a 
goal of eliminating dog-mediated human rabies.

Keywords: sArAH program, sikkim india, rabies elimination, One Health, mass dog vaccination, dog population 
management, animal welfare, surveillance

iNtrODUctiON

Globally, the incidence of human rabies deaths transmitted from dogs is estimated at 59,000 people, 
and a third of the world rabies burden is in India (1, 2). In India, there is no national strategy for 
the elimination of rabies (1), and rabies is not a notifiable disease. Recently, pilot programs for 
rabies control have commenced in the states of Tamil Nadu and Haryana (3–5), and a number of 
animal-welfare groups throughout the country include canine rabies vaccination in their activities. 
The state of Sikkim has implemented a state-wide One Health rabies program since 2006. Sikkim 
is a small Himalayan state in North East India bordered by Nepal, China, and Bhutan (Figure 1), 
with a population of 610,000 (2011 census) (6). The core components of the Sikkim Anti-Rabies 
and Animal Health (SARAH) program (the Program) are canine rabies vaccination, dog popula-
tion management, and rabies prevention education, which have been shown to control and prevent 
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FiGUre 1 | Map of sikkim, india—rabies incursions occurred near 
border of south and West sikkim and West Bengal border.
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rabies leading to elimination (7, 8). It also provides health care 
to street dogs and aims to foster a compassionate attitude toward 
all animals. The Program enjoys strong community support 
within Sikkim for its efforts in rabies control and improvements 
in animal welfare.

The SARAH program was created as a collaboration between 
the Government of Sikkim, Australian non-government 
organization (NGO)—Vets Beyond Borders (VBB), and French 
NGO—Fondation Brigitte Bardot (FBB) in response to the public 
of Sikkim requesting that mass shooting of street dogs cease and 
a more humane method of controlling the dogs be implemented. 
In 2005, human rabies incidence in Sikkim was 0.74 deaths per 
100,000 persons, totaling 4 human deaths (Table 1). From 2006, 
there were no reported cases of human rabies until 2016. Two 
animal cases were reported in 2010; no further animal cases were 
reported until 2015. Data for reports of animal rabies cases are 
poor prior to 2010.

This paper provides a perspective on the implementation of 
the SARAH program for the control and elimination of dog-
mediated human rabies in Sikkim and the benefits and challenges 
of a One Health approach (7, 9, 10).

DOG KeePiNG iN siKKiM

Sikkim is largely rural, with 47% of the state under forest cover. 
Seventy-five percent of the state’s population reside in rural areas. 
The main urban center is Gangtok (Figure 1) with 100,000 people. 
Sikkim is a multiethnic state with strong influences of Buddhism 

(the state religion until Sikkim became an Indian state in 1975) 
and Nepalese Hindu. The majority of the population is Nepalese 
(11), and Nepali is the most common language spoken (12).

Dogs in Sikkim are traditionally kept outside as protectors 
against wildlife intrusion such as Himalayan bear, but also 
against bad spirits and adverse life events (13, 14). With increased 
standard of living most village households now keep one or more 
dogs. In villages, young puppies are often kept inside, and when 
older are kept outside and handled little. In urban areas, there 
is an increasing incidence of western-style pet ownership with 
dogs living inside as members of the family. Workers brought into 
Sikkim for contract jobs associated with construction of hydro-
electric plants usually keep three to four dogs per household. 
These dogs are kept outside, free roaming and are often difficult 
to handle. When the contract is finished, the workers move away 
and usually leave the dogs on the street.

Free roaming dogs are common in Sikkim, and the supervision 
and responsibility felt for these dogs is on a continuum from noth-
ing to full responsibility. Many family owned dogs are allowed to 
roam freely. A culture of quasi-ownership has been described in 
the city of Ranchi, India (15) where people feed roaming dogs but 
do not take responsibility for vaccination or sterilization, and dog 
catching with butterfly nets is required for vaccinating these dogs. 
Over the lifetime of the SARAH program, use of butterfly nets 
has reduced, and most dogs can now be caught by hand by the 
SARAH team or community members. While 42% of dogs were 
reported as stray in Tamil Nadu (5), on average in Sikkim 18% 
of the total dog population are unsupervised dogs for which no 
one takes responsibility and which require capture with butterfly 
nets. In South Sikkim where there are many contract workers, the 
unsupervised roaming dog population is 27% (Table 2).

There is also a population of feral dogs in the forests in 
the China border regions, which is likely to be derived from 
abandoned puppies from army camp dogs. Efforts are made to 
vaccinate and surgically sterilize these dogs in a trap and release 
program. The army has permitted access to army camps for the 
surgical sterilization and rabies vaccination of camp dogs to 
enable a buffer zone of vaccinated neutered dogs. The army has 
cooperated with improved garbage control in army camps thus 
eliminating a food source for feral dogs.

cOMMUNitY eNGAGeMeNt

Sikkim Anti-Rabies and Animal Health community education 
on rabies prevention have been designed around core Buddhist 
and Nepali Hindu religious beliefs including animal sentience, 
the cherished relationship between people and dogs, and the 
role of dogs in providing security, and their loyalty and friend-
ship. The Program recognizes that human–animal relationships 
are “economic, cultural, and emotional in nature” (16, 17) and 
that dog keeping practices and norms of responsible pet owner-
ship vary in different localities and cultures and can change 
over time. Animal-welfare lessons were incorporated into early 
school syllabus in 2009, and further lessons will be incorporated 
in the 2018 syllabus. The Program has been very careful to 
address the felt needs of the community to generate community 
participation.
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tABLe 2 | estimated number of dogs and canine rabies vaccination in four districts of sikkim.

Year Number dogs 
vaccinated

Dog 
population

Number dogs 
vaccinated

Dog 
population

Number dogs 
vaccinated

Dog 
Population

Number dogs 
vaccinated

Dog 
population

east (% vac east) east south (% vac 
south)

south North (% vac 
North)

North West (% vac 
West)

West

2011 9,567 (50) 19,000 3,108 (31) 10,000 1,286 (32) 4,000 2,846 (36) 8,000

2012 12,504 (69) 18,200 2,931 (32) 9,200 635 (16) 4,000 2,541 (35) 7,200

2013 12,848 (69) 18,500 2,341 (25) 9,500 598 (15) 4,000 1,679 (22) 7,500

2014 14,458 (76) 19,000 4,932 (49) 10,000 828 (21) 4,000 3,451 (43) 8,000

2015 14,927 (83) 18,000 4,720 (45) 10,500 1,037 (26) 4,000 3,022 (36) 8,500

2016 14,361 (85) 17,000 5,916 (54) 11,000 733 (18) 4,000 3,561 (40) 9,000

Vaccination coverage is based on dog population size estimates provided by village councils and Department of Animal Husbandry field officers. Feral dogs in forests are excluded 
from the data estimates.

tABLe 1 | Program data on activities and incidence of dog bites and rabies cases, program funding, and volunteers.

Year rabies 
vaccine 
doses 
given

Nos. surgical 
sterilizations

No. of sick/
injured 
animals 
treated

No. of public 
awareness 

events

Dog bite 
incidents

suspect 
human 
rabies 
cases 

reported

suspect 
animal 
rabies 
cases 

reported

Fondation 
Brigitte 
Bardot 
funding 
(euro)

Government of 
sikkim funding 

(euro)

vets Beyond 
Borders 

volunteers 
(weeks)

2003 0 0 n/a n/a n/a 1 n/a 0 0 0

2004 0 0 n/a n/a n/a 2 n/a 0 0 0

2005/2006 1,400 830 n/a n/a 853 4 n/a 12,410 0 81

2006/2007 7,006 4,942 n/a n/a n/a 0 n/a 109,000 70,000 103

2007/2008 8,514 5,618 n/a n/a n/a 0 0 63,981 57,400 115

2008/2009 7,523 4,364 n/a n/a 2,320 0 0 70,000 58,212 111

2009/2010 4,941 2,797 n/a n/a 1,082 0 0 23,000 71,400 79

2010/2011 16,807 3,283 611 n/a 1,334 0 2 21,600 28,000 42

2011/2012 18,611 4,060 1,123 n/a 1,348 0 0 20,500 74,200 47

2012/2013 17,466 2,947 1,581 72 3,315 0 0 14,500 74,900 92

2013/2014 23,669 4,289 2,245 120 n/a 0 0 13,000 61,600 39

2014/2015 23,706 4,300 1,925 86 n/a 0 4 18,000 21,000 39

2015/2016 24,571 5,487 2,304 190 n/a 2 2 22,976 62,300 40

n/a, not available. Dog bite data provided by Sikkim Department of Health include potential rabies exposure associated with animals such as drinking milk from a cow bitten by a dog 
or jackal.

22

Byrnes et al. Eliminating Rabies in Sikkim, India

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 28

As trust in the Program has developed, the community is 
more aware of rabies, and societal norms of animal welfare 
have changed. Community members will now bring dogs for 
vaccination and sterilization or describe where they can be 
found enabling many of the unsupervised dogs to be vaccinated 
and sterilized. Family planning in women in Sikkim has been 
actively promoted by the Government (18), and the potential 
benefits of “family planning” in dogs in reducing the number 
of unwanted puppies and associated animal-welfare problems 
were quickly recognized by the community; the community 
reports fewer dog fights particularly during the breeding season. 
An increase in dog bite incident reports is seen twice yearly in 
dog breeding season (March/April and September/October), 
during the major festival in September/October and following 
rabies education activities.

Community participation and cooperation is integral to the 
Program. Key messages to encourage participation are (1) canine 
rabies vaccination is needed for control of human rabies, (2) surgi-
cal desexing will reduce dog roaming and fighting, and hence the 

risk of rabies, (3) canine rabies vaccination and sterilization are 
provided free of charge, (4) sterilization will reduce the number of 
unwanted puppies, and (5) if your dog is unvaccinated and bites 
a person, you may be held responsible by the Panchayat (local 
village council) and the affected person for the cost of PEP for 
the affected person. PEP is available free from public hospitals, 
but if it is unavailable at the hospital, it must be purchased from a 
private medical store. In the last 2 years, Panchayats have placed 
the onus of financial responsibility for PEP on the owners of 
unvaccinated dogs.

stAGes OF DeveLOPMeNt

The SARAH program has developed over 10  years with 
capacity building and government commitment from a small 
NGO-managed program relying substantially on international 
volunteers to a state-wide government program, providing 
a One Health model of sustainable dog-mediated rabies 
elimination.
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iNitiAL stAGe

Initially, Program administration, veterinary volunteers, and 
training were delivered through VBB with a VBB Program 
manager present in Sikkim and 2–3 international volunteers 
assisting with the work throughout the year. FBB provided fund-
ing on a matching grant arrangement with the Government of 
Sikkim with the expectation that after 3 years the project would 
be taken over by the government. Government provided facilities 
for clinics and public education, accommodation for volunteers, 
and local staff for the project. A SARAH clinic was established 
for surgical sterilization, rabies vaccination, and treatment of sick 
and injured street dogs; mobile units enabled the Program to be 
extended to rural regions.

Initial and subsequent training activities had a strong empha-
sis on animal welfare and have been critical for community 
acceptance of the Program and cost control. Extensive training of 
local veterinarians in veterinary surgery and medicine, and local 
staff in animal handling and dog catching occurred through the 
formal VBB VetTrain© program. Volunteers provided mentor-
ing, on-the-job training, and train-the-trainer programs to local 
staff. Important elements for community support for the Program 
were the adoption of humane catching methods, which cause 
minimal distress to animals and demonstrate a recognition of 
animal sentience and the significance of dogs in the community, 
good surgical outcomes with a low rate of surgical complications 
(<0.003%), rapid return of dogs to their home territory (within 
24 h for healthy dogs), and commitment to treat all sick/injured 
street dogs.

In 2009, the Program became a Division of the Department 
of Animal Husbandry. VBB volunteers continued to participate, 
but VBB had a reduced role in Program administration; FBB 
provided reducing financial support (Table 1).

iNterMeDiAte stAGe

Multisectoral cooperation is essential for sustained rabies elimina-
tion (19), accordingly, a seminar on rabies and emerging zoonotic 
diseases was held in 2009. Representatives from the government 
veterinary and medical fraternity of the State Government were 
invited; few medical personnel attended. There were two major 
outcomes from the meeting. The first was the establishment of 
the Wildlife Conservation and Feral Dog Program to prevent 
the spread of wildlife rabies into the dog population in Sikkim 
by creating a buffer zone of rabies vaccinated dogs in the border 
regions adjacent to China and Nepal.

The second decision was to implement an annual state-wide 
rabies vaccination campaign each September with World Rabies 
Day activities incorporated (pet shows, school activities, and 
media releases). Critically, the implementation of state-wide rabies 
vaccination extended the Program to the rural regions of Sikkim. 
Canine rabies vaccine is provided free of charge; annual rabies vac-
cination of pet dogs is compulsory under state legislation. House-
to-house vaccination was needed initially, but central vaccination 
posts are now feasible in most villages. A catch-vaccinate-release-
resight program is undertaken for street dogs with marking of 
vaccinated dogs with paint. An annual dog census is correlated 

with village council knowledge of dog numbers facilitating 70% 
vaccination coverage to be achieved in East Sikkim (20–22). 
Vaccination coverage by district is shown in Table 2.

A distemper outbreak occurred in 2012 resulting in the death of 
thousands of dogs and community fear that distemper was caused 
by rabies vaccine. Extensive community education was under-
taken to ensure participation in subsequent rabies vaccination 
campaigns and encourage owners to vaccinate dogs for distemper.

A One Health Intersectoral Rabies Committee was estab-
lished in 2012 to transcend sectoral boundaries, comprised of 
Departments of Health, Animal Husbandry, Forestry, Urban 
Housing & Development, Police, and Army. The tasks of the 
committee were to prepare a proposal for rabies to be a notifiable 
disease in Sikkim, formulate procedures for restrictions of cross-
border dog movement, formulate procedures for dog registration, 
work with the National Centre for Disease Control to establish 
a State Surveillance Laboratory for rabies control, develop a 
surveillance system for achieving rabies, and improve garbage 
control. A major achievement was rabies becoming a notifiable 
disease in Sikkim in 2014 for animals and humans (23). Garbage 
management has improved with daily rubbish collection in major 
towns, and weekly rubbish collection in regional districts.

cUrreNt stAGe AND ONe HeALtH 
OUtBreAK resPONses

Both human and canine rabies were controlled in Sikkim during 
2006–2015. Complacency developed about rabies as the percep-
tion of disease risk was low. The Health Department stopped 
stocking PEP and rabies immunoglobulin (RIG), and the need for 
rabies surveillance and development of laboratory capacity was 
given low priority. This occurred in the face of complex ecologi-
cal interactions including wildlife habitat disruption associated 
with road construction, socioeconomic change, and a migratory 
workforce located in Sikkim who bring unvaccinated dogs with 
them and are on the fringe of Sikkim civil society.

In December 2014, two people and a number of dogs were 
bitten by a jackal in a village close to the West Bengal border. 
Dog brain samples were sent interstate for testing, but the results 
were inconclusive. In February 2016, there were reports of a jackal 
attacking cows near the West Bengal border. Two cows tested 
positive for rabies (Table 1). Subsequently, two suspect human 
rabies deaths were reported in a nearby village. One person had 
been bitten by an unvaccinated pet dog, refused medical treat-
ment, and died. The other person had no history of dog bite and 
died in hospital. Laboratory confirmation was not undertaken 
reflecting problems previously identified in effective surveillance 
of rabies programs (24): inadequate training in sample collection, 
difficulties in getting samples to a diagnostic laboratory from 
Sikkim, and family reluctance to allow postmortem diagnosis.

DiscUssiON

vaccination and Dog Population control
Rabies vaccination of dogs is the cornerstone of rabies control 
(25, 26). The logistics of a state-wide vaccination campaign in 
the Himalayas are difficult. Cooperation of villagers, Panchayats, 
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and Department of Animal Husbandry field officers is essential. 
Human-mediated dog movement and gaps in coverage are prob-
lems in effective rabies programs (27). Recent rabies incursions in 
South Sikkim occurred in areas where there is human-mediated 
dog movement, where they have been gaps in vaccine coverage 
(Table 2), and which is adjacent to West Bengal with no rabies 
program. A Program team is now permanently located in South 
Sikkim to improve vaccination coverage and dog population 
management.

Dog population management is important for the Program 
goals of improved animal welfare (28, 29) and rabies control; 
the numbers of dogs sterilized annually are approximately 20% 
of the dogs vaccinated in Sikkim each year (Table 1). It is also 
important because it addresses community concerns about dog 
fighting and nuisance, and unwanted puppies. Improved animal 
welfare supports a more stable dog population. Community 
assistance with dog catching enables a minimal although highly 
skilled dog catching team. The aides who assist with surgery are 
also the dog-catching team. This has enabled control of a major 
cost, for the size of the dog catching team can be a significant cost 
in a dog population management program (3).

intersectoral coordination, community 
engagement, and Animal Welfare
Intersectoral coordination and communication, essential for rabies 
control (10, 19), is an ongoing challenge. The establishment of a One 
Health Intersectoral Committee provided the authority for SARAH 
to seek cooperation at district and village level. The perceived suc-
cess in controlling rabies and dog population management together 
with wide community support facilitated cooperation at all levels, 
although an unanticipated outcome was the Department of Health’s 
interim decision to stop stocking PEP and RIG.

Education on animal welfare and the obligation to care and 
value dogs has been associated with increased community par-
ticipation and support for the Program. There is a temptation 
to assume that the animal welfare emphasis of the Program will 
only work in Sikkim where animal sentience is accepted and the 
complex relationship between people and dogs is acknowledged 
in festivals such as Tihar (Deepawali). It has been suggested that 
the important role of dogs in Hinduism may be an impediment 
for successful program adoption (30), but in Sikkim, it has facili-
tated program adoption. An increase in empathy and improved 
attitudes to animals has been shown to increase empathy to 
humans and facilitate prosocial behavior (31–36), which may in 
turn motivate health behaviors including participation in vacci-
nation campaigns (28). A critical feature in the SARAH program 
is the recognition of the significance of human–animal relations 
and culturally appropriate framing of community education 
messages.

challenges Facing the sArAH Program
Recent suspect rabies cases highlighted the need for formal and 
regular intersectoral communication at community level, the 
need for improved epidemiological data, for enhanced active sur-
veillance related to animal bites, training for appropriate medical 
response to suspect rabies dog bite, the logistical difficulties in 

getting both human and animal samples from Sikkim to a labora-
tory for confirmation of rabies, and the ongoing risk of rabies 
incursion and sylvatic rabies.

The seasonal pattern of the recent rabies outbreaks occur-
ring at the border during winter when food sources are scarce 
suggests rabies incursions into Sikkim, rather than ongoing 
circulation of rabies within Sikkim. An effective surveillance 
system with tracing back of suspect animals is needed to confirm 
this hypothesis (37, 38). Increasing human wildlife conflict in 
Sikkim (6) may increase the risk of rabies transmission. If rabies 
were controlled in domestic dogs in surrounding areas, it is not 
known if jackal could sustain the circulation of rabies although 
Lembo (20) concluded that dogs were the only species essential 
for rabies persistence in the Serengeti. There are clear limitations 
in the accuracy of vaccination coverage estimates based on dog 
population size estimates provided by village council knowledge. 
However, the data suggest that vaccination coverages of 70% 
are likely to be feasible in Sikkim, as shown by consistently high 
estimates achieved in East Sikkim.

The SARAH program is a State Government supported 
program and lacks the international resources available to 
national programs. Effort is being directed at establishing low 
cost enhanced active rabies surveillance (37). The Rapid Test 
(BioNote) is used in the field when available. Discussions are 
being held with counterparts in West Bengal for extension of the 
rabies program into West Bengal, but resources are limited for 
both parties.

cONcLUsiON

The Sikkim Government, together with SARAH partner NGO—
VBB and FBB, has made a considerable investment to eliminate 
dog-mediated rabies. The recent re-emergence of rabies in Sikkim 
highlights the imperative of an integrated One Health approach 
to increase the sensitivity of rabies surveillance and to ensure 
interruption of rabies transmission. The SARAH program is a 
model of rabies control in a predominantly rural environment 
with limited resources. It is also an example of the challenges 
encountered in maintaining rabies control in a landlocked state. 
Other Indian states must establish similar programs if India is 
ever to achieve a goal of eliminating dog-mediated human rabies.
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Rabies has no known beginning in Morocco and to date, government control efforts and 
plans fail to eradicate the disease. A review and analysis of available epidemiological 
data are crucial to learn lessons from the past and to propose effective actions. Legally, 
animal rabies is a notifiable disease since 1913 and legislation has been updated peri-
odically since. Dogs have always been considered as both the disease’s vector and 
reservoir, while cattle, other herbivores, and humans are victims. Animal rabies cases 
evolution from 1942 to 2015 is characterized by ascending phase then decreasing one 
following structured rabies control plan implementation in 1980s. Indeed, from 1986 to 
2010, three rabies control plans have been conducted based on free of charge rabies 
vaccination of owned dogs through mass campaigns. The geographical distribution of 
rabies is stable over the years with highest cases number in rich rural areas and around 
cities. Human rabies cases are decreasing over the time (1976–2015) thanks to the 
opening of new antirabic treatment centers in the last decade which permit the admin-
istration of more PEPs. After a century of rabies control, Morocco registered an average 
of 301 animal cases and 21 human cases annually for the last decade (2005–2015). 
Few reasons led to those limited results. The lack in law enforcement and, moreover, 
the fact that the law do not take into account responsible dog ownership aspect are 
of importance. Lack of dog population knowledge and management and intersectoral 
coordination deficiency are additional failure reasons. The gathered data will help to build 
a new strategy with a focus on a “One Health” approach. Dog population ecology param-
eters’ study is of primary importance. We estimated dog population to be 2.8 million  
dogs based on human:dog ratio. Enhancing vaccination coverage of dog population 
is feasible by combining parenteral vaccination and complementary oral vaccination. 
Updating legislation by inclusion of responsible dog ownership and law enforcement 
are crucial. Over the last century, Morocco registered a slow decreasing tendency in the 
number of animal and human rabies cases. Urgent strategy need to be implemented 
because rabies elimination is an achievable goal in Morocco.

Keywords: rabies, Morocco, epidemiology, dog, one health, vaccination coverage, dog population management
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inTrODUcTiOn

Rabies has no known beginning or starting point in Morocco 
(1). Several epidemiological studies have focused on this disease 
since  the beginning of rabies vaccination among dogs in 1927 
(2). They have provided a wealth of documentation covering a 
century of rabies surveillance in Morocco. Compilation and 
analysis of data are of importance to learn lessons from the past 
and to propose actions to be included in any new strategy.

Efforts to control rabies in Morocco began as early as 1911, 
year of the first human and canine rabies vaccination by a local 
 vaccine manufactured at Institute Pasteur of Tangier (IPT) (1). 
Since that, routine antirabies vaccination of people and ani-
mals was practiced but without any improvement in the number 
of victims. The World Health Organization first launched initia-
tives to set up a rabies control program, supported by interna-
tional experts, in 1980s (3–5). The program had an objective of 
rabies elimination through a certain number of actions related to 
human health, veterinary sector, and municipalities. The limited 
results led to other control strategies in 1990 and 2001. Despite 
these efforts, Morocco still recorded an average of 21 human 
rabies cases per year (2005–2015) (6) and since 1923, official 
documents have recorded the death of over 1,046 humans due to 
rabies and the exposure of over 838,660. The number of people 
having been given postexposure prophylaxis (PEP) is enough to 
fill a big-sized town such as Sale (city in north-west of Morocco, 
has a population of 850,403 according to the census of 2014, and 
is the fifth biggest city of country).

The rabies situation in Morocco affects not only Moroccan 
citizens but also neighboring countries. The density of trade with 
Europe exchanged by road is a source of rabies contamination 
for several rabies-free European countries. A number of cat and/
or dog owners illegally smuggle their pet(s) into Europe mostly 
by road through Spain, disregarding all the legal provisions 
concerning the transportation of animals into Europe and not 
declaring their animal(s) to the customs officials or veterinary 
border control staff (7–10). From 2001 to 2015, 12 rabies alerts 
have been notified in Europe originating from Morocco (eight in 
France, one in Belgium, one in Germany, one in the Netherlands, 
and one in Spain) (10).

An analysis of the experience of the past century should reveal 
lines of action in order to make better headway; future strategies 
should also be able to benefit from scientific and technical pro-
gress in the field of rabies control (11). Morocco is a developing 
country and should choose the most efficient means of control in 
order to reduce the costs incurred by rabies (12) and eliminate the 
risk of exposing the Moroccan population to this fully prevent-
able disease.

MaTerials anD MeThODs

rabies regulations
A review of the regulatory texts on rabies published between 1913 
and 2014 in Moroccan official journal1 is realized with focus on 

1 http://www.sgg.gov.ma.

the legal status of rabies. The key points of each text are presented 
and general evolution of legislation related to rabies is discussed.

epidemiological analysis
Epidemiological data concerning animal and human rabies cases 
were collected from published bibliographical references and 
epidemiological reports issued by the competent public authori-
ties, and more especially those of Morocco’s National Food Safety 
Office (ONSSA) for animal rabies cases and the Ministry of Health 
for human cases. In the event of contradictory data from different 
sources, the highest figure has been chosen due to the substantial 
risk of underreporting (13). The epidemiological characteristics of 
animal rabies in Morocco are discussed for the period from 1928 
to 2015. There follows a presentation and discussion of the rabies 
patterns in Morocco (reservoir, animal species affected, seasonal 
changes, and geographical distribution) as well as measures taken 
at different times to tackle the disease and the suggestions of various 
authors in order to improve the situation. Mapping of the evolution 
of the number of animal rabies cases in the Moroccan provinces 
was performed using ArcGIS 10.1 software. The number of human 
rabies cases reported annually from 1974 to 2015 is analyzed and 
discussed. There is a discussion on the geographical distribution 
of cases of human rabies. The provided PEP protocol is discussed 
as well as the laboratory diagnosis. Propositions of improvement 
are formulated. A review of the genetic characterization of rabies 
virus isolates in Morocco is realized. Molecular epidemiology data 
are compared with classical epidemiology findings.

national rabies control Plans (nrcPs)
Different NRCPs are presented. The achievements and deficien-
cies of plans are presented and the causes of their limited success 
analyzed.

Moroccan Dog Population
It is crucial to remain informed about the dog population in 
order to draw up a realistic and effective canine rabies control 
plan. A synthesis of the studies that are interested in the size of 
the Moroccan canine population is carried out in order to have 
an estimate of this population. This is based on a comparison 
between the results of estimations of the dog population in the 
framework of an amendment to the 1993 rabies control plan, the 
NRCP of 2001–2010 and other international studies or studies 
in Maghreb countries. The data are extrapolated depending on 
the human:dog ratio chosen in order to estimate the size of the 
dog population. Demographic data were provided by official 
Moroccan authorities (Health Ministry website: http://www.
sante.gov.ma). The current state of dog population control and 
suggestions for improvement are also presented.

Vaccination coverage of the Dog 
Population
The vaccination coverage of the dog population is estimated by 
combining data on vaccination in urban areas by private veteri-
narians with that in rural areas following government-run mass 
vaccination campaigns. Dog population data are related to the 
estimated human:dog ratio. Vaccination coverage is analyzed and 
suggestions put forward on how to improve the situation. Data on 
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vaccination in urban areas were extrapolated from the number of 
doses of rabies vaccine sold between 2009 and 2015 to veterinar-
ians in the private sector. The data were obtained from veterinary 
pharmaceutical companies with a rabies vaccine registered in 
Morocco2 during the same period. Propositions for dog population 
vaccination coverage amelioration are formulated with reference 
to Moroccan experiments in oral dog rabies vaccination.

application of the “One World, One 
health” concept
The “One World, One Health” concept is highlighted by inter-
national organizations such as FAO, OIE, and WHO as the most 
efficient way of controlling zoonotic diseases. The actions taken 
in Morocco are assessed in the light of this concept, examples, 
and suggestions given.

resUlTs anD DiscUssiOn

rabies regulations in Morocco
Morocco has a wealth of regulations on animal rabies control 
with a new text every 9 years. These regulations were first focused 
in people treatment after rabies exposition on IPT (14) and at 
antirabies institute of Marie-Feuillet hospital in Rabat (15). The 
measures were also concentrated on prevention of exposure to 
rabid animals either imported (16) or locally by instigating meas-
ures (17) to control stray dogs in both urban settings (18) and 
the countryside (19). Parenteral vaccination of dogs was already 
mandatory in 1928 (20) early and quickly after OIE 1927 confer-
ence on rabies and mandatory antirabies vaccination of cats was 
instaured on 1934 (21).

This basic regulatory framework has been updated in several 
occasions either within mandatory notifiable animal diseases list 
update in 1977 (22) or by updating specific measures to control 
rabies in 2000, 2005, and 2014 (23–25).

This regulation evolves from the vizirial orders in 1915, 1927, 
1928, 1934, 1936, to decrees in 2000, 2005, and 2014, which have 
more regulatory weight.

The regulations cover mandatory rabies vaccination of dogs 
and measures to be taken in the event of contamination but they 
do not cover management of the dog population or the concept 
and actions of “responsible dog ownership”. The latter concept 
implies registering and identifying dogs, preventing their nega-
tive impact on society and controlling breeding. The legislation 
should also cover mass control actions for stray dogs (means of 
capture and humane euthanasia) in accordance with OIE rules on 
animal welfare (26).

It should be noted that national regulations are not fully 
applied. The mandatory vaccination of dogs is not monitored 
and there are no legal sanctions should a dog be found to be 
unvaccinated (25).

epidemiological analysis
The first rabies vaccination was performed in Morocco in 1911 by 
a rabies vaccine for human and veterinary use produced at IPT 

2 www.onssa.gov.ma.

(1, 27). Since that, exposed people were treated and from 1923 to 
1932 a total of 361 people received PEP in IPT (21). The number 
of exposed treated people increased to reach an average of 1,500 
person per year between 1951 and 1958 (28).

Veterinary authority started dogs preventive antirabies vac-
cination in 1928 and an average of 671 dogs per year were vac-
cinated between 1928 and 1933 (27, 29). This number increased 
to reach 10,000 dogs per year between 1945 and 1965 (30).

An average of 302 (minimum 68 and maximum 663) animal 
rabies cases was registered between 1942 and 1968 (28, 31–33) 
demonstrating an active animal rabies surveillance system based 
on Casablanca laboratory.

Table  1 summarizes the data relating to the 1971 to 2015 
period concerning animal rabies, the number of dogs vaccinated 
and culled, the number of human cases, and the number of people 
given PEP. We can identify an increasing trend of animal rabies 
cases number up to 1982 from where this trend decreases. This 
can be visualized in Figure 1, which traces evolution of animal 
rabies cases, number of vaccinated and culled dogs from 1942 
to 2015. The animal rabies cases number follows a distribution 
with an ascending phase in which the number of animal rabies 
cases increases and a descending phase from 1982. The year 1982 
coincides with start of WHO rabies fight in Maghreb zone (3). 
Those efforts led to first NRCP (1986–1990) launch. Figure  1 
shows also that the number of vaccinated dogs per year increases 
considerably in the beginning of the control plan rising from 
2,730 dogs in 1982 to 25,000 dogs in 1983 and 229,231 dogs in 
1989. This figure then dwindled before increasing once again dur-
ing the amended rabies control plan of 1994, reaching 325,780 
dogs. Similarly, a peak of 450,917 dogs vaccinated was reached 
in 2005 under the 2001–2010 rabies control program. This 
evolution in the number of vaccinated dogs in peaks during the 
maximal activity of different rabies control plans is characteristic. 
The decrease in the number of vaccinated dogs is thought to be 
linked to the veterinary services efforts to control other livestock 
diseases (Figure 1) (5, 34).

Up to 1992, the number of dogs culled was always greater 
than the number of dogs vaccinated. Since 1992, the culling of 
dogs has been stopped in the context of rabies control but is still 
practiced to limit the problem of stray dogs in urban environ-
ments (Figure 1).

Several studies have investigated the epidemiological status 
of rabies in Morocco. We selected the nine that we considered 
most relevant and which cover the period (1928–2015) (2, 6, 28, 
29, 33, 35, 37, 56, 57). Several of the epidemiological character-
istics of rabies in Morocco appear stable over the studied period 
(1928–2015).

Rabies Reservoir and Affected Animal Species
Table 2 contains data on the different species involved in animal 
cases from 1951 to 2015.

Since the very first epidemiological studies on rabies in 
Morocco (2, 29), dogs have been shown to be the reservoir and 
dog bites the primary source of human contamination. Since 
1951, a number of 8254 dogs in all have been diagnosed as rabid, 
accounting for 51% of all animal notifications (Figure  2). The 
proportion of dog cases in the total animal rabies in Morocco 
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TaBle 1 | number of animal rabies cases, number of vaccinated dogs 
and culled dogs, number of PePs, and number of human rabies cases 
from 1971 to 2015.

Year number 
of animal 

rabies 
cases 

(reference)

number 
vaccinated 

dogs 
(reference)

number of 
culled dogs 
(reference)

number 
of PePs 

(reference)

number 
of human 

rabies 
cases 

(reference)

1971 508 (35)a 4,492 (35) 21,952 (35) 9,011 (36)

1972 606 (35)a 6,524 (35) 22,477 (35) 9,045 (36)

1973 583 (35)a ND (35) 11,676 (35) 10,209 (36)

1974 635 (35)a 1,866 (35) 8,924 (35) 67 (4)

1975 525 (35)a 3,095 (35) 14,671 (35) 12 (4)

1976 370 (37) 1,303 (35) 9,379 (35) 14 (4)

1977 326 (35)a ND (35) 6,788 (38) 11,109 (38) 15 (4)

1978 438 (37)a 3,511 (35) 17,375 (35) 15,769 (38) 50 (38)

1979 455 (37)a 6,250 (35) 28,502 (38)a 16,789 (38) 38 (4)

1980 479 (35)a 3,700 (35) 22,478 (38) 16,557 (38) 50 (4)

1981 417 (35)a 2,106 (35) 22,273 (38) 16,123 (38) 52 (39)a

1982 512 (35) 2,730 (35) 42,660 (38) 16,822 (38) 25 (39)a

1983 381 (37) 25,000 (3) 42,928 (38) 14,549 (38) 15 (39)a

1984 280 (40) 43,000 (3)a 14,960 (38)a 20 (39)a

1985 430 (40) 50,989 (38) 15,441 (38) 34 (4)a

1986 493 (5) 0 (5) 79,580 (38)a 15,954 (38) 34 (38)a

1987 433 (5) 18,569 (5) 59,958 (38)a 14,678 (41) 28 (4)a

1988 555 (5) 176,981 (5) 73,570 (5) 16,704 (41) 27 (4)a

1989 356 (5) 229,231 (5) 258,224 (5) 12,905 (41) 17 (39)a

1990 271 (5) 20,355 (5) 77,767 (5) 11,660 (41) 16 (39)

1991 384 (5) 3,527 (5) 50,666 (5) 10,496 (41) 18 (39)

1992 423 (5) 4,785 (5) 79,433 (5) 15,204 (41) 20 (39)

1993 287 (5) 265,731 (5) 65,986 (5) 11,562 (41) 24 (39)

1994 263 (5) 325,780 (5) 62,599 (5) 12,636 (41) 16 (39)

1995 317 (5) 264,739 (5) 74,425 (5) 14,700 (41) 29 (39)

1996 406 (5) 0 (5) 92,356 (5) 13,035 (41) 18 (39)

1997 369 (5) 0 (5) 59,562 (5) 13,906 (42) 21 (39)

1998 476 (5) 21,729 (5) 55,224 (5) 14,726 (42) 20 (5)a

1999 455b 60,839 (43) 4,145 (43) 13,742 (44) 30a,b 

2000 474b 53,941 (43) 3,153 (43) 13,539 (45) 15b

2001 572b 68,548 (43) 5,470 (43) 14,196 (46) 26b

2002 446b 45,976 (43) 4,317 (43) 15,188 (47) 23b

2003 467b 124,688 (43) 47,799 (43) 15,425 (48) 17b

2004 425b 378,519 (43) 28,102 (43) 19,529c 23a,b

2005 360b 450,917 (43) 43,125 (43) 23,564c 25b

2006 335b 267,794 (43) 30,646 (43) 25,857c 16b

2007 355b 254,753 (43) 22,614 (43) 29,580c 31b

2008 313b 123,612 (49) 32,214c 24b

2009 294b 125,495 (49) 90,870 (49) 30,350c 17b

2010 269b 54,172 (50) 48,288 (50) 28,097c 19a,b

2011 253b 62,851 (51) 58,867 (51) 27,885c 18b

2012 337b 114,790 (52) 61,006 (52) 30,365c 19b

2013 310b 115,274 (53) 32,692c 24b

2014 299b 105,181 (54) 35,279c 20b

2015 248b 80,613 (55) 32,547c 19b

aDiscordant data.
bData provided by the ONSSA/DSV Epidemiology and Health Monitoring Service.
cData provided by the Epidemiology and Disease Control Directorate of the Moroccan 
Ministry of Health.
ND, not determined.
Blue color: data for the period before implementing the first NRCP.
Orange color: data for the period after implementing the first NRCP.
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decreases over the time passing from 82% in 1951 to 20% in 2015 
(1951: 82%, 1964: 76%, 1973–1983: 52%, 2000: 45%, 2007: 32%, 
2010: 25%, and 2015: 18%). This can be explained by the fact that 
veterinary services give more attention to rabies diagnosis on 
livestock because of its economic value (35) and concentrate less 
on the known vector (i.e., dog).

All the authors agree that herbivores (cattle, sheep, goats, 
equids, or camelids) are victims. Notifications of rabies in cattle 
come second to notifications concerning dogs in all the studies 
(4,244 cases, i.e., 26% of animal rabies cases). Contrary to the 
tendency evolution in dogs, diagnosis pressure on herbivores 
(cattle, ovine, goat, horses, and camels) is growing over the time 
passing from 12% in 1951 to 79% in 2015 (1951: 12%, 1964: 19%; 
1973–1983: 43%, 2000: 47%, 2007: 64%, 2010: 65%, and 2015: 
79%). This is probably, as previously said, because of economic 
value of livestock (35) that imposes a close surveillance.

Several studies have emphasized the role of cats in human 
contamination (21, 33, 35). In all, 800 cats have been notified as 
rabid and account for 5% of total registered animal rabies cases 
between 1951 and 2015.

Rats are regularly mentioned in diagnosed cases and even 
quoted as a rabies reservoir in natural surroundings (33, 37), 
but since 1980s, they have no longer been named in reports and 
are classified in the “Others” category of Table 2. Indeed, WHO 
considers that this species does not play an epidemiological role 
and is rather an epidemiological dead end (59).

Morocco is the natural environment for some 30 bat species 
(order Chiroptera, families Rhinopomatidae, Emballonuridae, 
Nycteridae, Rhinolophidae, Hipposideridae, Vespertilionidae, and 
Molossidae) (60, 61). To date, as far as we know, rabies has never 
been detected among these species, and no bats have never been 
reported as a source of human contamination in Morocco.

Seasonality of Rabies
In 1959, Chevrier (28) noted an annual cycle of animal rabies 
cases, with one peak in the spring and another in the autumn. 
The link between the cyclical nature of cases and the sexual cycle 
of bitches was only described in 1985 (35). To date, this seasonal 
variability is stable.

Several authors (28, 38) have pointed out a cyclical increase in 
the incidence of rabies every 6–8 years. No explanations have ever 
been provided for this cycle, which appears to have been broken 
after the instigation of the first NRCP from 1986 to 1990.

Geographical Distribution
No regions of Morocco are free from the disease. Rabies is a 
rural disease, 80% of notifications originating in the country-
side and only 20% in towns. In rural areas, it is most often found 
in a 30–50  km perimeter around major towns rather than in 
remote areas of the countryside or mountainous regions where 
there are fewer people (28). Chevrier’s observations have been 
confirmed by all the studies that have followed and are still 
relevant today (6).

The close relationship between the density of the human 
population and that of the dog population is also highlighted 
as a risk factor, because the denser the human population, the 
denser the dog population too and the higher the risk of exposure 
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to rabies (28). The dissemination of the rabies virus along road 
networks was revealed by Fassi-Fehri et al. (37). These data were 
later confirmed by molecular biology research in 2010 (62).

Figure 3 shows geographical distribution of animal rabies in 
Morocco provinces for 1997–2001, 2002–2006, 2007–2011, and 

2012–2015. The five most badly affected provinces according to 
1976–2015 period data were Sidi Kacem (703 cases), Kenitra (608 
cases), Safi (532 cases), Casablanca (492 cases), and Meknes (488 
cases) [(35) and ONSSA Epidemiology and Health Monitoring 
Service]. The geographical distribution of cases shows that rabies 

TaBle 2 | animal rabies cases per species from 1951 to 2015.

species 1951 
(28)a

1952 
(28)a

1953 
(28)a

1954 
(28)a

1955 
(28)a

1956 
(28)a

1957 
(28)a

1958 
(28)a

1964 
(33)a

1965 
(33)a

1966 
(33)a

1967 
(33)a

1968 
(58)

1973–1983 (37) 

Dogs 248 224 193 154 189 191 299 268 291 304 293 236 231 2675
Cattle 22 38 37 18 33 14 34 16 57 75 11 59 36 1404
Cats 17 10 6 13 3 5 14 64 19 14 23 20 17 225
Equids 8 9 6 1 3 5 11 4 10 17 1 5 0 502
Sheep/goats 3 2 0 0 1 0 2 1 4 4 7 1 3 273
Camelids 3 1 2 1 2 1 3 1 1 1 1 3 0 15
Others 0 0 0 0 1 0 0 0 0 0 0 1 0 21

Total 301 284 244 187 232 216 363 354 382 415 336 325 287 5115

species 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Dogs 167 201 194 215 255 192 173 153 106 103 113 100 95 66 64 91 62 64 44
Cattle 98 134 128 133 156 140 148 129 114 113 117 115 106 92 97 149 154 139 128
Cats 21 26 33 33 24 26 14 27 21 16 12 11 12 22 15 12 8 8 9
Equids 67 90 82 79 108 73 85 83 86 83 89 68 58 75 60 74 67 80 48
Sheep/
goats

14 21 14 13 26 13 47 28 24 17 22 16 22 9 15 9 16 8 19

Camelids 0 4 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Others 2 0 1 1 1 2 0 5 9 3 2 3 1 5 2 2 3 0 0

Total 369 476 455 474 572 446 467 425 360 335 355 313 294 269 253 337 310 299 248

aData related to laboratory confirmed animal cases in Casablanca laboratory.
Data from 1997 to 2015 provided by the ONSSA Epidemiology and Health Monitoring Service.
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FigUre 3 | geographical distribution of animal rabies in Morocco (1997–2015).

FigUre 2 | animal rabies by species (1951–2015).
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is endemic to the whole of Morocco with the exception of desert 
regions (southern provinces). It may be seen that the distribution 
of rabies cases is related to the intensity of farming activities, thus 
confirming that Chevrier’s observation in 1959 (28) is still valid 
in 2015.

Human Rabies
The vaccination of humans following exposure to the rabies 
virus was first practiced in Morocco by IPT (1). From 1923 
to 1932, 361 people in all were treated (21) and from 1951 to 
1958, this figure increased to 1,500 people treated on average 

per year (28) and continued to rise from 3,156 in 1964 to 
10,209 in 1973 (36). The number of people treated per year 
was more or less stable between 1977 and 2003, averaging 
13,789 (38, 41, 42, 44–48). From 2004, this figure more than 
doubled, reaching an average of 29,163 people from 2004 to 
2015 (data provided by the Epidemiology and Disease Control 
Directorate of the Moroccan Ministry of Health). The human 
rabies is a notifiable disease in Morocco since 1967 (63).

Table 1 and Figure 4 present the annual number of human 
rabies cases and the number of persons who received PEP from 
1971 to 2015. The number of human rabies cases is slightly 
decreasing over time: the annual mean of human cases for 
1976 to 1985 is 31 (min = 14 and max = 52), dropping to 23 
(min = 16 and max = 34) for 1986 to 1995, then 22 (min = 15 
and max  =  30) for 1996 to 2005, and finally 21 (min  =  16 
and max = 24) for 2006 to 2015. The number of persons who 
received PEP increased in the same time: from 1986 to 2005, 
there were 14,633 PEPs per year on average (min = 10,496 and 
max = 23,564), but this figure has more than doubled, reaching 
an annual mean of 30,687 (min =  25,857 and max =  35,279) 
for the period from 2006 to 2015. This is no doubt thanks to 
the efforts of local communes which, under the impetus of the 
Ministry of the Interior (64), have opened new rabies treatment 
centers, whose numbers have risen from 120 in 2008 to 147 in 
2012 (56, 63).

Up to now, Morocco has applied the 2-1-1 protocol for PEPs by 
the intramuscular route (63). This could increase by 60–80% the 
number of people treated for the same budget in rural areas if it 
used the intradermal delivery of fractioned doses recommended 
by WHO (65). It has been proven that poor people often do not 
spend time and money traveling to receive PEP (66).
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FigUre 4 | number of human rabies cases and number of people who received postexposure prophylaxis (PeP) (1964–2015).
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Generally speaking, human rabies in Morocco matches the 
geographical distribution of animal rabies (35). Dogs are the 
main species responsible for human contamination (91% in 
1935, 80% in 1965, 95% in 1973, and 80% in 1985) (2, 30, 35, 37).  
The frequency of contamination is greater among the male 
population (around 80%) and among young people (around 
40% among children less than 15 years old). Bites often involve 
the legs (around 45%), face (around 15%), and hands (around 
35%), all other locations (such as the neck or genitals) being rarer  
(35, 37, 38).

Although, as previously said, the number of human rabies 
cases of rabies is decreasing, it should be remembered that 
official notifications are generally underestimated (13) and that 
they may only concern hospital cases (37). There is a need to 
investigate the origins of underreporting and give feedback after 
detailed analysis over several years of the files on human deaths. 
This would reveal weaknesses in the system and possible means 
of improvement. One of the reasons of underreporting could be 
the population’s refusal to allow an autopsy of their loved ones 
for cultural reasons. Alternatives to autopsy by non-invasive 
methods such as skin biopsies or supraorbital sampling could 
lead to an increase in the number of rabies cases reported and 
provide the diagnostic laboratory with precious samples (66). A 
report following a 2-week WHO expertise carried out in 2001 in 
different places of Morocco (67) as well as a study (39) revealed 
that human deaths are linked to an inadequate prophylaxis and 
suggest an improvement of training of physicians in antirabic 
centers.

Morocco has one diagnostic laboratory for human rabies, 
which only uses postmortem analytical methods. It confirms 

about 30% of clinical cases (63). The use of quick new reliable 
tests (lateral flow or immunohistochemical methods) in local, 
non-specialized laboratories (66) could help increase the rate of 
laboratory confirmations.

Genetic Variability of the Rabies Virus
Since the rabies virus was first sequenced in 1995, the Moroccan 
strains have been identified as belonging to genotype Africa 1 
(68). The RabMed Control project included a phylogenetic study 
of 133 samples of canine rabies from 28 Moroccan towns between 
2004 and 2008 (62). This study revealed:

• that rabies transmission in Morocco does not correspond to a 
rabies virus transmission model for a wild canine population;

• that the spatial dynamics of the rabies virus in Morocco is 
better described by mean road distance between outbreaks 
(51 km, with a minimum of 34 and maximum of 72 km per 
year), suggesting human intervention in the transmission of 
the rabies virus through the movement of rabid dogs (62).

national rabies control Plans
Since 1980s, several different NRCPs have followed in succession:

 – NRCP covering 1986–1990: plan drawn up as part of the 
WHO rabies control program in Maghreb countries (3, 4). An 
interministerial committee was set up to draft a NRCP, whose 
broad lines included:

 ◦ Raising awareness among the public and providing 
health education (causes, seriousness and consequences 
of rabies, reasons for and scope of the control measures 
proposed).
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TaBle 3 | number of declared animal rabies cases and number of animal rabies laboratory-confirmed cases from 1932 to 2015.

Year (reference)

1932 (2) 1933 (2) 1934 (2) 1952 (28) 1953 (28) 1954 (28) 1955 (28) 1956 (28) 1957 (28) 1958 (28) 1963 (33)

Official declaration 80 91 129 452 390 334 381 398 563 479 493
Laboratory confirmed 
rabies cases

23 18 38 284 243 185 232 207 363 354 365

Percentage 29 20 29 63 62 55 61 52 64 74 74

1964 (33) 1965 (33) 1966 (33) 1967 (33) 2010 (50) 2011 (51) 2012 (52) 2013 (53) 2014 (54) 2015 (55)

446 663 651 – 269 253 337 310 299 248
382 405 374 325 453 346 297 243 210 204

86 61 57 – 168 137 88 78 70 82
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 ◦ Health prophylaxis: eliminating stray domestic carnivores 
through stray dog culling campaigns. Reducing the avail-
ability of food for stray domestic carnivores. Monitoring 
suspected and biting animals. Checking the movements of 
wild and domestic carnivores. Making diagnosis of animal 
rabies regional rather than national.

 ◦ Medical prophylaxis: targeted vaccination of 80% of 
700,000 dogs (this being the estimated number of owned 
dogs at that time) with a stable, low-cost vaccine already 
proven to be harmless. A government veterinary vaccine 
company named Biopharma developed an inactivated 
rabies vaccine for animal use by the parenteral route in 
the framework of the plan (35). The maximum number of 
dogs vaccinated under this plan was in reality 229,231 in 
1989 (5).

 – Amendment of 1993: actions focused on vaccinating owned 
dogs (325,780 dogs vaccinated in 1994), while reducing 
the culling of stray dogs to the necessary minimum as this 
measure leads to an increase in the rate of replenishment of 
the dog population and thus an increase in the proportion of 
young unvaccinated dogs, not to mention its negative impact 
on the participation of owners in vaccination campaigns. This 
explains the need to limit culling to “true stray dogs” (i.e., feral 
dogs).

As the plan progressed, this component was not strictly and 
constantly applied. From 1991 to 1992, the general rabies vac-
cination campaigns were not carried out because this period 
coincided with the outbreak of both African horse sickness and 
foot-and-mouth disease, which mobilized substantial human 
and material resources (Figure 1). From 1996 to 1998, the rabies 
vaccination of dogs was limited to campaigns isolated both 
geographically and over time (5). Consequently, the results fell 
well below the vaccination coverage targets set by the NRCP  
(i.e., 70–80% of the dog population).

 – NRCP covering 2000–2010: this plan aimed to reduce the 
number of rabies cases within 5 years. The longer-term objec-
tive was to eliminate rabies within 10 years and ensure that 
the country then remained rabies-free. The strategy proposed, 
which is based on a generalization of medical prophylaxis 
supported by targeted health prophylaxis, required a change 
in regulations, regular awareness-raising activities among the 
general public, training, and retraining of the main players 
and the setting up of a national epidemiological surveillance 
network.

Finally, a system to assess the proposed strategy was set up 
(5). This plan led to the vaccination of a maximum of 450,917 
dogs in 2005 (5). The apparition of various health crises in 
the livestock sector led to veterinary services control efforts 
to combat or prevent the diseases by intensifying surveillance 
and/or vaccination campaigns (sheep pox vaccination cam-
paigns in 2002, 2004, and 2006, avian influenza surveillance 
in 2005 and 2006, bluetongue vaccination campaign in 2007, 
and PPR vaccination campaigns in 2008, 2009, and 2010) (34). 
This prevented the plan from reaching its objectives.

Despite the limited effect of these different plans on the status 
of rabies in general, they nonetheless laid the foundation for 
future actions:

 – Creation of an interministerial rabies control committee.
 – The local production of an inactivated rabies vaccine for 

veterinary use produced on cells (69).
 – Initiation of an operational epidemiological surveillance 

system (5).
 – Development of a laboratory network comprising seven 

regional laboratories able to diagnose rabies using different 
OIE reference techniques (immunofluorescence, cell or mouse 
inoculation, and molecular biology). Of these, three (at Fes, 
Marrakech, and Rabat) accredited their rabies diagnosis analy-
ses to standard ISO 17025 in 2012. Table 3 shows the number 
of samples of animal rabies analyzed by laboratories between 
1932 and 2015, data concerning the periods from 1932 to 1934, 
1952 to 1958, 1963 to 1967, and 2010 to 2015. It may be seen 
that the mean percentage of samples confirmed positive by lab-
oratory analysis has increased over time from 26% (minimum 
20%, maximum 29%) for 1932–1934 to 62% (minimum 52%,  
maximum 74%) between 1952 and 1958, 70% (minimum 
57%, maximum 86%) for 1963–1967 up to 104% (minimum 
70%, maximum 168%) for the 2010–2015 period. Several 
rates exceed 100% for the latter period, probably due to the 
fact that several samples sent to a laboratory concern the same 
rabies outbreak. Nonetheless, an average of 20% (minimum 
12%, maximum 30%) of cases were reported following clinical 
signs but not confirmed by a laboratory during the 2012–2015 
period, which goes against OIE recommendations (70).

Since 2014, WHO, OIE, and FAO—supported by the Institut 
Pasteur network—have launched an initiative to eradicate rabies 

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


34

Darkaoui et al. Rabies Control in Morocco (1911–2015)

Frontiers in Veterinary Science | www.frontiersin.org June 2017 | Volume 4 | Article 78

in North Africa in general, and Morocco in particular, by around 
2020. This initiative is supposed to materialize the implementa-
tion of the concept (71). Since the initial kickoff workshop in 
2014, the actions in the framework of this initiative have not yet 
been communicated.

The parenteral vaccination of owned dogs in rural settings 
has been the key measure in rabies control programs in Morocco 
since 1911 (1). However, this measure was rapidly revealed to be 
insufficient in the light of the tiny proportion of dogs vaccinated 
compared to the size of the total dog population. The culling of 
dogs as a means of controlling the dog population was suggested 
in 1935 (2). This twofold mechanism, involving the vaccination 
of dogs and culling of stray dogs, is still carried out today in 
Morocco.

Several reasons for the failure of this strategy have been identi-
fied from 1938 on and are still relevant today:

 – Vaccinating dogs against rabies has a moral and sentimental 
rather than economic aspect to it compared to other livestock 
vaccinations. Vaccinating dogs is considered a luxury (29).

 – The culling of stray dogs is not enough and only affects a few 
isolated cases. The mobility of stray dogs and their relations 
with the unvaccinated dogs found in douars (tent villages) are 
too frequent to allow this measure to fully succeed (28).

 – By religious conviction, Moroccans refuse to destroy life, 
which explains why the dog population is so big (28).

 – Moroccan farmers usually know the fatal issue of bite-related 
street rabies, yet refuse to sacrifice infected dogs by negligence 
or superstition (33).

 – The rabies control program in terms of medical and health 
measures is insufficient (6).

 – There are many players and they do not work closely enough 
together (6).

 – There are insufficient resources (6).
 – The socioecology of dogs is not yet well known (6).
 – The management of rubbish dumps has to be rethought for the 

whole of the kingdom (6).
 – Dog owners are not sufficiently aware of the problem and their 

responsibilities (6).

Several judicious proposals have been put forward by various 
authors from 1935 on to improve the situation and are still relevant:

 – Vaccinate community dogs that roam free (2).
 – Inform dog owners as actively as for other livestock vaccina-

tions (2).
 – Think of possible actions by kennel clubs, animal protection 

services, and even public hygiene services (2).
 – Limit the number of dogs in douars (28).
 – Instigate mandatory registration and vaccination of pet dogs (28).
 – Investigate canine socioecology (56).
 – Study the feasibility of oral vaccination as a complement to 

parenteral vaccination (6, 56).
 – Regularly educate and raise awareness of rabies among the 

general public (6, 28).
 – Associate/involve communes in the combat to control rabies (6).

 – Strengthen intersectoral cooperation and give fresh impetus to 
the provincial rabies control centers (6).

 – Improve infrastructures: rural slaughterhouses and public 
rubbish dumps (6).

Moroccan Dog Population
Several authors (5, 13, 72–74) have underlined the importance of 
a good estimation of the dog population in the success of rabies 
control programs. According to WHO, the size of the dog popula-
tion may be estimated through the human:dog ratio (59). Studies 
of the dog population carried out in Morocco in 1993 assessed the 
human:dog ratio at 5.93 in rural settings and 25.36 in urban set-
tings. In 1999, the ratio was found to be 7.93 in rural settings and 
80.94 in urban settings (5). More recently in 2013, estimations of 
this ratio for North Africa gave 3.84 in rural settings and 9.83 in 
urban settings (73) and for Africa in general, 7.40 in rural settings 
and 21.20 in urban settings (13).

To estimate the current dog population, we chose the mean 
of national dog population estimates obtained in 1990s and 
international estimates obtained in 2005 and 2013, giving a 
human:dog ratio of 6.14 in rural settings and 34.33 in urban 
settings. This value is no doubt biased but the bias is acceptable. 
By applying the calculated human:dog ratio and taking into 
account Moroccan demographic data (the Moroccan popula-
tion being estimated in 2015 at 34,271,622 in all, including 
approximately 13,458,258 in rural settings and 20,813,364 in 
urban settings) (data from target populations of health pro-
grams. Health Ministry website http://www.sante.gov.ma), we 
may conclude that the dog population is estimate to stand at 
2,798,126 (of which 2,191,930 in rural settings and 606,195 in 
urban settings). This number could be overestimated but we 
consider that it is better to overestimate the target population 
rather to underestimate it.

It should be noted that generally speaking, there are few data 
about Moroccan dog population features (sex ratio, mean age, and 
life expectancy of an owned or stray dog). Although Moroccan 
legislation requires dog owners to vaccinate their pets, it remains 
silent on the management of this population, as mentioned 
earlier. Neither does it inspire responsible ownership in order to 
prevent dogs creating a nuisance within the community.

Managing the dog population is a complementary measure in 
rabies control and reducing the dog population does not directly 
affect the transmissibility rate (R0, i.e., the reproduction num-
ber) of the rabies virus (75). This runs contrary to the idea that 
canine rabies can be eliminated by reducing the density of the 
dog population (59, 66). This reduction in density is frequently 
achieved through culling campaigns that often prove counterpro-
ductive and have a major impact on animal welfare (11). Indeed, 
dog owners frequently begin hiding their dogs, moving them to 
other areas, or indeed acquiring new dogs to replace those killed. 
This behavior is linked to the need for dogs, itself related to their 
function. In Morocco, dogs are mainly used as guard dogs, to 
watch over livestock (31%), a combination of both (87%) or to 
hunt (2%) (76). Dog movements help disseminate the rabies 
virus, as reported in Indonesia (75) and North Africa, including 
Morocco (62). Furthermore, dogs that are easy to vaccinate are 
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those that are the easiest to cull, thus reducing the dog popula-
tion’s immunity (66).

Dog sterilization campaigns are a key tool in the management 
of unwanted dogs. They reduce the trouble caused by dogs, along 
with their aggressive behavior and thus dog bites. They improve 
the human population’s acceptance of free-roaming dogs and 
improve the health and life expectancy of dogs in a roaming 
population (77). Sterilization would increase the effectiveness of 
vaccination campaigns by stabilizing the size of the dog popula-
tion and reducing its renewal rate. It is an important comple-
mentary measure in a rabies control program whose key thrust is 
vaccination coverage (66).

Currently, Moroccan communes are responsible for taking 
measures to prevent animals from roaming free. They must col-
lect, check, and impound stray dogs in compliance with article 50 
of the Communal Charter (64).

However, these functions are not fulfilled in most towns and 
those communes where they have developed various systems:

 – Some communes organize armed hunts with hunting asso-
ciations following citizens’ complaints about the number of 
stray dogs. These hunting parties are held in daytime in urban 
settings. Communities and the press are increasingly hostile to 
this system (78, 79).

 – Other communes lay strychnine-poisoned baits. This very 
dangerous method is illegal because the use of strychnine is 
regulated by Moroccan law (80). Furthermore, the use of this 
poison has a major ecological impact due to the harm it can 
cause to both wildlife and groundwater.

 – Communes organize the capture of dogs in cooperation with 
the town’s veterinary services or animal defense organizations. 
The veterinary services then put the animals down humanely 
using barbiturates (81).

There are several possible ways of getting out of this situation, 
alone or in conjunction depending on local conditions:

 – Stimulate the networking of animal protection associations 
through contract programs (82). Several animal welfare 
associations are active in different regions of Morocco, the 
oldest having been active since 1916 (83–90). One example is 
an association working in the town of Essaouira that captures, 
identifies, sterilizes, and vaccinates against rabies then frees 
the stray cats and dogs captured at the place they were found 
(91). This model could be followed and extended to other 
towns in order to manage the stray cat and dog population. 
The Department of Agriculture is very experienced in moni-
toring and implementing contract programs with professional 
associations (92), an experience that could be capitalized on 
to develop contract programs with animal protection associa-
tions in order to manage the stray cat and dog population while 
still complying with departmental prerogatives and respecting 
animal welfare criteria.

 – Delegate the management of municipal pounds and the 
impounding of stray dogs to the private sector. The experi-
ence of Madrid, Spain, in this area has recently been presented 
to the elected officials of Khemisset in the framework of the 

international partnership between Morocco and Spain on 
hygiene and public health (93).

 – Raise awareness of dog owners about what being a responsible 
owner involves, especially with respect to the future of puppies 
from unwanted litters. This suggestion had already been put 
forward in 1959 (28).

 – Use chemical or hormonal sterilization in conjunction with 
rabies vaccinations (94–97). It would be very useful to stimu-
late research into this possibility in the Moroccan context.

Vaccination coverage of the Dog 
Population
The most efficient means of preventing human rabies cases is to 
reach a 70% vaccination coverage of the dog population (12, 66). 
The vaccination coverage rate of the dog population in Morocco 
can be estimated by dividing the total number of vaccinated dogs 
by the total dog population, calculated by adding together the 
following two figures:

 – The number of dogs vaccinated in rural settings, which cor-
responds to the number of dogs vaccinated during free mass 
vaccination campaigns organized by the government. The 
rural dog population represents 78% of the total dog popula-
tion, as previously estimated in this study.

 – The number of dogs vaccinated in urban settings, which 
shall be estimated using the number of rabies vaccines sold 
by the veterinarian pharmaceutical companies authorized 
in Morocco to private veterinarians, divided by two. This 
is because the government-organized mass vaccination 
campaigns are not held in urban settings, and a dog living in 
town will only be vaccinated if its owner has it vaccinated by a 
private veterinarian. In practice, owners do not all follow the 
same vaccination protocol for their dog, despite the indica-
tions of vaccine manufacturers and private veterinarians. An 
owner may take his dog to the veterinarian only once for the 
primo-vaccination, or twice for a primo-vaccination divided 
into two injections, or take his pet for its annual booster only 
once in its life or never again after the primo-vaccination 
(personal observation). We consider that with a bias we 
accept that an owned dog in an urban setting is injected with 
rabies vaccine on average twice during its life. So the number 
of town-dwelling dogs, therefore, corresponds to the number 
of doses of rabies vaccines sold divided by two. The rabies 
vaccine is sold to private veterinarians by seven veterinary 
establishments. The list of products authorized per company is 
available on the ONSSA website (98). The vaccines marketed 
in Morocco are all inactivated adjuvanted vaccines prepared 
using different strains (VP12, G52, PV, Flury LEP, VP13, and 
CVS). The number of doses sold annually from 2009 to 2015 
was provided by the companies themselves (Table  4). The 
number of sold doses increases by almost 5% each year.

It should be noted that the vaccination coverage from 2009 
to 2015 never exceeded 6% of the total dog population. Urban 
vaccination coverage fluctuates between 6.51 and 8.25%, while 
rural vaccination coverage fluctuates between 2.47 and 5.73% 
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private sector from 2009 to 2015.

Year number of doses

2009 68,530
2010 71,040
2011 86,920
2012 70,200
2013 86,660
2014 85,640
2015 100,020
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for the same period. The highest coverage rate in a rural setting 
was obtained during 2001–2010 NRCP, with 20.64% in 2005. The 
other national plans resulted in a maximum of 15.79% in 1994 
and 11.41% in 1989. The data for urban vaccination coverage 
are not available before 2009. In any case, whether urban, rural, 
or total, the vaccination coverage rates are too low to break the 
transmission cycle of rabies virus. These data serve to confirm 
that since the first canine rabies vaccination in 1928, Morocco 
has only managed to vaccinate a tiny part of its dog population 
and is a very long way off the 70% vaccination coverage recom-
mended by international organizations OIE and WHO (59, 70). 
Chevrier’s observation in 1965 that “this vaccination is of no 
prophylactic benefit compared to the total dog population, so the 
issue needs to be completely reviewed” is just as true today (30). 
This operation has always been carried out with the same strategy, 
using government officials for vaccinations in rural areas and 
private veterinarians in towns. In addition, all previous official 
rabies control plans have always targeted to vaccinate owned dogs 
population rather than targeting the whole sensitive population 
(i.e., total dog population) and those plans did not propose any 
strategy to vaccinate the stray dogs. This led to the described 
limited results of vaccination coverage and rabies control failure.

In our opinion, one of the ways of improving canine vaccina-
tion coverage would be to involve private veterinarians in the 
free government-run vaccination campaigns, whether in rural 
or urban settings, as part of a public–private partnership. The 
synergy between ONSSA and private veterinarians during an 
action program to vaccinate sheep and cattle was successful in 
tackling various livestock diseases (PPR vaccination campaigns 
in 2008, 2009, and 2010; bluetongue vaccination campaign in 
2007; sheep pox vaccination campaigns in 2011 and 2013, and 
foot-and-mouth disease vaccination campaign in 2015) (34). This 
public–private partnership managed on more than one occasion 
to successfully vaccinate 19.5 million sheep and 3.2 million cattle 
(92) within 3–4 months, resulting in a vaccination coverage of 
about 97% (34). The pathway to participation of private vet-
erinarians has already been cleared through a decree establishing 
government remuneration of veterinarians in the private sector 
for the vaccination of dogs and cats in January 2015 (99).

Oral vaccination is another promising possibility currently 
under investigation for dogs. WHO has proposed various appli-
cation scenarios, such as door-to-door vaccination, distribution 
at a central point, or a wildlife model (100). The latter involves 
jettisoning baits from aircraft, which is not very practicable for 
the oral vaccination of dogs. Unlike wildlife, the dog’s habitat is 

closely linked to that of humans, making aerial distribution such 
as practiced in un- or little-populated areas where wildlife live 
unrealistic for dogs. Unlike injectable rabies vaccines, which are 
inactivated and often contain adjuvants, oral rabies vaccines are 
live attenuated vaccines or recombinant protein vaccines. Several 
oral rabies vaccines have market authorizations, yet only two 
are considered sufficiently safe by WHO (59, 100) to be used in 
proximity to people. One is Rabigen SAG2™, produced by Virbac 
SA, France (101), and the other is Raboral V-RG®, produced by 
Merial Inc., USA (102). The other commercial vaccines have 
residual virulence that can induce rabies, in target and non-target 
species (103, 104).

Studies have been carried out on the use of V-RG on dogs in 
Morocco, investigating the appetence of the bait and its efficacy 
under controlled conditions, but the study results were limited 
(49, 105). This had already been observed by other authors (72). 
Further research would be beneficial to investigate the efficacy of 
this vaccine on dogs and cats.

The results of a pilot study carried out in Morocco on the use 
of SAG2 for oral vaccination of dogs in field conditions were 
promising. The dog population in the study zone was composed 
of 70% of owned dogs and 30% of stray dogs. Using the door-
to-door model (59), 77% of owned dogs ate the bait. Using the 
wildlife immunization model (59) in stray dogs, up to 73% of 
baits disappeared and 68% of the capsules containing the SAG2 
vaccine were found pierced (106). Further research is needed to 
fine-tune the distribution strategy before large application in the 
field.

In our opinion, the oral vaccination of dogs is a way forward 
in conjunction with parenteral vaccination as recommended by 
WHO (59). It would reach stray dogs or dogs that are inaccessible 
due to their aggressive behavior and could be organized during 
mass parenteral vaccination campaigns. It would also be possible 
to distribute baits to well-informed owners so that they them-
selves give their dog the bait (on the condition that is in individual 
wrapping and kept at 4°C for no more than a few days), with strict 
instructions on giving the bait as soon as it has been opened. If 
not consumed straight away, it must be destroyed.

The use of new technologies has given good results by allow-
ing real-time monitoring of mass vaccination campaigns (107). 
Several parameters can be assessed in real time, such as the 
number of dogs vaccinated, the proportion of dogs vaccinated 
compared to the total population, the GPS position of vaccination 
locations, and a map of the vaccination coverage per region for 
the whole country (107, 108). This should be able to be used in 
Morocco, one of the main advantages being that it would enable 
resources and vaccination teams to be redeployed in real time 
without having to wait for the end of a campaign before drawing 
conclusions.

All these difficulties underline the peculiarities of rabies 
compared to other livestock diseases, where often just one vac-
cination campaign is enough to improve the situation. For rabies, 
substantial efforts have to be made over several consecutive years 
on a sufficient large range of dog population, each interruption 
losing the benefits accrued up to then. This shows the importance 
of political determination and coordinated efforts. Rabies should 
never be accepted as banal. Even though it is not a disease with a 
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direct economic impact (dogs generally not having an “economic” 
value), political efforts must be kept up over a long period so that 
the enthusiasm of vaccination teams does not wane year after 
year. Vaccination initiatives must be maintained in the light of an 
ever-increasing dog population and efforts should not be allowed 
to be diverted to other health priorities.

application of the “One World,  
One health” concept
The “One World, One Health” concept was initiated in 2008 by FAO, 
OIE, and WHO with the support of the United Nations Children’s 
Fund, the United Nations System Influenza Coordination, and 
the World Bank (109). It aims to develop a joint strategic network 
for coordinating medical, veterinarian, and environmental health 
policies to face up to the risks associated with the emergence or 
reemergence of zoonoses (109, 110). The major advantage of 
this concept lies in the economies of scale afforded through the 
efficiency of control and elimination measures, which is why it is 
so advantageous for low-income nations (66).

Latin America is a successful example of the “One World, One 
Health” concept as regards rabies. The strong political will of all 
the countries in that region was channeled into national public 
health and animal health action plans. Mass dog vaccination 
campaigns were held (59). The cooperation with NGOs, animal 
welfare organizations, and a close public–private partnership 
supported by efficient communication with local communities 
which were also heavily involved were the keys to the success of 
this rabies elimination program (66). Results were visible after 
a few years, by which time animal and human rabies cases had 
dropped by 90% (59).

The bases for this “One World, One Health” approach already 
exist in Morocco. The interministerial committee on rabies 
control is just one proof. The action of this committee should be 
supported by new legislation that gives it broader powers. Kenya, 
for example, created a “One Health Office” in 2011 in order to 
develop control strategies for the country’s priority zoonoses, 
including rabies (111).

Since 2009, Morocco has celebrated World Rabies Day (112), 
an initiative launched in 2007 by the Global Alliance for Rabies 
Control. Held on September 28 each year, World Rabies Day seeks 
to focus the attention of the international community on rabies 
prevention and control measures (113). The World Rabies Day 
events from 2009 to 2013 were organized jointly by the National 
Food Safety Office, ONSSA, and the Hassan II Agronomics and 
Veterinary Institute, with the participation of other ministerial 
departments such as the Moroccan Ministry of Health, the 
Ministry of the Interior, the Ministry of National Education,  
and the Ministry of Islamic Affairs, in addition to local authorities, 
the Moroccan Association of Veterinary Professors–Researchers, 
the Society for the Protection of Animals and Nature along  
with the media. Various rabies-related actions were held on 
these occasions, including a rabies science day, the vaccina-
tion of dogs, information on rabies targeting elected officials 
in the communes, Friday sermon on rabies throughout all the 
mosques in Morocco, educating and informing primary school 
children about rabies, awarding of a prize to the journalist 
having done the best report on rabies, a radio broadcast, and 

inclusion on the news of the main TV channel (112). All these 
local and national events have raised awareness among the 
general public, especially young people, and will bear fruit in 
the long term.

cOnclUsiOn

Despite the fact that the first rabies vaccination for dogs dates 
back to 1911 in Morocco, rabies is still endemic. Despite an 
annual decline in the number of cases, the situation is alarming, 
and 19 deaths by rabies registered in 2015 is too high a price 
to pay. The epidemiological characteristics of the disease have 
been stable for the past century: dogs remain the vector and the 
reservoir of the disease, while other animal species are its victims. 
There are two peaks in the number of cases each year: one in the 
autumn and the other in the spring, in keeping with the sexual 
cycle of bitches. Rabies is endemic throughout Morocco, with a 
higher concentration of cases in areas where the human popula-
tion is denser. The disease is mainly rural. The circulating virus is 
genetically homogeneous and belongs to the Africa 1 genotype. 
Several rabies control plans have been implemented, all with the 
same strategy of vaccinating owned dogs, opening rabies treat-
ment centers, and increasing the budget for PEP. Unfortunately, 
the results are limited.

Morocco did not develop any strategy for dog population 
management, either owned dogs or stray dogs. Only a few old 
data exist about dog population characteristics. The Moroccan 
legislation does not deal with the concept of responsible dog 
owner, and rabies control strategies need to be developed and 
tested with all stakeholders’ contributions to control and stabilize 
dog population.

In our opinion, the major reasons of failure of Moroccan 
strategies to control rabies are as follows:

 – Lack of dog population knowledge and control
 – Failure to implement any rabies control strategy in the event 

of another livestock health crisis
 – Problem of human rabies case management
 – Lack of coordination between departments
 – Lack of law enforcement especially regarding antirabies dog 

vaccination
 – Absence of the concept of dog responsible owner

Morocco needs a new approach to rabies control based on 
scientific advances and success stories in other parts of the world. 
Such an approach should include the following elements:

 – Implementing an integrated approach in keeping with the 
“one world, one health” concept,

 – Using a public–private partnership to extend the vaccination 
coverage of dogs and manage dog pounds,

 – Updating current legislation to include:
 ◦ the notion of a responsible owner;
 ◦ sanctions if the law is not applied.
 – Initiating contract programs with animal protection associa-

tions to sterilize dogs,
 – Managing the dog population while complying with human 

population needs and animal welfare principles,
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 – Studying the socioecology of dogs (size and structure of the 
dog population) to fine-tune control strategies to be routinely 
implemented before each campaign,

 – Combining parenteral and oral vaccination in preselected 
areas,

 – Using new technologies to disseminate information better, 
including awareness of the general public,

 – Improving and updating knowledge of professionals involved 
in rabies prevention and control by organizing regular 
trainings,

 – Drafting and assessing the strategy chosen using international 
models,

 – Estimating the annual economic cost of rabies (animal control 
and human prevention)

Rabies is not a fatality with which we have to live, but a fully 
preventable disease. Each day spent considering and refining 
strategies is another day of needless deaths.
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A Rabies Elimination Demonstration Project was implemented in Tanzania from 2010 
through to 2015, bringing together government ministries from the health and veter-
inary sectors, the World Health Organization, and national and international research 
institutions. Detailed data on mass dog vaccination campaigns, bite exposures, use of 
post-exposure prophylaxis (PEP), and human rabies deaths were collected throughout 
the project duration and project areas. Despite no previous experience in dog vaccination 
within the project areas, district veterinary officers were able to implement district-wide 
vaccination campaigns that, for most part, progressively increased the numbers of 
dogs vaccinated with each phase of the project. Bite exposures declined, particularly 
in the southernmost districts with the smallest dog populations, and health workers 
successfully transitioned from primarily intramuscular administration of PEP to intrader-
mal administration, resulting in major cost savings. However, even with improved PEP 
provision, vaccine shortages still occurred in some districts. In laboratory diagnosis, there 
were several logistical challenges in sample handling and submission but compared to 
the situation before the project started, there was a moderate increase in the number of 
laboratory samples submitted and tested for rabies in the project areas with a decrease 
in the proportion of rabies-positive samples over time. The project had a major impact 
on public health policy and practice with the formation of a One Health Coordination 
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BacKgrOUnD

Rabies is one of the oldest known zoonosis, which is defined as 
an acute progressive encephalitis that almost inevitably results in 
death without timely intervention (1). Rabies can be transmitted 
by several hosts, but domestic dogs are the main species that 
transmit the disease to humans (2). With a growing recognition 
of the need for One Health approaches to tackle zoonotic diseases 
(3), it has been recognized that a paradigm shift is required to 
tackle human rabies in low- and middle-income countries 
(LMICs), by focusing on immunization of the primary reservoir 
hosts, the domestic dogs.

In terms of the disease burden, rabies is responsible for an 
estimated 59,000 human deaths globally, about 96.0% of which 
occur in Africa and Asia (4). Particularly, Asia contributes 59.6% 
of annual deaths due to rabies, while Africa contributes 36.4% of 
annual deaths (4). The escalation of dog rabies across much of 
Asia and Africa is mainly due to the low priority given to control 
of the disease. This low priority is in turn due to a lack of aware-
ness of the true scale and magnitude of the disease burden as 
well as misperceptions as to the feasibility, cost-effectiveness, and 
public health benefits of dog rabies control (5, 6).

Since most LMICs still focus on post-exposure prophylaxis 
(PEP) as the only means to prevent human deaths from rabies 
(4), there is a clear need for greater focus on dog vaccination as 
a more sustainable and cost-effective way of addressing rabies 
in humans (7–9). Within this context, a demonstration project 
in Tanzania was initiated to prevent human rabies through the 
control and eventual elimination of canine rabies while improv-
ing the delivery of PEP to exposed patients, as well as surveillance 
and diagnostics. Finally, the project aimed to build a strategy to 
ensure sustainability of the rabies-free status beyond the project 
duration as illustrated in the Stepwise Approach towards Rabies 
Elimination—SARE (10).

Critical milestones of the project were therefore the progres-
sive reduction and eventual elimination of human deaths due 
to dog rabies together with decreased numbers of PEP doses 
delivered. These should be concomitant with a reduction of dog 
rabies cases and/or positivity rate of dog samples tested in the 
laboratory, coupled with increasing immunization coverage in 

the dog population and evidence of rabies-free status. In light of 
these milestones, we present our experiences of implementing 
this large-scale rabies control project.

MeThODOlOgY

Project areas
The project site in Tanzania included the mainland regions of 
Dar es Salaam, Lindi, Mtwara, Morogoro, and Pwani, as well as 
Pemba Island. This covered a total of 28 districts including 4 from 
Pemba, and 459 wards, as of the year 2010, with more than 8 
million inhabitants. Initially, the area was estimated to have about 
400,000 dogs, based on dog-to-human ratios generated from 
other areas of Tanzania extrapolated to the districts in Southern 
Tanzania with similar population characteristics (11). Through 
household and post-vaccination surveys, the actual number of 
dogs was subsequently determined to be between 100,000 and 
150,000 with much more variable human-to-dog ratios within 
districts.

The area of implementation was selected to exploit natural 
boundaries to facilitate the establishment and maintenance of a 
rabies-free area, including the coastline to the east, Udzungwa 
Mountains to the northwest, and Ruvuma River to the south. 
The Dar es Salaam–Mbeya highway to Morogoro and railway 
line to Kilosa defined the northern boundary of the project zone 
(Figure 1).

Project Management
The project was implemented collaboratively and primarily by 
bodies relevant to the animal and human health sectors with 
other sectors having a secondary role. The project organizational 
structure involved a national coordinator based at the World 
Health Organization (WHO)—Country Office of Tanzania. 
The National Coordinator worked with a multisector steering 
advisory committee, which consisted of representatives from key 
Tanzanian ministries dealing with livestock and human health 
through their focal persons, the WHO, the Sokoine University 
of Agriculture (SUA), and the University of Glasgow. Two 
laboratories dealt with diagnostic tasks: the Tanzania Veterinary 
Laboratory Agency (TVLA) in Dar es Salaam and the Sokoine 

Unit at the Prime Minister’s Office and development of the Tanzania National Rabies 
Control Strategy, which lays a roadmap for elimination of rabies in Tanzania by 2030 by 
following the Stepwise Approach towards Rabies Elimination (SARE). Overall, the project 
generated many important lessons relevant to rabies prevention and control in particular 
and disease surveillance in general. Lessons include the need for (1) a specific unit in 
the government for managing disease surveillance; (2) application of innovative data 
collection and management approaches such as the use of mobile phones; (3) close 
cooperation and effective communication among all key sectors and stakeholders; and 
(4) flexible and adaptive programs that can incorporate new information to improve their 
delivery, and overcome challenges of logistics and procurement.

Keywords: rabies elimination Demonstration Project, mass dog vaccination, southeastern Tanzania, One health, 
sare
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FigUre 1 | Project area consisting of 28 districts from mainland Tanzania and Pemba island. Districts within the project area are demarcated in black with 
natural boundaries highlighted including the highway and railway in the north, the coastline in the east, mountains to the west, and the Ruvuma River in the south. 
The Selous Game Reserve is shaded in gray.
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University of Agriculture’s (SUA) Faculty of Veterinary Medicine 
Laboratory in Morogoro.

Project launch and implementation
The project was internationally launched in 2009 when there 
was no large-scale rabies control program in Tanzania. In 
2010, the project was initiated officially in Tanzania. Between 
2009 and 2010, the necessary human and material resources 
for the project were set up, including infrastructure for 

implementation and working relationships between relevant 
sectors. With the aim to revaccinate each district annually, 
training sessions were delivered to district veterinary officers, 
district medical officers, health workers, and laboratory staff. 
In addition, standard operating procedures were established 
for control, prevention, and surveillance activities. Health 
information relevant to rabies was continuously delivered to 
community leaders, students, teachers, and the general public 
throughout the project.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


FigUre 2 | numbers of dogs vaccinated by month during each year 
of the project.

45

Mpolya et al. Towards Elimination of Human Rabies

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 21

Mass dog vaccination campaigns were conducted in phases, 
according to logistic constraints. Initially, the vaccination project 
focused on urban areas and then expanded to the entire project 
area, aiming to revaccinate each district annually. Household 
surveys and post-vaccination transects were used at different 
times during the project to estimate dog populations and vac-
cination coverage. Training and materials for sample collection 
and for diagnostic capacity were also provided by the project to 
district veterinary officers and livestock field officers. Fluorescent 
microscopes at the two laboratories were also refurbished with 
the support of the US Centers for Disease Control.

Under current national policy in Tanzania, PEP is distributed 
only to district hospitals. However, for this project, decentral-
ized provision of PEP was established through training of staff 
and distribution of vaccines to four additional health facilities 
in each district. Health-care workers were trained in the more 
immunogenic and cost-effective intradermal (ID) administration 
of vaccine to animal bite victims (12) and in the use of human 
rabies immunoglobulins (RIG). PEP was provided free of charge 
to bite victims across the project areas.

Data collection
The Ministry of Health, Community Development, Gender, 
Elderly and Children (MoHCDGEC) routinely records animal 
bites and human rabies deaths throughout Tanzania and numbers 
of human vaccinations administered and distributed within each 
district. These data were initially compiled before the project 
began to assess vaccine needs. During the project, the Ministry 
of Agriculture, Livestock and Fisheries (MALF) collected data on 
dog vaccination, and estimated dog populations and vaccination 
administration costs (13).

From 2011 onward, a mobile phone-based surveillance system 
was established to collect more detailed information needed for 
evaluation of project progress (14). Phones were distributed to 
the four health facilities responsible for district-level provision of 
PEP and to the district livestock officers. Livestock field officers 
and health workers were trained on how to report using mobile 
phones, enabling more rapid collection of extensive data than 
routine paper-based approaches. Variables collected included 
animal bite patient records, human rabies deaths (based on clinical 
criteria), PEP doses (demand and shortages), animals vaccinated 
during village-level vaccination campaigns, and results from 
laboratory investigation of samples and rabies suspect cases for 
animals. Livestock field officers and health workers collected and 
submitted these data as events occurred (vaccination campaigns, 
suspect rabid animals identified, animal bite patients reported 
to clinics). Researchers from Ifakara Health Institute monitored 
these records and followed up with users if they identified gaps 
without any submissions or if they received calls on a helpline 
indicating that difficulties had been encountered. The mobile 
phone-based surveillance provided relevant government stake-
holders with more detailed accessible data for evaluation of the 
project.

The mobile phone-based system was also used to record the 
responses of a household survey conducted to assess initial vacci-
nation coverage achieved and to review dog population estimates. 
A minimum of 30 households were sampled per village within 6 

randomly selected villages for each district. Following campaigns 
conducted from 2013 onward, post-vaccination transects were 
completed by trained enumerators in each village. Transects 
were walked in every village on the day after the campaign in 
that village (~2 h duration) recording collared dogs (vaccinated) 
and dogs without collars (unvaccinated). Further details of these 
transects are provided in Sambo et al. (this issue).

In eight mainland districts in Southern Tanzania and on Pemba 
Island, contact tracing methods were followed to investigate 
declines in the numbers of bite patients. Contact tracing involved 
compiling bite records from mobile phone-based surveillance, 
and visiting households to interview bite patients and identify 
the status of the biting animal based on clinical criteria and 
circumstances of the bite. All subsequent and previous exposures 
and suspect rabies cases were also traced following established 
methods (15).

Here, we compile these data, describe progress, and discuss 
challenges and successes of the project, including lessons for 
scaling up large-scale rabies control and prevention activities 
elsewhere.

resUlTs

Mass Vaccination of Domestic Dogs
When the project was officially launched in Tanzania in 2010, 
mass dog vaccination campaigns were planned and delivered 
only in urban centers in Dar es Salaam and Morogoro as well 
as Ulanga and Kilombero districts where vaccination campaigns 
were ongoing in collaboration with the Ifakara Health Institute 
(Figures 2 and 3). However, operations were rapidly scaled up 
with mass vaccinations conducted across the rural areas of the 
project area in 2011. This was the first time that such large-scale 
mass dog vaccination campaigns had been conducted against 
rabies in Tanzania. The country in general, and project areas in 
particular, had no prior experiences with controlling rabies at this 
level or scale.

Relatively low numbers of dogs were vaccinated in some 
rural areas in the first phase of implementation and not all 
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FigUre 4 | District-level inter-campaign intervals between mass dog 
vaccination campaigns. Campaigns were initially intended to occur in 
every district 12 months apart. However, the actual distribution of intervals 
between consecutive campaigns varied from 11 months to over 30 months 
for some intervals in districts which only completed three campaigns within 
the 60-month period of study (2011–2015).

FigUre 3 | Dogs vaccinated in each district by month during each year of the project.
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district-level campaigns included every village; therefore, gaps 
in coverage were evident. Transects conducted from 2013 
until 2015 indicated an average of 65% coverage in villages 
where campaigns were conducted (detailed analyses of these 
data are underway). Coverage was probably lower than this as 
transects tend to miss young puppies and campaigns were not 
completed in every village; however, given that substantially 
more dogs (and villages) were vaccinated than during the 
initial campaigns, this represented a major improvement in 
implementation.

Lessons learned in these early mass dog vaccination cam-
paigns were incorporated into subsequent campaigns leading 
to an increase in dogs vaccinated as time went on (Figure  2). 
However, probably the single largest challenge to implementation 
was ensuring procurement and distribution of dog rabies vaccine 
within government and international systems. The initial plan 
was that dog vaccinations be conducted in each district annually. 
In practice, procurement challenges led to vaccination campaigns 
being conducted in phases involving a subset of local government 
authorities (Figures 2 and 3) and sometimes with long intervals 
between campaigns (Figure 4).

Logistical challenges included personnel changes in the 
WHO country office (16) and changes in vaccination procure-
ment systems. A project officer was replaced, but recruitment 
was not immediate. With the absence of a project officer, several 
processes took longer to be implemented. Before the new 
procurement system, vaccines were procured internationally 
by the international project coordinator at the WHO head-
quarters, who then arranged shipment to the WHO country 
office in Tanzania. With the new system, all purchases related 
to government projects were required to go through a procure-
ment process involving several procedures such as competitive 
tendering, deliberations by the procurement teams and selection 
of the supplier. These procedures meant that the purchase of vac-
cines was no longer straightforward, which led to disruptions 

in the vaccination schedule of the project. Lengthy intervals 
between campaigns were not ideal (Figures 3 and 4) and likely 
reduced their effectiveness. Detailed analyses of these data are 
underway to assess the impacts of these vaccinations and how 
this was affected by the disrupted schedule. A study to estimate 
the cost-effectiveness of the program in Tanzania found that the 
cost-per-dog vaccinated ranged from USD 2.5 to 22.49 across 
districts and phases with the average cost per phase falling from 
USD 11.27 in the first phase to USD 7.3 in the third phase (13). 
In comparison to other rabies elimination demonstration sites of 
KwaZulu-Natal and Cebu in the Philippines (17, 18), Tanzania 
had the highest cost-per-dog vaccinated mainly because of the 
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administration of post-exposure prophylaxis following training of 
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over purchase of the vaccine in the early phases of the program 
and purchasing equipment for a program starting from scratch.

suspected rabies incidence, Bite 
exposures, PeP Use, and human rabies 
Deaths
From January 2011 until December 2015, there were over 23,800 
patient visits to clinics in the project area due to animal bites, with 
corresponding use of 22,295 doses of PEP. The age distribution 
of reported bite patients was consistent with previous findings 
from Tanzania and elsewhere, with younger people bitten more 
than adults (19–21). Overall, 45% of the bitten population was 
aged between 0 and 15 years of age, while over 50% of the bitten 
population was less than 20 years old.

The number of reported bite patients increased from 2011 
to 2012 from just over 1,600 bite patients to more than 2,700 
(Figure 5). From 2012 onward, bites declined, but fluctuations 
occurred particularly in 2014. When the project started in 2010, 
PEP was being administered solely through the intramuscular 
(IM) route, which has a maximum of five doses. However, follow-
ing training of health workers, a rapid shift of delivery from IM 
to ID—which has a maximum of four doses—was observed. The 
average number of PEP doses received per bite patient was 2.4. The 
overall reduction in bite patients led to markedly less use of PEP. 
The concurrent transition to ID administration (Figure 6) means 
that less vaccine was needed for the same number compared to 
IM administration. The main issue encountered during the 
transition related to procurement and distribution of appropri-
ate syringes. However, even with the shift to ID administration, 
shortages of PEP occurred, with Ulanga and Kilombero districts 
in Morogoro region the worst affected. Although training in RIG 
and its supply from external sources were also provided, RIG was 
used only infrequently (<1.5% of patients) due to scarcity, and 
most patients given RIG were treated between 2011 and 2013.

The areas with the largest dog populations (Morogoro region 
in central Tanzania) had the highest bite incidence and demand 
for PEP, whereas the most notable declines in bites were observed 
in the most southerly districts in Lindi and Mtwara regions 

(Figure  7). A cost-effectiveness study estimated that the cost 
per human PEP administered was approximately $22.41, while 
the cost per life saved ranged on average from $862 to $7,859 
(13). Detailed contact tracing of suspect rabies cases from bite 
patient records indicated that rabies was locally eliminated on 
Pemba island, falling from 42 suspect animal rabies cases based 
on clinical criteria before vaccination campaigns in 2011 to just 
2 in 2014 (Figure 8). No suspect rabies cases were identified on 
Pemba since May 2014 despite follow-up of all bite patients, until 
a recent incursion was detected in August 2016. Contact tracing 
in the southernmost districts of Tanzania also indicated major 
declines in suspect rabies cases.

Prior to the demonstration project, very little data on human 
deaths due to rabies were available. With the project implementa-
tion, more systematic follow-up of suspected human rabies cases 
was practiced throughout the project areas; however, none were 
laboratory confirmed. In 2010, 17 deaths due to rabies were 
recorded in the project areas. In the following year of 2011, there 
were 11 recorded deaths, which further declined to 3 in 2012. 
There were no suspect rabies deaths recorded in 2013. However, 
in years 2014 and 2015, the number spiked to 4 suspect rabies 
deaths for both years and just 2 in 2016. This decline was likely 
due to mass dog vaccinations reducing incidence in dogs, while 
awareness campaigns encouraged increased health seeking by 
dog bite victims and PEP accessibility improved. Among the 
recorded human rabies deaths, some bite victims did not seek 
treatment until symptom onset, whereas others sought care, but 
were unable to obtain vaccines.

Despite the training and materials for sample collection and 
diagnosis provided by the project, relatively few samples were 
submitted for testing. Local livestock officers reported consider-
able logistical difficulties in sample collection, including lack of 
resources and materials. Logistical disruptions to the project were 
known to have influenced sample collection during 2012 and 
2013. However, despite these challenges and in comparison to the 
situation before the project started, more samples were collected 
and analyzed during the course of this project. Almost 98% of 
samples collected—submitted as heads of dead animals—came 
from domestic dogs, with the remaining 2% from cats, cows, 
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FigUre 7 | spatial distribution of average annual bite incidence/100,000 persons in districts in southern Tanzania. White zones correspond to national 
parks.

48

Mpolya et al. Towards Elimination of Human Rabies

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 21

goats, hyenas, jackals, and mongoose. The total number of sam-
ples per year showed an increasing trend with a few disruptions; 
there were a total of 22 samples in 2010, 40 samples in 2011, 60 
samples in 2012, 22 samples in 2013, 150 samples in 2014, and 140 
samples in 2015, making an average of 72 samples per year. About 
a quarter of all samples were diagnosed at the SUA laboratory, 
while three-quarters were diagnosed at the TVLA laboratory. 
While the number of samples submitted for diagnosis increased 
over the project duration, the proportion of rabies-positive sam-
ples decreased over time (Figure 9). Further analysis is underway 
to determine whether this fall in the number of rabies-positive 
samples was a direct effect of mass dog vaccination campaigns.

impacts on Policy
The Rabies Elimination Demonstration Project in Tanzania 
brought about major changes in policy. The heightened aware-
ness of rabies among policy makers led to the establishment of 
offices as well as guidelines focusing on rabies elimination. For 
the first time, a One Health Coordination Unit was formed in 

the Prime Minister’s Office to coordinate health interventions 
of diseases and conditions whose management requires a mul-
tisectoral approach, such as rabies. In addition, a multisectoral 
body of experts coming from universities, ministries, research 
institutions, and the private sector finalized a National Rabies 
Control Strategy which envisions elimination of rabies in both 
humans and dogs in Tanzania by 2030 and takes many lessons 
from this demonstration project (22). To achieve the vision of 
elimination of rabies in Tanzania by 2030, the National Rabies 
Control Strategy follows the Stepwise Approach towards Rabies 
Elimination (SARE) (10).

DiscUssiOn

Tanzania was among the three countries globally implementing 
the Rabies Elimination Demonstration Project through finan-
cial and technical assistance from the Bill and Melinda Gates 
Foundation (BMGF) and WHO. Activities were implemented 
through the MALF and the MoHCDGEC. The 5-year project 
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FigUre 9 | Trends in the number of animal samples collected and 
analyzed between years 2010 and 2015. Before the project begun, only a 
handful of samples were collected and analyzed. That number rose steadily 
with the full installation of the project infrastructure, and in subsequent years, 
the proportion of rabies-positive samples showed a decline.
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49

Mpolya et al. Towards Elimination of Human Rabies

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 21

aimed at controlling and eliminating rabies in domestic dogs, 
thereby improving surveillance and diagnostics and providing 
targeted delivery of PEP to rabies-exposed patients. Five regions 
in Southern Tanzania including Pemba Island benefited from this 
project. Pemba Island was included for comparison of canine 
rabies elimination dynamics in island and inland settings.

The Rabies Elimination Demonstration Project in Southern 
Tanzania has achieved major successes. Since the project incep-
tion, major declines in dog bites and suspect rabies cases have 
been observed, with a concomitant fall in the demand for PEP, 
and a shift to more cost-effective ID administration of PEP. 
However, rabies is yet to be eliminated entirely from the project 
area. Moreover, the project encountered many challenges, mainly 
logistical from which lessons must be learnt for the future suc-
cessful elimination of rabies from Tanzania and from across 
sub-Saharan Africa.

This was the first large-scale One Health project in the coun-
try, with major infrastructure and human resource challenges. 
These included unreliable estimates of the dog population 
needed to purchase vaccines and consumables, shortcom-
ings in governance capacity that hindered coordination and 
implementation between and within animal and human health 
agencies, and a lack of experience in planning and delivering 
dog vaccination campaigns and in routine data collection to 
monitor their implementation. Lack of experience was rapidly 
overcome as livestock field officers and health workers became 
familiar with project activities and were supported by follow-up 
provided through the surveillance system. However the struc-
tural hurdles, such as unresponsive and overly bureaucratic 
procurement and distribution systems, and a lack of intersec-
toral coordination mechanisms were more problematic. These 
must be critically addressed for the future success of One 
Health programs in sub-Saharan Africa.

Difficulties were encountered in ensuring that budgets 
assigned to districts were not diverted to other local compet-
ing priorities and therefore those activities were conducted as 
required and scheduled, given the decentralized government 
structure. This was most apparent in the timing of vaccination 
campaigns, which were not conducted annually as initially 
planned. Interruption in campaign implementation is a recur-
ring issue in LMICs, with problems encountered in the other 
project demonstration sites (23), but less than in Tanzania. An 
important question to address in future is therefore how such 
interruptions impact on progress toward rabies elimination and 
how these can be minimized.

Implications of overestimating the dog population in the 
project proposal were quite important, especially as Tanzania was 
allocated a large proportion of the total BMGF 5-year funding for 
rabies pilot projects. Its impact on the cost-effectiveness of the 
program is obvious considering that the actual dog population to 
be immunized was about a third of the initially estimated target 
population size. As a consequence, larger than needed quantities 
of dog vaccines were procured and stored for long periods of 
time. Moreover, funds for dog vaccination campaigns were kept 
unused with the possibility of being reallocated to more press-
ing activities, though for a large part excess dog vaccines (and 
budget) were available for future years. Subsequent vaccination 
campaigns and post-vaccination monitoring enabled assessment 
of coverage and informed future vaccine purchase (21). However, 
procurement obstacles for both vaccines and consumables were 
considerable. Partly, this was due to a lack of continuity in project 
leadership and shortcomings in organizational capacity (16). 
These challenges highlight the catalytic role that mechanisms 
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such as the OIE rabies vaccine bank can play in overcoming 
bureaucratic challenges such as the tendering process to ensure a 
reliable supply of low-cost, high-quality vaccines.

Similar arguments apply to the supply of lifesaving PEP, which 
could be transformed if rabies post-exposure vaccines were 
incorporated within the portfolio of vaccines supported by the 
GAVI, the Vaccine Alliance. ID administration of PEP is cheaper 
than IM (reducing costs by at least 60% due to savings in vaccine) 
and equally immunogenic (12, 24–27). The rapid transition to ID 
administration demonstrated that health workers were capable of 
implementing this more cost-effective vaccine-sparing approach. 
Provision of free PEP administered intradermally to bite victims 
attending local health facilities greatly improved the PEP access 
across project areas. Nonetheless, even with this improved provi-
sion, PEP shortages still occurred, even at district hospitals, and 
this continues to be a challenge across the country more generally. 
Improved approaches are therefore needed for the distribution of 
lifesaving human rabies vaccines, given the unpredictability of 
demand, potential for epidemics, and urgency with which they 
must be administered.

Critically, many lessons spanning management, logistics, 
organization, implementation, and technological areas were 
learned through this project, which should be applied to the 
roll out of rabies elimination programs elsewhere in Tanzania 
and sub-Saharan Africa. These include the need to have a dedi-
cated management unit with focused responsibilities to deal 
with rabies, for close cooperation of key sectors and stakehold-
ers involved, and for flexible and responsive procurement and 
distribution systems. The Tanzanian government recognized 
the need for intersectoral financing and coordinating mecha-
nisms and recently established the One Health Coordination 
Unit under the Prime Minister’s Office to deal with endemic 
and emerging epidemics (28). Major costs for implementing 
the program were attributed to per diem payments for livestock 
field officers conducting campaigns out of their offices (13). 
This has prompted investigations into more efficient delivery 
methods for mass dog vaccination campaigns. The use of 
innovative methods such as mobile phones to support com-
prehensive surveillance infrastructure with timely data collec-
tion also improved decision-making. Spatial visualization of 
surveillance data and feedback from frontline health workers 
and livestock field officers captured through the mobile phone-
based system were used to communicate to policy makers the 
role of local government and the differences in implementation 
and results across the project area (14).

Overall, it is clear that the program delivered valuable public 
health benefits, but it is also evident that if dog vaccinations 
are not continued these gains will be lost. The recent incursion 
on Pemba highlights this situation, where no vaccination cam-
paigns were conducted since early 2014. However, the improved 
surveillance resulted in early detection and prompted a strong 
outbreak response. Moreover, it appears as though there is now 
only limited circulation of rabies in the southernmost districts 
in Tanzania and that elimination across a wider region is within 
reach. The ultimate success of the project will be seen in whether 
the sustainability plan for continued mass dog vaccinations is 

achieved and whether this leads to rabies elimination across 
the project area and spurs progress toward the elimination of 
rabies nationally.
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The ilocos norte communities 
against rabies exposure elimination 
Project in the Philippines: 
epidemiological and economic 
aspects
Loida M. Valenzuela1, Sarah I. Jayme2, Anna Charinna B. Amparo2*, Louise H. Taylor3, 
Maria Pinky Z. Dela Cruz2, Dianne A. Licuan2, Rosebelle Gamal-Bitao2 and Louis H. Nel3,4
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As canine rabies control in Africa and Asia transitions from research-led proof-of-concept  
studies to government-led programs for elimination, experience and evidence of their 
impact and costs must be shared for the benefit of future programs. The Ilocos Norte 
Communities against Rabies Exposure project was implemented in April 2012 by the 
provincial veterinary and health offices and supported by many other partners. It deliv-
ered a comprehensive dog vaccination program and increased awareness of the need 
for postexposure prophylaxis (PEP), aiming to eliminate human and animal rabies cases 
from Ilocos Norte by 2015. Prior to the intervention, confirmed rabies cases in dogs were 
between 19 and 50 per year (2008–2011). The primary outcome of the project was a 
reduction in rabies cases in both dogs and humans to 0 in 2014 and 2015, which has 
subsequently been maintained. Animal bite consultations increased significantly during 
the project. Economic data for the dog vaccination and PEP components of the project 
were collated for two sites: Laoag City (an urban setting) and Dingras Municipality (a rural 
setting) between 2012 and 2014. The average programmatic cost of vaccinating each 
dog was $4.54 in Laoag City and $8.65 in Dingras, and costs fell as the project reached 
more dogs. The average costs of providing PEP were $69.72 per patient and $49.02 per 
patient for the two sites, respectively, again falling as the project reached more people. 
External donor contributions contributed less than 20% of dog vaccination costs and less 
than 1% of PEP costs. The project demonstrated that rabies elimination can be achieved 
in a short period of time, with concerted effort across multiple sectors. A lack of clear 
dog population estimates hampered interpretation of some aspects of the programme. 
From 2016, the provincial government has assumed complete responsibility for the 
programme and must now continue the vaccination and surveillance efforts. Although 
safeguards are in place, reintroduction from surrounding areas remains a threat, and 
vigilance must be maintained.
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inTrODUcTiOn

Most canine rabies-endemic countries have been implementing 
rabies control efforts for decades. However, incomplete provision 
of postexposure prophylaxis (PEP) to dog bite victims, a lack of 
comprehensive dog vaccination campaigns, and weak collabora-
tion between animal and human health sectors have prevented 
elimination of the disease (1). An estimated 59,000 human deaths 
a year still occur as a result of canine rabies (2).

Over the last decade, research-led proof-of-concept studies 
have provided theoretical and practical evidence that canine 
rabies elimination is feasible even in Africa and Asia where the 
disease still exerts a heavy burden (3–6). Success at scale has been 
achieved in Latin America, where major canine vaccination efforts 
have led to the elimination of the public health threat in many 
countries (7). In Africa and Asia, however, only a small number 
of countries or provinces have enacted effective mass dog vaccina-
tion programmes, for example, in KwaZulu-Natal in South Africa 
and SE Tanzania (5), Sri Lanka (8), and Bohol (9) and the Visayas 
region in the Philippines (5).

Research-led disease interventions focus on detailed data col-
lection to gain an understanding of disease control mechanisms. In 
contrast, government-led interventions tend to implement accepted 
techniques at a larger scale, seeking to deliver health benefits but with 
less detailed assessment of the actual impact. Particularly because of 
the zoonotic nature of the disease, there is a need to document the 
ways in which rabies programs have been structured, the partners 
that have contributed, and the lessons learned.

BacKgrOUnD anD raTiOnale

Despite the 2008 Call for Action toward the Elimination of Rabies 
in the ASEAN Member States by 2020 (10), little progress toward 
this goal has been achieved. In December 2015, an ambitious 
global goal of an end to dog-mediated human rabies by 2030 was 
set (6). The global framework for rabies elimination developed at 
the December 2015 meeting is based on five essential program 
pillars: socioeconomic, technical, organization, political, and 
resource, to reflect the range of interventions necessary to ensure 
successful elimination (11). Lessons learned from government-
led programs in how they implement these pillars and their suc-
cesses and costs will benefit rabies elimination programs planned 
elsewhere and enable the faster scale up of programs necessary to 
reach rabies elimination.

A previous rabies prevention and elimination project, which 
was implemented from 2007 to 2009 on the island of Bohol in the 
Philippines, proved effective within 2 years (9). The same multi-
sectoral model was adapted for Ilocos Norte to test whether rabies 
could be eliminated in a province bordered by areas still endemic 
for canine rabies. All activities implemented were anchored on 
the Philippines National Rabies Prevention and Control Program, 
which is well supported by legislation.

essenTial eleMenTs OF The 
inTerVenTiOn

The Ilocos Norte Communities against Rabies Exposure (CARE) 
project was implemented from April 2012 until September 2016. 

The multisectoral program was spearheaded by the Provincial 
Rabies Control Committee, with the Provincial Veterinary Office 
(PVO) collaborating with the Provincial Health Office (PHO) and 
other local agencies such as interior and local government, the 
Department of Education, local police, medical associations, and 
universities. A donation of animal rabies vaccines was provided 
by World Animal Health Organisation (OIE) through the OIE 
Regional Vaccine Bank for Asia and in kind support was received 
from the Department of Agriculture-Bureau of Animal Industry 
as well as provincial and local government units. Technical input 
was provided by the Global Alliance for Rabies Control through 
the support of the UBS Optimus Foundation.

The project’s goal was to improve the existing rabies control 
approach and eliminate canine-mediated human rabies cases 
in the province by 2015. The interventions not only focused 
on comprehensive mass dog vaccination aiming to reach 70% 
coverage across the province and raising community awareness 
of the risk of rabies in a variety of school- and community-based 
settings but also involved additional training in surveillance 
and diagnosis. Barangay health workers and other volunteers 
were trained to support the rabies project and paved the way 
to increasing the number of dogs vaccinated during the project 
intervention phase. Educational interventions included an early 
childhood intervention program to teach animal bite prevention 
in preschool day care centers, integration of rabies information 
into the grade school curriculum, training of rabies speakers 
for the community, and various media outreach (separate 
manuscript in preparation). The activities of the full program 
are summarized in Table 1 and reflect in 2015 the inclusion of a 
more rigorous monitoring system and a more extensive training 
program to ensure sustainability of the program after its comple-
tion. To intensify the one health surveillance system, a multisec-
toral reporting mechanism was institutionalized such that highly 
suspicious rabid dogs located following bite reports were placed 
under observation. After the end of the CARE project period, 
the local government partners are continuing to implement the 
program’s initiatives to ensure that the public health benefits are 
maintained.

Here, we present the key epidemiological findings and an 
economic evaluation to determine the programmatic costs of the 
dog vaccination and human PEP provision.

MeThODs

study site
Ilocos Norte is a province of the Philippines in the Ilocos Region, 
located at the northwest corner of Luzon Island. Its total land 
area is 3,622.91 km2 (12). It is bounded by four provinces to the 
east and south and the South China Sea to the west. There are 13 
mountains in the province, almost all in the southeastern portion. 
It has 557 barangays (the smallest administrative division) in 21 
municipalities and 2 cities.

The human population of Ilocos Norte in the 2015 census was 
593,081, a density of 170 people/km2 (13). The majority (81.3%) 
of the population resides in rural areas. The province has one 
of the lowest poverty incidences in the Philippines, at 12.3% in 
2015 (14), and the average annual family income in 2012 was 
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Philippine pesos (PHP) 254,923 ($5,275 US at current exchange 
rates) (15).

Legislative support for rabies control is very good in the 
Philippines, with the Republic Act 9482 (the Anti Rabies Act of 
2007) providing a comprehensive legal framework for the imple-
mentation of rabies prevention measures from national to local 
levels. Provisions of the law include the target of rabies elimina-
tion in the country by 2020; policies on mass dog vaccination, 
responsible pet ownership, and access to PEP; roles of different 
national agencies and local government units; and penalties for 
violators. The Provincial Government of Ilocos Norte enacted 
Provincial Ordinance no. 82–97 (Ordinance Governing Rabies 
Control in Ilocos Norte) in 1997, which was revised in 2001 and 
2008 to adapt to the Anti-Rabies Act of 2007. All municipalities, 
cities, as well as two barangays also have respective ordinances 
on rabies.

Before the project implementation, rabies control efforts 
involved sporadic vaccination campaigns in response to rabies 
outbreaks, most recently in 2010, together with provision of 
subsidized PEP at animal bite treatment centers. Surveillance 
data showed 19–50 confirmed rabies cases in dogs and around 2 
human deaths per year in the province from 2008 to 2011.

surveillance Data
Surveillance data from the project site were extracted from the 
relevant national databases in the Philippines. Data on numbers 
of animals tested and confirmed canine rabies cases were obtained 
from the Regional Animal Disease Diagnostic Laboratory 1. Dog 
brain testing was carried out using the gold standard fluores-
cent antibody test at the Provincial Animal Rabies Diagnostic 
Laboratory of the PVO. Starting in 2016, Municipal Agricultural 
Offices are required to submit monthly negative monitoring 
reports to the PVO. Field staff at the municipal level list the 
barangays they have visited in a month and indicate in the report 
that they have not encountered a highly suspect rabid animal in 
the places they have visited.

Data on human rabies cases was obtained from the 
Epidemiology Bureau of the Department of Health. Cases are 
classified as suspect, probable, or confirmed. Suspect cases are 
those presenting with clinical signs of furious and paralytic 
rabies leading to coma and death. Probable cases are suspect 
cases with contact with suspected rabid animals. Confirmed 
cases are those with laboratory confirmation, which is not yet 
fully implemented in the Philippines. Data on the number of 
Animal Bite Treatment Centre (ABTC) consultations were 
obtained from the Center for Health Development for Region I. 
Bite consultations are collated from eight ABTCs across Ilocos 
Norte by the PHO quarterly and then submitted to the Region 
1 Center for Health Development.

Dog Vaccinations, Dog Population, and 
Vaccination coverage
As part of the CARE project, mass dog vaccinations were carried 
out in a rolling program from March to November each year from 
2012, using a fixed point and door-to-door vaccination strategy. 
The province takes advantage of the publicity and awareness 
campaigns of the March national Rabies Awareness Month 

(preceding the bite incidence peak in summer) to start the mass 
dog vaccination campaigns, which end before the December 
holiday period in the Philippines. The strategy implemented in a 
particular location was chosen to best suit the geographic setting 
and the preferences of the community. Records of the number of 
dogs vaccinated in each barangay each year were collated by the 
Ilocos Norte PVO.

Several methods of dog population estimation have been 
used in Ilocos Norte. Before 2013, the dog population was esti-
mated based on vaccination activities in high-risk areas (those 
with human rabies cases and city centers) and assuming a 1:10 
dog:human ratio in all other areas. This strategy was improved 
by obtaining the number of dogs from city and municipality dog 
registration records. In 2014, a community-based survey (CBS) 
conducted house-to-house interviews utilizing cluster sampling 
of households and completing a structured questionnaire. This 
determined the proportion of households that owned dogs, 
determined the mean number of dogs owned, and provided an 
estimate for the dog:human ratio.

A more comprehensive dog population survey (including 
both owned and unowned dogs) was conducted early in 2016. 
This employed household surveys and dog counts conducted 
in 36 1  km  ×  1  km randomly chosen grids, corrected for 
incomplete detectability and incomplete coverage of roads 
within grids, where relevant. Corrected dog counts were then 
compared to human density data from Oak Ridge National 
Laboratory’s Landscan data layer for the Philippines (2013) 
to give dog:human ratios for three different density categories 
(0–1,000 people/km2, 1,000–5,000 people/km2, and >5,000 peo-
ple/km2). From here, the total dog population of the province 
was estimated.

Overall vaccination coverage was estimated indirectly by 
dividing the total number of dogs vaccinated by the total popula-
tion as assessed by the different dog population surveys.

economic Data
Economic data for the provision of the dog vaccination program 
and PEP administration were collated for two sites: Laoag City 
(highly urban) and Dingras Municipality (rural), for the years 
2012–2014. Costs were obtained by interviewing key personnel 
at the PVO, City Veterinary Office, and Municipal Agriculture 
Office of Dingras for the dog vaccination costs and the PHO, City 
Health Office, Gov. Roque B. Ablan Sr. Memorial Hospital ABTC, 
and Dingras District Hospital ABTC for the costs of providing 
PEP to bite victims.

The costs of (salaried) personnel, awareness and social 
mobilization (including volunteer training), vaccines, rabies 
immunoglobulin, consumables, and other cost categories were 
used to calculate the programmatic cost of vaccinating each dog 
and providing each course of PEP, as well as to indicate the divi-
sion of costs between different stakeholders.

One of the three ABTCs in Laoag City was located within a 
government-operated hospital, but managed by a private health 
provider in 2012 and 2013. The private provider covered some 
personnel costs during this time, but the remaining costs were 
paid by the government hospital. In 2014, the government took 
over the ABTC’s full management, which has remained the 
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TaBle 2 | indicators of animal and human rabies risks over the project period.

Prior to project implementation after project implementation

2008 2009 2010 2011 2012 2013 2014 2015

animal and human cases
Dog brain samples tested 123 87 90 66 36 45 48 32
Confirmed dog cases 50 29 44 19 8 1 0 0
% of samples positive 40.7 33.3 48.9 28.8 22.2 2.2 0 0
Suspect human cases 2 1 2 2 2 1 0 0
Annual incidence of suspect human cases per 100,000 (N = 568,017) 0.352 0.176 0.352 0.352 0.352 0.176 0.000 0.000
Patients seeking animal bite consultations 897 954 1,475 2,015 3,070 3,571 5,908 5,520
Number of children seeking animal bite consultations (%) Not available 1,265 (42) 1,378 (43) 2,052 (40) 1,394 (41)

Dog vaccinations
Number of barangays reached by the vaccination campaign 329 342 381 266 340 420 485 447
% Barangays reached (n = 557) 59.1 61.4 68.4 47.8 61.0 75.4 87.1 80.3
Number of dogs vaccinated 12,044 12,203 28,581 12,066 23,539 39,647 38,722 36,460
% Dogs vaccinated (assuming n = 76,628)a 15.7 15.9 37.3 15.7 30.7 51.7 50.5 47.6
% Dogs vaccinated (assuming n = 149,748)b 8.0 8.1 19.1 8.1 15.7 26.5 25.9 24.3
% Dogs vaccinated (assuming n = 278,691)c 4.3 4.4 10.3 4.3 8.4 14.2 13.9 13.1

A child is defined as anyone 15 years or younger.
aConcluded from dog censuses in 2013.
bConcluded from community survey in 2014.
cConcluded from comprehensive dog population assessment in 2016.
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case since. The remaining facilities were fully managed by the  
government throughout the time period analyzed.

Costs were converted from PHP to US dollars (USD) using an 
exchange rate of 1 PHP = USD0.022.

resUlTs

surveillance of animal cases, human 
Bites, and human cases
During the course of the project, between 32 and 48 dog brains 
were sampled each year (Table  2). In 2012, eight dogs (23%) 
tested positive, which fell to 1 (2%) in 2013 and then 0 subse-
quently. These figures represent significant reductions from the 
average of 35.5 confirmed dog cases and the average of 38.8% 
samples proving positive for rabies from 2008 to 2011 (Table 2). 
The program of monthly negative monitoring reports started in 
2016 has yielded no further case reports.

According to the national clinical criteria, one or two suspect 
human cases per year were diagnosed from 2008 to 2011. Following 
the implementation of the project, two suspect human cases were 
reported in 2012 and one in 2013. Since then, no cases have been 
reported, as of October 2016 (Table 2). This corresponds to an 
annual incidence (per 100,000) of 0.352 human cases in 2012, 
falling to 0.176 in 2013 and then to 0 from 2014 onward (Table 2).

Animal bite consultations rose from 3,070 in 2012 to a peak 
of 5,908 in 2014 and then fell to 5,520 in 2015, and 40–43% of 
patients were younger than 15 years (Table 2). The proportion 
of bites attributed to dogs was 83–89%, and other bites were 
from cats and various small mammals. Likely due to increased 
rabies awareness efforts by the Philippines government and an 
increase in the number of ABTCs in the province, the number of 
ABTC consultations had been rising prior to the CARE project’s 
implementation. However, during the project, the rate of increase 
in uptake of these services rose markedly (Table 2).

Dog Vaccinations and coverage
Before the project, around 12,000 dog vaccinations were  
conducted per year, apart from in 2010 when an emergency inter-
vention in response to rising rabies cases increased this to over 
28,000 (Table 2). As part of the CARE project, mass dog vaccina-
tion campaigns increased the number of barangays covered from 
61.0% in 2012 to 75–87% in subsequent years and the number of 
dogs vaccinated to an average of 38,276 each year (Table 2).

The vaccination coverage achieved was not routinely col-
lected as part of the vaccination campaign, leaving only indirect 
assessments based on the estimated dog population. The total 
dog population was initially estimated in 2012 at 35,000, based 
on numbers from previous vaccination campaigns in high-risk 
areas, and a dog:human ratio of 1:10 elsewhere. Subsequently, 
dog censuses were conducted by the barangay rabies volunteers 
every first quarter of the year before the start of the annual mass 
dog vaccination. These records yielded estimates of the owned 
dog population of 76,628 for 2013, 68,655 for 2014, and 63,815 
for 2015.

Realizing that the dog population may have been underes-
timated, CBS was conducted in 2014. These surveys found that 
65.9% of houses owned dogs, with 71% of those houses owning 
one or two dogs and 5% more than four dogs. The calculated 
dog:human ratio was 1:3.8, generating an estimated owned dog 
population of the province of 149,748, of which 67% were free 
roaming.

Finally, a rigorous dog population survey in 2016 calculated 
the unowned, owned roaming, and owned confined dog popula-
tions for each of three human density categories. For the human 
density categories <1,000 people/km2, 1,000–5,000 people/km2, 
and >5,000 people/km2, the estimated total dog:human ratios 
calculated were 1:2.03, 1:2.55, and 1:2.25, respectively (see 
Table S1A in Supplementary Material). It concluded an overall 
dog:human ratio of 1:2.24, a total owned dog population of 
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TaBle 3 | Programmatic costs for dog vaccination and postexposure prophylaxis (PeP) provision in laoag city and Dingras Municipality.

2012 2013 2014 Overall

Dog vaccination costs for laoag city
Total cost of dog vaccination (PHP) 1,110,365 1,040,485 1,054,202 3,205,053
Total cost of dog vaccination (USD) 24,428 22,891 23,192 70,511
Number of dogs vaccinated 3,476 4,527 7,513 15,516
Cost/dog (USD) 7.03 5.06 3.09 4.54

Dog vaccination costs for Dingras Municipality
Total cost of dog vaccination (PHP) 591,155 751,045 648,821 1,991,021
Total cost of dog vaccination (USD) 13,005 16,523 14,274 43,802
Number of dogs vaccinated 726 2,982 1,357 5,065
Cost/dog (USD) 17.91 5.54 10.52 8.65

PeP costs for laoag city
Total cost for PEP (PHP) 2,156,857 2,297,622 2,755,215 7,209,695
Total cost for PEP (USD) 47,451 50,548 60,615 158,613
Number of PEP doses provided 2,295 2,402 3,397 8093.13
Number of patients vaccinated 636 726 913 2,275
Average doses/patient 3.61 3.31 3.72 3.56
Cost per PEP dose (USD) 20.68 21.05 17.85 19.60
Cost per patient (USD) 74.61 69.62 66.39 69.72

PeP provision cost for Dingras Municipality
Total cost for PEP (PHP) 183,976 404,390 755,128 1,343,494
Total cost for PEP (USD) 4,047 8,897 16,613 29,557
Number of PEP doses provided 202 507 1,207 1,917
Number of patients vaccinated 63 158 382 603
Average doses/patient 3.21 3.21 3.16 3.18
Cost per PEP dose (USD) 20.01 17.54 13.76 17.11
Cost per patient (USD) 64.25 56.31 43.49 49.02

PHP, Philippine pesos; USD, US dollars.
The overall column shows the totals from 2012 to 2014, except for the costs per dog, per patient or per dose where the mean is given.
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217,469 (53% free roaming), and an additional 61,222 unowned 
free-roaming dogs, giving a total dog population estimate 
of 278,691 (overall 36% confined by owners) (Table S1B in 
Supplementary Material).

The very different dog population estimates mean that the vac-
cination coverage achieved by the project is very hard to calculate 
with certainty. Using the estimated dog population from the 
2013 dog census (76,628), the average coverage level from 2013 
to 2015 was 50.0%, but using the estimated population from the 
2014 CBS, the average coverage was 25.6%, and using the 2016 
comprehensive dog population survey data, the average coverage 
was just 13.7% (Table 2).

Alternative estimates of vaccination coverage came from 
household surveys conducted during the 2016 rigorous dog 
population survey, which suggested that 38.8% of owned dogs 
(and therefore likely around 30% of all dogs) had been vaccinated 
against rabies during the previous year. This is consistent with 
the 38% vaccination coverage of owned dogs estimated from the 
2014 CBS.

cost per Dog Vaccinated
The programmatic cost of vaccinating dogs (including vaccine, 
salaries, equipment, and other costs) and the derived cost per dog 
are presented in Table 3. For Laoag City, the average vaccination 
cost per dog fell from $7.03 to $3.09 over the 3 years of the project 
as the number of dogs vaccinated increased (overall cost = $4.54 
per dog; Table  3). Costs for the Dingras Municipality (overall 
cost = $8.65 per dog) also fell when higher numbers of dogs were 

vaccinated after 2012, but were on average higher than in Laoag 
City, likely due to the lower number of dogs vaccinated, especially 
in 2012 (Table 3).

The breakdown of cost into components and by project 
partner is provided in Table S2 in Supplementary Material and 
summarized in Figure  1. Personnel costs formed the bulk of 
the expenditure (73.4% for Laoag City and 84.0% for Dingras 
Municipality), followed by the cost of the vaccine (13.5% for 
Laoag City and 6.0% for Dingras Municipality) with consumables 
and awareness activities the next highest costs (Figure 1).

The majority of funding for dog vaccination in Laoag City 
came from the city and provincial governments (56.8 and 24.2%, 
respectively; Figure 1). For Dingras Municipality, the bulk of the 
funding was provided by the municipality and the provincial gov-
ernment (78.7 and 11.8%, respectively). In each case, these were 
the main sources of funding for the personnel costs (Table S2 in 
Supplementary Material). National and provincial governments 
provided a very small proportion of the total funds spent, and 
donors (Global Alliance for Rabies Control and the OIE vaccine 
donation) provided a total of 19 and 9% of the dog vaccination 
costs for Laoag City and Dingras Municipality, respectively.

costs per Patient Provided with PeP
The programmatic cost (inclusive of salaries and other com-
ponents necessary to deliver vaccines) of providing each PEP 
dose and the total cost per patient for the two sites are shown in 
Table 3. Across both sites, the costs per patient fell as the project 
progressed and higher numbers of patients presented at ABTCs. 
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FigUre 1 | The cost of vaccinating dogs divided into the different components and between the different project contributors for (a) laoag city and 
(B) Dingras Municipality from 2012 to 2014.
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Dingras, the rural municipality, had a lower average cost for 
providing PEP per patient than Laoag City (average of $49.02 
per patient given PEP compared to $69.72 per patient), which is 
partly explained by the average number of PEP doses per patient 
being higher in the city, but also the price per dose of PEP being 
lower in Dingras (Table 3).

For PEP, the bulk of the costs for both project sites was 
attributable to the vaccine and biologics (69.6 and 80.0% for 
Laoag City and Dingras, respectively; Figure  2; Table S3 in 
Supplementary Material), with personnel the second highest 
component of cost (23.6 and 13.1%, respectively; Figure 2). The 

smaller proportion of personnel costs in Dingras compared to 
that in Laoag City may help to explain why the overall cost per 
PEP dose was lower.

At the time of this project, PEP was partially subsidized by 
the government, but patients still provided the most significant 
amount of the total cost of providing PEP (49.2 and 55.1%, respec-
tively; Figure 2). Project donor contributions were insignificant 
(a small contribution toward awareness activities), and the bulk 
of the remaining costs were provided by local government with 
city and municipality supplying 38.0 and 23.8% of the costs to the 
sites, respectively (Figure 2).
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FigUre 2 | The cost of providing postexposure prophylaxis (PeP) divided into the different components and between the different project 
contributors for (a) laoag city and (B) Dingras Municipality from 2012 to 2014.
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DiscUssiOn

Governments in Africa and Asia are starting to translate research-
led proofs of principle into practical rabies elimination interven-
tions that save lives at scale. Although often not a  priority, it 
is important to document such efforts for the benefit of rabies 
elimination programs evolving elsewhere.

Before the implementation of the CARE project, sporadic 
vaccination and emergency interventions produced some reduc-
tion in canine rabies case numbers, but failed to reduce them to 

zero. The CARE project demonstrated that more intensive dog 
vaccination efforts can break long-term cycles of rabies trans-
mission. Consequently, human and canine case numbers were 
reduced to zero within 2 years. The trend in human rabies case 
numbers closely followed that of cases in dogs, as for previous 
rabies elimination programs (9, 16, 17), re-enforcing the value of 
focusing effort on dog vaccination. Other parts of the Philippines 
and other canine rabies-endemic countries could rapidly reduce 
their human rabies deaths by investing in more comprehensive 
canine vaccination.
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The CARE program benefited from strong legislative and 
leadership support from the Philippines Government, strong 
intersectoral collaboration, and the regional and national 
surveillance systems able to provide a clear assessment of the 
progress of the project. Such supporting mechanisms facilitate 
the success and full evaluation of rabies control programs and 
should be prioritized during planning.

Of the total cost per dog vaccinated, a much higher proportion 
was attributed to personnel costs than to vaccine. Governments 
interested in conducting mass dog vaccination must invest in per-
sonnel costs and training, not just in the procurement of vaccines 
if campaigns are to succeed. Other provinces in the Philippines 
have access to vaccines from the national government, but 
do not have enough field staff to conduct effective vaccination 
campaigns, which needs to be addressed. The CARE project’s 
use of volunteers such as barangay health workers who served 
as vaccinators, recorders, and community mobilizers could be 
replicated to enable limited personnel to be more effective and 
to facilitate higher community engagement, which delivers 
economies of scale.

One major drawback was the lack of accurate estimates of the 
total dog population, which seriously limited the estimations of 
the vaccination coverage, the surveillance effort, and the incidence 
of rabies in dogs. A number of other rabies control programs 
have suffered from initial dog population estimates that were too 
high [e.g., in Tanzania (18)], too low [e.g., KZN and Philippines 
(19)], or simply uncertain [e.g., Haiti (20)]. Reliable confidence 
intervals on dog population estimates are difficult to determine, 
but the conflicting data over coverage suggest that either the most 
detailed estimation of the dog population was too high (possible 
if the detailed survey was carried out in unrepresentative sites) or 
that the reporting vaccinations was not complete.

A valuable improvement for areas with poor data on dog 
populations would be to utilize mark–recapture assessments 
to provide estimates of vaccination coverage immediately after 
the first vaccinations are completed in a location (21, 22). This 
is labor intensive, but these data can very quickly provide “real-
time” vaccination coverage data to guide catch-up or subsequent 
vaccination campaigns. Combined with accurate dog vaccination 
numbers, such surveys can also provide immediate feedback on 
the estimated dog population size.

Despite uncertainty over the exact vaccination coverage 
achieved, it is clear that the Ilocos Norte CARE project did break 
the cycle of rabies transmission with likely much lower than rec-
ommended (70%) vaccination rates in dogs. Lower than recom-
mended vaccination coverages have also been noted in successful 
rabies control efforts in KwaZulu-Natal and the Philippines (6).

The recommended coverage of 70% is a conservative value 
(23), and it is possible that rabies in this province has a relatively 
low rate of spread. This could allow a modest increase in vac-
cination coverage achieved to still have a significant impact on 
transmission, which was suggested as possible in recent modeling 
studies (24). The estimated 36% of dogs that were kept confined 
by owners may have contributed to lower rabies transmission 
rates within the free-roaming dog population. However, the vac-
cination campaign was expected to have reached mostly owned 
dogs, and the estimated 22% of dogs without owners may not 

have been vaccinated. With only two private veterinary practices 
in Ilocos Norte, large numbers of privately vaccinated dogs are 
unlikely.

The reported dog cases were only those that were laboratory 
confirmed, so there is a risk that other cases could be missed. 
However, surveillance effort was consistent throughout the 
project, and the case numbers clearly decreased to zero, with 
monthly negative monitoring reports suggesting that this is still 
true. Through coordination between animal health and human 
health sector, animal bites from highly suspect rabid animals are 
investigated, and all suspect canine rabies cases in recent years 
have, after observation, been found to be negative.

Even as canine rabies cases fell, bite treatment numbers rose, a 
trend that has been found elsewhere (8, 9, 25, 26). The impact of 
educational and other community-based bite prevention activi-
ties usually increases the reporting rate of bites (seen here from 
2012 to 2014) and could mask any effect of reduced numbers of 
bites occurring. However, given the extensive awareness exercises 
conducted in the CARE project, the availability of eight bite treat-
ment centers, and the Philippines’ government subsidy for PEP, 
a high percentage of patients were expected to seek treatment for 
bites by the end of the project. It is possible that the decrease 
in bite consultations between 2014 and 2015 may be a result of 
reduced number of bites, but this requires further data to confirm.

Lower costs per dog vaccinated with higher throughput and 
higher human density have been observed in other programs 
(18, 25), and overall costs fell in the middle and toward the 
higher end of the range of previously documented costs (27). In 
this project, a very small proportion of the costs of dog vaccina-
tion were from external donors, which is expected to be a good 
model for ensuring rabies control is sustained beyond the end 
of the project.

The cost per patient provided with PEP was consistent with 
other similar full programmatic cost assessments for Africa  
(18, 25, 26) and elsewhere in the Philippines (25). Interestingly in 
Ilocos Norte, the rural health center had lower costs on average 
than in Laoag City, explained by fewer PEP doses received per 
patient on average, and a lower programmatic cost per dose in 
Dingras. In Ilocos Norte, a large proportion of the costs were 
borne by the patients, similar to elsewhere in the Philippines, 
where patients paid around 50% of the total costs (25). This 
situation will change as the Philippines national government has 
agreed to pay for full courses of PEP for patients presenting from 
2016 onward (28).

It is impossible to assess the relative value (and therefore cost-
effectiveness) of each component of a mixed intervention. We 
know that canine vaccination is critical to halt rabies transmis-
sion, but education and awareness are critical to build trust and 
participation in the dog vaccination campaign, and to make sure 
that people seek PEP when needed. The relatively small invest-
ment in education campaigns (such as the training of Rabies 
Speakers in every municipality of Ilocos Norte) was likely a very 
cost-effective way to increase the program’s impact.

From 2016 onward, annual mass dog vaccination campaigns 
will be planned and implemented by the provincial government. 
The established educational initiatives will continue to maintain 
high awareness and participation in vaccination programs, and 
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the activities at borders, ports, and airports are expected to play 
an important role in preventing rabies being reintroduced into 
the province. There is evidence of increased investment in rabies 
control from the provincial government, which has invested in 
the renovation of Rabies Diagnostic Laboratories to enhance 
laboratory biosafety and biosecurity. One lesson learned already 
being acted upon is capacity building for vaccinators on the use of 
nets to catch free-roaming dogs to increase vaccination coverage 
in this high-risk population of dogs. The expertise gained and 
lesson learned from the CARE project are already being used to 
revise the National Rabies Program Manual of Operations, the 
Medium Term Plan which serve as the basis for the national  
elimination strategy.

Currently, the 38 nationally declared rabies-free areas in the 
Philippines are all islands. The absence of rabies in animals and 
humans for several years in Ilocos Norte has proven that rabies 
elimination at a provincial level in a landlocked area in one of 
the major islands of the Philippines is feasible. More active sur-
veillance is now needed with an increase in the submission of 
dog samples to confirm continued rabies freedom. Laboratory 
confirmation of human cases is not yet carried out, but should be 
encouraged to enable viral genetic analysis that can differentiate 
reintroductions from local transmission. Such measures should 
be included in the national governmental guidelines to enable all 
areas in the Philippines to benefit from their application.

It is now a challenge to the national government to plan a more 
progressive zoning approach toward the elimination of rabies 
across other rabies-endemic provinces in the major islands of 
Luzon, Visayas, and Mindanao and to prevent incursions into 
rabies-free provinces.

cOnclUsiOn

A highly intersectoral model and widespread community engage-
ment backed by national government support and surveillance 
systems provided the necessary boost to rabies control efforts to 
eliminate canine rabies from the province in a short time period. 
This occurred despite apparently low dog vaccination coverages. 
The programmatic costs were comparable to other recently 
published programmes and similarly showed decreasing costs as 
efforts were scaled. Donor funding comprised a small amount of 
the total investment, and local government support is sufficient 
that the results should be maintained going forward. However, 
as the province is still surrounded by endemic areas, vaccination 
and surveillance must be maintained to rapidly respond to pos-
sible reintroductions.
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Given the proximity and recent spread of rabies in Indonesia, effective rabies surveillance 
in dogs is a priority in Northern Australia and Papua New Guinea (PNG). Reporting of 
potential cases requires community engagement; therefore, the value and acceptability of 
such a system is critical to ensure sustainable surveillance. We used qualitative research 
methods to identify factors that influence the acceptability and value of community-
based rabies surveillance. Thirty-two semi-structured interviews were conducted with 
informants in 16 communities in East Arnhem, the Northern Peninsula Area, the Torres 
Strait in Australia, and in Western Province, PNG. Thematic analysis identified common 
themes including the importance of verbal communication, particularly via radio, 
community meetings, and direct conversation. We also found that dogs have high value 
to community members through connection to culture, economic (especially hunting), 
and companionship. The greatest barrier to the reporting of sick dogs was insufficient 
veterinary services and the subsequent lack of treatment response. In some regions, 
acceptance that sick dogs are a normal daily occurrence and lack of trust of authorities 
were also barriers to reporting. The findings from this study will be used to design 
sustainable rabies surveillance in Northern Australia and PNG by utilizing traditional 
communication channels and building on existing and valued animal-management 
services. The methods and findings of this study complement previous quantitative 
research, so as to target surveillance to high-risk areas within these regions.

Keywords: rabies, canine, dog, participatory epidemiology, qualitative, interviews, surveillance, one health

inTrODUcTiOn

After almost a century of endemic rabies infection in the Greater Sunda Islands in Indonesia 
(Sumatra, Java, Borneo, and Sulawesi), canine-rabies has spread to historically free islands in the east 
during the previous two decades (1, 2). The Oceanic region is free of canine-rabies, but the most 
recently infected Indonesia islands—the southern Maluku Islands—are approximately 1,000  km 
from Papua New Guinea (PNG), the Torres Strait, and Queensland, Australia, and only 300 km 
from the coastline of the Northern Territory, Australia. While the drivers of the recent spread of 
rabies in Indonesia are unknown, infection of new islands has been attributed to movement of 
rabies-infected dogs associated with human activities such as fishing and visiting relatives (3). Sea 
trade routes and cultural links exist between people in the south-east Asian and Oceanic regions 
and although international regulations restrict the movement of dogs, risk assessments indicate 

http://www.frontiersin.org/Veterinary_Science
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2017.00019&domain=pdf&date_stamp=2017-02-22
http://www.frontiersin.org/Veterinary_Science/archive
http://www.frontiersin.org/Veterinary_Science/editorialboard
http://www.frontiersin.org/Veterinary_Science/editorialboard
https://doi.org/10.3389/fvets.2017.00019
http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:michael.ward@sydney.edu.au
https://doi.org/10.3389/fvets.2017.00019
http://www.frontiersin.org/Journal/10.3389/fvets.2017.00019/abstract
http://www.frontiersin.org/Journal/10.3389/fvets.2017.00019/abstract
http://www.frontiersin.org/Journal/10.3389/fvets.2017.00019/abstract
http://www.frontiersin.org/Journal/10.3389/fvets.2017.00019/abstract
http://loop.frontiersin.org/people/245147
http://loop.frontiersin.org/people/236895


64

Brookes et al. Community-Based Rabies Surveillance

Frontiers in Veterinary Science | www.frontiersin.org February 2017 | Volume 4 | Article 19

that the probability of unregulated movement—and thus the 
entry of rabies-infected dogs—from Indonesia into Australia 
and PNG is not negligible (4).

The global burden of rabies is high—it is estimated that tens 
of thousands of human deaths occur annually, the majority 
of which are caused by bites from infected dogs (5). Dogs are 
abundant in Aboriginal and Torres Strait Islander (Indigenous) 
communities in both Australia and PNG. Although owned, they 
are usually allowed to roam freely (6). Additionally—and in con-
trast to other regions of the world in which rabies is endemic—
Australia and PNG have feral and wild dog populations (7). 
Rabies is challenging to eliminate from dog populations (5, 8, 
9); endemicity in either the domestic or wild dog populations in 
Australia and PNG could have devastating, long-term impacts 
on both human and animal health in these countries. Therefore, 
timely detection of a rabies incursion in PNG or Northern 
Australia is important to increase the probability of elimination 
and prevent human deaths.

A global framework for elimination of canine-rabies was 
recently jointly proposed by the World Health Organization, 
World Organisation for Animal Health (OIE), Food and 
Agriculture Organization of the United Nations, and Global 
Alliance for Rabies Control (10). Recommendations included 
a One Health approach requiring sustained resources, under-
standing of socio-cultural contexts, technical capacity, and 
organizational and political support to support elimination 
efforts. Effective rabies surveillance in dogs is an essential 
component of elimination efforts, required to facilitate control 
measures and prevent human deaths. The importance of surveil-
lance was illustrated recently during an outbreak in Malaysia 
(11). An effective surveillance system needs to have high positive 
predictive value and timely detection. To achieve this, methods 
such as risk assessment and evaluation of diagnostic tests have 
been used to focus resources to high-risk pathways and address 
requirements for rapid diagnosis. However, a surveillance sys-
tem must also be sustainable to ensure that collected data are 
of high quality with comprehensive geographic and temporal 
coverage. Key attributes of sustainable systems—for example, 
reliability, flexibility, and simplicity—are more difficult to 
incorporate into surveillance system design because they require 
an understanding of the acceptability and value of the surveil-
lance to the individuals required to participate in the system. 
In the case of rabies surveillance, community participation is 
critical for the reporting of suspect cases; therefore, community 
acceptability and value of rabies surveillance is essential. This 
was demonstrated in a trial of community-based rabies surveil-
lance in Kenya, in which high community engagement led to an 
increased rate of case detection (12).

Qualitative research methods such as ethnographic or  
interview-based studies can provide insights about the human-
driven contexts and mechanisms that lead to, or influence, 
particular actions and outcomes (13). These methods can comple-
ment the findings of quantitative research such as observational 
and experimental studies and are now used widely in medical 
research to promote delivery of health services (14–16). In the 
context of animal health, informal interviews are included in 
the repertoire of methods used in the discipline of participatory 

epidemiology (17) and have been used to identify production 
constraints, disease impacts, and feasible control strategies for 
endemic diseases (18–20). These methods have also been used 
recently in the context of biosecurity research to evaluate the 
acceptability of existing surveillance systems using focus group 
discussions, interviews, and visualization approaches (21–23).

The objective of the current study was to use qualitative 
research methods to identify factors that will influence the 
acceptability and value of community-based rabies surveillance 
in PNG and Northern Australia. We aim to use the findings from 
this study to enhance existing non-specific surveillance and plan 
targeted, community-based, sustainable canine-rabies surveil-
lance in PNG and Northern Australia. We also evaluate the use 
of qualitative research in this context.

MaTerials anD MeThODs

Overview
The core research for this study involved informal, semi-
structured interviews, which were conducted with individuals 
or small groups (two to six participants) of informants in their 
homes or workplaces. Qualitative analysis of transcripts identi-
fied themes relevant to the design of sustainable surveillance for 
canine-rabies. The procedures used in this study were approved 
by the Human Research Ethics Committee of The University of 
Sydney (project number 2016/192).

selection of communities
The target population was residents of Indigenous communities 
in Northern Australia, the Torres Strait, and coastal Western 
Province, PNG. Sixteen communities were selected in East 
Arnhem in the Northern Territory, the Northern Peninsula Area 
(NPA) in QLD, the Torres Strait, and coastal Western Province 
in PNG (Figure 1). These regions have been identified to be at 
high risk of rabies incursion relative to other regions in PNG and 
Northern Australia in previous risk assessments [(4), B. Cookson, 
personal communication].

Demographic data about the Australian study regions were 
obtained from the Australian Bureau of Statistics, Census of 
Population and Housing 2011.1 Population density was estimated 
to be 0.32, 2.23, and 9.5 people/km2 in East Arnhem, the NPA, 
and the Torres Strait, respectively. The mean size of Australian 
communities included in this study was 588 people [median 
375 people, range estimated 15–2,614 (Mata Mata and Thursday 
Island, respectively)]. In East Arnhem, the NPA, the Torres Strait, 
and the Australian general population, 60, 80, 72, and 79% of the 
population completed high-school education (year 10 or equiva-
lent), respectively. The foundation-year 10 school curriculum is 
consistent throughout Australia.

Detailed population demographics were not available for the 
study region in PNG. The population density of South Fly, PNG 
was estimated to be 1.9 people/km2. The estimated population 
size of Mabaduan was 2,000 people (Mabaduan village recorder, 
personal communication). In contrast to Australia, the human 

1 http://www.abs.gov.au/census.
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FigUre 1 | Map showing location of communities included in a study to identify factors that will influence the acceptability and value of community-
based rabies surveillance in northern australia and Papua new guinea.
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development index (HDI) of PNG is low (0.505, ranked 158th 
in the world). Therefore, access to education and health services 
in rural regions are limited due to poor infrastructure and lack 
of resources. However, residents in South Fly have access to 
emergency health care in the Torres Strait (24).

selection of informants
Informants were selected purposively to obtain comprehensive 
information from a range of stakeholder groups. Informants 
were all older than 18 years. The stakeholder groups included the 
following:

• traditional leaders and elders,
• councilors (including divisional managers),

• veterinarians, environmental health workers (EHWs), and 
animal management workers (AMWs),

• biosecurity officers,
• health workers (HWs), including nurses and pharmacists,
• teachers,
• community residents.

Other information and perspectives were gained from people 
who were selected opportunistically during field-trips; for exam-
ple, aircraft pilots, Animal Management in Rural and Remote 
Indigenous Communities employees,2 and hospitality, building, 
and retail industry workers. Direct observations were also made 

2 http://www.amrric.org, accessed 13.09.16.
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TaBle 2 | number of semi-structured interviews and informants in a 
study to identify factors that will influence the acceptability and value of 
community-based rabies surveillance in northern australia and Png.

east  
arnhem

nPa Torres 
strait

Png

Community elders, leaders, residents 6/6 2/4 3/3 9
Veterinarians, animal and environmental 
health workers, rangers, biosecurity 
officers, council workers

3/8 2/6 5/11 0

Human health workers, teachers 2/3 3/9 3/5 0
Total interviews/informants 11/17 7/19 11/19 3/9

NPA, Northern Peninsula Area; PNG, Papua New Guinea.

TaBle 1 | Topics and example questions used in semi-structured 
interviews in a study to identify factors that will influence the 
acceptability and value of community-based rabies surveillance in 
northern australia and Papua new guinea (Png).

Topic 1: effective modes of communication within and between communities.
• If there is an important announcement for the community, how do you make 

sure that everybody knows about it?
• How do people communicate between communities?
• How do you think we could get people to tell us concerns about their dogs?

Topic 2: motivation and barriers to report concerns about dogs to other 
community members or organizations.
• What is the value of dogs to individuals; for example, is there connection to 

dogs through culture and what is the purpose of keeping dogs?
• What would motivate you to report health concerns about your dog?
• Why wouldn’t you report health concerns about your dog?

Topic 3: levels of expectations about dog health.
• What diseases do you see in your dogs?
• Informants’ descriptions of clinical signs associated with endemic differential 

diagnoses of rabies (for example, snake envenomation and cane-toad 
intoxication),

• Awareness and level of concern about dog health,
• Current level and perception of need for veterinary care in the community.

Topic 4: awareness of biosecurity regulations and rabies.
• Have you heard of rabies?
• When you travel, are you aware of quarantine zones and biosecurity 

requirements? This question was specific to PNG, Torres Strait and Northern 
Peninsula Area residents.

Topic 5: human health and perspectives on community dogs by health workers.
• Do residents seek treatment for bite wounds at health centers?
• Do you like community dogs and acknowledge them when they come with 

their owners to the clinic, or you visit patients in their homes?
• What do you think is the most appropriate way to deliver health messages to 

community members?
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during visits to communities regarding the general level of dog 
health.

interview structure and Data collection
Data collection took place between February and June 2016. 
Informants were interviewed in their homes or workplaces. 
Interviews were semi-structured, so that informants could talk 
freely and about topics that they considered important. This 
flexibility also allowed researchers to investigate themes more 
thoroughly, dependent on informant experiences and perspec-
tives. Interviews were guided by selecting open-ended questions 
relevant to stakeholder groups from a list of topics (Table 1). Time 
for each interview was determined by the informants’ willingness 
to talk and was not limited by the researchers. Researchers were 
accompanied by community members who translated interviews 
when informants preferred to talk in languages other than 
English. Informants were offered parasiticides for their dogs, to 
thank them for participation in the study.

Data analysis
Interview transcripts and opportunistically collected information 
and perspectives were collated using qualitative data analysis 
software (NVivo; QSR International Pty Ltd. Version 11, 2015). 
Themes within the topics in Table 1 were identified in transcripts 
and triangulated between communities and regions and with 

peer-reviewed literature to assess consistency, divergence, and 
validity of themes.

resUlTs

Thirty-two semi-structured interviews were conducted with 64 
informants (Table 2), of whom 73% were Aboriginal or Torres 
Strait Islander peoples of origin within the study regions. All 
informants were resident in the study regions. Interview dura-
tion ranged from 20 min to 1.5 h. All informants were willing 
to talk about their personal and workplace experiences related 
to dogs.

The strongest theme for effective modes of communication 
both within and between communities was verbal communica-
tion. This theme was consistent among informants from all study 
regions and backgrounds. Informants commonly described this 
as “passing on the message.” Verbal communication from elders, 
village leaders, or councilors to other community members and 
children was considered particularly important. Preferred modes 
of verbal communication for dissemination of information 
between and within communities included direct conversation, 
listening to the radio, or attending community meetings. Direct 
communication was the preferred method to inform other peo-
ple about concerns such as poor dog health. In East Arnhem, 
informants were most likely to communicate concerns to elders 
and in other regions in this study, informants stated that they 
would speak to authorities, including biosecurity officers and 
AMWs or EHWs. Social media was also mentioned as potentially 
useful in some regions (East Arnhem) and with some participant 
groups (young adults and school children in the NPA and Torres 
Strait), highlighting that effective modes of communication 
should be re-assessed as the use of social media develops in these 
regions. Pictures were also thought to be a potentially useful 
method to disseminate information, but delivery of messages 
via written media (for example, leaflets and posters in health 
clinics) appeared less likely to be effective. Written media were 
not mentioned by Indigenous informants, and HWs said that 
leaflets and posters were largely ignored by patients and com-
munity members. In general, education about animal health and 
biosecurity was difficult to include in primary schools (teachers 
explained that there is insufficient space for these topics unless 
they support activities within the existing curriculum), and 
students in high school do not value agriculture-based classes. 
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BOX 1 | excerpts from interview transcripts about modes of 
communication in a study to identify factors that will influence the 
acceptability and value of community-based rabies surveillance in 
northern australia and Papua new guinea.

Community elder: “Everybody listens to the radio.”

Community elder: “We will help spread the message about the disease. On 
radio also.”

Community elder: “It is easy to teach the children, to pass on the stories.”

Community elder: “The people, they listen to Yolngu [people of East Arnhem] 
radio.”

Community member: “Talking to people—by visits”

Community elder: “Information needs to be passed from elders and parents 
through the kinship system.”

Health worker: “Radio is best for messaging… Everybody listens to [local 
radio] throughout Torres Strait and NPA.”

Councillor: “We have public meetings about everything. Some people… they 
can get very intense.”

PNG village leader: “We have meetings with the Torres Strait councillors… 
here and over there… to come up with solutions for our problems.”

Health worker: “We are kinaesthetic learners, so pictures are really good.”

Community elder: “I’m on Facebook, I like to stickybeak… some people poke 
me, but I keep quiet.”

Teacher: “Agriculture is a dying subject… kids don’t want to go outside.”

67

Brookes et al. Community-Based Rabies Surveillance

Frontiers in Veterinary Science | www.frontiersin.org February 2017 | Volume 4 | Article 19

Informants also stated that information about rabies surveillance 
should be delivered in local languages because English is not the 
first language of many residents. For example, most Torres Strait 
Islanders speak at least three languages (their local Indigenous 
language, Torres Strait Creole, and English). Excerpts from 
interview transcripts relevant to the theme of communication 
are shown in Box 1.

Dog value was a potential motivator to report health concerns 
about dogs. In the NPA and PNG, dogs are valued for hunting 
because they provide an important source of cheap protein (feral 
pigs, deer, or cattle). In East Arnhem, the cultural value of dogs 
was strong—informants described how harm to dogs can cause 
tangible pain to individuals for whom the dog is their totem. 
Informants in this region often noted that dogs are part of their 
family; researchers observed that some dogs had “skin names” 
and were included in the kinship system. Although the cultural 
value of dogs was more abstract in other regions, dogs were totems 
for individuals throughout the study regions (including PNG). 
In some circumstances, dogs also had economic value apart 
from hunting. For example, East Arnhem informants described 
payments to a dog’s owner if a dog is killed because the dog can 
no longer protect the owner. Payments could also be made to 
custodians of dog dreaming if a dog is harmed so that pain to 
ancestors and people connected to dogs through their totem is 
avoided. Dogs were also valued as companions in all regions and 
to enhance the social status of the owner in some regions. This 
was particularly apparent in the Torres Strait, where residents 
were sometimes keen to acquire particular breeds of dog from 
the Australian mainland.

Informants said that the lack of veterinary services in most 
regions was the greatest barrier to reporting health concerns 

in dogs. This theme was consistent between all informants and 
regions in this study. In the context of this study, a veterinary 
service refers to availability of a registered veterinarian who 
is able to examine animals, provide diagnoses, and prescribe 
treatments. A veterinary service is available in East Arnhem, but 
comprehensive coverage is limited due to the size of this region 
(35,000 km2) and the workforce available: one veterinarian based 
in a clinic in Yirrkala during the study period. In the Torres 
Strait, a veterinarian visits the region biannually and provides 
basic services such as dog population control. Veterinary services 
were not available in PNG and the NPA during and at least 
2  years prior to the study period. Therefore, animal health 
care is generally limited to services provided by AMWs and 
EHWs, which include supply of parasiticides and disposal of 
dead dogs in some regions. Informants were aware of potential 
zoonotic disease transmission (another potential motivator)—
for example, dogs with skin disease such as mange and ticks 
were perceived as a risk to family health. Throughout all regions, 
informants stated that parasitic skin disease in dogs was common 
and wanted parasiticides for their dogs. In Northern Australian 
regions, cane-toad poisoning and snake envenomation (both 
differential diagnoses for rabies) are sufficiently common in 
dogs that informants could describe clinical signs. Informants 
explained that there was no incentive to report these concerns 
because treatment was not available. This led to acceptance that 
unhealthy dogs are a normal, daily occurrence. Consistent with 
this theme, researchers observed that dogs appeared generally 
healthier in regions in which veterinary services were available 
intermittently (Torres Strait islands) or continuously (Yirrkala, 
East Arnhem).

Other themes about barriers to reporting were region-specific 
or less common. Lack of trust of authorities and fear of shame 
or recrimination within the community were both barriers to 
reporting concerns about dogs in East Arnhem. This was attrib-
uted to historical experiences such as inhumane dog control. 
Throughout all regions in the study there was also an apparent 
lack of concern for dog welfare by some community members, 
attributed to insufficient connection to culture, and therefore, 
lack of knowledge that dogs are part of family. Excerpts from 
interview transcripts relevant to motivation and barriers to 
reporting health concerns in dogs and level of expectations about 
dog health are shown in Box 2.

Indigenous informants were aware of the importance of 
biosecurity and stated that they complied with regulations when 
traveling between PNG, the Torres Strait and mainland Australia. 
Non-indigenous residents more commonly had either limited 
knowledge, lack of concern for regulations, or openly admitted 
non-compliance because the regulations were inconvenient. 
Although most people had heard of rabies, very few were aware 
of the risk of an incursion due to entry of infected dogs from 
endemic regions or the zoonotic potential and impact of rabies 
in humans. A few people recalled a picture of a rabid dog on 
biosecurity information for passengers in ferries and aircraft in 
the region. Human HWs were aware of rabies, but it was not 
something that they considered in their daily work—they were 
occupied with current health risks that included multi-drug 
resistant tuberculosis (in PNG residents seeking healthcare in 

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


BOX 3 | excerpts from interview transcripts about awareness of 
biosecurity regulations, rabies and the interface between human 
and dog health in a study to identify factors that will influence the 
acceptability and value of community-based rabies surveillance in 
northern australia and Papua new guinea.

Health worker: “So many times, people ask me to help with their dog… Other 
nurses say they don’t want to have anything to do with the animals, but that 
affects their relationship with the families, because then they are not part of the 
holistic approach. Dogs are part of the family.”

Health worker: “Dogs should be removed from the clinic waiting area… people 
should only be allowed one dog per household by law.”

Health worker; “it is important to empower people through self-management 
of health… but this is a challenging approach for some HWs in a system which 
has traditionally advocated a custodial approach to Indigenous health.”

Health worker; “We don’t see many issues from dogs. Bites are rare… we see 
a few cat scratches on children.”

Councillor: On the value of dogs in the community in comparison to other 
community issues, “Dogs are still important… it’s all interrelated.”

Non-indigenous community member: “When I visit my son on TI we take the 
dogs. We don’t go through quarantine on the way back, but it’s OK—the dogs 
don’t go anywhere, they don’t meet other dogs.”

PNG community leader: “We have our control measures making sure we don’t 
violate our [quarantine] guidelines and we maintain our treaty agreement….”

BOX 2 | excerpts from interview transcripts about motivation 
and barriers to reporting health concerns in dogs, and level of 
expectations about dog health in a study to identify factors that will 
influence the acceptability and value of community-based rabies 
surveillance in northern australia and Papua new guinea.

Community elder: “This is dingo land. Dog is not alone from humans. Through 
the spirit, the journey, we feel them close…”

PNG leader: “I have two dogs (two females), with six babies… I like them. My 
totem is dog.”

Councillor: “You can’t restrict everybody to two dogs. Hunting is big here… 
they need more [than two] dogs…”

Health worker: “Dogs are a totem … here in the NPA, in Bamaga in particular, 
there is a high cohort of Umai [dog] totem. This comes from Saibai.”

PNG community leader: “We look after our dogs like we look after our children 
because they also provide food for our children… dogs are valuable”

Councillor: “If you cull dogs, people get upset. Not because of cultural beliefs, 
but because they are attached to their dog.”

Community elder: “If a dog gets sick you can put a blanket on it. There is 
nobody to help.”

Community elder: “We need more [veterinary] service as well as awareness 
of disease.”

Veterinarian: “We have to follow up cheeky [aggressive] dogs, but it can be 
difficult because people think we are going to take the dog away.”

Health worker: “People worry that the dogs will get blamed if they [the people] 
have skin problems. They hide the dogs.”

Community member: “She didn’t want the ticks on the verandah because of 
the children [so she threw the boiling water at the dog]… she didn’t realise it 
would be long-time pain.”

Community elder: On reasons for animal cruelty and neglect, “Important song-
lines are not shared. The young people don’t know them.”
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Torres Strait Island health clinics) and the recent outbreak of 
Dengue Fever in the Torres Strait region.

Health workers (most of whom were non-indigenous) esti-
mated that the majority of people with dog-bite wounds would 
seek medical attention because wound infections are viewed as 
a common cause of more serious conditions such as septicemia. 
Consistent with this opinion, the few informants who had experi-
enced dog-bite wounds had attended a health clinic for treatment. 
HWs’ perceptions and level of acceptance of dogs in community 
were variable; some recognized dogs as part of the family and 
acknowledged and treated unhealthy dogs. Other HWs felt 
threatened by community dogs in public places, were unaware 
that free-roaming dogs in Northern Australia are owned, were not 
interested in dog health and perceived unhealthy animals as an 
indicator of lack of concern for dog welfare by Indigenous com-
munity residents. This variability was also found in other groups 
of non-indigenous informants such as teachers and hospitality 
industry workers. Excerpts from interview transcripts relevant 
to awareness of biosecurity regulations, rabies, and the interface 
between human and dog health are shown in Box 3.

DiscUssiOn

Effective communication is vital for community-based surveil-
lance; participants need to understand reporting requirements 

and reports need to be collected in a timely manner for 
analysis. The most consistent theme for this topic throughout 
all study regions was the importance of verbal communication 
and informants in this study commonly talked of “passing on 
the message” about rabies. This is consistent with the cultural 
background of Indigenous people in Northern Australia and 
PNG. Aboriginal and Torres Strait Islander lore has been passed 
down generations for tens of thousands of years by elders, using 
stories, ceremonies, dance, music, and art.3 Story-telling (such as 
“sing-sings”) is also a fundamental feature in PNG culture. For 
example, Mercer et al. (25) found that the impacts of a tsunami 
in 1930 on the north coast of mainland PNG were mitigated 
because residents knew stories—which had been passed down 
verbally through generations—that described warning signs and 
evacuation to higher ground. In contrast to Western culture 
in which information is commonly disseminated in written 
form and directed from authorities to children, we suggest that 
messages to enhance rabies surveillance in Northern Australia 
and PNG should be verbal and use traditional communication 
channels by engaging elders and councils to “pass on the mes-
sage.” These strategies also build on connection to culture and 
encourage traditional values such as care for dogs in community. 
Messages should be delivered in local languages. This has also 
been recognized as important for effective communication in 
sectors other than biosecurity. For example, the Queensland 
Government Department of Health provides an interpreter 
service which includes Tok Pisin, the PNG equivalent of Torres 
Strait Creole.

Although several modes of verbal communication were iden-
tified via which messages to enhance rabies surveillance might 

3 http://aiatsis.gov.au/, accessed 20.09.16.
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be delivered, modes to report clinical signs were limited to direct 
communication. In addition, the preferred routes for reporting 
varied between regions. In the Torres Strait and NPA, informants 
stated that they would report concerns to AMWs or biosecurity 
officers; in these regions, there is comprehensive coverage by 
these groups, both geographically and temporally, and they are 
already familiar with the importance of animal health. However, 
in Western Province PNG, there are no animal health services, 
and in East Arnhem there is mistrust of authorities due to previ-
ous experiences of inappropriate responses to perceived animal 
health issues. This poses challenges for collection of high quality 
surveillance data over such a large region because the structure of 
data collection might need to be regionally customized. In regions 
such as PNG and East Arnhem, it is likely that community elders 
will need to be engaged to encourage reporting.

This study also highlighted other important challenges 
and barriers to rabies surveillance in Northern Australia and 
Western Province, PNG. We found that dogs are valued for a 
variety of reasons which can be intangible (for example, con-
nection to culture and companionship) or tangible (for exam-
ple, their value as hunting animals). This is consistent with the 
findings of Constable et al. (6). Although the value of dogs is a 
potential motivator to report health concerns about dogs, the 
lack of veterinary services was a major barrier. Without direct 
health benefits to dogs, reporting of clinical signs is unlikely 
to be sustainable. This is illustrated by the acceptance of the 
lower level of general dog health in communities in which vet-
erinary services were unavailable. The importance of a returned 
value (perceived benefit) to those that report in surveillance 
systems has been highlighted previously by Syibli et  al. (26) 
and illustrated by the development of a mobile phone reporting 
system in Indonesia.4 Primarily, this system provides benefit to 
those involved directly in animal health (for example, farmers 
and veterinarians) and has a secondary purpose as a tool for 
syndromic surveillance. Preliminary reports suggest that the 
value of animal health care is a sufficient incentive to report 
clinical signs and achieve syndromic surveillance with good 
temporal and geographic coverage in some Indonesian regions 
(27). In addition to the lack of veterinary services as a barrier to 
reporting clinical signs, the specificity of clinical signs for rabies 
is low due to common endemic syndromes with similar clinical 
signs. As well as likely reducing sustainability through false-
positive incursion alerts, this also has implications for mes-
saging about surveillance; community-wide surveillance for 
rabies-associated clinical signs should be carefully considered 
so as not to induce panic about dogs with clinical signs which 
currently are more likely to indicate non-zoonotic syndromes, 
such as snake envenomation or cane-toad poisoning. Overall, 
we believe that unless veterinary services can be improved 
consistently throughout this region, community-wide surveil-
lance of dog mortality and training of selected community 
leaders and workers to identify clinical signs is likely to be more 
acceptable and sustainable than community-wide surveillance 
for clinical signs consistent with rabies. This level of syndromic 

4 http://wiki.isikhnas.com/, accessed 20.09.16.

rabies surveillance has a number of advantages: it builds on 
the already valued service provided by EHWs and AMWs in 
some regions to dispose of dead dogs and it is 100% sensitive 
for rabies (all rabies-infected dogs die). In addition, messages 
to report dog mortality are unlikely to induce the same fear that 
reporting suspect cases of rabies would. Although mortality is 
not specific to rabies, increased incidence of dog mortality is a 
useful indicator of other important diseases such as distemper 
(endemic) and screw-worm fly (exotic).

We also identified potential gaps in community engagement 
for rabies surveillance. The Torres Strait is a cultural and geo-
graphic interface between PNG and mainland Australia, and 
compliance with biosecurity regulations is important to maintain 
freedom of movement for traditional purposes, while protecting 
human, animal, and plant health in this region (The Torres Strait 
Treaty).5 We found that the level of awareness of the importance 
of these regulations was variable among informants, particularly 
non-indigenous residents such as HWs, teachers, and other 
industry workers. Understanding the value and acceptability of 
community-based rabies surveillance to engage non-indigenous 
residents was not an objective of this study. In particular, HWs 
and teachers are positioned to provide valuable surveillance of 
both animal and human health in these regions—there is an 
extensive network of human health care facilities and schools 
in Indigenous communities throughout Northern Australia, 
and residents in coastal Western Province PNG have access to 
emergency healthcare in the Torres Strait. However, inform-
ants in these groups were also sometimes unaware of the value 
of dogs to communities or the risk of rabies to the region and 
therefore, dismissed the importance of community dog health. 
Further studies to investigate methods to improve engagement 
of non-indigenous community residents in biosecurity practices 
and encourage a One Health approach to community health 
are worth pursuing. In addition to enhancing the sustainability 
and community-wide coverage of rabies surveillance, improved 
understanding of the value of dogs and the way in which they 
are kept in communities is also likely to promote trust between 
Indigenous community members and those of non-indigenous 
origin in regions such as East Arnhem. Among other benefits, 
this could also enhance reporting for community-based rabies 
surveillance.

Qualitative research asks questions that are fundamentally 
different to those studied in quantitative research (13, 14) to 
document and explain a range of views, needs, values, practices, 
and beliefs. For example, a qualitative study might investigate 
why people make decisions to report health concerns, whereas 
a quantitative study might investigate the proportion of people 
that report health concerns. Although lack of quantitative data 
obviously precludes evaluation of precision, assessments can be 
made concerning the internal and external validity of qualitative 
study findings. Limitations of the current study could include 
selection bias of communities and informants and information 
error due to interpretive bias by the researchers during thematic 

5 http://dfat.gov.au/geo/torres-strait/Pages/the-torres-strait-treaty.aspx, accessed 
20.09.16.
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analysis of transcripts. However, the themes of the importance 
of verbal communication and traditional communication chan-
nels, the high value of dogs to Indigenous community residents, 
and the lack of veterinary services as a barrier to reporting 
were consistent throughout the study region across informants 
with a range of backgrounds. In addition, these themes are 
consistent with other research and Indigenous Australian and 
PNG history; this increases the generalizability of these find-
ings across Northern Australia and Western Province, PNG. 
Divergent themes—for example, cruelty to dogs associated 
with lack of connection to culture in some communities or the 
use of social media for communication—are less generalizable. 
Quantitative studies could be used to investigate the importance 
of these themes, and methods from participatory epidemiol-
ogy (which also include semi-structured interviews) could be 
used to determine the frequency of these activities relative to 
actions that promote dog welfare in communities (17). Perhaps 
a more important limitation of this study was the assessment of 
acceptability and value of community-based rabies surveillance 
out of context of competing community concerns. For exam-
ple, health outcomes are poorer, levels of education achieved 
are lower, and a greater proportion of people serve custodial 
sentences in Aboriginal and Torres Strait Islander communities 
than other communities in Australia (28, 29), and the HDI in 
PNG is low (0.505).6 Despite the improved sustainability of 
community-based surveillance that could be achieved using 
the findings of the current study, surveillance for animal health 
might ultimately be of insufficient value in comparison to other 
community concerns to achieve timely detection of a rabies 
incursion in these regions.

Consistent with previous studies (21–23), the qualitative 
methods used in this study provided important insights 
about the acceptability and value of community-based rabies 
surveillance in Indigenous communities in Northern Australia 
and Western Province, PNG. The findings of this study will 
inform design of communications materials—such as radio 
stories—to enhance appropriate syndromic (for example, 
dog mortality), community-based rabies surveillance using 
traditional communications channels. The qualitative methods 
used in this study complemented the quantitative methods 

6 http://hdr.undp.org/en/countries/profiles/PNG, accessed 20.09.16.

used in previous studies in this region that identified the 
comparative risk of regions in Northern Australia and PNG 
(4, 30). Together, the findings of these studies can be used to 
design sustainable surveillance strategies targeted to high-risk 
regions and increase the probability of effective surveillance to 
limit outbreak size and detect disease in dogs before a human 
death occurs. However, it should be noted that sustainable 
surveillance will also depend on the integration of surveil-
lance activities within the context of competing concerns in 
communities. As described by informants, community health 
requires a holistic approach because all aspects of community 
life are interrelated.
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It is evident that rabies continues to be a neglected tropical disease; however, a recent 
global drive aims to eliminate canine-mediated human rabies by 2030. Global efforts have 
been vested into creating and developing resources for countries to take ownership of 
and overcome the challenges that rabies poses. The disconnect between the numbers 
of rabies cases reported and the numbers estimated by prediction models is clear: the 
key to understanding the epidemiology and true burden of rabies lies within accurate and 
timely data; poor and discrepant data undermine its true burden and negate the advocacy 
efforts needed to curb this lethal disease. In an effort to address these challenges, the 
Pan-African Rabies Control Network is developing a regional rabies-specific disease 
surveillance bulletin based on the District Health Information System 2 platform—a web-
based, open access health information platform. This bulletin provides a data repository 
from which specific key indicators, essential to any rabies intervention program, form the 
basis of data collection. The data are automatically analyzed, providing useful outputs 
for targeted intervention. Furthermore, in an effort to reduce reporting fatigue, the data 
submitted, under authority from the respective governments, can automatically be 
shared with approved international authorities. The implementation of a rabies-specific 
bulletin will facilitate targeted control efforts and provide measurements of success, while 
also acting as a basis for advocacy to raise the priority of this neglected disease.

Keywords: rabies, bulletin, DHis2, data, surveillance, PArAcON, reporting

iNtrODUctiON

Rabies has been a scourge for centuries. Despite the fact that this disease is fully preventable, the 
exemplary efforts that led to the elimination of dog rabies (e.g., in Western Europe, the United States, 
and Japan) have failed to be replicated across Asia and Africa. Significantly, the continued lack of 
impetus toward its control and elimination has resulted in the official recognition of rabies as a 
neglected tropical disease (1). The low priority status of rabies in the global community has resulted 
in a lack of interest from relevant stakeholders and national governments, despite the important 
socioeconomic and public health impact of the disease (2). Without a unified governmental and 
global effort toward rabies control, human lives will continue to be needlessly lost.
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Many rabies endemic countries are afflicted by economic and 
political instability, resulting in a plethora of challenges. These 
circumstances make it even more difficult to assign sufficient 
resources toward rabies surveillance and intervention, especially 
when a host of other diseases competes for attention. Diseases 
are often prioritized according to those that are most visible or 
perceived to be emerging threats. Failure to command attention 
leads to a lack of resources required to implement an effective 
intervention strategy. A cycle of neglect is thus established, 
depriving the disease from the attention that it deserves (3). The 
absence of accurate data is considered as a foundational challenge 
in the prioritization of the fight against rabies (2, 4).

By providing decision makers, countries and regions with 
robust estimates as to both the burden of the disease (2) and 
the associated costs (5), a stronger case for rabies prioritization 
and intervention may be built. Therefore, an important next step 
would be for regional networks and the global community to 
improve data collection, quality, and analysis, among others, to 
inform the disease prioritization cycle.

DiscONNect BetWeeN estiMAteD 
AND rePOrteD DAtA

There is an inordinate disconnect between the data that are offi-
cially reported by governments and that of the estimates provided 
by predictive models (2). Furthermore, a plethora of data from 
grassroots levels (e.g., health-care facilities) is also available but 
is seldom reported and aggregated to the national level. It can 
be argued that these models provide the most useful and well-
considered estimates for the burden of rabies to date, specifically 
in Africa and Asia where rabies reports, in those instances where 
reporting does occur, often appear to be haphazard or discrep-
ant (6). Within Africa, for example, underreporting the actual 
numbers of human deaths can be as much as 100-fold, resulting in 
the misperception of the burden of rabies in individual countries 
and on the continent as a whole (7).

While a lack of reported data is problematic, poor-quality data 
can result in a conscious decision to mistakenly not address a 
disease. Poor-quality data can present a false picture of the situa-
tion, resulting in a false sense of security among governments and 
decision makers. Thus, improving data reporting should be a pro-
cess that starts at the lowest governmental levels and aggregates 
up to the national level. The ultimate goal of each country and 
stakeholder involved in rabies control and elimination should be 
to drive accurate data collection, reporting, and analysis in order 
to ensure that the reported data reflect the true burden of rabies 
in their country.

HiNDrANces tO reLiABLe DAtA 
cOLLectiON

Many countries in Africa have functional surveillance systems, 
yet the data that are reported at a national level or to international 
organizations such as the World Health Organization (WHO) 
and World Organization for Animal Health (OIE) do not cor-
relate with that from the community or district level (6, 8–11) 

as it is sourced from various sectors and databases within the 
country.

Cumbersome, complex, and time-consuming reporting sys-
tems contribute in large to poor data collection and reporting. A 
recent study showed that only 10/19 surveyed African countries 
reported human rabies data using an electronic database, but 
18/19 countries still used paper-based reporting at some stage(s) 
within their reporting system (12). Rabies data reports are often 
late, or submission rates are low. A stand-alone rabies surveillance 
system was reported in 4/16 countries, meaning that reported 
data for the remaining 12 countries would likely be presented to 
an integrated disease surveillance system for multiple diseases 
within each ministry (12). As a result of the complex structuring 
of existing types of reporting systems, as well as the lack of any 
feedback mechanisms, those data misreported or unreported 
are not pursued, clarified, or questioned (9). These factors all 
contribute to a lack of confidence in rabies surveillance systems 
in Africa; only 3/19 countries deemed their rabies surveillance 
system adequate, despite its status as a notifiable disease in all 19 
surveyed countries (12).

Apart from the obvious drawbacks associated with cumber-
some reporting systems, the roles played by data managers 
should also be considered. Individuals responsible for reporting 
data are tasked with various other responsibilities. These include 
reporting morbidity and mortality statistics to international 
organizations and responsibility for reporting data for all of the 
notifiable diseases to various sectors, stakeholders and decision 
makers within a country. Additionally, there should be capacity 
for analysis and interpretation of raw data in order for it to be 
used for case follow-up, outbreak responses, targeted intervention 
campaigns, and the identification of disease incidence hotspots. 
Thus, data managers are often overburdened with a plethora of 
tasks and commitments, resulting in some health data being 
poorly reported. In this light, it would be most beneficial for data 
reporting as a whole if reporting systems could be made as simple 
and efficient as possible.

iMPrOviNG DAtA rePOrtiNG iN AFricA

Formerly, two main international epidemiological reporting 
bulletins for rabies existed, namely the WHO Rabnet (13)—
reporting on public health data—and the OIE World Animal 
Health Information System (WAHIS) (14)—reporting on 
veterinary health data. The Rabnet system closed in 2011 due 
to a lack of reported data (8). The WAHIS is a well-established 
global animal disease reporting system that reproduces the data 
that countries submit to OIE, but it is also limited by the under-
reporting issues inherent to the national reporting systems (7). 
A further disconnect exists in many places between human 
and animal health, with little or no cross-sectoral exchange 
occurring (8). Thus, the need for regional, One Health-oriented 
reporting networks has become evident (15). The creation of 
rabies-specific regional bulletins has been exceptionally suc-
cessful in the Pan-American Health Organization region (SIEPI 
database) (16) and in Europe (WHO Rabies Bulletin Europe) 
(17). These bulletins have enabled countries to improve surveil-
lance for targeted intervention and control measures, while also 
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increasing advocacy and awareness about the disease situation. 
In Africa, no rabies-specific database existed, and only informal 
reporting occurred within regional networks (6, 12). Also, with 
the lack of a regional bulletin, data quality from the African 
region has remained poor or non-existent, emphasizing the 
need for such a tool.

Addressing the Disconnect in Africa: the 
Pan-African rabies control Network 
(PArAcON) Bulletin
The PARACON was founded in 2014 under the secretariat of 
the Global Alliance for Rabies Control. PARACON unified 
various subregional networks and other independent countries 
into a single regional network for Africa, with the mandate to 
provide tools and support to Member countries (15). In light of 
this mandate, PARACON is developing and refining a regional, 
network-based reporting bulletin for rabies using a standard-
ized set of critical indicators that are applicable to each country 
individually, as well as to the region as a whole. Furthermore, 
to improve reporting incrementally on a global scale, WHO is 
working closely with regional networks to improve rabies data 
collection (8). Thus, through the unification of rabies reporting 
systems in the region, and the creation of a single platform that 
can provide regional rabies data to global reporting systems, the 
burden of data reporting can be substantially reduced.

District Health Information System 2 (DHIS2): The 
Backbone of the PARACON Bulletin
The DHIS2 is an open-source platform specifically designed for 
health surveillance. It functions not only as a data collection and 
storage point but also as a versatile tool to aggregate and disag-
gregate data, manage individual patient records, perform analyt-
ics, and create useful and interactive visuals for data analysis. In 
addition, to facilitate the use and dissemination of the data, the 
DHIS2 system has an integral sharing functionality with mass 
communication and messaging capabilities, while maintaining 
strict access control and confidentiality. The DHIS2 can further-
more be adapted to any type of program requiring data gathering, 
analysis, and dissemination.

The DHIS2 has been implemented globally, including in 
40 countries throughout Africa (18, 19) and is currently being 
used as an official Health Information System (HIS) in Malawi, 
Kenya, and Uganda, among others (19). In Africa, for instance, 
the implementation of the DHIS2 system in Zimbabwe resulted 
in timelier reporting, enhanced data quality, and improved 
report completeness for child health-related data (20). Similarly 
in Zambia, the DHIS2 system was used for a national malaria 
control program, resulting in improved case detection, improved 
diagnostic confirmation, and reduced numbers of unconfirmed 
malaria cases reported (21).

The PARACON Bulletin
As a new way of rabies data collection and dissemination, 
the PARACON bulletin uses the DHIS2 as its data collection 
platform. The PARACON bulletin will encourage the collec-
tion of rabies data from both the public and animal health 

sectors, promoting the One Health concept and intersectoral 
collaboration for improved rabies surveillance efforts. It is 
hoped that the simplicity of the Bulletin’s use and design will 
lead to improved rabies data reporting with little input and 
expertise required. Initial feedback at the Beta launch of the 
PARACON bulletin in 2016 was positive: 65% (15/23) of West 
African PARACON workshop participants agreed that the bul-
letin is easily workable and could be utilized as a country-level 
solution. Subsequent to its launch in July 2016, the PARACON 
bulletin has been implemented at another workshop target-
ing five Anglophone PARACON countries, where all of the 
participants agreed that the PARACON bulletin is as an easy-
to-use and useful rabies reporting system for their country. In 
addition, the PARACON bulletin will continue to be introduced 
to the remaining PARACON member countries in subsequent 
workshops, meetings and in-country visits. Outcomes from 
these workshops and visits have already shown continued data 
reporting for the end of 2016, with continuous follow-up for 
further data reporting.

The use of standardized data indicators is paramount to the 
consistent and accurate reporting of data for national, subre-
gional, regional, and international uses. By initially focusing on 
basic indicators (Table 1) during the early phases of implementa-
tion, the Bulletin is designed to be easy to use and should provide 
the maximum output in exchange for a limited input. This will 
be essential to encourage countries to buy-in to the concept. 
The initial indicators will likely adapt as the bulletin continues 
to develop in line with the global needs and trends in data col-
lection for rabies and are also subject to further consultation and 
refinement. As PARACON will work closely with WHO as well 
as other international collaborating centers and expert networks, 
the concept is to create a globally accepted, standardized set of 
indicators that will continue to be developed and refined. This 
standardized set of indicators will be focused on essential criteria 
to help guide countries in (further) developing their own surveil-
lance and control strategies as they strive toward self-declaration 
of freedom from rabies.

On a regional scale, the use of a single reporting system can insti-
gate interest and control efforts in neighboring countries through 
the evaluation of shared data, in the race for the first African 
country to declare freedom from canine-mediated human rabies 
by 2030. Furthermore, by sharing data internationally, countries 
can work together to control rabies cycles along international 
borders—something that is vitally important for a sustainable 
approach to rabies control (3). As the Bulletin is closely linked to 
the Stepwise Approach towards Rabies Elimination tool, as well 
as to key indicators for the WHO Global Health Observatory, this 
platform presents an easy means for countries to assess progress 
and program successes, while gathering essential data for the 
declaration of freedom from rabies in the future.

The PARACON bulletin has been designed to not only act 
as a regional platform for national rabies data but also can be 
adopted by countries as their own national and subnational rabies 
surveillance systems. The use of an electronic platform will enable 
users to access data instantly, resulting in an improved sense of 
ownership (25). To ensure that data quality is kept at the highest 
possible standards, several data quality checks will be available, 
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tABLe 1 | Description of and rationale for using initial basic indicators in the Pan-African rabies control Network bulletin.

indicator Disaggregation Description rationale reporting 
period

Number of bite 
cases in humans

Age: <5 years, 5–14 years; 
≥15 years; unknown age

Sex: male, female; 
unknown

Wound category: I, II, or III

Number of bite cases reported at a 
health-care facility, disaggregated by age, 
sex, and wound category

To determine at-risk populations (children, adults) and 
the numbers of people who have been potentially 
exposed to a rabid animal; this indicator influences 
decisions regarding human vaccine procurement and 
targeted education. This indicator also excludes snake 
bites

Annual

Doses of 
human vaccines 
purchased

None Number of human vaccines purchased 
for the country

To determine the number of vaccines available in 
the country and whether this complies with PEP 
requirements

Annual

Cost per vaccine 
(US$)

Private sector

Public sector

Cost per vaccine administered in a 
government institution (including all 
associated costs such as doctor’s fees, 
consumables, etc.)

To determine the costs associated with procurement 
and administration of vaccine for budgetary purposes 
and to advocate the allocation of funds toward rabies 
control efforts

Annual

Doses of animal 
vaccine available

Purchased this year

Viable vaccine carried over 
from previous year

Vaccine administered

Number of animal vaccines administered, 
carried over, and purchased by the 
government for mass vaccination 
campaigns

To establish the number of vaccine doses available 
to the government; this indicator is also used for the 
eventual calculation of the estimated vaccination 
coverage for the country

Annual

Estimated total 
dog population

Human population: urban, 
rural

Human:dog ratio: urban, 
rural

Dog population: urban, 
rural

A means to determine an estimated dog 
population for the country based on the 
HDR method (4, 22–24)

In most countries where rabies is endemic, there is 
no information about their current dog population; 
this lack of knowledge inhibits the assessment of the 
effectiveness of mass dog vaccination campaigns and 
also prevents countries from purchasing the correct 
number of doses of animal vaccine to achieve 70% 
coverage

Annual

Dog vaccination 
coverage

A means to determine the estimated 
vaccination coverage for the estimated 
dog population for the country

To enable decision makers to determine whether 
sufficient vaccine has been purchased and administered 
and for countries to plan ahead for vaccine purchase for 
the next year

Annual

Animal rabies 
cases

Species: dog, cat, 
livestock, wildlife, bat

Result: positive, negative

Total: per species, per 
result

Determination of the number of suspect 
rabies cases submitted for laboratory 
confirmation. The results indicate the 
number of positive and negative cases 
per species, as well as the totals

Results to provide an indication of the effectiveness of a 
surveillance program by examining the positive:negative 
ratio

Biannual

Human rabies 
cases 

Diagnosis: clinical, 
laboratory

Result: positive, negative

The number of human rabies cases 
diagnosed clinically and by laboratory 
confirmation

To determine the burden of the disease and to 
determine the efficacy of disease intervention strategies

Biannual

Number of 
people receiving 
PEP

Sex: male; female; 
unknown

Age: <5 years, 5–14 years; 
≥15 years; unknown age

Wound category: I, II, or III

Number of humans receiving wound care 
and at least one dose of rabies vaccine 
for PEP

To determine the number of people receiving at least 
one dose of PEP in a country

Annual

HDR, human:dog ratio; PEP, post-exposure prophylaxis.
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including completeness, correctness, and timeliness of reporting. 
Reported data will thus remain of the utmost quality, ensuring 
its usefulness to decision makers and stakeholders. Customized 
reports can be created and tailored to each sector’s needs—with 
only selected indicators included into each report—making them 
relevant to that specific sector or authority. Additionally, the 
PARACON Bulletin enables automatic analyses and visuals that 
can help target intervention programs toward high-risk areas in 
a country.

Often, donor-based funding projects that aim to improve 
surveillance initiate similar reporting bulletins, but they end 
abruptly if those donors discontinue support and maintenance 
and administration are not sustained (26). A bulletin hosted and 
administered by an independent organization that has no direct 
involvement in target countries, as is the case with the PARACON 
bulletin, would ensure the sustainability of programmes. The 
PARACON network enables countries to start small, making the 
initial steps toward improving surveillance a less daunting task. 
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Furthermore, direct international support will allow subregional 
focal points, WHO country offices and other subregional or 
national authorities to assist countries and contribute valuable 
data to this regional bulletin.

Although the PARACON bulletin will help to improve the sur-
veillance networks of individual countries, it cannot compensate 
for a system lacking any basic surveillance. The first step toward 
collecting reliable and realistic data reflecting the true rabies 
situation is awareness at the community level and the subsequent 
collection of relevant data. While in some countries, surveil-
lance is hampered because no laboratory confirmation exists, a 
lack of surveillance can generally be attributed to the logistical 
constraints associated with sample submission (27, 28). Without 
a surveillance foundation, any data collection system will be a 
redundant tool. Thus, countries will need to implement a col-
lective plan for improving rabies surveillance concurrently with 
the implementation of the PARACON bulletin. What needs to be 
known and what minimum requirements are to be met to estab-
lish adequate rabies surveillance for both humans and animals 
has recently been compiled in the rabies surveillance blueprint 
(29). In doing so, the PARACON bulletin will build upon these 
foundational elements and can also be integrated into existing 
HIS to improve data flow.

cONcLUsiON

The lack of awareness and knowledge about the true burden and 
impact of rabies within countries in mainland Africa remain the 
primary barrier to the control and elimination of this disease. 
With poor rabies surveillance throughout Africa, there remains 
little political will and motivation to prioritize rabies among other 
notifiable diseases, resulting in its continued neglect. Improved 
surveillance is likely to lead to increased interest and more tar-
geted and sustainable control strategies.

Pan-African Rabies Control Network has committed to pro-
vide countries with an effective, simple, and free-to-use bulletin 
for rabies that aims to address the issues of poor reporting and 
data quality in Africa as a whole. With the successes of other 
regional rabies reporting bulletins, as well as the addition of 
the PARACON bulletin for Africa, the next step would be to 

extend these regional databases into a global collective. With the 
unification of national data reporting systems and the reduced 
need for redundant reporting and the use of streamlined 
and automated data management systems, the expansion of 
regional bulletins into a global rabies-specific disease database 
is practicable. As a result, reporting burdens will be relieved 
and with improved data, decision makers and stakeholders can 
be convinced that rabies elimination is feasible within their 
country. With these tools and the support from the international 
community, the recent global declaration for the elimination of 
canine-mediated human rabies by 2030 (30) seems a realistic 
target for countries to aspire toward.
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The role of stray dogs in the persistence of domestic dog rabies, and whether removal 
of such dogs is beneficial, remains contentious issues for control programs seeking to 
eliminate rabies. While a community might reach the WHO vaccination target of 70% for 
dogs that can be handled, the stray or neighborhood dogs that are too wary of humans 
to be held are a more problematic population to vaccinate. Here, we present a method 
to estimate vaccination targets for stray dogs when the dog population is made up of 
stray, free-roaming, and confined dogs, where the latter two types are considered to 
have an identifiable owner. The control effort required for stray dogs is determined by 
the type-reproduction number, T1, the number of stray dogs infected by one rabid stray 
dog either directly or via any chain of infection involving owned dogs. Like the basic 
reproduction number R0 for single host populations, T1 determines the vaccination effort 
required to control the spread of disease when control is targeted at one host type, and 
there is a mix of host types. The application of T1 to rabies in mixed populations of stray 
and owned dogs is novel. We show that the outcome is sensitive to the vaccination cov-
erage in the owned dog population, such that if vaccination rates of owned dogs were 
too low then no control effort targeting stray dogs is able to control or eliminate rabies. 
The required vaccination level also depends on the composition of the dog population, 
where a high proportion of either stray or free-roaming dogs implies unrealistically high 
vaccination levels are required to prevent rabies. We find that the required control effort 
is less sensitive to continuous culling that increases the death rate of stray dogs than to 
changes in the carrying capacity of the stray dog population.

Keywords: dog rabies, canine rabies, mathematical model, infectious disease modeling, zoonosis

1. inTrODUcTiOn

Rabies is a preventable infectious disease in warm-blooded animals that causes acute encephalitis 
and death. The etiological agent is a virus belonging to the genus Lyssavirus. Canine rabies is the form 
carried by domestic dogs that is overwhelmingly responsible for approximately 59,000 human deaths 
per year (1) where transmission of the virus occurs via a dog bite.

Despite the presence of rabies control programs, rabies remains endemic in over 80 countries (2).  
The main component of these programs is vaccination, where the long-held World Health 
Organization (WHO) recommendation of a dog vaccination target of 70% (2, 3) is most often the 
aim. What we now increasingly appreciate is that differences in the local ecology of the dog popula-
tion (4), and the dogs’ relationships with the humans they live with (5), can determine the outcome 
of a control program (6, 7).
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The efficacy of a vaccination program is expected to depend 
on vaccinated dogs living long enough for herd immunity to 
build up. A relatively rapid turnover in a dog population (where 
a population is largely made up of stray dogs, for example) ought 
to decrease the efficacy of a vaccination program (8, 9). Field 
studies that have measured turnover rates found they are higher 
in regions with higher dog density, and they are especially high in 
areas where the stray dog population is high (10). Such thinking 
and observations have led to the Animal Birth Control program 
implemented in India, for example, to sterilize the female dogs 
that were captured and vaccinated, conscious that this would 
improve the survival of these dogs (no costs of reproduction), 
reduce population turnover, and increase the impact of the vac-
cination effort (11, 12).

The proportion of the dog population that is stray (ownerless) 
varies considerably from one country to another, ranging from 
5% in Tanzania (13), 19% in Sri Lanka (6), to as high as 60% 
in India (12). Stray dogs are typically wary of humans such that 
they cannot be held, and so vaccination of these dogs needs to be 
achieved either by physically capturing the dogs or by distributing 
oral baits (2, 14). In either case, reaching a sufficiently high vac-
cination coverage of the whole dog population becomes a more 
difficult and costly endeavor.

Another contributing factor to the success of vaccination 
programs is the relationships that dogs share with the humans 
they live with. Some owned dogs are fully confined, and others 
partially free-roaming (6). The degree of care humans provide 
for dogs ranges from none at all, to supplying food and/or shelter 
only (but not claiming ownership), to full adoption of the dog as 
a pet where the dog would be provided food, shelter, and health 
care (5). By contrast, some claim ownership but provide no care 
at all (15). These differences can have a considerable effect on the 
dog’s health and exposure to diseases.

A widely used epidemiological measurement of infectious dis-
ease transmission is the basic reproduction number, or R0, which 
describes the average number of secondary cases produced by a 
typical infectious individual in a completely susceptible population 
(16). It can be interpreted as the initial growth rate of the spread of 
an infectious disease. It follows that when R0 > 1, the disease will 
cause an epidemic in the population, and when R0 < 1, the disease 
will die out. Theoretical literature shows how R0 is calculated and 
then applied to public health, such that a vaccination coverage 
of 1  −  1/R0 is expected to lead to the elimination of a disease  
(16, 17). However, this assumes that coverage occurs homogene-
ously across the population. In the context of dog rabies, this may 
not be the case since dog rabies vaccination campaigns    typically 
target specific types of dogs, such as strays (11, 18). When control 
targets a single type of host then the required effort can be meas-
ured by the type-reproduction number (19).

The type-reproduction number, T1, is an epidemiological 
quantity introduced by Roberts and Heesterbeek (19) that meas-
ures the effort required to prevent outbreaks when control targets 
a single type of host. For homogeneous populations, its threshold 
coincides with R0. In a heterogeneous population, say, with three 
host types, the concept of T1 supposes there is a single infectious 
type 1 host in an otherwise fully susceptible population; T1 is the 
average number of type 1 infections caused by the primary case, 

either directly or via any chain of infection involving host types 
2 and 3 (each chain starts with the initial infected type 1 host 
and ends in a second type 1 infection). Similar to R0, the critical 
fraction of host type 1 vaccination coverage required to prevent 
outbreaks in the entire population is 1 − 1/T1. We use this rela-
tionship to present results on vaccination targets for stray dogs.

The key to interpreting T1 and how it relates to vaccination 
coverage targets is that there are three cases to consider. The 
first is that T1 > 1. This implies that R0 > 1 (19) and that control 
efforts that target type 1 have the potential to bring an outbreak 
under control, or prevent outbreaks from occurring, provided a 
vaccination coverage of 1 − 1/T1 can be achieved. The second is 
where T1 < 1 which implies that R0 < 1 (20) so no control efforts 
need be applied to type 1 (or indeed to any type). The third and 
final case is where transmission between the other host types 
(types 2 and 3, for example) occurs enough such that even if every 
type 1 host were vaccinated or removed, outbreaks would still 
occur among the other types. Mathematically, this coincides with 
a single infected stray dog causing an infinite number of stray dog 
infections because the chains of infection in the owned dog host 
types never stop.

In this paper, we consider the control of canine rabies in a 
mixed dog population consisting of strays, owned free-roaming 
dogs, and owned confined dogs. In particular, we show how T1 
can be calculated from a differential equation model for rabies 
transmission, and how it is related to R0. Our goal is to understand 
how vaccination targets for strays, determined by the quantity T1, 
are affected by the composition of the dog population, the num-
bers of dogs (dog density), the vaccination coverage of the owned 
dog population, and the mortality rates of the stray population.

The mathematics we use is presented in discrete boxes and 
contained as figures. The reader will be able to “skip” the math-
ematics if they wish to do so and still follow the methods, results, 
and conclusions of the paper, provided they understand the 
epidemiological quantities, T1 and R0.

2. MaTerials anD MeThODs

Motivated by the studies of dog populations by Matter et al. (6) 
and Massei et al. (5), who both observed differences in dog own-
ership styles, our modeling approach divides the dog population 
into three ownership types: stray (type 1), owned free-roaming 
(type 2), and owned confined (type 3). In our mathematical 
model of dog rabies transmission, we define stray dogs to be 
ownerless, hence have no health care, and must forage for their 
own food. Owned free-roaming dogs are defined to be regularly 
fed by the community but are provided little to no health care. 
Owned confined dogs are regularly fed and have access to health 
care through their owners. Under these differences, stray, owned 
free-roaming, and owned confined dogs have short, medium, and 
long life spans, respectively.

A difference in life span between groups of dogs creates a 
slight epidemiological difference (12, 21) because high natural 
mortality or additional density-dependent mortality implies that 
an exposed stray could die of natural means before becoming 
rabid, whereas this is much more unlikely for an owned dog. The 
stronger epidemiological differences between the host types are in 
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FigUre 1 | system of equations for the model of canine rabies with three dog ownership types.
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terms of exposure, and therefore biting rates and transmission to 
other dogs. Our premise is that an owned confined dog, unless it is 
momentarily free to roam during hunting or some other activity, 
will not normally be free to come across or attack other dogs, and 
hence, is assumed not to wander beyond their owner’s property.

2.1. sei canine rabies Model with  
Three Dog Ownership Types
We extend the susceptible-exposed-infectious (SEI) compart-
ment model typically adopted for rabies (22–24) by sub-dividing 
the dog population into the three types and hence having nine 
equations (see Figure 1). Birth and death rates of type i are ai and 
bi, respectively (for type i = 1, 2, 3). Stray dogs face an additional 
per capita density-dependent death rate γN1 (proportional to the 
stray dog population size). Susceptible (S) dogs become infected 
at a rate proportional to the number of infectious dogs of each 
type. Before becoming infectious (I), they enter the exposed (E) 
state, where they are infected but not yet infectious, for an average 
period of 1/σ. Disease always ends in death at disease mortality 
rate μ. The flow diagram of the model is presented in Figure 2.

The transmission rates within and between the three types of 
dogs are given by the transmission matrix β, where the element 
βij represents the transmission rate to type i from type j, for i, 
j = (1, 2, 3). Throughout the paper, we impose that owned free-
roaming dogs and stray dogs both roam freely all of the time, so 
that they are at the highest risk of infection in terms of exposure. 
Confined dogs are at the lowest risk of infection as they spend 
minimal time outside their owner’s property. Mathematically, 
the transmission rates between the three types of dogs (βij) are 
now determined by whether or not the dogs are confined. This 

simplifies the transmission matrix to contain three different rates: 
p, between two unconfined dogs; q, between one confined dog 
and one unconfined dog; and r, between two confined dogs.

Parameter values for the average life expectancy of a stray dog 
(1/b1 = 3 years), average exposed (1/σ = 25.5 days), and infec-
tious periods (1/μ = 5.7 days) were taken from Hampson et al. 
(23). The average life expectancy of the confined dog (1/b3) is 
set at 8  years, reasonably within the range Patronek et  al. (25) 
determined for owned pet dogs. Owned free-roaming dogs live 
for 5 years on average (1/b2), a value chosen to be between that 
of the average confined and stray dogs. Elements of the transmis-
sion matrix β remain fixed throughout the paper, at values chosen 
((p, q, r) = (0.4, 0.04, 0.004) × 10−3 per dog per day) so that for 
a population size of 1,000 composed of 50% stray, 25% owned 
free-roaming, and 25% owned confined (these proportions are 
arbitrary), the model has an R0 = 1.62, a value in line with other 
studies of dog rabies (8, 23, 26). We chose p > q > r to reflect that 
an infectious owned confined dog is more likely to be restrained 
should the owner observe their dog exhibit uncharacteristic 
aggression. See Table 1 for baseline values of the model.

Numerical integration of the system was performed using 
MATLAB (27) with an integration time of 125 years to allow the 
system to settle to its endemic equilibrium, which is the solu-
tion to the differential equations (where the numbers of dogs no 
longer change over time) in the presence of disease.

2.2. calculation of R0 and T1 of the Model
To estimate R0 for the model, and hence the control effort required 
to eliminate the virus, we define a next-generation matrix, K 
(28). This methodology has been used for numerous human and 
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TaBle 1 | Parameter meanings and baseline values of the sei canine rabies model with three dog ownership types.

Parameter Biological meaning Baseline value reference

a1 Per capita birth rate of stray dogs 0.0027/day Assumption
a2 Birth rate of owned free-roaming dogs (variable) dogs/day Assumption
a3 Birth rate of owned confined dogs (variable) dogs/day Assumption
1/b1 Average natural life span of stray dogs 3 years (23)
1/b2 Average natural life span of owned free-roaming dogs 5 years Assumption
1/b3 Average natural life span of owned confined dogs 8 years (25)
1/σ Average incubation period 25.5 days (23)
1/μ Average infectious period 5.7 days (23)
γ Strength of density-dependent mortality (variable)/(dogs × day)

β βij: transmission term that a dog of type j infects a dog of type i (i, j = 1, 2, 3)
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Parameters with values that vary throughout the paper are marked as (variable). See Figure 5 for details on the form of the transmission matrix.

FigUre 2 | Diagram of the canine rabies model with three dog 
ownership types. Type i = (1, 2, 3) represent stray dogs; owned free-
roaming dogs; and owned confined dogs, respectively. The bullets represent 
the natural death rates bi. Infection of susceptible dogs occurs at a rate 
λi = βi1I1 + βi2I2 + βi3I3, also known as the force of infection. Stray dogs 
(type 1) face an additional density-dependent mortality at rate γN1. 
See Table 1 for parameter meanings.
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wildlife disease systems such as Lyme disease (29). The matrix 
can be found via a system of differential equations (i.e., those in 
Figure  1) or by direct epidemiological reasoning (28). Such a 
matrix consists of elements kij, that enumerate, on average, how 
many infected of one type (type i) a single infected of another type 
(type j) would produce over its entire infectious lifetime (28). For 
example, the average number of confined dogs (type 3) infected 
by a single rabid stray dog (type 1) is given by k31.

In creating a next-generation matrix, it is critical that type is 
not an attribute that a host can change over time. This means we 
must make the simplifying assumption that dogs do not change 
from one type to another over their lifetime, acknowledging 
this surely does occur to some degree. The simplification makes 
possible the explicit calculation of R0 (see Figure 3) and, more 
importantly, the calculation of vaccination targets for the stray 
dog population (see Figure 4) without resorting to numerically 
solving large systems of differential equations.

Values of R0 and T1 were calculated for different composi-
tions of dog types and different population sizes. The sizes were 

chosen to indicate the effects of higher density and therefore 
higher transmission (because the model assumes that contacts are 
density-dependent). Initial type population sizes (N1, N2, and N3) 
were systematically assigned values from 0 to N by steps of 25, 
for N = 1,000, 2,000, and 5,000 dogs, where N = N1 + N2 + N3. 
This allows the composition of each dog type to range from 
0 to 100%, and all combinations of dog type composition are 
obtained. Birth rates of owned dogs (a2 and a3) and the strength of 
density-dependent mortality (γ) for stray dogs were determined 
by the assigned initial population size of each type and analytically 
derived by the expressions: N1 = S1 = (a1 − b1)/γ, N2 = S2 = a2/b2, 
N3 = S3 = a3/b3. Indeed, this is the disease-free equilibrium, which 
is the solution to the differential equations (where the numbers 
of dogs no longer change over time) in the absence of disease. 
For example, for initial population size N = 1,000 and N3 = 250, 
we can use the relationship N3 = a3/b3 (as the natural death rate 
bi is fixed) to solve for the birth rate of owned confined dogs 
(a3 = N3 × b3 ≈ 0.0856).

3. resUlTs

We first visualize the results of solving the differential equation 
model given in Figure  1 while varying the initial composition 
of the dog population and the initial size of the dog population. 
The initial proportions of dogs that are stray, free-roaming, and 
confined are varied but always sum to 1. This means that the 
effects of the composition of the dog population on R0; the number 
of infected dogs at equilibrium; and rabies prevalence can all be 
visualized as ternary plots (see Figure 5). The corners of each of 
the pictured triangles represent dog populations at the extremes 
where there are only strays, or only owned free-roaming dogs, or 
only owned confined dogs. The sides of the triangle represent when 
the dog population is a mix of two dog types, and the region inside 
the triangle represents populations that are a mix of all three.

3.1. R0 and rabies Prevalence
The first row of panels in Figures  5A–C is ternary plots of R0 
and shows that the highest values occur when the dog population 
consists entirely of owned free-roaming dogs (top corners of the 
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triangles). Slightly lower values of R0 occur when there is a mix of 
stray and owned free-roaming dogs, and R0 drops rapidly when 
an increasing part of the dog population is owned and confined. 
These patterns are unaffected by higher initial population sizes; 
higher dog densities uniformly increase R0. The peak R0 value 
occurs when the entire population is owned and free-roaming 
(rather than when all dogs are stray) because owned free-roaming 
dogs have higher survival and hence an exposed dog is less likely 
to die of natural causes before becoming rabid.

The second row of panels in Figures 5D–F is ternary plots of 
the total number of infected dogs when the differential equation 
model settles to an equilibrium. In this case, there are interesting 
differences between the plots for different initial dog populations. 
At low densities the worst case scenario (highest numbers of 
infected dogs) occurs when the dog population consists mostly of 
stray dogs, whereas at higher densities higher numbers of infected 
dogs arise when the population consists mostly of owned free-
roaming dogs. The contour line where there is one infected dog 
in the total population (Figures 5D–F) is roughly equivalent to 

when R0 = 1 (Figures 5A–C). Where there is an “empty” triangle, 
the total number of infected dogs (in the “exposed” and “infec-
tious” state) is less than one, which coincides with when R0 < 1. 
This “empty” triangle becomes smaller for higher initial dog 
densities. There is a highly non-linear contour line at 30 infected 
dogs in Figure 5F. The differences in birth rates and life spans 
between the host types cause both the non-linear contour line 
and the shift from maximum numbers of infected dogs occur-
ring when all dogs are stray (at N = 1,000) to all dogs are owned 
free-roaming (at N = 2,000 and N = 5,000). For the stray dogs, 
the lower population sizes are associated with higher density-
dependent mortality and hence greater population turnover, 
while for the owned dogs their life spans are fixed, and only the 
birth rate varies when population sizes are lower or higher.

The final row of panels in Figures  5G–I is ternary plots of 
the proportion of the total number of dogs that are infected at 
equilibrium (prevalence). Again there is a shift from low density 
to high density with peak prevalence first corresponding to a 
large proportion of stray dogs, and then corresponding to a large 
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FigUre 4 | analytic expression for the type-reproduction number in terms of the elements (the kij) of the next-generation matrix K.
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proportion of owned free-roaming dogs. For all model outcomes, 
the general pattern is that if the proportion of confined dogs is 
fixed, then model outcomes are largely insensitive to whether 
the remaining dogs in the population are strays or owned free-
roaming dogs.

3.2. impact of stray Dogs in the Presence 
of Vaccination of Owned Dogs
We now suppose that a proportion of owned dogs (both free-
roaming and confined) is vaccinated and ask what vaccination 
rate for strays is required to eliminate rabies. This vaccination 
target for strays, calculated as 1 − 1/T1, is shown in Figure 6 where 
we again show results for three scenarios: when the initial size of 
the dog population is 1,000, 2,000, and 5,000. For the two higher 
dog densities, the vaccination targets for the stray dogs are always 
greater than 50%, compared to much more manageable targets 
for the low density scenario. Figure 6 is a sharp reminder of the 
sensitivity of vaccination targets to dog density typically predicted 
when density-dependent transmission rates are assumed. The 
areas to the left of the lines indicate when rabies remains uncon-
trolled. For example, for N = 5,000 when 60% of owned dogs are 
vaccinated, rabies remains endemic even if all stray dogs were 
vaccinated. The points labeled A, B, and C in Figure 6 indicate 
where the critical vaccination effort for stray dogs is equal to the 
vaccination effort for owned dogs. The region to the left of these 
points represent when the critical vaccination effort required 
for stray dogs is higher than the level of vaccination achieved in 
the owned dogs and hence further increasing the effort directed 

toward stray dogs would be inefficient, misguided, and unrealistic 
(because vaccinating stray dogs is far more costly and difficult 
than vaccinating owned dogs).

In Figure  7, we again use ternary plots to show how stray  
vaccination targets depend on the composition of the dog popula-
tion when 70% of the owned dog population is vaccinated. As was 
the case for Figures 5D–I, there is a shift between the low density 
case (N =  1,000) and the higher density cases (N =  2,000 and 
N = 5,000) where higher vaccination targets change from being 
associated with a high proportion of strays to a high proportion 
of owned free-roaming dogs. The light blue areas on these plots 
represent where vaccination of the stray dog population is not 
required as vaccinating 70% of the owned population is enough to 
eliminate rabies. The region where the stray vaccination target is 
larger than 1 (labeled danger zone) indicates when R0 > 1 despite a 
70% owned dog vaccination rate (independent of the vaccination 
level of stray dogs). In this danger zone region, higher vaccination 
levels in the owned dog population are required before any effort 
directed toward the stray dogs could possibly be effective.

3.3. effectiveness of reducing the stray 
Dog Population
We now consider the effects of varying the stray dog demographic 
parameters on the critical stray dog vaccination coverage;  
b1 represents the background mortality rate and γ determines the 
strength of density-dependence which sets the carrying capacity 
of the stray dog population. The three panels of Figures 8A–C 
correspond to having an owned dog population of 500, 1,000, and 
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FigUre 5 | R0 (first row: (a–c)), number of infected dogs at equilibrium (second row: (D–F)), and rabies prevalence (third row: (g–i)) calculated for 
three different initial total population size: 1,000 (first column: (a,D,g)); 2,000 (second column: (B,e,h)); and 5,000 (third column: (c,F,i)). The corners of 
each triangle represent when populations contain only dogs of one type (as labeled). The edges represent when populations contain two dog types. The center of 
the triangle represents when the three dog types each make up an equal percentage of the population (totaling 100%).
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2,500, respectively, and an owned dog vaccination rate of 70% is 
assumed.

The impact of a continuous stray dog culling program can, 
albeit simplistically, be modeled as an increase in b1 (death rate), 
and modifications to the environment that reduce the stray dog car-
rying capacity (such as improving disposal of food) as an increase 
in γ. The top left corners of the panels in Figure 8 correspond to 
N1 = 500 (Figure 8A), 1,000 (Figure 8B), and 2,500 (Figure 8C). 
The variation in the vertical axis (γ) spans a decreasing carrying 
capacity by 33% from top to bottom. Similarly, the variation from 
left to right in the horizontal axis (b1) is a 33% decrease in the 
average natural life span of a stray dog as representation of cull-
ing. For both parameters, increases result in reduced stray dog 
density but Figure 8 shows that shifts in γ are more effective at 
bringing down the required vaccination rates for stray dogs. Note 
that on the vertical axis, γ is plotted in descending values to reflect 
an increasing carrying capacity.

4. DiscUssiOn

We have used a differential equation model and the epidemiologi-
cal quantity, T1, introduced by Roberts and Heesterbeek (19), to 
explore how vaccination targets for stray dogs might be expected 

to depend on dog population size and composition, stray dog 
demography, and on the vaccination rate that is achieved in the 
owned dog population. Our study shows that an increase in pub-
lic knowledge around rabies (such as proper disposal of garbage) 
can be effective in reducing the required vaccination targets for 
stray dogs. We have found that the required stray dog vaccination 
rate is sensitive to the proportion of the total dog population that 
is owned and free-roaming. Indeed, a dog population consist-
ing wholly of free-roaming owned dogs is predicted to require a 
higher vaccination coverage to ensure it is rabies-free, compared 
to any other mix of types, and even compared to a population 
consisting entirely of stray dogs.

This is not to say that populations of owned free-roaming 
dogs are more challenging for rabies control because owned 
dogs can be handled and are therefore easier to vaccinate. With 
this consideration, populations of stray dogs are clearly the most 
problematic. However, for example, our findings do underline 
concerns about rabies entering Australia’s northern communities 
where dog populations consist entirely of free-roaming dogs (30). 
There are typically no stray dogs in this population, but there 
are contacts with wild dogs (4). The insights we have presented 
here would predict that this mix of wild dogs and free-roaming 
domestic dogs could be highly vulnerable to a rabies incursion.
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In general, the three types would likely exist to some degree in 
all populations of dogs, though for specific regions and countries 
one or two of the types might be in negligible numbers. Defining 
these three types of dogs is a simplification of the varied and 
complex relationships between dogs and humans. Whether an 
owned dog is confined or allowed to roam, and even whether a 
dog has an owner or not, will have answers that vary from yes 
to no to everything in between. We therefore acknowledge that 
in reality the composition of a dog population and the validity 
of allocating every member to one of three types will vary from 
one region to another. Similarly, it is clear that dog densities vary 
from location to location, and contact rates too, so while we can 
endeavor to be in the right “ball park” it is not easy to be more 
precise than we have been unless we parameterize the model for 
a particular region where dog density, dog composition, and R0 
are all known. Despite these caveats it is insightful to explore 
the consequences for rabies vaccination programs if there were 
groups of dogs that vary in their exposure (to bites from rabid 
dogs) as well as their freedom to infect other dogs should they 
become rabid.

The critical assumptions of this study are that dogs mix ran-
domly at the population level, do not change from one type to 
another over their lifetime, and that every dog clearly belongs 
to one and only one type. The degree to which this is a simpli-
fication of reality, and what effect introducing further, more 
realistic, heterogeneity in the dog population would have on the 
epidemiological quantities that determine vaccination targets 
is unknown. Another core assumption is that the transmission 
rate between dogs has a linear relationship with density. This is 
a common feature of many rabies modeling studies (3, 23, 31); 
replacing the density-dependence with frequency-dependent 
contact in a standard SEIR compartmental model gives behavior 
that is discordant with observed dynamics (the dog population 
becomes extinct) (32), but there is conflicting evidence for 
density-dependent transmission and hence for the population 
thresholds one would expect to see as a result.

Our study highlights the importance of developing a better 
understanding of the dog ecology, such as dog population densi-
ties and degree of contact between the dogs, to guide future 

FigUre 6 | The critical proportion of stray dog vaccination coverage 
required to prevent outbreaks as a function of the proportion of 
vaccinated owned dogs for three total population sizes comprising 
50% stray, 25% owned free-roaming, and 25% owned confined. Filled 
black circles denote when the vaccination efforts are equal for owned and 
stray dogs. For N = 1,000, (a2, a3, γ) = (0.1370, 0.0856, 3.6530 × 10−6). For 
N = 2,000, (a2, a3, γ) = (0.2740, 0.1712, 1.8265 × 10−6). For N = 5,000,  
(a2, a3, γ) = (0.6849, 0.4281, 7.3059 × 10−7). Other parameters are specified 
in Table 1.

A B C

FigUre 7 | The critical stray dog vaccination targets for different total dog population sizes: (a) 1,000, (B) 2,000, and (c) 5,000, when 70% of owned 
dogs are vaccinated. Corners of the triangle represent when the dog populations contain only dogs of one type (as labeled); the edges when populations contain 
two dog types only, and the center represents when the population is made up equally of all three types. The blue area shows when a 70% vaccination rate of 
owned dogs alone is sufficient to bring R0 < 1. The region marked as “Danger zone” shows when vaccinating the entire stray dog population remains ineffective to 
control rabies despite a 70% owned dog vaccination rate.

We emphasize that our modeling assumes that stray and 
owned free-roaming dogs have similar roaming behavior  
and hence similar exposure to infected dogs. The bottom right-
hand corners of the ternary plots represent populations where 
a high proportion of the dog population is confined and these 
always correspond to the “safest” situations because the transmis-
sion rates of confined dogs are assumed to be much lower. The 
effect of higher proportions of stray dogs, which can be observed 
by traveling along the border of the ternary plot, is to subtly 
reduce R0 (Figures 5A–C). This is because higher demographic 
turnover means that an exposed stray dog is slightly less likely to 
survive long enough to become rabid.
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Rabies can be eliminated by achieving comprehensive coverage of 70% of domestic 
dogs during annual mass vaccination campaigns. Estimates of vaccination coverage 
are, therefore, required to evaluate and manage mass dog vaccination programs; 
however, there is no specific guidance for the most accurate and efficient methods for 
estimating coverage in different settings. Here, we compare post-vaccination transects, 
school-based surveys, and household surveys across 28 districts in southeast Tanzania 
and Pemba island covering rural, urban, coastal and inland settings, and a range of 
different livelihoods and religious backgrounds. These approaches were explored in 
detail in a single district in northwest Tanzania (Serengeti), where their performance 
was compared with a complete dog population census that also recorded dog vac-
cination status. Post-vaccination transects involved counting marked (vaccinated) 
and unmarked (unvaccinated) dogs immediately after campaigns in 2,155 villages 
(24,721 dogs counted). School-based surveys were administered to 8,587 primary 
school pupils each representing a unique household, in 119 randomly selected schools 
approximately 2 months after campaigns. Household surveys were conducted in 160 
randomly selected villages (4,488 households) in July/August 2011. Costs to implement 
these coverage assessments were $12.01, $66.12, and $155.70 per village for post- 
vaccination transects, school-based, and household surveys, respectively. Simulations 
were performed to assess the effect of sampling on the precision of coverage estimation. 
The sampling effort required to obtain reasonably precise estimates of coverage from 
household surveys is generally very high and probably prohibitively expensive for routine 
monitoring across large areas, particularly in communities with high human to dog ratios. 
School-based surveys partially overcame sampling constraints, however, were also 
costly to obtain reasonably precise estimates of coverage. Post-vaccination transects 
provided precise and timely estimates of community-level coverage that could be used 
to troubleshoot the performance of campaigns across large areas. However, transects 
typically overestimated coverage by around 10%, which therefore needs consideration 
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inTrODUcTiOn

Rabies is a fatal viral disease transmitted to humans by animal 
bites, usually from domestic dogs. Although under control 
in most industrialized countries, rabies continues to kill an 
estimated 59,000 people each year in low- and middle-income 
countries (LMICs) (1). Reliable estimates of the proportion of 
dogs vaccinated against rabies are crucial to determine the per-
formance of vaccination programs and their impact on disease 
transmission. Empirical and theoretical evidence shows that mass 
dog vaccination campaigns that reach at least 70% of the dog 
population can control rabies (2, 3). While achieving this cover-
age in all communities can lead to elimination, even small gaps 
in coverage can delay the time to elimination (4). As progress is 
made toward reaching global targets of zero human rabies deaths 
from dog-mediated rabies through the implementation of mass 
dog vaccinations (5), there is a clear need to identify reliable, 
cost-effective, and feasible approaches that can be used, at scale, 
to assess community-level vaccination coverage.

Limited population data on owned and free-roaming dogs in 
most LMICs make estimation of vaccination coverage challeng-
ing. Several methods have been used to estimate coverage includ-
ing (i) the use of pre-campaign estimates of dog population size 
through human to dog ratios (HDRs) as the denominator, and the 
number of dogs vaccinated during the campaign as the numera-
tor (6); (ii) post-vaccination household surveys to estimate the 
proportion of vaccinated dogs (7–11); and (iii) post-vaccination 
transects to estimate the proportion of marked (vaccinated) dogs 
(4, 12–14). However, these methods all have limitations.

If dog populations are estimated from data on HDRs, inac-
curacies in estimates of the human population will invariably 
affect the accuracy of dog population estimates. This may occur, 
for example, through errors in extrapolating current human 
population sizes from census data (for example, using average 
population growth rates) or from administrative/boundary 
changes that affect village demarcations across different time 
periods. Furthermore, published data on HDRs usually reflect a 
sample from surveys across several communities (15), and even a 
small degree of variation in HDRs can have a major effect on dog 
population estimates at the community level.

Household surveys are restricted to capturing estimates of 
vaccination coverage in owned dog populations and are rela-
tively intensive to complete. Moreover, there is known to be wide 
variability in patterns of dog ownership within communities—for 
example, in Tanzania, a much smaller proportion of Muslim and 
urban households own dogs in comparison with rural, livestock-
keeping communities (15). This variability and the highly 
skewed pattern of dog ownership in some communities make 

household surveys prone to selection and measurement biases 
(16). Additional uncertainty from household surveys arises in 
relation to validation of dog vaccination status. In Tunisia, for 
example, about 14% of dog owners who claimed their dogs were 
vaccinated were unable to provide certificates (17).

Post-vaccination transects are limited to observations of free-
roaming dogs and will, therefore, be biased toward dogs that are 
more likely to be observed from transects. For example, young 
puppies are likely to be less visible and are known to represent 
an age group that typically has a low vaccination coverage (9, 18, 
19), thus resulting in the potential for overestimating coverage. 
In a recent study from Tanzania, post-vaccination transects were 
shown to overestimate coverage by approximately 7% in compari-
son with household surveys, although it was unclear in this study 
which of the approaches was most accurate (19).

Here, we present a detailed assessment of three methods to 
estimate dog vaccination coverage across settings in Tanzania. 
We use a complete household census as reference data for a 
simulation experiment to determine the impacts of sampling on 
the precision of coverage estimates. Specifically, we aim to answer 
the following questions: (i) What are the resources (personnel, 
time, and money) required to implement these methods? (ii) 
Which methods provide the most precise estimates of coverage? 
and finally (iii) Which approaches, therefore, generate acceptable 
coverage estimates to provide operational guidance to improve 
the performance of current or future campaigns?

MaTerials anD MeThODs

study sites
The study was conducted in 29 districts across Tanzania: 24 
districts from southeast Tanzania, 4 districts from Pemba island, 
and 1 district (Serengeti district) from northwest Tanzania 
(Figure 1). These areas are inhabited by an estimated 9.1 million 
people (20% of the Tanzanian population) according to the 2012 
national census (20) and represent districts that span a wide range 
of settings, comprising rural, urban, coastal and inland areas, 
and a range of livelihoods and religious backgrounds. Mass dog 
vaccination campaigns were conducted in all these districts by 
local government teams, with support of WHO and collaborating 
institutions. Various methods of estimating vaccination coverages 
achieved during campaigns were compared. Table 1 summarizes 
the methods used in different locations and the rationale for data 
collection.

Post-Vaccination Transects
To generate rapid estimates of village-level vaccination coverage, 
post-vaccination transects were conducted on the same day as 

when evaluating the impacts of campaigns. We discuss the advantages and disad-
vantages of these different methods and make recommendations for how vaccination 
campaigns can be better monitored and managed at different stages of rabies control 
and elimination programs.

Keywords: rabies, rabies control, accuracy, dog vaccination, rabies elimination, dog rabies
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FigUre 1 | study sites in Tanzania. Post-vaccination transects (2 sub-villages/village in 2,070 villages), school-based surveys (6 schools/district), and household 
surveys (30 households/village in 6 villages/district) were conducted in southeast Tanzania and Pemba. In Serengeti district, transects were conducted in all 
sub-villages in almost all villages (85/88), and four school-based surveys and a complete census of dogs (surveys of 35,867 households) were undertaken. Km sq, 
Square Kilometres.
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vaccination campaigns in each village from 4 p.m. to 6 p.m. 
when dogs were active and visible. Transects involved recording 
all dogs observed while walking (or occasionally cycling) a route 
through villages counting marked (vaccinated) and unmarked 
(unvaccinated) dogs. In rural communities, transects were con-
ducted in two randomly selected sub-villages from each village 
(villages ranged in size from 2 to 10 sub-villages, with a median 
of 4 sub-villages/village), aiming to representatively sample 
coverage within each village. In the first sub-village, enumerators 
were instructed to start transects at the center of the sub-village 
heading to the outskirts, while in the other sub-village, transects 
started from the edge of the sub-village and headed toward the 
center. Each transect was conducted by one enumerator for 1 h, 
therefore, taking a total of 2 h to complete each village. In urban 
areas, enumerators were required to cover the jurisdiction of a 
street (a geographical area defined from the National Census, 
which covers a neighborhood with several roads). One day of 
training was held for enumerators prior to data collection and 
printed protocols, and data collection.

Printed protocols and data collection forms were provided 
to enumerators during this training. Enumerators selected the 
direction at the start of transects, at the border of sub-villages/

streets and at road junctions by spinning a pen. In Serengeti dis-
trict, transects were conducted in every sub-village of vaccinated 
villages.

school-Based surveys
School-based surveys were conducted within 2 months of vac-
cination campaigns in southeast Tanzania, Pemba, and Serengeti 
district (Table  1). In each district in southeast Tanzania and 
Pemba, six primary schools (one school per village, as most 
villages in Tanzania have a primary school) were randomly 
selected, and in Serengeti district, four primary schools were 
selected. Logistic and financial limitations meant that school 
surveys were not conducted in some districts or were conducted 
in less than six schools per district as initially planned. Between 
50 and 100 pupils (one per household) from Standard IV–VII 
(aged 11–15  years) were asked to complete a questionnaire to 
collect data from their household. We used total population 
purposive sampling with a target to interview 100 pupils per 
school. This resulted in all Standard VII pupils being selected 
to fill the questionnaire. If there was more than one pupil from 
one household recruited, the oldest was selected. If the school 
had fewer than 100 standard VII pupils, pupils were recruited 
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TaBle 1 | study design and data collection including purpose of each dataset.

Method areas 
(number of 
villages)

sampling design Data collection 
period

interval 
between 
village-level 
campaign 
and coverage 
survey

Purpose

Post-vaccination 
transects

Serengeti (85) 1 transect in every sub-
village (357 total) in all 
villages

May–October 
2015

2–3 h Coverage estimates at village and district level. Data used for 
simulations to explore how the number of transects/village 
affect precision of district-level estimates

Southeast 
Tanzania and 
Pemba (2,070)

1 transect in 2 sub-villages 
(4,140 total) in every village/
district

November 
2014–January 
2015

2–3 h Setup and implementation costs

School-based 
surveys

Serengeti (4) 100 pupils/school in 4 
schools/district (333 pupils)

July 2015 1 month Coverage estimates at district level. Precision of estimates 
compared with census data and simulation experiments.

Southeast 
Tanzania and 
Pemba (115)

100 pupils/school in 6 
schools/district (8,254 
pupils)

November 2014 
and February 
2015

1–2 months Setup and implementation costs

Household 
survey

Southeast 
Tanzania and 
Pemba (160)

30 households/village in 
6 villages/district (4,488 
households)

July–August 
2011

2–6 months Setup and implementation costs. Data used to parameterize 
simulations for settings with high: human dog ratios to explore 
precision of household surveys

Complete human 
and dog census

Serengeti (88) All households in district 
(35,867)

From 2008 to 
2015

Vaccination 
campaigns 
~May–July each 
year. Census at 
different times 
of year for each 
village

Census does not provide a point estimate of coverage relative 
to a specific campaign. Data used for simulation experiment to 
determine how sampling (e.g., household and school-based 
surveys) affects precision of coverage estimates
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from lower classes (Standard IV–VI). Written consent from 
the district executive officer and verbal consent of teachers and 
pupils were obtained at each primary school prior to the study. 
To introduce the project to schools, researchers were accompa-
nied by the district veterinary officer, district health officer, and 
district education officer. Questionnaires were administered to 
pupils by the lead author and his research team. The question-
naire included questions on the number of adults and children 
(<18 years of age) living in the household, the number of dogs 
and puppies (<3 months of age) kept at the household, and the 
age of dogs and their vaccination status.

household surveys
Household surveys were conducted in all districts in southeast 
Tanzania and Pemba with the aim of obtaining an initial assess-
ment of coverage from the first phase of vaccination campaigns. 
Six villages were randomly selected from all villages in each dis-
trict, and the survey was conducted by surveying 30 households in 
each of the selected villages. In every randomly selected village, a 
landmark was identified (preferably a school, otherwise a dispen-
sary, church, or mosque). From this starting point, interviewers 
randomly chose a direction for selecting households for interview 
by spinning a pen. Every third household was sampled, and inter-
views conducted until 30 households were completed in each 
village. Surveys were conducted in July and August 2011, around 
4 months after dog vaccination campaigns conducted in March 
and April 2011. Interviewers were accompanied by local village 
officers to identify household heads and provide introductions. 

Prior to the administration of the questionnaire, permission was 
sought from the household head or other household members 
of at least 18 years of age in the absence of the household head. 
Interviewers explained the study background to each respondent 
and obtained verbal consent to carry out the questionnaire. For 
households that owned dogs, the questionnaire captured details 
of dogs owned (adults and puppies <3 months) and their vaccina-
tion status on the basis of owner recall.

serengeti District Dog Population census
In Serengeti district, a complete census was conducted to collect 
the same household questionnaire data as described above, for 
every household in the district. The census began in 2008 and 
was completed in 2015 (Table 1), as enumerators were only able 
to conduct the census in between other activities. Because the 
census was conducted over an extended period, it was not used 
to generate point estimates of vaccination coverage in relation 
to specific vaccination campaigns, which in Serengeti have been 
conducted annually over the last decade. Instead these data were 
used for a simulation experiment, whereby the data were sampled 
to simulate a household survey, thereby enabling a comparison of 
methods and how they affect the precision of coverage estimates 
(see Data Analysis).

resources for estimating Vaccination 
coverage
The number of people involved in each survey method, the time 
required to complete data collection and associated costs to set 
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up and implement each assessment across southeast Tanzania 
were recorded. Costs per surveyed village were calculated as total 
costs incurred in all districts divided by the number of villages 
surveyed. Costs per district were calculated as the overall costs 
for conducting the surveys across surveyed districts, divided by 
the number of surveyed districts. The costs incurred included 
per diems to government officials such as District Veterinary 
Officers, District Health Officers, District Education Officers, 
and researchers and allowances to enumerators who conducted 
transects. Communication costs covered phone calls to coordi-
nate with enumerators and data collectors. Fares covered travel to 
districts to facilitate training, supervision, and to collect records. 
For school-based and household surveys, travel covered fuel for 
vehicle use. All costs were calculated for evaluation of a single 
mass dog vaccination campaign in Tanzanian shillings (TZS) and 
converted to US dollars (US$) using the average exchange rate in 
2011 [1 TZS to US$ 0.000632 (21)].

Data analysis
The census data from Serengeti district together with the tran-
sects and school-based surveys conducted in Serengeti in 2015 
were used to determine the impacts of sampling on the precision 
of vaccination coverage estimation. We define accuracy as lack of 
bias. Repeated estimates using an accurate method will converge 
on the true coverage value as sample size increases. Precision is 
the absence of random sampling error from the measured value. 
Repeated estimates using a precise method will be close to their 
mean, although not necessarily close to the true coverage. Clearly, 
for an estimation method to be informative about the true cover-
age, it must be both accurate and precise. Across Tanzania there 
is considerable variation in dog ownership, from largely Muslim 
communities with very few dogs per household to pastoralists 
with many dogs in most households. This variation in dog owner-
ship patterns among communities means that sampling designs 
should aim to deal with these variations and give accurate and 
precise estimates.

To examine the precision of different methods in estimating 
vaccination coverage, we estimated the district-wide mean cover-
age and 95% confidence intervals in Serengeti from the complete 
census (all households in all 88 villages) and from subsamples 
of households and villages from the census equivalent to a 
household survey. We also compared these to the precision of 
district-wide coverage estimates from the school-based surveys 
(in 4 villages) and post-vaccination transects (in 85 villages) 
in Serengeti district. To facilitate comparison, the four villages 
selected for the household survey during the simulation in 
Figure 2 were the same ones sampled by the school-based survey. 
We fitted binomial generalized linear mixed models (GLMMs), 
with a random intercept to account for variation in mean cover-
age between villages.

To assess the impact of sampling on district-wide coverage 
estimates, we conducted simulations where we subsampled from 
the complete census (88 villages) different numbers of households 
per village (10, 20, 30, 40, and 50) and villages (5, 10, 20, 30, 40, 
50, 60, 70, 80, and 88). Each of the 50 combinations of these two 
sampling choices was simulated 500 times, and mean coverage 
for the district was estimated from each simulated data set as the 

total number of vaccinated dogs divided by the total number of 
dogs. Although generally this simple method is inferior to fitting 
a GLMM as above (22), this was not feasible for sampling designs 
with low total dog numbers. The precision achieved using each 
sampling design was assessed by plotting coverage estimates 
against the numbers of villages and households sampled.

To assess the impact of variability in dog ownership or HDR 
on the precision of coverage estimates, we repeated the simula-
tion described above. However, instead of subsampling from the 
Serengeti census dataset, we used a simulated dataset with the 
same structure but with fewer dogs per household. The number 
of dogs in each household was simulated from a negative bino-
mial distribution with mean μ = 0.2 and dispersion parameter 
k = 0.06 [calculated from the mean and variance of the household 
survey data in southeast Tanzania using the parameterization of 
the negative binomial with variance μ + (μ2/k)]. The number of 
vaccinated dogs was simulated with mean coverage and random 
effect variances between villages, sub-villages, and households 
estimated from a binomial GLMM fitted to the Serengeti census 
dataset. As a result, the “low dog ownership” dataset was as similar 
as possible to (and therefore comparable to) the Serengeti dataset, 
but with dog numbers similar to the mean dogs/household in 
southeast Tanzania (Table 1). As the results presented here come 
from a single simulated “low dog ownership” dataset, we checked 
for sensitivity to random variation by comparing across several 
(>5) simulated data sets. We also assessed the impact of sampling 
using transect surveys. We examined the scenario of sampling 1, 
2, 4 and 8 (or all if <8) sub-villages in a village and determined 
which sampling effort (sampling design) provided reasonable 
estimates of village-level coverage.

All statistical analyses were conducted using R version 3.3.1 
(23). GLMMs were fitted using the lme4 package (24), and the 
“low dog ownership” data set was simulated using the sim.glmm 
function (25).

ethical considerations
We obtained ethics approval from the Medical Research 
Coordinating Committee of the National Institute for Medical 
Research of Tanzania (NIMR/HQ/R.8a/Vol.IX/2109) and 
Tanzania Commission for Science and Technology (COSTECH). 
Before administering any questionnaires, participants were 
informed about the background and purpose of the study, 
highlighting that their participation was voluntary, and that 
their answers would be kept confidential. Only participants who 
verbally agreed were interviewed.

resUlTs

Across southeast Tanzania, Pemba Island and Serengeti district, 
we conducted (i) post-vaccination transects following vaccina-
tion campaigns in 2,155 villages and counted 24,721 dogs, (ii) 
questionnaires with 8,587 primary school pupil respondents, 
each representing a unique household, in 119 randomly selected 
schools (3,090 dogs recorded), and (iii) 4,488 household surveys 
in 160 randomly selected villages (731 dogs recorded—excluding 
Serengeti district). In addition, a complete census was con-
ducted in Serengeti district covering 35,867 households, which 
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FigUre 2 | District and village-level vaccination coverage estimates and precision in serengeti District. Coverage estimates are shown for all dogs 
(including puppies, top) and adult dogs only (bottom) in surveyed villages (dots); the dots also represent the village-level coverage. Red squares and error bars show 
mean district-level coverage ±95% CI, estimated using generalized linear mixed models (see main text for details). The coverage distribution is plotted for individual 
villages (shaded circles) and summarized by box-and-whisker plots, where the thick line shows the median, the box covers the interquartile range and the whiskers 
extend to the range. Blue diamonds represent villages with no vaccination campaign where vaccination coverage was assumed to be zero (not included in 
calculation of mean ± 95% CI or boxplots). PVT, post-vaccination transects; SBS, school-based surveys; HHS, household surveys.
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collectively owned 62,771 dogs (Table  1). Table  2 summarizes 
the attributes of each study district and dogs recorded by each 
method. Many more dogs were observed on transects than were 
recorded in either household or school-based surveys, even in 
districts with low dog ownership i.e., high HDR (Table 2).

logistics and costs for coverage 
assessments
Post-vaccination transects usually took around 2 h to complete. 
Collars were fitted to dogs during vaccination campaigns with 
very few cases where this was not possible. As transects were con-
ducted the same day as campaigns, collar loss was assumed to be 
negligible. School-based surveys involved two research scientists 
with the help of teachers. The questionnaire was administered 
in one classroom, and all pupils normally took approximately 
40 min to complete questionnaires. Household surveys involved 

a research team comprised of two drivers, eight interviewers, and 
one supervisor split between two vehicles. Each vehicle covered 
four villages per day (an average of one village per interviewer/
day), and the village leader accompanied each interviewer in 
every village. The census in Serengeti district was the most time-
consuming method, with locally trained interviewers spending 
an average of 14 (8 h/day) days to complete a census of one village.

Costs of estimating coverage varied depending upon the 
method. The costs per village were $12.01, $66.12, and $155.70 
for transects, school-based, and household surveys, respectively, 
and these costs scaled up with the sampling for each method 
(Table 3). Specifically, the average cost for assessing district-level 
coverage was around $1,300 with transects completed in every 
village, approximately $300 based on 6 school-based surveys per 
district and $900 based on sampling 30 households per village in 
six villages per district.
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TaBle 3 | cost comparison between methods of evaluating dog vaccination campaigns in southeast Tanzania and Pemba island.

cost item Transects (n = 2,070) school-based surveys 
(n = 115)

household surveys 
(n = 160)

setup Total cost 
($)

cost/village 
($)

Total cost 
($) 

cost/village 
($)

Total cost 
($)

cost/village 
($)

Communication costs 606.08 0.29 20.01 0.17
Fare 613.02 0.3
Training/supervision 2,256.28 1.09 4,203.06 36.55

subtotal (setup costs) $1.68 $36.72 
Implementation Per diems/allowances 6,541.2 3.16 624.45 5.43 21,345.30 133.41

Data collection 176.80 0.09 659.5 4.12
Collars 13,858.09 6.69
Questionnaire 806.16 0.39 1,200.88 10.44
Fuel 1,555.64 13.53 2,992.92 18.17

subtotal (implementation costs) $10.33 $29.40 $155.70
cost per village $12.01 $66.12 $155.70
cost per district $1,307.37 $310.60 $889.05

The numbers of villages and districts which these calculations were based on are shown in Table 1. All costs are in USD. Per diems for household surveys covered supervisors, 
drivers, village leaders, and researchers. Allowances for enumerators conducting transects were $3.16/village. Household survey costs were based on interviewing 30 households 
per village. Data collection for household surveys also included the cost of mobile phones used by researchers for submitting data (six phones at $94.8/phone).
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comparison of coverage estimates and 
Their Precision between Methods
Vaccination coverage in Serengeti district was estimated using 
each method and from the complete census to assess precision 
in coverage estimates. Figure 2 illustrates village-level coverage 
estimates and the district-wide mean estimates. Transects in 
Serengeti were conducted in 85 out of 88 villages, with 6,285 
dogs counted and school-based surveys were conducted in four 
schools, with interviewed pupils representing 333 households 
and collective ownership of 892 dogs. We observed that excluding 
puppies resulted in higher estimates of coverage (from 37.5% as 
estimated from the census including puppies and adults to 49.7% 
including only dogs >3 months of age), with similar increases for 
both the household and school-based surveys. However, we were 
unable to analyse the post-vaccination transect data according to 
age class of observed dogs as this information was not recorded 
during transects.

Our GLMM estimate of district-level coverage of all dogs 
(puppies and adults) from the census was 37.5% with relatively 
narrow 95% confidence intervals (32.8–42.3%). The coverage esti-
mate from the census data subsampled to represent a household 
survey fell outside of these confidence intervals at 44.5% and had 
wider 95% CI (37.1–52.0%). Although the district-wide coverage 
for the school-based survey (51.2%) was not directly comparable 
to the census data, the span of the 95%CI can be compared and 
was found to be much wider (38.7–63.4%). The transect coverage 
estimate (61.7%) was higher than the school-based survey but 
had narrow 95% CI (58.2–65.2%) similar in span to the census.

In comparison to the census, only the post-vaccination tran-
sects method provided similar precision in coverage estimates 
(Figure  2) but these appeared to overestimate district-level 
vaccination coverage in comparison to the school-based survey. 
This is likely due to few puppies being observed during the 
transects. Transects generated coverage estimates for every vil-
lage in a district, although village-level estimates were not very 
precise. Nonetheless, these village-level estimates were sufficient 

for identifying villages with low coverage, for example, less than 
70% coverage.

impact of sampling on District-level 
coverage estimates
Estimates of coverage from the school-based and household 
surveys were sensitive to the sampling design (Figure 3). As the 
sample size increases, in terms of the numbers of households 
sampled per village, coverage estimates became increasingly 
precise (Figure  3A). In Serengeti district, where there is high 
dog ownership, once at least 30 households within each of 20 vil-
lages were sampled, estimates were very close (±10% with high 
probability) to the true mean from the census data. In scenarios 
with low dog ownership (i.e., higher HDR), approximately three 
times the sampling effort (30 households × 60 villages) is required 
to achieve an equivalent degree of precision (Figure 3B). It was 
possible to sample more households more rapidly through 
school-based surveys than household surveys because it is easier 
to recruit pupils at school than visiting individual households.

For the transects, sampling two or more sub-villages per village 
gave coverage estimates that were within 10% of the true village-
level coverage, although coverage estimates were more precise if 
transects were completed in all villages in all wards rather than 
just a sample of villages per ward (Figure 3C).

DiscUssiOn

The feasibility of global canine rabies elimination has been 
recognized by major international health agencies, including the 
WHO, the World Animal Health Organization (OIE), and the 
Food and Agriculture Organization of the United Nations (FAO) 
(5). Implementation of mass dog vaccination programs to meet 
the 2030 target of zero human deaths are now underway in sev-
eral countries in Asia and Africa. To guide the progress of these 
programs, it is important to evaluate the performance of mass 
dog vaccination campaigns. Specifically, monitoring is useful to 
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FigUre 3 | The impact of sampling on precision of coverage estimates derived from household surveys in communities with (a) low human:dog 
ratios and, (B) high human:dog ratios, and from (c) post-vaccination transects. Estimated mean district-level vaccination coverage (red line) for different 
numbers of villages and households sampled from (a) actual Serengeti district dataset and (B) a dataset from Serengeti District but simulated with lower dog 
ownership (0.2 dogs per household). For each sampling design [i.e., the number of villages and households sampled in panels (a,B)], coverage estimates from 500 
subsampled data sets are plotted (blue dots), with shading indicating the number of sampled households, and the mean of these estimates is shown by red line. 
Similar to panels (a,B), each column of points shows sampling variation among 500 subsampled data sets for each sampling design using transects (c). Coloured 
dots represent the number of subvillages sampled per village for estimating coverage from transects.
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determine whether campaigns have reached the required vacci-
nation coverage, to identify problematic areas with low coverage, 
and target communities that have been missed with intensified 
vaccination effort. Dog rabies control programs typically oper-
ate under financial constraints that affect both implementation 
and evaluation. While several studies have evaluated vaccination 
coverage as part of small-scale research/pilot vaccination cam-
paigns (26), here we evaluate different approaches in the context 
of comparison of setup and implementation costs for generating 
precise and accurate coverage estimates at scale.

In this study, we demonstrated that transects were the simplest 
method that generated precise estimates of vaccination coverage 
and were also not cost prohibitive. A limitation of transects 
is that they tend to overestimate coverage. It was previously 
reported that post-vaccination coverage estimates in Tanzania 
from transects overestimate coverage by 10–15% (19). We saw 
a similar difference in our coverage estimates from the complete 

census when puppies were excluded. This suggests that puppies 
are rarely observed on transects and that puppies are less likely 
to be vaccinated, which could explain why coverage is overes-
timated from transects (19). Estimates of vaccination coverage 
from transects should therefore be reduced by around 10% when 
assessing whether coverage is sufficient or if remedial vaccina-
tion is required, and for determining the impacts of vaccination 
programs.

Household surveys generate useful data on vaccination cover-
age of owned dogs and provide opportunities for collection of 
additional demographic data (15, 18, 19). However, we found 
that household surveys were time consuming and costly at ~$150 
per village. Because of these costs, we restricted out household 
(and school-based) surveys to a set number (6) per district, 
which meant that larger districts were sampled less. However, we 
found that approximately 30 villages would need to be surveyed 
to generate district-level estimates of coverage precise to within 
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FigUre 4 | Vaccination performance in villages in serengeti District. 
Villages where surveys were conducted are colored based on whether 
village-level coverage exceeded 60% (green) or were less than 60% (blue) 
based on (a) post-vaccination transects and (B) school-based surveys 
versus whether coverage exceeded 70% (green) or were less than 70% (blue) 
based on (c) post-vaccination transects and (D) school-based surveys.

98

Sambo et al. Assessing Dog Rabies Vaccination Coverage

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 33

10% of the true coverage. We conclude from our simulations that 
the sampling required to reach an adequate level of precision 
(say within 5%) would likely be cost prohibitive in most settings, 
particularly where HDRs are high and even larger sample sizes 
would be needed. The effort required to conduct these surveys 
would be difficult to justify, given the more urgent priority of 
vaccinating dogs.

School-based surveys can generate data from more house-
holds at lower cost, as pupils are easily recruited. Moreover, 
school pupils typically take their dogs to vaccination stations 
and, therefore, know the vaccination status of their dogs (18). The 
main costs of school-based surveys are at the setup stage, which 
requires considerable government support, although this cost 
is not incurred on successive campaigns. School-based surveys 
are, therefore, simple to implement and can capture a range of 
socioeconomic and religious backgrounds. However, estimates 
may be less accurate because of a biased subsample of children 
attend school and less precise in areas with low numbers of pupils 
attending schools, such as pastoralist communities. Critically, 
this method may, therefore, fail to capture coverage in the most 
vulnerable populations with the highest dog ownership (lowest 
HDR) but lowest school attendance (27). In communities with 
few dogs, school-based surveys are also sensitive to sampling, 
as very few pupils (<10 pupils per 100 households) reported to 
own dogs at their households (see also simulation experiments in 
Figure 3B). In these areas, large numbers of schools would need 
to be surveyed to obtain sufficient sample sizes for adequately 
precise coverage estimates.

Among the limitations of our household and school-based 
surveys was their timeliness; we also used the vaccination status 
of dogs reported by owners, which could be biased. More logistic 
effort was involved in setting up these surveys than for transects, 
therefore rapid assessments of vaccination performance (and 
remedial action if required) are more difficult with these methods, 
which also do not provide estimates of coverage for every village 
unless completed in every village which would be very costly. By 
contrast, transects were very efficient and generated immediate 
operational guidance at the village-level (Figure 4).

On the whole, many more dogs were recorded by transects 
than other methods. For example, fewer than 10 dogs were 
counted during household surveys in Chake Chake district on 
Pemba, while 182 dogs were counted during transects. Transects 
surveys are therefore more likely to generate more precise 
estimates of coverage than the other methods even in areas 
with fewer dogs. However, at the village-level dog counts even 
from transects were often very low and therefore village-level 
coverage estimates would be expected to be imprecise. Although 
transects could be carried out for longer periods of time, this 
might also result in recounting of dogs, and would make them 
more expensive to conduct. Overall, transects were affordable 
and generated more precise estimates of district-level coverage 
than questionnaire-based surveys that were affected by sampling. 
But costs of transects accrue as more villages are surveyed, so in 
very large populations (with lots of villages) the costs of transects 
increase.

Priorities in terms of vaccination campaign evaluation 
typically change over time (28). During initial stages of national 

control programs, the priority, for example, is likely to be plan-
ning for dog vaccine procurement, with estimates needed of the 
dog population size. Human census data are almost universally 
available and can be used with HDRs to provide a baseline 
for vaccine procurement (29). HDRs for a range of settings in 
Africa and Asia are a useful starting point (7, 15, 26). However, 
these data should not be considered sufficiently reliable to 
provide a denominator for generating vaccination coverage 
estimates. Indeed, our experience in southeast Tanzania was 
that dog population estimates derived from HDRs substantially 
overestimated dog populations and reassessment of vaccine 
procurement was required in subsequent years. But, in general, 
it was better to overestimate the dog population at this stage than 
underestimate it.

Consecutive vaccination campaigns should generate data on 
vaccine doses delivered at the village level. We therefore recom-
mend post-vaccination transects be used in conjunction with 
monitoring vaccine doses delivered during campaigns to guide 
vaccine procurement for future campaigns. This approach may 
mean that once baseline levels of coverage have been established 
through accurate records of dogs vaccinated in each village/vac-
cination station, post-vaccination transects may not be required 
every year, but could be completed less frequently. In our expe-
rience, local government authorities in Tanzania do not have 
resources or incentives to invest in monitoring and evaluation, 
and their priority, understandably, is on vaccinating dogs. A fur-
ther advantage of post-vaccination transects is that local paravets, 
community-based health officers, local community members, 
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and volunteers can be rapidly trained to conduct transects and 
therefore provide relatively independent coverage data.

A major obstacle when approaching elimination is the need 
to address difficulties in program implementation in hard-to-
reach populations (30). Post-vaccination transects could be 
used to troubleshoot the performance of vaccination coverage in 
stubborn foci. For example, vaccination programs across Latin 
America have achieved tremendous success in controlling dog 
rabies with average levels of coverage estimated to exceed 70% 
based on HDRs (31). However, in localized areas canine rabies 
persists, likely due to gaps in coverage or overestimation of rou-
tine coverage achieved (32). Transects could be used to identify 
areas in need of improved vaccination, where delivery was poor 
(for example in Figure 4). More generally, transects have proven 
to be effective in measuring the immediate success of vaccination 
campaigns in settings in both Asia and Africa (12–14, 29, 33). One 
concern is that transect routes are not pre-defined, which could 
result in recounting of dogs. But efforts can be taken to avoid 
recounting dogs, as we did by aiming to go from the outskirts 
to the center of sub-villages and vice versa. In our study, some 
enumerators cycled rather than walked transects, but enumera-
tors were trained to cover routes slowly for 1 h, so we expect that 
any differences due to this would have been negligible. Simple 
tools are available to evaluate the performance of vaccination 
programs, capturing the spatial variation that transects provide, 
which could also address these concerns (29).

Patterns of dog ownership in Tanzania are very heterogene-
ous. As such, district-level coverage estimates from household or 
school-based surveys tend to be more imprecise than estimates 
from transects. To obtain estimates with comparable precision 
would require considerable increased sampling and costs. 
Moreover, from transects we were able to estimate village-level 
coverages. This can be useful when aiming to eliminate rabies as 
gaps in coverage can be detected, and therefore campaigns can be 
strengthened to effectively interrupt transmission. With the wide 
availability of mobile phones, real-time data on vaccinated dogs 
and coverage estimates from transects can easily be submitted 
by enumerators (29, 34). We therefore recommend transects as 

a relatively cheap method to estimate village-level coverage that 
can be conducted at scale, in comparison to other methods where 
high levels of sampling are required that are cost prohibitive.

aUThOr cOnTriBUTiOns

Conceived and designed experiments: MS, JC, SC, TL, KL, ZM, 
MM, LS, and KH; performed experiments: MS, JC, AL, KL, MM, 
EM, ZM, LS, and KH; developed analytical tools: MS, PJ, and KH; 
and wrote the paper: MS, PJ, KHo, JC, TL, AL, KL, MM, EM, ZM, 
LS, and KH.

acKnOWleDgMenTs

We are grateful to the Ministry of Health, Community 
Development, Gender, Eldery and Children, the Ministry of 
Agriculture, Livestock and Fisheries Development, Ifakara 
Health Institute, the National Institute for Medical Research, and 
the Tanzanian Commission for Science and Technology for per-
mission to undertake this research. We thank District Veterinary 
Officers and Livestock Field Officers who provided invaluable 
assistance with data collection, and Rebecca Bodenham, Zilpah 
Kaare, Kristyna Rysava, Emmanuel Mpolya, Rebecca Mancy, and 
Malavika Rajeev. We would like to acknowledge our colleague 
EM who sadly passed away before the publication of this work.

FUnDing

This study was funded by the UBS Optimus Foundation (http://
www.ubs.com/optimusfoundation) and the Wellcome Trust 
(095787/Z/11/Z to KH); Mass dog vaccinations were funded 
through the Bill and Melinda Gates foundation. Dog vaccina-
tions in Serengeti were funded through the Serengeti Health 
Initiative (Lincoln Park Zoo and Paul G. Allen School of Global 
Animal Health) and MSD Animal Health donated vaccines for 
these campaigns. The funders had no role in study design, data 
collection and analysis, decision to publish, or preparation of the 
manuscript.

reFerences

1. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, et  al. 
Estimating the global burden of endemic canine rabies. PLoS Negl Trop Dis 
(2015) 9:e0003709. doi:10.1371/journal.pntd.0003709 

2. Coleman PG, Dye C. Immunization coverage required to prevent outbreaks 
of dog rabies. Vaccine (1996) 14:185–6. doi:10.1016/0264-410X(95)00197-9 

3. Hampson K, Dushoff J, Cleaveland S, Haydon DT, Kaare M, Packer C, et al. 
Transmission dynamics and prospects for the elimination of canine Rabies. 
PLoS Biol (2009) 7:e53. doi:10.1371/journal.pbio.1000053 

4. Townsend SE, Sumantra IP, Pudjiatmoko, Bagus GN, Brum E, Cleaveland S, 
et  al. Designing programs for eliminating canine rabies from islands: Bali, 
Indonesia as a case study. PLoS Negl Trop Dis (2013) 7(8):e2372. doi:10.1371/
journal.pntd.0002372 

5. World Health Organisation. Global Elimination of Dog-Mediated Human 
Rabies. The Time Is Now. Report of the Rabies Global Conference. Geneva 
(2015). Available from: http://www.oie.int/for-the-media/press-releases/
detail/article/global-strategic-framework-for-the-elimination-of-dog-medi-
ated-human-rabies/ 

6. Cleaveland S, Kaare M, Tiringa P, Mlengeya T, Barrat J. A dog rabies vac-
cination campaign in rural Africa: impact on the incidence of dog rabies 
and human dog-bite injuries. Vaccine (2003) 16(21):1965–73. doi:10.1016/
S0264-410X(02)00778-8 

7. Gsell AS, Knobel DL, Kazwala RR, Vounatsou P, Zinsstag J. Domestic dog 
demographic structure and dynamics relevant to rabies control planning in 
urban areas in Africa: the case of Iringa, Tanzania. BMC Vet Res (2012) 8:236. 
doi:10.1186/1746-6148-8-236 

8. Kayali U, Mindekem R, Yemadji N, Vounatsou P, Kaninga Y, Ndoutamia AG, 
et al. Coverage of pilot parenteral vaccination campaign against canine rabies 
in N’Djamena, Chad. Bull World Health Organ (2003) 81:739–44. 

9. Kongkaew W, Coleman P, Pfeiffer DU, Antarasena C, Thiptara A. Vaccination 
coverage and epidemiological parameters of the owned-dog population in 
Thungsong District, Thailand. Prev Vet Med (2004) 65:105–15. doi:10.1016/ 
j.prevetmed.2004.05.009 

10. Kayali U, Mindekem R, Hutton G, Ndoutamia AG, Zinsstag J. Cost-
description of a pilot parenteral vaccination campaign against rabies 
in dogs in N’Djaména, Chad. Trop Med Int Health (2006) 11:1058–65. 
doi:10.1111/j.1365-3156.2006.01663.x 

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
http://www.ubs.com/optimusfoundation
http://www.ubs.com/optimusfoundation
https://doi.org/10.1371/journal.pntd.0003709
https://doi.org/10.1016/0264-410X(95)00197-9
https://doi.org/10.1371/journal.pbio.1000053
https://doi.org/10.1371/journal.pntd.0002372
https://doi.org/10.1371/journal.pntd.0002372
http://www.oie.int/for-the-media/press-releases/detail/article/global-strategic-framework-for-the-elimination-of-dog-mediated-human-rabies/
http://www.oie.int/for-the-media/press-releases/detail/article/global-strategic-framework-for-the-elimination-of-dog-mediated-human-rabies/
http://www.oie.int/for-the-media/press-releases/detail/article/global-strategic-framework-for-the-elimination-of-dog-mediated-human-rabies/
https://doi.org/10.1016/S0264-410X(02)00778-8
https://doi.org/10.1016/S0264-410X(02)00778-8
https://doi.org/10.1186/1746-6148-8-236
https://doi.org/10.1016/
j.prevetmed.2004.05.009
https://doi.org/10.1016/
j.prevetmed.2004.05.009
https://doi.org/10.1111/j.1365-3156.2006.01663.x


100

Sambo et al. Assessing Dog Rabies Vaccination Coverage

Frontiers in Veterinary Science | www.frontiersin.org March 2017 | Volume 4 | Article 33

11. Suzuki K, Pereira JAC, López R, Morales G, Rojas L, Mutinelli LE, et  al. 
Descriptive spatial and spatio-temporal analysis of the 2000–2005 canine 
rabies endemic in Santa Cruz de la Sierra, Bolivia. Acta Trop (2007) 103:157–62. 
doi:10.1016/j.actatropica.2007.06.003 

12. Muthiani Y, Traoré A, Mauti S, Zinsstag J, Hattendorf J. Low coverage of 
central point vaccination against dog rabies in Bamako, Mali. Prev Vet Med 
(2015) 120:203–9. doi:10.1016/j.prevetmed.2015.04.007 

13. Tenzin T, McKenzie JS, Vanderstichel R, Rai BD, Rinzin K, Tshering Y, et al. 
Comparison of mark-resight methods to estimate abundance and rabies vacci-
nation coverage of free-roaming dogs in two urban areas of south Bhutan. Prev 
Vet Med (2015) 118:436–48. doi:10.1016/j.prevetmed.2015.01.008 

14. Léchenne M, Oussiguere A, Naissengar K, Mindekem R, Mosimann L, Rives 
G, et  al. Operational performance and analysis of two rabies vaccination 
campaigns in N’Djamena, Chad. Vaccine (2016) 34(4):571–7. doi:10.1016/ 
j.vaccine.2015.11.033 

15. Knobel DL, Laurenson MK, Kazwala RR, Boden LA, Cleaveland S.  
A cross-sectional study of factors associated with dog ownership in Tanzania. 
BMC Vet Res (2008) 4:5. doi:10.1186/1746-6148-4-5 

16. Jibat T, Hogeveen H, Mourits MCM. Review on dog rabies vaccination cover-
age in Africa: a question of dog accessibility or cost recovery? PLoS Negl Trop 
Dis (2015) 9:e0003447. doi:10.1371/journal.pntd.0003447 

17. Touihri L, Zaouia I, Elhili K, Dellagi K, Bahloul C. Evaluation of mass vacci-
nation campaign coverage against rabies in dogs in Tunisia. Zoonoses Public 
Health (2011) 2:110–8. doi:10.1111/j.1863-2378.2009.01306.x 

18. Kaare M, Lembo T, Hampson K, Ernest E, Estes A, Mentzel C, et al. Rabies 
control in rural Africa: evaluating strategies for effective domestic dog vacci-
nation. Vaccine (2009) 27:152–60. doi:10.1016/j.vaccine.2008.09.054 

19. Minyoo A, Steinmetz M, Czupryna A, Bigambo M, Mzimbiri I, Powell G, et al. 
Incentives increase participation in mass dog rabies vaccination clinics and 
methods of coverage estimation are assessed to be accurate. PLoS Negl Trop 
Dis (2015) 9(12):e0004221. doi:10.1371/journal.pntd.0004221 

20. National Bureau of Statistics. The 2012 Housing and Population Census. Dar 
Es Salaam; Tanzania (2015).

21. Bank of Tanzania. Annual Financial Review. Dar Es Salaam; Tanzania (2012).
22. Bolker BM, Brooks ME, Clark CJ, Geange SW, Poulsen JR, Stevens MH, et al. 

Generalized linear mixed models: a practical guide for ecology and evolution. 
Trends Ecol Evol (2009) 24(3):127–35. doi:10.1016/j.tree.2008.10.008 

23. R Development Core Team. A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing. Vienna, Austria (2009). 
Available from: http://www.R-project.org

24. Bates D, Maechler M, Bolker B, Walker S. lme4: linear mixed-effects models 
using Eigen and S4. R Package Version (2014) 1(7). 

25. Johnson PCD, Barry SJE, Ferguson HM, Müller P. Power analysis for general-
ized linear mixed models in ecology and evolution. Methods Ecol Evol (2015) 
6:133–42. doi:10.1111/2041-210X.12306 

26. Davlin SL, Vonville HM. Canine rabies vaccination and domestic dog pop-
ulation characteristics in the developing world: a systematic review. Vaccine 
(2012) 30:3492–502. doi:10.1016/j.vaccine.2012.03.069 

27. Bardosh K, Sambo M, Sikana L, Hampson K, Welburn SC. Eliminating rabies 
in Tanzania? Local understandings and responses to mass dog vaccination 
in Kilombero and Ulanga districts. PLoS Negl Trop Dis (2014) 8:e2935. 
doi:10.1371/journal.pntd.0002935 

28. Lembo T, Partners for Rabies Prevention. The blueprint for rabies prevention 
and control: a novel operational toolkit for rabies elimination. PLoS Negl Trop 
Dis (2012) 6(2):e1388. doi:10.1371/journal.pntd.0001388 

29. Gibson A, Handel I, Shervell K, Roux T, Mayer D, Muyila S, et al. The vaccina-
tion of 35,000 dogs in 20 working days using combined static point and door-
to-door methods in Blantyre, Malawi. PLoS Negl Trop (2016) 10(7):e0004824. 
doi:10.1371/journal.pntd.0004824 

30. Klepac P, Funk S, Hollingsworth T, Metcalf C, Hampson K. Six challenges 
in the eradication of infectious diseases. Epidemics (2014) 10:97–101. 
doi:10.1016/j.epidem.2014.12.001 

31. Schneider MC, Belotte A, Adé M, Hendrickx S, Leanes LF, Rodrigues MJDF, 
et al. Current status of human rabies transmitted by dogs in Latin America. 
Cad Saúde Pública (2007) 23(9):2049–63. doi:10.1590/S0102-311X2007000 
900013 

32. Ferguson EA, Hampson K, Cleaveland S, Consunji R, Deray R, Friar J, et al. 
Heterogeneity in the spread and control of infectious disease: consequences 
for the elimination of canine rabies. Sci Rep (2015) 5:18232. doi:10.1038/
srep18232 

33. Putra AAG, Hampson K, Girardi J, Hiby E, Knobel D, Mardiana IW, et  al. 
Response to a rabies epidemic, Bali, Indonesia, 2008-2011. Emerg Infect Dis 
(2013) 19:648–51. doi:10.3201/eid1904.120380 

34. Mtema Z, Changalucha J, Cleaveland S, Elias M, Ferguson HM, Halliday JE, 
et  al. Mobile phones as surveillance tools: implementing and evaluating a 
large-scale intersectoral surveillance system for rabies in Tanzania. PLoS Med 
(2016) 13:e1002002. doi:10.1371/journal.pmed.1002002 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Sambo, Johnson, Hotopp, Changalucha, Cleaveland, Kazwala, 
Lembo, Lugelo, Lushasi, Maziku, Mbunda, Mtema, Sikana, Townsend and Hampson. 
This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.1016/j.actatropica.2007.06.003
https://doi.org/10.1016/j.prevetmed.2015.04.007
https://doi.org/10.1016/j.prevetmed.2015.
01.008
https://doi.org/10.1016/
j.vaccine.2015.11.033
https://doi.org/10.1016/
j.vaccine.2015.11.033
https://doi.org/10.1186/1746-6148-4-5
https://doi.org/10.1371/journal.pntd.0003447
https://doi.org/10.1111/j.1863-2378.2009.
01306.x
https://doi.org/10.1016/j.vaccine.2008.
09.054
https://doi.org/10.1371/journal.pntd.0004221
https://doi.org/10.1016/j.tree.2008.
10.008
http://www.R-project.org
https://doi.org/10.1111/2041-210X.12306
https://doi.org/10.1016/j.vaccine.2012.03.069
https://doi.org/10.1371/journal.pntd.0002935
https://doi.org/10.1371/journal.pntd.0001388
https://doi.org/10.1371/journal.pntd.0004824
https://doi.org/10.1016/j.epidem.2014.12.001
https://doi.org/10.1590/S0102-311X2007000
900013
https://doi.org/10.1590/S0102-311X2007000
900013
https://doi.org/10.1038/srep18232
https://doi.org/10.1038/srep18232
https://doi.org/10.3201/eid1904.120380
https://doi.org/10.1371/journal.pmed.1002002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


July 2017 | Volume 4 | Article 109101

Review
published: 10 July 2017

doi: 10.3389/fvets.2017.00109

Frontiers in Veterinary Science | www.frontiersin.org

Edited by: 
Julio Alvarez,  

University of Minnesota,  
United States

Reviewed by: 
Sarah Cleaveland,  

University of Glasgow,  
United Kingdom  

Kati Loeffler,  
International Fund for  

Animal Welfare, United States

*Correspondence:
Louise H. Taylor  

louise.taylor@rabiesalliance.org

Specialty section: 
This article was submitted  
to Veterinary Epidemiology  

and Economics,  
a section of the journal  

Frontiers in Veterinary Science

Received: 21 October 2016
Accepted: 21 June 2017
Published: 10 July 2017

Citation: 
Taylor LH, Wallace RM, Balaram D, 

Lindenmayer JM, Eckery DC, 
Mutonono-Watkiss B, Parravani E 

and Nel LH (2017) The Role of Dog 
Population Management in Rabies 

Elimination—A Review of  
Current Approaches and  

Future Opportunities.  
Front. Vet. Sci. 4:109.  

doi: 10.3389/fvets.2017.00109

The Role of Dog Population 
Management in Rabies 
elimination—A Review of Current 
Approaches and Future 
Opportunities
Louise H. Taylor1*, Ryan M. Wallace2, Deepashree Balaram1, Joann M. Lindenmayer3, 
Douglas C. Eckery4, Beryl Mutonono-Watkiss5, Ellie Parravani5 and Louis H. Nel1,6

1 Global Alliance for Rabies Control, Manhattan, KS, United States, 2 Centers for Disease Control and Prevention, Atlanta, 
GA, United States, 3 Humane Society International, Washington, DC, United States, 4 National Wildlife Research Center, 
United States Department of Agriculture, Fort Collins, CO, United States, 5 World Animal Protection, London,  
United Kingdom, 6 Department of Microbiology and Plant Pathology, University of Pretoria, Pretoria, South Africa

Free-roaming dogs and rabies transmission are integrally linked across many low- 
income countries, and large unmanaged dog populations can be daunting to rabies 
control program planners. Dog population management (DPM) is a multifaceted concept 
that aims to improve the health and well-being of free-roaming dogs, reduce problems 
they may cause, and may also aim to reduce dog population size. In theory, DPM can 
facilitate more effective rabies control. Community engagement focused on promoting 
responsible dog ownership and better veterinary care could improve the health of 
individual animals and dog vaccination coverage, thus reducing rabies transmission. 
Humane DPM tools, such as sterilization, could theoretically reduce dog population 
turnover and size, allowing rabies vaccination coverage to be maintained more easily. 
However, it is important to understand local dog populations and community attitudes 
toward them in order to determine whether and how DPM might contribute to rabies 
control and which DPM tools would be most successful. In practice, there is very limited 
evidence of DPM tools achieving reductions in the size or turnover of dog populations 
in canine rabies-endemic areas. Different DPM tools are frequently used together and 
combined with rabies vaccinations, but full impact assessments of DPM programs are 
not usually available, and therefore, evaluation of tools is difficult. Surgical sterilization 
is the most frequently documented tool and has successfully reduced dog population 
size and turnover in a few low-income settings. However, DPM programs are mostly 
conducted in urban settings and are usually not government funded, raising concerns 
about their applicability in rural settings and sustainability over time. Technical demands, 
costs, and the time necessary to achieve population-level impacts are major barriers. 
Given their potential value, we urgently need more evidence of the effectiveness of 
DPM tools in the context of canine rabies control. Cheaper, less labor-intensive tools for 
dog sterilization will be extremely valuable in realizing the potential benefits of reduced 
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population turnover and size. No one DPM tool will fit all situations, but if DPM objectives 
are achieved dog populations may be stabilized or even reduced, facilitating higher dog 
vaccination coverages that will benefit rabies elimination efforts.

Keywords: canine rabies, dog population management, dog population control, free-roaming dogs, stray dogs, 
responsible dog ownership, sterilization

iNTRODUCTiON

Domestic dogs (Canis lupus familiaris) are responsible for over 
99% of human deaths due to rabies (1). The key objective of a 
successful canine rabies elimination program is to maintain a 
high enough level of rabies vaccination coverage to interrupt 
rabies transmission within a defined dog population. This in turn 
reduces the incidence of rabies among human populations (1).

Stable dog populations with relatively low turnover rates 
make continuous vaccination coverage highly feasible. However, 
in many countries in which canine rabies persists, economic 
barriers and cultural attitudes toward dogs enable the main-
tenance of large free-roaming dog populations (2). Where the 
size of the free-roaming dog population is large and turnover 
is high, regularly vaccinating a large enough proportion of the 
population to achieve rabies elimination is a huge challenge. The 
stabilization of dog populations, and, in some cases, the humane 
reduction of the population over time to a manageable size, 
would be valuable adjuncts to long-term canine rabies control 
strategies.

Dog population management (DPM) is a multifaceted concept 
which aims to improve the health and well-being of free-roaming 
dogs, reduce problems they may cause, and may also set goals to 
reduce the size or turnover of the population (3). DPM may be 
enacted for numerous animal welfare, public health and safety, 
and economic reasons. These reasons include reducing the inci-
dence of human bite injuries, secondary infections, and death; 
reducing or eliminating the transmission of rabies and other 
zoonotic diseases; reducing the level of noise and the amount of 
fecal contamination of the environment; reducing the incidence 
of traffic accidents; limiting the amount of negative publicity 
directed at governments; and minimizing the impact of reduc-
tions in tourism associated with free-roaming dog populations 
(2–5). Therefore, DPM programs can have one or more goals, 
depending upon specific situations, and these may or may not 
include permanently reducing the size of a dog population. Tools 
to achieve DPM objectives are humane and intended to produce 
a long-term positive impact on free-roaming dog populations, in 
contrast to dog culling (6).

Whether and how to manage dog populations effectively 
within rabies control programs has become the subject of debate 
(7, 8). However, because of the potential implications of DPM 
measures for the sustainability of rabies control programs, the 
World Organisation for Animal Health (OIE) recommends DPM 
as an integral part of such programs (9). Incorporating a DPM 
program with potential to improve animal, human, and environ-
mental health into a rabies control program may increase motiva-
tion to tackle the issues and bring on board more stakeholders to 
support efforts.

Assuming that a rabies vaccination program is in place or 
being planned, this review aims to assess how different DPM 
tools might benefit rabies control programs and how to choose 
the most appropriate tools. We also consider available evidence 
for the impact of DPM measures on the health, stability, and size 
of dog populations. Finally, we review the feasibility and costs of 
implementing these interventions. This review does not aim to 
give prescriptive advice, but presents the available evidence, and 
allows program designers to assess, for their particular situations, 
whether it may be beneficial to integrate DPM into their rabies 
control planning.

DOMeSTiC DOGS AND ReSPONSiBLe 
DOG OwNeRSHiP (RDO)

Domestic dog populations are dependent on people for food, 
either directly or indirectly (e.g., through open garbage dumps), 
and their presence and movements are linked tightly to human 
actions (10–12). Thus, dog population size is heavily dependent 
on human behavior, and dog-related problems are consequences 
of human behavior.

In most settings where this has been studied, the majority 
of dogs (even if free-roaming) have identifiable owners, which 
may be either individuals or community groups (12, 13 and 
see Section “Which DPM Approaches Might Be Suitable in a 
Particular Setting?”). RDO involves owners accepting their duties 
to provide the resources (e.g., food, water, shelter, health care, 
social interaction, exercise, and opportunity for natural behav-
iors) necessary for dogs to maintain an acceptable level of health 
and well-being in their environments; to act in accordance with 
the legislation in place (including vaccination); and to minimize 
any risks (aggression, disease transmission or injuries) that dogs 
may pose to communities, other animals, or the environment  
(3, 4). Dogs may have a single owner or be cared for collectively 
by a family or a group of individuals (3).

Widespread practice of RDO at a community level will be the 
most effective way to achieve DPM objectives, as long as veteri-
nary services (such as vaccination and sterilization) are accessible 
and affordable to owners. Empowerment of communities with 
the knowledge to actively participate in DPM programs that are 
suited to the setting will be critical to ensuring DPM programs’ 
success and sustainability. However, the intended impacts of RDO 
may be severely compromised where access to veterinary services 
is poor and in settings where a large proportion of dogs do not 
have responsible owners. For unowned dogs and those without 
responsible owners, the responsibility for providing veterinary 
care often falls upon government entities and non-govermental 
organizations (NGOs).
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wHAT ARe THe THeOReTiCAL BeNeFiTS 
OF DPM PROGRAMS FOR RABieS 
CONTROL?

The primary focus of a rabies control program in dogs is vac-
cination (1). Mass dog vaccination programs generally aim for 
a 70% vaccination coverage so that between campaigns, levels of 
protection stay above the threshold necessary to prevent ongoing 
transmission (14, 15). High enough levels of canine vaccination 
will break the enzootic cycle of transmission between dogs, 
protecting them and their communities from rabies and leading 
to elimination of the disease. There is now much evidence that 
achieving 70% vaccination coverage, even where dog population 
turnover is high, is feasible (16–18), but it can be challenging.

Rapid population turnover (due to high death rates) of both 
owned and unowned dogs can present a significant challenge for 
the maintenance of high vaccination coverage (6, 17). Puppies 
comprise large proportions of dog populations in many rabies-
endemic areas, even where almost all dogs are owned (12, 19, 20). 
A longitudinal study in West Bengal, India, found that 67% of 
new puppies died within 4 months and 82% within their first year 
(21). A survey in Nepal estimated 60% puppy mortality (13), and 
studies in Latin America and Africa have reported population-
wide death rates as high as 30% per year (17, 20, 22, 23). All dogs, 
including puppies, can transmit rabies and should be vaccinated 
during mass vaccination campaigns. High population turnover 
means that vaccinated dogs often die and annual campaigns are 
generally required to vaccinate their replacements (24, 25).

There are several ways in which effective DPM programs could 
theoretically benefit rabies control activities.

Maintaining vaccination Coverage
There is unlikely to be a clear impact of reduced dog population 
density on rabies transmission rates between dogs [measured as 
Ro (26)]. However, DPM programs that reduce the dog population 
size will make reaching 70% vaccination coverage of dogs much 
easier and less costly. This is particularly true of free-roaming 
dogs that are difficult to handle or unowned dogs which are often 
the most time consuming to vaccinate. DPM that improves the 
health and longevity of vaccinated dogs will, by reducing the 
population death rate, also reduce population turnover and allow 
vaccination coverage to be maintained more easily, even if the 
population size remains unchanged (17, 18).

Reducing Bite incidents
In practice, in rabies-endemic areas any dog bite should be con-
sidered a possible exposure to rabies, and demand for human post 
exposure prophylaxis (PEP) is one of the major costs associated 
with canine rabies (27). Until canine rabies can be eliminated, 
DPM that reduces the incidence of dog-bite injuries will reduce 
the demand for PEP and, therefore, increase cost effectiveness of 
control programs.

Canine aggression that results in dog bites can have many 
different causes, including fear, resource guarding, pain, ter-
ritorial behavior, maternal guarding of puppies, play aggression, 
and predatory behavior (28, 29), with fear the most common 

trigger of aggression (30). Some forms of aggression, such as 
inter-male aggression and female puppy-guarding aggression, are 
hormonally related and sterilization may reduce them (29, 31). 
However, the impact of different DPM methods on bite incidence 
may not be easily predicted. An analysis of free-roaming male 
dog behavior changes following castration in Chile showed no 
reduction in overall aggression as a result of surgical sterilization, 
and a significant increase in dog-to-dog aggression as a result of 
chemical castration (32).

Dog bites may be provoked by people, and high dog-bite inci-
dences can feed a cycle of intolerance toward free-roaming dogs 
that makes the dogs more aggressive in return (2). Temporary 
marking of recently vaccinated dogs and permanent marking 
of sterilized animals can play a role in improving community 
acceptance of dogs and reducing cruelty toward them. Education 
and RDO programs aimed at changing community attitudes and 
behaviors toward dogs as part of a DPM program may result in 
reduced dog-bite incidence.

increasing Support for interventions
A combined program of DPM and rabies control (for example, 
one that seeks to reduce nuisance dog behavior, dog-bite inci-
dence, and rabies transmission), may have much broader appeal 
to the public and health authorities or other stakeholders than 
a single program. For this reason, introducing DPM measures 
that improve animal welfare into rabies control programs may 
bring on board additional partners with expertise and funding. 
Evidence of this is provided by animal welfare NGOs which 
implement rabies control programs using DPM measures as their 
main strategy, where there might otherwise be no program at all 
(33–36).

increasing Program Sustainability
Appropriate, acceptable DPM programs can allow communities 
to live in better balance with the free-roaming dogs in their 
environments. It is easier to maintain high vaccination coverage 
in populations of dogs that are healthier, live longer, and are more 
familiar with their environments (17, 18). Healthier, better man-
aged dog populations may elicit more positive public attitudes 
toward those dogs (2), and increase the likelihood that communi-
ties seek rabies vaccinations for their dogs (17). Anecdotal reports 
from one community suggest that where DPM has achieved a 
reduction in dog population size, the remaining dogs are better 
cared for (37). Dogs that are well fed and cared for may in turn 
also mount a better immune response after vaccination (25).

MASS DOG CULLiNG iS NOT  
AN eFFeCTive DPM TOOL

Mass dog culling is still used as a misguided emergency response 
to rabies outbreaks, based on the mistaken belief that reducing 
the size of dog populations will reduce rabies transmission (38). 
In fact, mass dog culling has been shown to have no long-term 
impact on the control of rabies within cities (36, 39, 40) or across 
countries such as Ecuador, Indonesia and Bangladesh (19, 41–43). 
When modeled in realistic scenarios, culling is not as effective 
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as sterilization programs at reducing population size in the long 
term (44). This is because culling does not address the source of 
new or replacement animals, and has only a temporary effect on 
population size. Furthermore, rapid dog replacement rates have 
been documented in some areas following culling, leading to a 
younger population of generally rabies-susceptible dogs (45, 46).

Indiscriminate culling of dogs in communities where rabies 
vaccination programs are operating is likely to remove vac-
cinated dogs from communities, resulting in lower vaccination 
coverage and a counter-productive increase in rabies transmis-
sion as populations recover (7). Culling often meets with public 
resistance both within the local area and outside, especially as 
the methods employed are often inhumane (47). The result can 
be withholding of dogs from rabies vaccination efforts during 
current and future campaigns. People may even move dogs away 
from culling zones, a measure which has been documented to 
spread rabies (15). Some methods of culling, such as poisoning, 
may pose threats to public health. Culling operations can also 
be expensive (19, 42, 48) and harmful to tourism (49). For these 
reasons, the indiscriminate culling of dogs is now universally 
condemned as a means to control rabies (1).

wHAT ARe THe BeNeFiTS AND 
DRAwBACKS OF HUMANe DPM TOOLS?

The culling of dogs has now been replaced in some settings by 
a variety of humane DPM approaches that aim to exert sustain-
able, positive impacts on dog populations and the communities in 
which they live (6). DPM tools such as vaccination and other dis-
ease control methods, control of access to food (habitat control), 
the promotion of RDO, prevention and control of reproduction, 
identification and registration of individual dogs, the availability 
of shelters, rehoming centers and holding facilities, and the pas-
sage of legislation can interlink with each other to create effective 
DPM programs. Much of the motivation for DPM in rabies 
control efforts comes from the desire to reduce the size or the 
turnover of the free-roaming dog population to make effective 
vaccination more feasible. For this reason, reproductive control 
is usually a primary objective, but other efforts that increase 
longevity and reduce population turnover will also support rabies 
control efforts.

Tools for Reproductive Control
Both permanent and temporary methods of reproductive control 
are available (summarized in Table 1). Permanent sterilization is 
preferable in most settings where rabies control is the objective, 
but temporary contraceptive methods will be more appropriate 
where owners may wish to breed dogs in the future (50).

Surgical sterilization is currently the most widely used option. 
Surgical procedures to remove reproductive organs must be car-
ried out by qualified veterinarians using good aseptic techniques 
and pain management throughout and after the procedures (3). 
In settings where the majority of dogs are family-owned, fixed 
point sterilization campaigns may have great success. In settings 
where there are large numbers of community-owned or unowned 
dogs, programs that capture, sterilize, vaccinate and return 

free-roaming dogs to their communities may be more effective.  
As dogs are territorial animals, it is assumed that returning steri-
lized dogs to their original locations helps to prevent new, fertile, 
and unvaccinated dogs from occupying these areas. Standard 
operating procedures generally recommend this practice (59). In 
some instances programs are referred to as “dog managed zones,” 
where the aim is to establish stable populations of sterilized, 
vaccinated dogs within defined areas (35). Whether territories 
are effectively guarded or not, this process means that more of 
the ecological niches available to dogs in a particular area will 
be occupied by sterilized, vaccinated dogs, reducing the propor-
tion of niches available to young, unvaccinated dogs. Ecological 
models have demonstrated that this leads to a reduction in the 
number of young, unvaccinated dogs in those areas (44).

Surgical sterilization provides lifelong reproductive control 
and may also reduce problematic behaviors such as some forms 
of aggression or the propensity for specific dogs to roam (28, 31). 
It could improve animal welfare by reducing the dumping and 
killing of unwanted puppies and the stress experienced by female 
dogs that produce litters repeatedly. Surgical sterilization has 
been documented to reduce the lifelong probability of cancers 
and other diseases in both male and female dogs and can also 
increase life expectancy (6, 31). On the other hand, if there are not 
enough skilled veterinarians with access to recommended drugs 
and equipment, the procedures could fail to achieve sterilization 
and, combined with post-operative complications, could increase 
animal suffering.

Population simulation models predict that the effect of steri-
lizing females is far more significant than that of sterilizing males 
in terms of reducing population sizes (60, 61). Dog population 
sizes can be reduced where enough female dogs are sterilized, but 
this is a long-term goal for which very high throughput surgery 
is often required. It is important that if only females are targeted 
for sterilization, male dogs should still be vaccinated to prevent 
rabies.

A variety of non-surgical methods can be used to prevent 
reproduction. These include physical restraint of females and 
males, as well as injectable, implantable and oral contraceptives. 
The methods are summarized in Table  1 and their use for the 
management of free-roaming dogs is reviewed in more detail 
elsewhere (50, 62).

With the exception of physical restraint and dosing of oral 
contraceptives, all reproductive control methods should be 
implemented by trained individuals (e.g., veterinarians). Many of 
the newer tools are not widely licensed, experience and training 
in their use are limited and costs can be prohibitively high (50). 
Female dogs treated with hormone-based non-surgical methods 
must be monitored daily for evidence of pyometra (uterine 
infection) and other potentially life-threatening complications, 
and veterinary medical care must be accessible in the event that 
these occur (62). The administration of products with short-term 
contraceptive effects needs to be closely managed by responsible 
owners to be effective, and this method is not practical in most 
rabies-endemic countries. For unowned dogs, permanent sterili-
zation will usually be required, and the costs and the feasibility of 
reaching enough dogs to achieve population-level effects must be 
carefully considered.
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Surgical sterilization remains the most widely used technique 
as it produces a permanent solution and is available for both 
sexes. If population reduction or stabilization is the desired out-
come, then high throughput sterilization focused on female dogs 
is necessary, together with some method of clearly identifying 
dogs that have already been sterilized. Sterilization of at least 70% 
of females is often mentioned as a target to achieve for popula-
tion reduction, but this has no theoretical or practical basis. The 
coverage level necessary to achieve an impact on population 
size instead depends on the turnover characteristics of the local 
dog population. A study on the island of New Providence in the 
Bahamas estimated that for the population to reach equilibrium, 
83% of females would need to be prevented from breeding (63).

The length of time required to achieve a desired outcome 
will also vary according to population turnover and sterilization 
efforts. Studies of sterilization programs in different settings 
have suggested that their full impact on reducing population size 
would not be achieved for over 30 years [for a shelter based spay/
neuter campaign in the US (64)], up to 10 years [for sterilization 
of free-roaming dogs in Brazil (54)] and between 13 and 18 years 
[for sterilization of free-roaming dogs in India (34)]. Therefore, 
sterilization may be useful in reducing dog populations over a 
relatively long time period, but its impact will also need to be 
considered within the scope and timeframe of a rabies control 
program.

vaccination and Parasite Control
Reducing the incidence of canine diseases other than rabies such 
as canine distemper, and the prevalence of parasitic worms, may 
improve dog health and life expectancy and, therefore, reduce 
population turnover rates. Reducing the incidence of canine 
zoonoses also benefits public health. Many DPM programs rou-
tinely treat dogs with ivermectin to reduce parasitic infections 
and suffering due to itchy skin conditions (36, 51, 59, 65, 66). 
Anecdotal reports indicate that improving the body condition of 
dogs led to significant improvements in RDO and community 
acceptance of dogs in some settings (2).

Controlling Access to Food
Based on the availability of resources (food, water, shelter) and 
human acceptance, there is an upper limit on the dog popula-
tion size that can be supported by any environment (10). The 
dependence of the dog population on environmental resources 
such as waste food around markets and garbage dumps has 
been suggested to be high in some settings (19, 36, 67, 68) but 
very low in others (12, 69), depending on the quality of the 
waste food sources. There is some evidence that the percentage 
of ownerless dogs is higher around garbage dumps than else-
where (10, 67). Free-roaming dogs may be frequently observed 
scavenging in waste, leading to claims that waste removal will 
help reduce the population (70, 71). However, without stud-
ies of the nutritional quality of waste food sources needed to 
sustain a population, it is unclear if these interventions will 
help. In Cameroon, residents associated open garbage dumps 
with an increase in stray dogs and, therefore, an increased 
risk in rabies transmission, although this was not confirmed 
empirically (68).

In one general dog population dynamics model, changing the 
parameter value of the upper limit of dog population size was 
identified as the most effective way to modify dog population 
dynamics of both owned and unowned dogs (72). While the 
owned dog population is unlikely to be reduced easily, reducing 
environmental food sources and shelters was expected to have a 
strong influence on reducing population size among ownerless 
dogs. However, if abandonment rates or other factors are not 
simultaneously changed, population size reduction will only be 
achieved by high death rates due to starvation (72).

Reducing access to food waste such as garbage in the streets, 
waste around abattoirs, butcher shops, and market areas, and 
protecting garbage dumps from scavengers have been suggested 
as practical, cheap, and sustainable ways to reduce free-roaming 
dog population sizes (73). There is a need to determine first 
whether food waste does in fact limit the size of a population, 
and any reduction of this food source must be gradual to avoid 
increased aggression between dogs over fewer resources, and to 
prevent starvation of existing animals or their migration to neigh-
boring areas (3). This approach will also require public education  
(possibly supported by legislation) and may not work where dogs 
feed on other animals such as rats (74) or where dog populations 
are regularly fed by people. If free-roaming dogs are regularly fed 
by the community (75), changing attitudes and practices toward 
this activity may be extremely difficult, particularly in cultural 
settings such as Buddhist communities where feeding stray ani-
mals is perceived as a selfless act of kindness and generosity (76).

Community education, engagement, and 
empowerment
Dog ecology is integrally linked with human activities. The pro-
motion of RDO coupled with the availability of vaccination and 
sterilization services could significantly reduce abandonment, the 
numbers of free-roaming dogs and the incidence of dog bites and 
zoonotic diseases (3, 4, 77). In the long term, RDO is key to the 
changes in human behavior that will allow DPM achievements 
to be sustained.

Where problems related to the dog population have been 
identified in or by a community, its involvement in developing 
a program and increasing access to information can help the 
community to identify the best options to deal with those issues. 
Supplying information about the benefits and practicalities of 
sterilization and vaccination, and how it will affect their dogs’ 
behavior, can help to change community attitudes, dispel myths 
that may be circulating and encourage owners to have their dogs 
sterilized and vaccinated. Awareness of solutions to dog-related 
problems may in itself empower communities to demand better 
access to veterinary services.

Community engagement initiatives are long-term invest-
ments, as the benefits of healthier and possibly smaller dog 
populations may not be seen for several years. Nevertheless, they 
still require resources. Educational materials need to be tailored 
to the community, taking into account cultural differences and 
literacy levels and utilizing appropriate networks for information 
dissemination. It takes time and resources to work out how to 
convey messages to different audiences, and the development 
of culturally appropriate materials across numerous languages 

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


107

Taylor et al. DPM and Rabies Control

Frontiers in Veterinary Science | www.frontiersin.org July 2017 | Volume 4 | Article 109

can be a significant challenge. Helping communities to assume 
ownership of the DPM program enables them to become engaged 
and empowered. This maximizes the chances of creating and 
maintaining a successful, sustainable program.

Again, accessible and affordable veterinary services will be 
critical if programs are to achieve DPM goals.

identification and Registration
Registration and identification can be emphasized as part of RDO 
and are often linked to animal health programs such as manda-
tory rabies vaccination and traceability.

Registration of animals in a centralized database can be used 
to support the enforcement of legislation on vaccination, the reu-
niting of lost animals with owners, prevention of theft and illegal 
breeding and trade, and identification of owners of biting dogs 
(3, 4). The control of dog reproduction by sterilization can be 
encouraged through reduced registration fees for sterilized dogs.

In practice, dog registration systems require extensive and 
centralized data management systems and consistent input and 
maintenance if they are to be kept updated and effective. In set-
tings with a high proportion of family-owned dogs this method 
may be effective even if many are free roaming, but unowned 
dogs and those more loosely owned by the community are very 
unlikely to be counted by registration programs. In most resource-
poor settings and where turnover in the dog population is very 
high, registration systems may be impractical (20). Registration 
mandates may be viewed with great suspicion by the public 
and could be undermined. Thus, registration or identification 
strategies must be designed considering their context and imple-
mented using good communication strategies and incentives to 
encourage participation and alleviate community mistrust. High 
registration fees may deter dog owners from complying with the 
scheme (78).

Legislation
The creation and enforcement of RDO and dog breeding legisla-
tion can strongly support community-level efforts to tackle dog 
population-related problems (4). DPM legislation is a necessary 
element of the government’s engagement and is important for 
the effective management and sustainability of DPM programs. 
Legislation can be used to ensure DPM is carried out humanely, 
that culling is not used, that indiscriminate breeding and sale are 
prevented, that owners of biting dogs are held accountable, and 
that importation/exportation of dogs is controlled. Relevant laws 
may be divided across different statutes, laws or acts covering 
rabies or other diseases, dog ownership, stray animal manage-
ment, waste management, and other features of DPM. Ideally, 
legal codes are designed with incentives for complying and 
punishments for non-compliance and are enforced by authori-
ties working together with the program; fines levied are used to 
support the maintenance of the enforcement program.

However, legislative change can be a long and bureaucratic 
process. Enforcement of legal codes is frequently very challeng-
ing, especially where the personnel needed to enforce codes are 
in short supply. In addition, such mechanisms may fail if enforce-
ment is not seen as a priority, corrupt officials are an issue, or the 
community members’ ability to pay fines is low.

Shelters/Rehoming Centers
Many high-income country models of DPM rely on a model where 
free-roaming dogs are collected from the streets by authorities 
and taken to shelters or pounds, from where they are ideally 
collected by their owners or rehomed. Dogs whose owners no 
longer want them can also be surrendered to shelters. Both these 
methods reduce the free-roaming dog population. In shelters, 
there is the opportunity to sterilize and vaccinate animals before 
they are rehomed and to educate new owners in RDO.

In practice, however, the number of dogs admitted to shelters 
usually far outpaces the community’s capacity to rehome them 
(54). Shelters are expensive and time consuming to run, and once 
facilities are overwhelmed with animals, animal welfare standards 
can fall dramatically (3).

In areas where rehoming rates are low due to cultural prac-
tices or limitations in local resources, euthanasia in shelters will 
remain necessary in order to prevent animal welfare violations 
that are inherent to overcrowded, under-funded shelters. Even 
in high-income countries with well-established shelter adoption 
schemes the proportion of dogs euthanized can be significant. 
Limited data point to 10.4% of shelter dogs euthanized in the 
UK (79), over 30% in Australia (80), over 40% in Brazil (81), and 
40–50% in the US (82).

The cost of running shelters can also be prohibitively expen-
sive. The Humane Society of the US estimates that each year $2.5 
billion is spent by humane organizations and $800 million to $1 
billion is spent by animal control organizations on managing 
the pet overpopulation problem (82). An OIE survey of DPM 
strategies found that shelters were prohibitively costly for most 
low-income countries (38).

Finally, the availability of dog shelters that absorb unwanted 
dogs can counterproductively increase animal abandonment 
(3). This may be because people surrender dogs to the shelter, 
or instead abandon dogs to the street thinking that shelters will 
pick them up and take care of them. Shelters do not address 
the source of dogs, and dogs taken from the streets are quickly 
replaced by new puppies if enough breeding females remain or if 
dog abandonment rates are high.

Thus, for practical, economic, and welfare reasons, in most 
rabies-endemic settings alternatives to shelters must be explored 
fully prior to any commitment to build one (3, 54).

Holding Facilities
Holding facilities aim to safely, but temporarily, house dogs that 
will generally be returned to owners or to the streets. Such facili-
ties can be beneficial for safely assessing aggressive or sick ani-
mals, including those suspected of rabies which might otherwise 
transmit the disease. These types of facilities can also be centers 
for safe and humane euthanasia of animals that are a threat to 
people, or have no chance of healthy lives in their communities. 
They can also serve as centers where street dogs are sterilized and 
vaccinated before being returned to the streets.

euthanasia
Ideally, euthanasia should be reserved for animals who are 
incurably ill, or whose suffering due to behavioral problems 
or lack of guardianship cannot be alleviated with available 
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TABLe 2 | Different sub-populations of dogs and factors relevant to dog population management.

Ownership 
status

Confinement 
status

Dependency  
on humans

Acceptance by 
community

Risk for rabies 
transmission 
(if unvaccinated)

Target for 
population 
reduction

Target for 
responsible 
dog ownership 
programs

Target for 
central-point 
sterilization

Target for 
capture–sterilize–
release programs

Family owned Confined Fully dependent High Low No Yes Maybe No
Family owned Partially free 

roaming
Fully or 
Semi-dependent

High Moderate No Yes Maybe Maybea

Family owned Free roaming Semi-dependent High High No Yes Maybe Maybea

Community 
owned

Free roaming Semi-dependent High High Maybe Maybe Maybe Maybea

No owner Free roaming Independent Variable,  
but lower

High Usually yes No (unless 
abandonment  
rates are high)

No Yes

aThe suitability of this program will depend on obtaining owner consent where needed.

BOX 1 | Key characteristics of dog guardianship for DPM purposes.

CONFINEMENT STATUS

 • A confined dog remains under owner control at all times, often within a 
home or walled compound, and is walked on a leash or maintained under 
control when outside those confines.

• A partially free-roaming dog spends part of its time confined to a home 
or a walled property, but is also allowed to freely roam in the community.

• A fully free-roaming dog is never confined to a home or walled property.

OWNERSHIP STATUS

• A family (or individual)-owned dog is a dog that a family or individual states 
is their property or claims a right over.

• A community-owned dog is a dog that more than one individual or family 
state is their property or claim a right over.

• An unowned dog is not claimed by anyone in the community. It may be 
accepted, tolerated or despised by the community.
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resources. Unfortunately, many dogs are euthanized as a means 
of population control as well. When the decision for euthanasia 
is made, it must be carried out by qualified veterinary staff with 
access to the necessary drugs and training in humane handling 
and euthanasia. Robust euthanasia policies and legislation can 
prevent the indiscriminate culling of dogs by defining clearly 
the only circumstances when euthanasia is acceptable, and this 
can build public trust in DPM programs (3). However, eutha-
nasia deals only with the symptoms and not the causes of dog 
population problems and will not solve the underlying causes of 
overpopulation. Euthanasia can also be distasteful and stressful to 
professional animal caretakers (83, 84) and this can be a strong 
driving force for more acceptable DPM tools to be used.

wHiCH DPM APPROACHeS MiGHT Be 
SUiTABLe iN A PARTiCULAR SeTTiNG?

There can be many different relationships between people and 
domestic dogs within a community. Dogs may be owned for a 
variety of reasons, such as for companionship, for guarding the 
home or livestock, for hunting, or as a source of food. These 
relationships may affect the degree to which they are cared for 
and whether veterinary services or reproductive control may 
be sought by the owner [reviewed in Ref. (2, 6, 47)]. Where 
community ownership of dogs occurs, there may be some 
joint acceptance of responsibility for feeding these animals, 
but frequently this does not extend to full RDO (2, 13, 76). 
Understanding the ownership patterns and roles of dogs in a 
community is integral to choosing an appropriate DPM tool that 
will be acceptable to the community, thereby ensuring that it is 
as effective as possible.

Terminology around dog populations is varied and often mis-
used. Dogs may be referred to as owned, unowned, semi-owned, 
free-roaming, unwanted, pet, feral, stray, community, village or 
neighborhood dogs. Local terminology may also apply. These 
terms are often not informative for the purposes of planning an 
effective DPM program. The often-used term, “stray” dog, is not 
consistently defined, sometimes being used interchangeably with 
free-roaming [which can include unowned, free-roaming owned, 
and owned lost dogs (4)] and elsewhere referring specifically to 
dogs with no owners.

Only two characteristics of dog guardianship are highly 
relevant to disease control and DPM: “confinement status” and 
“ownership status” [(3) and Box 1], and these are not mutually 
exclusive. Unowned dogs are never confined, but a free-roaming 
dog may be owned, community owned, unowned, or feral. In 
many countries, dogs are allowed to roam freely, but many of 
these dogs have owners [(10, 12–13, 24, 85, 86) and reviewed in 
Ref. (6)].

Community-owned and family-owned roaming dogs can 
enjoy high standards of welfare when their needs are fulfilled. 
However, regardless of ownership status, free-roaming dogs are at 
higher risk for contracting diseases, injuries such as those caused 
by road-traffic accidents or acts of cruelty, and culling by govern-
ments or local communities, compared to owned confined dogs. 
This can lead, in turn, to owners failing to invest in their care (17), 
creating a vicious cycle of neglect and poor health.

Dog populations can vary across countries (6, 70, 78) and at 
more local scales (85). Understanding the composition of the 
dog population (such as the numbers of owned and unowned 
dogs in each category of confinement) and identifying which 
of these categories are the causes of the dog-related problems, 
will help to decide which DPM approaches should be considered 
(Table  2). Characterizing a dog population with terms like 
“stray” is of little use. The source of those dogs must also be 
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considered to enable the design of a DPM program that will 
address the problem in a sustainable manner. Ownerless pup-
pies may be abandoned (by owners, breeders or pet shops) or 
be born on the streets, and each cause may require a different 
management strategy. Finally, potential strategies need to be 
assessed for a number of features, including their acceptability 
to the community, their potential impact, the accessibility of 
dogs, animal welfare considerations, veterinary infrastructure 
needs and cost implications (50).

No one DPM strategy should be expected to solve all problems 
or fit all situations (78). Knowledge, Attitude and Practices surveys 
of the community can be particularly helpful in elucidating what 
would be the most acceptable and therefore successful DPM com-
ponents to apply in a particular setting (23, 75, 87). For example, 
if the unowned dog population is sustained mostly by owners 
dumping unwanted puppies, then legislative and educational 
efforts to increase RDO and central-point sterilization programs 
may improve the health and longevity of family-owned dogs and 
reduce the number of unwanted litters. If breeders are dumping 
unwanted animals, then better regulation of such establishments 
will be needed. However, if the unowned dog population is 
sustained by puppies born on the streets, then sterilization and 
release programs may be considered. Where there are plentiful 
food resources on the streets, tackling this issue may need to be 
prioritized in order for other DPM tools to have their anticipated 
impact.

Finally, it is important to understand that DPM strategies will 
not have the desired impact without community buy in. The whole 
community may not have a uniform attitude toward dogs, which 
can cause tension (2). It is important to assess exactly what the 
views are within a local community toward potential interven-
tions. If members of a community want to own more dogs, more 
(generally unvaccinated) dogs will likely be bred or imported, 
even if DPM programs are being implemented. Assessing the dog 
population and understanding community attitudes are integral 
to development of a successful DPM program.

DO DPM TOOLS HAve A MeASURABLe 
iMPACT iN CANiNe RABieS-eNDeMiC 
COUNTRieS?

Community surveys in rabies-endemic countries often identify 
the need for improved DPM to help reduce the risk of rabies  
(6, 9, 17, 77), and small- and large-scale DPM interventions on 
free-roaming dogs are carried out in many places. However, 
before adding DPM interventions to an existing rabies control 
program, there is a need for solid evidence that DPM tools can 
have the desired impact on reducing dog population size or 
turnover, which will benefit rabies control objectives.

Although the impact of DPM programs is often assumed and 
sometimes informally reported (39, 51), it is often not critically 
assessed and even more rarely published following peer-review. 
A review of the literature on DPM recently compiled by the 
International Fund for Animal Welfare found very little infor-
mation on the effectiveness of specific approaches to DPM, and 
found that the most comprehensive programs were generally not 
making their outcome data available (88).

The use of mixed DPM interventions, though often advisable, 
makes it very difficult to determine which of the individual 
interventions is responsible for success. For example, the suc-
cessful impact of sterilization and release programs on reduc-
tions in rabies cases (39) is most likely due to the impact of 
dog vaccination and community engagement, not sterilization. 
While the establishment of a shelter in Erzurum City in Turkey 
has been credited with a 30% reduction in the number of bites 
from rabies suspect dogs (89), this shelter was primarily steriliz-
ing, vaccinating, and then releasing free-roaming dogs, and the 
impact on rabies could be due to the vaccination component.  
A pilot program using EsterilsolTM on male dogs in Raipura 
Island, Bangladesh was found to be flawed as it also involved 
extensive use of culling (90). Reported benefits of adequate waste 
removal practices on free-roaming dog populations could instead 
be explained by the ongoing collection of free-roaming dogs from 
the streets in that particular setting (70).

Available data on the effectiveness of DPM programs are 
summarized below, but their interpretation is still fundamentally 
limited by the lack of control areas.

injectable Sterilants
The injectable sterilant EsterilsolTM has been used successfully 
in small scale safety and immunogenicity trials for male dogs 
in Todo Santos, Guatemala (91), and in Chile (55). However, no 
attempt has been made to assess its effect on longevity, popula-
tion turnover, or individual dog behavior and aggression. The 
sterilization of male dogs is not expected to produce a reduction 
in population size, which is much more critically impacted by 
reductions in the reproductive capacity of female dogs (60, 61).

Removal of waste Food Sources
Food waste in garbage has been suggested as an important factor 
in maintaining dog populations (10, 68, 92), and better waste 
management has been implemented as part of some documented 
DPM programs (39). However, there is a lack of evidence of the 
impact of removal of food sources in garbage dumps and market-
places on dog population size or rabies control.

Leashing and Confinement
There is some evidence that in low-income countries, leashing 
or confinement of dogs can be both effective at reducing contact 
between dogs and well-tolerated during rabies outbreak situa-
tions, but after an outbreak is over it is less likely to be tolerated, 
as communities prefer dogs to roam freely (19, 93). Thus the value 
of confinement as a means to reduce dog populations is unlikely 
to be high in most settings, and there can be welfare implications 
for dogs depending on the method and duration of confinement.

Awareness and Legislation
The purpose of legislation and awareness measures is generally 
to support other DPM measures and their individual impact 
is hard to assess. However, without legal enforcement and the 
awareness needed to build community participation, large-
scale sustainable DPM programs will be very challenging. Poor 
results from DPM programs have been suggested to be the 
result of a lack of public awareness about the program (94). 
Public awareness and enforcement of dog ownership laws in 
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TABLe 3 | Available information on impacts of surgical sterilization programs on dog population characteristics.

Location and assessment dates Coverage achieved Reported impacts Reference

Not peer reviewed

Bali, Indonesia, 1998–2005 51% None (6)

Bangkok, Thailand, 2002–2005 Less than 30% None (99)

Sri Lanka, 2005 70–90% None (6)

Rosebud Reservation, USA, 
2003–2010

Not measured (Unmeasured) reduction in population size, 50% reduction in bite incidents, 75% 
reduction in complaints of cruelty to dogs, and increased demand for veterinary services

(51)

Kathmandu, Nepal, 2006–2012 47% of females Overall population size reduction from 2006–2010 but no further impact to 2012, within 
zones mixed results found

(98)

Peer reviewed

Gelephu and Phuentsholing towns, 
South Bhutan, 2012

56–58% Majority of free-roaming dogs had healthy body and skin conditions (100)

Dhaka, Bangladesh, 2012–2013 19.2–79.3% across 
29 of 92 city wards

Neutered dogs tended to be healthier than intact dogs (36)

Bangalore, India, 2000–2001 10.4% None (94)

Colombo, Sri Lanka, 2007–2010 Not measured % Lactating females reduced from 8 to 1.1%. Slight increase in population size (possibly 
a rebound effect from ceasing of culling). Dog bites dropped by 33%, public perceptions 
of free-roaming dogs improved

(35, 40)

Pink city area, Jaipur, India, 1994–2002 65% of females 28% reduction in population size (33)

Pink city area, Jaipur, India, 2003–2011 70–80% of females Around 50% reduction in dog bites, associated with reduction in breeding females (101)

Jodhpur, India, 2005–2007 61.8–86.5% across 
6 areas

Dog population declines of 51%*, 40%, 39%*, 28%*, 3% (*significant) (34)

Jodhpur, India, 2006 Not measured Sterilized dogs had higher body condition scores, but worse skin conditions (65)
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However, these campaigns frequently do not report an impact 
on population size or dog characteristics such as longevity which 
could impact population turnover (Table 3). There is limited evi-
dence of population size reduction, primarily from India (33, 34), 
but effects have not always been achieved (94) or maintained (98). 
Sterilization rates need to be maintained for many years to reach 
their maximum impact (34). Very few programs have reached out 
beyond cities, and very few have sustainable government support 
for their implementation.

COST CONSiDeRATiONS

The primary tool of rabies control remains canine vaccination. 
While DPM can in theory benefit vaccination efforts, it also 
incurs considerable additional costs and requires additional 
technical skills. DPM programs require long-term commitment, 
and implementing two project aims can be logistically difficult. 
When limited budgets and personnel are stretched too far there 
is a risk that trying to tackle more than one goal detracts from 
the achievement of either. If expensive and time consuming DPM 
approaches detract from vaccination goals, or draw funding away 
from vaccinating a sufficient proportion of dogs, then rabies 
control efforts will be hindered. However, if overlapping interests 
draw in additional partners (such as animal welfare NGOs) or 
additional budgets (perhaps from different government sectors 
such as public safety) to strategically integrate DPM tools into 
a rabies control program, then this could be a very positive 
outcome.

Data on programmatic field costs of many DPM tools are 
uncommon, but some estimates of DPM by sterilization (which 
may include rabies vaccination even if not specified), are shown 

the Philippines helped to increase the proportion of households 
that registered their dogs and stopped them from roaming 
freely. Concurrently, the demand for sterilization services from 
the community increased (95).

Among high-income OIE member countries surveyed, 
enforcement of dog registration laws was the chief tool used 
to support DPM tools, but use of laws was much less common 
in low-income countries (38). Most countries have legislation 
related to stray dog control, but there is huge variation, often 
incompliant with OIE animal welfare guidance and generally 
inadequately enforced [summarized in Ref. (96)]. The fact that 
legislation frequently still permits culling in the event of rabies 
outbreaks may well contribute to the lack of application of more 
effective means of DPM and rabies control. In the OIE member 
country survey mentioned above, 46 out of 76 countries stated 
that it is official policy to kill free-roaming dogs (38).

One notable example of comprehensive humane legislation 
on DPM is India’s Animal Birth Control (Dogs) Rules, which 
became law in 2001 (97). These laws stipulate that own-
ers are required to control the breeding of their dogs, while 
municipalities and local authorities are required to sterilize and 
vaccinate street dogs, with the participation of animal welfare 
organizations, private individuals and the local authority. 
Appeals to local authorities relying on this legislation have been 
responsible for the proliferation of DPM programs in Indian 
cities (39).

Surgical Sterilization
Most of the available data on DPM programs aimed at benefiting 
rabies control come from sterilization, vaccination and release 
programs, and there is evidence of some success (Table  3). 
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TABLe 4 | Published data on sterilization costs for high throughput programs.

intervention Location Reported cost/dog US$ cost/dog Reference

Surgical sterilization + vaccination Tamil Nadu, India Rs. 1,164 $22 (53)
Surgical sterilization + vaccination Jaipur, India GBP 4.80 $8.83a (33)
Surgical sterilization Bhutan Nu 288 $6.36 (52)
Surgical sterilization Campinas, Brazil Real 105 $33.34b (54)
Surgical sterilization Indian reservation, USA $23–28 (51)
Surgical sterilization (including staff and infrastructure) Several WSPA sites $10.30–$52.00 (average $25) (40)
Surgical sterilization Costa Rica $8–$12 (62)

India $15–$20
Quezon City, Philippines P 1,000–1,500 $24–$36
Phuket, Thailand $30
Palawan, Philippines $11.02 (excl. boarding)
Bangkok, Thailand $23.25
Beijing, China $43.69–$203.89
Chennai, India $14.11
Shanghai, China 800–1,000 yuan $128–$160
Shanghai, China 800–1,200 yuan $128–$192

Pinhole castration Uganda $2.12 (102)

Costs in US$ are as reported in the sources, except a1GBP = US$ 1.84 (average for 2006); b1 Real = US$ 0.30 (average for 2015); exchange rates from http://www.x-rates.com.
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in Table  4. Although these costs of sterilization may not seem 
very large for an individual dog, given the scale necessary, full 
program costs can be high. For the four years of an intervention 
in Colombo City, Sri Lanka, costs within the animal sector were 
over $1 million, compared to $190,875 for the four preceding 
years (35).

Higher throughput programs can reduce costs per dog (33) 
(Table  4) but overall, there are insufficient data available on 
costs in different settings. Sterilization and release programs are 
usually focused on urban areas, where dog and human popula-
tion densities likely make economies of scale more feasible and 
travel costs more reasonable. A rabies control intervention that 
involved sterilization as well as vaccination in selected cities in 
Tamil Nadu, India was not considered economically viable at the 
scale of the entire state (53).

Programs targeting only female dogs for sterilization (with 
vaccination of both sexes) will be a much more cost-effective 
way to reduce population size and turnover (44, 59–61) although 
this is uncommon in the studies listed in Table 3. In areas where 
the community keeps more male than female dogs (34, 61) this 
strategy will be even more effective at impacting population-wide 
demographics.

The source of funding will also need to be considered as well 
as the cost of interventions, in planning DPM interventions. 
As some canine rabies-endemic countries are considered to be 
middle income countries, there may be at least a proportion of 
dog owners who can pay for sterilization of their dogs through 
private veterinary services. Increased training of private and 
non-profit veterinarians in high throughput sterilization coupled 
with community engagement on RDO could benefit the wider 
goals of DPM by increasing access to these services. However, 
in the poorest countries, even a very low cost of sterilization is 
likely to be beyond the means of dog owners. In these settings 
governments and non-governmental organizations will need to 
fund any services to owned as well as unowned dogs. In many 
settings, the provision of free sterilization services could be used 
as a way to establish a model for more RDO, and once their 

value is established, owners could perhaps be asked to pay some 
contribution toward costs.

The scarcity of data on the costs of different DPM strategies 
and of their effectiveness in canine rabies-endemic settings 
severely limits assessment of their cost effectiveness (78), 
and where different tools are combined in a program the cost 
effectiveness of different components becomes even harder to 
disentangle.

Given the current high costs of sterilizing sufficient numbers 
of dogs to impact population turnover and size, it is likely that 
for most settings, sterilization is not a cost-effective additional 
technique to support a rabies control program. An exploratory 
model for rabies control in India concluded that canine vaccina-
tion alone was more cost effective than combined vaccination and 
sterilization (61). However, further exploration of the additional 
costs and indirect benefits of sterilization, improvements in 
waste management, treatment for skin and parasitic conditions, 
educational interventions and legislative interventions to support 
rabies control would be very valuable.

DPM AND RABieS CONTROL NOw  
AND iN THe FUTURe

Humane DPM tools offer the theoretical possibility of better 
integration of dogs into communities and a stabilization, or even 
reduction in size of dog populations where it is easier to maintain 
vaccination coverage.

Unfortunately, the main DPM methods successfully employed  
in most high-income countries (well-enforced breeding and 
RDO laws, encouragement of sterilization and removal of 
free-roaming dogs from the streets into shelters, supported by 
dog identification and registration) do not transfer easily to 
low-income settings (19, 38, 77). Laws may not exist, are not 
enforced, or have meager consequences; sterilization services 
are not always readily available or affordable; shelters quickly get 
overwhelmed where rates of adoption are low; and high turnover 
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makes registration impractical. While the tools and lessons devel-
oped for rabies control in high-income countries may provide 
some insight, more cost effective and culturally appropriate 
methods must be considered for rabies control in low-income  
countries.

Where population reduction of free-roaming dogs is wanted 
by owners and communities, veterinary services are abundant, 
and political will and funding are sufficient to address the issue, 
there is evidence that high throughput sterilization and release 
programs can achieve population reduction (33, 34). However, 
where sterilization, vaccination and release programs do not 
reach 70% of dogs, additional vaccination must be encouraged 
to ensure that vaccination levels are sufficient to halt rabies 
transmission as quickly as possible (36, 94, 100). Combined 
sterilization and vaccination programs that are enacted as a 
rabies control strategy but fail to reach sufficient dogs will be 
very ineffective at achieving goals of reducing rabies transmis-
sion (94).

Where veterinary services and funding to pay for DPM 
programs are insufficient, theoretical arguments would suggest 
that waste management programs to reduce food resources 
for free-roaming dogs should be encouraged. Along with 
promotion of RDO to reduce free-roaming dog population 
sizes, waste management could be the best option to reduce 
dog populations and the spread of diseases in resource limited 
settings (3), but evidence of this method’s effectiveness is cur-
rently lacking.

It is possible that large-scale DPM success in most low-income 
countries will require the development of a cost-effective (non-
surgical) safe and permanent sterilizing agent for female dogs. 
Such research is being actively pursued and progress is being 
made (50, 62, 103).

Currently, the most promising option for permanent sterili-
zation of female free-roaming dogs is GonaCon, a single-dose 
GnRH-based vaccine, but issues over side effects require further 
work on its formulation (50). Small scale safety trials of GonaCon 
given along with rabies vaccinations have been completed in 
female dogs in Mexico (104) and on an American Indian reserva-
tion in the US (105), but there are as yet no data on its effects on 
fertility.

The availability of a safe and effective single-dose injectable 
sterilant for both sexes would enable provision of reproductive 
control as an additional service to owners during mass dog vac-
cination campaigns. Such a sterilant could also be delivered to 
ownerless dogs under a capture, sterilize, vaccinate and release 
model that did not require transportation to surgical centers. 
Such a tool could revolutionize DPM programs and, in some 
settings, rabies control as well. However, until such a permanent 
sterilizing agent becomes available, a safe and effective sterilant 
that lasted even 2–4 years could still be very beneficial to animal 
welfare and rabies control.

CONCLUSiON

Integrating DPM programs into rabies elimination programs 
could supplement the goal of breaking the rabies transmission 
cycle with the goal of stabilizing dog populations. In theory this 
is the most sustainable way to eliminate canine rabies, but three 
factors critically limit its wider implementation in practice. First, 
the clear lack of systematic data collection and the paucity of 
DPM program evaluation need to be addressed. Organizations 
currently conducting DPM programs in rabies-endemic 
countries should strive to improve their methods of evaluating 
impact (78) using available guidelines (106) and publish their 
findings in peer-reviewed journals. Second, there needs to be an 
improved understanding of the costs of current DPM tools and 
their benefits to rabies control in order that full cost effectiveness 
analyses can be conducted. Third, a single-dose, permanent, non-
surgical sterilant that is safe and effective in female dogs would 
dramatically increase the possibilities for DPM to cost-effectively 
improve rabies control and elimination efforts. Armed with this 
knowledge, integrating DPM into rabies control programs in low-
income countries could move the world closer to freedom from 
canine-mediated human rabies deaths.
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Rabies claims approximately 59,000 human lives annually and is a potential risk to 3.3 
billion people in over 100 countries worldwide. Despite being fatal in almost 100% of 
cases, human rabies can be prevented by vaccinating dogs, the most common vector, 
and the timely administration of post-exposure prophylaxis (PEP) to exposed victims. For 
the control and prevention of human rabies in N’Djamena, the capital city of Chad, a free 
mass vaccination campaign for dogs was organized in 2012 and 2013. The campaigns 
were monitored by parallel studies on the incidence of canine rabies based on diag-
nostic testing of suspect animals and the incidence of human bite exposure recorded 
at selected health facilities. Based on the cost description of the campaign and the 
need for PEP registered in health centers, three cost scenarios were compared: cumu-
lative cost-efficiency of (1) PEP alone, (2) dog mass vaccination and PEP, (3) dog mass 
vaccination, PEP, and maximal communication between human health and veterinary 
workers (One Health communication). Assuming ideal One Health communication, the 
cumulative prospective cost of dog vaccination and PEP break even with the cumulative 
prospective cost of PEP alone in the 10th year from the start of the calculation (2012). 
The cost efficiency expressed in cost per human exposure averted is much higher with 
canine vaccination and One Health communication than with PEP alone. As shown 
in other studies, our cost-effectiveness analysis highlights that canine vaccination is 
financially the best option for animal rabies control and rabies prevention in humans. 
This study also provides evidence of the beneficial effect of One Health communication. 
Only with close communication between the human and animal health sectors will the 
decrease in animal rabies incidence be translated into a decline for PEP. An efficiently 
applied One Health concept would largely reduce the cost of PEP in resource poor 
countries and should be implemented for zoonosis control in general.

Keywords: cost efficiency, One health, chad, rabies control and prevention, post-exposure prophylaxis
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inTrODUcTiOn

Rabies is a viral zoonotic disease first described in Mesopotamia 
in 3000 B.C. Humans are infected mainly through the domestic 
dog (1). Once clinical signs of rabies become apparent, the out-
come is nearly 100% fatal (2). Annual human deaths due to rabies 
are estimated at 59,000 cases worldwide, and over 29 million 
people are exposed and need post-exposure prophylaxis (PEP) 
(3). Approximately 99% of these cases occur in Africa and Asia (1, 
3). Animal rabies can be controlled through immunization and 
population management of the reservoir species (4). Vaccination 
of domestic dogs, their confinement, and application of quaran-
tine measures following importation are key prevention strategies 
(5). With effective control measures in place, human exposure to 
rabies can be drastically reduced leading to elimination of dog-
mediated rabies (6).

In the United States, dog-mediated rabies was eliminated 
through vaccination of dogs (7), as vividly described by Tierkel 
et al. (8). This success story has been replicated in Latin America, 
where rabies transmitted by domestic dogs has been significantly 
reduced (9), and the same approach shows positive effect in 
Tanzania and Bali (10, 11). Despite ample proof of value for public 
health, control of rabies in the animal reservoir remains very 
limited in many endemic countries to date and, in the absence of 
dog vaccination, human rabies cases are only prevented through 
administration of PEP (1, 12).

The biggest challenges in Africa and Asia are free roaming 
dog populations, limited available resources for dog owners, 
limited veterinary and human health infrastructure, low disease 
awareness, and absence of efficient communication between the 
veterinary and the human health sectors (13, 14).

The absence of efficient control at the source is excessively 
costly in terms of disability-adjusted life years (DALY) lost due 
to premature death and the cost of PEP to the public and private 
sectors (14, 15). Economic losses also occur in the agricultural 
sector due to loss of livestock.

The cost of animal rabies vaccination depends on the respec-
tive context and varies from country to country (16). Cost for 
PEP also fluctuates greatly between countries and vaccination 
scheme applied (17, 18). The highest cost accrues from rabies 
immunoglobulin (RIG) which, according to WHO guidelines, 
must be injected on day 0 together with a first active vaccination 
dose for category 3 exposures (single or multiple transdermal 
bites or scratches) (1). However, in most endemic countries, RIG 
is not available or not affordable for victims, and PEP is limited 
to wound treatment and administration of anti-rabies vaccine.

In N’Djamena, Chad, rabies research studies began in 2000 
and continue to date. In 2001, a pilot dog vaccination campaign 
showed that the societal cost for vaccination was 1,610 FCFA (2.6 
USD, current exchange rate) per vaccinated animal (19).

In 2008, the incidence of human rabies was estimated at 0.7 
persons per 100,000 inhabitants, using a decision tree model 
(20). The same study showed that over 99% of reported animal 
bites were inflicted by owned, but free roaming, dogs. Based on 
these data, a model was established, forecasting transmission of 
rabies within the dog population and between dogs and humans. 
This model proposed that the cumulative cost of a dog mass 

vaccination campaign combined with PEP would be less than the 
cumulative costs of PEP, reaching a break-even point 6 years after 
the start of the intervention (21). The cost effectiveness of dog 
vaccination combined with PEP was proposed to be higher than 
for an exclusive PEP approach from the fifth year onward.

The present study aims to validate and update the model 
predictions, through the detailed cost analysis of a citywide 
mass vaccination campaign carried out in 2012 and 2013 in 
N’Djamena. Together with data from the continuous reporting 
of animal rabies cases diagnosed at the rabies laboratory of the 
Institut de Recherche en Elevage pour le Developpement (IRED) 
and human bite exposures reported from selected health cent-
ers, a prospective cost effectiveness analysis between PEP alone 
(scenario 1) and dog vaccination with PEP (scenario 2) was done.

Following an animal bite, communication between human 
and animal health facilities potentially contribute to a high cost 
reduction for PEP, financial gains from prevented exposures, 
and overall number of DALY averted. To estimate the potential 
extent of the added value through maximal communication 
between veterinarians and human health workers, a third 
 scenario was included envisioning ideal One Health communi-
cation (scenario 3).

The costs described in this article provide the basis for the 
planning and organization of a national mass vaccination cam-
paign (22) and a proposed approach to lower expenses due to 
rabies in view of elimination of dog-mediated human rabies by 
2030, as jointly outlined by WHO, FAO, OIE, the Global Alliance 
for Rabies Control, and the international community (23).

MaTerials anD MeThODs

study site
The study took place in N’Djamena, the capital city of Chad, 
with a rapidly increasing population (3.3% growth rate) of 
approximately 1 million inhabitants in 2012 in an area of 520 km2. 
The town is divided into 10 districts and 56 quarters (24). The 
vaccination intervention and data collection on animal rabies 
incidence and incidence of human bite exposure covered the 
entire administrative area of the city.

Planning and cost Description of the 
Mass Vaccination campaign
The vaccination intervention was organized by a tripartite part-
nership comprised of the Swiss Tropical and Public Health (Swiss 
TPH) Institute, the Centre de Support en Santé Internationale 
(CSSI), and the Institut de Recherches en Elevage pour le 
Développement (IRED). Selected members of these three institu-
tions formed the supervisory and technical committees. District 
and quarter chiefs were invited to an information workshop prior 
to the campaign and were actively involved in notifying the public 
and planning the progression. The campaign was launched in both 
years by the minister of livestock at the World Rabies Day cel-
ebrations on 28th September. Vaccinators were recruited among 
local animal health workers and veterinarians and were trained 
on animal handling, vaccination, and registration techniques. 
The campaign was advertised prior to the start through posters 
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distributed by the responsible administrative officers. During the 
campaign, radio and loud speaker announcements informed the 
public on the progression and location of the vaccination posts. 
Loudspeakers were also used to inform the populations close 
to the respective posts on the vaccination days. Both years, the 
vaccination campaign lasted 13 weeks, progressing from district 
to district. Vaccination days were held Friday to Sunday. Each 
Monday and Tuesday after vaccination in a given zone, data on 
the coverage level were collected through a household study and 
counting of dogs in the street on random transects. The data 
sets where combined in a Bayesian model that estimated total 
dog population, percent of ownerless dogs, and overall coverage 
level. A real-time preliminary analysis done in the field guided 
the campaign progression. A detailed coverage analysis was done 
after the campaign period each year. The detailed methodology 
of this analysis is published elsewhere (25).

Wednesday and Thursdays were used for planning and meet-
ing with authorities in the upcoming vaccination zone. Locations 
of vaccination posts were defined in agreement with the com-
munity authorities and were usually close to the house of a block 
chief, who provided tables and chairs. GPS data on the location 
of each vaccination post were collected.

The campaign was funded in equal parts by the UBS Optimus 
Foundation (material, vaccine, and research cost) and the minis-
try of livestock in Chad (logistics and salary). Based on the dog to 
human ratio estimated during a dog demographic survey in 2001 
and extrapolated to 2012, the required vaccination doses were 
estimated at 50,000. The Rabisin® vaccine doses were provided 
by Merial at a cost of 143 FCFA (0.28 USD, exchange rate 2012) 
per dose. In addition, Merial provided collars to mark vaccinated 
animals for 150 FCFA (0.29 USD, exchange rate 2012) each and 
vaccination certificates free of cost. The cold chain was ensured 
using storage boxes with cooling elements that were delivered 
together with the vaccine doses. Syringes and needles were 
procured locally.

The 30 vaccinators were split into 10 teams of 3 people: one 
responsible for vaccination and collaring and two for register-
ing the animal and completing the vaccination certificate. Three 
trucks with drivers transported the 10 teams. Each vehicle was 
attributed to a supervisor responsible for three to four teams. The 
teams were each equipped with a cooler box for the vaccine and a 
box containing all necessary material (syringes, needles, registra-
tion forms, muzzle, gloves, first aid kit). Every day the material 
was checked by the supervisor against a control sheet and the 
performance of the post (number of vaccinated animal by species, 
working time, vials used) was reported for each team on a data 
sheet. Supervisors were responsible to replenish posts under their 
supervision and provide lunch and water. Each supervisor had 
additional cooler boxes for vaccine and water bottles. Supervisors 
decided in consultation with the block chiefs and members of 
the coordination team on the relocation of posts when owner 
attendance was low. A detailed list of the costs is listed in Table 1 
for both years. Material cost is depicted by unit whereas cost for 
personnel and transport is calculated per day. Each campaign 
lasted for 37 working days, from October to December 2012 and 
2013, respectively. Because the campaign period included two 
public holidays, vaccinators were paid for 39 days in total in both 

years. Car rental and fuel cost are calculated for a total of 50 days, 
including 37 working days and 13 days of sensitization. In 2013, 
the information campaign was considerably strengthened, which 
is reflected in the difference between the respective budget lines 
in 2012 and 2013.

The overall public cost of the vaccination campaign includes 
material cost, the cost for personnel and transport, as well as cost 
for the sensitization campaign. In addition to these public costs, 
the cost of the private sector is considered. These include dog 
owner expenditures for transportation to the vaccination post 
and loss of work time. The average waiting time at a post was 
assumed to be 1 h, valued at 327 FCFA (0.6 USD, exchange rate 
2012) based on monthly per capita income in Chad of 52,325 
FCFA (104 USD, exchange rate 2012) (26). For transport, the 
mean cost of 650 FCFA (1.3 USD, exchange rate 2012) was 
assumed, which corresponds to the price of one liter of fuel. The 
sum of public and private cost forms the societal costs.

epidemiological Monitoring
To assess effectiveness of the intervention, the vaccination 
campaign was accompanied by an epidemiological study on the 
incidence of human exposure to animal bites and a study on the 
incidence of dog rabies cases in N’Djamena.

Data on bite exposure was collected in collaboration with 
selected health facilities, including public health centers, hos-
pitals, pharmacies, private medical clinics, and a few veterinary 
practices. Overall 91 facilities were contacted, with 61 completing 
at least one questionnaire during the study period, from June 2012 
to December 2014. The facilities were visited by study members at 
least once a week to collect completed questionnaires. Collected 
data included basic information about the bite victim (sex, age, 
address), the status of the animal (species, vaccination history, 
alive/deceased), bite history, severity of the wound(s) inflicted, 
and the treatment recommendation. Data were double entered 
into Access® databases by the data management team at CSSI. The 
analysis was done with Stata/IC™ 14. During the data analysis, it 
was observed that recommendation for PEP made by health per-
sonnel was based on the severity of the bite wound rather than on 
the status of the biting animal. This meant that reported numbers 
of PEP could not be used as a proxy for human rabies exposure 
for the DALY calculation nor to estimate the actual number of 
PEP needed. Therefore, a dummy variable was assigned to each 
reported case defining victim rabies exposure risk according to 
fate and vaccination status of the biting animal: (1) high risk 
exposure (PEP definitely needed for the bite victim) was defined 
when the animal had been killed, had died, or was missing fol-
lowing the attack, regardless of reported vaccination status; (2) 
moderate exposure risk (PEP need depending on the observation 
result) was attributed to bites inflicted by animals with unknown, 
outdated, or no vaccination history which were alive and could 
be placed under observation; (3) bites inflicted by a confirmed 
vaccinated animal which was alive and under observation were 
not considered as an exposure to rabies (no PEP needed).

These exposure risk categories were used for DALY calcula-
tions and to estimate actual number of PEP needed (as opposed to 
reported number of PEP). In addition to bite cases, information 
on the cost of human anti rabies vaccine and the vaccination 
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TaBle 1 | list of costs and expenses of dog mass vaccination campaigns in 2012 and 2013.

2012 2013

cost item number of units Price per unit Total cost number of 
units

Price per unit Total cost

Public sector
Material cost
Animal vaccine 18,182 143 2,600,026 22,306 143 3,189,758
Human vaccine 100 21,703 2,170,340 40 21,337 853,480
Collars 18,182 150 2,727,300 22,306 150 3,345,900
Vaccination certificate Included in vaccine cost
Syringes and needles 18,182 40 727,280 22,306 40 892,240
Tables and chairs Provided by block chiefs
Material transport box 10 20,300 203,000 1 20,300 20,300
Muzzle 14 6,400 89,600 3 6,400 19,200
Rope 10 8,100 81,000 2 1,350 2,700
Registry 10 8,000 80,000 Reused
Other writing and documentation material (e.g., pen, stamp, paper) NA NA 329,750 NA NA 126,850
Work protection (face mask, coat, first aid kit) NA NA 495,348 NA NA 617,200
Consumables (e.g., garbage bags, gloves) NA NA 45,300 NA NA 8,800
Cooler boxes 17 20,441 347,500 Reused

Cost for personnel
Training of vaccinators NA NA 250,000 NA NA 314,750
Daily wages vaccinators 39 151,923 5,925,000 39 151,923 5,925,000
Daily wages supervisors 39 10,000 390,000 3 390,000 1,170,000
Daily wages driver (vaccination and sensitization) 50 11,700 585,000 50 13,860 693,000
Fees for local responsibles (district chiefs and block chiefs) 37 51,216 1,895,000 37 47,108 1,743,000
Lunch provisions (per day) 37 42,791 1,583,250 37 50,372 1,863,750

Transport cost
Transport (car rental and maintenance) 50 9,900 495,000 50 8,308 415,383
Daily fuel cost 50 36,532 1,826,576 50 40,896 2,044,824

Sensitization
Information workshop for town authorities NA NA 1,172,000 NA NA 1,296,000
T-shirts, hats, and banners 315 6,746 2,125,000 Reused
Posters 1,000 719 719,000 1,000 1,114 1,114,000
Leaflets 5,000 204 1,020,000 5,000 163 815,000
Radio announcements 39 25,000 975,000 39 47,821 1,865,000
Loudspeaker 3 20,000 60,000 Reused
Poster distribution and cost for loudspeaker campaign (per day) 20 12,040 240,800 52 15,731 818,000

Admin and communication cost
Coordination cost NA NA 1,365,000 NA NA 1,215,000
Administrative cost NA NA 200,000 NA NA 100,000
Communication supervisor (per person) 3 190,000 570,000 3 195,000 585,000
Communication coordination (per person) 3 131,667 395,000 3 130,000 390,000
Other cost 1 353,750 353,750 1 5,000 5,000
Total public sector 32,041,820 31,449,135
Mean public cost per dog vaccinated 18,182 1,762 22,306 1,410

Private sector
Lost working time (60 min, 327 CFA) 18,182 327 5,945,514 22,306 327 7,294,062
Transport to vaccination post 18,182 650 11,818,300 22,306 650 14,498,900
Total private sector 17,763,814 21,792,962
Societal cost of the vaccination campaign 49,805,634 53,242,097
Overall cost in USDa 98,715 110,747
Cost per dog vaccinated in FCFA 2,739.28 2,387
Cost per dog vaccinated in USD 5.43 4.96

a1 USD = 504.54 FCFA (October 2012); 480.75 FCFA (October 2013).
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schedule prescribed for PEP was collected during the health 
facility based study.

The most commonly used protocol was the Essen 5 dose 
scheme. Other protocols, applied rarely, were the Essen 4 dose 
scheme and the Zagreb protocol. The details of the protocols are 
described in Table 2.

In parallel to the health facility study, the results of rabies 
diagnostic tests routinely performed at the IRED laboratory 
on suspect animals were collected. The observed percentage 
of rabies positive dogs among all dogs tested was used as a 
baseline for the probability of an exposure being inflicted by 
a rabid dog.
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TaBle 2 | The three different post-exposure prophylaxis protocols used in n’Djamena [table adapted from hampson et al. (17)].

Protocol number of clinical 
visits

Days of injection after 
exposure

number of injections 
per day

Overall vaccine quantity 
needed (ml)

administration 
pathway

approved by

Essen 5 doses 5 0,3,7,14,28 1,1,1,1,1 5a IM WHO (1992)
Essen 4 doses 4 0,3,7,14 1,1,1,1 4a IM ACIPb (2009)
Zagreb 3 0,7,21 2,1,1 2a IM WHO (1992)

aCalculated on the basis of 0.5 ml per dose.
bAdvisory Committee on Immunization Practices.
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cost comparison
The evidence collected on cost of dog vaccination and PEP, 
together with the epidemiological background information, 
allowed for evaluation of different control scenarios in regard to 
their comparative cost effectiveness. The three different scenarios 
compared were (1) cost of PEP alone, (2) cost of PEP and dog 
mass vaccination intervention, without communication between 
the human health and veterinary sector, and (3) cost of PEP and 
dog mass vaccination, with maximal communication between 
human and animal health workers (One Health paradigm). 
Measures for improvement of communication were not part of 
the study, so scenario 3 is uniquely hypothetical. Under ideal One 
Health communication conditions, a veterinarian would auto-
matically be contacted for each bite case reported and cases of 
unknown vaccination status would become negligible, provided 
that the dog was owned and an effective registration system was 
in place.

The overall cost of PEP was calculated following examples 
from other resource limited countries (17, 27) and included 
medical and non-medical expenditures. Medical fees were com-
prised of cost of vaccine multiplied by the doses needed for a 
given schedule, the cost for syringes and needles (here included 
in the vaccine cost), and institutional costs (salaries, administra-
tion). Non-medical costs were costs accrued by victims, including 
transport and lost working time similar to private costs for vac-
cination of dogs.

For the calculation of PEP cost alone (scenario 1), the monthly 
number of PEP recommended by the health personnel within the 
first 6 months of the study period was used as a basis.

Yearly cost for canine vaccination was derived from the cost 
description of the vaccination campaigns in 2012 and 2013. From 
2014 onward, it was assumed that the two campaigns would lead 
to interruption of transmission, assuming no reintroduction 
from outside the vaccinated area, and therefore, only a baseline 
cost for control of reintroduction and emergency vaccination 
was included. Cost of PEP for scenario 2 was calculated based on 
the number of PEP recommended by health personnel observed 
during the study period. From 2015 onward, the mean number of 
registered PEP in 2013 and 2014 was used as the calculation basis.

Cost for the hypothetical scenario 3 was calculated by sum-
ming the dog vaccination cost as used in scenario 2 and the yearly 
actual number of PEP needed based on the exposure risk vari-
able defined described above. It was assumed that maximal One 
Health communication would lead to better decision-making in 
regard to need of PEP and that there would be fewer animals with 
unknown vaccination status. Based on the coverage rate achieved 

during the vaccination campaign (25), 70% of the registered bites 
from dogs with unknown or unconfirmed vaccination were con-
sidered as vaccinated and further excluded from the number of 
exposures in the scenario. In addition it was assumed that in case 
of a bite inflicted by an unvaccinated dog, victims would initially 
start treatment, but discontinue if the animal was still alive after 
the 10-day observation period.

The age distribution of victims exposed to rabies used for the 
calculation of averted DALY was based on a previous study on 
animal rabies cases in N’Djamena (28) reporting proportion of 
age groups among victims of rabies positive dogs as follows: age 
0–5 years 19%; age 5–15 years 36%, and age above 15 years 45%.

For the estimation of averted life years lost by a given scenario, 
it was assumed that in the absence of PEP, rabies exposure would 
lead to death in 19% of cases (29). It was further assumed that 
66% of suspect exposures are inflicted by a rabid animal. This 
assumption is based on the proportion of animals tested positive 
among all animals sent for rabies diagnosis to IRED during the 
study period.

Because clinical rabies inevitably leads to death within 
days, only averted life years lost were considered without 
any adjustment for disability (30). We used the standard 
formula described by Murray within the model life-table West  
Level 26 (31).

The discount rate used was 4%. The parameter for the age 
weight function (b) utilized was 0.04 and the constant (C) was set 
at 0.1658. The disability weight function was defined as 1.

Cost efficiency of PEP alone was calculated as discounted 
cumulative cost of baseline PEP number before the start of 
the mass vaccination campaigns divided by the cumulative 
number of DALY averted. Cost efficiency of the mass vac-
cination campaign and PEP together was calculated from the 
cumulative discounted cost of canine vaccination and number 
of PEP registered during the intervention period divided by the 
difference between the cumulative number of DALY averted 
by PEP alone and the cumulative number of DALY averted by 
vaccination of dogs.

ethical consideration
This study was authorized by the ministry for higher education 
and scientific research (Ministère de l’Enseignement Supérieur et 
de la Recherche Scientifique) under the document number N°012/
PR/PM/MES/SG/DGESRSFP/DRST/012 on May 31, 2012.

The Mayoral office of N’Djamena was informed about the 
study and gave consent. All personnel involved in immunization 
of dogs were vaccinated against rabies before participating.
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FigUre 2 | Mean number of dog bites inflicted per time period and 
proportion of vaccination status categories. July to September 2012 
corresponds to the pre-vaccination campaign period. June 2012 was 
excluded due to very low overall number of cases reported.

FigUre 1 | Distribution of total number of bite cases reported for the 
10 different districts of n’Djamena over the whole study period.
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resUlTs

During the vaccination campaign, a total of 18,182 dogs were 
vaccinated in 2012 and 22,306 in 2013. The analysis revealed 
an overall coverage of 71% in both years. On the district level, 
observed coverage varied widely ranging from 33 to 86% 
depending on the cultural and socioeconomic background 
of the area. The dog population of N’Djamena was estimated 
to be around 30,000 of which only 14% are ownerless (data 
from 2013). The intervention led to a considerable drop in 
dog rabies incidence from 0.7/1,000 in 2012 to 0.07/1,000 in 
2014. Detailed coverage analysis and epidemiological data are 
presented elsewhere (25).

The total cost for the 2012 campaign was 98,715 USD 
(49,805,634 FCFA), and in 2013 the cost was 110,747 USD 
(53,242,097 FCFA). Expressed in cost per dog vaccinated, 5.43 
USD were spent in 2012 and 4.96 USD in 2013 (cats and pri-
mates were excluded). The difference between the 2  years was 
due to higher expenses for sensitization to boost the vaccination 
coverage. The success of this intensified information campaign is 
reflected in the higher number of dogs vaccinated in 2013, which 
increased the overall cost but lowered the cost per animal vac-
cinated. In both years, the public cost represented roughly 2/3 of 
the societal cost (64% in 2012 and 59% in 2013).

Over the 2½-year study period, 1,203 questionnaires on bite 
victims were collected, of which 1,143 matched the inclusion 
criteria (victim was from N’Djamena, bite inflicted by a mammal 
species). All recorded incidences were category III exposure, with 
902 (79%) inflicted by a dog, 56 (5%) by a cat, and 15 (1%) by a 
primate, while in 170 (15%) the species was not specified.

Figure  1 shows the distribution of bite cases by district in 
N’Djamena. The distribution reflects the difference in dog to 
human ratio observed during the vaccination campaign (25).

The highest proportion of bite exposure (42%) was reported 
in the age group of children younger than 13  years. Overall, 
46% of biting animals had a confirmed vaccination status. The 
vaccination campaign only slightly (10%) increased the number 

of confirmed vaccinated animals over the period of the mass vac-
cination intervention (Figure 2).

In 99% of PEP recommendations, the scheme applied was 
the Essen 5 dose regimen, while the remaining PEP treatments 
followed the Essen 4 dose or Zhagreb regimen. As the study did 
not include a follow up of the victims, information on complete-
ness and success of the treatment was not collected. Details on 
the three different treatment schemes are presented in Table 2. 
Because the number of Essen 4 dose and Zagreb regimens recom-
mended was negligible, only the cost of the Essen 5 dose regimen 
was considered for the cost calculation. It was assumed that all 
victims underwent wound cleaning as recommended by WHO 
(washing with soap and water for 15 min) (1) and that 40% of 
victims were accompanied by a parent. One completed course 
of PEP, therefore, incurred a cost to society of 198 USD (97,512 
FCFA) (Table 3).

In total, 455 (38%) victims were recommended to follow PEP 
treatment over the study period. In 202 of these cases, no rabies 
risk was identified according to the animal status. Conversely, 
PEP was not recommended in 36 cases where the animal status 
was defined as high risk and in 289 cases defined as moderate 
risk during the analysis phase. This indicated that in many cases 
the recommendation of health personnel was not appropriate. 
Contact with a veterinary structure was reported in only one-
third of overall bite cases (n = 349, 30%), and this number might 
be even lower due to misrepresentation. Using the example of 
reporting to IRED, it was mentioned in 144 cases (15%) that the 
animal was brought to the rabies laboratory. However, this num-
ber did not reflect the actual registered diagnostic requests at the 
rabies diagnostic facility over the same period of time. Reflecting 
this lack of communication between the veterinary and the 
human health sector, the drop in animal rabies cases induced by 
the mass vaccination campaign did not lead to a parallel reduc-
tion of PEP use.

The amount of PEP used compared to the number of 
cases within the different risk exposure groups is shown in 
Figure  3. Stratified by intervention year, a total of 284 PEP 
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TaBle 3 | cost calculation for post-exposure prophylaxis treatment.

cost item for a complete five doses 
essen protocol

cost in 
FcFa

cost in 
UsDa

Unit basis

Vaccine cost (5 doses) 55,000 111.79 Per person
Cost for technician 3,307 6.72 Per person
Cost for syringes and needle 987 2.01 Per treatment
Tetanus vaccine (1 dose) 4,000 8.13 Per person
Antibiotics and anti-inflammatories 11,385 23.14 Per treatment
Water 36 0.07 Per person
Antiseptic 197 0.40 Per person
Lost work timeb 10,000 20.33 Per treatment
Transport costc 12,600 25.61 Per treatment

Total 97,512 198.20 Per treatment

Rabies immunoglobulin is not included because of unavailability in Chad.
aExchange rate 1 USD = 492 FCFA.
b40% of exposed victims are accompanied.
cExpenses for accommodation not included.

FigUre 3 | number of post-exposure prophylaxis (PeP) recommended per month compared to the number of monthly cases per exposure risk 
group.
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recommendations were estimated in 2012, while 164 were 
observed in 2013 and 149 were registered in 2014. It was 
assumed that without dog mass vaccination, the demand would 
have remained at the same level as in 2012, and therefore, PEP 
numbers from 2012 were used as a baseline for the extrapolation 
of PEP cases hypothetically occurring from 2013 onward in sce-
nario 1 (Table 4). For scenario 2, the actual reported numbers of 
PEP recommendations were applied to the respective year of the 
study period. As no data were available from 2015 onward, the 
mean number of PEP observed after the vaccination campaign 
(2013 and 2014) was applied to the following years (2015–2030) 
(Table 4). For the extrapolations, uncertainty was not accounted 
for in our recorded data for the sake of clarity.

Because PEP recommendations and exposure risk did not 
correspond, the real number of PEP needed to prevent 100% of 
human deaths from rabies would be much higher than actual 

reported PEP use. In 2012, 374 bite cases of high and moder-
ate exposure risk occurred. In 176 of these cases, PEP was not 
recommended and assumed to not be administered. Based on 
the exposure risk cases observed from the health facility data, the 
cost of effective rabies prevention in humans by use of PEP alone 
would require an investment of 36,469,488 FCFA each year as 
opposed to the observed yearly investment of 27,693,408 FCFA.

As a result of the vaccination campaign, the observed exposure 
(assuming 70% vaccination coverage) declined in 2013 to 102 
cases and in 2014 a total of 135 exposure cases were observed. 
This corresponds to a yearly mean of 119 exposures for which a 
rabies infection in the biting animal could not be excluded and 
which would, therefore, require PEP, despite the mass dog vacci-
nation, to ensure that 100% of human rabies cases are prevented. 
Compared to the mean of 156 PEP recommendations which still 
occurred after the vaccination campaign, the number of PEP 
would at least be reduced by 24% (n = 37) with better One Health 
communication.

The background for the cost analysis and the results of the 
cost comparison of the three different scenarios are presented in 
Table 4 and Figure 4.

Intervention in the animal reservoir shows a clear advantage 
over prevention measures solely on the human medical side. The 
break-even point of dog vaccination and PEP with sole use of 
PEP is forecast about 15 years after the start of intervention. If 
maximum One Health communication was achieved in addition 
to dog vaccination, the cost even point is reached only 10 years 
after the start of the intervention. This is due to reduction in 
inappropriate use of PEP (dog confirmed vaccinated and in good 
health during the observation period), which leads to lower 
human vaccine cost for scenario 3 compared to scenario 2.

The advantage of investment into the veterinary sector for the 
control of rabies in humans became even more striking when cost 
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TaBle 4 | Description of the principle background for the calculation of crude cost and cost-efficiency by scenario.

cost calculation

scenario cost composition calculation basis 2012 calculation basis 
2013

calculation basis 2014 calculation 2015 onward

1 Post-exposure prophylaxis 
(PEP)

Number of recommended PEP 
registered June to December 12, 
extrapolated to 12 months

Number of 
recommended PEP 
registered June to 
December 2012, 
extrapolated to 
12 months

Number of 
recommended PEP 
registered June to 
December 2012, 
extrapolated to 
12 months

Number of recommended 
PEP registered June to 
December 2012, extrapolated 
to 12 months

2 PEP and vaccination number of recommended PEP 
registered in 2012

number of 
recommended PEP 
registered in 2013

number of recommended 
PEP in 2014

mean number of 
recommended PEP registered 
in 2013 and 2014

Cost of vaccination campaign in 
2012

Cost of vaccination 
campaign in 2013

Estimated yearly flat 
rate for reintroduction 
control and small scale 
emergency vaccination

Estimated yearly flat rate for 
reintroduction control and small 
scale emergency vaccination

3 PEP and vaccination Sum of high risk exposures and 
30% of moderate risk exposures 
registered June to December 
2012, extrapolated to 12 months

Full cost for Essen 5 
doses PEP for sum of 
high risk exposures and 
cost of three doses for 
30% of moderate risk 
exposures registered 
in 2013

Full cost for Essen 5 
doses PEP for sum of 
high risk exposures and 
cost of three doses for 
30% of moderate risk 
exposures registered in 
2014

Full cost of PEP for mean 
number of high risk exposures 
and cost for three doses 
for 30% of moderate risk 
exposures registered in 2013 
and 2014

Cost of vaccination campaign in 
2012

Cost of vaccination 
campaign in 2013

Estimated yearly flat 
rate for reintroduction 
control and small scale 
emergency vaccination

Estimated yearly flat rate for 
reintroduction control and small 
scale emergency vaccination

cost-effectiveness calculation

scenario calculation of exposures 
averted

calculation of disability-
adjusted life years (DalY) 
averted

cumulative cost after 
20 years

DalY averted after 
20 years

cost per DalY averted over 
20 years

1 Number of recommended 
PEP with high and moderate 
exposure risk background 
registered in 2012 and 
extrapolated to the following 
years

19% of number of exposures 
averted multiplied with years of life 
lost (YLL) according to different 
age classes

388,515,250 FCFA/ 
770,038 USD

6,372 60,971 FCFA/121 USD

2 Difference of extrapolated 
number of high and moderate 
risk exposure cases registered 
in 2012 and effective 
exposures (100% of high risk 
and 70% of moderate risk) 
registered in 2013 and 2014

19% of number of exposures 
averted multiplied with YLL 
according to different age classes

349,001,170 FCFA/ 
691,721 USD

9,055 38,544 FCFA/76 USD

3 Difference of extrapolated 
number of high and moderate 
risk exposure cases registered 
in 2012 and effective 
exposures (only high risk) 
registered in 2013 and 2014

19% of number of exposures 
averted multiplied with YLL 
according to different age classes

287,226,252 FCFA/ 
569,283 USD

9,055 31,721 FCFA/63 USD

For all costs, a discount rate of 4% was applied.
Exchange rate 2012 applied, 1 USD = 504.54 FCFA.
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efficiency per DALY averted was compared. The yearly number of 
DALY averted with scenario 1 was 454, whereas dog vaccination 
led to a total of 659 DALY averted each year. This showed that 
PEP use as currently applied in N’Djamena is costly but does not 
prevent human rabies cases because the exposure of humans to 

rabid animals remains, and many bite victims who are in need 
do not get PEP due to failure to consider the status of the biting 
animal.

Vaccination of the animal vector was about 30% less costly 
over a period of 20  years and this cost efficiency would be 
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FigUre 4 | Display of the cost trend of the three different rabies control scenarios.
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improved by strengthening communication between animal and 
human health workers. Overall, yearly number of DALY averted 
with scenario 2 and 3 are the same, but One Health communica-
tion led to a significant reduction of PEP cost compared to dog 
vaccination alone. In the absence of such communication, the 
cumulative number of PEP prevented by the vaccination inter-
vention after 20 years was only 2,423 as compared to 4,057 doses 
of PEP prevented with scenario 3. This difference led to a slightly 
higher cost effectiveness of scenario 3 compared to scenario 2 
(Table 4; Figure 4).

Because the observed PEP recommendations in this study 
were not able to prevent human rabies deaths, we calculated the 
cost for optimal use of PEP in N’Djamena, defined as numbers 
of PEP correspond to the number of observed high and moder-
ate exposure risk cases. Compared to these estimated costs for 
prevention of 100% of human rabies deaths by PEP only, scenario 
3 would be advantageous after 6 years and scenario 2 after 8 years.

DiscUssiOn

The cost analysis of the vaccination campaigns in 2012 and 2013 
are based on a previous description of the cost of a pilot vaccina-
tion campaign in the same town (19). Compared to the former 
campaign in 2003, the costs per dog vaccinated almost doubled 
due to higher personnel cost, which reflects the economic devel-
opment over the past 10 years in Chad.

Our costs observed were considerably higher than described 
by Shwiff et  al. (18), where a mean of 1.55 USD was grossly 

estimated for Africa, Asia, and Latin America. As the success of 
a rabies vaccination campaign depends on the coverage achieved, 
the goal is to maximize the number of animals vaccinated per 
dollar invested. Lower cost at the expense of lower coverage 
might lead to lower cost effectiveness because of ineffective con-
trol of the disease. This was illustrated in Tanzania where a study 
compared cost effectiveness for different coverage levels (16). 
As coverage depends heavily on accessibility of dogs and acces-
sibility is in turn defined by the socio-demographic, cultural, 
and economic background of the human population, costs vary 
greatly between different regions (32). Even across a limited area, 
such as the town of N’Djamena, costs vary significantly between 
different contexts (25).

Although the total number of vaccination days remained the 
same in 2013 compared to 2012 and higher costs were observed 
in the second year due to reinforcement of sensitization, the cost 
per dog vaccinated was lower in 2013. This highlights that the 
number of dogs vaccinated per day is an important factor for 
cost effectiveness of a campaign and that investment to enhance 
accessibility is beneficial.

Ongoing surveillance showed a reduction of weekly animal 
rabies incidence. Animal rabies surveillance in our study 
was based on passive reporting of suspected cases. A study in 
Tanzania suggests that a passive surveillance system is only able to 
detect 1% of actual rabies cases (33), and Townsend et al. estimate 
that only a detection success of 10% can prove the absence of 
animal rabies within the time period of 2 years (34). In our study 
reporting was boosted by a sensitization campaign, and we also 
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hypothesize that the urban context with high human density 
leads to a higher detection rate. Therefore, we are confident that 
we were able to detect at least 10% of dog rabies cases occurring 
within the city limits.

Despite the reported decline of animal rabies incidence after 
the vaccination campaigns, PEP demand did not decrease to an 
equal extent. During the analysis phase, it became evident that 
health personnel judged the rabies risk according to the severity 
of the wound inflicted and only rarely considered the animal 
background. In consequence, PEP was sometimes provided 
without real indication, causing an unnecessary burden for the 
public sector and for households with low income. Regardless 
of the investment into animal rabies, the cost effectiveness of 
PEP could be increased through better communication between 
veterinarians and human health workers and also through 
changing from the intramuscular Essen regime to an intrader-
mal protocol (17).

Overall, the predicted break-even point between dog mass 
vaccination with PEP and PEP alone in the earlier simulation (21) 
matches the observed time period under a scenario of no reintro-
duction from outside of town. The main difference to the earlier 
work is that two campaigns were needed instead of one. Given 
the suggested interruption of rabies transmission in N’Djamena 
by the high coverage achieved in both years and the subsequent 
drop in need for PEP, dog vaccination would have a higher cost 
effectiveness after 15 years, despite the high investment. This is 
due in part to the equally high cost for PEP observed in Chad. 
Even without inclusion of RIG, an entire course of PEP equals 
the cost of PEP with RIG in South Africa (35) and is considerably 
higher than in Tanzania (29). This means that if the WHO recom-
mended inclusion of RIG for Category 3 exposures was applied 
in Chad, canine vaccination would have a much higher cost 
effectiveness than described in this study. For rural areas where 
accessibility is geographically very limited, the cost for travel and 
accommodation would also be higher than that presented here 
for an urban setting.

However, on the veterinary side, costs could also be higher 
because some were not included within the calculation presented, 
for example, costs related to animal observation, surveillance, 
and diagnostics. Finally, with regard to the DALY, we only con-
sidered cost in regard to years of life lost. Rabies also leads to a 
psychological burden in families of victims and in exposed people 
who fear contracting the disease (3, 36). This psychological aspect 
of disability has not been described empirically to date but poten-
tially leads to a productivity loss and higher burden of disease.

Our results show that One Health communication is crucial to 
get a maximum return on the investment and prevent prevailing 
unnecessary high PEP cost. The overall number of DALY averted 
in scenario 2 was equal to scenario 3, but scenario 3 had higher 
cost-efficiency due to lower investment into PEP. This highlights 
that dog vaccination together with One Health communication 
allows for maximal translation of effect on rabies control in the 
animal sector to cost saving for the public health sector.

One health communication also incurs cost, for example, 
meeting fees, transport costs, and telephone credit. These costs 
were not included in the calculation due to absence of reliable 
data. Also, PEP cost calculation for scenario 3 was based on 
the assumption that, if the biting animal is not vaccinated, an 

observation period of 10 days applies, during which PEP in all 
victims is already initiated. This means that for the duration of the 
observation period 3 doses of vaccine would be needed. Currently, 
the observation period applied in Chad is 14 days, which requires 
4 doses before discontinuing the unnecessary treatment.

The cost efficiency calculation was based on the assumption 
that canine rabies transmission can be interrupted in N’Djamena 
by two vaccination rounds. Thus after 2 years, only the costs for 
prevention of reintroduction are incurred. Disease modeling and 
phylodynamic analysis of the epidemiological and molecular 
data collected during the study period suggest that interruption 
was achieved but that rabies was re-introduced from outside the 
relatively small (254 km2) vaccination area (37).

Data from ongoing routine diagnostics at IRED also show that 
without control at the town border, rapid reintroduction into the 
city occurs. The epidemiological pressure from the rural to urban 
areas is also described for Bangui and its surroundings (38). 
Therefore, sustainable control can only be achieved with either 
stringent reintroduction control for rabies free areas requiring 
movement restrictions on dogs or large scale national campaigns. 
A preliminary budget estimate for a Chadian national dog rabies 
vaccination campaign suggests costs between 1.9 and 4.7 million 
Euros, depending on the number of dogs vaccinated per day per 
vaccination post and the overall duration (22). Despite several 
limitations and assumptions, our study proves the financial 
advantage of investment into dog mass vaccination for preven-
tion of human rabies, identifies the need for better communica-
tion between the human and animal health sectors to improve 
cost effectiveness of interventions in the animal reservoir, and 
highlights the urgency for large scale control of animal rabies in 
Chad.

cOnclUsiOn

Despite the high initial cost for mass vaccination, the advantage 
of investment into rabies control in the host species is evident. 
Our results clearly show that canine mass vaccination has a 
higher cost effectiveness per DALY averted than PEP alone and 
is less costly over a period of 15–20  years. The study success-
fully demonstrates the added value of a One Health approach 
in zoonotic disease control. PEP remains the main prevention 
strategy to avert rabies deaths but compared to animal vaccina-
tion, it is not cost effective and does not lead to reduction and 
elimination of human rabies cases.
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elimination of Dog-Mediated human 
rabies Deaths by 2030: needs 
assessment and alternatives for 
Progress Based on Dog Vaccination
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Background: Rabies imposes a substantial burden to about half of the world popula-
tion. The World Health Organization (WHO), World Organization for Animal Health, and 
the Food and Agriculture Organization have set the goal of eliminating dog-mediated 
human rabies deaths by 2030. This could be achieved largely by massive administration 
of post-exposure prophylaxis—in perpetuity—, through elimination of dog rabies, or 
combining both. Here, we focused on the resources needed for the elimination of dog 
rabies virus by 2030.

Materials and methods: Drawing from multiple datasets, including national dog 
vaccination campaigns, rabies literature, and expert opinion, we developed a model 
considering country-specific current dog vaccination capacity to estimate the years and 
resources required to achieve dog rabies elimination by 2030. Resources were deter-
mined based on four factors: (a) country development status, (b) dog vaccination costs, 
(c) dog rabies vaccine availability, and (d) existing animal health workers. Our calculations 
were based on the WHO’s estimate that vaccinating 70% of the dog population for 
seven consecutive years would eliminate rabies.

Findings: If dog rabies vaccine production remains at 2015 levels, we estimate that 
there will be a cumulative shortage of about 7.5 billion doses to meet expected demand 
to achieve dog rabies elimination. We estimated a present cost of $6,300 million to elim-
inate dog rabies in all endemic countries, equivalent to a $3,900 million gap compared 
to current spending. To eliminate dog rabies, the vaccination workforce may suffice if all 
public health veterinarians in endemic countries were to dedicate 3 months each year to 
dog rabies vaccination. We discuss implications of potential technology improvements, 
including population management, vaccine price reduction, and increases in dog- 
vaccinating capacities.

conclusion: Our results highlight the resources needed to achieve elimination of 

Abbreviations: DEC, dog rabies endemic country; FAO, Food and Agriculture Organization; HDI, human development index; 
GDREP, global dog rabies elimination pathway; NGO, non-governmental organization; OIE, World Organization for Animal 
Health; PEP, post-exposure prophylaxis; RIG, rabies immunoglobulin; WHO, World Health Organization.
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…it is villainous that our pounds should be so little 
patronized and such swarms of dogs allowed to run 
unmuzzled….[Dogs] swarm in all the streets, obstruct 
the pavements, make night hideous with their howls… 
New York Daily Times (1)

inTrODUcTiOn

The control of dog rabies presents a unique and challenging 
undertaking. The One-Health nature of rabies—requiring the 
integration of medical and veterinary sectors—has challenged 
how animal control and rabies prevention efforts are designed 
and implemented. Animal control has posed a challenge for 
centuries (1, 2), as suggested by the epigraph, which continues 
to resemble many urban and peri-urban settings today. Rabies 
is a zoonotic disease that kills an estimated 59,000 people and 
hundreds of thousands of animals annually, with most of the 
burden falling in low- and middle-income countries, particularly 
among children and poor urban and rural communities (3, 4). 
About 99% of rabies human cases originate by rabid domestic 
dogs (4–7). Few other zoonotic diseases have provoked the same 
sense of terror in humans as rabies, and dog bites in general 
have been a focal issue in the control of dog populations (1, 8). 
Controlling dog rabies substantially reduces human exposures 
(9, 10) and can be accomplished through periodic campaigns of 
dog vaccination (9, 11, 12). World Health Organization (WHO) 
recommends recurrent vaccination campaigns covering at least 
70% of the dog population to control and potentially eliminate 
dog rabies (7, 13, 14).

The One-Health character of rabies has for centuries 
illuminated inherent divisions of responsibilities between 
institutions focused on animal health and human health. This 
has often complicated and delayed the development of mod-
ern rabies control programs, as most early efforts to control 
rabies were relinquished to non-public health agencies (1). As 
public health agencies became more involved in rabies pre-
vention, particularly after the introduction of post-exposure 
prophylaxis, they remained primarily reactive, providing care 
to humans after a potential rabies exposure (2). Even today, 
determining whether health or agriculture has responsibility 
for leading control efforts often impedes initiation of rabies 
control plans (7).

Despite these challenges, dog rabies has been successfully 
eliminated in most of the Western Hemisphere, western Europe, 
and some Asian countries. Effective control of dog rabies at the 
community level through dog control programs (e.g., confine-
ment, stringent leash-law legislation, and destruction of stray ani-
mals) began in parts of Europe as early as the nineteenth century 
(2). However, mass vaccination programs starting in the 1920s 
and 1930s were largely responsible for the elimination of dog 
rabies in Canada, Europe, Japan, and the United States (2, 15–18). 
Similarly, regional rabies control efforts in Latin America, with 
support from the Pan American Health Organization, were initi-
ated in the early 1980s and have been successful in reducing the 
number of reported cases of rabies in dogs by 98% (19–21). These 
success stories have resulted from a combined effort involving 
mass dog vaccination, dog population control, and coordination 
at national and community levels, all supported and promoted by 
national governments (2, 22, 23).

In 2016, the WHO, the World Organization for Animal Health 
(OIE), the Food and Agriculture Organization (FAO), and many 
non-governmental organizations agreed to mobilize their mem-
ber states, portfolios, and resources to eliminate dog-mediated 
human rabies by 2030 (24, 25). Many dog-rabies endemic coun-
tries (DECs) are at the early stages of their control efforts and 
are still overcoming barriers related to limited understanding of 
the local epidemiology, logistic and operational challenges, lack 
of resources, and competing priorities of other diseases (3, 26, 
27). Many of these barriers have been addressed and overcome 
by other nations, affording the opportunity for those countries 
still at early stages to benefit from prior experiences (4, 6, 26, 28).

This analysis intends to provide both a realistic assessment and 
feasible projections for a path toward global dog rabies elimina-
tion by 2030 through dog vaccination. Building on previous expe-
rience of dog vaccination programs (7, 19, 21, 29), we focused on 
four factors that are likely to affect a country’s ability to eliminate 
dog rabies: country development, cost of vaccinating 70% of the 
dog population, dog rabies vaccine production, and availability 
of trained personnel for vaccine administration. We considered 
and evaluated several categories of plausible technological 
improvements and innovations as a sensitivity analysis, includ-
ing increasing vaccination capacity, decreasing vaccine costs, 
and massive dog population management efforts. Our results 
quantitatively highlight some of the main challenges and provide 
overview of possible modifications, directions, and pathways to 
be considered. Our goal is to provide a realistic description of the 

dog-mediated human rabies deaths by 2030. As exemplified by multiple successful 
disease elimination efforts, one size does not fit all. We suggest pragmatic and feasible 
options toward global dog rabies elimination by 2030, while identifying several benefits 
and drawbacks of specific approaches. We hope that these results help stimulate and 
inform a necessary discussion on global and regional strategic planning, resource mobi-
lization, and continuous execution of rabies virus elimination.

Keywords: infectious disease, rabies control and prevention, dog vaccination, population management, zoonotic 
diseases, one health, global health, rabies elimination
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FigUre 1 | global Dog rabies elimination Pathway (gDreP): phases for a dog rabies elimination program based on 70% dog population vaccination 
coverage. Notes: there is variation between and within countries for the implementation and scaling-up of national dog vaccination campaigns. Based on expert 
opinion from dog vaccine implementation strategies in Haiti, Ethiopia, United States, Vietnam, and Latin America, we assumed that the current dog rabies 
vaccination coverage was directly correlated to the number of years it will take to achieve elimination, as illustrated by the three distinct phases shown in the figure. 
For countries in Phase II, we estimated dog vaccination as the median value in the corresponding year range (e.g., we used 26% vaccination coverage in the rage 
18–35%), or the current country vaccination rate for those countries that were already vaccinating dogs at a rate equivalent to Phase II. *Infrastructural improvement 
costs were estimated to be equivalent to the cost of vaccination for 10% of the country’s unvaccinated dog population.
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status quo and present gaps hampering possible elimination. In 
particular, this manuscript highlights the urgent need to initiate 
action among public health officers, donors, academics, and the 
global rabies community if 2030 is to be maintained as a realistic 
target for elimination.

MaTerials anD MeThODs

Overview
We combined multiple data sources to derive quantitative estimates 
of the four factors that are likely to influence the feasibility of dog 
rabies elimination by means of dog vaccination: country develop-
ment, cost of dog vaccination programs, potential demand for dog 
vaccine, and the current number of trained dog vaccination person-
nel (e.g., para-veterinarians). We included a total of 192 countries in 
our analysis. We classified countries as either DECs or dog rabies-
free countries and used United Nations (UN) geographic regions to 
group them to summarize our main results (30). For the purposes 
of this study, we assumed constant human, dog, and health-care 
worker populations for the time period 2017–2030.

Framework for eliminating Dog rabies
We developed a theoretical global dog rabies elimination pathway 
(GDREP) consisting of a 13-year time frame; with the assumption 
that this would be enough time for even the least-developed rabies 
control programs to achieve elimination by 2030 if they fully 
committed to this achievement. A country’s starting point within 
the GDREP timeframe was dependent upon their current (2015) 
estimated dog vaccination rate, and each country was assumed to 
progress through the program in annual increments. We assumed 
that all DECs would start the program at the same time (January 
1, 2017), and that countries would progress through each annual 
stage of the program without regress.

Dog vaccination programs typically rely on robust logistical 
support, including infrastructure and human capital (31–34). 
Based on expert opinion from dog vaccine implementation 
strategies in Haiti, Ethiopia, United States, Vietnam, and Latin 

America, we assumed that the current dog rabies vaccination 
coverage was an indicator of a country’s capabilities to conduct 
mass dog vaccination campaigns. We divided the GDREP into 
three phases (Figure 1), as a function of their current dog vac-
cination rates. In this framework, a countries would progressively 
move toward phase III, a threshold at which they would conduct 
a full-scale dog vaccination campaign.

Countries with current dog vaccination coverage below 18% 
(i.e., 25% of WHO’s goal of 70% of the dog population vaccinated) 
were classified as Phase I. These countries entered the program at 
year 1, and we estimated that they would need the full 13 years 
to achieve elimination. Phase I countries were given 3  years to 
develop field studies, workforce training, adequate legislation, and 
other infrastructural improvements. We estimated the annual cost 
for each of the 3 years that these countries remained in Phase I as 
the country-specific cost of the 2015 dog vaccination efforts plus 
the cost for these infrastructural developments. Because we found 
no available evidence of the costs to scale-up a fledgling rabies 
vaccination program, and the exact amount is likely to vary from 
country to country based on available capabilities and dog popu-
lation size, we defined the costs of infrastructural developments 
as approximately the cost to vaccinate 10% of the dog population 
that remained to be vaccinated. The 10% was estimated based on 
CDC’s dog vaccination support activities in Haiti (27, 35, 36).

Countries with vaccination coverage above 18% and below 
70% were classified as Phase II. Phase II was equally divided into 
three 1-year periods based on current dog vaccination: 18–35% 
coverage countries entered the program at year 4, 36–53% cover-
age countries entered at year 5, and 53–69% coverage countries 
entered the program at year 6. Phase II countries were charged an 
annual rabies elimination cost equal to their current dog vaccina-
tion efforts plus the cost to vaccinate an additional 10% of their 
dog population. These additional costs were estimated to be nec-
essary to further develop their mass dog vaccination programs, 
focused on scale-up of services, logistical improvements, and 
pilot implementation of elimination programs. Depending on 
the estimated 2015 dog vaccination rates, countries entering the 
program in Phase II could take 8–10 years to achieve elimination.
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TaBle 1 | Main parameters and data sources to inform the estimates for 
global Dog rabies elimination Pathway (gDreP), 2017–2030.

Parameter Value source

Demographic and epidemiological data
Human population Country specific (37)
Urban population (%) Country specific (37)
Human-to-dog ratios (humans per dog) Mean: 10.8 Estimated

Asia and Oceania Urban: 7.5; rural: 14.3 (6)
China Urban: 48.3; rural: 48.3 (6)
Africa Urban: 21.2; rural: 7.4 (6)
The Americas Urban: 7.5; rural: 7.5 (19)
Europe Urban: 6.5; rural: 6.5 Estimate

HDI Country-specific (38)

Dog vaccine administration
Vaccination coverage needed 70% (7, 13, 14)
Vaccinated dogs by country Country specific (4)
Daily vaccination capacitya 100 dogs/day/person (39)
Animal health workers

Public health veterinarians Country specific (40)
Public health para-veterinarians Country specific (40)

cost to vaccinateb

Cost per dog vaccinated (point estimate) $2.18 (41–43)
Vaccine, syringes, and needles (%) 26.8 (41, 42, 44)
Personnel (%) 28.5 (41, 42, 44)
Overhead and other costs (%) 44.7 (41, 42, 44)
Discounting rate (%) 3 (45)

Dog population managementc

Share of female dogs sterilized in first 
round (%)

70 (46)

Maintenance sterilization (%) 30 (46, 47)
Reduction in dog population over  
5 years (%)

40 (47, 49)

Cost per female dog sterilized $8.00 (47, 49)

HDI, human development index; it is a composite measure of health, education, and 
income used by the United Nations Development Program (38).
aDog vaccination capacity is consistent with unpublished data collected by the authors 
of this analysis in urban, semi-urban, and rural areas of Haiti.
bAll costs were adjusted to 2015 US dollars using gross domestic product implicit price 
deflators (48).
cThe dog population management scenario is based on the expected/plausible 
technological developments in coming years.
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Countries with vaccination coverage currently at or above 70% 
were classified as Phase III. Based on WHO recommendations, 
we estimated that countries would have to vaccinate 70% of the 
dog population for 7  years to eliminate dog rabies (7, 13, 14). 
All DECs currently vaccinating at 70% entered the program at 
year 7, and required 7  years to achieve elimination. Therefore, 
if all DECs committed to dog rabies elimination in 2017 and 
progressed through this program, the earliest a country could 
achieve elimination is 7  years and the longest it would take is 
13 years.

analysis and input Data
Country-specific estimates for each of the four factors evaluated 
in this study (i.e., country development, cost of dog vaccination 
to achieve goal, expected number of dog vaccines required, and 
currently trained personnel) were derived and then aggregated 
by UN Regions and at the global level. Table 1 shows the main 
parameters and sources of data used to obtain the estimates in this 
study. We obtained country populations and proportion residing 
in urban areas for the year 2015 from the World Bank (37).

We estimated country-specific dog populations by applying 
regional human-to-dog ratios to each country’s human popula-
tion based on previous literature (6, 19) (Table 1). We calculated 
dog populations for both urban and rural areas, and the total was 
represented as the summation of these two values. We obtained 
estimates of dog rabies vaccination coverage from Hampson 
et al. (4).

We estimated country-specific veterinary workforce using data 
from OIE (40), based on two optimistic scenarios: (A) all public 
health veterinary workforce is available to provide dog rabies vac-
cinations (including private and public practice) and (B) that all 
public health para-veterinarian workforce is available to provide 
dog rabies vaccinations. For each scenario, we calculated the 
potential gap or surplus in vaccinator capacity for programs that 
operate both 1- and 3-month vaccination campaign duration. We 
calculated the capacity by country and then aggregated it globally. 
Information on veterinary workforce is voluntarily provided by 
countries. We imputed the size of the animal health workforce, 
weighted by country cluster, for countries for which data were 
not available.

The cost to vaccinate a dog is variable and may differ from 
country to country. We estimated the cost to vaccinate a dog 
based on the average inflation-adjusted estimate from articles 
of dog vaccination costs to prevent rabies in three developing 
countries: Chad (41), Tanzania (42), and the Philippines (43). 
These costs included vaccine costs (e.g., syringes, certificates, 
vaccine), equipment, cold chain, dog vaccinators’ salaries, 
transportation, awareness, and information, among others, 
but the specific items included varied by study. We used other 
published estimates to inform our sensitivity analysis on costs 
per vaccine (6, 44, 49). We focused solely on dog vaccination; we 
did not include other costs associated with rabies control, such 
as rabies surveillance, laboratory diagnostics, or training dog 
vaccination personnel, which despite being integral to an effec-
tive rabies control program cannot be readily quantified and are 
unlikely to change the overall conclusions of our analysis. We 
used a 3% discount rate in all our estimates (45), and adjusted 

all cost to 2015 US dollars using US gross domestic product 
implicit price deflators (48).

Dog rabies vaccine production is a potentially limiting factor 
in the effort to eliminate dog rabies globally. The 2015 estimated 
number of dog rabies vaccines used in 2015 was obtained from 
Hampson et al. (4). This current DEC dog rabies vaccine demand 
was assumed to approximate the supply, as there have been no 
reports of large-scale expiration of animal rabies vaccines. We 
compared the current supply of vaccine to DECs to the antici-
pated annual demand from 2017 to 2030 and calculated the gap 
in current supply to anticipated demand.

Last, we ranked the UN Regions in terms of likelihood of 
achieving dog rabies elimination based on aggregate indicators 
of the four factors used in our country-level analysis, plus two 
regional indicators. Criteria included: country development 
index, estimated funding gap for elimination, current dog vac-
cination coverage, gap in vaccinator capacity, proportion of the 
cluster that was considered rabies free, and expected years to 
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TaBle 2 | Main assumptions that inform our estimates.

assumption rationale

70% of the dog population has 
to be vaccinated annually for 
5–7 years to eliminate dog rabies

WHO recommendation; research suggests 
70% threshold (7, 13, 14). Caveat: possibly 
varies by setting (55)

Dog vaccination coverage 
estimated by Hampson et al. (4) is 
reasonably accurate

Refereed review; provides country-specific 
estimates

Regional human-to-dog ratios 
estimated by Knobel et al. (6) are 
representative of countries in each 
region

We crossed-checked using human-to-dog 
ratio estimated from Davlin and VonVille 
(29) and found a ~3% aggregate difference

Countries where rabies has been 
eliminated from specific regions 
within the country (e.g., Brazil) 
still require national vaccination 
coverage

Our aim is not to explore detailed trends at 
the subnational level but to illustrate global 
trends

The time frames presented in 
the GDREP accurately reflect 
a country’s progression toward 
elimination

However, we recognize that between and 
within country capabilities and willingness 
to conduct dog rabies elimination 
campaigns using vaccines will, in reality, 
vary

All countries commit to dog rabies 
elimination at year 1 of GDREP 
and move through the phases as 
predicted

While this assumption is unlikely to reflect 
reality, this analysis and supplementary 
table can be used to forecast needs on a 
country-specific level

After 7 years of vaccination of 70% 
of dog population, we consider 
the country rabies free and do not 
longer estimate dog vaccination 
maintenance costs

Countries completing the GDREP will 
likely continue to fund rabies prevention 
programs and maintain some level of 
dog rabies vaccination. However, these 
activities are no longer for the purpose of 
elimination, rather they are for the purpose 
of preventing re-incursion of the virus. 
Therefore, these costs are not considered

Vaccination capacity: all public 
health veterinary work force 
would be willing/able to do dog 
vaccinations, and veterinary 
workers can move within countries 
at ease. We assume the workforce 
reported by OIE (40) is reasonably 
accurate

Larger cities may have an unequal 
distribution of vaccination capacity. This 
is not accounted for under the vaccinator 
capacity assessment

WHO, World Health Organization; OIE, World Organization for Animal Health; GDREP, 
Global Dog Rabies Elimination Pathway.
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achieve elimination. Each of the six criteria was ordered from 
most optimal to least optimal value and received the correspond-
ing numerical score. We summed the country cluster rank scores 
to obtain a cumulative rabies elimination rank score. Lower 
scores represent UN Regions that appear to be more favorably 
situated to achieve the rabies elimination goal.

sensitivity analysis, Main assumptions, 
and robustness checks
To assess what future efforts might have the greatest impact on 
global dog rabies elimination, we developed four hypothetical 
scenarios assuming that a new technology would be developed 
which would impact the feasibility of dog vaccination. These 
illustrative scenarios included a 50% decrease in the price of dog 
rabies vaccine (including syringe and needle), 50% and 100% 
increases in the daily vaccination capacity of a vaccinator, and a 
global reduction in the dog population to a level that is presumed 
to be sustainable under currently available resources (a 40% 
reduction in population) (46, 47). We estimated the distribution 
of the aggregate costs of dog vaccination campaigns by compo-
nent (vaccines, syringe and needles, personnel, and overhead and 
other costs) based on the average cost distribution accrued during 
dog vaccination campaigns in Chad and Tanzania (41, 42, 44).

Daily vaccination capacity is likely to vary depending, among 
other factors, on vaccinator experience, dog density, and dog 
owner reception to vaccination (39, 50–53). A large-scale cam-
paign in an African city was able to vaccinate approximately 
100 dogs per person, per day (39). This figure is consistent with 
unpublished data collected by the authors of this analysis in urban, 
semi-urban, and rural areas of Haiti and was used for vaccinator 
capacity calculations. Other estimates for daily dog vaccination 
capacity (median number of dogs vaccinated per person per day) 
include ~9 in Mali (54), ~21 in Chad (51), ~50 in a different area 
of Chad (53), ~25 in Guatemala, and ~100 in Haiti (unpublished 
data collected by CDC). A much higher estimate was obtained in 
Malawi (39) where ~200 dogs were vaccinated per person per day 
in each static point station. We used a 50% increase to 150 dogs 
per day and a 100% increase to 200 dogs per person per day for 
our sensitivity analysis, because we were interested in showing 
the results from the best plausible scenarios of dog vaccination.

Last, we assumed a new technology for relatively inexpensive, 
effective management of dog populations would be developed; 
it would be capable of effecting a 40% decrease in the total dog 
population over a 5-year period and would cost US$8, similar 
to the current cost of sterilizing a female dog (46, 47, 49). We 
assumed that dog population management activities would 
require reasonable country infrastructure and would therefore 
begin during Phase II of the GDREP. The scenario required a one-
time 70% sterilization of the female dog population to achieve a 
40% population reduction and maintenance of this population 
through continued sterilization of 30% of female dogs (45, 46).

The results from our model are based on several critical 
assumptions, informed by previous literature, dog vaccination 
campaigns, and expert opinion. For transparency and ease of 
understanding, we provide a list of the main assumptions of our 
model and their rationale in Table 2.

We conducted a robustness check on two key parameters. 
First, we assessed whether our estimate of dog population was 
reasonable, by calculating the global dog population based on 
human-to-dog ratios obtained from Davlin and VonVille (29). 
Second, we checked the robustness of the assumption that 
the current dog rabies vaccination coverage was an indicator 
of a country’s capability to conduct mass dog vaccination 
campaigns by comparing current dog vaccination rates to their 
UN-defined human development index (HDI). The HDI is an 
aggregate composite index of life expectancy at birth, mean of 
years of schooling, and gross national income per capita (38). 
The UN’s HDI is a method of quantifying the development of a 
country in a more robust manner than economic growth alone. 
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TaBle 3 | association between human Development index (hDi) and dog rabies vaccine coverage and elimination.

Dog rabies free Dog rabies endemic current dog vaccination coverage, endemic countries

>70% 53–69% 35–53% 18–35% <18%

Countries 70 122 5 9 24 28 56
Total HDI scorea 54.30 73.04 3.49 6.38 18.18 18.91 26.09
HDI range 0.43–0.95 0.28–0.89 0.63–0.77 0.57–0.89 0.45–0.88 0.43–0.85 0.28–0.77
Mean HDI score 0.78 0.60 0.70 0.71 0.76 0.68 0.47
95% CI 0.76–0.80 0.58–0.62 0.57–0.83 0.63–0.79 0.71–0.81 0.64–0.72 0.44–0.50
SD 0.13 0.16 0.05 0.10 0.06 0.12 0.12

Test of significance; two-tailed t-test: p < 0.05; ANOVA: p = < 0.05.
CI, confidence interval.
aHDI is a composite measure of health, education, and income used by the United Nations Development Program to rank countries based on their human development (38).
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We compared HDI to dog vaccination coverage among DECs, 
with mean, SD, and analysis of variance calculated to determine 
if significant differences were present. Development measures, 
such as HDI, have been used as benchmark for health system 
capabilities in other studies of disease burden (4, 56–59).

resUlTs

Dog Populations
Our estimates show that there are approximately 687 million dogs 
globally (an average global human-to-dog ratio of 11:1), of which 
536 million resided in the 122 DECs (78.1%) in 2015. Based on 
the WHO’s recommendation of 70% vaccination coverage during 
7  years for elimination (7, 13, 14), a total of 375 million dogs 
would need to be immunized in DECs. An estimated ~130 mil-
lion dog rabies vaccines were utilized in 2015, representing a gap 
of 246 million annual dog vaccinations to achieve the desired 
vaccination goal of 70% (country-specific estimates are shown 
in the Supplementary Material) (4). We compared these global 
estimates of dog population with estimates based on Davlin and 
VonVille’s (29) human-to-dog ratios. While differences were 
noted between individual country estimates, estimates of the 
global mean were within 2.5% difference, not statistically differ-
ent (paired t-test, p-value = 0.96).

human Development index
Seventy countries were determined to be dog rabies virus free; 
122 were categorized as DECs. Countries free of dog rabies 
(n  =  70) had a significantly higher mean HDI score of 0.78 
compared to 0.60 for DECs (p < 0.05). Five mean HDI scores 
were calculated in accordance with the 13-year vaccination 
program phases and are displayed in Table 3. Only 5 DECs were 
estimated to be vaccinating more than 70% of dogs as of 2015 
(Phase III); 56 (46%) were vaccinating less than 18% (Phase I). 
The remaining 61 DECs were defined as Phase II. The mean 
HDI score for DECs in Phase I was significantly lower than 
DECs in Phases II and III (mean 0.46 vs 0.71, p = 0.004). We 
interpreted this to suggest that significant structural improve-
ments would be needed in these countries before sustained 
higher dog vaccination levels could be achieved, which vali-
dated our assumption that current dog vaccination coverage is a 
reasonable indicator of a country’s capabilities to conduct mass 

dog vaccination campaigns (specific details are shown in the 
Supplementary Material).

Dog Vaccines required
Figure 2 shows the number of dog vaccinations required annually 
for the 13-year dog rabies elimination program. The line shows 
the number of dog vaccinations estimated to have occurred in 
2015 as a reference (n ≈ 130 million). The results suggest that, if 
the current scenario does not change, by the second year of the 
GDREP, we would require additional production of at least 30 
million doses. The largest gap in dog rabies vaccines is predicted 
to occur in year 7 of the program, with a potential gap of 245 
million doses. However, this spike in dog vaccine needs is model 
dependent, as it corresponds to the point where we would expect 
the largest number of countries vaccinating at 70%, if all countries 
begin in year 1 and progress as expected. The cumulative dog 
rabies vaccine gap for the duration of the 13-year program is 
7.5 billion doses, assuming vaccine production remains at the 
estimated 2015 level.

Vaccination costs
Using an average cost per dog vaccinated of $2.18, based on 
estimates from vaccination campaigns in three developing 
countries (Table 1), we estimated a total present cost of $6,315 
million to eliminate dog rabies in all DECs. Most DECs are cur-
rently vaccinating some proportion of their dog population, at an 
estimated value of $2,457 million over the course of the 13-year 
elimination program. Therefore, the additional present cost of 
dog vaccination to achieve elimination would be $3,858 million. 
An estimated $299 million is required to move all Phase I coun-
tries into Phase II; $1,386 million to move all Phase II countries 
to Phase III, and $4,631 million to move all countries through 
Phase III, elimination. Year 1 of the global elimination program 
is anticipated to have a funding gap of $60 million (Figure 3). The 
funding gap is anticipated to reach a peak in year 7 of the global 
campaign ($448 million).

The costs of vaccinating a dog vary substantially within and 
between countries (6, 41–44). Figure 4 shows the aggregate cost 
of eliminating dog rabies for a range of estimates of unit costs 
per dog vaccinated derived from previous studies. If the mean 
cost to vaccinate a dog was as high as $8.60, then the gap for 
global elimination could be $13.5 billion. If the cost to vaccinate 
a dog could be reduced to approximately $0.30, there would be no 
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FigUre 2 | annual dog vaccinations required to achieve rabies elimination goal by 2030. Notes: the estimates show aggregate values of canine vaccination 
requirements for countries, assuming that all countries begin working toward rabies elimination in the first year. The estimates are based on current human and dog 
population and vaccine availability.
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anticipated gap in funding to achieve global elimination. At $0.30 
per dog vaccinated, this value is sevenfold lower than the current 
most likely cost ($2.18).

animal health Workers’ Vaccination 
capacity
Using data for animal health work force from OIE (40), we 
estimated each country’s dog vaccination capacity. We estimated 
that each worker would be able to vaccinate 100 dogs per day 
(39), and compared animal workforce requirements for a single 
1-month vaccination campaign (25 work days) compared to a 
3-month campaign.

Figure 5 shows the aggregate results for annual dog vaccination 
capacity (total dogs potentially vaccinated by existing workforce) 
for (A) all public health veterinary workforce (n = 115,864) and 
(B) all public health para-veterinarian workforce (n =  39,635). 
Under scenario (A), our estimates show that there will be a global 
shortage of dog vaccinators in year 5 of the GDREP, assuming 
1-month vaccination programs are utilized. Dog vaccinator 
shortages would reach their peak in year 10 of GDREP, at 91 mil-
lion dogs unable to be reached for vaccination. The vaccinator 
workforce may be adequate if they were to dedicate 3-months 
each year to dog rabies vaccination.

Under scenario (B), utilizing only the para-veterinarian work-
force for dog vaccination, we would expect an immediate work-
force shortage in year 1 under GDREP when utilizing a 1-month 
vaccination program. Dog vaccinator shortages under this method 
would peak in year 7, at 276 million dogs unvaccinated. If this 
para-veterinary workforce were to dedicate 3-months toward dog 
rabies vaccination, a shortage in workforce would still be expected 

in year 5 of the GDREP and peak in year 7 (expected shortage of 
132 million dogs) (further details about country capacity by year 
are shown in the Supplementary Material).

sensitivity analysis: hypothetical 
scenarios Based on Technological 
improvements
The four scenarios based on hypothetical technological improve-
ments to reasonably improve current dog vaccination practices 
included a 50% decrease in the price of dog rabies vaccine, a 50% 
and 100% increase in the daily vaccination capacity of a vaccina-
tor and a 40% global reduction in the dog population (46, 47).

Figure 6 shows the annual costs of dog rabies elimination in 
endemic countries under each of the four hypothetical scenarios. 
The results suggest that, based on the limited existing evidence 
of dog population management, massive sterilization campaigns 
with current technology are the costliest path toward global rabies 
elimination. The spike in aggregate costs around the fourth year 
corresponds to our assumption that countries currently lagging 
in dog vaccination would be able to conduct massive sterilization 
only once they have achieved the capabilities of implementing 
massive vaccination campaigns.

Figure 7 compares the total costs of each of these hypothetical 
scenarios. Reduction of the cost of the rabies vaccine (including 
syringe and needle) by 50% would equate to an overall 13% 
reduction in the global cost to eliminate dog rabies ($5,471 mil-
lion). Increasing daily capacity to vaccinate dogs from 100 dogs 
per person to 150 dogs per person would result in an expected 
~10% reduction in total program costs, and increasing the daily 
capacity to 200 dogs per person/day would yield a net cost 
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FigUre 4 | Variability of the aggregate costs of gDreP based on the costs of administering rabies vaccines to 70% of the dog population, in rabies 
endemic countries, for a range of unit costs per dog vaccinated. Notes: costs are in 2015 US dollars; we used a 3% discount rate (45). Unit costs per dog 
vaccinated were informed by previous economic studies of dog vaccination (6, 41–44, 49). GDREP denotes Global Dog Rabies Elimination Pathway.

FigUre 3 | global annual costs of dog rabies vaccine administration to achieve dog rabies elimination in endemic countries, and number of 
countries with endemic rabies. Notes: costs are in 2015 US dollars; we used a 3% discount rate (45).
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reduction of ~14%. Based on an estimated cost for spay surgery of 
$8, a 40% reduction in the global dog population would result in 
a ~29% reduction in rabies vaccination program costs. However, 
the cost necessary to achieve global dog population reduction was 

estimated at $4,331 million, and thus, the overall program cost 
was ~40% higher than the current estimate for elimination based 
solely on dog vaccination with no population management. The 
costs per female dog sterilized would need to be reduced to less 
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FigUre 5 | annual surplus or deficit of global dog vaccination capacity (total dogs potentially vaccinated by existing workforce) to achieve rabies 
elimination in dog rabies endemic countries based on (a) public health veterinary workforce and (B) public health para-veterinary workforce. Notes: 
workforce data were obtained from the World Organization for Animal Health (40); the vaccination capacity was estimated for each country with dog endemic rabies 
and then aggregated at the global level. The estimates are based on a dog vaccination capacity of 100 dogs per worker per day (39).
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than half the price, about $3.50 per dog, to make the costs of dog 
population management plus dog vaccines comparable to that of 
only vaccinating dogs.

Prioritization for global Dog rabies 
elimination
The UN define 22 clusters of countries. Of these clusters, six were 
free of dog rabies. Of the remaining 16 clusters in which dog rabies 
is currently endemic, our applied elimination scores ranged from 16 
to 84 (Table 4). Clusters with the lowest elimination scores were pri-
marily located in the Western Hemisphere and Europe (Figure 8). 
Countries with the highest scores were mainly located in Africa and 
Asia. The 16 ranked clusters were stratified into three groups. Group 
1, consisting of seven countries, had a mean HDI of 0.77, compared 
to 0.65 and 0.47 for the second and third groups. Group 1, with the 
lowest elimination scores, had a mean elimination time of 5.4 years, 
compared to 10.1 and 11.7 years for Groups 1 and 2.

DiscUssiOn

The goal set forth by WHO, OIE, FAO, and global experts for the 
elimination of dog-mediated human rabies deaths will undoubt-
edly be the impetus for numerous countries to improve their 
rabies control and elimination programs. Achieving this global 
target will take international coordination from governments, 

non-government entities, private industry, educational institu-
tions, and many more partners. Establishing a framework that 
clearly describes the challenges that these partners will face is a 
critical first step in developing both regional and global strategies. 
There are several key approaches for how countries might achieve 
this goal; however, only mass vaccination of dogs has been 
effectively proven as a sustainable and cost-effective method. In 
this assessment, we have attempted to describe the scope of the 
resources that will be required to eliminate dog-mediated human 
rabies deaths through mass vaccination of dogs. In our attempt to 
conduct this global analysis, we made several critical assumptions 
to develop a model of an ideal scenario of dog rabies elimination. 
We focused on quantitative, measurable factors that affect a coun-
try’s ability to eliminate dog rabies, but there are many qualitative 
aspects of rabies control that would need careful consideration 
when assessing individual country prospects for elimination. The 
capacity to eliminate dog rabies varies by country, with unique 
challenges and opportunities that cannot be readily quantified or 
generalized. These include, but are not limited to, political sup-
port, economic support, political stability, veterinary capacity, 
dog ownership characteristics, legislation, and dog ecology. We 
acknowledge that there is variation between and within countries 
for the implementation and scaling-up of national dog vaccina-
tion campaigns. However, the purpose of this analysis was not to 
provide a detailed roadmap for countries to follow toward rabies 
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FigUre 6 | annual costs of dog rabies control under four hypothetical scenarios: decrease in the price of dog rabies vaccine, (including syringe and 
needle) increases in daily vaccination capacity of health workers, and effective dog population management and control. Notes: the four hypothetical 
scenarios assuming that a new technology impacted the feasibility of dog vaccination, reasonably improving current practices. The estimates are based on current 
human and dog population and vaccine availability. The distribution of aggregate costs components was estimated based on previous literature (41, 42, 44).
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elimination, but rather to provide evidence for regional and global 
leaders to continue to advocate for resources, be they monetary, 
human, or material, to support global rabies elimination efforts.

At first glance, the feasibility of global dog-mediated human 
rabies elimination through mass dog vaccination is sobering. Of 
the four main factors assessed in this analysis, three are likely 
to represent substantial barriers to this goal: country capabilities 
(measured by HDI), vaccine demand, and funding. We have pre-
dicted gaps in the availability of dog rabies vaccines to the order 
of hundreds of millions. The cost of global elimination is likely 
to be billions of dollars. In a recent WHO expert consultation 
(7), scaling-up of animal rabies vaccines was determined to be 
possible, but the degree of expansion was not reported. However, 
with more countries developing the technology to produce local 
animal rabies vaccines (e.g., Ethiopia, India, and China), and 
growing demand for dog vaccines, the regional supply could be 
expanded. Clearly, local capacity building, regional approaches, 
and joint attempts for funding mobilization would be critical 
components of elimination efforts.

As a neglected disease, rabies control will always be susceptible 
to priority shifting based on new agendas or more urgent public 
health threats. New tools like the Stepwise Approach toward 
Rabies Elimination and the One-Health Prioritization tool may 
help nations to identify if rabies is a priority and make necessary 
steps to develop sustainable elimination plans. Development of 
regional consortiums to support national elimination planning, 
coordinate efforts between countries, share surveillance data 
and technical assistance, and leverage regional resources may 

be critical in achieving global elimination. The Rabies Program 
Directors of the Americas have followed this model and have 
been a critical component of the successful elimination efforts 
in Latin America.

To assess the importance of a country’s overall human develop-
ment and its relationship to public health programs, we adapted 
the HDI as an indicator of a country’s capabilities to conduct 
effective mass vaccination campaigns. While rabies elimination 
successes are not limited to high-income countries, dog rabies-free 
countries had a significantly higher HDI compared to countries 
that have not yet achieved elimination. This finding has two main 
implications for the interpretation of this study. First, it supports 
several assumptions used to create the GDREP, particularly the 
assumption that countries with lower vaccination coverage will 
probably require more time and monetary inputs before effective 
mass vaccination campaigns are realized. Second, this finding 
suggests that the resources available today may not be adequate 
for dog rabies elimination in the resource-poor countries that 
remain endemic. High levels of international support (ranging 
from monetary to technical assistance) have been provided in 
Tanzania, Chad, Malawi, and Haiti to achieve adequate dog vac-
cination coverage. As the global community prepares to provide 
support for dog rabies elimination, considerations for supporting 
national infrastructure should be considered.

World Organization for Animal Health vaccine bank mecha-
nisms for lower cost procurement of vaccines is one of the most 
recent developments, which may facilitate vaccine acquisition 
and distribution. However, with the likely increase in dog vaccine 
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FigUre 7 | aggregate costs of dog rabies control (2017–2030) under four hypothetical scenarios: decrease in the price of dog rabies vaccine 
(including syringes and needles), increases in daily vaccination capacity of health workers, and effective dog population management and control. 
Notes: the four hypothetical scenarios assuming that a new technology impacted the feasibility of dog vaccination, reasonably improving current practices. The 
distribution of aggregate costs components was estimated based on previous literature (41, 42, 44).
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demand, thorough analyses of global vaccine production capac-
ity is needed. During rinderpest elimination AU-PANVAC was 
created to monitor quality of vaccine used in Africa (60). Similar 
approaches for vaccine capacity and quality monitoring should be 
adapted and implemented for GDREP.

This analysis shows that there may be an adequate veterinary 
workforce to vaccinate dogs to desired levels if this workforce 
can be utilized appropriately. This estimate has several poten-
tial limitations, including a lack of validation of the reported 
capacity in the OIE database and the assumption that the entire 
workforce would be able to dedicate time to vaccination of dogs. 
Each country is likely to address vaccination in a method that 
suits their specific capabilities. Vaccination of dogs has been 
carried out successfully by veterinarians, para-veterinarians, 
international organizations, and/or students, depending on the 
campaign design. Students were not considered a resource in 
this analysis, as they are unlikely to represent a reproducible and 
reliable resource in the majority of dog rabies endemic countries 
when considering mass vaccination on a national scale. While 
there may be scenarios in which there exists the capacity to 
vaccinate the required amount of dogs, diverting veterinary 
personnel to dog vaccination is likely to take them away from 
other disease control activities. Depending on the resources 
available, and the time commitment required, national vac-
cination programs would need to consider whether they have 
the current human capacity for rabies elimination or if more 
human capacity will need to be developed. The supplemental 
tables developed for this analysis could be used as a preliminary 
guide for national programs to determine what resources may 
be required.

While adequate resources for global rabies elimination appear 
to be lacking, it is not unrealistic to expect that new advances in 
control techniques and resources will be developed. We analyzed 
several hypothetical improvements to determine the potential 
impact they could have on rabies elimination. Dog rabies vac-
cines, including syringes and needles, account for approximately 
27% of the cost to vaccinate a dog (41, 42, 44). While investments 
in cheaper vaccines are likely to have an impact toward the elimi-
nation goal, the costs of personnel and overhead and other costs 
represent a larger proportion of the cost to vaccinate a dog. There 
is vast documented variation in daily dog vaccination capacity 
(39, 50–53), which may be a relatively low-hanging fruit for cost 
reduction. By doubling a vaccinator’s daily efficiency from 100 to 
200 dogs, the total cost to eliminate dog rabies dropped by over 
14%. Current technologies such as oral rabies vaccination and 
applications that improve logistical coordination may be key to 
improving vaccinator efficiency.

Perhaps the most debatable hypothetical scenario considered 
in this analysis is the global reduction of the dog population. 
Currently, only surgical sterilization is used for large-scale 
operations, and the capacity to sterilize the required number of 
dogs does not exist globally. Therefore, this scenario assumes 
that new methods of population management will be developed. 
One such method is an injectable sterilizing agent, of which 
several candidates have appeared on the market in recent years. 
However, their use in mass sterilization has not yet been realized 
nor evaluated, and the cost for these injectable sterilizing agents 
is still prohibitive for most countries. Our analysis suggests that 
if an effective sterilizing agent was available at the current cost of 
$8 per sterilized female dog (including personnel and overhead), 
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FigUre 8 | rabies elimination rank scores by rabies clusters. Notes: 
elimination rank scores were estimated for each rabies cluster (4) based on 
six criteria: proportion of the cluster considered rabies free, funding gap for 
elimination, dog vaccination coverage for 2015 estimates, gap in vaccination 
workforce, average years to achieve elimination, and average human 
development index. Rank scores ranged from 16 to 84. A low rank score 
represents a theoretically quicker pathway toward elimination.

TaBle 4 | elimination rank scores for the feasibility of dog rabies elimination.

United nations cluster elimination 
rank scorea

Dog-variant 
endemic 
countries

human 
Development 
index (hDi) 

(mean)

gap in funding 
(Us$)

current dog 
vaccination 
coverage 

(%)

gap in 
vaccinator 
capacityb

average 
years for 

elimination

Dog rabies 
free

Micronesia 0 0 of 5 0.65 $0 70.0 6 0.0
Australia and New Zealand 0 0 of 2 0.92 $0 70.0 795 0.0
Western Europe 0 0 of 8 0.90 $0 70.0 −4,435 0.0
Polynesia 0 0 of 5 0.76 $0 70.0 8 0.0
Melanesia 0 0 of 4 0.57 $0 70.0 −193 0.0
Northern America 0 0 of 2 0.91 $0 76.1 −973 0.0

Group 1 Northern Europe 16 3 of 10 0.87 $444,538 68.6 −1,213 2.7
Southern Europe 22 6 of 13 0.82 $2,395,923 64.8 −158 4.5
Caribbean 28 3 of 13 0.72 $2,694,433 43.4 2,663 2.9
Central America 31 4 of 8 0.68 $0 72.4 −6,689 5.0
Eastern Asia 37 3 of 5 0.78 $35,848,426 36.8 21,315 7.8
Eastern Europe 39 10 of 10 0.78 $18,956,245 46.2 36,090 8.9
South America 40 9 of 13 0.73 $12,631,906 58.7 −4,947 5.9

Group 2 Western Asia 51 16 of 17 0.73 $25,414,328 31.1 3,704 9.5
Central Asia 52 5 of 5 0.66 $5,394,654 28.9 5,165 10.4
Southern Africa 56 5 of 5 0.57 $1,726,750 53.1 −1,239 12.0
Northern Africa 60 6 of 6 0.63 $22,562,725 17.3 9,302 10.8
South-Eastern Asia 63 7 of 11 0.64 $56,600,142 25.3 −9,725 7.6

Grou 3 Middle Africa 74 8 of 9 0.46 $20,372,954 0.6 −3,894 12.2
Eastern Africa 75 14 of 17 0.44 $56,414,022 4.1 −3,606 11.4
Southern Asia 78 8 of 9 0.55 $190,629,398 13.2 −19,724 10.8
Western Africa 84 15 of 16 0.41 $42,702,854 6.7 −7,205 12.6

aCountry clusters were given a ranked score based on the following criteria: proportion of the cluster that was considered rabies free, HDI, estimated funding gap for elimination, 
current dog vaccination coverage, gap in vaccinator capacity, and expected years to achieve elimination. Each of the six criteria was ordered from most optimal to least optimal 
value and received the corresponding numerical score, we summed the country cluster rank scores to obtain a cumulative rabies elimination rank score. Lower scores represent UN 
Regions that appear to be more favorably situated to achieve the rabies elimination goal.
bIncludes all vet professionals marked as “public health” and assumes they can vaccinate 100 dogs per day and they can work 25 days per year on rabies vaccination (1 month).
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the estimated total cost for global elimination would still be 
substantially higher (~40%) than in the scenario with no popula-
tion control. Only considering rabies control, to be comparable 
in terms of total costs an effective sterilizing agent would need 
to be produced at less than about $3.50 per dog (conditional on 
the assumptions in our model). Country-specific socio-cultural 
characteristics, legislation, and dog ownership, among other fac-
tors, would need close consideration in such scenario.

If we are to achieve the goal of dog-mediated human rabies 
elimination by 2030, we cannot wait for technological advances. 
It is also unlikely that, in the near-future, the global community 
will raise the total financial resources we predict are necessary to 
achieve this goal. Prioritization of countries or regional clusters 
for the finite available resources may be required. This study pro-
vides one possible method for considering resource prioritization 
through an elimination rank score. Three groupings of countries 
were identified, one group that appears to be nearing elimina-
tion, a group that is in the process of controlling dog rabies, and 
a group that appears to be at an early stage in their dog rabies 
control efforts. If prioritization of limited resources is a reality 
the rabies community must face, then international partners 
should address a global strategy where limited resources can be 
effectively distributed to begin making strategic regional progress 
toward the global target. Internationally sponsored vaccination 
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programs of tens of thousands of dogs may benefit a community 
and assist with raising awareness or collect scientific data, but 
these small-scale vaccination efforts will not achieve elimination 
globally. If considering global elimination, there should be a 
discussion over whether resources are directed toward countries 
that are nearing elimination, to ensure they complete and thereby 
open up their resources and capacity to others sooner, or whether 
the focus should be directed toward countries with the highest 
rabies burden, where a larger reduction in human deaths from 
dog rabies would occur. In either case, if more resources are not 
allocated, and in a strategic manner, then global elimination of 
dog rabies by 2030 is unlikely to be achieved.

Achieving global dog rabies elimination will require unique 
regional and national strategies. Funding, vaccination methods, 
personnel, and technological advances will be utilized differently. 
Countries will progress at the pace set by their governments and 
with assistance by international supporters, not at the predicted 
pace of the 13-year elimination program utilized in this analysis. 
Natural disasters, human-made disasters, competing needs, 
political processes, economic stagnation, and other unpredict-
able events will undoubtedly derail rabies elimination efforts in 
some countries. But the information provided here can be used to 
discuss and advocate, in a quantifiable manner, the approximate 
resources that will be required, the technological advances that 

should be pursued, and the prioritization processes that may be 
necessary. We hope that these results help stimulate and inform 
a necessary discussion on global and regional strategic planning, 
resource mobilization, and continuous execution of rabies virus 
elimination.
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The neglected zoonotic diseases (NZDs) have been all but eradicated in wealthier 
countries but remain major causes of ill-health and mortality in over 80 countries across 
Africa, Asia, and Latin America. The nature of neglect for the NZDs has been ascribed, 
in part, to underreporting resulting in an underestimation of their global burden that, 
together with a lack of advocacy, downgrades their relevance to policy-makers and 
funding agencies. While this may be the case for many NZDs, for rabies this is not 
the case. The global burden estimates for rabies (931,600 DALYs) more than justify 
prioritizing rabies control building on the strong advocacy platforms, functioning at 
local, regional, and global levels (including the Global Alliance for Rabies Control), and 
commitments from WHO, OIE, and FAO. Simple effective tools for rabies control exist 
together with blueprints for operationalizing control, yet, despite elimination targets 
being set, no global affirmative action has been taken. Rabies control demands activities 
both in the short term and over a long period of time to achieve the desired cumulative 
gains. Despite the availability of effective vaccines and messaging tools, rabies will not 
be sustainably controlled in the near future without long-term financial commitment, 
particularly as disease incidence decreases and other health priorities take hold. 
While rabies control is usually perceived as a public good, public private partnerships 
could prove equally effective in addressing endemic rabies through harnessing social 
investment and demonstrating the cost-effectiveness of control. It is acknowledged that 
greater attention to navigating local realities in planning and implementation is essential 
to ensuring that rabies, and other neglected diseases, are controlled sustainably. In the 
shadows of resource and institutional limitations in the veterinary sector in low- and 
middle-income countries, sufficient funding is required so that top-down interventions for 
rabies can more explicitly engage with local project organization capacity and affected 
communities in the long term. Development Impact Bonds have the potential to secure 
the financing required to deliver effective rabies control.

Keywords: rabies, development impact bonds, zoonotic, neglected tropical diseases, disease control, finance

inTRODUCTiOn

More than a decade of advocacy has resulted in ambitious control and elimination targets for 
neglected tropical diseases (NTDs) set by WHO for 2020. Partnerships have been formed to raise 
funds and provide advocacy for NTD control, including the Global Programme to Eliminate 
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Lymphatic Filariasis1 and the Global Network for NTDs.2 
Advocacy resulted in the 2012 London Declaration3 and WHO 
Roadmap to accelerate the work to overcome the global impact 
of 17 NTDs,4 followed by the World Health Assembly (WHA) 
Resolution WHA66.12 on NTDS in May 2013. However, for the 
neglected zoonotic diseases (NZDs) that were included in this 
Roadmap (rabies, echinococcosis hydatid disease, leishmaniasis, 
Trypanosoma brucei rhodesiense sleeping sickness, and Taenia 
solium cysticercosis), little progress has been made. Anthrax, 
brucellosis, and bovine TB were not included in the resolution.

Rabies is one of the most feared human diseases, estimated 
to cause some 55,000 deaths each year, predominately among 
children and the rural poor in Asia and Africa (1–3). The rabies 
virus has a simple route of transmission; via saliva from the bite 
of an infected animal, the rabies virus invades the central nervous 
system and, in the absence of postexposure prophylaxis (PEP), 
is fatal once clinical signs appear (4). Symptoms in dogs can be 
non-specific but often include “hydrophobia,” hypersalivation, 
respiratory difficulties, biting, and aggression. Since the vast 
majority of human rabies cases are caused by domestic dogs (5) 
and an effective vaccine is available, dog vaccination is the most 
effective control strategy together with dog population manage-
ment, movement regulations, and the promotion of responsible 
dog ownership (5–7). A number of initiatives have been under-
taken (8–12), and a combination of intensive canine vaccination 
and surveillance efforts, implemented since the 1980s in Latin 
America, has shown dramatic progress (13).

Eliminating infection from dogs reduces the demand for 
costly PEP, although the relationship is not always as predicted 
and may vary considerably (14, 15). Despite all the evidence of the 
benefits of targeting the domestic canine reservoir, dog vaccina-
tion remains under-prioritized in most low- and middle-income 
countries (LMIC) with competing health issues and limited 
resources. Despite a number of successful initiatives having been 
implemented, erroneous perceptions of operational constraints 
among policy-makers (lack of knowledge about the dog popula-
tion, inadequate resources, and wildlife transmission) are barriers 
to vaccination (5).

To successfully eliminate rabies, vaccination must reach at 
least 70% of a dog population over consecutive years, yet, despite 
the feasibility of elimination, programs in Africa struggle with 
reaching high levels of coverage (16); vaccination rates lower 
than 30% are considered a “waste of resources” (5). Despite good 
quality vaccines for dogs, a genuine science of rabies elimination 
is needed (17) to understand complex social–ecological deter-
minants of vaccination effectiveness (18). Vaccination coverage 
declines rapidly in dog populations with high turnover rates (19). 
Most dogs in Africa are owned by a family but are free roaming 
and generally young; often half of dogs are less than 1 year of age 
(20–23). Dog bite data, used to infer numbers of human deaths, 
were used to calculate the threshold density for rabies persistence 
as 4.5 dogs/km2 (1).

1 http://www.filariasis.org/.
2 http://globalnetwork.org/.
3 http://unitingtocombatntds.org/resource/london-declaration.
4 http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf.

Validated estimates of dog populations are essential for 
planning successful mass dog vaccinations yet in most cases 
are lacking (12); for example, a study in Tanzania showed that 
the dog population was six times larger than the official esti-
mate (23). Interventions are influenced by local dog ownership 
practices; attitudes toward dogs; the ability and willingness of 
owners to handle their dogs; the location of vaccination points, 
and the extent of information dissemination and knowledge 
of rabies, all of which influence compliance (8, 22, 24, 25). 
Despite higher costs, house-to-house strategies were neces-
sary to achieve 70% coverage in pastoralist communities in 
Northern Tanzania (26). Capacity and working norms of 
implementing organizations are also key; most campaigns are 
planned nationally and delivered at district and subdistrict 
level. In many African LMIC, a legacy of structural adjustment 
in the veterinary sector had resulted in reduced capacity in the 
animal health sector. Large remote geographical areas together 
with low salaries, insufficient resources, and rigid bureaucratic 
norms can further inhibit such campaigns, which depend, to 
a large degree, on adapting strategies to fit community needs. 
However, even with cheap and effective dog vaccines available 
and with burdens and costs well understood, there is no guar-
antee that elimination will be easily achieved (27).

From a human health perspective, a dog bite wound requires 
cleaning and a postexposure treatment (PET) vaccination is 
essential, but expensive. As dog-to-dog transmission drives rabies 
epidemics, PET alone will not eliminate rabies. From an animal 
health perspective, rabies in cattle, and not dogs, is considered 
more important, because of the greater economic value of a cow 
relative to a dog, so national rabies vaccination programs are not 
prioritized.

THe PROBLeM wiTH RABieS COnTROL

Neglected zoonotic diseases may be described as the neglected 
NTDs, beset by problems of underreporting that tends to under-
estimate their global burden and so diminishes their relevance 
to policy-makers and funding agencies. Interventions in the 
animal reservoir for NZDs (mass vaccination, drug treatment, 
and education) must be supported and operationalized across 
health and agriculture ministries. Long-term national and 
regional plans for elimination demand significant buy-in from 
both human and animal health sectors. When a full cross-sector 
analysis is undertaken and all stake-holder benefits (monetary/
non-monetary) are taken into account, interventions for NZDs 
can become highly cost-effective, and among all neglected 
NZDs, dog rabies elimination is the lowest hanging fruit, with 
all the necessary tools for elimination already available (28, 29). 
However, for rabies, the cost benefits of vaccinating dogs may take 
many years to be realized and requires universal high coverage 
to be achieved annually. For example, mathematical models of 
rabies control in Ndjamena, Chad, suggest the cumulative cost 
of dog rabies mass vaccination and human PET was equal to the 
cumulative cost of PET alone after 6 years and only became more 
cost-effective after 7 years (15). Costs of rabies control are borne 
almost entirely by people in the developing world where >99% 
of all fatalities occur and dog owners have not been willing to 
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FiGURe 1 | The annual cash-flow requirements, the performance-related payments to investors, and impact on rabies transmission dynamics for a 
hypothetical Development impact Bond (DiB). The total cost of the DIB is US$ 6.45 million, including Year 1 establishment costs, with US$ 5.45 million 
financed by investors (Years 1–6) and US$ 1 million by the Government (Years 7–10 in the post-elimination maintenance phase). This excludes the ongoing 
government spend providing the routine rabies surveillance platform independent of any specific strengthening or refinements needed to deliver the DIB. The 
model assumes mass vaccination of 70% of dogs in year 1 (US$ 1.8 million) and then a second round of 70% vaccination spread over 3 years (total cost $2.5 
million). Costs for community messaging are included throughout the program. Based on achieving the vaccination targets, the investors receive a payment at the 
end of Year 4 equal to 66% of the DIB spend over the first 5 years. The remaining payments to the investors in Years 6–8 are linked to reduced rabies transmission 
and are back-loaded to incentivize a successful transition to embedding the maintenance phase under government spend. The surveillance system is embedded 
into national veterinary and public health services and assumes an annual cost of US$ 250,000, which includes provision for reactive ring vaccination following 
confirmed sporadic canine rabies cases and continued use of postexposure prophylaxis following confirmed exposure. The total return to investors is US$ 7.2 
million, representing an internal rate of return of 8%.
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pay the full costs of vaccination, indicating that rabies control 
should be considered a public good (30).

There are proven systems to identify those individuals exposed 
to the rabies virus, most often following a rabid dog bite, and 
ensure PET is administered promptly to avoid death from rabies, 
which is otherwise inevitable once the victim starts to display 
clinical symptoms. Any death due to dog-mediated rabies is 
a failure of the public and veterinary health systems, but the 
main constraint to widespread implementation is finance. Poor 
countries do not have access to the funds required to develop and 
deliver an appropriate control strategy tailored to their epidemio-
logical conditions that can be implemented over sufficient time to 
unlock and sustain public health and economic benefits.

DeveLOPMenT iMPACT BOnDS 
(DiBs)—A new APPROACH TO FUnDinG 
RABieS COnTROL

The tools for effective control and the evidence that they work 
have been around for a long time; the constraining factor has been 
the financing to implement sustained efforts at scale. Traditional 

financing streams for NTD control in resource poor settings, 
particularly grant funding through international governmental 
donors, charitable organizations, or private institutions, have not 
been available at the levels required to combat the continued 
burden of rabies. The failure to secure the necessary financing 
is in part due to the inability to compete against other pressing 
infectious disease burdens, which have historically secured the 
majority of the resources going into NTD control. What can be 
done to break this deadlock and mobilize additional resources 
and unlock the benefits of achievable rabies control?

A new model of sustainable investment in rabies control is 
required, and DIBs is one approach that potentially could secure 
the financing required to deliver effective rabies control. We 
argue that financing structure of a DIB is particularly well suited 
to financing rabies control and so provides a highly compelling 
case to donors interested in controlling NTDs in a highly cost-
effective manner (Figure 1).

Development Impact Bonds are a form of Social Impact Bonds 
(SIBs), which are themselves a form of payment for results (31). 
SIBs have been applied to address a variety of societal problems 
primarily across the developed world, and although the number 
and size of transaction is small, the market is growing rapidly 
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FiGURe 2 | Plausible Development impact Bond (DiB) structure for rabies control. The flow of money from the National Government to embed rabies 
surveillance post-vaccination control into the veterinary and public health systems may be through the SPV established to deliver the DIB or may be independent of 
the DIB structure but counts toward the overall delivery costs. Note, the structure was developed based on the work conducted with Global Alliance for Rabies 
Control (GARC) and is applicable for rabies control in general with other advocacy agencies playing similar roles to GARC.
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(31). In developing settings, DIBs, while far from being a panacea, 
have been advocated as potentially important in helping address 
a broad range of inequalities including improved public health 
provision (32), childhood development (33), and infectious 
disease control (34).

More broadly, DIBs are one example of a new form of social 
impact financing in which donor or government payments are 
structured around the delivery of specific outcomes. There is 
significant and growing interest among traditional develop-
ment donors (such as DFID, USAID, and The World Bank), 
philanthropic institutions (such as UBS Optimus Foundation, 
Children’s Investment Fund Foundation, Bill & Melinda Gates 
Foundation, and Rockefeller Foundation), and the emerging class 
of impact investors, in the use of DIBs to effectively deliver impact 
in developing countries.5 One of the most advanced propositions 
currently in development is the area-wide control of zoonotic 
sleeping sickness in Uganda (34).

5 https://www.gov.uk/government/news/uk-development-bonds-will-combat- 
global-poverty.

Development Impact Bonds use private investment to provide 
up-front risk capital for development programs, only calling on 
donor (or government) funding to repay capital, plus a potential 
return (i.e., premium), once clearly defined and measured devel-
opment outcomes are achieved. DIBs have the potential to attract 
new capital from impact investors motivated by both social and 
financial returns. By transferring the risk of program failure to 
these investors, DIBs bring a greater focus on implementation 
and delivery of successful results. In this way, DIBs also satisfy 
the growing demands that public funding, be it internal or spent 
on overseas aid, should be paid on successful results and in a 
transparent manner (Figure 2).

There are characteristics of infectious disease control programs 
in general, and rabies control in particular, which map neatly onto 
a DIB including

(1) Strong evidence base that successful program delivery is 
 technically achievable.

 Development Impact Bonds are about  scaling proven 
interventions and primarily look to  shift implementation 
risk (not technical risk) from outcome payers to investors. 
The evidence base for effective rabies control has been 
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validated and is strong. The constraints to implementation 
are known to be financial and operational. A consensus has 
emerged in the international community about the basis for 
implementing control with detail guidelines, The Blueprint 
for Rabies Prevention and Control (2014) developed by the 
Partners for Rabies Prevention (10), which includes the 
Stepwise Approach to Rabies Elimination tool (developed 
by FAO, the Global Alliance for Rabies Control, and other 
partners) and the approach endorsed by the WHO–OIE–
FAO tripartite.6

 Models for designing and running effective rabies vac-
cination campaigns have been developed and trialed in 
a variety of developing country settings. For example, 
Tanzania, where rabies is endemic with an estimated 
1,500 deaths each year (35), was among three countries 
selected by the WHO for large-scale rabies elimination 
demonstration trials between 2009 and 2013—funded by 
the Bill and Melinda Gates Foundation (BMGF) (see http://
www.who.int/rabies/bmgf_who_project/en/index.html).

(2) Substantial up-front investment is needed to unlock long-term 
net benefits.

 The ideal cash-flow profile of the DIB (front loaded invest-
ment followed by long-term lower cash needs) mirrors the 
high up-front effort needed to interrupt rabies transmission 
followed by reduced effort to maintaining disease control. In 
poor countries, the money is rarely available to cover these 
up-front costs while traditional donor funding does not 
advance large amounts of cash; in the DIB, private investors 
provide the capital needed up front, at risk.

(3) Affordable and sustainable maintenance of long-term impact.
 Successful dog rabies mass vaccinations (providing sufficient 

coverage over sufficient time) will interrupt transmission 
allowing a shift to a disease-free maintenance phase based on 
surveillance, reactive vaccination, and appropriate human 
case management. Maintenance costs are significantly lower 
than the up-front costs of mass vaccination [e.g., Ref. (15, 
36)], and there is the potential to embed the maintenance 
activities in routine public and veterinary health systems 
funded by the country government to ensure long-term 
sustainability beyond the end of the DIB.

(4) Successful implementation requires coordination between 
multiple partners.

 Controlling rabies requires engagement from partners across 
ministries and the private and public sector and demands 
a “One Health” approach in which there is close coordina-
tion between the veterinary and public health sectors. The 
investment structure in the DIB ensure a common drive to 
deliver specific outcomes providing a unified focus for the 
veterinary and human health delivery partners.

(5) Tractable and affordable measure of outcomes that are valid 
indicators of long-term impact.

 Tractable and affordable measure of outcomes will trigger 
payments from the outcome funders to the investors. For 

6 http://www.rabiesblueprint.com/.

rabies, there exist established, validated, and robust diagnos-
tic procedures to confirm positive rabies samples as well as 
case recording systems to monitor human rabies exposure. 
These measures provide a basis for quantifying the reduc-
tion in disease transmission relative to a pre-intervention 
baseline. The growing economic literature investigating the 
burden of rabies provides the evidence basis for understand-
ing the impact unlocked by long-term reduction in rabies 
transmission.

STRUCTURinG A DiB FOR RABieS 
inTeRvenTiOn

The structure of a DIB applied to rabies would partition interven-
tions into four phases:

(1) Pre-implementation phase in which the detailed delivery 
plan is developed; baseline incidence data collected; existing 
public and veterinary health surveillance systems are, where 
necessary, strengthened and refined to provide the basis 
for tracking success across all phases of the intervention; 
reporting systems developed and tested; DIB infrastructure 
(e.g., establishment of special purpose vehicle for DIB con-
tracting) and recruitment/contracting of delivery partners 
secured; payment triggers agreed; and an independent 
outcome auditor appointed.

(2) Suppression phase in which the mass vaccination campaigns 
are implemented at national level; routine reporting imple-
mented; and audit of vaccination coverage by the independ-
ent outcome measurement group is conducted.

(3) Consolidation phase in which there is a shift from mass 
vaccination to surveillance and reactive vaccination follow-
ing confirmed canine cases; protection of borders; audit of 
canine rabies incidence and suspect rabid dog bites.

(4) Post-elimination maintenance phase in which the surveil-
lance capacity is embedded in government services and fully 
financed by the government.

For rabies, ideally DIB payment triggers would be split between 
a partial return of capital based on delivery of mass vaccination 
coverage (measured against the 70% target threshold) and a series 
of outcome payments (back-loaded to incentivize long-term 
sustainability) linked to a reduction in disease incidence in the 
reservoir dog population and also exposure in humans.

COnCLUSiOn

The major constraint to progressing beyond a concept and 
launching a rabies-DIB is the lack of active engagement from a 
payer. Discussions with leading overseas development agencies, 
who have to act as the primary payers if DIBs are ever to be a 
significant source of financing in LMICs, have confirmed an 
interest among donors about DIBs in principle but in practice 
revealed a lack of internal expertise and capacity in engaging in 
the detailed planning of a DIB. This is not unexpected given the 
novelty of DIBs as a financing alternative to direct grant support. 
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Moreover, novel structures are perceived as risky and so avoided. 
Part of the risk is the perception issues that a successful DIB will 
cost the payer more than direct grant funding. Another aspect 
of the risk is the lack of any large-scale working examples of a 
DIB, which itself is a function of the lack of donor backing to 
test a DIB and develop the evidence. To break this catch 22 situ-
ation the evidence generated from SIBs from developed settings 
should start to emerge to help support, or not, the theory of the 
impact bond financing approach. Despite increased advocacy for 
rabies, it should be noted that rabies is not perceived as a priority 
disease, even among the NTDs, and donors are positioning other 
development issues in the pipeline for possible DIB financing 
ahead of rabies.

Several approaches may help progress the DIB concept for 
NTD in general, and rabies more specifically, to accelerate the 
involvement of traditional government aid agencies:

First, an emerging theme in DIB design is the central impor-
tance of identifying an appropriate outcome measure and that 
can be tractably, affordably, and verifiably measured to provide a 
robust quantitative basis for triggering payments. This is central 
to all DIBs. These issues are complex for the NTDs, which are 
characterized by a high degree of underreporting in affected 
human populations and a particular problem for NZDs, where 
the work on sleeping sickness (37) and rabies (1) points to using 
measures of transmission in the animal reservoir population as 
a proxy measure for human disease burden. Potential locations 
suitable for pilot DIB-financed interventions are characterized by 
having an active, well-respected academic research group with a 
track-record of peer-reviewed papers detailing a robust under-
standing of the disease epidemiology and empirical evidence 
of successful pilot interventions; engaged local veterinary and 
human public health agencies and relevant central government 
support.

Second, although a single international donor may be reluc-
tant to finance a DIB in full, there may be potential to attract 
a co-payer, such as a foundation or a national government. 
This would catalyze the involvement of donor agencies and 
stimulate the broader DIB market. In the case of rabies, the 
blueprint for rabies control can be used as a starting point to 
divide the task of global rabies elimination into a series of DIBs 
investments, scaled to investors. A philanthropic foundation 
that has previous been funding rabies control (e.g., The BMGF) 
could consider switching spend to cover part of a DIB payment. 
Similarly, a country that has previously benefited from donor 
funding for rabies control (e.g., South Africa where The BMGF 
has funded rabies vaccination through WHO) could undertake 
to cover part of the outcome payments and attract additional 
donors to secure the balance of outcome payment. A general 
DIB structure and site-specific example for rabies elimination 

in Chad have been developed and are currently market tested 
with investors and donors (36). The framework exists to develop 
other site-specific DIB proposal for rabies control, which local 
governments and non-governmental advocacy agencies can 
market to potential payers.

Finally, consideration should be given to how rabies control 
could be integrated into other NTD/NZD intervention platforms. 
While any one NTD/NZD may not be prioritized by a donor, 
an integrated approach that delivers multiple impacts through a 
common delivery platform could be attractive and highly cost 
effective. With a burden of 931,600 DALYs (38), the burden for 
rabies is higher that Chagas, cutaneous Leishmaniasis, trypano-
somiasis, cysticercosis, echinococcisis, trachoma, yellow fever, 
Ebola, trichuriasis and leprosy (39), and programs could be 
aligned so adding value. For example, strengthening veterinary 
public health surveillance systems to track rabies cases could 
be beneficial for tracking the impact of interventions against 
several diseases, while awareness messaging could be extended 
to deliver important health messages against multiple disease in 
which dogs are important reservoirs of disease (including cuta-
neous Leishmaniasis and echinococcisis) (40–44). If additional 
interventions can be delivered at marginal costs utilizing the 
same delivery teams and infrastructure, then cost-effectiveness 
of each intervention is improved and the likelihood of donor 
support potentially increased. The integration of rabies into other 
large-scale intervention programs was an emerging theme at the 
recent Partners for Rabies Prevention meeting (May 2015). This 
could form the basis of a more compelling DIB, which develop-
ing country governments could prioritize and potentially unlock 
donor support.
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