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Although an effective human rabies vaccine has existed since 1885, rabies 
continues to kill an estimated 59,000 people every year. Sixty per cent of these 
human deaths occur in Asia. The number of animals, especially dogs, who 
die of rabies is uncalculated. To work towards the global target of eliminating 
dog-mediated human rabies deaths, the rabies community is applying the 
One Health approach by jointly focusing on humans and dogs.

Written by a multidisciplinary group of scholars and rabies control programme 
specialists, this book is a collection of experiences and observations on the 
challenges and successes along the path to rabies control and prevention in Asia. 
The book:

• grounds chapters in solid scientific theory, but retains a direct, practice-
focused and inspirational approach;

• provides numerous examples of lessons learned and experience-
based knowledge gained across countries at different levels of rabies 
elimination;

• brings together and highlights the practices of a strong, international 
rabies network that works according to the One Health concept.

Covering perspectives from almost a dozen Asian countries and a wide range 
of sectors and disciplines, such as healthcare facilities, veterinary services, 
laboratories, public health institutes, wildlife research centres and academia, 
this book is an invaluable resource for rabies practitioners and scholars, but 
also those working in the wider fields of disease control and cross-sectoral 
One Health.
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1  Global Dog and Human Rabies Control 
Efforts from Ancient Times to 2030 

and Beyond

Deborah Nadal1,2,3* and Sreejith Radhakrishnan2

1Ca’ Foscari University of Venice, Italy; 2University of Glasgow, UK; 3World Health 
Organization, Geneva, Switzerland

Abstract
Nowadays, rabies is mainly present in Africa and Asia, where every year it causes an estimated 59,000 human 
deaths and costs US$8.6 billion. A key date in the history of  rabies control is 6 July 1885, when the first dose 
of  rabies vaccine was successfully inoculated to an exposed individual in Paris. Yet, long before and after this 
event, many attempts at stopping rabies transmission, managing dog bites and preventing rabies symptoms 
have occurred throughout the world. Each step forwards – and backwards too – has been crucial to advance the 
scientific knowledge of  rabies and how to control this disease at the interface of  challenges of  ecological, political 
and social nature. As the world starts to recover from the coronavirus 2019 (COVID-19) pandemic and move 
towards the 2030 goal of  eliminating dog-mediated human rabies, learning from the past is vital for achieving a 
world with reduced rabies risk.

*Corresponding author: ​nadal.​deborah@​gmail.​com

1.1  Current Epidemiological 
Situation

The rabies virus (RABV) belongs to the order 
Mononegavirales (which are viruses with non-
segmented, negative-stranded RNA genomes), 
the family Rhabdoviridae (which groups bullet-
shaped viruses), and the genus Lyssavirus (Fooks 
and Jackson, 2020). Rabies is a viral zoonotic 
disease most often transmitted through the 
bite of  a rabid animal, but transmission can 
also occur through licks, scratches, or the 
contamination of  mucosa or open skin wounds 
with infectious saliva. RABV affects mammals, 
including humans, by infecting their central 
nervous system and ultimately causing inflam-
mation of  the brain and death. In humans, 

the incubation period of  the disease can vary 
from 1 week to 1 year, though it is typically 2–3 
months. In dogs, the incubation period is usually 
shorter.

Clinically, rabies has two forms: (i) furious 
rabies, with hyperactivity, hallucinations, hydro-
phobia (fear of  water), and sometimes aeropho-
bia (fear of  drafts or fresh air); and (ii) paralytic 
rabies, characterized by growing paralysis. The 
paralytic form of  rabies is often misdiagnosed, 
contributing to the under-reporting of  the 
disease in humans and the underestimation of  
the disease in dogs. In each form, once the symp-
toms of  the disease develop, rabies is incurable 
and fatal to both animals and humans. However, 
rabies is 100% preventable in humans through 
thorough wound washing with water and soap, 
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as well as post-exposure prophylaxis (PEP), 
which includes the use of  rabies vaccine and 
immunoglobulins (WHO, 2018b).

Rabies is widely distributed across the world. 
It is estimated that 59,000 people die of  rabies each 
year, mainly in Asia (59.6%) and Africa (36.4%) 
(Hampson et al., 2015). The number of  dogs and 
other mammals who die of  it is unknown. Most 
human deaths, 99%, are caused by exposure to 
an infected dog. About 40% of  human victims 
are children under the age of  15. Most human 
victims are males and belong to geographically, 
economically and socially marginalized areas 
(WHO, 2018b).

Rabies costs US$8.6 billion globally each 
year (Hampson et al., 2015). About half  of  this 
cost is for medical care and this mainly includes 
the direct cost of  care, where the average cost of  
the whole vaccination schedule (not including 
immunoglobulin) is estimated at US$108. When 
this cost is borne out-of-pocket by patients, it 
can be catastrophic in low-income settings. 
When PEP is provided for free by government 
healthcare facilities, it represents a substantial 
expenditure for health systems, especially the 
under-resourced ones. Medical care-related cost 
also includes lost income while seeking care, and 
the cost of  travelling to the healthcare facility. 
Fifty-four per cent of  the total cost is incurred 
through productivity losses due to premature 
death. When the victim is the main income 
earner in the family, their death can easily 
push the relatives into deeper poverty. Most 
of  the remaining cost is caused by the loss of  
infected livestock, which can severely affect the 
economic stability of  rural families. In addition 
to this, psychological trauma for individuals and 
their communities must be taken into account, 
even though it remains uncalculated.

1.2  History of Rabies and Rabies 
Control in Ancient Times

As one of  the oldest infectious diseases and 
zoonoses known to humans, rabies is referenced 
in a wide range of  texts spanning most of  early 
human civilization (King et al., 2004; Wasik and 
Murphy, 2012; Tarantola, 2017), with possible 
close links to the history of  the domestication 
of  dogs (Rupprecht et al., 2020). The disease is 

documented in texts from diverse locations, such 
as the laws of  Eshunna from ancient Sumerian 
and Akkadian civilizations (1930–1770 bce) 
in present-day Iraq (Tarantola, 2017), the 
Susruta Samhita, an ancient Indian treatise on 
Ayurveda (1000 bce – first or second century ce) 
and a medical treatise of  the Greek philosopher 
Aristotle (384–322 bce) (King et  al., 2004), 
among others (Pankhurst, 1970; Liu, 2013). All 
these texts recognize the links between the bite 
of  a rabid animal and the development of  rabies 
symptoms. Indeed, an Arabic translation of  
the Greek physician Dioscorides’ (40–90 ce) De 
Materia Medica includes a drawing of  a rabid dog 
biting a man (Tarantola, 2017). These texts also 
recognize the existence of  a latent or incubation 
period between bite exposure and the develop-
ment of  symptoms, and that once symptoms of  
rabies, such as hydrophobia, develop in human 
patients, death is inevitable. Furthermore, the 
disease was often considered a punishment from 
the gods, a belief  that persists in some com-
munities today (Nadal et  al., 2022b). Perhaps 
as a consequence, treatments often comprised 
religious chants as well as herbal remedies or 
procedures such as applying parts from the 
brain of  the biting dog to bite wounds (Wasik 
and Murphy, 2012) or sucking out the ‘poison’ 
injected through the bite. Notably, the Susruta 
Samhita and Dioscorides proposed cauterizing 
bite wounds as a treatment for rabies. Avoiding 
dog bites was recognized as an essential preven-
tive measure in the Persian Avesta (200–400 ce) 
(Tarantola, 2017).

In subsequent centuries, there was little 
progress in advancing the understanding of  the 
prevention or treatment of  rabies, although the 
importance of  washing wounds after animal 
bites was increasingly recognized from the 
Renaissance period in Europe. This latter period 
also saw an increase in the scientific under-
standing of  the pathophysiology of  the disease 
(Tarantola, 2017).

Rabies was thus probably enzootic through-
out most parts of  ancient Asia, the Middle East 
and Europe. The history of  rabies in the African 
continent is less clear. Dog rabies appears to have 
been known in the Mediterranean Basin, North 
Africa (King et  al., 2004), such as in ancient 
Egypt nearly 5000 years ago (Tarantola, 2017; 
Rupprecht et  al., 2020), Kenya (Kuwert et  al., 
1985) and in 18th-century Amharic texts in 
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Ethiopian communities (Pankhurst, 1970). In 
contrast, British travellers visiting southern 
Africa in the early 19th century commented on 
the absence or relative rarity of  canine rabies 
in this part of  the world. This lack of  historical 
knowledge about rabies in Africa may partly have 
been due to the inability of  extant Europeans to 
engage with the rich oral traditions of  African 
communities at the time (Brown, 2011). Later 
on, canine rabies became established through-
out Africa after the European colonization. 
This is also true of  North, Central and South 
America, the Caribbean and Australia, where 
canine rabies was rare, if  at all present, and the 
disease appears to have been maintained only by 
bats and other wildlife hosts (Rupprecht et  al., 
2020).

1.3  History of Rabies Control in the 
Victorian Period in the UK and the 

Colonization Period in Asia and Africa

With the advent of  European sea travel and even-
tual colonialism, there are increasing records of  
canine rabies caused by RABV in sub-Saharan 
Africa and the Americas, as well as detailed 
descriptions of  canine rabies in several regions 
in Asia (Kuwert et  al., 1985; Ward, 2014; 
Rupprecht et  al., 2020; Dande, 2021). At the 
same time, rabies was also reported in various 
wildlife hosts (Rupprecht et al., 2020), resulting 
in sustained attempts to cull wildlife (Kuwert 
et al., 1985; Brown, 2011; Radhakrishnan et al., 
2020). British military personnel and doctors 
frequently recorded details of  cases of  human 
and animal rabies, such as in India, and various 
forms of  treatment were vigorously debated in 
medical circles (Radhakrishnan et  al., 2020). 
As a result, rabies control efforts generally con-
sisted of  removing or destroying dogs or wildlife, 
implementing laws restricting dog movement 
and requiring owned dogs to be muzzled 
in public (Pemberton and Worboys, 2007; 
Radhakrishnan et  al., 2020; Rupprecht et  al., 
2020). Such preventive measures were espe-
cially successful in eliminating dog-mediated 
human rabies in a number of  Scandinavian 
countries in the early 1800s (King et al., 2004) 
and the UK by 1902 (Pemberton and Worboys, 

2007), well before the development of  preven-
tive animal rabies vaccines.

Before its elimination, canine rabies was 
common in the Victorian period of  the UK, 
and several people died of  dog-mediated rabies 
every year (King et  al., 2004). The disease was 
frequently attributed to the allegedly irresponsi-
ble way poor and working-class persons reared 
‘curs’ – mongrels with no particular breed char-
acteristics. In many ways, rabies was thus often 
conflated with poverty, low class and criminality 
(Pemberton and Worboys, 2007). In the 1830s, 
legislation requiring dogs to be muzzled was 
viewed as symbolic of  political or gender-based 
oppression and was often opposed. Later, such 
measures were also objected to on the grounds 
of  animal welfare. While public concern over 
rabies in the UK waxed and waned in the inter-
vening decades, by the late 1890s, there were 
concerted efforts to eliminate dog rabies from 
the country. Nevertheless, there continued to 
be vehement opposition to the implementation 
of  muzzling laws. However, in combination with 
laws requiring the registration and confinement 
of  dogs and quarantine of  imported animals, 
such legislation caused a gradual decline in 
the number of  dog and human rabies cases. In 
1900, no rabies cases were reported in England 
and Wales. The last indigenous cases of  animal 
rabies were reported in 1902 in South Wales 
(Pemberton and Worboys, 2007).

While similar control measures were 
implemented in colonies in Asia and Africa, 
there appears to have been limited success in 
controlling the spread of  rabies (Brown, 2011; 
Radhakrishnan et al., 2020). In Africa, measures 
such as ‘tie up’ orders for free-roaming dogs, most 
of  which were owned, were unpopular (Brown, 
2011; Rupprecht et  al., 2020; Dande, 2021). 
In the early 1890s, an outbreak of  dog rabies 
in Port Elizabeth in present-day South Africa 
prompted authorities to enforce the muzzling 
of  all dogs, movement restrictions, licensing of  
owned dogs and destruction of  ‘stray’ or unmuz-
zled dogs. As observed in the UK, such measures 
disproportionately targeted poorer African 
neighbourhoods and their indigenous breed 
dogs, which were viewed as inferior or diseased 
and often considered vermin to be exterminated 
(Brown, 2011; Dande, 2021). In British India, 
where canine rabies was enzootic, legislation 
permitting the destruction of  ownerless dogs 
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was present as early as 1813. Other measures, 
such as levying a dog tax and issuing badges for 
owned dogs, were also attempted with limited 
success (Radhakrishnan et al., 2020).

The pioneering work of  Louis Pasteur, 
Emile Roux and other colleagues in developing 
the first human rabies vaccine in 1885 led to the 
establishment of  Pasteur Institutes worldwide 
(Tarantola, 2017). These institutes enabled the 
PEP of  bitten individuals and prevented count-
less human rabies deaths. The first patients 
outside Europe to receive PEP were two children 
in Saigon (present-day Ho Chi Minh City, 
Vietnam) in 1891 (Tarantola, 2017). Pasteur’s 
vaccine was improved upon by various scientists 
(Tarantola, 2017), most notably David Semple 
at the Pasteur Institute in Kasauli, British India, 
established in 1900. At one point, the Kasauli 
institute treated more rabies patients than any 
other Pasteur Institute globally. The Semple 
vaccine itself  was used for decades worldwide 
for human PEP. Its use was discouraged by 
the World Health Organization (WHO) in the 
1980s because of  its severe adverse side effects 
and its lower efficacy compared to modern cell 
culture vaccines. Many countries, such as India, 
officially discontinued its use only in the new 
millennium, so the memory of  the 14 painful 
injections into the abdomen required by the 
nerve tissue vaccine is often still vivid nowadays. 
This may negatively affect access to PEP by 
at-risk individuals (Nadal, 2018), so awareness 
campaigns need to address this issue.

The development and use of  human rabies 
vaccines were followed by experimental efforts 
in British India, Japan, the USA and Italy to 
develop animal rabies vaccines to prevent 
disease in primary animal reservoirs, particu-
larly dogs (Radhakrishnan et al., 2020). The first 
dog rabies vaccine was developed in Japan and 
later refined for use in preventive mass dog vac-
cination in this country from the early 1920s 
(Kurosawa et  al., 2017) and 1930 in Taiwan 
(then a Japanese colony) (Liu, 2013). However, 
while animal rabies vaccines were used to treat 
valuable pets or livestock (Radhakrishnan 
et  al., 2020), there is little evidence from the 
early 1900s for similar attempts at dog mass 
vaccination in colonies in Asia and Africa. In 
these regions, rabies control continued to rely 
on the culling of  dogs and wildlife, restriction 
of  dog movement and attempts to regulate dog 

ownership (Brown, 2011; Radhakrishnan et al., 
2020).

1.4  History of Rabies Control After 
Independence in Asia and Africa

Following the development of  animal rabies vac-
cines, mass dog vaccination gradually became 
an invaluable tool for canine rabies control. The 
successful elimination in 1957 of  animal rabies 
in Japan through mass vaccination (in combi-
nation with other measures described above) 
(Kurosawa et  al., 2017) and similar efforts in 
the USA (Rupprecht et al., 2020) provided proof  
of  concept for the possibility of  rabies elimina-
tion. In the 1940s, red fox (Vulpes vulpes) rabies 
emerged as a significant concern in North 
America and Europe (King et al., 2004), prompt-
ing the development of  oral rabies vaccines 
(ORV) during the 1970s. Following the first 
successful ORV field trial in 1978 in Switzerland, 
ORV campaigns during the 1980s and 1990s 
steadily eliminated wildlife rabies in Western 
Europe (King et  al., 2004). In South American 
and Caribbean countries, the implementation 
of  mass dog vaccination and enhanced disease 
surveillance efforts from the 1980s, coordinated 
by the Pan American Health Organization 
(PAHO), has resulted in significant reductions in 
human and canine rabies deaths in the region 
(Del Rio Vilas et  al., 2017; Rupprecht et  al., 
2020). In 2016, Mexico reported its last case of  
canine rabies caused by RABV (Rupprecht et al., 
2020). With increasing evidence of  the futility 
and inhumanity of  culling for rabies control 
(Morters et al., 2013), attention has shifted glob-
ally to using humane population management 
strategies such as surgical or chemical animal 
birth control to support mass dog vaccination 
campaigns (WHO, 2018b). Other recent devel-
opments have included the adoption of  dose-
sparing intradermal rabies vaccines for human 
PEP (WHO, 2018a), the development of  rabies 
monoclonal antibodies (Dias de Melo et  al., 
2022), and research on the control of  bat rabies 
in South America using vaccines and reproduc-
tive suppressants (Benavides et al., 2020).

Despite these developments, rabies control 
efforts in large parts of  Asia and Africa have 
been haphazard and uncoordinated (Kuwert 
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et  al., 1985). In the decades after the Second 
World War (1939–1945), several Asian and 
African regions gained independence from colo-
nial rule. In these newly independent countries, 
nearly all of  which were poor and economically 
underdeveloped, rabies was among a host of  
competing health priorities. As a result, the 
disease remained under-prioritized by various 
national and regional public health authorities. 
Despite the availability of  effective canine rabies 
vaccines, rabies control has continued to rely on 
population reduction methods such as culling 
dogs or wildlife and vaccination of  owned dogs 
(Kuwert et  al., 1985; Rupprecht et  al., 2020). 
While some countries have never managed to 
control rabies, some nations eliminated it at 
local or national levels, while others have seen 
outbreaks of  dog or wildlife rabies occur in areas 
previously free of  the disease (Yang et al., 2018; 
Rupprecht et al., 2020).

Rabies spread throughout southern Africa 
in the 1940s and 1950s, moving through 
present-day Angola, Zambia, Namibia, Botswana, 
Zimbabwe, Mozambique and South Africa (Brown, 
2011). In the face of  new rabies outbreaks, canine 
vaccines were first imported from the USA by 
Southern Rhodesia (present-day Zimbabwe) for 
mass dog vaccination campaigns, followed by 
Bechuanaland (present-day Botswana) and South 
Africa (1952) (Brown, 2011). At the same time, 
authorities also taxed dog owners and killed free-
roaming dogs. As before, such measures affected 
native African dog owners and their dogs more 
severely, so local Africans opposed these measures 
or actively circumvented them (Dande, 2021). 
Such actions significantly reduced the effective-
ness of  rabies control efforts in these areas. 
Similar vaccination campaigns, combined with 
the destruction of  free-roaming dogs, have also 
been conducted in Kenya, Tanzania and various 
other African nations from the 1950s onwards. 
Still, canine rabies remains enzootic in these 
regions (Kuwert et al., 1985). Field trials in some 
African countries have demonstrated the value of  
ORV for dog rabies control on the continent, as a 
complementary measure to parenteral vaccina-
tion useful to target hard-to-catch free-roaming 
dogs (Cliquet et  al., 2018). In 2015, the Pan 
African Rabies Control Network (PARACON) was 
established as a network of  rabies experts in Africa 
to strengthen and streamline rabies control efforts 
on the continent.

In Asia, the picture has been more hetero-
geneous. Only Japan and Singapore are rabies 
free. In India, which gained independence in 
1947 and nowadays accounts for one-third 
of  the global human rabies burden (Hampson 
et  al., 2015), rabies control was first discussed 
in the national 5 year plans for national develop-
ment only in 2002. Although dog culling was 
outlawed in 2001, reactive culling continues 
to occur throughout the country, and animal 
vaccination has consistently focused on owned 
dogs, but with very low vaccination coverage 
(Radhakrishnan et  al., 2020). India’s first 
formal policy for rabies control was released 
only in 2021 when human rabies was also 
made notifiable (Benavides et  al., 2020). The 
Indian approach to rabies control, and overall 
dog population management, is currently char-
acterized by a strong focus on dog population 
control (Nadal, 2020). In 2008, the previously 
rabies-free island of  Bali in Indonesia reported 
its first dog rabies outbreak, resulting in mass 
dog vaccination campaigns and widespread dog 
culls that have so far failed to control the disease 
(Ward, 2014). In contrast, Taiwan was free of  
canine rabies from 1961 until the emergence of  
the disease in ferret badgers (Melogale moschata) 
in 2013 (Liu, 2013). Similarly, Malaysia lost its 
rabies-free status after the declaration of  a rabies 
epidemic in 2015. Canine rabies continues to 
be enzootic in China (Liu, 2013) and several 
other Asian countries (Yang et  al., 2018). Like 
in Africa, field trials in Sri Lanka, the Philippines 
and Thailand have demonstrated the potential 
benefits of  ORV for canine rabies control (Cliquet 
et al., 2018). In 2018, some Asian countries fol-
lowed the example of  PARACON and formed the 
Asian Rabies Control Network (ARACON).

1.5  The Zero by 30 Goal

In 2015, the world called for action by setting 
the global goal of  achieving zero human dog-
mediated rabies deaths by 2030 (WHO and OIE, 
2015). In 2018, the Tripartite (the Food and 
Agriculture Organization of  the United Nations 
(FAO); the World Organization for Animal 
Health (WOAH), previously OIE; and the WHO) 
joined forces with the Global Alliance for Rabies 
Control (GARC) under the United Against Rabies 
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Forum (Tidman et al., 2022) and launched the 
Zero by 30: the Global Strategic Plan to End Human 
Deaths from Dog-mediated Rabies by 2030 (WHO 
et al., 2019). Tools and expertise are provided to 
rabies-endemic countries to empower, engage 
and enable them, according to their budget, 
capacity and local context, to control rabies in 
dogs and eliminate the human burden of  this 
disease.

As we read in the document, the rationale 
for rabies elimination is that rabies is 100% pre-
ventable with the current tools and knowledge, 
but still, it takes many human lives, especially 
among the world’s most vulnerable populations. 
Eliminating rabies also strengthens health 
systems because the same infrastructure built 
to provide human vaccination, dog vaccination 
and community awareness in marginalized 
settings can be used for responding to other 
human and animal health needs, including 
emerging zoonoses, at the local level. Moreover, 
rabies elimination is considered a model for One 
Health collaboration and it is also aligned with 
the United Nations Sustainable Development 
Goal 3 – to ‘ensure healthy lives and promote 
well-being for all at all ages’ – and 1 –  
to ‘end poverty in all its forms’ without leaving 
anyone behind.

The plan has three objectives. The first is to 
use vaccines, medicines, tools and technologies 
effectively. Human rabies risk will be reduced 
by improving awareness, increasing access to 
healthcare and mass vaccinating dogs – in a One 
Health fashion. The second objective is to gener-
ate, innovate and measure impact, by ensuring 
reliable data to enable effective decision making. 
The third objective is to sustain commitment 
and resources, by harnessing multi-stakeholder 
engagement. Countries are expected to mobilize 
domestic and international resources to sustain-
ably finance their rabies control activities.

The path towards the 2030 goal is divided 
into three phases. In 2018–2020, the Start 
Up phase involves the building of  a strong 
foundation for rabies elimination by preparing 
and improving normative tools and structures 
to catalyse action, such as robust, budgeted, 
effective and sustainable national rabies elimi-
nation plans following a One Health approach. 
In 2021–2025 in the Scale Up phase, the plan 
reaches its maturity, thanks to the learning 
and experience gained along the way, and goes 

global. In 2026–2030, the Mop Up phase is the 
last mile, where remaining countries will be 
engaged and supported in the achievement of  
‘Zero by 30’.

1.6  The One Health Approach

As a concept – human, animal and envi-
ronmental health are deeply interlinked –  
One Health goes as far back as ancient Greece, 
if  not pre-modern times. As a phrase, it 
was formalized in 2004, when the Wildlife 
Conservation Society held the ‘One World, One 
Health’ meeting in New York City and issued 
the ‘Manhattan Principles’, 12 recommenda-
tions that included the need to look at human, 
animal and environmental health as a unit, 
and to adopt interdisciplinary approaches to 
disease prevention, health awareness and 
policy development (Bresalier et al., 2021).

In 2022, the One Health High-Level Expert 
Panel, an interdisciplinary body created to 
advise the Quadripartite (which consists of  the 
Tripartite and the newly added United Nations 
Environment Programme, UNEP), proposed a 
working definition for One Health. This defini-
tion is as follows:

One Health is an integrated, unifying approach 
that aims to sustainably balance and optimize 
the health of  people, animals, and ecosystems. 
It recognizes the health of  humans, domestic 
and wild animals, plants, and the wider 
environment (including ecosystems) are closely 
linked and interdependent. The approach 
mobilizes multiple sectors, disciplines, and 
communities at varying levels of  society to work 
together to foster well-being and tackle threats 
to health and ecosystems, while addressing the 
collective need for healthy food, water, energy, 
and air, taking action on climate change and 
contributing to sustainable development.

(OHHLEP et al., 2022)

Many examples are available across the dif-
ferent areas of  One Health application, including 
rabies elimination, to demonstrate the efficacy, 
sustainability and cost-saving of  the interven-
tions that adopt this approach. Strengthening 
and expanding the operationalization of  One 
Health and giving programmes the political, 
financial and organizational stability that they 
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need to achieve their target is now the priority. 
The 4Cs of  Communication, Coordination, 
Collaboration and Capacity building are instru-
mental to this next step (OHHLEP et al., 2022).

In late 2022, the Quadripartite launched 
the One Health Joint Plan of  Action (2022‒2026): 
Working Together for the Health of  Humans, 
Animals, Plants and the Environment to create a 
framework to integrate systems and capacity 
for better preventing, predicting, detecting and 
responding to health threats, while contributing 
to sustainable development (WHO et al., 2022). 
Rabies elimination is part of  Action Track 2, 
‘Reducing the risks from emerging and re-
emerging zoonotic epidemics and pandemics’.

1.7  Impact of the COVID-19 
Pandemic on Rabies Elimination 

Efforts

The pandemic has taken the lives not only of  the 
6.5 million people who died of  COVID-19 but 
also of  those who couldn’t access the healthcare 
services they needed, or couldn’t receive the 
necessary healthcare due to the overwhelming 
pressure of  the crisis on health systems. Low- 
and middle-income countries experienced this 
double effect of  the pandemic more than rich 
ones. Further, as rabies is a notorious disease 
of  poverty, rabies-prone communities are likely 
to have been severely affected by the pandemic, 
even though the real impact, in terms of  human 
and animal rabies deaths, of  this 3-year-long 
health crisis may remain unknown. This is 
because rabies surveillance, already weak 
before the pandemic, collapsed during it, mainly 
due to restrictions on the movement of  the 
field surveillance staff  that led to cases being 
missed or investigated late (Raynor et al., 2021; 
Nadal et  al., 2022a). Moreover, a vicious cycle 
was observed: access to and delivery of  PEP 
declined, so fewer dog-bite cases were reported, 
bite reports were not sent to investigators and 
incidents remained unaddressed.

Access to PEP was impacted by the pan-
demic in most countries because people were 
worried about COVID-19 infections at hospitals 
and were unable to reach them due to reduced 
public transportation and reluctance to share 
private transportation. PEP delivery was 

disrupted too, due to a shortage of  human vac-
cines (because of  supply issues and financial 
constraints) and staff  shortages (because of  
quarantine, illness or redeployment) (Gongal 
et al., 2022; Nadal et al., 2022a). In a war-torn, 
endemic country, where human vaccines have 
usually been available in private clinics, none 
could be found during the first year of  the 
pandemic. The postponement of  the vaccine 
investment strategy for rabies by Gavi, the 
Vaccine Alliance, has been a major concern for 
under-resourced countries.

Awareness activities for children, usually 
carried out at schools, survived the beginning 
of  the pandemic only in very few countries. 
Online events, both for at-home children and 
the larger community, were able to reach only 
those who could afford a computer at home 
and a good Internet connection (Nadal et  al., 
2022a).

Yet the most severely disrupted element of  
the rabies elimination strategy was mass dog 
vaccination (Raynor et  al., 2021; Nadal et  al., 
2022a). Disruptions included delays of  at least 
6 months, prolonged duration of  vaccina-
tion campaigns (when performed), increased 
costs and failure to reach targets. The main 
hindrances were the restrictions on the move-
ment of  dog vaccinators and the struggle to 
organize vaccination campaigns that adhered 
to COVID-19 safety guidelines (especially where 
the campaigns are usually carried out by non-
governmental organizations rather than the 
government).

Overall, in the endemic countries that were 
just beginning their journey to the Zero by 30 
goal, ‘the momentum that was gaining was 
lost’, while the countries that were progressing 
towards it well experienced an unfortunate step 
back. Additionally, the pandemic has shown 
once more the global inequity in vaccine access. 
This is a well-known problem in the case of  
rabies, where effective vaccines, tools and strate-
gies are there, but they fail to reach those who 
most need them. That said, the past 3 years 
could have had a potentially positive effect in 
the long term, in terms of: (i) an improved cold 
chain; (ii) strengthened diagnostic capacity; 
(iii) increased regional coordination; and (iv) 
augmented awareness about the importance of  
safeguarding animal health and the key role of  
the veterinary sector.
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1.8  2030 and Beyond

Looking at the future, the main lessons learnt 
during the pandemic can be summarized as 
follows (Nadal et al., 2022a):

•	 It is crucial to mobilize long-term political 
commitment and sufficient and sustainable 
financial, infrastructural and workforce-
related resources to catch up on the delay 
accumulated during the pandemic and 
advance fast in phases 1 and 2 of  the Zero 
by 30 plan.

•	 Efforts should be directed to the support 
of  the animal health sector, in particular, 
to make sure that mass dog vaccination 
becomes a consolidated rabies control strat-
egy in all rabies-endemic countries.

•	 A rabies-dedicated budget should be 
created to ensure the stable procurement of  

human and animal vaccines, which should 
be considered essential biologicals even in 
times of  crisis.

•	 It is vital to identify the most cost-effective 
and sustainable methods of  meeting the 
needs of  local communities, to facilitate 
the access and delivery of  PEP and dog 
vaccination.

•	 A simple but effective and sustainable par-
ticipatory disease surveillance mechanism 
should be developed, for human and animal 
healthcare professionals to quickly receive 
information about dog bites and rabies 
cases directly from local communities.

•	 A well-rounded rabies communication 
strategy should be designed to target both 
children and adults, using the channels 
and tools that people can easily access in 
normal times and especially during crises.
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Abstract
Rabies is endemic in humans and animals in the Asia Pacific region. Dog-mediated rabies accounts for more 
than 95% of  the cases in humans. Although tools, strategies and mechanisms are available, rabies continues 
to be neglected resulting in preventable human and animal deaths. The Regional Tripartite for Asia and the 
Pacific, comprising the Food and Agriculture Organization of  the United Nations (FAO), the World Organisation 
for Animal Health (WOAH), and the World Health Organization (WHO), has been advocating policy changes, 
building capacity in diagnosis and control, enhancing multisectoral collaboration, sharing tools and practices, 
and rapidly responding to the needs of  countries. Controlling the disease in animals would be more sustainable in 
the long run. The use of  oral rabies vaccines in dogs needs to be promoted to complement parenteral vaccination 
of  dogs. Furthermore, a better understanding of  the dog–human bond would contribute to the design of  more 
efficient rabies control programmes.

*Corresponding author: ​Katinka027@​gmail.​com

2.1  Introduction

The Asia Pacific region (AP region) is home to 
about 4.3 billion people (60% of  the world’s 

population) and includes the world’s most 
populous countries, China and India (UNFPA, 
2022). The region has an estimated 400 million 
people living in extreme poverty (i.e. below 
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US$1.90 income/day). It remains vulnerable to 
the impacts of  climate change and pandemics 
(ESCAP, 2019), and an estimated 75–80 million 
people in Asia and the Pacific were pushed into 
extreme poverty because of  disruptions in eco-
nomic activity due to coronavirus 2019 (COVID-
19) (Devex, 2021). Most people in the region live 
in rural areas and depend on agriculture and 
livestock farming.

Rabies is endemic to much of  Asia and 
almost all the reported rabies cases in humans 
are transmitted by dog bites. Dog bites are 
common due to the abundance of  dogs in the 
region; dogs that are confined, free-roaming 
or feral. Free-roaming dog populations vary 
between countries in relation to their habitat, 
socio-cultural factors and human popula-
tion density (Matter and Daniels, 2000). For 
example, the mean density of  dogs is 14 dogs/
km2 in Bangladesh (Hossain et  al., 2013); 42 
dogs/km2 in Bhutan (Rinzin et  al., 2016); 468 
dogs/km2 in the Philippines (Childs et al., 1998); 
and 719 dogs/km2 in rural Maharashtra, India 
(Belsare and Gompper, 2013). The high density 
of  free-roaming dogs in Asia plays a major role 
in rabies transmission and endemicity. It is 
estimated that the number of  dog bites in India 
alone is 17.4 million, every year. In Vietnam, 
there are 350,000 cat and dog bites each year 
(Lee et  al., 2018); and 20,000–40,000 animal 
bites in Nepal of  which 90% were dog bites 
(Pantha et al., 2020).

The importance of  rabies in the region 
means that a regional approach to rabies pre-
vention and control is supported by the Regional 
Tripartite (comprising the Food and Agriculture 
Organization of  the United Nations (FAO), 
the World Organization for Animal Health 
(WOAH, founded as OIE) and the World Health 
Organization (WHO)) through its regional and 
sub-regional offices and partner institutions. 
This chapter outlines the key Tripartite activities 
to tackle rabies in the AP region (in countries 
from Afghanistan in the west to New Zealand in 
the east).

2.2  Rabies Prevalence and Burden

Rabies is still endemic in the AP region except 
for Australia, Brunei, Japan, Maldives, New 

Zealand, Papua New Guinea, Singapore, Timor 
Leste and the Pacific Island Countries. Though, 
even these rabies-free countries face a constant 
threat of  rabies incursion owing to travel and 
trade. Bhutan, Malaysia and Mongolia were able 
to maintain zero human deaths for many years; 
however, in recent years they have reported 
human rabies deaths. The Association of  South-
east Asian Nations (ASEAN) launched a rabies 
elimination initiative in 2008 that led to the 
endorsement of  the ASEAN Rabies Elimination 
Strategy (ARES) for the region in 2014 (WOAH, 
2015).

A recent outbreak of  dog rabies in previ-
ously rabies-free islands of  Indonesia, at the 
Indonesia-Malaysia border into Sarawak 
State of  Malaysia, clearly demonstrated that 
inter-island and cross-border collaboration is 
critical to contain rabies outbreaks, and prevent 
incursions to maintain the rabies-free status of  
countries or regions.

Rabies is sustained through two inter-
related cycles: (i) urban; and (ii) sylvatic. An 
urban cycle involves maintenance of  infection 
in dog populations and a sylvatic cycle involves 
wildlife. The rabies virus can spill over from 
dogs to wildlife and vice-versa. For example, 
mongoose (Herpestes spp.), jackals (Canis 
aureus), foxes (Vulpes bengalensis) and wolves 
(Canis lupus) have been incriminated as wildlife 
reservoirs of  rabies in rural areas of  Bangladesh, 
India and Nepal (Gongal, 2006). Nevertheless, 
dog bites remain the primary source of  rabies 
in all rabies endemic countries, accounting for 
95% of  human rabies cases.

The disease causes an estimated 31,000 
human deaths in Asia every year, and an annual 
expenditure of  over US$563 million (Knobel 
et  al., 2005) is incurred for direct and indirect 
costs of  post-exposure prophylaxis (PEP) in 
humans, and in dog rabies control efforts. 
Comprehensive surveillance data is not available 
but the economic impact of  rabies on livestock 
production is potentially high.

Progress in preventing human rabies 
through the control of  the disease in the animal 
reservoir has been slow as attempts to control 
rabies through dog culling have not been sus-
tained, or are not socially acceptable due to the 
public, religious and animal welfare concerns. 
There are successful programmes of  dog rabies 
vaccination alongside animal birth control in 
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limited urban areas coordinated by leading non-
governmental organizations (NGOs). However, 
they are location specific and have generally not 
been replicated in rural areas with community 
participation (Gongal and Wright, 2011).

During the COVID-19 pandemic, 67% of  
countries reported severe impacts on health-
care services: (i) reductions in outpatient care 
attendance during the lockdown; (ii) staff  
redeployment; (iii) unavailability of  services due 
to closures of  health facilities; and (iv) supply-
chain disruptions (WHO, 2020). Some countries 
have been facing difficulties in procuring human 
rabies PEP and human rabies immunoglobulins 
(hRIG) during the pandemic partly due to 
limitations in production systems, compounded 
by a lack of  demand forecast and disruption of  
international air transportation. In addition, in 
various cases persons after dog bites were reluc-
tant to visit clinics due to fear of  contracting 
SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2) at health facilities. It is difficult 
to assess the impact of  limited access to PEP 
on human rabies incidence. Similarly, many 
mass dog vaccination and animal birth control 
programmes were frequently suspended.

2.3  Tripartite Actions Against Rabies 
at the Global Level

The FAO, WOAH and WHO have institutional-
ized a tripartite coordination mechanism since 
2010 to support countries with surveillance, 
prevention and control of  emerging and re-
emerging infectious diseases including zoonoses 
at the animal–human–ecosystem interface. 
In September 2011, the WOAH organized the 
Global Conference on Rabies Control in Incheon, 
Republic of  Korea. The conference recom-
mended that the Tripartite considers rabies a pri-
ority and supports countries in raising funds to 
initiate and sustain rabies control programmes, 
update their legislation and adopt a ‘One Health’ 
approach to disease control (WOAH, 2011).

In September 2015, WHO, WOAH, FAO and 
the Global Alliance for Rabies Control (GARC) 
called for investment to defeat human rabies 
transmitted by dogs and published a document 
which demonstrated the feasibility of  global 
elimination (WHO, 2015). The global rabies 

conference held in December 2015 in Geneva, 
Switzerland called for the global elimination of  
dog-mediated human rabies (WHO et al., 2016) 
and in 2018, the global strategic plan for the 
elimination of  dog-mediated rabies by 2030 
based on the STOP-R (Socio-cultural, Technical, 
Organization, Political and Resources) frame-
work was launched (WHO et al., 2018).

The search for an approach that would 
enable countries to improve their rabies control 
programmes led to the development of  a 
‘Stepwise approach towards rabies elimination’ 
(SARE). SARE (Anonymous, 2016) is a template 
that countries can use to develop activities, 
measure progress towards a national strategy, 
and programme for sustainable rabies preven-
tion, control and eventual elimination.

Rabies has also been included in Tripartite 
publications promoting wider One Health mul-
tisectoral approaches to zoonoses. In particular, 
in the FAO, WOAH and WHO-South East Asia 
Regional Office (SEARO) and WHO-Western 
Pacific Regional Office (WPRO) Zoonotic Diseases: 
a Guide to Establishing Collaboration Between 
Animal and Human Health Sectors at the Country 
Level in Asia and the Pacific (WHO, 2009) and 
the global level Taking a Multisectoral, One Health 
Approach: a Tripartite Guide to Addressing Zoonotic 
Diseases in Countries also denominated the 
‘Tripartite Zoonoses Guide’ (WHO et al., 2019a). 
This work aligns with the United Against Rabies 
(UAR) Forum established in 2020 to create a 
more inclusive network of  state and non-state 
actors who share a common vision and wish to 
work together for rabies elimination. The purpose 
of  the UAR Forum is to provide a mechanism 
for implementing the objectives of  the Global 
Strategic Plan (WHO et al., 2020a, b), while ena-
bling participants to benefit from sharing knowl-
edge, experience, ideas and information under 
the leadership of  the global Tripartite. Working 
groups of  the UAR Forum have been formed and 
are open to all institutions that wish to actively 
engage. The combined efforts, political will and 
commitment of  UAR Forum members, together 
with the resources they provide, will help rabies 
elimination become a global reality by 2030.

The Tripartite faces various challenges 
during its efforts to implement actions against 
rabies at the global and regional levels. 
Challenges specific to working within the 
Tripartite include the complexities of  working 
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across organizations, and difficulties experi-
enced when there is a need for agreeing through 
consensus, or to obtain high-level clearances 
from all partners. Other challenges for the 
Tripartite centred around multisectoral collabo-
ration. More generally, there is often an imbal-
ance in resources and level of  progress between 
sectors, which can make a uniform or consistent 
approach to disease prevention, control and 
response challenging. In the context of  rabies, 
there is often weak collaboration between key 
sectors at the country level. The animal health 
sectors of  endemic countries are often mainly 
concerned with the prevention and control of  
economically important transboundary animal 
diseases of  livestock. With competing priorities, 
rabies may not be classified as a priority disease 
for the animal health sector, resulting in insuf-
ficient resource allocation and political support 
towards the prevention and control of  rabies at 
the source, which is known to be the more cost-
effective and sustainable control measure in the 
long term. Although human health sectors are 
often not willing to share resources to support 
rabies control in animal populations and instead 
focus on pre-exposure prophylaxis and PEP pro-
vision, the Ministry of  Health of  Bangladesh and 
the Phillippines have set an example by success-
fully funding dog rabies vaccination campaigns. 
These countries may serve as models for other 
lower-middle-income countries (Republic of  
the Philippines Department of  Health, 2020; 
WOAH, 2021c).

2.4  Tripartite Actions Against Rabies 
at the Regional Level

2.4.1  Introduction to the Asia Pacific 
Regional Tripartite

In the same year that the FAO/WOAH/WHO 
Tripartite Concept Note was presented (WHO 
et al., 2010), the first Asia Pacific multisectoral 
workshop on zoonoses was held in Sapporo, 
Japan. Although the initial focus was a response 
to the avian influenza epidemic, rabies was 
quickly added to the list of  zoonoses of  regional 
concern. By 2020, eight Asia Pacific multisecto-
ral collaboration workshops had been held, dem-
onstrating an ever-closer working relationship 

of  the Regional Tripartite and country partners 
as these workshops sought to deepen under-
standing of  each other’s sectors and strengthen 
systems and functions.

On 23 October 2020, the regional rep-
resentatives in Asia of  FAO, WOAH and WHO 
(SEARO and WPRO) signed a Joint Statement of  
Intent to Coordinate in which they committed to 
establish and support the Tripartite One Health 
Coordination Group for Asia and the Pacific 
(WHO et  al., 2020a). This Coordination Group 
consolidates the multisectoral work carried out 
over many years in the region, including the 
eight regional workshops.

The Regional Tripartite coordination seeks 
to provide full-time attention to One Health 
coordination, and to collect and disseminate 
information (on focal points, activities, case 
studies and videos). The Regional Tripartite 
further monitors progress and arranges techni-
cal/administrative support and communicates 
between global, regional and country levels, and 
between technical, developmental and financ-
ing institutions.

The Asia Pacific Tripartite works with 
countries and partners through the Tripartite 
multisectoral workshops, along with various 
disease-specific regional and sub-regional 
events, capacity-building opportunities, emer-
gency missions that are undertaken in countries, 
and the organization of  World Rabies Day events 
including webinars.

2.4.2  Activities of the Asia Pacific 
Regional Tripartite

2.4.2.1  Enhancing multisectoral 
collaboration mechanisms to address rabies

The eight regional workshops on ‘Asia-Pacific 
multisectoral collaboration at the animal–
human–ecosystems interface’ mentioned above 
were initially organized on an annual basis, but 
since 2015 they have been biennial to allow 
more time to report meaningful progress. As 
the multidisciplinary and intersectoral One 
Health approach is increasingly adopted at the 
global, regional and country levels to address 
common health threats, the Regional Tripartite 
has institutionalized this regional One Health 
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mechanism by providing a platform for countries 
to share their achievements and challenges in 
addressing health threats (WHO et al., 2019b). 
Rabies has always featured as an important 
topic to illustrate how countries can use the One 
Health approach to address endemic as well as 
emerging health threats.

The Tripartite regularly collects up-to-date 
information from participating countries on 
their disease situation and multisectoral coor-
dination mechanisms through questionnaires 
and/or poster presentations. Rabies remains 
the most frequently detected zoonosis and is 
ranked as a top priority zoonotic disease in the 
region. Comparing inter-annual survey results 
has shown that more countries have gradually 
established national One Health coordination 
mechanisms, and more government funding 
has become available, often including rabies as 
the focus of  One Health collaboration. However, 
obtaining high-level commitment remains 
challenging.

The Regional Tripartite also actively con-
tributes to the UAR Forum by sharing expertise, 
knowledge, experience, ideas and information.

2.4.2.2  Regional/sub-regional rabies 
workshops

The Regional Tripartite regularly brings coun-
tries together in partnership with the regional 
economic communities in Asia – ASEAN and 
the South Asian Association for Regional 
Cooperation (SAARC).

In January 2012, together with the ASEAN 
Secretariat, the Regional Tripartite organized 
a rabies workshop in Chiang Mai, Thailand, 
which focused on developing a regional 
strategy and road map for rabies control and 
elimination (see Fig.  2.1). Country discussions 
were used to develop a step-wise elimination 
of  rabies, which included progressive steps or 
stages (WOAH, 2015). The importance of  social 
support or acceptance (S), technical support (T) 
and political support (P) across each stage was 
recognized as critical elements for rabies control 
and elimination (Fig. 2.2). This framework later 
became STOP-R by including R for ‘resources’ 
and became part of  the ‘The Global Strategic 
Plan to end human deaths from dog-mediated 
rabies by 2030’.

Fig. 2.1.  Development of the ASEAN Rabies Elimination Strategy (ARES) (2008–2015). Initially the 
ARES (ASEAN rabies elimination strategy) had set its goal to reach rabies elimination by 2020. This 
goal, however, has been reviewed to 2030 and is now in line with the global goal of elimination of 
dog-mediated rabies by 2030. AEGCD, ASEAN Experts Group on Communicable Diseases; AHMM, 
ASEAN Health Ministers Meeting; ASWGL, ASEAN Sectoral Working Group for Livestock; SOM-AMAF, 
Senior Officials of ASEAN Ministers of Agriculture and Forestry; SRR SEA, Sub-Regional Representation 
for South-east Asia.
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In December 2018, the Tripartite along 
with the ASEAN Secretariat, partners and 
Vietnam (the ASEAN lead country for rabies) 
organized the ASEAN Tripartite Rabies Meeting 
‘Towards Rabies Elimination in ASEAN Region’ 
in Hanoi, Vietnam. The ASEAN workshop was 
attended by the ten ASEAN member states and 
the meeting resolved to align ARES with the 
global plan.

As with ASEAN, a workshop on rabies 
prevention and control in SAARC countries was 
organized by the Regional Tripartite in August 
2015 in Colombo, Sri Lanka. Together with the 
SAARC Secretariat, GARC, Humane Society 
International (HSI), World Animal Protection 
(WAP) and Vets Beyond Borders, the Tripartite 
reviewed ongoing initiatives on rabies elimina-
tion, best practices and lessons learnt on rabies 
control/elimination in SAARC countries. Based 
on the identified priority gaps, the Tripartite 
provided a road-map template for countries 
to consider necessary actions, a timeline and 
responsible bodies to conduct those actions.

In 2019, together with the SAARC 
Secretariat, GARC and WAP, the Regional 
Tripartite organized the SAARC Tripartite Rabies 
Workshop on ‘Enhancing Progress Towards 
Rabies Elimination ‘Zero by 30’ in the SAARC 
Region’ in Kathmandu, Nepal. The meeting 
was preceded by in-country SARE workshops in 
Bangladesh, Bhutan, India, Nepal and Sri Lanka. 
The SARE tool uses the concept of  progressive 
stages which highlights completed and pending 

activities together with an automatically associ-
ated score and identifies activities that need 
to be included in rabies national action plans 
(NAPs). Based on the information entered, SARE 
categorizes countries against one of  six stages, 
ranging from 0 indicating the absence of  basic 
information to 5 indicating that a country has 
self-declared freedom from dog-mediated rabies 
(Fig. 2.3). The SARE supports operationalization 
by identifying the strengths and weaknesses 
of  rabies control programmes at country level, 
thereby providing a basis for the development of  
country NAPs.

The SAARC country SARE scores (in 
Fig.  2.4) indicate the prevailing situation 
in SAARC. The score should not be used to 
compare countries but rather as an indicator 
for countries to monitor their progress over time 
when reassessed in the future. At the SAARC 
rabies meeting in 2019, the outputs of  the SARE 
exercises were used to develop country-specific 
work plans to outline how countries can imple-
ment their NAP. Following the SARE in-country 
assessment workshops in 2019: (i) in 2021 India 
finalized their first joint NAP for dog-mediated 
rabies elimination by 2030; (ii) Sri Lanka is 
reviewing and updating its national strategic 
plan for the elimination of  dog-mediated human 
rabies by 2025; and (iii) Bhutan has updated 
their strategic plan for the elimination of  dog-
mediated human rabies by 2023 and rabies 
freedom by 2030. Indonesia has also finalized 
their ‘One Health national road map for rabies 

Fig. 2.2.  STOP-Rabies framework developed in 2012.
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elimination by 2030’ in 2019 with the involve-
ment of  the Ministry of  Health and the Ministry 
of  Agriculture, supported by WHO and FAO. 
While all country NAPs are in line with reaching 
our goal of  zero dog-mediated human rabies by 
2030, much needs to be done to coordinate and 
implement them.

The ASEAN (2018) and SAARC (2019) 
meetings aimed to keep rabies high on the 
agenda for countries and to catalyse country 
actions towards achieving the global target 
of  ‘Zero by 30’ in the AP region. Participants 
at these meetings included representatives 
from human health, animal health, wildlife/

Fig. 2.3.  Stages of the Stepwise approach towards rabies elimination (SARE) to move from endemic to 
free from dog-transmitted human rabies.
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environmental sectors, local governments and 
other stakeholders working on rabies control. 
Priority actions identified in these meetings 
included: (i) maintaining political engagement; 
(ii) focusing on dog vaccination; (iii) making 
human PEP accessible and affordable; (iv) 
enhancing intersectoral coordination; (v) con-
sidering dog population management to control 
numbers of  free-roaming dogs; (vi) enhancing 
awareness and community engagement; and 
(vii) mobilizing resources.

Following these workshops, countries took 
actions such as developing and/or revising their 
NAPs (Bangladesh, Bhutan, India, Indonesia, 
Laos PDR, Myanmar, Nepal, Philippines), 
making rabies notifiable (Nepal, India, 
Indonesia) and/or expanded their mass dog 
vaccination programmes (Myanmar, Sri Lanka, 
Bangladesh).

2.4.2.3  Regional reference centres in Asia

woah reference laboratories.  There are three 
WOAH reference laboratories for rabies in the AP 
region: (i) Animal and Plant Quarantine Agency 
(APQA, Republic of  Korea); (ii) Changchun 
Veterinary Research Institute (CVRI, People’s 
Republic of  China); and (iii) the most recent 
addition, KVAFSU-CVA Rabies Diagnostic 
Laboratory, Karnataka Veterinary, Animal and 
Fisheries Sciences University (KVAFSU, India).

Experts in these reference laboratories 
provide capacity building for rabies diagnosis 
and control to countries in the region through 

hands-on laboratory training, such as those 
organized in 2014 in Japan, in 2017 at CVRI 
China, or through country-level training ses-
sions, such as those in Myanmar in 2018, and 
Malaysia and the Philippines in 2019. Due to 
the COVID-19 pandemic, laboratory training 
had to be adapted to a virtual format. The 
WOAH, in collaboration with the WOAH refer-
ence laboratory in India, organized a virtual 
training session on rabies diagnosis for SAARC 
in November 2020 which focused on the occipi-
tal foramen approach for brain sampling, lateral 
flow immunoassays (LFA) and direct fluorescent 
antibody testing (DFA) to enhance dog rabies 
surveillance in South Asia. The WOAH and 
KVAFSU also organized virtual training on 
rabies serology, focusing on the rapid fluorescent 
focus inhibition test for SAARC in October 2021. 
WOAH with CVRI also conducted two training 
sessions on molecular epidemiological tech-
niques in 2021 and 2022.

who collaborating centres (who ccs) and reference 
laboratories.  There are four WHO CCs for 
research and training on rabies in Asia. The first 
WHO CC created in the region was the Queen 
Saovabha Memorial Institute in Bangkok, 
Thailand. It pioneered a cost-effective intra-
dermal rabies vaccination, now widely used by 
most Asian countries, which has been adapted 
and promoted by WHO as a 1-week schedule for 
PEP. The institute has also organized training on 
human rabies prophylaxis for the member states. 

Fig. 2.4.  SARE scores in the South Asian Association for Regional Cooperation (SAARC) region in 2019. 
Scores range from 0 indicating absence of basic information to 5 indicating self-declared freedom from 
dog-mediated rabies (see Fig. 2.3). Note, Pakistan’s score is from its SARE exercise in 2017 and there 
has been no SARE done in Afghanistan.



19FAO, WOAH and WHO Work Together to Eliminate Rabies by 2030

Chulalongkorn University, also in Bangkok, is a 
WHO CC on viral zoonoses and hosted a global 
expert consultation on rabies in 2017, the first 
such meeting outside Geneva. The National 
Institute of  Mental Health and Neuro-Sciences 
(NIMHANS) in Bangalore, India, is a WHO 
CC actively involved in rabies diagnostics, and 
conducts immunological studies to generate 
evidence-based information for policy decisions. 
Hands-on training on rabies can be organized at 
the request of  member states and referral sero-
logical services can be provided to the member 
states. The National Centre for Disease Control 
is another WHO CC based in Delhi, India, which 
is a nodal agency for the national rabies control 
programme. All WHO CCs participate in the 
global network of  WHO CCs for rabies to con-
tribute to achieving zero human deaths due to 
dog-mediated rabies by 2030.

2.4.2.4  Tripartite support to countries’ 
rabies control activities in Asia

As introduced above, over the last 15 years, the 
Regional Tripartite has coordinated support 
to several countries in the AP region through 
emergency missions, projects and training ses-
sions as well as multisectoral consultations to 
develop national multisectoral strategic plans 
to eliminate rabies. The FAO/WOAH Crisis 
Management Centre (CMC) – Animal Health, 
established following the avian influenza crisis 
in 2006, fielded emergency missions to respond 
to the introduction of  rabies in Bali, Indonesia, 
in December 2008 and to address the worry-
ing rabies situation in the Northern Provinces 
of  Vietnam in 2013. Subsequent FAO rabies 
projects in Bali supported the government in 
its efforts to control rabies through large-scale 
dog rabies vaccinations, the development of  
Integrated Bite Case Management (IBCM) to 
enhance a concerted One Health response (FAO, 
2016a) and established ‘A-teams’ consisting 
of  highly skilled dog capture and vaccination 
teams (FAO, 2016b). In Vietnam, FAO coordi-
nated studies on traditional practices following 
dog bites and identified the most appropriate 
vaccination strategies to address the re-current 
outbreaks in affected areas.

The Tripartite has been supporting the 
development of  important national multisecto-
ral action plans for rabies control. In 2014, WHO 

SEARO organized the first Tripartite review 
mission to Sri Lanka to evaluate their national 
rabies elimination programme. Subsequently, 
their National Strategic Plan for Rabies was 
reviewed.

Through the Australian-funded STANDZ 
project, WOAH provided support to Myanmar 
and the Philippines in the development of  their 
action plans for rabies elimination. Myanmar’s 
National Action Plan for Rabies Elimination 
(2018–2030) was endorsed by the Ministry 
of  Agriculture, Livestock and Irrigation. The 
Philippines National Action Plan for Rabies 
Elimination (2021–2025) was endorsed by the 
Department of  Agriculture and the Department 
of  Health and subsequently also officially 
endorsed by the WOAH in 2021.

WHO helped Lao PDR’s Ministry of  
Health hold a national stakeholders’ meeting, 
attended by other relevant ministries, includ-
ing the Ministry of  Agriculture and Forestry 
and the Ministry of  Education, as well as non-
governmental partners, to develop the Strategic 
Plan on Rabies Prevention and Control in Lao 
PDR 2020–2024. This was endorsed by the 
Ministers of  Health and of  Agriculture and 
Forestry in 2020.

Sarawak State in Malaysia had been rabies 
free until three suspected human cases were 
notified on 29 June 2017. By October 2018, 13 
individuals between the ages of  3 and 59 years, 
and 268 animals (253 dogs and 15 cats) from 
46 areas in 11 (of  12) divisions were reported 
as infected with rabies and on 28 October of  
the same year the Government of  Sarawak 
requested assistance from the Tripartite via the 
WHO country office in Malaysia. In response, 
the Tripartite organized an expert mission, 
comprising human and animal rabies experts, 
to provide a rapid assessment of  the rabies 
situation and to recommend a control strategy. 
The strategy included: (i) logistics of  animal 
and human rabies vaccination strategies;  
(ii) surveillance including tracing back and 
forward the (suspected) rabid animals; (iii) diag-
nosis; (iv) awareness raising; (v) identification of  
high-risk areas and management of  suspected 
animals; and (vi) an IBCM programme. The 
Tripartite is also committed to facilitating 
the procurement of  human rabies vaccine 
and rabies immunoglobulin and to exploring 
hands-on training for Malaysian animal health 
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laboratory staff  on up-to-date diagnostics and 
alternative sampling methods. Subsequently, 
in the WOAH hands-on laboratory diagnosis 
training conducted in Myanmar in November 
2018, a veterinarian from the Sarawak State of  
Malaysia also participated.

Brunei Darussalam remained rabies free 
but was worried by the risk of  introducing rabies 
from neighbouring Sarawak. In early 2019, 
following a request from the Ministry of  Health, 
the Tripartite organized an expert mission team 
of  human and animal rabies experts to assess the 
risks of  rabies from endemic countries coming 
into Brunei Darussalam and the state of  prepar-
edness for prevention, detection and response 
measures against possible introduction of  rabies 
into the country. The mission recommended 
mass dog vaccination and enhanced public 
awareness in the Sungai Belait area bordering 
with Miri, Sarawak, and was offered to facilitate 
the procurement of  veterinary vaccines through 
the WOAH vaccine bank and resolve shortcom-
ings in laboratory diagnostic capacity through 
training from international reference facilities. 
Assistance was also given to revise the national 
clinical guidelines for the management of  rabies 
and suspected rabies cases, and facilitation 
offered for bilateral or trilateral cross-border 
meetings with Malaysia and Indonesia. No cases 
of  suspect animal or human rabies have been 
reported to date.

Since 2019, FAO has supported Bhutan, 
Bangladesh, Nepal and Sri Lanka through 
a Regional Technical Cooperation project to 
strengthen the countries’ capacities to control 
rabies and the establishment of  a Rabies Centre 
of  Excellence (RACE) for the region.

The WOAH also provided technical support 
for the development of  India’s National Action 
Plan for Dog Mediated Rabies Elimination 
from India by 2030, which was launched on 
28 September 2021. Currently, India is now 
working to develop State Action Plans for Rabies 
Elimination through regional workshops.

2.4.2.5  Webinars on rabies

Since the onset of  the global pandemic in early 
2020, the Regional Tripartite has not been 
able to conduct physical events (workshops, 
meetings, training sessions, etc.) on rabies and 
instead had to move activities online. As a follow 

up to the SAARC rabies workshop in 2019, the 
Regional Tripartite, with support from rabies 
experts in the region, organized the ‘SAARC 
Rabies Webinar’ (WOAH, 2020b) for the SAARC 
countries in May 2020. The webinar focused 
on mass dog vaccination including use of  oral 
rabies vaccines, multisectoral coordination 
mechanisms in responding to rabies elimina-
tion, and developing a National Strategic Plan 
for the elimination of  dog-mediated human 
rabies. The virtual format enabled the participa-
tion of  a much greater number of  participants 
than would have been possible in a face-to-face 
event. The Goa, India, example showed that 
we can bring human deaths down to zero by 
focusing on mass dog vaccination. The webinar 
generated a lot of  interest in the use of  oral 
rabies vaccines as complementary to parenteral 
dog vaccination, greatly enhancing vaccination 
coverage, especially in free-roaming dogs.

In response to a request from Sri Lanka, 
another webinar was organized in November 
2020 with expert inputs from Friedrich-Loeffler-
Institut, Germany, on the use of  oral rabies vac-
cines as a complementary tool (WOAH, 2020c). 
Following outbreaks of  rabies in both domestic 
and wild animals in the Kalutara district of  Sri 
Lanka, the webinar was organized to provide 
information about rabies in wildlife and share 
European experiences of  using oral rabies 
vaccines to eliminate wildlife rabies in Europe. 
In March 2021, a webinar was organized on 
mass dog vaccination methods and tools for 
rabies elimination in the SAARC region (WOAH, 
2021b). This was a follow up to the SAARC rabies 
webinar in May 2020. Besides the concepts and 
tools for upscaling dog vaccination, the webinar 
covered dog population estimation methods 
which were well received by the participants.

2.4.2.6  World Rabies Day (WRD) activities

World Rabies Day, or WRD, is commemorated 
every year on the 28 September to raise aware-
ness and encourage the prevention and control 
of  rabies. International communities come 
together to promote the fight against the disease. 
The first WRD was in 2007 with 28 September 
selected as it is the anniversary of  the death of  
Louis Pasteur who, with his colleagues, devel-
oped the first effective vaccines against rabies.
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The Regional Tripartite in Asia and the 
Pacific and its partners celebrate WRD with 
innovative ideas. The Regional Tripartite col-
laborated with the University of  Sydney in 
Australia, the European Union and AusAid to 
produce a rabies board game, ‘Dogsville’, which 
was trialled in the Philippines before distribution 
to schools in South-east Asia for WRD in 2013.

Since 2018, the Regional Tripartite has 
jointly organized a webinar annually for WRD. 
In 2018, the Tripartite collaborated with 
GARC with the webinar theme ‘Rabies: Share 
the message. Save a life’. For WRD 2019, the 
Tripartite and GARC again collaborated, with 
the theme ‘Rabies: Vaccinate to Eliminate’ 
(WOAH, 2019). The theme for WRD 2020 
(WOAH, 2020a) was ‘End Rabies: Collaborate, 
Vaccinate’. The theme for the Tripartite webinar 
on WRD 2021 (WOAH, 2021a) was ‘Rabies: 
Facts, not Fear’. This webinar doubled as a 
side event for the 9th Asia-Pacific Workshop 
on Multisectoral Collaboration at the Animal–
Human–Ecosystems Interface.

2.5  Conclusion

The key to successfully eliminating dog-mediated 
human rabies cases by 2030 is to address rabies 
at its source, in dog populations. The tools 
are available for this focused effort, consisting 
largely of  concerted and sustained dog vaccina-
tion campaigns, and continuing to maintain a 
high level of  awareness about rabies prevention 
and control (Fig. 2.5). Perhaps a less obvious but 
equally necessary element of  achieving rabies 
freedom is maintaining high-level commitment 
from national authorities, regional bodies and 
global partners. Some fatigue has been observed 
in this long-term campaign against rabies, and it 
is essential for the global community to maintain 
enthusiasm for rabies elimination programmes, 
and for both human and financial commitments 
to remain in place until we reach our goal.

When looking at the practical elements of  
a sustained and concerted mass vaccination 
programme, we must take into consideration 
several important elements. It is essential that 

Fig. 2.5.  Students are made aware that mass dog vaccination is key to rabies elimination in Bhutan. 
Photo courtesy of Y. Phuentshok.
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quality dog rabies vaccines are readily available 
at regional, national and sub-national levels. 
Unfortunately, in the AP region, we have seen 
several examples of  poor-quality vaccines being 
administered which do not result in proper pro-
tection from rabies, and can seriously jeopardize 
national programmes. Next, it is essential to 
have a well-organized and funded community-
based approach. This is particularly important 
where governments lack the capacity and 
effective governance mechanisms to mobilize 
community efforts. This includes a community-
based approach for awareness, vaccination of  
owned/cared-for dogs as well as capture and 
vaccination of  roaming street dogs, as well 
as ensuring that community leaders provide 
backing and sustained support. Finally, as is 
recognized in the region and globally, regard-
less of  whether a government programme or 
community-based approach is used, budgetary 
constraints often limit the number of  dog rabies 

vaccines available. There is a need to deliver vac-
cines over a longer duration in order to maintain 
progress against rabies and not let gains become 
losses due to an unsustainable situation. While 
human vaccine production capacities of  Asian 
countries have improved greatly, and this has 
saved human lives, the long-term success and 
reaching our goal of  zero dog-mediated human 
rabies by 2030 will depend on the determina-
tion, and capacity to ensure at least 70% cover-
age during dog rabies vaccination campaigns.

Over the last several years, the Regional 
Tripartite has demonstrated its commitment 
to the prevention, control and elimination of  
rabies from the AP region. From developing 
tools, strategies and guidelines, to coordinating 
meetings and also providing technical and fund 
support to countries in the region, the Regional 
Tripartite has shown by example how a One 
Health approach can be used to deal with a 
zoonotic disease such as rabies.
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Abstract
The Association of  South-east Asian Nations (ASEAN) launched the ASEAN Rabies Elimination Strategy offi-
cially endorsed by the ASEAN Ministers of  Health and Agriculture and Forestry in 2014. Because of  coronavirus 
2019 (COVID-19), global and regional stakeholders realized the urgency of  strengthening One Health collabora-
tions. In November 2020, the ASEAN endorsed its ASEAN Strategic Framework for Public Health Emergencies, 
with coordination being done through the ASEAN Centre for Public Health Emergencies and Emerging Diseases. 
ASEAN aims to synergize regional preparedness and response capacities with existing international frameworks 
to promote multisectoral collaboration, including the One Health approach. This is cognizant of  the ASEAN 
Coordinating Centre for Animal Health and Zoonoses aimed at providing comprehensive regional coordination. 
We call on stakeholders to seek the opportunity for how best to establish a functional entity in ASEAN to deal with 
zoonoses prevention and control and achieve One Health objectives and the global goal of  Zero by 30.

*Corresponding author: ​megmiranda@​fetpafi.​org

3.1  Introduction

In South-east Asia, more than 600 million 
people are at risk of  rabies exposure. Dog-
mediated rabies is endemic in eight out of  
ten member states of  the Association of  
South-east Asian Nations (ASEAN) (i.e. 
Cambodia, Indonesia, Lao PDR, Malaysia, 
Myanmar, Philippines, Thailand and Vietnam). 
In Malaysia, the disease re-emerged and 
has remained in Sarawak since 2017. Only 
Singapore and Brunei are rabies free. The 

ASEAN Rabies Elimination Strategy (ARES) is 
a regional initiative officially endorsed by the 
ASEAN Ministers of  Health and Agriculture 
and Forestry in 2014, with Vietnam as the lead 
coordinating country (ASEAN, 2016a).

The ARES provides a strategic framework 
for rabies control activities in ASEAN countries. 
The ARES notes the importance of  periodic 
reviews to highlight progress and the critical 
areas for improvement as a basis to maintain 
political engagement and momentum towards 
regional rabies elimination in the ASEAN.
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The World Health Organization (WHO), 
the World Organization for Animal Health (OIE/
WOAH), the Food and Agriculture Organization 
of  the United Nations (FAO), and the Global 
Alliance for Rabies Control formed the United 
Against Rabies collaboration to achieve the goal 
of  zero human dog-mediated rabies deaths by 
2030, worldwide (WHO et al., 2018).

The ASEAN member countries recom-
mended implementing the following priority 
activities to expedite the achievement of  the 
goals of  ARES:

1.	 Increase dog vaccination coverage in the 
region through advocacy for mass dog vac-
cination and dog population management.

2.	 Develop a regional preparedness plan on 
rabies for humans and animals, focusing 
on capacity-building activities and human 
rabies vaccine advocacy and stockpiling.

3.	 Promote Integrated Bite Case Management.
4.	 Develop a regional platform for regular 

information sharing and monitoring and 
evaluation for rabies in ASEAN.

The two key objectives of  ARES are:  
(i) to establish and continuously strengthen 
the coordinating and supporting mechanisms 
among stakeholders; and (ii) to obtain and 
sustain high-level governmental engagement. 
ARES also advocates the implementation of  
formal One Health multisectoral engagements 
driven by a high-level coordination mechanism.

3.2  ASEAN Regional Health 
Mechanisms Relevant to One 

Health and Rabies/Zoonoses Risk 
Management

Within ASEAN, several regional mechanisms at 
an operational level and additional high-level 
meeting arrangements and platforms are impor-
tant for decision making, coordination and 
management of  regional health-related issues, 
including public health emergencies.

ASEAN health sector oversight is provided 
through four health clusters, which are func-
tional bodies as extensions of  the Senior Officials 
Meeting on Health Development (SOMHD). Of  
the four clusters, the ASEAN Health Cluster 

2 (AHC-2) currently implements activities 
under the theme: Responding to All Hazards 
and Emerging Threats. The ASEAN Plus Three 
(with China, Japan and Korea) SOMHD serves 
as a significant venue for collective decisions 
among plus three member states’ senior 
health officials, which the AHC-2 also works 
through. This is according to the Governance 
and Implementation Mechanism of  the ASEAN 
Post-2015 Health Development Agenda (ASEAN, 
2018).

The Health Division under the ASEAN 
Socio-Cultural Community Department of  the 
ASEAN Secretariat (ASEC) provides secretariat 
and facilitation support to the various relevant 
meetings and committees. Because of  the mul-
tidimensional and expansive impacts of  COVID-
19, the ASEAN Coordinating Council Working 
Group on Public Health Emergencies (ACCWG-
PHE) was established, with senior official 
representation from all three Community Pillars 
of  ASEAN, to support the ASEAN Coordinating 
Council (ACC) in coordinating regional response 
efforts (Philippine Department of  Foreign Affairs 
News, 2020).

Because of  COVID-19, global and regional 
stakeholders realized the urgency of  strengthen-
ing One Health collaborations and public health 
emergency risk management. In November 
2020, the ASEAN endorsed its ASEAN Strategic 
Framework for Public Health Emergencies 
(ASF-PHE) (ASEAN, 2020). This document 
elaborates the current arrangements and 
procedures for dealing with emerging infectious 
diseases (EIDs) utilizing existing ASEAN and 
WHO mechanisms like the International Health 
Regulations (IHR) 2005 (WHO, 2016), with 
coordination, command and action expected to 
be done through the newly established ASEAN 
Centre for Public Health Emergencies and 
Emerging Diseases (ACPHEED), and the ASEAN 
Emergency Operations Centre (EOC) Network 
(ASEAN, 2021b). These new arrangements 
aim to support the fulfilment of  national obliga-
tions to the IHR 2005-Asia Pacific Strategy for 
Emerging Diseases III (APSED III) to strengthen 
core capacity and enable efficient regional 
preparedness and response (WHO, 2005, 2017).

The ASF-PHE mentions that regional coor-
dination of  health sector agencies shall be under 
the ACPHEED and the EOC Network, while 
coordination of  agencies outside the health 
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sector shall be under the ACCWG-PHE. The 
ASF-PHE intends to enhance ASEAN capaci-
ties for preparedness, detection, response and 
resilience. Of  importance is the clear request for 
ASEAN leaders to further develop the ASF-PHE, 
with a strategic map to define outputs, outcome 
indicators and deliverables for the regional 
guidance for the ASEAN member states (AMS) 
in strengthening preparedness, detection and 
response and, more generally, health security 
and to efficiently prepare for and mitigate 
public health emergency and biosafety risks. 
Fig.  3.1 depicts the foreseen ASEAN regional 
multisectoral health security coordination and 
management structure.

The ACPHEED is planned to be a physical 
facility and coordinating centre that will provide 
the ASEAN technical oversight. ACPHEED will 
serve as a centre of  excellence and regional hub 
to strengthen capabilities to prepare for, prevent, 
detect and respond to public health emergencies 
and EIDs. It is also expected to be a key mecha-
nism for rabies initiatives. It was established 

with the financial assistance of  the governments 
of  Japan and Australia and is projected to be 
operational in 2023. The existing ASEAN EOC 
Network and other mechanisms will probably be 
integrated with ACPHEED. The initial scope of  
work includes:

•	 prevention and preparedness;
•	 detection and risk assessment (laboratory 

network, surveillance/field epidemiology);
•	 response including risk communication;
•	 information sharing and analytics;
•	 capacity building; and
•	 innovation and coordination/support 

(including R&D).

ASEAN is expected to define what is feasible 
regional assistance to the AMS and ensure these 
are appropriately covered under ACPHEED, 
including funding, supplies assistance and 
regional vaccine acquisition, capacity building, 
outbreak response coordination, and closing 
the gap in regional information sharing, 
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communication and collaboration. It is envi-
sioned that the ACPHEED would be positioned 
to accelerate countries’ progress in achieving 
IHR (WHO, 2016) core capacities. ASEAN’s 
dedicated support to countries is key to collective 
regional progress.

ASEAN aims to synergize all its capacities 
with existing international frameworks through 
the ongoing development of  an ASEAN Public 
Health Emergencies Coordination System 
(APHECS). This is expected to include the One 
Health approach and should be cognizant of  the 
coordination that needs to happen through the 
ASEAN Coordinating Centre for Animal Health 
and Zoonoses (ACCAHZ) established in 2016. 
The ACCAHZ will provide a comprehensive, 
integrated and concerted regional approach 
to coordinate national approaches in animal 
health and zoonoses measures, including 
disease surveillance, diagnosis and control, and 
quick response (ASEAN, 2016b).

There are several key mechanisms 
under the ASEAN health sector, and several 
other mechanisms related to public health 
and EID concerns coordinated through the 
animal health and non-health sectors. These 
are operated independently under lead/host 
countries, with the ASEC providing coordina-
tive support. These mechanisms synergize and 
are complementary in strengthening regional 
collaborations in the following focus areas:  
(i) information/data sharing and management; 
(ii) risk assessment (surveillance and epidemi-
ology); (iii) laboratory networking; and (iv) risk 
communication.

Several ASEAN declarations and decisions 
impacting disease risk management have been 
published recently. On 21 June 2006, the ASEAN 
Leaders’ Declaration of  the 8th ASEAN Health 
Ministers’ Meeting, highlighted the importance 
of  regional cooperation in information sharing 
and assistance during times of  crisis and of  
strengthening capabilities, close cooperation, 
and leading national and regional responses 
to health emergencies posed by disasters and 
disease outbreaks in the region (ASEAN, 
2006). They proposed preparing for potential 
public health emergencies, including natural 
disasters, bioterrorism, outbreaks of  commu-
nicable diseases and potential pandemics. They 

committed further to rapid and transparent 
disease notification, epidemiological data and 
sample sharing, and essential information. This 
would require a regional agreement to: (i) insti-
tutionalize regional monitoring, reporting and 
response; (ii) facilitate the deployment of  multi-
national ASEAN outbreak response teams; and  
(iii) standardize respective procedures, protocols 
and institutional arrangements (ASEAN, 2006).

As State Parties in the WHO, countries are 
obligated to conform to the provisions of  the IHR 
2005 related to core capacities, specifically, to 
the APSED III. ASEAN fully recognizes and sup-
ports this WHO mechanism and member states’ 
obligations. The APSED III, updated in 2017, is 
an important international common framework 
to address shared threats as required by the 
IHR 2005. It points out the importance of  close 
coordination with other international frame-
works and initiatives such as the Sustainable 
Development Goals, universal health coverage, 
and the Global Health Security Agenda (GHSA), 
as well as enhanced One Health collaboration on 
zoonoses. While APSED III focuses on enhancing 
and sustaining the core public health functions 
required to sustain and strengthen the entire 
health system, it underlines the importance 
of  linking other sectors and health security 
initiatives to prevent, respond to and mitigate 
the impact of  public health emergencies using 
an all-hazards approach. The strategy aims to 
enhance further the core public health systems 
and regional collaboration and connectedness 
(WHO, 2017). This will continue to play an 
important role in guiding the AMS and ASEAN 
and the functionalities within the APHECS, 
including the ACPHEED. In the context of  One 
Health development, APSED III performance 
targets should be augmented with the techni-
cal targets described in the OIE’s Performance 
of  Veterinary Services (PVS) frameworks (OIE, 
2021a).

The ASEAN mechanisms/entities are real-
ized through cooperation with Development 
and Dialogue Partners. At the operational 
level, coordinating regional efforts in the 
technical areas potentially relevant for rabies 
risk management are under the following 
mechanisms.
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3.2.1  Human health sector

3.2.1.1  ASEAN emergency operations 
centre (EOC) network for public health 

emergencies

This is made up of  the EOCs of  each AMS, and 
serves as ASEAN’s key centre for regional surveil-
lance and response towards EID and public health 
emergencies and ensures information sharing. It 
supports AMS in capacity-building efforts for their 
EOCs and the development of  common procedures 
and protocols. In addition, the EOC Network also 
managed workshops and training activities for the 
Risk Assessment and Risk Communication Centre 
(RARC) and the regional laboratory network. As 
part of  the regional COVID-19 response, the ASEAN 
EOC Network provides ASEAN Plus Three countries 
with daily situation updates and shares virological 
and epidemiological information (ASEAN, 2021a).

3.2.1.2  ASEAN plus 3 field epidemiology 
training network

This promotes capacity building of  field epidemiol-
ogy training in ASEAN Plus Three countries, and 
enhances joint efforts to prevent and control public 
health events through collaboration in surveil-
lance, investigation, study, research, etc. It also 
ensures active and effective network management 
for sustainable development – promoting sharing 
of  best practices and experiences (ASEAN, 2019a).

3.2.1.3  Mekong Basin disease surveillance

This has supported countries in the Mekong 
Basin for ~20 years. The focus is to strengthen 
national and sub-regional capabilities in 
infectious disease surveillance and outbreak 
response, harmonize protocols and support local 
cross-border communication and collaboration 
for outbreak investigation and response man-
agement (Phommasack et al., 2013).

3.2.1.4  The public health laboratories 
network and regional public health 

laboratories network (RPHL)

The Public Health Laboratories Network is 
under the purview of  AHC-2 on Responding to 
All Hazards and Emerging Threats, while the 
RPHL is led by Thailand through the Global 

Health Security Agenda platform. The RPHL 
facilitates exchanges on laboratory readiness 
and response and disease surveillance actions 
(Fernando, 2020).

3.2.1.5  ASEAN BioDiaspora regional  
virtual centre

The objective of  this activity is to build regional 
capacity in big data predictive analytics that 
strengthens ASEAN’s epidemic and pandemic 
preparedness and response capabilities. It sup-
ports regional data and information sharing, 
for example risk reports on the potential spread 
of  COVID-19 (ASEAN, 2021c). The ASEAN 
Portal for Public Health Emergencies, which 
was recently established, is also important for 
information sharing (ASEAN, 2021d).

3.2.1.6  Regional strategic and action plan 
for ASEAN vaccine security and Self-reliance 

2021–2025

Endorsed by the ASEAN Health Ministers 
Meeting in May 2021, this has become urgent 
because of  COVID-19 (ASEAN, 2021e). This is 
relevant to all vaccine-preventable diseases.

3.2.2  Animal health sector-led 
mechanisms relevant to One Health  

and EIDs

3.2.2.1  ASEAN sectoral working group on 
livestock (ASWGL)

This is an important stakeholder and partner 
for coordination between animal health and 
human health sectors. It is supported by the 
Food, Agriculture and Forestry Division of  ASEC, 
and is in charge of  animal health and veterinary 
public health, including as a lead body for ARES 
implementation (ASEAN, 2016c).

3.2.2.2  Regional strategic framework 
for veterinary epidemiology capacity 

development and networking in ASEAN  
(Epi Framework)

This was endorsed in 2013 and it led to the estab-
lishment of  the ASEAN Veterinary Epidemiology 
Group (ASEAN, 2019b).
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3.2.2.3  ASEAN Coordinating Centre for 
Animal Health and Zoonoses

This is envisaged to protect the health of  people 
and livestock to ensure a quick response against 
animal health emergencies and zoonotic disease 
emergencies and to provide a framework of  
cooperation and coordination for the preven-
tion, control and eradication of  transbound-
ary animal diseases and zoonoses in ASEAN 
(ASEAN, 2016b).

3.2.2.4  ASEAN regional animal health 
information system

This was developed by OIE in cooperation with the 
ASWGL to share timely information on livestock 
diseases and improve regional disease control 
(OIE, 2018). This links to the OIE World Animal 
Health Information System (OIE, 2021b). 

Generally, all the ASEAN health mechanisms 
are focused on the prevention and control of  com-
municable diseases, emerging infectious diseases 
and neglected tropical diseases, including zoonotic 
diseases and the elimination of  rabies by 2030.

3.3  Regional One Health Initiatives

In 2019, the WHO, FAO and OIE developed the 
Tripartite zoonoses guide (WHO et  al., 2019). 
Three operational tools were rolled out to support 
national staff  in developing technical capacities: 
(i) the multisectoral coordination mechanism; 
(ii) the joint risk assessment; and (iii) the surveil-
lance and information sharing. These tools can 
be used independently or in coordinated efforts 
to support national and intercountry capacity 
for preparedness and response. The original 
tripartite collaboration now includes the United 
Nations Environment Programme (UNEP) (OIE, 
2021c).

Rabies prevention and control being a 
key One Health concern should be among 
the priority infectious disease and zoonoses 
that the emerging regional public health risk 
management system should address. We call on 
stakeholders to seek the opportunity to plan how 
best to establish a functional entity within the 
ACPHEED to deal with rabies prevention, control 
and eventual elimination.

The One Health approach is particularly 
relevant to the conduct of  joint emerging zoono-
sis surveillance and continuing surveillance 
during epidemics, where there could be cycles of  
spillback and spillover for certain pathogens.

While ASEAN human and veterinary 
health sectors have collaborated to a certain 
extent, the desired level of  One Health collabora-
tion involving other relevant sectors, such as 
environment/biodiversity, education and social 
services sectors, has yet to be achieved. In this 
regard, ASEAN needs to reform its traditional 
operational structure by separating sectoral 
bodies. This is beginning to be realized with 
the integration of  non-health sectors in public 
health emergency strategies directed at the 
underlying social, economic, environmental and 
political determinants of  health.

There is currently no high-level ASEAN 
agreement or declaration promoting cross-
sectoral One Health collaborations related to 
zoonotic disease threats. ASEAN must prioritize 
this to address risks from zoonoses and other 
public health threats existing and emerging 
at the human–animal–ecosystems interface 
and provide guidance on reducing these risks. 
For instance, the existing health mechanisms 
could be effectively utilized to promote: (i) One 
Health coordination; (ii) capacity building 
for joint surveillance and outbreak response; 
(iii) the sharing of  data and best practices 
(e.g. vaccination approaches); (iv) animal and 
human vaccines security and stockpiling;  
(v) the operationalization of  vaccination drives; 
(vi) risk communication and public awareness; 
(vii) the alleviation of  socio-economic issues 
related to increased zoonoses risks; (viii) the 
harmonization of  relevant policies and legal 
frameworks; (ix) joint strategic planning; and (x) 
performance monitoring and evaluation. The 
ASEAN Leaders’ Declaration on Antimicrobial 
Resistance (AMR): Combating AMR through 
One Health Approach (ASEAN, 2017)can be 
referred to. The ARES devotes a section to One 
Health, which reflects broad statements encour-
aging formal multisectoral engagements driven 
by a multi-stakeholder committee or high-level 
coordination mechanism relevant to rabies 
and other zoonotic diseases. The ASEAN senior 
officials on forestry have agreed to develop an 
ASEAN strategy for preventing transmission of  
zoonotic diseases from the wildlife trade, with 
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the aim of  forming a regional One Health group 
for implementation.

Under the GHSA, Indonesia and Vietnam 
are contributing countries to the action package 
on zoonotic disease, which means they commit 
to building relevant capacity at national, 
regional and/or global levels.

3.4  Regional One Health Core 
Elements

One Health collaborations, through cross-
sectoral meetings, mechanisms and plans, will 
need to be organized involving relevant mecha-
nisms under the concerned sectors – principally 
through the ACCAHZ and ACPHEED. External 
mechanisms are to be linked to these meetings 
to include the following One Health bodies and 
initiatives: (i) the Tripartite/Quadripartite; (ii) 
South-east Asia One Health University Network; 
and (iii) proponents of  the Preventing the Next 
Pandemic Initiative, and others. The One Health 
Stakeholders’ Consultations need to deliberate 
on human-to-animal transmission risk factors 
and challenges, agree on risk reduction and 
mitigation objectives, strategies, activities 
and expectations, and formulate appropriate 
plans. Countries should present their relevant 
approaches and capacities: laboratory and 
field-based capacity, biosafety and biosecurity 
procedures, pathogen genomics data, etc. 
Correspondingly, countries are expected to 
strengthen their animal–human–ecosystem/
wildlife interface risk management efforts to 
deal with the threat of  zoonosis spillover and 
spillback at the source.

The health sector should assume its lead 
stakeholder role because of  the focus on imme-
diate zoonotic threats to public health. Animal 
health services should support field investiga-
tions and laboratory capacities. Further, the 
agriculture/livestock sector should remain cog-
nizant of  the urgent need to manage a zoonosis’s 
impact on food security and livelihoods, includ-
ing misinformation and potential disruptions in 
food supply chains.

As specified in the IHR, WHO must support 
assessments and guide the national action plan-
ning on health security and implementation of  
capacity-strengthening plans. Most countries are 

expected to have sufficiently fulfilled their obliga-
tions. However, based on the recent Joint External 
Evaluations (JEEs) conducted for each country, 
many AMS are yet to fully reach scores of  ‘dem-
onstrated and sustained capacities’ in the majority 
of  the IHR core capacities except for Singapore 
(WHO, 2021). Based on the JEE results, most AMS 
identified the largest performance gaps in AMR, 
biosafety and biosecurity, regional preparedness, 
surveillance, alert/response, risk communication, 
and capability building. The JEE results signify 
the urgent need to improve capacities relevant to 
enhancing multisectoral collaborations to address 
outbreak risks at the human–animal–environ-
ment interface.

3.5  Conclusion

Implementing rabies and other zoonosis control 
measures must be well prepared and known to the 
various stakeholders to maximize multisectoral 
and community participation. Regional mecha-
nisms should develop actionable work plans to 
ensure readiness for zoonotic disease outbreaks. 
There should be defined roles in support of  the 
national and regional response. Depending on the 
ASEAN decisions, they should include support for 
corresponding national capacity building, which 
includes workforce development on technical and 
procedural areas of  responsibility, and support 
for harmonizing SOPs (standard operating proce-
dures), protocols and expertise complementarity 
between countries. In this regard, the various 
stakeholders and organizations should be pre-
designated and assigned their respective roles in 
the rabies/zoonosis risk management system. In 
addition, the One Health governance and oversight 
structure for decision making must be laid out. 
Sustained mechanisms for regional coordination 
should allow the member states to support each 
other.

To ensure an effective response after con-
firmation of  a rabies outbreak, early mitigation 
will require well-prepared sectoral and multi-
sectoral plans. These would describe joint One 
Health command and control arrangements, 
coordination and collaboration, guiding risk com-
munication and public information campaigns, 
infection prevention and control and other meas-
ures to be implemented quickly at all levels, with 
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the involvement of  health and non-health sectors, 
such as law enforcement, border control, etc. 
Plans need to be regularly tested in different types 
of  simulation exercises and updated regularly. 
Once an actual outbreak occurs, the information 
received during the rapid assessment phase would 
be used to adapt plans for specific situations.

Considering ASEAN’s recent adoption of  
additional policies and arrangements favourable 
to EID risk management, there is an enhanced 
opportunity to achieve One Health objectives 
and the Zero by 30 goal. Stakeholders should 
seek to consolidate the regional mechanisms for 
zoonoses prevention and control effectively.
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Abstract
The Chiang Mai province is a top tourist spot in Thailand so local governments have adopted an intensive policy to 
eliminate human rabies deaths. The Chiang Mai Model strengthens rabies control efforts by integrating a Buddhist 
approach to encourage humane compassion towards animals, rather than killing for population management.  
A major strength of  this model is that it uses a scientific approach with a high level of  cooperation among govern-
ment and non-government sectors, academics and temples. This chapter covers the three components of  the 
Chiang Mai Model (animal birth control and rabies vaccination, animal welfare education, and effective enforce-
ment of  animal welfare laws), as well as some challenges. The One Health approach combined with religious and 
scientific applications are essential components of  the Chiang Mai Model for humane rabies control. This model, 
which strongly focuses on the role of  community, could guide other Asian countries to overcome challenges in 
rabies control.

*Corresponding author: ​wilaiwan_​pet@​yahoo.​com

4.1  Introduction

Thailand is an endemic area for rabies, and 
dogs and cats are at risk of  rabies infection. In 
2012, the World Health Organization (WHO), 
World Organization for Animal Health (OIE) 
and Food and Agriculture Organization of  
the United Nations (FAO) collectively urged all 
nations to fight against rabies caused by dogs. 
The Association of  South-east Asian Nations 
(ASEAN) implemented a regional elimination 
strategy intending to eliminate human rabies in 
the region by 2020, before the global strategic 
plan of  Zero by 2030 was set. Accordingly, the 

Thai government has adopted a guideline and 
announced a national policy for Thailand’s 
mission to eliminate human rabies by 2030. 
The Ministry of  Health has persuaded local 
communities in both urban and rural areas to 
create rabies-free zones by vaccinating animals. 
They have categorized a rabies control area into 
three levels:

•	 Level A: No report of  human or animal 
rabies infection from active control or 
surveillance by laboratory tests for at 
least 2 years. A rabies-free zone will be 
announced.
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•	 Level B: No report of  human rabies 
infection, but rabies has still been found 
in animals for at least 2 years with active 
control and surveillance.

•	 Level C: Rabies infection is still found in 
both humans and animals in the area.

In 1992, the Rabies Prevention Act was 
announced and used nationwide. Since then, 
rabies cases have gradually declined each 
year. According to the policy issued by the 
Ministry of  Public Health, starting in 2002, 
all provinces should have had no rabies-related 
deaths. The Bureau of  Health and Strategy, 
Ministry of  Public Health, stated that although 
the number of  human deaths from rabies has 
declined dramatically throughout Thailand, the 
number of  post-exposure prophylaxis cases had 
actually increased annually between 1995 and 
2002 (from 153,483 to 401,181, respectively). 
Therefore, considering only the decrease in the 
number of  rabies cases might not be sufficient 
(Fig.  4.1). Nevertheless, several factors such as 
the cost of  post-exposure treatment, which is 

related to the incidence of  rabies cases, must be 
considered.

Rabies re-emergence in Thailand derived 
from the budget control’s bureaucratic problem 
in 2015. Thus, rabies vaccination was inter-
rupted nationwide. Because rabies can be 
controlled by mass vaccination of  dogs and 
cats, reducing it caused the re-emergence of  the 
disease in many provinces. The rabies outbreak 
reached its peak with 18 human deaths in 
2018, and a large percentage of  1,475 animal 
samples were rabies positive, mainly from dogs 
but also from some cats and livestock such as 
cows and buffaloes (Thai Rabies Net, 2018; 
Thanapongtharm et  al., 2021). Accordingly, 
Professor Dr Her Royal Highness Princess 
Chulabhorn Mahidol of  Thailand has passion-
ately promoted the mass vaccination and man-
agement of  dogs and enhanced awareness of  
rabies with the project ‘Animals Free of  Rabies: 
Humans Are Safe from the Disease’. Her Royal 
Highness’ involvement has helped to engage 
and motivate the public to prevent rabies, from 
the village to the province to the national level. 

Fig. 4.1.  Rabies statistics in Thailand between 1993 and 2017. The red line is the number of human 
deaths from rabies each year. The blue line is the percentage of rabies-positive animal samples. Image 
modified and translated into English from the original report: Bureau of General Communicable Disease, 
2017, p.3.
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The Princess is a champion of  efforts to make 
Thailand rabies free by 2020, in line with the 
worldwide initiative to end human rabies deaths 
by 2030 (WHO, 2017).

Chiang Mai, in northern Thailand, is con-
sidered the second most important area in the 
country, after the capital, Bangkok. Chiang Mai 
has an area of  20,107 km2 and a total popula-
tion of  1.78 million, 0.96 million of  which live in 
the urban centre (http://chiangmai.nso.go.th/ 
(accessed 29 September 2021)). The city is sur-
rounded by high mountain ranges, with various 
ethnic groups living in the highland area; the 
ethnic groups are linked to a wide system of  
mountain ranges in neighbouring Myanmar 
and Laos. The highland geography and ethnic 
diversity make it challenging to ensure rabies 
control via mass vaccination, undertake dog 
population control, monitor dog migration 
along the border, and introduce rabies education 
programmes.

Chiang Mai province is one of  the top tourist 
spots in Thailand, and tourism is one of  the most 
significant sources of  income in Chiang Mai. 
The Thai government has focused on building 
the country’s wealth via the tourism industry. 
A tourist satisfaction survey revealed that many 
visitors cited sick, free-roaming dogs as a negative 
factor in Chiang Mai. As such, improvements 
should be seriously considered to protect the 
health and welfare of  people and dogs. In the 
previous decade, roaming canines were consid-
ered a nuisance and were often poisoned, kept in 
cages or sold off  to the meat market; this occurred 
in many of  the towns and villages of  Thailand, 
creating the wrong impression for locals and 
tourists alike. The idea of  turning Chiang Mai 
into a dog management model – a compassionate 
city, where humans and dogs can live together 
in harmony – has slowly been introduced. The 
community and local authorities have been 
informed that periodically culling free-roaming 
dogs does not solve the rabies problem, nor does 
it create a healthy environment for Chiang Mai. 
Retrospective reports from several counties have 
shown that culling dogs does not reduce the 
number of  dog bites or eliminate rabies (Taylor 
et  al., 2017). Killing without neutering means 
that the dog population continues to increase; 
new groups of  free-roaming dogs always migrate 
into areas where local dog populations have 
been killed and rapidly begin to repopulate the 

area. This increase in the movement of  dogs also 
increases the possibility of  disease transmissions, 
such as rabies or other zoonotic diseases. Lanna 
Dog Welfare has been working in conjunction 
with the Office of  Health Development, and the 
Provincial Livestock Office has been able to iden-
tify the problems during 2003–2008 as follows:

1.	 Although Chiang Mai is one of  the world’s 
top tourist destinations, the city lacks gov-
ernmental unity regarding animal health 
and welfare.

2.	 The city did not have a government-run 
veterinary clinic to provide pet care for 
lower-income residents.

3.	 Communities solved the free-roaming dog 
problem by killing, poisoning or abandoning 
dogs at temples and public places, but this 
approach only moves the problem from one 
location to another.

4.	 The government sectors and communi-
ties believed that if  they could physically 
eliminate dogs, all other problems would 
disappear.

5.	 The cost of  spaying/neutering was US$30–
100 per animal, more than pet owners could 
afford.

6.	 When dogs have puppies, often the owners 
could not afford to take care of  the animals 
and then abandoned them in the commu-
nity or temples, thus creating a burden for 
all concerned.

7.	 Free-roaming dogs were difficult to catch 
in order to provide rabies vaccination and 
spay/neuter.

8.	 Free-roaming dogs were often in bad health, 
and unspayed/unneutered dogs fought with 
each other when in heat. This led to abuse 
of  the dogs by people and problems such as 
dog bites.

The Chiang Mai Model was initiated when 
Lanna Dog Welfare began a project in 2009 with 
the National Institute of  Infectious Diseases, 
Tokyo, Japan. Since Dr Satoshi Inoue’s first visit 
to Chiang Mai regarding rabies control, there has 
been progressive cooperation with local govern-
ment sectors such as the Chiang Mai Provincial 
Livestock Office, sub-district municipalities 
and Chiang Mai University Hospital. The One 
Health approach of  the Chiang Mai Model has 
employed monitoring rabies through scientific 

http://chiangmai.nso.go.th/
https://en.wikipedia.org/wiki/Laos
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measurements (assays) and has involved more 
stakeholders. Their goals have been to:

1.	 Encourage every sector to prevent and 
control rabies.

2.	 Encourage rabies vaccination in all dogs.
3.	 Control ownerless/free-roaming dog 

populations.
4.	 Be active and continuously monitor and 

control rabies in humans and animals.
5.	 Educate and bring awareness about rabies 

prevention to the community.
6.	 Enforce laws involving rabies.

Based on information released by the 
Bureau of  Epidemiology in Chiang Mai, one 
person was infected with rabies in 2005 and 
two people in 2006. In 2006, Chiang Mai was 
one of  the ten leading provinces in terms of  the 
morbidity rate for rabies. Since the implementa-
tion of  the rabies control policy, there have been 
no human rabies cases; however, rabies was still 
found in dogs in 2009 and 2011. For nearly 
10 years, the city had neither human nor dog 
rabies cases until recently. However, in 2020 
and 2021, there were three cases and one case 
of  canine rabies, respectively (Thai Rabies Net, 
2021). Therefore, the rabies virus appears to 
exist in the area, and its re-emergence is depend-
ent on rabies control management.

In this study, we summarize the rabies 
management practices implemented in Chiang 
Mai from 2003 to 2021, specifically how the 
One Health approach has been used to improve 
the efficiency of  rabies control towards the goal 
of  zero rabies cases by 2030. Initially, most 
animal organizations and non-governmental 
organizations (NGOs) focused on the steriliza-
tion of  free-roaming dogs at temples or within 
local communities, whereas local government 
sectors mainly concentrated on rabies vac-
cination. Vaccination alone cannot control 
rabies, so there has been intense campaigning 
for humane dog population control; however, 
culling did not reduce the dog population 
or prevent rabies infection. The Chiang Mai 
Model has followed WHO and the International 
Companion Animal Management Coalition 
(2019) guidelines for controlling rabies and 
dog population management by using the 
Animal Birth Control (ABC) and the Anti-
rabies Vaccination (ARV) programmes. The 

programme in which free-roaming dog popula-
tions are managed via sterilization, and then 
returned to their home area, is considered the 
most effective way to control rabies and popula-
tion growth in the Chiang Mai community. In 
addition, education and animal welfare laws 
must be implemented into the guidelines to 
establish a sustainable solution. We consider 
the following challenges of  eliminating dog-
mediated human rabies in Chiang Mai.

4.2  Challenge I: Enhancing 
Local Community Measures via 
a Competitive Award for Rabies 

Education

Rabies control awards have been given to 
sub-districts after field evaluations by rabies 
experts from Thailand and Japan. The competi-
tive award for rabies education was initiated in 
2005, when a local animal organization, Lanna 
Dog Welfare, collaborated with provincial 
livestock organizations to initiate a Rabies Zero 
Day when a rabies management competition 
was held between sub-districts. This event 
continued to grow to the provincial level, and 
local communities were slowly made aware of  
rabies control. In accordance with the national 
policy issued by the Ministry of  Public Health, 
local governments adopted intensive policies 
to achieve a rabies-free zone; at the time, the 
desired timeline was by 2020, but it is currently 
set for 2030 (Lanna Dog Welfare, 2012). Rabies 
control was used to approach local communi-
ties to introduce animal welfare education. A 
self-made ‘Chiang Mai Model’, including the 
humane management of  the dog population and 
rabies control programmes, was initiated. The 
success of  this model was demonstrated by two 
sub-districts winning first (Mae Hia) and second 
(San Klang) places in the national competition 
(the MoPH MoAC Sanofi Pasteur Rabies Award, 
currently named the Thailand Rabies Awards) in 
2010 and 2013, respectively (Office of  Regional 
Livestock 5, 2011; The Medical News, 2014).

Competitions run by the government 
have been restricted and the number of  prizes 
awarded is limited, such that several local 
authorities that had performed outstanding 
work have not received acknowledgement. 
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Additionally, different conceptions of  manage-
ment and issues have made judging the best 
performance difficult. Therefore, this contest has 
been improved by assessing the projects based 
on quality to allow for improvement within the 
local authority, rather than as a competition 
with other local authorities. In cooperation with 
the World Society for the Protection of  Animals 
(WSPA) (UK), Lanna Dog Welfare (Thailand), the 
Japan Society of  Clinical Study for Rabies (Japan) 
and the National Institute of  Infectious Diseases 
(Japan), the Tokyo-Chiang Mai conference was 
held to celebrate World Rabies Day in 2014 
(Lanna Dog Welfare, 2014a). Tokyo-Chiang Mai 
World Rabies Day targeted policy makers and 
the heads of  government sectors in the commu-
nities. Rabies experts from Thailand and Japan, 
which is a rabies-free model country, assessed 
their management practices and awarded prizes 
after visiting each community area, providing 
consultations based on social or scientific points 
of  view and assessing each community’s work 
from three different perspectives: (i) project man-
agement; (ii) animal welfare; and (iii) project 
sustainability. Rabies evaluation feedback was 
provided in written form; therefore, it encour-
aged the districts to improve – for example, by 
allowing them to analyse their weaknesses and 
strengths. The pilot conference was a great 
success, with six sub-districts participating. By 
using this approach, local authorities improved 
and maintained the quality of  their work; they 
were delighted and hoped to hold this confer-
ence annually. Moreover, the awards given by 
the Chiang Mai governors provided excellent 
publicity, as 250 sub-districts became aware of  
the Chiang Mai Model for rabies control, allow-
ing it to achieve an international reputation.

4.3  Challenge II: Enhancing Animal 
Birth Control/Anti-Rabies Vaccination 

via a Joint Project Between 
Academia, Non-Profit Organizations 

and the Communities

Dog population management is an integral part 
of  rabies control programmes. Contraceptives 
via hormone injection in female dogs have been 
widely used for dog population control because 
this approach is inexpensive and no veterinary 

personnel are needed, especially in suburban 
and rural areas. However, this raised welfare 
concerns regarding the side effect of  uterine 
infection or pyometra after withdrawal. Spaying/
neutering has slowly been introduced where 
livestock or veterinary personnel were avail-
able. Nevertheless, spaying/neutering has to be 
improved to ensure it is safe for animals. Mobile 
sterilization clinics and rabies vaccination have 
been performed by following the standard inter-
national protocol. The team includes personnel 
from public health, the veterinary sector (e.g. 
veterinary students and livestock veterinar-
ians) as well as volunteers from various fields. 
Between 2006 and 2007, the WSPA (currently 
World Animal Protection) supported Lanna 
Dog Welfare as one of  its member societies, 
particularly regarding humane dog population 
management, by promoting capacity building 
and by providing technical advice. The activities 
supported by WSPA included two workshops on 
dog sterilization in 2006 and 2007: a clinical 
technique update and a review of  international 
standards for efficiency.

The workshops aimed to train government 
department veterinarians in humane dog popu-
lation control principles and to improve steriliza-
tion techniques. Support from the local mayor’s 
office, the Buddhist community and government 
connections enabled the workshops to proceed, 
in anticipation of  ‘Anti-rabies Month’. Later, a 
mobile sterilization clinic was developed, instru-
mental in humane dog population control and 
animal welfare education. The mobile steriliza-
tion programme involves several organizations, 
including the veterinary faculty’s staff  and 
students, livestock and animal husbandry vet-
erinarians, village livestock volunteers and local 
community staff.

In 2014, paperless, real-time mobile 
sterilization clinic registration software was 
developed, including pre-registration (GARC, 
2018). The pre-registration programme was 
designed to facilitate recording patient history 
(dogs or cats) in the same manner as humans 
and to pre-calculate anaesthesia drug doses; 
this is safer for both the animals and the 
management personnel. This pre-registration 
programme has been improved and optimized 
based on trials in different communities. The 
registration software architecture includes 
a hypertext preprocessor (PHP) web-based 



39Control of Canine Rabies in Thailand: the Chiang Mai Model

application that runs on a remote server; users 
can access this application via an Internet con-
nection. The necessary equipment comprises a 
17.8 cm (7 inch) Android tablet for recording 
data at each station and a wireless router with 
a 3G Internet package for an Internet connec-
tion. A remote database server and host are 
required to store data.

During sterilization, patient history 
records must be linked to each animal at 
each station. In the original implementation, 
each station produced paper records, which 
included a photograph, weight and health 
check, pre-medical anaesthesia, surgery, after-
care, recovery and discharge. This approach 
ensured all records would be transferred from 
station to station. Finally, all paper records 
would be saved as a computer file. In 2015, pre-
registration was computerized and extended 
to all field sterilization stations, as shown in 
Fig. 4.2. There were no paper records because 
everything was computerized in real time on 
the tablets at each station. From their station, 
each user could track data from another 
station because patient status and data were 
saved on a server via an Internet connection. 

All data were saved and analysed to determine 
the most economical strategy (e.g. the cost of  
each drug, the prevalence of  common diseases 
and rabies vaccination). This paperless and 
real-time pre-registration system was the first 
of  its kind established for animals in Thailand. 
The system uses more advanced technology 
than that utilized by humans, for which no 
mobile clinics use real-time registration.

4.4  Challenge III: Education Through 
Workshops and Training

Workshops on animal welfare and rabies vac-
cination techniques have been presented to 
various stakeholder groups, including monks, 
military members and village and livestock 
volunteers. Without education, dog popula-
tion control cannot be implemented success-
fully. In 2010, the ‘Fight for Five Freedoms 
for All Animals’ was introduced during the 
first World Animal Day in Chiang Mai, a 
collaboration between NGOs and local govern-
ment sectors (Lanna Dog Welfare, 2010). The 

Fig. 4.2.  Diagram of a mobile sterilization clinic showing the new real-time computerized  
pre-registration system compared with the conventional paper-based system. Image created by W. 
Petsophonsakul and S. Inoue.
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event increased public awareness of  cruelty 
to animals and focused on the benefits of  
having animals in one’s daily life. Through the 
event, the public understood that animals are 
not only pets but also an essential part of  the 
ecology of  our natural environment. The event 
emphasized that animals should be treated 
with respect and that they are not here for us, 
but with us. A new campaign was introduced 
for free-roaming dogs, to promote them as 
community or university members. This 
campaign later became a well-known Chiang 
Mai University project: ‘Ma-CMU’ or ‘Chiang 
Mai University’s dogs’. Because dogs transmit 
over 90% of  human rabies cases, efforts should 
be focused on dog management. Different 
populations of  free-roaming dogs (i.e. temple, 
community and forest dogs) require different 
approaches.

In Thailand, temples act as traditional 
shelters for abandoned dogs, with hundreds 
of  dogs finding shelter in Buddhist temples 
each year. Dedicated monks feed and care for 
these dogs every day. The construction of  new 
shelters or pounds can be avoided by helping 
temples to sterilize and treat sick and neglected 
animals. Therefore, the project aimed to inte-
grate free-roaming animals into society. This, 
in turn, would allow the government to save 
money by implementing sustainable and cost-
effective methods to solve free-roaming dog-
related problems. Animal organizations (i.e. 
Lanna Dog Welfare, Thailand; World Animal 
Protection, UK; and Blue Tail Animal Aid 
International, France) collaborated to improve 
the welfare of  free-roaming dogs by providing 
knowledge and animal welfare and handling 
training to Buddhist monks in several temples 
in Chiang Mai province between 2014 and 
2016 (Lanna Dog Welfare, 2015). The train-
ing programme was developed in accordance 
with Lanna Dog Welfare’s experience working 
with various temples in Chiang Mai and was 
conducted as follows: (i) practising approach-
ing, handling and managing wounds on 
dummies; (ii) administering medication and 
record keeping; (iii) animal health and diet; 
and (iv) rabies vaccination.

In addition to helping temples by training 
monks, training for rabies vaccination and 
animal welfare handling were also expanded 
to local sub-districts. Participants included 

livestock and health volunteers from the villages 
of  Sobtia, Suthep and Muanglen sub-districts; 
mass rabies vaccinations were performed by 
appointed village volunteers (Blue Tail Animal 
Aid, 2014; Lanna Dog Welfare, 2014b). The 
programme included basic information and 
training in animal welfare, including how to 
approach animals safely, the management and 
storage of  rabies vaccines and practising injec-
tion techniques on artificial skin. This training 
was followed by in-house visits to practise 
efficient vaccinations.

Several military camps in the territory are 
located in forests, where animals are frequently 
abandoned. This leads to issues related to envi-
ronmental sanitation, dog bites and the spread of  
zoonotic diseases, particularly rabies. Therefore, 
a free-roaming dog management programme 
was initiated at the 33rd Military Circle, which 
included instruction on humane handling and 
catching methods. The training and instruc-
tions for soldiers included dog behaviour, dog 
catching methods (including the pros and cons 
of  each method), anaesthesia and monitoring 
of  dogs, wound management, nursing care 
and rabies vaccination. This dog management 
training programme has been expanded to other 
military camps.

Nationally conserved forests are attrac-
tive to ecological tourists. Pet dogs are often 
abandoned in these areas. This situation 
raises several problems, including increased 
dog populations, tourists being bitten and the 
possible spread of  several zoonoses, especially 
rabies, between other wildlife and humans. 
A management model has been developed to 
capture forest dogs in national conservation 
areas. A humane catching method (e.g. wire 
net pen) has been implemented at the edge of  
the Mae Kuang Dam forest. By providing food 
in the pen, forest dogs become familiar with it. 
Then, when the dogs enter the pen, they are 
captured. Several dog packs were captured, and 
104 dogs were spayed or neutered, vaccinated 
against rabies and then returned to their home 
area. A real-time animal database has been 
developed and used to locate the forest dogs in 
each area. Forest dogs are scattered around the 
Mae Kuang Dam in various regions, as shown 
in Fig. 4.3 (a and b).
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Fig. 4.3.  Geographic mapping of forest dog packs in different areas of the Mae Kuang Dam. (a) Letters 
A–I refer to each pack of dogs. (b) Each yellow spot represents one dog linked to a patient’s history. 
After sterilization, each dog was photographed and wore a collar indicating it had been sterilized. 
Images created by W. Petsophonsakul and S. Inoue.
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4.5  Challenge IV: Evaluating Rabies 
Vaccination in High-Risk Exposure 

Groups and Community Dogs

Regarding the rabies-free zone, the local commu-
nities and government understand that rabies 
vaccination covers 70% of  animals according to 
WHO rabies criteria. Many local reports demon-
strated that 100% of  animals were vaccinated. 
In 2008, Lanna Dog Welfare collected data on 
1000 animals that had been vaccinated against 
rabies by its mobile sterilization clinic in Chiang 
Mai city. An average of  39% (0–79%) of  dogs 
and cats had been vaccinated, and three sub-
districts showed nearly 80% of  animals had been 
vaccinated. These three sub-districts underscore 
the potential of  working with both active sur-
veillance and healthcare. Several annual reports 
indicated that 70–80% effective rabies vaccina-
tion from central Thailand (i.e. Bangkok and 
the surrounding areas) should be sufficient for 
controlling rabies. However, human rabies cases 
were still found, so this effectiveness should be 
reconsidered.

In 2011, a case of  rabies in a puppy 
imported from Bangkok to Chiang Mai led to 
the initiation of  the One Health approach by the 
Chiang Mai Provincial Livestock Office, which 
called for an urgent meeting with the local 
governments, public health office, municipality, 
academia and animal NGOs (Petsophonsakul 
et al., 2013). According to the rabies prevention 
guidelines, the puppy rescuer and shelter were 
examined for their provision of  rabies vaccina-
tion. Rapid rabies tests help monitor risky areas 
and are crucial for making medical/veterinary 
decisions. During surveillance, many shelter 
dogs did not have protective antibodies, even 
though they had been vaccinated for rabies after 
their rescue. Because of  the imported rabies case 
in Chiang Mai in 2011, all sectors learned about 
the benefits of  a rabies vaccination programme 
and monitoring protective antibody levels to 
enable action against an outbreak. Follow-up 
rapid tests for protective antibodies make it 
easier to manage an outbreak while improving 
animal care and welfare. Moreover, determining 
the levels of  protective antibodies allows stake-
holders to assess the quality of  vaccines and 
vaccination skills. Deficiencies in these areas 
could be addressed to improve protective rabies 

immunity in dogs. Therefore, the remaining 
issues in the rabies control zone in Chiang Mai 
are to examine the vaccination status to ensure 
dogs carry protective antibodies.

Regarding mass rabies vaccination cam-
paigns covering  ≥70% of  the dog population, 
the vaccination programme in rabies control 
areas was evaluated to ensure that dogs had 
adequate immunity. Canine sera were collected 
from four sub-districts (Sobtia, Nongjom, 
Nongpakrang and Nonghoi) and were examined 
for protective anti-rabies antibodies by the rapid 
fluorescent foci inhibition test (RFFIT). This test 
was kindly performed by the National Institute 
of  Infectious Diseases, Japan, 3 and 12 months 
after rabies vaccination. After 3 months, neu-
tralizing antibody levels in the four areas were 
4.90 ± 6.68 IU/ml, and 70.8% of  the samples 
had adequate antibody titres (> 0.5 IU/ml). The 
average antibody levels in Sobtia, Nongpakrang, 
Nongjom and Nonghoi were 3.38, 5.71, 
0.76 and 9.70 IU/ml, respectively. After 12 
months, only 48.9% of  the sera collected had 
adequate antibody titres, with a mean neutral-
izing antibody level of  2.25 ± 3.27 IU/ml; the 
average antibody levels in Sobtia, Nongpakrang, 
Nongjom and Nonghoi were 1.40, 1.58, 4.09 
and 3.38 IU/ml, respectively.

As mentioned previously, pet dogs are often 
abandoned around the Mae Kuang Dam, where 
they become de-domesticated and form packs. 
A total of  75 forest dogs were caught from dif-
ferent packs, of  which 65 were monitored for 
anti-rabies antibodies; 47.7% of  those observed 
had protective antibodies (> 0.5 IU/ml). The 
average antibody level was 8.34 ± 26.11 IU/ml 
(< 0.02–191.18 IU/ml). Less than half  of  the 
forest dogs had protective immunity against 
rabies; this failed to achieve the targeted vacci-
nation coverage of ≥70% (Petsophonsakul et al., 
2019). The immunity of  forest dogs can act as a 
buffer zone for rabies control along the borders 
between the forest and the city. As such, in addi-
tion to domestic pets and free-roaming dogs in 
the city, forest dogs should not be neglected. The 
four rabid dog cases that re-emerged in 2020 and 
2021 were in Chiang Dao and Wiang Haeng, 
two rural sub-districts that share a border with 
Myanmar.

In a notable case study of  the One Health 
approach, Lanna Dog Welfare in collaboration 
with Chiang Mai University and several other 
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stakeholders helped investigate a 14-month-old 
child who had been bitten by a pack of  free-
roaming dogs in Doi Saket, Chiang Mai. The 
case was managed in two ways: (i) laboratory 
tests, including collecting sera from two free-
roaming dogs and determining the sero-titre by 
using a cost-effective easy competitive enzyme-
linked immunosorbent assay (CEE-cELISA) 
(Aronthippaitoon et  al., 2019, p. 99); and (ii) a 
One Health seminar held at the AMS (Associated 
Medical Sciences) Clinical Service Centre, with 
participants from the government sector, includ-
ing the chief  of  the district, livestock officers, a 
community leader, a hospital director, expert 
clinicians, an NGO and the press. The One Health 
seminar had 35 participants from different sectors 
involved in rabies control. Over 40 free-roaming 
dogs were captured, sterilized and moved to a 
local NGO shelter. Although newspaper reports 
were inaccurate, they monitored and followed 
the case effectively. The patient received adequate 
treatment in the form of  post-exposure prophy-
laxis for rabies. Antibodies to the rabies vaccine 
were monitored in two dogs: one had a level of  
2.7 EU/ml (where EU is ELISA unit), whereas the 
other had undetectable levels. All participants 
learned more about the One Health approach. In 
addition to the involvement of  livestock officials 
in the management of  free-roaming dogs and 
clinicians for patient treatment, this case engaged 
the community, an NGO and mass media, all 
working together to solve the problem. This case 
study offers a nationwide model of  the One Health 
approach applied to managing dog bites and 
rabies control (AMS CMU, 2018).

4.6  Challenge V: Developing an 
ELISA Suitable for Mass Monitoring 
of Protective Immunity Against the 

Rabies Virus

Quantifying anti-rabies antibodies is necessary 
to determine immune status and ensure that suf-
ficient protective antibodies have been produced 
to prevent and treat after rabies virus exposure. 
RFFIT is the gold standard for measuring anti-
rabies antibodies in serum samples; however, it is 
expensive, time-consuming and cumbersome to 
run samples. As such, only a few institutes have 
the RFFIT test. The CEE-cELISA (Cost Effective 

Easy competitive ELISA) is a cost-effective and 
easy-to-use test to monitor protective immunity, 
thus ensuring the efficacy of  rabies immuniza-
tion and seroprevalence in vaccinated dogs 
(Aronthippaitoon et  al., 2019). Sero-titres meas-
ured by CEE-cELISA and RFFIT show a very strong 
correlation, with R-values of  0.958 and 0.931 in 
humans and dogs, respectively. CEE-cELISA can 
detect rabies antibodies in human sera and other 
animal species within the same test.

CEE-cELISA has been used to evaluate mass 
rabies vaccination in veterinary students who 
followed an annual rabies pre-exposure prophy-
laxis (PrEP) vaccination scheme at Chiang Mai 
University (Aronthippaitoon, Thananchai, 
Thongkorn, Samer, Surajinda, Inoue, Noguchi, 
Park, Kawai, Petsophonsakul, 2020, unpub-
lished data). It has also been used to evaluate the 
immune response to the rabies vaccine in village 
health volunteers in two sub-districts, Maeka 
and Doi Lor. These individuals are at a high risk 
of  exposure because they provide rabies vaccina-
tions to dogs and cats in their villages during the 
rabies campaign period from March to May each 
year. The antibody levels were determined in 
village volunteers who had received the current 
rabies PrEP recommended by WHO in 2018 
(two intradermal doses provided 7 days apart). 
With this economical strategy, 92% of  the vac-
cinated individuals had an adequate antibody 
titre (> 0.5 EU/ml) with a median of  12.4 EU/ml 
(Khamduang et al., 2022). Thus, the new WHO 
recommendation is effective for pre-exposure 
vaccination. In addition to vaccinating village 
health volunteers, future studies will evaluate 
a single shot or a smaller vaccine dose, which 
may produce a sufficient immune response. A 
one-shot protocol for rabies vaccination may 
be implemented in children in high-endemic 
areas; it is a simple, short protocol that would 
save money while being convenient for children, 
especially those who are underprivileged or live 
in rural areas.

4.7  Conclusion

Based on what has been accomplished over 
the past 18 years (2003–2021), the Chiang 
Mai Model for rabies control has provided 
numerous long-term welfare benefits to the 
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local communities. The model uses the One 
Health approach, which includes engagement 
with all stakeholders and incorporates their 
beliefs and traditional religious way of  life. The 
importance of  implementing this model in other 
communities/countries involves comprehensive 
identification of  problems in the area, the use of  
humane methods of  control and maintaining 
long-term sustainable strategies. Many factors 
facilitate successful rabies management when 
implementing the Chiang Mai Model in other 
communities. These include: (i) providing 
knowledge and information to local authori-
ties that rabies control is not merely rabies 
vaccination in dogs, but combines several 
measures; (ii) organizing and running training 
or workshops by inviting international experts 
with interpreters; (iii) operating more scientific 
data and research to support the management; 
(iv) collaborating with global institutions to 
exchange information and to gain experience; 
(v) integrating new activities/ideas within the 
routine or local activities to reduce costs; and 
(vi) promoting academic or research institutes 
to engage with the community or to perform 
grass-roots research and, vice versa, to encour-
age the community to participate in scientific 
activities. Of  note, it is necessary to regularly 
reinforce appropriate long-term rabies control 
practices and humane animal treatment.

We will continue to follow the lead of  the 
Global Alliance for Rabies Control (GARC) and 
encourage groups to work together to help 
eliminate rabies. The World Rabies Day Awards 
encourages us to continue our work on the 
Chiang Mai Model. This action involves three 
key projects. First, we will use gamification to 
educate underprivileged and ethnic children – 
who have restricted access to information and 
language barriers – about rabies. A survey of  
the media environment for school children to 
develop a media education system for rabies 
prevention has been performed (Oda et  al., 
2018). Second, we will continue to develop 
our real-time animal database application for 
dog registration and rabies control. Dogs can 
be surveyed and registered on smartphones. 
This helps monitor the dog population and 
enables the administration of  rabies vaccina-
tions in the community. Third, we will develop 

an easy-to-use immunochromatography test 
kit, which will provide semi-quantitative anti-
rabies antibody detection to evaluate mass 
rabies vaccination in humans and animals. The 
test kit will help assess the immune response 
in the field without sending samples to a 
laboratory.

Our model using the One Health approach, 
which includes all stakeholders, has demon-
strated success in two main areas: (i) animal 
welfare; and (ii) the tourism industry. First, the 
model consists of  an education and information 
service for animal owners across a wide variety 
of  age groups regarding the routine care and 
welfare of  domestic animals. We have witnessed 
remote communities increase their understand-
ing of  the needs of  animals, from simple feeding 
programmes to methods of  carriage and learning 
that animals have feelings. These small lessons 
are understood and passed down over the years. 
Second, the tourism industry suffers from free-
roaming dogs; on many occasions, visitors feel 
that our communities are uncaring about these 
animals. It is refreshing to hear tourists mention 
that they have noticed fewer free-roaming dogs on 
subsequent visits to Chiang Mai. We truly believe 
our free-roaming dog problem is being reduced 
via our sterilization efforts and the corresponding 
reduction in numbers, preventing exponential 
growth.

The Chiang Mai Model has been very success-
ful. Indeed, in 2018 Lanna Dog Welfare won the 
World Rabies Day Awards in the regional category 
for the Asian Rabies Control Network (ARACON) 
Global Alliance for Rabies 2018 (GARC, 2018). 
This award was a great honour for Lanna Dog 
Welfare, a non-profit animal organization based 
in Chiang Mai, and for the city of  Chiang Mai and 
the country of  Thailand. The award encourages 
all sectors to continue working on the Chiang Mai 
Model for Rabies Control.

Finally, we believe that ‘Animal Welfare is 
Human Welfare’, and this will lead to a sustain-
able solution in accordance with ‘Animals Free 
of  Rabies: Humans Are Safe from the Disease’ 
project, which was initiated in 2016 under the 
wish of  Her Royal Highness Princess Chulabhorn 
Mahidol, who is a champion of  using the One 
Health approach to eliminate rabies in both 
Thailand and South-east Asia (WHO, 2017).
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Abstract
The Japanese national government strengthened its rabies action plan in accordance with three guidelines: (i) for 
risk management and rabies detection through a reporting system; (ii) for the road map after an outbreak; and 
(iii) for animal surveillance. The government has held a national rabies training course, including a hands-on 
nationwide programme of  laboratory diagnosis and workshops, since 2015, targeting local government veteri-
nary public health officers. This chapter discusses a participatory interactive workshop, the ‘World Café’, which 
was introduced to the training course. The key points of  the World Café are its participatory approach, hence 
small group conversations and discussion. The workshops changed participants’ perceptions effectively and 
increased their awareness for sustained preparedness for a rabies outbreak. The World Café targets idea exchange 
to generate breakthroughs in sustainable rabies control. Participatory, practical rabies training courses in Japan, 
a rabies-free country, could serve as a model for rabies control and prevention through public education and 
awareness for Zero by 30 worldwide.

*Corresponding author: ​sinoue@​niid.​go.​jp

5.1  Introduction

No rabies cases in humans or any other animals 
have been recorded in Japan since 1957, except 
for four human cases imported from endemic 
countries (in 1970, 2006 and 2020) (Nosaki 
et al., 2021). Japan achieved the dog-rabies-free 
status by enforcing the Rabies Prevention Law 
enacted in 1950 by the Ministry of  Health, 
Labour and Welfare (MHLW) (Anonymous, 

1968). This law specifically stipulates, among 
other things, owners’ registration of  dogs, 
vaccination by veterinarians, detention of  
stray dogs, the administrative response at the 
scene of  rabies outbreaks, provisions for rabies 
prevention officers who are veterinary public 
health officers and the import and export 
quarantine of  dogs at the Animal Quarantine 
Station of  the Ministry of  Agriculture, Forestry 
and Fisheries.
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However, a large number of  animals, 
including wild animals other than dogs, had 
been imported into Japan from rabies-endemic 
countries without quarantine. In particular, 
many raccoons imported from the USA as pets 
multiplied in the wild after escaping from breed-
ing facilities that had been abandoned since the 
1970s. In 1999, the Rabies Prevention Law was 
amended to include raccoons, cats, skunks and 
foxes in addition to dogs (Takahashi-Omoe et al., 
2008; Inoue et al., 2018).

Around that time, emerging and re-
emerging infectious diseases, many of  which are 
zoonotic, occurred as a result of  globalization 
in the latter half  of  the 20th century (Smith 
et al., 2007; Aguirre, 2017; Allen et al., 2017). 
Human infectious disease control in Japan was 
also reviewed and revised in April 1999 as a part 
of  the MHLW’s new Infectious Diseases Control 
Law (IDCL) (NIID, 1999; Nomura et al., 2003). 
Under the new law, national epidemiological 
surveillance was established to reinforce and 
expand the existing surveillance system, and the 
law also introduced a new infectious disease clas-
sification system that divided diseases into new 
categories from I to IV. Rabies was classified as 
Type IV, and infectious diseases in this category 
must be reported within 7 days to the nearest 
health centre, along with other information 
from the physician who diagnosed the patient. 
Following a review of  the IDCL, a revised law 
came into force in 2003, the main amendment 
being strengthened measures against zoonoses. 
In particular, the law established a system for 
notifying animal importation and strengthen-
ing measures against zoonoses, including rabies 
(Nakajima, 2005).

Along with changes in the Rabies 
Prevention Law, the MHLW developed Rabies 
Guidelines 2001 – a guide for dealing with a 
suspected rabies outbreak – (MHLW of  Japan, 
2001; Takahashi-Omoe et al., 2008) to ensure 
that medical and veterinary facilities report 
rabies cases to local and national public health 
departments. Laboratory confirmation was 
also reinforced through the network between 
the local prefectural institutes of  health and 
the National Institute of  Infectious Diseases 
(NIID). In addition, each municipality prepared 
an administrative response manual based on 

the city’s guidelines for suspected rabies cases. 
The initial response to two cases in humans in 
2006 was to follow the guidelines and confirm 
rabies with the government. This led to a surge 
in the demand for post-exposure prophylaxis 
(PEP) for returnees from rabies-endemic areas, 
even in domestic dog-bite cases, and the deple-
tion of  shareable rabies vaccines in the rabies-
free country became a major problem. The 
first two imported cases of  rabies in 36 years 
prompted local authorities to strengthen their 
systems following the rabies guidelines, and 
in conjunction with the development of  the 
rabies response manual, each local authority 
began to carry out desktop drills to simulate 
an outbreak. These activities had a significant 
ripple effect.

In 2013, MHLW developed the new Rabies 
Guidelines 2013 – a supplement to the Rabies 
Guidelines 2001 on Rabies Countermeasures 
– (MHLW of  Japan, 2013), to enable local 
authorities across Japan to prepare for and 
respond to a possible outbreak in case an 
animal is suspected of  having rabies and is 
detected as positive. For the preparation of  
these new guidelines, lessons were learnt from 
the experience of  countries such as France 
with dealing with the (illegal) entry of  rabid 
animals (Mailles et  al., 2011). In Taiwan, 
which had been considered a rabies-free area 
for half  a century, the discovery of  rabies in 
wild animals (ferret-badgers) (Huang et  al., 
2015; Shih et al., 2018) and the isolation of  a 
new species of  Lyssavirus from bats (Hu et al., 
2018), which had not been reported in Asia, 
demonstrated the need for wildlife surveil-
lance even in rabies-free countries. In Japan, 
this led to the development of  the Guidelines 
for Animal Rabies Survey (MHLW of  Japan, 
2014).

Since 2015, the MHLW has held the 
national rabies training course targeting veter-
inary public health officers, and the workshop 
is based on three guidelines to promote rabies 
testing and rabies control systems in local 
governments (Fig. 5.1). Training courses have 
been held in the Hokkaido, Tohoku, Hokuriku, 
Kanto, Chubu, Kinki, Chugoku, Shikoku and 
Kyushu-Okinawa regions. Advanced munici-
palities have developed their own manuals 



49The ‘World Café’: Strengthening Rabies Prevention in Japan

for dealing with rabies outbreaks within their 
municipalities, in line with the three national 
guidelines. In addition, some of  these munici-
palities have conducted their own technical 
training and tabletop exercises in case of  a 
rabies outbreak.

To change perceptions among participat-
ing local governments and raise awareness of  
the need for ongoing efforts and preparedness 
in the event of  a rabies outbreak (Yamada 
et al., 2019), the World Café was implemented. 
This aims to have participatory workshops 
as a government–academia collaboration to 
strengthen participants’ perceptions and raise 
awareness of  the need for continuous efforts 
and preparedness in the event of  a rabies 
outbreak. The workshops posed straightfor-
ward questions to stimulate ideas, encourage 
focused exploration and derive ideal conditions 
and new possibilities. This workshop method 
was also used in classes at undergraduate and 

graduate schools of  veterinary medicine as a 
part of  public health education.

5.2  Introducing a Participatory 
Workshop, the World Café, in the 
National Rabies Training Course

5.2.1  The aim of introducing the World 
Café targeting veterinary public health 

officers

The aim of  introducing the World Café into the 
national rabies training course was to share 
experiences, lessons learned and challenges 
faced, and for participants from different 
municipalities to discuss solution strategies 
in a participatory workshop. All local govern-
ments were supposed to establish their practi-
cal action plans against rabies following the 

Fig. 5.1.  Overview of the national rabies training course. Photograph courtesy of S. Inoue.
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three national guidelines: (i) for risk manage-
ment and rabies detection through a reporting 
system (MHLW of  Japan, 2001); (ii) for the 
road map after an outbreak (MHLW of  Japan, 
2013); and (iii) for the surveillance of  animals, 
including wildlife (MHLW of  Japan, 2014). 
However, the progress of  the preparation 
varied between municipalities. Some munici-
palities have established their own manuals 
for contingent outbreaks of  rabies, and some 
held ongoing technical training for diagnosis 
and tabletop exercises for urgent responses to 
outbreaks. Meanwhile, others had difficulty in 
even developing the first steps of  preparation, 
such as deciding where and how to perform 
post-mortems of  animals suspected of  having 
rabies as well as who should perform these 
post-mortems. The administrative officers 
in these municipalities did not sufficiently 
recognize the importance of  preparedness for 
rabies outbreaks, and hence, no one had made 
even preliminary efforts to identify relevant 
authorities and stakeholders.

Therefore, the training course had to be 
designed to prompt public health veterinary 
officers to take the first steps towards rabies 
preparation by developing their awareness of  
the need even in this rabies-free country, which 
included efforts to create active networks among 
various players in their municipalities. For this 
purpose, we employed a participatory workshop 
called the World Café rather than a conventional 
lecture. This was because a workshop without 
spontaneous thinking seemed to be insufficient 
for changing awareness and ways of  thinking 
about how to prepare for rabies before it occurs. 
Moreover, veterinary public health officers in 
neighbourhood municipalities having conversa-
tions and getting to know each other would all 
contribute to creating self-generated informa-
tion exchange networks among municipalities 
that could work in an emergency. This attempt 
was introduced based on collaboration between 
the government – the Ministry and local govern-
ments – and academia (universities). Applying 
a novel educational method for maximizing 
teaching effectiveness contributed by universi-
ties’ experienced educational efforts made it 
possible to share the latest scientific information 
on rabies and apply those novel ideas, knowledge 
and techniques to administrative operations in 

the local governments under the coordination 
of  the Ministry.

5.2.2  The procedure of the World Café

The World Café is a participatory, interactive 
workshop that was developed by chance by 
Brown and Isaacs in 1995 (Brown et al., 1999). 
It is now recognized as a powerful conversational 
process that enables groups to exchange ideas, 
share awareness and learn in relaxed, comfort-
able, café-style environments (Tan and Brown, 
2005). Detailed information and its application 
are available on the World Café website (http://
www.theworldcafe.com/ (accessed 2 February 
2023)) and in various references (Steier et  al., 
2015; Löhr et  al., 2020). The World Café con-
sists of  five components: (i) setting; (ii) welcome 
and introduction; (iii) small-group rounds;  
(iv) questions; and (v) harvest.

Our World Café discussion in the national 
rabies training course involved the following 
components: (i) setting: a special environ-
ment was created by providing small tables for 
group conversations, A0-size paper, coloured 
pens and pads of  sticky notes for each table;  
(ii) welcome and introduction: the World Café 
began with a warm and casual atmosphere, 
including providing coffee, tea and snacks; (iii) 
small-group rounds: participants were organ-
ized into small groups of  four or five persons; 
(iv) questions: specific subjects for discussion 
were presented in three rounds for 20–25 min 
each. After the first round, the host remained 
at the table, but each group member visited 
a different table. In the second round, mixed 
groups from other tables discussed either the 
first-round subject (though different ones 
were possible); mixing the tables was known 
as ‘cross-pollination’. In the third round, the 
second-round group members returned to 
their original tables and exchanged what they 
had discussed in the second round to promote 
further cross-pollination. The final step was (v) 
harvest: this entailed all participants sharing 
insights and other outputs from their conver-
sations using the ideas they had sketched out 
on paper (Fig. 5.2).

http://www.theworldcafe.com/
http://www.theworldcafe.com/
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5.3  The World Café at the National 
Rabies Training Course in the 

Kyushu-Okinawa Region

5.3.1  What was done

In the Kyushu-Okinawa region, the training 
course has been held annually in collaboration 
between Miyazaki prefecture and the University 
of  Miyazaki using facilities at the Department 
of  Veterinary Sciences, Faculty of  Agriculture, 
University of  Miyazaki. Approximately 20 
participants join in total every year from various 
municipalities in the Kyushu-Okinawa region.

In the training course held between 2015 
and 2017, designated the first phase, the World 
Café aimed to develop in participants an aware-
ness of  the need to be prepared, particularly to 
establish a system for detecting and diagnosing 
animals in Japan that are suspected of  car-
rying rabies. The same World Café was also 
introduced in the public health curriculum for 

undergraduate veterinary students (described in 
Section 5.4).

The subject of  the World Café in the first 
phase was ‘Discuss the flow of  countermeasures 
from the detection of  a rabies-suspected case, 
survey, initial response and diagnosis when 
a dog-bite case in a human by a stray dog 
occurs in imaginary town A’. In the first round 
of  the World Café, each group discussed the 
above mentioned subject having received some 
background information: (i) an owned dog was 
bitten by a stray dog and brought to the animal 
hospital in town A; (ii) a cattle farmer asked a 
veterinarian to see a calf  that had been bitten by 
a stray dog in town A; and (iii) there have been 
increasing reports of  dead raccoons on the road 
or near houses in town A.

In the second round, the shuffled members 
in each group shared what they had discussed 
in the first round. Additionally, they discussed 
‘What kinds of  countermeasures should be 
taken when a new bite case caused by a wild 
raccoon occurs before a diagnosis of  the above 

Fig. 5.2.  Process of the World Café in the training course. Simili paper is a Japanese imitation 
parchment paper. Created by C. Kaneko, referring to Katori and Okawa, 2017.
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mentioned stray dog?’. In the third round, the 
participants returned to their original groups 
and shared what they had discussed during the 
second round. In addition, each group discussed 
the ‘Flow of  the countermeasures that should 
be taken after a definite diagnosis of  the stray 
dog and the wild raccoon as rabies positive’. 
Finally, during the harvest, the participants in 
each group shared what they had learnt and 
exchanged during the session.

During the training course that began in 
2019, the second phase, the World Café aimed 
to make participants aware of  and reflect on the 
need for facilities that meet biosafety criteria for 
conducting post-mortems of  suspected rabies-
infected animals. To achieve this, we followed 
this process:

1.	 Participants were given a homework assign-
ment before the training course date to 
depict floor plans of  facilities to be used for 
post-mortem and laboratory diagnosis in the 
event of  receiving suspected rabies-infected 
animals.

2.	 On the training course day, the participants 
were grouped so that each group contained 
members from different municipalities.

3.	 Then, each group was given one of  the floor 
plans from the homework assignments 
completed by someone who was not in that 
same group.

4.	 All groups discussed how they could conduct 
post-mortem and laboratory diagnoses by 
observing biosafety protocols with each 
facility floor plan.

5.	 After discussion, each group shared what 
they had discussed.

6.	 Each participant confirmed their way of  
conducting diagnosis under limited circum-
stances and received ideas for improving 
their designs to ensure biosafety.

The subject of  the World Café in the second 
phase of  training was ‘Discuss how you perform 
post-mortem and laboratory diagnosis in the 
existing facility in each municipality’. In the 
first round of  the training course, each group 
discussed how they could conduct post-mortem 
and laboratory diagnoses in each existing facility 
using their assigned floor plans. This included 
drawing paths of  travel on the floor plans to indi-
cate where individuals would walk to transport a 

suspected rabies-infected animal into the labora-
tory and to dispose of  the animal. In the second 
round, the shuffled group members shared what 
they had discussed in the first round and made 
revisions to the floor plans. In the third round, 
the participants returned to their original groups 
and once again shared what they had discussed 
in the second round, and then, we harvested 
reflections from the entire group.

5.3.2  Outcomes and tasks identified 
through the World Café

The World Café participatory workshops were 
highly successful for veterinary public health 
officers to share ideas and experiences and for 
heightening their awareness of  the need to 
strengthen preparedness for a crisis manage-
ment response to a rabies outbreak (including 
suspected cases) in Japan, where no rabies case 
has been reported for more than half  a century. 
The World Café discussion style promoted a 
spontaneous exchange of  experiences, includ-
ing challenges (see Fig.  5.3). Furthermore, the 
workshops cultivated a sense of  ownership in 
the participants, who were veterinary public 
health officers working on the front line of  rabies 
detection and diagnosis.

In the World Café discussion in the first 
phase, participants discussed the need to 
develop a network system for detecting rabies 
in a suspected rabies-infected animal and for 
the flow of  diagnosis and an emergency contact 
system between the relevant authorities. The 
group members discussed which facility should 
be responsible for capturing the suspected 
rabies-infected animal, observing the animal 
for 10–14 days, conducting the post-mortem, 
performing laboratory diagnoses and so on. The 
participants also discussed: (i) which depart-
ment of  which organization should contact 
victims of  dog bites and collect epidemiological 
information; (ii) which department of  which 
organization should be involved if  the suspected 
rabies-infected animal is wild and has bitten pet 
animals and livestock; and (iii) which organiza-
tions should be networked and should take each 
emergency countermeasure once a suspected 
case is diagnosed as rabies positive.
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After the training course, the participants 
gave their impressions of  the World Café workshop 
discussion methodology. Comments included:

•	 ‘It was valuable to understand the systems 
for rabies control and the progress of  
preparedness for rabies outbreaks in other 
municipalities through the World Café.’

•	 ‘This activity was interesting because the 
content was concrete and specific according 
to the actual routine work in the organiza-
tion that we each belong to.’

•	 ‘This activity highlighted tasks to be under-
taken in our municipality for the construction 
of  countermeasures against a rabies outbreak 
and also shared the current situation and 
progress in other municipalities.’

•	 ‘I became aware of  how I (we) should cope 
with the construction and operation of  a 
network/diagnosis system for rabies outbreaks 
in animals as an officer in the central govern-
ment office in the municipality.’

•	 ‘It was helpful to be assigned tasks because 
we usually do not have the opportunity to 
simulate cases of  a rabies outbreak. I would 
introduce similar activities for munici-
palities into a rabies training course that is 
organized by our prefecture.’

In the second phase of  World Café, partici-
pants shared their awareness of  how they should 
perform a post-mortem and a laboratory diagnosis 
for a suspected rabies-infected animal by observ-
ing biosafety in the existing facility. The partici-
pants discussed: (i) where and how they should 
bring a suspected rabies-infected animal into the 
facility without encountering general clerks or 

visitors to the facility; (ii) where a post-mortem 
should be performed without contaminating the 
clean areas where other staff  members worked; 
(iii) appropriate zoning for biosafety; (iv) how a 
post-mortem should be performed under BSL-2 
(Biosafety Level 2) conditions in existing facilities; 
and (v) what kinds of  materials would be needed 
in the room for a post-mortem, etc. The groups 
again discussed the movement lines for travel, 
from bringing a suspected rabies-infected animal 
for observation for 10–14 days to conducting the 
post-mortem, including diagnostic testing of  the 
brain tissue.

After three rounds of  discussion, each 
group presented what they had discussed. In 
particular, the representative participants of  
each facility whose floor plan was discussed 
added comments, including future facility 
development plans. Finally, rabies and biosafety 
specialists added their comments and advice, 
particularly regarding biosafety. After the train-
ing, the participants again shared their com-
ments on the World Café process. For example: 
‘It was very interesting to have the opportunity 
to consider the established movement lines for 
post-mortem and laboratory diagnosis in each 
facility in each municipality.’

In our activities, the World Café successfully 
promoted the participating veterinary public 
health officers’ awareness of  the importance 
of  beginning to prepare rabies countermeas-
ures and gave them a sense of  ownership that 
they were on the front line of  rabies control. 
The World Café participatory workshop style 
encouraged participants’ spontaneous thinking 
and exchange of  ideas and experiences.

Fig. 5.3.  The World Café discussion. Image courtesy of C. Kaneko.
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5.4  The World Café in 
Undergraduate Education

5.4.1  Current rabies education in 
veterinary medical schools in Japan

In Japan, rabies is an important topic in core 
curricula in undergraduate veterinary public 
health education. The goal of  the course is to 
understand the characteristics of  rabies, includ-
ing its transmission cycle, clinical symptoms 
in humans and animals and the vaccine and 
treatment, as well as to learn skills for diagnosis 
in practice. The students study the relevant 
rabies laws: the Rabies Prevention Act and the 
Act on the Prevention of  Infectious Diseases 
and Medical Care for Patients with Infectious 
Diseases. In the practical skills component of  
veterinary public health education, students 
should be trained to detect rabies virus antigens 
in the brains of  animals suspected of  infection. 
However, because the rabies virus is highly 
regulated by law in Japan, only a few veterinary 
universities possess live rabies virus and conduct 
practice for diagnosis.

Today, veterinary public health officers are 
taking on increasing importance in controlling 
zoonosis, including the rabies virus in Japan 
but, as mentioned above, many lack experience 
with rabies because no domestic cases have been 
reported in Japan for more than 60 years. In 
conjunction with the limited practice for rabies 
diagnosis, undergraduate students studying 
veterinary public health have difficulty simulat-
ing rabies control measures. To improve these 
conditions, the School of  Veterinary Medicine, 
Hokkaido University, adopted the World Café 
discussion format to simulate rabies control 
measures used by veterinary public health offic-
ers in several local governments in cooperation 
with NIID.

5.4.2  World Café discussion at the 
School of Veterinary Medicine

A World Café was held with approximately 40 
students in their fourth year who were taking 
a veterinary public health practice each year 
from 2017 to 2019 in the School of  Veterinary 
Medicine, Hokkaido University. They received 

lectures and practical training on rabies diagno-
sis in advance and participated in six groups of  
six or seven students per group.

In the first round of  discussions, the fol-
lowing scenario was presented to the students 
(Fig. 5.4a):

You work for a local government as veterinary 
public health officers in Hokkaido, which is 
located on the northernmost point of  Japan. 
You were informed that a stray dog had bitten 
a resident. You captured the dog that was 
behaving aggressively and seemed to walk 
unsteadily. How will you cope with this issue?

The students discussed the first steps, such 
as information gathering and diagnosis.

After 15 min of  discussion, the groups were 
shuffled, and the second-round groups were 
given this additional information:

In recent days, there have been several reports 
that companion dogs were bitten by a stray dog 
and taken to animal hospitals; a veterinarian 
reported a case that an animal had bitten a dairy 
farmer’s calf, and several raccoon carcasses were 
detected near the area.

After another 15 min discussion, the par-
ticipants returned to their original groups and 
were told that the stray dog and dead raccoons 
had been diagnosed with rabies infections. After 
confirming the suspected cases as definitive, the 
students discussed the changes and additional 
actions. They also considered administrative 
responses. During the discussion, each group 
made a poster and gave a presentation based 
on it (Fig. 5.4b), and all participants evaluated 
each presentation. After the World Café discus-
sion, each student reconsidered the subject and 
submitted a report.

Because students were not familiar with 
the World Café discussion, they tended to show 
confusion and passive attitudes during the 
discussions at first, but soon, the discussion 
became animated with their curiosity and 
interest. In the first round, many students had 
the preconception that the stray dog had been 
infected with the rabies virus, and they did not 
discuss the possibility of  a common bite case. 
In particular, the students did not consider 
epidemiological situations specific to Japan, 
such as how the rabies virus was introduced into 
the area. The participants’ discussions focused 
mainly on responses to the captured dog and 
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bitten resident that had been presented in the 
lectures and practical training in advance.

The students’ discussions became more 
sophisticated after we presented the additional 
information in the second round. They began 

to consider the background information and 
understand the serious epidemiological situa-
tions in which the rabies virus might be widely 
endemic in Hokkaido, Japan. They discussed 
the surveillance to clarify the epidemiological 

Fig. 5.4.  World Café interactive workshop used in undergraduate education at the School of Veterinary 
Medicine, Hokkaido University, Japan. (a) Subject given for the World Café discussion; and (b) poster 
made by a group during the discussion. Photographs courtesy of K. Yoshii.
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situation of  the rabies virus circulation in the 
area: where and what kinds of  animals were 
infected with the rabies virus, and how the virus 
had been introduced and circulated in the area. 
After the students had received the definitive 
information in the third round, they discussed 
administrative responses to control the situation, 
including surveillance, disclosure of  informa-
tion, protective measures against rabies virus 
infection and control of  rabies-infected animals. 
Then, they summarized their discussion and gave 
presentations.

The students’ major discussion points were 
as follows. The first was how the rabies virus 
had been introduced into Japan after it had been 
eradicated more than 60 years ago. Students sug-
gested that an infected dog had arrived on a foreign 
trading ship without quarantine and escaped 
into the suburban area. Next, they discussed how 
the virus could circulate in the area. Many wild 
animals in Hokkaido, such as foxes and raccoons, 
can be natural hosts of  the rabies virus, and if  
infected animals enter the wild, an endemic focus 
could be established. Furthermore, because wild 
animals often stray into human living spaces 
and dairy industry areas, humans, companion 
animals and domestic animals could be exposed 
to the virus. Finally, the students discussed what 
should be done to control endemic rabies, and 
they determined that the following should be the 
requirements: (i) establishing a surveillance system; 
(ii) a large-scale vaccination campaign for humans 
and companion dogs; (iii) preparing PEP; and  
(iv) actions against infected wild animals, includ-
ing stray dogs. All of  these are the fundamental 
responses required for rabies control.

Compared with the veterinary public health 
officers, the undergraduate students lacked 
knowledge and experience in actual public health 
veterinary works, including relevant laws, admin-
istrative procedures and posts in local government. 
Therefore, their discussions tended to be rough and 
unrealistic, especially given limited budgets and 
hands, but they did give open-ended, novel ideas 
beyond preconceived understandings. The World 
Café small groups stimulated individual discus-
sion and communication, and mixing the groups 
allowed all students to share ideas they had heard 
in the first groups. On a questionnaire regarding 
the World Café, more than 95% of  the students 
answered that the discussions had increased their 
understanding of  the importance of  administrative 

responses for rabies control and that they took more 
interest in veterinary public health.

5.4.3  Outputs of the World Café 
discussion

Based on the 3 years of  our implementation 
of  the World Café discussion, we attempted to 
share our results to improve veterinary public 
health education. First, we conducted a World 
Café discussion with undergraduate students 
and veterinary public health officers in the 
Hokkaido area as postgraduate education. 
In 2019, the first postgraduate education 
programme in rabies control was held for 
veterinary public health officers who worked in 
the local Hokkaido government; the programme 
was nearly the same as that held in other 
prefectures, as described above. Students who 
attended a veterinary public health practice 
class participated in the programme, including 
the World Café discussion. The discussions with 
veterinary public health officers supplied them 
with practical viewpoints that they could not 
have acquired in class, especially actions based 
on laws, organizations and budgets. In turn, 
the students’ opinions stimulated discussion 
among the veterinary public health officers 
because they represented the views of  amateurs 
and the public. The interactions between the 
undergraduate students, as an undergraduate 
group, and veterinary public health officers, as 
a postgraduate group, led to more sophisticated 
discussions than would have been possible with 
two separate groups.

To disseminate the effectiveness of  the 
World Café discussions in veterinary public 
health education, we presented our efforts at the 
Japanese Society of  Veterinary Science annual 
meeting in 2019. After introducing the recent 
national guidelines for rabies surveillance, we 
presented our activities in the undergraduate 
education programme at Hokkaido University 
and in the postgraduate education programme 
for veterinary public health officers in the 
Kyushu-Okinawa region. After the presentation, 
several veterinary universities communicated 
with us to ask us to introduce the World Café 
participatory workshop methodology into their 
curricula. Because many veterinary public 
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health faculties have experienced the difficulties 
that we discussed above, they were very inter-
ested in this new style of  education.

Recently, undergraduate veterinary 
education has been calling for more practical 
education. Each university has introduced 
cooperation with public animal shelter centres 
and collaborations with faculties of  veterinary 
medicine overseas. In combination with this 
practical training, World Café discussions can 
be effective for undergraduate education in 
veterinary public health.

5.5  Conclusion

Our attempt to introduce a participatory interac-
tive workshop, the World Café, was successful in 
developing a sense of  ownership and an aware-
ness of  the need to prepare countermeasures 
against rabies in Japan among veterinary public 
health officers. We also attributed this success to 
the government–academia collaboration. This 
method was also fruitful for educating under-
graduate veterinary medicine students of  public 
health on proper administrative actions and 
workflows in response to a rabies outbreak. The 
World Café can be applied to any subject, such 
as veterinary medicine, human medicine, public 
health and education.

Rabies control is sometimes hampered 
by a lack of  coordination within and between 

departments in charge. The officials in charge and 
persons concerned should be prompted to apprise 
themselves in their respective situations to have 
a localized solution for effective and sustainable 
rabies control. The World Café will work as a tool 
to support such scenarios. Interactive conversa-
tion at various levels, such as conversations 
within a single department in charge, mixing 
multidisciplinary departments and beyond rel-
evant organizations, will help share many-faceted 
views and promote the generation of  novel solu-
tions for achieving the common goal, Zero by 30. 
Many references are available to learn how to 
organize a World Café. Any topic can be a theme/
subject and function well in a World Café. A more 
tangible theme/subject would be recommended in 
promoting rabies control rather than an abstract 
one. However, it can be arranged according to 
a real-life situation in an application. Besides, 
the facilitator will be expected to be neutral and 
non-judgemental to bring out various ideas and 
perceptions of  participants. Participants will have 
to listen seriously to others’ opinions even if  they 
do not agree.

In this interactive conversation, the World 
Café successfully raised the rabies diagnosis/
prevention framework standard in officials’ minds 
and departments through our activities. This will 
be applicable to strengthen and promote meas-
ures to achieve Zero by 30 worldwide.

Acknowledgements

The Ministry of  Health, Labour and Welfare (MHLW) zoonosis section of  the Tuberculosis and 
Infectious Diseases Control Division in the Health Service Bureau has been promoting rabies control 
and prevention in Japan, and we are grateful for the opportunity to contribute to strengthening 
rabies countermeasures in local governments through government–academia collaboration. This 
work was supported by the Cooperative Research Program of  CADIC, University of  Miyazaki (CADIC, 
CRP2016).

Authors’ Declaration

All authors declare that they have no conflict of  interest. 
All authors have approved this manuscript, agree with its submission, and share collective 

responsibility and accountability.
This manuscript has not been published or is not under review elsewhere.



58 Chiho Kaneko et al.

References

Aguirre, A.A. (2017) Changing patterns of emerging zoonotic diseases in wildlife, domestic animals, and 
humans linked to biodiversity loss and globalization. ILAR Journal 58(3), 315–318.  DOI: 10.1093/
ilar/ilx035.

Allen, T., Murray, K.A., Zambrana-Torrelio, C., Morse, S.S., Rondinini, C. et al. (2017) Global hotspots 
and correlates of emerging zoonotic diseases. Nature Communications 8(1), 1124.  DOI: 10.1038/
s41467-017-00923-8.

Anonymous (1968) Japan. The rabies prevention law and regulations. Law No.247 of 1950. Bulletin – 
Office International Des Épizooties 69(3), 535–585.
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Abstract
Rabies post-exposure prophylaxis (PEP) consists of  wound care and vaccination after exposure to a suspect rabid 
animal. Animal Bite Treatment Centres (ABTCs) are government-run clinics in the Philippines providing rabies 
PEP for free. In addition to PEP provision, ABTCs also perform recording and reporting, rabies awareness activi-
ties, and case investigation of  suspect rabies cases. Insufficient and erratic vaccine/rabies immunoglobulin (RIG) 
supply, fast turnover of  trained personnel, multiple reporting systems, and the coronavirus 2019 (COVID-19) 
pandemic have tested the capacity of  the ABTCs to sustain essential services and have been addressed in various 
ways. ABTCs need to go beyond PEP provision and embrace other programme strategies such as education and 
advocacy, responsible pet ownership, and the implementation of  an Integrated Bite Case Management (IBCM) 
programme together with animal health counterparts to guide careful and informed use of  PEP. All sectors must 
work together to achieve the global goal of  zero human rabies deaths by 2030.

*Corresponding author: ​QuiambaoBeych2019@​gmail.​com

6.1  Introduction

Rabies post-exposure prophylaxis (PEP) is 
administered after exposure to a suspect rabid 
animal. This consists of  wound care and admin-
istration of  rabies vaccines, with or without 
rabies immunoglobulin (RIG). PEP is a life-
saving intervention and should be considered 
for all rabies exposures.

An animal bite is considered a medical 
emergency. Although many people are bitten 
by animals that are eventually determined to 
be non-rabid, this information is usually not 

known at the time of  presentation. Thus, it is 
common in rabies endemic countries, including 
the Philippines, to treat every bite as a suspected 
rabies case and provide PEP to the patient 
without full knowledge of  the biting animal’s 
status. This translates into overutilization of  
scarce rabies biologicals. However, practitioners 
and patients must err on the side of  caution and 
perform rabies prophylaxis given the fatal nature 
of  the disease.

Rabies vaccination is administered using 
either of  two routes: (i) intradermal (ID); or 
(ii) intramuscular (IM). On the one hand, the 



61Animal Bite Treatment Centres in the Philippines

ID regimen uses a smaller volume of  vaccines, 
allowing sharing of  a vial, thereby reducing 
the cost. This regimen is more cost-effective for 
high-volume clinics that see significant numbers 
of  patients each day. On the other hand, the 
IM regimen uses about five times more vaccine 
volume, constituting the entire amount of  the vial 
per administration. This regimen is more practical 
for clinics that see only a few patients per day.

Dog bite incidence in the Philippines is 
extremely high, exceeding 800 individuals 
per 100,000 annually, with the vast majority 
caused by healthy dogs. Over the past few years, 
the number of  animal bite victims receiving PEP 
has doubled from around 500,000 in 2013 to 
more than 1.4 million in 2016, and the number 
has remained above 1 million since then (NRPCP, 
2020). Because of  awareness and availability 
of  PEP, more bite victims have sought treat-
ment, and so more dog bites are being reported 
(Amparo et al., 2018a).

In the Philippines, rabies control activi-
ties of  the human and animal health sides are 
mostly implemented separately. The current 
national surveillance detects only a fraction 
of  animal rabies cases, and frequently, human 
cases are recorded with a lack of  information 
regarding the animal source. The Animal Bite 
Treatment Centres (ABTCs) provide PEP with 
no further investigation of  the biting animal 
except to ask the victim or dog owner to report 
the animal’s status after an observation period 
of  14 days. This information is not shared with 
animal health workers and is used mainly for 
deciding whether the remaining vaccine doses 
will be given; victims of  healthy animals are not 
given the rest of  the doses.

6.1.1  One Health

One aspect that has been increasingly recognized 
as significant in rabies control is the coordination 
between human and animal health, the so-
called One Health approach. Because rabies is a 
zoonosis, the animal vector needs to be considered 
alongside the human victim.

Integrated Bite Case Management (IBCM), 
advocated by the World Health Organization 
(WHO), incorporates risk assessments of  bite 
victims to guide more careful and informed use 

of  PEP (WHO, 2018). This is also important in 
unifying human and animal disease surveil-
lance for a more coherent disease management 
programme.

To develop and implement a cost-effective, 
epidemiologically robust, enhanced surveil-
lance and response package and contribute to 
rabies elimination, two pilot provinces in the 
Philippines implemented IBCM starting in 2019. 
The ABTC plays a central role in the field imple-
mentation of  IBCM, where frontline human and 
animal healthcare workers are trained on pro-
tocols for exposure risk assessment, PEP admin-
istration, outbreak investigation and reporting. 
Where bite patients are first encountered, the 
ABTC staff  assesses the risk of  rabies exposure 
and decide on the need for immediate PEP and 
follow-up animal investigation. Peer support 
through social media group chat has been 
useful in increasing shared information between 
sectors, linking the ABTC to the animal health 
or agriculture worker who does the animal 
investigation, and possibly sample collection for 
confirmatory diagnosis.

A monthly epidemiologic report with 
trends in bite cases and animal investigations 
is generated and disseminated from these 
activities. These reports contain: (i) graphs 
comparing bite cases and animal investiga-
tions categorized by municipality and risk;  
(ii) graphs comparing the number of  bite 
patients submitted per ABTC; (iii) maps 
depicting the municipalities of  the suspect or 
confirmed rabid bite patients or biting animals; 
(iv) reports of  suspect human rabies cases; and 
(v) confirmed animal rabies cases. Since the 
regular generation of  monthly reports, improve-
ments have been noted, including more open 
communications between animal and human 
health workers, more timely updates on recent 
suspect rabies cases, an increased number of  
animal investigations completed, and more 
consistent patient data submission from health 
workers (M.E. Miranda, Manila, 2021, personal 
communication). Although a reduction in the 
number of  human rabies cases has not yet been 
clearly observed, the enhanced surveillance and 
monitoring have continued to identify high-risk 
localities for targeted remedial dog vaccination 
and community engagement. Continued imple-
mentation with the expansion of  this strategy 
to other areas will foster a One Health mindset 
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which is important in achieving zero human 
rabies deaths by 2030.

Initial efforts towards integrating the 
rabies control activities of  the human and 
animal health sectors began with establish-
ing the Philippine Inter-Agency Committee 
on Zoonoses in 2020 (Department of  Health, 
Department of  Agriculture and Department of  
Environment and Natural Resources, 2020). 
However, broader adoption at the level of  the 
units implementing the rabies programme, such 
as the ABTC and the Municipal Agriculture 
Office, remains a challenge.

6.1.2  National Rabies Prevention and 
Control Program (NRPCP)

The Philippines’ NRPCP is embodied in Republic 
Act 9482, otherwise known as the Republic 
of  Philippines, 2007. This law mandates the 
creation of  the National Rabies Prevention 
and Control Committee composed of  the 
Departments of  Agriculture, Health, Education, 
and Interior and Local Government and Local 
Government Units with the assistance of  the 
Department of  Environment and Natural 
Resources, non-governmental organizations 
and people’s organizations.

Components of  the control programme 
include: (i) mass vaccination of  dogs; (ii) estab-
lishment of  a central database for registered 
and unvaccinated dogs; (iii) impounding, 
field control and disposition of  unregistered, 
stray and unvaccinated dogs; (iv) conduct of  
information and education campaigns on the 
prevention and control of  rabies; (v) provision 
of  pre-exposure treatment to high-risk person-
nel and post-exposure treatment to animal bite 
victims; (vi) provision of  free routine immu-
nization or pre-exposure prophylaxis (PrEP) 
of  schoolchildren aged 5–14 years in areas 
where there is a high incidence of  rabies; and  
(vii) encouragement of  the practice of  respon-
sible pet ownership (Anti-Rabies Act of  2007, 
Section 4; Republic of  Philippines, 2007).

The Anti-Rabies Act of  2007 provides the 
legal basis for PEP provision, administered mostly 
through ABTCs. ABTCs are clinics catering exclu-
sively to victims of  bites by rabies-prone animals 
(mainly dogs and cats). Across the Philippines, 

there are an estimated 750 ABTCs. They are 
government run and administer rabies vaccines 
for free using the intradermal regimen. RIG is infil-
trated in and around the wound for severe bites 
and may be provided for free on a limited basis. 
Aside from the ABTCs, there are privately run 
bite clinics called Animal Bite Centres or Clinics 
(ABCs), providing the same service for a fee. In 
addition, hospital emergency rooms and some 
doctors in their clinics also provide PEP. However, 
because they see fewer patients, they often give the 
vaccine intramuscularly and RIG is either given 
via IM injection or infiltration depending on the 
expertise of  the clinic staff.

6.2  Animal Bite Treatment Centres 
(ABTCs) in the Philippines

6.2.1  Functions of ABTCs

The functions of  ABTCs are shown in Fig.  6.1 
but are described in detail as follows.

6.2.1.1  PEP provision

The main function of  ABTCs is PEP provision. 
ABTC staff  assesses rabies risk by examining 
the bite and reviewing the bite incident. They 
perform wound care and administer rabies PEP, 
when indicated. The staff  also provide one-on-
one counselling and health education to patients 
regarding expected adverse reactions, correct 
first aid practices, completion of  the vaccination 
schedule and observation of  the biting animal.

6.2.1.2  Recording and reporting

Each patient is given a PEP card which serves 
as their personal vaccination record. ABTCs 
maintain a rabies exposure registry detailing each 
patient’s personal information, exposure history, 
rabies vaccine/RIG received, including dates of  
receipt and type of  biting animal. The data are 
used for the animal bite and cohort analysis 
reports which are submitted quarterly and 
annually to rabies coordinators at the provincial 
and regional levels and eventually to the NRPCP 
(NRPCP, 2019). Completing all vaccine doses is 
emphasized with a target PEP completion rate of  
90% (NRPCP, 2020).
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6.2.1.3  Rabies Awareness

ABTCs also provide health education through 
posters, pamphlets and videos with an emphasis 
on responsible pet ownership, avoidance of  bites, 
first aid for bites and wound care. ABTCs initiate 
or join a variety of  activities in their localities 
such as: (i) lectures; (ii) mass dog vaccination; 
(iii) rabies trivia contests; (iv) motorcades (i.e. a 
parade of  vehicles with posters and loudspeak-
ers spreading rabies-related information);  
(v) poster-making contests; and (vi) PrEP 
for health workers in celebration of  Rabies 
Awareness Month in March and World Rabies 
Day on 28 September.

6.2.1.4  Case Investigation

A few ABTCs also perform case investigations of  
high-risk bites and suspect human rabies cases.

6.2.2  Evolution of ABTCs

In the early 1990s, there was limited access 
to rabies PEP in the country. One had to join 
the long queues for vaccination at San Lazaro 
Hospital, a government-run infectious disease 

hospital in Metro Manila with the largest bite 
centre. A few hospital emergency rooms also 
administered rabies vaccine.

The Research Institute for Tropical 
Medicine (RITM), an infectious disease facility 
located in southern Metro Manila, pioneered 
the use of  the ID regimen for rabies vaccination 
in the country. Since 1985, RITM had provided 
PEP to bite victims using the IM regimen as part 
of  its emergency room services. Supported by the 
RITM’s various research on ID rabies vaccina-
tion and the growing evidence for its use, RITM 
established its animal bite clinic, implementing 
ID rabies vaccination in 1993.

National implementation of  ID rabies vacci-
nation followed in 1997, enabling the country to 
discontinue the use of  the locally manufactured 
nerve tissue vaccine (NTV) and replace them 
exclusively with modern tissue culture vaccines 
to provide safe, effective and affordable PEP. 
The ID regimen allowed the sharing of  a vial 
of  the vaccine among multiple patients, which 
meant that at least two patients should be seen 
at the clinic so that the remaining vaccine is not 
wasted. The Department of  Health (DOH) estab-
lished a network of  ABTCs to improve access to 
these life-saving rabies biologicals nationwide. 

Fig. 6.1.  Functions of Animal Bite Treatment Centres (ABTCs). PEP, post-exposure prophylaxis; RIG, 
rabies immunoglobulin. Created by Beatriz P. Quiambao.
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The advantages of  these clinics include: (i) the 
optimal use of  the vaccine through ID vaccina-
tion; (ii) the simplification of  logistic distribu-
tion since the supply of  vaccines and RIG are 
allocated only to these clinics; and (iii) focused 
training of  ABTC staff. Finally, consolidation of  
the PEP services into one clinic facilitates easy 
recollection in the event of  a bite and eases the 
traceability of  biting animals.

Several obstacles prevented the broad 
implementation of  these rabies control efforts. 
Initially, many provinces were unaware of  the 
need for establishing ABTCs, as the necessity for 
providing PEP was not fully recognized. There 
was no formal training available for managing 
animal bites, and doctors and nurses were not 
confident to manage bite victims despite the 
presence of  guidelines on ID vaccine administra-
tion and RIG infiltration. Likewise, the supply 
of  tissue culture vaccines and the budget for 
vaccine procurement was limited.

In the late 1990s, the NRPCP imple-
mented massive health education and media 
campaigns, initiated discussions with local 
government officials, and integrated rabies 
education materials into the elementary school 
curricula, enabling a better understanding of  
the disease and the danger of  animal bites. This 
led to an increase in consultation for animal 
bites. Consequently, regional and provincial 
rabies coordinators began establishing ABTCs 
in their areas (M. Vinluan, Manila, 22 August 
2021, personal communication). In 2002, 
DOH formed a technical working group to 
update the national guidelines on animal bite 
management. This group has continued to 
revise the guidelines based on available inter-
national and local recommendations and local 
data. In 2008, the RITM started its first formal 
training course on animal bite management 
and, together with the DOH Centres for Health 
Development, continues to provide training to 
government doctors and nurses that operate 
the ABTCs, as well as private individuals who 
are interested in establishing an ABC. The 
budget of  the national rabies programme grad-
ually increased, mostly for the procurement of  
vaccines and immunoglobulins, which were 
distributed through the Expanded Programme 
on Immunization (EPI) cold chain facilities. 
With the obstacles slowly being addressed, the 
number of  ABTCs gradually increased with the 

target of  one ABTC per 100,000 population 
(NRPCP, 2020).

By July 2017, 513 ABTCs had been 
established all over the country. Of  the 82 
provinces (with the National Capital Region 
considered as a province), 70 (85%) provinces 
have at least one ABTC and 12 provinces have 
no ABTCs. The maximum number of  ABTCs 
in any given province was 30. The number of  
ABTCs was not related to the income class of  the 
locality (Amparo et al., 2018a). Fig. 6.2 shows 
the nationwide distribution of  750 ABTCs 
as of  August 2021, with only two provinces 
(Tawi-Tawi and Guimaras) having no ABTC. 
Thirty-four provinces (41%) have attained 
the target of  one ABTC/100,000 population. 
Sixty-one provinces have ten or fewer ABTCs; 14 
of  these have a small population and have met 
the required number of  ABTCs (R. Deray and  
H. Berano, Manila, 2021, personal communica-
tion). For the country to reach the goal of  one 
ABTC/100,000 population, the NRPCP needs 
to establish an additional 355 ABTCs, approxi-
mately half  of  the current number.

6.3  Enablers of the ABTC system

To perform its functions efficiently, the ABTC 
requires a reliable reporting system, trained 
staff, updated management guidelines, a steady 
supply of  rabies vaccines and RIG, and a way to 
sustain the operations financially.

6.3.1  Recording and reporting

Manual reporting of  animal bites was done until 
2014 when an electronic system for collecting, 
reporting and analysing rabies data called the 
National Rabies Information System (NaRIS) 
was implemented. It is an information and noti-
fication portal for the public, an online registry 
for rabies exposures for ABTC personnel, and a 
dashboard for decision makers (NRPCP, 2019). 
This is similar to the R36, a voluntary hospital-
based reporting platform for rabies exposures in 
Thailand (Yurachai et al., 2020).
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6.3.2  ABTC certification

With the proliferation of  ABTCs and ABCs, 
the DOH released an administrative order 
(Administrative Order 2013–004; Department 
of  Health, 2013) in 2013 governing the certifi-
cation of  government ABTCs and private ABCs 
to standardize the operations and ensure the 

provision of  affordable, quality and safe PEP. 
To pass the certification process, ABTCs/ABCs 
should comply with the DOH administrative 
orders on rabies and animal bite management 
using vaccines/RIG approved by the Philippine 
Food and Drug Administration. ABTCs should 
be adequately equipped with vaccines/RIG, 
emergency drugs, a dedicated refrigerator and 

Fig. 6.2.  Distribution of ABTCs in the Philippines, August 2021. Map is the property of Beatriz P. 
Quiambao.
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adequate water supply, and should practise 
proper waste disposal. They should be operated 
by DOH-trained doctors and nurses who can 
categorize the exposures and provide correct 
clinical management. A standardized recording 
and reporting system and a two-way referral 
system had to be maintained (NRPCP, 2019).

The certification process consists of  four 
cycles: (i) the Self-Assessment Cycle, where 
the ABTC/ABC assesses their status using a 
self-assessment form, with an option to request 
technical assistance; (ii) the Application Cycle 
where the self-assessment form is submitted;  
(iii) the Certification Cycle, where the certifica-
tion visit is conducted; and (iv) the Registration 
and Issuance Cycle where the certificate is 
issued. The certification is good for 2 years 
(Department of  Health, 2013).

6.3.3  Training

Only trained and licensed doctors and nurses are 
allowed to manage bite victims. Specific training 
on animal bite management, which includes 
a hands-on session on ID vaccination and RIG 
infiltration, has been ongoing since 2008. 
Regional and provincial coordinators are being 
capacitated to conduct the training themselves 
to address the increasing requests for training.

Since the COVID-19 pandemic, this neces-
sary training course migrated to an online 
platform to address the restrictions of  social 
distancing and infection control practices. The 
online animal bite management modules were 
launched in November 2021.

6.3.4  Vaccine supply

To provide free PEP to bite victims, rabies vac-
cines and RIG are allocated by the DOH to ABTCs 
with supplementation from the local govern-
ment. In the early years when ABTCs were still 
being established, the budget for vaccines was 
limited, and there was no clear policy on how 
many doses should be given for free.

In 2005, WHO recommended the shorten-
ing of  the ID regimen from 90 days (days 0, 3, 
7, 28/30, 90) to 28 days (days 0, 3, 7, 28) by 
eliminating the day 90 dose and doubling the 

day 28 dose (WHO, 2005). The ID regimen now 
consisted of  two ID doses on each of  4 days, 
for a total of  eight ID doses. In the Philippines, 
the shortened ID regimen was implemented in 
2007 (Department of  Health, 2007). Due to 
limited funds, only two to four out of  the eight 
ID doses of  rabies vaccine were administered for 
free beginning in 2009 (Amparo et al., 2018a). 
The remaining doses were an out-of-pocket 
expense for the patients. The number of  free 
doses increased to four out of  eight doses by 
2013, six out of  eight doses by 2015, and by 
2016, all eight doses were given for free (Rabies 
Prevention and Control Program; Department 
of  Health, n.d.). Implementing the recently 
recommended 1 week two-site PEP regimen 
called the Institut Pasteur du Cambodge (IPC) 
regimen (WHO (World Health Organization), 
2018; Department of  Health, 2018) will further 
reduce the number of  doses needed, lessen clinic 
visits, and allow more patients to complete the 
vaccination regimen for free.

6.3.5  Animal bite management 
guidelines

One of  the main requirements for certifica-
tion was compliance with the latest DOH 
administrative order on rabies and animal bite 
management. Since 1996, these guidelines 
have been regularly updated based on the most 
current WHO recommendations with local 
modifications. The most recent version, DOH 
Administrative Order 2018–0013, dated 16 
April 2018, recommended the IPC PEP regimen, 
a 1 week schedule on days 0, 3 and 7, without 
the day 28 dose (Department of  Health, 2018). 
However, the rollout of  the latest guidelines 
could not be immediately implemented because 
of  the inability to train all ABTC staff  and the 
shortage of  WHO-prequalified vaccines. The 
COVID-19 pandemic further exacerbated these 
problems.

6.3.6  Financial sustainability

To subsidize the cost of  PEP, the Philippine Health 
Insurance Corporation (PHIC) implemented 
the Animal Bite Treatment Package in 2012. 
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This allowed the reimbursement of  PEP for 
category III bites (severe bites with bleeding) at 
a fixed rate of  Php3000 per case (approximately 
US$60). Only ABTC/ABCs which have passed 
the certification process may avail of  the Animal 
Bite Treatment Package. The package covered 
the cost of  the rabies vaccine, RIG, wound care, 
tetanus prophylaxis and antibiotics (Philippine 
Health Insurance Corporation, 2012). As the 
amount is not sufficient to cover all costs, out-of-
pocket expenses persisted.

By June 2016, there were 269 PHIC-
accredited ABTCs and ABCs availing of  the 
Animal Bite Treatment Package (Amparo et al., 
2018a). This number was reduced to 232 
by 31 May 2021, since the lockdowns and 
reassignment of  healthcare workers impeded 
the accreditation process. By 30 November 
2022, the number had risen to 468 accredited 
ABTCs and ABCs (Philippine Health Insurance 
Corporation, 2022).

6.4  Challenges

The ABTC has many benefits including: (i) 
a physical infrastructure manned by trained 
personnel; (ii) implementation of  updated 
management guidelines; (iii) vaccine supply 
provided by the government and distributed 
through the existing EPI cold chain structure; 
(iv) a reimbursement package for animal bites; 
(v) a standardized certification process; (vi) an 
available formal training programme; and (vii) a 
national reporting system. However, challenges 
continue to be experienced by the ABTCs.

6.4.1  Challenges before the COVID-19 
pandemic

Although the DOH has successfully developed 
the ABTC network, the number of  human rabies 
cases has not shown a progressive decline and 
continues to be more than 200 cases annually. 
A recent study in the Philippines has shown that 
only 45% of  animal bite victims consult ABTCs 
for PEP (Amparo et  al., 2018b). The unvac-
cinated bite victims are the ones who eventually 
end up with symptoms of  rabies and die.

The recurring shortage of  WHO-
prequalified rabies vaccines continues to be a 
major challenge to the programme, especially 
since these vaccines were the only ones 
recommended by the DOH. Consequently, 
the programme allowed the use of  non-WHO-
prequalified rabies vaccines, of  which several 
are locally available. In addition, RIG supply has 
also been frequently inadequate, and, because 
of  its high cost, only around 40% of  bite victims 
receive it (NRPCP, 2019).

The rapid turnover of  ABTC staff  meant that 
training had to be done continuously to ensure 
adherence to management guidelines. However, 
only RITM and a few regional Centres for Health 
Development were accredited by DOH to provide 
the training, resulting in an accumulation of  
untrained ABTC staff. Delays in reporting due to 
Internet connectivity problems and intervening 
tasks hampered the collation of  national data. 
Compartmentalized surveillance and reporting 
systems resulted in multiple reporting systems 
for rabies, such as the Philippine Animal Health 
Information System for animal rabies and the 
Philippine Integrated Disease Surveillance and 
Response, the Field Health Service Information 
System, and NaRIS, for human rabies. Data 
are not easily accessible for the different rabies 
stakeholders with challenges in data sharing, 
transparency and collaboration within and 
across health sectors (A.C. Amparo, Manila, 
2021, personal communication).

Coordination with animal health person-
nel was also a challenge. It was observed that 
ABTC staff  focused only on the management of  
human bite victims and did not communicate 
with the veterinary office regarding biting 
animals that were highly suspected of  being 
rabid. This was seen as an additional task and 
was not considered a priority, especially if  the 
ABTC managed many high-risk bite patients. 
Often, the responsibility of  reporting suspect 
animals to the veterinary office fell on the bite 
victim (A.C. Amparo, Manila, 2021, personal 
communication).

ABTCs can certainly do more towards 
achieving the global goal of  zero human 
rabies deaths by 2030. As part of  its health 
education function, ABTCs should emphasize 
to their clients the importance of  submission 
of  samples from animals that die for laboratory 
confirmation of  rabies. ABTCs can also reach 
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out to the public through currently available 
social media platforms to send clear messages 
and clarify myths and misinformation on a 
daily basis, not only during World Rabies Day or 
Rabies Awareness Month celebrations. Prompt 
coordination with animal health workers in 
the event of  a suspect biting animal should be 
implemented to remove rabid animals from the 
community and to conduct case investigation 
to identify additional bite victims needing PEP.

6.4.2  Challenges during the COVID-19 
pandemic

Not least among all the challenges faced by the 
ABTCs was the COVID-19 pandemic. Just like 
all health programmes, rabies control activities 
were severely disrupted by the pandemic. Many 
hospital-based ABTCs either ceased operations 
or were relocated elsewhere since clinic space 
was used for COVID-19 response. In the National 
Capital Region (NCR), the pandemic’s epicentre, 
70% of  ABTCs were closed, some permanently. 
RITM, one of  the two largest ABTCs in NCR, 
catering for around 30,000–40,000 animal bite 
victims/year, closed its ABTC in March 2020 
to focus on the COVID response. Animal bite 
victims were referred to nearby ABTCs and it is 
likely that some bite victims did not receive PEP 
at all. The RITM ABTC reopened in March 2022. 
In other regions, however, more than 90% of  the 
ABTCs remained operational.

Health workers in many ABTCs were 
reassigned to COVID-related duties such as 
contact tracing, triage, clinical care and other 
roles, while animal/agriculture workers were 
tasked to do relief  goods distribution, as the 
COVID-19 response was prioritized over rabies 
programme activities. Some of  the staff  were 
exposed to COVID-19 or contracted the infec-
tion and had to be isolated. This resulted in 
delays in many activities, including certifica-
tion and re-certification of  ABTCs/ABCs, case 
investigation of  suspect human rabies cases, 
encoding in the NaRIS and report submission. 
Many ABTCs and ABCs had expired accredita-
tion (J.C. Estioco et al., Manila, 2020, personal 
communication; C. Andaya et al., 2021, per-
sonal communication).

In addition, training was cancelled begin-
ning in 2020, such that new rabies coordina-
tors and ABTC staff  were functioning with no 
formal training on animal bite management. 
The use of  face masks and face shields for 
protection against COVID-19 hampered vision 
and made it more difficult to administer the 
injections. The prolonged lockdown periods 
severely affected people’s mobility, thus pre-
venting animal bite victims from accessing the 
ABTCs for consultation. Subsequent vaccine 
doses could not be given on schedule, and many 
patients could not complete the vaccination 
series. The lack of  transport during lockdowns 
delayed vaccine delivery to the country and 
distribution to the regional vaccine warehouses 
and ABTCs.

On the national level, approximately 12% 
of  funds for the rabies programme were reappro-
priated for the COVID-19 response, compound-
ing the vaccine and RIG supply problem. Even 
the celebration of  Rabies Awareness Month in 
March and World Rabies Day in September was 
cancelled (R. Quintana, Manila, 2020, personal 
communication).

For the IBCM project in the pilot prov-
inces, the local government workforce also 
experienced increased workload or diversion 
to other duties, mobility restrictions and 
quarantine measures. Data from their ABTCs 
lagged, although animal health workers con-
tinued to initiate animal investigations when 
ABTCs prompted them (Philippine Council 
for Health Research and Development, 2021,  
unpublished).

Surprisingly, instead of  the expected 
decrease in animal bites due to reduced mobil-
ity, there was a reported slight increase from 
1,173,274 in 2019 to 1,211,892 in 2020. This 
may be due to increased bites by pet dogs and 
cats, as keeping a pet became popular during 
the lockdown. Nationwide, human rabies cases 
decreased from 243 in 2019, to 222 in 2020 
and 195 in 2021 (R. Quintana, Manila, 2021, 
personal communication; R. Deray, Manila, 
2022, personal communication). While it is 
hoped that this represents an actual decrease in 
human rabies cases, it can also be due to inad-
equate reporting. Achieving the Zero by 30 goal 
relies on accurate reporting.
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6.4.3  Addressing the challenges brought 
about by the pandemic

Multiple measures were put in place to address 
these challenges. First, the referral system 
between ABTCs was strengthened such that 
patients were referred to functional ABTCs, 
and vaccine supplies from non-functioning 
ABTCs were reallocated or even donated to 
them. Second, online delivery of  care through 
telemedicine, virtual case investigations of  
suspect human rabies cases, and patient follow 
up through social media were instituted. Third, 
infection control measures and minimum 
public health standards for protection against 
COVID-19 (e.g. the use of  personal protective 
equipment, a no mask-no entry policy, physi-
cal distancing, temperature check and health 
declaration checklist) were strictly implemented. 
To avoid crowding, an appointment scheduling 
system was employed, and triaging was done 
to prioritize vulnerable individuals such as the 
elderly, pregnant women and children. Some 
innovative measures included installation of  
a plastic partition to separate the patient from 
the health worker and the use of  a testing booth 
as a vaccination booth (shown in Fig.  6.3). 
Fourth, the operating hours of  some ABTCs 
were adjusted to accommodate the reduction in 
personnel. Fifth, the training course on animal 
bite management shifted to an online platform. 
Sixth, the validity of  ABTC and ABC certification 
was extended. Finally, virtual information cam-
paigns were conducted through social media 
platforms (J.C. Estioco et al., Manila, 2020, per-
sonal communication; C. Andaya et al., Manila, 
2020–2021, personal communication).

6.5  Learning from Other Countries

6.5.1  PEP provision in other Asian 
countries

There have been many experiences among Asian 
countries on PEP provision. The ID regimen 
of  rabies vaccination originated in Thailand, 
and most Asian countries have adopted this 
regimen using cell culture vaccines (Khawplod 
et al., 2006). NTV production and use ceased in 
Pakistan in 2015 (Ahmad et  al., 2021), while 

Myanmar continues to use NTV (Salahuddin 
et al., 2016).

PEP provision in the Philippines has many 
similarities to that of  other Asian countries. 
Like the ABTC in the Philippines, PEP is pro-
vided through community-based clinics such 
as the Public District Rabies Prevention and 
Control Centers in Bangladesh, Basic Health 
Units in Bhutan, and Vietnam’s Provincial and 
District Preventative Medicine Centers, some 
of  which are dedicated rabies clinics. There 
are also hospital-based rabies clinics in Sri 
Lanka and Thailand and specialized centres 
such as the Angkor Hospital for Children 
and the Institut Pasteur in Cambodia. PEP is 
likewise available in the private sector in most 
countries except for Bhutan. Cambodia, Sri 
Lanka and Bhutan implement follow ups of  
high-risk non-compliant patients. Like the 
Philippines, vaccine supply in many Asian 
countries is procured nationally and provided 
to patients for free, with out-of-pocket expenses 
accruing when out of  stock. PEP is not free in 
China, Vietnam or Cambodia, while govern-
ment subsidy is available in Thailand. RIG 
is in short supply in most Asian countries, 
even for countries that produce RIG such as 
Thailand and Vietnam. Reporting of  animal 
bites ranges from no reporting to an electronic 
reporting system in Sri Lanka, Thailand and 
the Philippines. Especially noteworthy is the 
web-based voluntary, hospital-based reporting 
platform in Thailand, called R36, which collects 
information for all suspect rabies exposures and 
monitors adherence to PEP recommendations. 
Sri Lanka and Bhutan also report adverse 
events following immunization (Nguyen et al., 
2019; Li et al., 2019; Sreenivasan et al., 2019; 
Yurachai et al., 2020).

The COVID-19 pandemic has also affected 
the rabies programme in other countries. In 
Thailand, curfew implementation resulted in 
the decline of  outdoor activities, thus diminish-
ing the risk of  potential rabies exposure. Bite 
victims tended to not receive PEP because of  the 
COVID-19 health risks associated with travel 
or clinic attendance (S. Purin, Manila, 2021, 
personal communication). While outdoor 
exposure also declined in the Philippines due 
to lockdowns, interaction with pets increased 
in the homes, resulting in a slight increase 
in reported bites. In Pakistan, PEP utilization 
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was reduced during the first few months of  the 
pandemic but returned to pre-pandemic levels 
afterwards (S. Jamali, Manila, 2021, personal 
communication).

The Philippines can certainly learn from 
the successful practices of  other countries. 
Since many of  the bite victims are bitten by 

healthy pets, an assessment of  rabies risk 
is important to determine the need for PEP. 
Follow up of  non-compliant patients who are 
high risk or have a proven rabies exposure is a 
good strategy to ensure proper completion of  
the PEP regimen. A hospital-based reporting 
system for PEP provision may be very useful, 

Fig. 6.3.  Use of a plastic partition to separate the health worker from the patient. Photograph courtesy 
of Rex Gozon, 2022.
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while domestic production of  RIG should help 
local supply.

6.5.2  Sharing best practices

The Philippines has a lot of  best practices that 
can be shared with other countries. First is the 
provision of  a specific training programme for 
healthcare workers on animal bite manage-
ment. Refresher training is required whenever 
the guidelines are updated. Second is a certifica-
tion process for the ABTCs, which includes the 
facility, the trained personnel, and reporting 
and compliance to the guidelines. However, it 
lacks a system to regularly monitor compliance 
with guidelines. The third is the presence of  a 
national online surveillance system specific to 
rabies. While the Thai R36 surveillance is based 
in hospitals, the NaRIS covers ABTCs in the 
communities and hospitals. Attempts to include 
private clinics/hospitals have also been made. 
However, prompt encoding and regular analysis 
of  the NaRIS data need to be addressed. Fourth 
is the specific animal bite management package 
from the PHIC, where ABTCs can get reimbursed 

for the treatment of  bite patients. This is in addi-
tion to the provision of  all ID doses for free by the 
national government.

6.6  Conclusion

The ABTC is the main avenue for PEP provision 
and therefore plays an integral role in human 
rabies prevention in the Philippines. Challenges 
before and during the COVID-19 pandemic have 
tested the system’s resilience and have been 
addressed in various ways.

The Philippines has a long way to go to 
attain the Zero by 30 goal. The COVID pandemic 
has set back the programme and now the 
country has to work double time to achieve the 
goal. ABTCs need to go beyond PEP provision 
and embrace other programme strategies such 
as education and advocacy, responsible pet own-
ership and an integrated approach to animal 
bites together with animal health counterparts 
as part of  One Health. There is no need for more 
policies. Rather, the focus should be on policy 
implementation to achieve the goal of  a world 
free from dog-mediated rabies by 2030.
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Abstract
Resource-limited clinics and countries often face ethical dilemmas when treating patients exposed to rabies 
during rabies vaccine and rabies immunoglobulin (RIG) shortages. This chapter discusses an innovative ‘pooling 
strategy’ that was developed during shortage crises of  life-saving biologicals in Himachal Pradesh, India. Patients 
received a fraction of  a rabies vaccine vial administered via the intradermal route. RIG was prioritized and only 
given to high-risk patients with severe exposures. RIG was only infiltrated into wounds to provide immediate 
virus neutralization, and the dosage was determined by the size and number of  wounds (as opposed to systemic 
administration of  RIG intramuscularly using a dosage calculated by patient body weight). Residual drops of  
vaccine and RIG were consolidated, or ‘pooled’, to the next vial for the next patient – preventing even a single drop 
of  waste. To date, this protocol has been > 99.9% effective and has saved considerable costs, rabies biologicals and 
human lives.

*Corresponding author: ​bhartiomesh@​yahoo.​com

7.1  Introduction

Dogs (Canis familiaris) are the foremost reservoir 
for the rabies virus throughout Asia and Africa, 
accounting for more than 99% of  all human 
rabies deaths. Among the estimated 59,000 
human rabies deaths that occur worldwide 
each year, 20,800 fatalities occur in India 
alone (Hampson et  al., 2015). After exposure, 
the rabies virus travels to the central nervous 
system, where it is undetectable by the host’s 
immune system (Fooks et al., 2017). The incuba-
tion period can be long, and the symptoms can 

be highly variable (Wilson et al., 2019). A person 
exposed to the rabies virus must receive timely 
and effective post-exposure prophylaxis (PEP) 
to neutralize the virus and prevent the onset of  
clinical signs and symptoms, or else death inevi-
tably follows within days of  symptom onset.

The World Health Organization (WHO) 
recommends that any person exposed to the 
rabies virus receives rabies PEP, but the sched-
uled regimen may vary depending on the type 
or severity of  exposure, the resources avail-
able, and the preference of  the treating clinic. 
A post-exposure regimen generally consists of  
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thorough wound washing, a single dose of  rabies 
immunoglobulin (RIG) upon presentation, and 
a series of  rabies vaccinations over 1 week or 
1 month (WHO, 2018b).

RIG is a vital component of  rabies PEP 
because it provides passive immunity to a 
person, while the rabies vaccine has time to 
induce a humoral immune response against the 
virus (Anderson, 2007). When infiltrated into 
and around bite wounds, RIG immediately neu-
tralizes the virus at the wound site, preventing it 
from accessing the central nervous system (Wu 
et al., 2017). RIG can be either human-derived 
(hRIG) or equine-derived (eRIG). Although eRIG 
carries a risk (albeit extremely rare) for severe 
allergic reactions in some patients, it is often 
preferential to hRIG which can be unaffordable 
and unavailable in many countries (Anderson, 
2007).

Rabies vaccines can induce a detect-
able immune response after 10–14 days, but that 
delay can be significant when incubation periods 
are reduced due to proximity to the nervous 
system or an increased viral load from significant 
wounds (Anderson, 2007). Of  greatest concern 
are severe Category III exposures and wounds 
to innervated areas such as the face, head, neck 
and hands (Wilson et al., 2019). Rabies vaccines 
can be administered either intradermally (ID) or 
intramuscularly (IM) and require multiple doses 
to ensure adequate protection. Administering the 
vaccine via the ID route costs five times less and 
uses less product than the IM route, yet the immu-
nogenicity and vaccine efficacy are equivalent 
for both routes of  vaccine administration (Denis 
et al., 2019). There are several approved schedules 
for subsequent vaccinations, but vaccines are 
typically administered immediately, and then 3, 
7, and between 14 and 28 days after exposure 
(Warrell, 2019).

While modern rabies biologicals are safe 
and extremely effective, they are not readily 
available in many regions where rabies is 
endemic and poorly controlled. Rabies biologi-
cals are often in high demand, in short supply, 
and must maintain a specific temperature-
controlled supply chain to be effective – which 
can be difficult in resource-limited areas. Such 
regions suffer disparities that further hinder the 
ability to maintain a sufficient supply, such as 
poor infrastructure, limited treatment facilities, 
inadequate distribution systems, and frequent 

shortages of  RIG and vaccines (Hampson et al., 
2015). Healthcare centres that are able to stock 
and provide rabies PEP to patients often find 
themselves short of  personnel or medical sup-
plies (such as syringes needed to administer the 
vaccines). Patients face barriers that obstruct 
access to life-saving PEP, including: (i) unafford-
able costs of  PEP; (ii) reluctance to seek medical 
care; (iii) productivity and income losses while 
seeking PEP; (iv) high travel costs; and (v) travel-
ling long distances multiple times to complete 
the vaccination series.

Areas with inadequate resources could 
prioritize RIG and vaccines for patients with the 
greatest risk of  rabies exposure. To ensure limited 
supply can meet demand, clinics could imple-
ment innovative strategies to ensure that every 
person who needs rabies PEP has access to –  
and can afford – these biologicals. This chapter 
explores various evidence-based innovations, 
including a pooling strategy, which is now prac-
tised in many hospitals across India.

7.2  The Context

One specific region suffering from frequent 
supply shortages of  rabies biologicals was 
Himachal Pradesh, a northern state in India 
situated in the Western Himalayas. This moun-
tainous state is predominantly rural, and the 
extreme landscape complicates the ability of  
some citizens to seek medical care (Bharti et al., 
2015). Patients in Himachal Pradesh would be 
required to search multiple hospitals and clinics, 
running ‘from pillar to post’ to find a facility that 
stocked rabies biologicals. The state also suffered 
from poor compliance with the PEP regimen 
among lower-income patients who could not 
afford these life-saving biologicals nor return 
to the clinic on subsequent days to complete 
the rabies vaccine series (Bharti et al., 2015). In 
addition, a lack of  government funding to cover 
the cost of  PEP for low-income patients further 
hindered the state’s ability to stock clinics with 
rabies PEP biologicals, making it unavailable to 
even those that could afford it.

With only a finite supply that could not 
meet demand, the Deen Dayal Upadhyaya (DDU) 
Hospital in Shimla (the capital of  Himachal 
Pradesh) recognized the need for unconventional 
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clinical interventions to ensure all persons 
exposed to rabies could receive adequate post-
exposure treatment, without compromising 
patient safety or rabies PEP efficacy. After exten-
sive literature reviews and advocacy sessions, 
in August 2008, the first low-cost ID rabies 
vaccination clinic, named Anti-Rabies Clinic 
and Research Centre (ARCRC), opened at DDU 
Hospital Shimla, amid a rabies vaccine shortage 
(Bharti et  al., 2015). Since 2008, ARCRC has 
saved countless human lives and substantial 
costs by opening over 90 ID rabies vaccine 
clinics (called ‘pooling centres’) in the state. The 
timeline for this progress is shown in Fig. 7.1.

Overcoming logistical and ethical chal-
lenges, DDU Hospital Shimla implemented the 
following innovations and modifications to the 
rabies PEP protocol which revolutionized patient 
care in a rabies-endemic region and reduced the 
number of  human rabies deaths:

•	 the infrastructure:

○○ centralize rabies PEP care for all 
patients to one facility (ARCRC at DDU 
Hospital Shimla);

○○ patients purchase one vaccine vial 
(which covers the cost of  the entire 
four-dose PEP series) and are told their 
remaining three doses are ‘free’;

○○ create a pooling strategy by 
administering partial doses from 
opened vials while maintaining the 
sterility and temperature of  the vials;

○○ residual drops are amalgamated to the 
next vial or allocated to the poorest 
patients – ensuring no waste;

•	 rabies vaccine

○○ administer vaccines via the ID route, 
using a fraction of  the vial compared 
to the IM route;

○○ modify rabies PEP schedule, so patients 
require fewer visits;

•	 RIG:

○○ provide eRIG, which is more affordable 
and as effective as the alternative, 
hRIG;

○○ infiltrate wounds with eRIG instead of  
systemic injection via the IM route;

○○ calculate eRIG dosage depending on 
severity and number of  wounds rather 
than patient body weight;

○○ prioritize eRIG for patients with severe 
animal bites (Category III exposures);

•	 evidence-based innovations and One 
Health partnerships:

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•
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Fig. 7.1.  The timeline of the development, implementation, challenges and outcomes of the ‘pooling 
strategy’ in Himachal Pradesh, India. ARCRC, Anti-Rabies Clinic and Research Centre; DDU, Deen 
Dayal Upadhyaya; eRIG, equine rabies immunoglobulin; GoI, Government of India; ID, intradermal; IPC, 
Institut Pasteur du Cambodge; PEP, post-exposure prophylaxis; RIG, rabies immunoglobulin; WHO, 
World Health Organization. Image created by V. Slack.
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○○ provide pre-exposure prophylaxis 
(PrEP) to high-risk individuals at no 
cost;

○○ discontinue PEP administration when 
transmission of  rabies is unlikely 
(i.e. consumption of  milk from rabid 
bovines);

○○ conduct canine and wildlife rabies 
surveillance; and

○○ administer rabies vaccine via the ID 
route to canines and livestock in high-
risk areas.

7.3  The Infrastructure

The first challenge was to dedicate one central 
location to dispense all rabies post-exposure 
treatments and eliminate the burden on patients 
to find rabies PEP. All healthcare facilities in 
Shimla Municipality were asked to provide 
wound washing and first aid to animal bite 
patients before referring them to DDU Hospital 
Shimla for rabies PEP (Bharti et  al., 2012). 
ARCRC could fractionate each vial of  vaccine 
(and later eRIG) to administer multiple doses – 
this would set the groundwork for a successful 
‘pooling strategy’ and reduce vaccine waste. 
Vaccines would be drawn up from one vial at a 
time, but once a vial was opened, any unused 
product must be discarded after 6–8 hour (WHO, 
2018a).

When a patient presented to DDU Hospital 
with possible rabies exposure, they would be asked 
to purchase one vial of  rabies vaccine (approxi-
mately US$5–7.50) during the first visit. Patients 
were told that the subsequent doses would be ‘free’ 
to incentivize them to return for the remaining 
doses and complete the PEP series (Bharti et  al., 
2012). Although a patient paid for an entire vial, 
they would receive doses from a partial vial that 
was opened earlier that day and shared among 
other patients. Every vial was divided up among at 
least four other patients by ID route, at 0.1 ml per 
dose on each deltoid, leading to a fivefold reduc-
tion of  vaccine use compared to the IM route. All 
precautions were taken to maintain the sterility 
and temperature of  the vaccines, while partial 
vials were discarded at the end of  the day.

When only a minuscule amount of  product 
remained in a vial, the drops were extracted by 

vacuum pressure and pooled in the next vial 
for the next patient (Bharti et  al., 2015). This 
pooling strategy was especially advantageous for 
the poorest patients who could not afford to pay 
for the vial of  vaccine, yet could still benefit from 
this system by receiving doses that might have 
otherwise been discarded (Bharti et  al., 2012). 
Since this pooling strategy came to fruition, hun-
dreds of  vials have been saved by this economic 
strategy and vaccine waste has diminished 
(Bharti et al., 2015). A similar pooling strategy 
was later used for eRIG to conserve every drop 
of  immunoglobulin for patients in need (Bharti 
et al., 2019).

From 2008 to 2015, over 12,000 animal 
bite victims were treated under this pooling 
strategy at ARCRC in DDU Hospital. As a result of  
these low-cost interventions, over US$281,000 
was saved, and the rabies PEP compliance rate 
increased by 2.8 times (Bharti et  al., 2015). 
Implementing this pooling strategy and prior-
itizing patient care significantly lowered the cost 
of  rabies PEP in the state. The vaccine became so 
affordable that other clinics in Himachal Pradesh 
could supply the rabies vaccine by implementing 
similar pooling strategies, working towards zero 
human rabies deaths in the region (Bharti et al., 
2015). Presently, 90 such pooling centres are 
in operation throughout the state of  Himachal 
Pradesh.

Beginning in May 2018, every person in 
need of  rabies PEP in the state could receive eRIG 
and ID-administered rabies vaccine at no cost, 
courtesy of  the Himachal Pradesh Government 
(Bharti, 2019).

7.4  Rabies Vaccines

7.4.1  Preliminary phase

The recommended potency for rabies vaccine 
is  ≥2.5 IU per dose, regardless of  the route of  
injection (IM or ID). If  administered IM, each 
dose requires an entire vial (0.5 ml or 1.0 ml, 
depending on the vaccine brand). If  given ID, 
however, the volume of  vaccine needed is just 
a fraction of  that – only 0.1 ml per injection 
(Denis et  al., 2019). Vaccine effectiveness is 
equivalent for either route of  vaccine adminis-
tration. Therefore, a single vial of  vaccine can be 
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fractionated to provide five (or ten) doses when 
administered ID, rather than one dose adminis-
tered IM (Warrell, 2019). In India, the estimated 
cost of  one complete course of  rabies vaccines 
administered IM route was US$35–44.50, while 
the cost for the same vaccine given ID route was 
US$5–7.50 (Bharti et al., 2012).

Multiple-dose schedules would still be 
required, but ID administration would signifi-
cantly lower the cost of  vaccinations, making it 
more affordable to patients who would be more 
likely to return, purchase and complete the PEP 
series. Unfortunately, vaccine manufacturers 
often marketed rabies vaccine vials as ‘IM use’ 
only and administering rabies vaccines through 
an IM route became standard practice. WHO 
endorsed the administration of  rabies vaccines 
through the ID route in 1992 (WHO, 1992). 
However, the Government of  India (GoI) did 
not fully authorize ID administration until 
2006, despite higher costs, frequent shortages 
and increased demand for the vaccine (Bharti, 
2019).

7.4.2  Strategy development and 
implementation

Many physicians were hesitant to transition to 
ID administration due to a lack of  training and a 
reluctance to administer vaccines both off-label 
and in fractional doses (Bharti et  al., 2015). 
Therefore, the first barrier to optimizing care 
at DDU Hospital in Shimla was to obtain rabies 
vaccine vials that were licensed and labelled ‘for 
IM/ID use’ by specifically requesting this from 
vaccine manufacturers. Medical staff  at DDU 
Hospital were subsequently trained to adminis-
ter vaccines via the ID route and in fractionated 
doses.

In 2008 DDU Hospital Shimla opened 
ARCRC and began ID administration as a low-
cost solution to ration rabies vaccines. The clinic 
implemented the vaccine ‘pooling strategy’ by 
providing vaccinations from an opened vial 
under aseptic conditions. The residual drops 
were pooled in the next opened vial, significantly 
reducing vaccine waste.

Initially, the DDU Hospital was practising a 
WHO-recommended rabies PEP schedule called the 
ID two-site Thai Red Cross (TRC) regimen which 

required two 0.1 ml ID injections on four visits: first 
upon presentation and then on days 3, 7 and 28. 
Many patients in the state found this month-long 
regimen difficult to complete so DDU Hospital 
sought alternate options approved by WHO with 
fewer visits. In May 2018, ARCRC started using the 
PEP vaccine schedule called the Institut Pasteur du 
Cambodge (IPC) regimen, or the ‘ID two-site 1 week 
IPC’ regimen (Bharti et  al., 2019). This schedule 
requires two 0.1 ml ID injections of  rabies vaccine 
in the deltoid areas during three visits on days 0, 3 
and 7 (Warrell, 2019).

7.4.3  Outcomes and challenges

A reduction of  patient visits from four (within 
a month) to three (within a week) benefited 
patients in Himachal Pradesh and increased PEP 
compliance. The financial burden was alleviated 
among patients who could not be spared from 
lost wages at work or time from home duties 
while seeking care. Medical resources and staff  
time were preserved for other patients.

Since the implementation of  the three-visit 
IPC regimen, over 100,000 patients have been 
treated at DDU Hospital using this pooling strat-
egy. The only confirmed human rabies deaths in 
Himachal Pradesh have been those that could 
not acquire timely rabies post-exposure treatment 
(vaccines and immunoglobulin) (Bharti, 2019). 
Although the number of  visits for rabies PEP 
had been reduced, some patients still struggled 
to obtain or afford this life-saving treatment after 
exposure to rabies. DDU Hospital continued to 
consider other strategies to reduce PEP costs and 
eliminate human rabies deaths in the state.

7.5  Rabies immunoglobulin (RIG)

7.5.1  Preliminary phase

Until recently, the WHO position for rabies 
PEP indicated that any confirmed or suspected 
exposure to rabies should receive a dose of  RIG 
as determined by the patient’s body weight. As 
much RIG as possible would be infiltrated into 
or around the wound(s), while any remaining 
RIG would be systemically administered IM in a 
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site distal to the rabies vaccine (SAGE Working 
Group on Rabies Vaccines and Immunoglobulins 
and WHO Secretariat, 2017). However, several 
studies and clinical interventions have found 
that this practice of  providing a systemic injec-
tion of  excess RIG after wound infiltration fails 
to produce additional benefits to immunization 
efficiency (Anderson, 2007; Madhusudana 
et al., 2013; Wu et al., 2017). Controlled animal 
studies have demonstrated no basis for calculat-
ing the dose of  immunoglobulin based on body 
weight. Modern rabies vaccines are highly 
effective and immunogenic, so the only benefits 
of  RIG seem to be immediate and localized – by 
neutralizing the virus at the wound site and 
preventing it from entering the nervous system 
(Anderson, 2007).

Many facilities in the state that carried 
rabies vaccines would not stock RIG, so patients 
would not receive immediate protection from 
immunoglobulins. In fact, there have been docu-
mented cases of  patients in Himachal Pradesh 
who were not given RIG, but only received the 
rabies vaccine series, and subsequently died 
from rabies (Bharti et al., 2017).

India experienced a critical deficit of  RIG in 
2014 and minimal supply was available to hos-
pitals and clinics (Bharti et al., 2016). As a result, 
DDU Hospital Shimla was again constrained to 
make RIG affordable and available to those who 
needed it – even if  it defied the latest WHO rabies 
PEP guidelines. ARCRC at DDU Hospital took a 
few approaches to reduce the cost and amount 
of  product injected per patient without compro-
mising patient safety or RIG immunogenicity.

7.5.2  Strategy development and 
implementation

The first step towards a more cost-effective 
approach for rabies PEP was to exclusively use 
the equine-derived eRIG in DDU Hospital, which 
would significantly reduce the cost to patients. 
In Himachal Pradesh, the maximum dose of  
eRIG was 40 IU/kg body weight and could cost 
around US$9–20 per patient. When human-
derived hRIG was given, the maximum dose 
was 20 IU/kg body weight and could cost nearly 
US$400–500 per patient (Bharti, 2019).

Administering eRIG carries the rare risk 
of  severe allergic reactions in some patients, so 
clinics would often test a small dose on every 
patient and monitor for concerning symptoms 
before administering the full dose. Such a reac-
tion could occur at any stage of  administration 
of  eRIG, and the product was in such limited 
supply, so staff  at ARCRC discontinued this step 
from patient care. Instead, the staff  prepared 
to treat any patient who might experience an 
adverse reaction to save precious biological for 
other patients in need. By 2018, WHO discour-
aged skin testing of  eRIG before administration 
because it was unreliable to predict adverse 
effects (WHO, 2018b).

After switching to the more affordable eRIG 
option of  immunoglobulins, DDU Hospital had 
to draft emergency clinical intervention proto-
cols to guarantee that eRIG would be available to 
anyone who needed it. In 2014, the clinic decided 
that only wounds would be infiltrated with 
eRIG and the dose would be determined by size, 
depth, and the number of  wounds – patient body 
weight would no longer be considered (Bharti 
et al., 2016). An ethics committee approved this 
protocol for emergency use (despite not yet being 
a WHO-approved treatment), and Government 
Health Services authorized the use of  wound-
only infiltration of  eRIG for patients with severe 
bite wounds (Bharti et al., 2017).

Every patient seen for possible rabies 
exposure received meticulous wound washing 
and a complete series of  rabies vaccination. 
However, eRIG had to be further prioritized so 
that only those with severe wounds (Category III  
exposures) or animal bites to innervated areas 
would receive eRIG. This prioritization was 
based on WHO Category of  Exposure recom-
mendations; thus, RIG was not indicated for 
patients who were licked by or scratched by an 
animal (Category I or Category II exposures, 
respectively) (WHO, 2018b).

While this protocol was not officially con-
doned by WHO until 2018, physicians in rabies-
endemic regions with a lack of  PEP resources 
were faced with an ethical predicament: either 
provide care to fewer patients using a dose of  
RIG determined by their body weight or provide 
care to more patients using a fraction of  the 
dose – based on animal studies that supported 
wound-only infiltration. At ARCRC, physicians 
opted for the latter as a clinical intervention to 
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save lives (Bharti et  al., 2016). This was not a 
novel concept but an intervention that could not 
be tested until it was implemented out of  des-
peration during a RIG shortage crisis (Anderson, 
2007).

7.5.3  Outcomes and challenges

From June 2014 to June 2018, ARCRC saw 
10,830 patients for rabies exposures. Among 
those, 7506 patients were deemed Category III 
exposure and received wound-only infiltration of  
eRIG and the rabies vaccine series. The average 
dose of  eRIG given per patient was reduced by 
60–90% of  what would have been given based 
on patient body weight (what used to be about 
10 ml of  eRIG per patient averaged 1.26 ml in 
2014 with the new protocol; that dose decreased 
further to 0.87 ml in 2017 due to clinical nurses’ 
increased expertise in wound infiltration over 
time) (Bharti, 2019). Such a reduction in the 
volume of  RIG could significantly reduce costs 
worldwide, saving countless human lives.

Over 70% of  patients receiving wound-
only infiltration of  eRIG required a volume 
of <0.5 ml, which cost patients, on average, only 
US$0.75 (Bharti et al., 2019). In the first year, 
269 patients with Category III exposures were 
treated with this protocol, and rather than 363 
vials of  eRIG being given IM, the clinic only used 
42 vials for local infiltration instead. ARCRC was 
able to follow up with over 80% of  patients for 
9 months and none developed signs of  rabies 
infection (Bharti et al., 2016).

In addition, DDU Hospital implemented 
the vaccine pooling strategy for RIG, ensuring 
that multiple patients could share eRIG vials, 
and every drop of  eRIG was being utilized to 
eliminate human rabies deaths in the region. 
This low-dose, low-cost model of  eRIG wound 
infiltration transformed rabies post-exposure 
care for patients in Himachal Pradesh. As of  
April 2018, WHO updated the previous position 
so that as much RIG as feasible be infiltrated 
into and around wounds; no longer should 
excess RIG be systemically injected IM at a site 
distant from the wound (WHO, 2018a). This 
recommendation of  localized RIG infiltration 
could save countless human lives worldwide by 

improving accessibility and affordability, espe-
cially in areas where canine rabies is endemic.

Clinical studies have demonstrated success-
ful outcomes (i.e. protective rabies titre levels) 
after wound-only infiltration and dosage reduc-
tion of  RIG in guinea pigs, monkeys and mice 
(Anderson, 2007; Madhusudana et  al., 2013; 
Wu et al., 2017). Field studies have demonstrated 
similar outcomes in domestic bovines who were 
bitten by rabid dogs or mongooses and received 
wound-only infiltration of  eRIG (Bharti et  al., 
2018). More studies must be done to substanti-
ate the safest reduction of  RIG volume needed to 
infiltrate wounds.

The limitation of  this, of  course, is that such 
a clinical study on humans would be impossibly 
unethical to conduct in a research setting. The 
exact amount of  RIG needed per patient should 
consider many factors before reducing virus-
neutralizing immunoglobulins for patient care 
(e.g. location and severity of  the bite, and viral 
load inoculated into a wound) (Bharti et  al., 
2017).

7.6  Evidence-based Innovations and 
One Health Partnerships

The first pooling clinic at ARCRC, DDU Hospital 
Shimla, revolutionized rabies post-exposure 
healthcare by significantly reducing the cost 
and dosage of  rabies PEP, without compromising 
patient safety and survival. While these pooling 
strategies and collaborative clinical interventions 
ensure that more patients can receive rabies PEP 
(both vaccines and immunoglobulins), many 
patients still face obstacles in complying with 
and affording this treatment. Although ARCRC 
had reduced the number of  visits for a patient 
seeking rabies PEP, it was still difficult for some 
citizens to complete the vaccination series after 
potential exposure.

One possible intervention would be to vac-
cinate high-risk individuals before they were 
exposed to rabies. Such patients would require 
fewer visits to complete the post-exposure 
series. In addition, there was a growing 
concern regarding the number of  patients 
coming to ARCRC for rabies PEP following 
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exposure to rabid livestock and wildlife species. 
Once again, DDU Hospital sought solutions for 
its citizens.

7.6.1  Pre-exposure prophylaxis (PrEP) 
for high-risk cohorts

Although rabies PEP failures are rare, many 
rabies experts advocate the practice of  rabies PrEP 
among populations of  individuals at a higher risk 
of  being exposed to rabies. This would include 
children in canine rabies-endemic regions and 
individuals whose jobs or lifestyles put them at 
risk for exposure (Fooks et al., 2017). Pre-emptive 
protection against rabies in these cohorts will help 
significantly reduce costs, use fewer biologicals, 
and eliminate human rabies deaths. Fewer 
vaccine doses are required for a previously vac-
cinated person seeking post-exposure treatment. 
Furthermore, RIG is not indicated for a previously 
vaccinated person and can be conserved for other 
patients (WHO, 2018a).

With the success of  the pooling strategy at 
DDU Hospital, staff  was able to give high-risk 
individuals, such as ragpickers, PrEP vaccines 
from remnants of  vials that would have other-
wise been discarded (Bharti et al., 2015). WHO 
recommends a two-site ID vaccine administered 
on two visits for a complete PrEP schedule (on 
days 0 and 7). In case of  constraints, WHO has 
determined that a one-visit PrEP will ‘likely 
confer some protection’ (WHO, 2018b, p. 217). 
A one-visit PrEP schedule could be crucial 
among the poorest citizens who may not be avail-
able for subsequent doses or, in case of  actual 
rabies exposure, for post-exposure vaccines. 
For vulnerable patients receiving PrEP at DDU 
Hospital, staff  provided four 0.1 ml vaccinations 
on both deltoids and suprascapular skin areas 
during a single visit (Bharti et  al., 2015). One 
study has shown this schedule demonstrated 
an acceptable immunogenic response when the 
alternative is no protection (Bharti, 2015). More 
studies are required to validate the efficacy of  
such a schedule, but for vulnerable populations 
living in precarious environments, this interven-
tion may be invaluable for eliminating human 
rabies deaths in this region.

7.6.2  Implementation of One Health 
partnerships for non-canine exposures

As an additional way to preserve limited 
resources, ARCRC discontinued the practice 
of  administering rabies PEP to patients who 
consumed raw milk or butter of  a bovine that 
had died of  rabies (Bharti et  al., 2015). At the 
start of  the ARCRC ID clinic, staff  would give 
rabies vaccines to approximately 40–50 cases 
every year (primarily to schoolchildren) who 
had consumed raw dairy products of  a rabid cow 
or buffalo. DDU Hospital attempted to vaccinate 
these cohorts, but there were high dropout rates 
and a loss of  follow up to complete the PEP 
schedule (Bharti et al., 2015).

Ingesting unpasteurized milk from a rabid 
cow is theoretically a possible route of  exposure, 
although, to date, the infectious rabies virus has 
not been isolated from these products (Wilson 
et al., 2019). The 2018 WHO position no longer 
recommends PEP to individuals who consume 
milk from a rabid animal; therefore, ARCRC has 
ceased this practice, saving the clinic hundreds 
of  rabies vaccine doses annually (WHO, 2018a).

While the primary concern in this region is 
canine-rabies exposures, a significant number 
of  citizens have also been bitten or scratched by 
wildlife species susceptible to rabies infection. 
Wild animals are not the primary concern for 
rabies transmission in canine-rabies endemic 
regions, as they may be considered ‘dead-end’ 
infections and are not likely to encounter or 
infect humans, canines or livestock (Fooks et al., 
2017). However, villages in Himachal Pradesh 
border forested regions, and wildlife may adapt 
and live close to humans, canines and livestock, 
thus creating a potential for human rabies 
transmission.

Rabies control measures had to be imple-
mented using One Health partnerships to further 
reduce the number of  patients seen at DDU 
Hospital Shimla. The first step was to conduct 
surveillance and identify wildlife species infected 
with the rabies virus in Himachal Pradesh. In 
2015, Shimla Municipality collected animals 
found deceased and tested the brain samples 
for rabies virus using the fluorescent antibody 
test at Central Research Institute, Kasauli, 
Himachal Pradesh (Bharti et  al., 2015). The 
municipality confirmed rabies-positive results 
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in rhesus macaques, leaf-eating monkeys, palm 
civets, mongooses, squirrels and domestic cats 
(Bharti, 2016). While it was not disputed these 
species were capable of  being infected with or 
transmitting rabies, there was little evidence in 
that region until this surveillance effort con-
firmed it. Therefore, exposure to these animals 
must be considered a possible risk for rabies 
transmission and protective measures should be 
implemented to save lives. Of  most concern were 
the numerous patients referred to ARCRC with 
scratches and/or bites from wild monkeys which 
were unobtainable for a rabies confirmation test. 
DDU Hospital now follows the same protocols for 
treating patients with wildlife exposures as they 
do for canine exposures.

DDU Hospital is coordinating with forestry 
and animal husbandry departments to identify 
rabies focus areas, based on the locations of  
confirmed rabid animals or human rabies 
deaths. These rabies focal points can be mapped 
and compared to nearby villages where rabies 
vaccination campaigns could be conducted 
throughout the state. Using this strategy, efforts 
to prophylactically vaccinate dogs, livestock 
or wildlife with oral rabies vaccine baits can 
be orchestrated with permission from the GoI 
(Bharti et al., 2015).

Following the protocols used by ARCRC, 
veterinarians in Himachal Pradesh have adopted 
a post-exposure protocol to infiltrate eRIG into 
wounds of  bovines, horses and dogs after bite 
exposure from a rabid animal. In addition, veter-
inarians can implement a similar PrEP protocol 
for domestic animals and livestock by reducing 
the volume of  vaccine per dose if  given via the 
ID route, further saving costs and precious bio-
logicals (Sharma et  al., 2022). Implementation 
of  these protocols has been successful, and one 
study demonstrates the survival of  livestock 
when PrEP or PEP was administered using the 
Himachal Pradesh model (Bharti et al., 2018).

7.7  Conclusion

From a global public health perspective, 
access to life-saving rabies biologicals must be 
improved and prioritized in rabies-endemic 

regions. Implementing low-cost innovations in 
resource-limited regions can ameliorate com-
munity hardships, reduce the financial burden 
for patients, spare valuable resources in clinics 
and save human lives. In times of  vaccine short-
ages, physicians face ethical barriers with little 
guidance from expert organizations; thus, crea-
tive local clinical interventions, such as vaccine 
pooling strategies, are needed. Innovative 
control programmes should be considered in 
regions where rabies is ubiquitous and transmis-
sion of  the virus is not species specific.

The success of  the Himachal Pradesh 
pooling strategy model has allowed over 90 
pooling centres to open in the state. These 
low-cost ID rabies vaccine clinics have 
substantially reduced the volume of  rabies 
biologicals administered per patient without 
compromising immunogenicity. To date, there 
have been no human rabies deaths among the 
patients receiving rabies PEP at DDU Hospital 
Shimla. Rabies vaccines and immunoglobu-
lins were so affordable that in 2018, Himachal 
Pradesh Government made them free for all 
in the state, while the GoI is working towards 
making PEP free for all in the country. The 
most recent WHO position has independently 
approved these strategies for rabies PrEP and 
PEP, citing the success of  the pooling strategy 
in Himachal Pradesh, among other studies. 
These strategies should be adopted globally 
to help achieve zero human rabies deaths by 
2030. While these innovations have proved 
indispensable in clinical settings in rabies-
endemic regions, more studies must be done 
in laboratory settings to ensure adequate titre 
levels are detected in pre-exposure and post-
exposure treatments.

While most patients presenting to ARCRC 
are treated for dog bites, a multi-pronged One 
Health approach is needed to control rabies in 
regions like Himachal Pradesh, where wildlife 
and canines cohabitate near humans and 
livestock. Partnerships are needed across all 
sectors to control rabies: physicians and clinics, 
veterinarians and canine vaccination teams, 
and wildlife and forestry departments – all serve 
to interrupt rabies transmission to humans, 
canines and wildlife, respectively.
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Abstract
This chapter addresses the issues relevant to the transmission of  rabies in free-roaming dogs (FRDs) and its 
control by using mathematical epidemic models. Compared to well-supervised dogs, there are some additional 
challenges to controlling rabies in FRDs which arise due to a number of  factors, such as: (i) the lack of  a regular 
population census; (ii) very little or no control over dog movement; (iii) uncontrolled access to food waste around 
markets and garbage dumps; and (iv) uncontrolled mating. We present a series of  mathematical models, such as 
an ordinary differential equation model, a pulse vaccination model and an optimal vaccination model. In addition 
to vaccination, controlling carrying capacity is considered to be another control measure. The analysis shows 
that vaccination alone cannot be effective enough in containing rabies in all possible transmission scenarios. 
Rather, it is found to be successful in containing rabies in all possible transmission scenarios when accompanied 
by carrying capacity control.
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8.1  Introduction

Rabies is one of  the oldest and most terrifying 
diseases taking a heavy toll on human lives 
every year around the world. Around 55,000 
people are reported dead due to rabies every 
year around the world (Pieracci et  al., 2019). 
Dog-mediated human rabies has been declared 
eliminated from countries in Europe and 
America including both north and south 
continents (Singh et  al., 2017), but it remains 
a major public health challenge in many Asian 
and African countries (Acharya et  al., 2020). 
Human rabies deaths in Asia account for 59.6% 
of  global human rabies cases (Hampson et  al., 

2015). Among the Asian countries where rabies 
is found highly prevalent are Bangladesh and 
India. In contrast, rabies is found relatively less 
prevalent in Nepal, Myanmar, Bhutan, Thailand 
and Indonesia (Acharya et  al., 2020). Every 
affected country is fighting against rabies in 
its own way. To coordinate these fragmented 
efforts, the world called for action by setting a 
global goal of  eliminating dog-mediated human 
rabies deaths by 2030 (Fahrion et  al., 2017). 
Later, the World Health Organization (WHO), 
the World Organization for Animal Health (OIE), 
the Food and Agriculture Organization of  the 
United Nations (FAO) and the Global Alliance for 
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Rabies Control (GARC) decided to work together 
on this action plan to reach the goal.

Well-supervised dogs are vaccinated 
regularly and their mating is also controlled. 
However, dog-keeping practices vary greatly 
with the cultural and economic conditions of  a 
society. Existing studies show that rabies is highly 
prevalent where the majority of  dogs are poorly 
supervised or not supervised at all. For example, 
a major portion of  the total dog population in 
Bangladesh and India is free roaming (Ruan, 
2017). The reason why it is harder to control 
rabies in free-roaming dogs (FRDs) is explained 
later in this section. Therefore, the action plan 
against rabies needs to be designed by consider-
ing the following: (i) the economic conditions 
of  the society; (ii) dog-keeping practices; and 
(iii) cultural practices of  communities towards 
poorly supervised community dogs or FRDs. 
The global collaboration against rabies is thus 
planned to help countries by empowering their 
existing tools and expertise with renewed inter-
national support to act efficiently to save human 
lives from this preventable disease (Fahrion et al., 
2017).

More than 99% of  human deaths due to 
rabies are attributed to dog-mediated rabies 
(WHO, 2021). About eight in ten deaths are 
reported in rural areas where about half  of  
the deaths are children, which gives a clear 
indication that rabies affects mostly vulnerable 
people around the world. Therefore, it could be 
expected that increasing the social awareness 
of  rabies and access to affordable post-exposure 
prophylaxis for people may significantly reduce 
rabies-induced fatalities. In addition, making 
the dog population resistant to rabies through 
vaccination and stopping the spread of  the 
disease at its source could be considered as one 
of  the most effective ways to reduce human 
rabies deaths significantly. Unfortunately, 
these fragmented efforts have proved not to be 
effective enough in stopping the spread of  the 
disease. Prevention and control of  an epidemic 
disease like rabies requires a more meticulous 
plan based on the complex interaction between 
human and animal health and the environ-
ment. Therefore, the collaborative, multisecto-
ral and transdisciplinary One Health approach 
has been considered the best possible way to 
deal with rabies in the most affected countries 
of  Asia (Acharya et al., 2020).

According to a data-driven empiri-
cal study conducted in 2008, rabies killed 
about 2100 people every year in Bangladesh 
(Hossain et  al., 2012), which was 1.35 times 
higher than the WHO prediction. So, rabies 
has been considered a national priority in 
Bangladesh, with the aim of  eliminating the 
disease through the One Health approach by 
2020 (Acharya et  al., 2020). However, con-
trolling rabies in a country like Bangladesh is 
quite a challenging task where a major portion 
of  the total dog population is free roaming 
(Ruan, 2017). Following the classifications 
of  dogs given by Wandeler (1985) the dog 
population of  Bangladesh can be classified 
into two major categories: (i) community dogs 
which are owned but very poorly supervised; 
and (ii) FRDs which are fully independent and 
unrestricted (Ruan, 2017). In this study, we 
refer to these categories of  dogs as FRDs. Study 
shows that FRDs are mostly responsible for the 
transmission of  several zoonotic pathogens 
(Pastoret et al., 2014).

In order to control rabies, Bangladesh 
introduced mass dog culling in its major towns 
in early 2012, but this approach failed, and 
rabies infections remained endemic (Ghosh 
et  al., 2020). The literature shows that mul-
tiple factors are associated with the failure 
of  the culling method (Hossain et  al., 2012; 
Tenzin et  al., 2015; Taylor et  al., 2017). For 
example, culling is unable to distinguish 
between vaccinated and non-vaccinated dogs. 
Consequently, culling can result in a reduction 
in the number of  vaccinated dogs and increase 
the proportion of  susceptible dogs above the 
threshold for herd immunity (Nunes et  al., 
2008). As a result, Bangladesh stopped mass 
culling in 2012 (Tenzin et al., 2015). Shortly 
after that, another programme was launched 
by the Obhoyaronno Bangladesh Animal 
Welfare Foundation (OBAWF) in Dhaka city 
with the objective of  controlling rabies using 
the catch-neuter-vaccinate-release (CNVR) 
strategy. There are many challenges to imple-
menting this programme successfully. For 
example, this programme requires substantial 
financial support. In addition, the success of  
this programme requires a solid knowledge of  
the dog population size, which is a very chal-
lenging task in the case of  FRDs (Tenzin et al., 
2015).
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During the CNVR programme in 2012 
and 2013, a FRD population estimation study 
was conducted in Dhaka, the capital city of  
Bangladesh, where the ratio of  FRDs to humans 
was reported to be 1:828 (Tenzin et al., 2015). 
However, the report of  Choudhari (2016) 
showed that this ratio increased to 1:193, sug-
gesting a fourfold increase in just 3 years. FRDs 
have access to environmental resources such as 
waste food around markets and garbage dumps, 
and their mating is not controlled. As a result, 
their reproduction rate is higher than that of  
fully controlled dogs. Further, these poorly 
managed FRDs are not regularly vaccinated and 
their lifespan is comparatively short (Pal, 2001). 
Therefore, rabies in this dog population follows 
different dynamics compared to well-supervised 
dogs and demands particular attention 
(Czupryna et  al., 2016). A substantial amount 
of  research has been carried out investigating 
rabies transmission and control management 
in well-supervised dogs (Ruan, 2017; Taylor 
et  al., 2017). In contrast, rabies transmission 
in FRDs and the idea of  controlling the disease 
is relatively less understood. Existing literature 
suggests that controlling rabies in FRDs is 
technically more difficult and requires further 
attention from the scientific and policy-making 
communities (Baquero et  al., 2015; Leung and 
Davis, 2017).

Regular immunization is a widely used 
technique to control the transmission of  rabies 
among dogs. Regular immunization is expected 
to be more efficient in controlling rabies if  the 
birth rate of  dogs is controlled, as suggested by 
Ruan (2017). However, the regular immuniza-
tion concept in the case of  FRDs does not seem 
to be feasible, as it incurs major costs and con-
tinuous efforts as the FRD population is quickly 
renewed due to high birth rates and short 
lifespans. Therefore, following the One Health 
approach, the possible cheap and sustainable 
way to control the FRD population in such 
settings could involve controlling dogs’ access 
to food waste and garbage dumps, as well as 
improving food waste management (Taylor 
et  al., 2017). Baquero et  al. (2015) suggested 
that reduction of  the environmental carrying 
capacity through food waste management 
is the most effective way to modify the dog 
population dynamics of  FRDs. Therefore, the 
use of  vaccinations as an additional control 

in conjunction with waste management may 
help to achieve the desired outcome in control-
ling rabies in FRDs.

Mathematical models are often used to 
acquire quantitative insights into the epidemi-
ological characteristics of  infectious diseases 
and to develop cost-effective control strategies. 
There are a large number of  mathematical 
models focusing on the transmission dynamics 
of  rabies in wildlife such as foxes and raccoons 
(Bingham, 2005; Keller et  al., 2013). Several 
other mathematical models considering the 
dog–human transmission of  rabies have been 
proposed in recent years (Zhang et  al., 2011; 
Leung and Davis, 2017; Ruan, 2017). These 
studies have focused on the transmission of  
rabies among dogs and to humans and sug-
gested different control strategies to limit this 
transmission. Zhang et  al. (2011) studied the 
transmission of  rabies within domestic dogs 
and from domestic dogs to humans in China, 
and the authors suggested that reducing the 
dog birth rate and increasing dog immuniza-
tion coverage may be effective ways to control 
rabies. Another mathematical model focusing 
on domestic and FRDs suggested that rabies 
incidence can be reduced by increasing the 
vaccination rate of  domestic dogs and reduc-
ing the FRD population (Hou et al., 2012). In 
another recent sophisticated study conducted 
by Ruan (2017), the author introduced a 
rabies transmission model with increasing 
complexity.

Existing practices concerning data-driven 
studies of  epidemics and population dynam-
ics are based on time series data of  infection 
prevalence (Kim et  al., 2020; Masud et  al., 
2020b). However, no such data are available 
for rabies in FRDs. So, using mathematical 
modelling tools, we inferred key parameters 
of  the dog population and its rabies dynamics. 
We examine the transmission dynamics of  
rabies among dogs in the presence of  differ-
ent vaccination and sterilization strategies to 
investigate the effectiveness of  vaccination 
in stopping the endemic spread. Besides the 
CNVR programme, we also consider food waste 
management as another control measure to 
reduce the environmental carrying capac-
ity. We then analyse the model to investigate 
whether these combined control measures 
could be effective in stopping the spread or 
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significantly reducing the incidence of  rabies 
which is mainly caused by FRDs.

8.2  What Was Done

8.2.1  Basic model

We divide the dog population into three compart-
ments: (i) susceptible ‍

(
S
)
‍; (ii) exposed ‍

(
E
)
‍; and (iii) 

infectious ‍
(
I
)
‍. We assume the logistic growth of  

the dog population relates to the growth rate with 
carrying capacity. We assume that only susceptible 
dogs give birth to susceptible newborns at a rate 
‍r‍. The carrying capacity is ‍ D‍. The growth term 
is modelled in such a way that the number of  
newborns depends on susceptible dogs only, while 
all dogs contribute to the limitations in available 
resources. The per-capita transition rate, ‍β‍, is a 
product of  the contact rate and transmission prob-
ability at each contact. In addition, homogeneous 
mixing of  dogs is considered, so the probability 
that a susceptible dog will meet an infected dog is 

considered to be 
‍

I
(
t
)

N
(
t
) .

‍
 Therefore, the transition 

rate of  dogs from the susceptible to the exposed 

compartment is 
‍
βS

(
t
) I

(
t
)

N
(
t
)

‍
. Dogs remain exposed 

for a period of  ‍1/σ‍ years on average, where ‍σ‍ is the 
mean period taken for an exposed dog to develop 
infection. Following the model proposed by Zhang 
et  al. (2011), we assume that ‍γ‍ fraction of  the 
exposed dogs ‍

(
E
)
‍ become infectious at the rate 

‍γσ‍, while the rest do not become infectious and 
instead return to the susceptible compartment at 
the rate ‍

(
1− γ

)
σ‍. The parameters ‍m‍ and ‍µ‍ rep-

resent the normal and disease-related death rates, 
respectively. With these assumptions, the rabies 
transmission model is given by:

	

‍

dS
(
t
)

dt = rS
(
t
) (

1− N
(
t
)

D

)
− βS

(
t
) I

(
t
)

N
(
t
)

+σ
(
1− γ

)
E
(
t
)

dE
(
t
)

dt = βS
(
t
) I

(
t
)

N
(
t
) −

(
σ +m

)
E
(
t
)

dI
(
t
)

dt = σγE
(
t
)
−

(
µ +m

)
I
(
t
)

‍� (8.1)

where ‍N
(
t
)
= S

(
t
)
+ E

(
t
)
+ I

(
t
)
‍, here 

‍t ‍ represents time, which is measured in years. 
The model shown in Eqn 8.1 has a disease-free 

equilibrium (DFE), ε0 = (S0, E0, I0) = (D, 0, 0). 
The basic reproduction number, ‍R0‍, is the 
average number of  new rabid dogs due to a 
single rabid dog introduced into the DFE. We 
use the next-generation matrix method and 
follow the notations developed by van den 
Driessche and Watmough (2002) in calculat-
ing the basic reproduction number. According 
to this method, the matrix of  new infection 
terms ‍F ‍ and the matrix of  transition terms ‍V ‍ 
are given by:

	‍

F =




βS
I
N

0

0


 ;

‍�

	

‍

V =




(
σ +m

)
E

−γσE +
(
m + µ

)
I

−rS
(
1− N

D

)
+ βS

I
N

− σ
(
1− γ

)
E




‍
�

Calculating the derivatives of  ‍F ‍ and ‍V ‍ at ‍ε0‍ 

yields 

‍

Fε0 =




0 β 0

0 0 0

0 0 0




‍

 and

	

‍

Vε0 =




σ +m 0 0

−γσ m + µ 0

r− σ
(
1− γ

)
r + β r




‍�

The expression ‍Fε0V
−1
ε0 ‍ termed as the next-

generation matrix gives the expected number of  
secondarily infected dogs in each compartment 
produced by a single rabid dog. The spectral 
radius of  ‍Fε0V

−1
ε0 ‍ is the basic reproduction 

number 
‍
R0 = βσγ(

µ+m
)(
m+σ

)
‍
, which is reasonable 

from the perspective of  an epidemic due to the 
following:

	

‍

R0 =
βσγ(

µ + m
) (
m + σ

)

≈ β ×
1

µ + m
×

D− 1

D
×

σγ

m + σ

= infectious contact rate× infectious lifetime

×probability of contact with susceptible dog

×probability of developing infection ‍�
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The eigenvalues of  the Jacobian matrix of  

the system shown in Eqn 8.1 at DFE ‍ε0‍ are ‍−r ‍ 
and

	

‍
−
(
2m+µ+σ

)
±
√(

2m+µ+σ
)2+4(R0−1

)(
m+µ

)(
m+σ

)
2 ‍

�

Here, the first eigenvalue is clearly negative, 
while the other two are negative if  ‍R0 < 1‍, and 

at least one is positive if  ‍R0 > 1‍. Therefore, ‍ ε0‍ 
is locally asymptotically stable for ‍R0 < 1‍ and 
unstable for ‍R0 > 1‍. In addition, the model in 
Eqn 8.1 has an endemic equilibrium:

‍

ε∗ =
(
N∗

R0
,N∗

(
1− 1

R0

)
µ+m

σγ+µ+m ,

N∗
(
1− 1

R0

)
σγ

σγ+µ+m

)

‍
which is biologically relevant only when  

R0 > 1. Here,

	

‍
N∗ = D

[
1−

(
R0 − 1

) (
µ+m

)(
m+σγ

)
r
(
σγ+µ+m

)
]

‍�

The expression of  ‍ N∗‍ shows that when 

‍R0 = 1‍, the dog population reaches the carry-
ing capacity; however, if  ‍R0 > 1‍, then the short 
lifespan of  infected dogs hinders the total dog 
population to reach the carrying capacity. If  

‍
R0 > 1 +

r
(
σγ+µ+m

)
(
µ+m

)(
m+σγ

)
‍
, then the dog popula-

tion will become extinct. A similar indication 
can also be observed from the stability investiga-
tion of  ‍ε∗‍.

The stability investigation of  ‍ ε∗‍ requires 
tedious mathematical analysis; therefore, we 
used numerical software matcont (Dhooge et al., 
2003) to investigate the stability of  this equi-
librium. The parameters β and γ are chosen as 
bifurcation parameters due to their importance 
in epidemic outbreaks.

The bifurcation analysis provides an inte-
grated view of  the dynamics of  the model (Eqn 
8.1). It reveals that ε* is stable and rabies per-
sists for ‍R0 > 1‍ (see Fig. 8.1). The figure shows 
several ranges of  values for β and γ for a given ‍r ‍.  
The endemic equilibrium ε* that is stable in 
region II bifurcates on the Hopf  curve emit-
ting a stable limit cycle through supercritical 
Hopf  bifurcation, resulting in the formation 
of  region III. As a result, the system exhibits 
periodic oscillations when the values of  β and 

Fig. 8.1.  (a) (β, γ) -parameter plane for = 1. Below the solid curve (region I), the system remains disease 
free, whereas rabies persists beyond this curve. Region III represents the ranges for β and γ, which lead 
to periodic oscillatory solutions. The dog population becomes extinct in region IV. (b) The trajectories 
corresponding to the four different regions of the bifurcation diagram. R0, basic reproduction number;  
E, part of dog population that is exposed to rabies infection; S, part of dog population that is 
susceptible to rabies. Images created by the authors.
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γ are chosen from this region. The size of  the 
limit cycle that emerged from the Hopf  bifur-
cation increases in the direction of  increasing 
γ, which finally disappears via a saddle homo-
clinic bifurcation on the homoclinic curve, 
and thus, region IV is born. As a result, the 
values of  β and γ chosen from region IV lead to 
the extinction of  the dog population, suggest-
ing that the values of  β and γ corresponding 
to this region are unreasonably large for the 
given ‍r ‍.

8.2.2  Controlling rabies

The above analysis shows that the dynamics 
of  the model shown in Eqn 8.1 are largely 
controlled by the parameter ‍r ‍ in association 
with β and γ. Therefore, one can speculate 
that the spread of  rabies can be hindered by 
controlling the birth rate in dog populations, 
or by securing the newborns, for example 
through vaccination. We experiment with 
three different vaccination strategies. The 
first one is continuous vaccination, in which 
the susceptible dog population is vaccinated 
at a constant rate. The next one is pulse vac-
cination, which refers to vaccinating a fraction 
of  the entire susceptible dog population in a 
single pulse applied every ‍θ‍ year. The last one 
is time-dependent vaccination accompanied by 
carrying capacity control.

8.2.2.1  Continuous vaccination model

Here, we assume that dogs are vaccinated and 
neutered at a rate ‍k‍ and move to the recovered 
class. There are vaccines that need a booster 
dose after 2–3 years, while the lifespan of  
FRDs is approximately 3 years. Therefore, we 
assume that the vaccine provides permanent 
immunity. However, this may not be true in 
general as the duration of  protection afforded 
by vaccines depends on the efficacy of  the 
vaccine, the size of  the dose, and various other 
factors. We, therefore, acknowledge that this 
is a limitation of  the constant vaccination 
model.

	‍

dS(t)
dt = rS(t)

(
1− N(t)

D

)
− βS(t) I(t)N(t)

+σ(1− γ)E(t)− kS(t)
dE(t)
dt = βS(t) I(t)N(t) − (σ +m)E(t)

dI(t)
dt = σγE(t)− (µ +m)I(t)
dR(t)
dt = −kS(t)−mR(t) ‍

� (8.2)

The basic reproduction number, ‍R0‍, 
reduces to:

	‍
R0 = βσγm(

µ+m
)(
m+σ

)(
m+k

)
‍�

The above expression shows that ‍R0‍ 
increases with β and decreases with ‍k‍. For ‍R0 < 1‍,  
we can easily find that, 

‍
k > β σγm(

µ+m
)(
m+σ

) −m
‍
 

(i.e. the threshold for ‍k‍ is a linear function of  β). 
This shows that vaccination coverage should be 
high in the case of  a high transmission rate.

8.2.2.2  Pulse vaccination model

Here, we present the pulse vaccination model 
derived from the model (Eqn 8.1). According 

to this strategy, a fraction ‍k′ = kθ‍ of  the entire 
susceptible dog population is vaccinated in a 
single pulse every ‍θ‍ year (Yongzhen et al., 2011), 
where the value of  ‍k‍ is such that ‍0 < kθ < 1‍.

	‍ t ̸= nθ‍�

	

‍

dS(t)
dt = rS(t)

(
1− N(t)

D

)
− βS(t) I(t)N(t)

+σ(1− γ)E(t)
dE(t)
dt = βS(t) I(t)N(t) − (σ +m)E(t)

dI(t)
dt = σγE(t)− (µ +m)I(t)
dR(t)
dt = −mR(t) ‍� (8.3)

	

‍t+ = nθ, n ∈ Z+‍ �

	‍

S(t+) = (1− k
′
)S(t)

E(t+) = E(t)

I(t+) = I(t)

R
(
t+
)
= k

′
S
(
t
)
+ R

(
t
)
‍�
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8.2.2.3  Optimal control model

In this section, we intend to explore strategies 
apart from vaccination that can be used inde-
pendently or in combination with vaccination 
to reduce virus transmission among the dog 
population effectively. We consider vaccination 
and moderated growth rate through waste 
management as two potentially effective control 
measures. As we intend to limit the growth rate 
by reducing the carrying capacity, we aim to 
enhance the second-order term in the logistic 
growth model, since a decrease in carrying 
capacity can alternatively be achieved by increas-
ing this term. We assume u1 can increase the 
second-order term ‍ρ‍ times at maximum, where 
u1 ∈ [0, 1] and ‍ρ‍ are constants that depend on 
how much stress can be applied to suppress the 
growth. In our simulation, we assume ρ = 10, 
which means the impact of  limiting resources 
(second order term in the logistic growth) can be 
increased to a maximum of  ten times by imple-
menting carrying capacity control.

We assume that the vaccine is provided at 
a rate u2, where u2 ∈ [0, 1]. Taking the above 
two controls into consideration, the model 
(Eqn 8.1) takes the following form:

	‍

dS(t)

dt
= rS(t)

(
1−

N(t)

D
(1 + ρu1(t))

)

−βS(t)
I(t)

N(t)
+ σ(1− γ)E(t)

−u2S(t)
dI(t)

dt
= σγE(t)− (µ + m)I(t)

dR(t)

dt
= u2(t)S(t)− mR(t)

‍�

(8.4)

Though our objective is to reduce the 
number of  rabid dogs, it is neither possible to 
reduce and maintain the growth rate at zero, 
nor to vaccinate all dogs. So, we construct a 
cost functional as follows to balance between 
the competing aims of  reducing rabid dogs and 
implementing control measures.

	

‍

J(u1(t), u2(t)) =
´ T
0

(
CI(t) + 1

2B1u1(t)
2

+1
2B2u2(t)

2
)
dt,

0 ≤ u1(t), u2(t) ≤ 1‍� (8.5)

Here, ‍T ‍ is the final time; ‍C ‍ is a constant rep-
resenting the cost associated with each infected 
dog and plausible human infections resulting 
from the infected dog; and B1 and B2 are costs 
associated with the implementation of  controls 
u1 and u2, respectively. Our aim is to identify 
the time-dependent piece-wise continuous 
controls ‍u

∗
1(t)‍ and ‍u

∗
2(t)‍ that minimize the cost 

‍J(u1(t), u2(t))‍ subject to the model shown in Eqn 
8.4. Two time-dependent controls govern the 
dynamics of  the system to minimize the number 
of  infected dogs as well as the cost associated 
with the implementation of  the controls.

Mathematically speaking, the aim is to 
determine the optimal controls ‍u

∗
1(t)‍ and ‍u

∗
2(t)‍ 

such that:

	

‍

J(u∗1(t), u
∗
2(t)) = min{J(u1, u2)|ui : [0, T] → [0, 1]

is piece-wise continuous, i = 1, 2}‍ 
�

Such an optimal control pair ‍(u
∗
1(t), u

∗
2(t))‍ 

exists (Masud et  al., 2020a) and the necessary 
conditions to be satisfied by the optimal controls 
are derived from Pontryagin’s Maximum Principle 
(Fleming and Rishel, 1975). We construct the 
Hamiltonian, ‍H‍, given by:

	

‍

H := CI(t) + 1
2B1u1(t)

2 + 1
2B2u2(t)

2

+λ1

[
rS(t)

(
1− N(t)

D (1 + ρu1(t))
)

−βS(t) I(t)N(t) + σ(1− γ)E(t)

−u2S(t)
]

+λ2

[
βS(t) I(t)N(t) − (σ +m)E(t)

]

+λ3[σγE(t)− (µ +m)I(t)]

+λ4[u2(t)S(t)−mR(t)] ‍� (8.6)

Here λ1, λ2, λ3 and λ4 are called adjoin 
variables and given by the following system of  
ordinary differential equations:

	

‍

λ
′

1(t) = −λ1(t)r + λ1r(1 + ρu1(t))
N(t)+S(t)

D

+βI(t)(λ1(t)− λ2(t))
N(t)−S(t)
N2(t)

+(λ1(t)− λ4(t))u2(t) ‍ �
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‍

λ
′

2(t) = λ1r(1 + ρu1(t))
S(t)
D

+λ2(t)m− β(λ1(t)− λ2(t))
S(t)I(t)
N(t)2

−σ(λ1(t)− λ2(t)) + σγ(λ1(t)− λ3(t))‍ �

	

‍

λ
′

3(t) = − C + λ1r(1 + ρu1(t))
S(t)
D

+λ3(t)(m + µ) + β(λ1(t)

−λ2(t))
S(t)(N(t)−I(t))

N(t)2 ‍ �

	‍

λ
′

4(t) = λ1r(1 + ρu1(t))
S(t)
D + λ4(t)m

−β(λ1(t)− λ2(t))
S(t)I(t)
N(t)2 ‍ �

with transversality conditions,

	‍ λi
(
t
)
= 0; i = 1, 2, 3, 4‍� (8.7)

Finally, the optimal controls ‍u
∗
1(t), u

∗
2(t)‍ are 

characterized by ‍
∂H
∂u1

= 0‍ and ‍
∂H
∂u2

= 0‍, which 
give:

	

‍
u∗1(t) = min

{
1,max

{
0, rρλ

∗
1 (t)S

∗(t)N∗(t)
DB1

}}
‍�

	‍

u∗2(t) = min
{
1, max

{
0, S∗(t)(λ∗1(t)

−λ∗4(t))
1
B2

}}

‍ �

In order to numerically solve the optimal 
control system, we use the Forward—Backward 
Sweep method (Lenhart and Workman, 2007). 
We assume C = 1, and B1 = B2 =10. We set B1 
= B2 in order to understand the relative impor-
tance of  controlling carrying capacity and vac-
cination. The controls cannot be 100% effective 
(i.e. as we can neither reduce the growth rate to 
zero through waste food management, nor vac-
cinate all of  the dogs at once). We assume that 
‍u1‍ does not exceed 0.8. u2 refers to the continu-
ous vaccination rate, which has been reported to 
be 0.09 in Zhang et al. (2011) and 0.24 in Kitala 
et al. (2002). As this study deals with FRDs, we 
assume it does not exceed 0.3. Here, we present 
the details of  a simulation to observe the optimal 
control strategies for 5 years. All the numeri-
cal simulations presented in this chapter are 
carried out using matlab 2018 a (matlab version 

9.4.0 (R2018a), The MathWorks Inc., Natick, 
Massachusetts).

8.3  Parameterization

The population dynamics of  unsupervised FRDs 
are very different from that of  well-supervised, 
confined dogs. The lifespan of  a FRD is about 3 
years (Hampson et  al., 2007), which is much 
shorter than that of  a domestic dog (Zhang 
et  al., 2011). The lifespan of  domestic dogs 
varies depending on breeds, different patterns 
of  breeding, body size, and responsible owner-
ship that varies from community to community 
(Yordy et al., 2020). However, Inoue et al. (2018) 
estimated the overall life expectancy of  domestic 
dogs to be 13.7 (with 95% confidence interval 
(CI): 13.7–13.8) years. So, we assume the 
natural mortality rate m = 0.33/year. Yearly dog 
per-capita birth rate is assumed to be 0.0027 × 
365 − m = 0.6555 (Leung and Davis, 2017). We 
assume a 2 month incubation period of  the rabies 
virus in an infected dog (Zhang et al., 2011) (i.e. 
the reciprocal of  the incubation period ‍σ = 6‍). 
The probability of  clinical outcome is ‍γ = 0.4‍. 
The duration of  infectivity of  an infected dog is 
assumed to be 5.7 days (Hampson et al., 2007), 
which gives a disease-related death rate μ = 1/
(5.7/365) ≈ 64. Rabies-related parameters in 
FRDs are described in Table  8.1. We now infer 
the carrying capacity ‍D‍, and transmission rate, 
β, as well as ‍R0‍ in Dhaka.

From the data, we observe that the dog 
population almost doubled just in 3 years from 
2013 to 2016 (i.e. according to our model, 1 < 
R0 < 1.249). We are now especially interested in 
which value of  R0 and D lead to that particular 
growth over 3 years. Assuming the dog popula-
tion was at equilibrium in 2013, we simulated 
our model for 1 < R0 < 1.249, with different 
values of  ‍D‍. It should be noted that the initial 
conditions in 2013 were adapted according to 
the CNVR campaign outcome before the simula-
tion (Tenzin et  al., 2015). The whole process is 
summarized as follows:
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•	 Step 1: Find all possible values of  endemic 
equilibrium for N* = 18,585 and 1 < R0 < 
1.249 to be used as the initial condition.

•	 Step 2: Update the initial condition as (S*, 
E*, I*, R*)+(−6665, 0, 0, 6665). Here, 
6665 is the number of  dogs vaccinated and 
neutered during the 2002–2003 CNVR 
programme (Tenzin et al., 2015).

•	 Step 3: Run the model for each ‍R0‍ and asso-
ciate the initial condition found in Step 2 to 
find the value of  ‍D‍ that produces 37,009 
dogs in 2016 (Choudhari, 2016).

The above algorithm gives us plausible 
‍R0 − D‍ pairs to explain the rabies epidemic and 
dog population dynamics in Dhaka from 2013 
to 2016, which is portrayed in Fig. 8.2.

8.4  What Was Found Out

The model considered in this study is con-
cerned with rabies transmission among 
FRDs. The analyses show that a rabies 

Table 8.1.  Parameter values for numerical simulation. Table created by authors.

Notation Value per year Source

Dog per-capita birth rate, r 0.6555 Leung and Davis (2017)

Dog vaccination rate, k ≤ 0.3 Kitala et al. (2002), Zhang et al. (2011)

Dog-to-dog transmission rate, β [169, 211] Estimated

Risk of clinical outcome of exposed dogs, γ 0.4 Zhang et al. (2011)

The reciprocal of the incubation period, σ 6 Zhang et al. (2011)

Natural mortality rate, m 0.33 Hampson et al. (2007)

Disease-related death rate, μ 64 Hampson et al. (2007)

Fig. 8.2.  Dog population dynamics in Dhaka 2013–2016. The curve shows the R0 – D pairs that 
explain dog population growth between the years 2013 and 2016 in Dhaka city, where R0 is the basic 
reproduction number and D is the environmental carrying capacity of dogs. Image created by the 
authors.
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outbreak is not possible if  ‍R0 < 1‍. For ‍R0 > 1‍, 
an epidemic may take off. We consider reduc-
ing the dog carrying capacity as a means of  
reproduction control in addition to vaccina-
tion as plausible effective control measures. 
The effect of  carrying capacity on the dog 
population has already been established. 
Reducing shelter and food sources through 
waste management could be a cheap way 
to reduce dog turnover. Here, we examine 
theoretically whether this method is effective 
in controlling rabies transmission.

For each ‍R0 − D‍ pair shown in Fig.  8.2, 
we find a distribution of  the dog population for 
four different compartments for the year 2016. 
In further analysis, we use this as the initial con-
dition and simulate the model from 2016. It is 
worth mentioning here that there was another 
CNVR programme in 2016, in which 26% of  
the dogs in the north and 13% of  the dogs in 
the south of  Dhaka were vaccinated (Hossain 
et al., 2012; Ghosh et al., 2020). We updated the 
initial conditions considering the vaccination 
that was administered in 2016. We then used 
these updated initial conditions to simulate the 
model with constant vaccination, the pulse vac-
cinating model, and the model that introduced 
optimal vaccination along with carrying capac-
ity control.

The red dotted and solid lines in Fig.  8.3 
show the number of  infected dogs in a popula-
tion that is obtained from the constant vac-
cination model with and without vaccination. 
The blue lines show the number of  infected 
dogs in a population for pulse vaccination at 
three different rates, and the green lines show 
this dog population with optimal controls (viz. 
carrying capacity control, ‍u1‍ and vaccination, 
‍u2‍). We simulated the models for a period of  5 
years, where the value of  ‍R0‍ was chosen as 1.1 
and 1.23 along with two types of  vaccination 
coverage (‍0 < u2 < 0.1‍ and ‍0 < u2 < 0.3‍). The 
optimal control model is simulated under three 
different scenarios: (i) when both ‍u1and u2‍ are 
implemented; (ii) when only ‍u1‍ is implemented; 
and (iii) when only ‍u2‍ is implemented. We 
also simulated the model for no vaccination 
coverage. This allows us to make a comparison 
between dog rabies scenarios in controlled and 
uncontrolled cases. The results are presented in 
Fig.  8.3(a–d). The corresponding values of  the 

time-dependent controls are shown on the right 
panel. In our simulations, we refer to ‍R0 = 1.1‍ 
as a low transmission setting and to ‍R0 = 1.23‍ 
as a high transmission setting. Similarly, we 
refer to ‍k = 0.1‍ as a low vaccination rate and to 
‍k = 0.3‍ as a high vaccination rate.

We notice that the implications of  differ-
ent controls used in this study may provide 
a significantly better dog rabies scenario 
compared to no control at all; however, when 
we look further into the details, we see that 
one produces better results in reducing the 
number of  rabid dogs than the other. Note that 
the performance depends on the transmission 
settings as well as the vaccination rates.

We find that both the constant and the 
pulse vaccination corresponding to a low vac-
cination rate reduces the number of  rabid dogs 
greatly; however, the optimal control model 
where the vaccination is accompanied by car-
rying capacity control produces an even better 
result. This is true both in low and in high 
transmission settings (see Fig.  8.3a and b). It 
is worth mentioning that carrying capacity 
control alone (when only ‍u1‍ is implemented) 
is shown to be more promising compared to 
constant and pulse vaccinations in high trans-
mission settings, as opposed to low transmis-
sion. This indicates that the carrying capacity 
control alone may not be a reliable strategy 
to control rabies in general, and signifies the 
simultaneous implementation of  vaccination 
and carrying capacity control. In contrast, the 
pulse vaccination model is shown to be more 
promising compared to other control strate-
gies in the case of  a high vaccination rate (see 
Fig.  8.3c and d). It is true both in low and in 
high transmission settings; however, it should 
be noted that vaccinating FRDs at the rate of  
30% every year is a quite challenging task.

8.5  Conclusion

We studied a dog population model of  rabies 
transmission dynamics to investigate the 
role of  vaccination and dog population 
management in controlling rabies in FRDs. 
The analysis of  the basic model showed that 
the birth rate of  dogs significantly affects dog 
dynamics and rabies transmission in FRDs. 
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Fig. 8.3.  Comparison between different types of control strategies (a–d). (a) Vaccination coverage, and 
basic reproduction number, R0= 1.23; (b) k = 0.1, R0= 1.1; (c) k = 0.3, R0= 1.23 ; and (d) k = 0.3, R0= 1.1. 
D is the environmental carrying capacity of dogs; I is the number of infected dogs; and u1 and u2 are 
the carrying capacity control and the vaccination rate control, respectively. The corresponding optimal 
control strategies are presented in the right-hand column of each graph (the asterisk ‘*’ above ‘u1’ and 
‘u2’ indicates the optimal value of ‘u1’ and ‘u2’ for which the cost function is minimized). Images created 
by the authors.
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This quantity is directly associated with an 
upper limit of  the transmission coefficient 
(in other words, an upper limit of  the basic 
reproduction number at which the dog 
population becomes extinct); therefore, it was 
primarily expected that reducing this quantity 
may help to control or reduce the spread of  
rabies. The idea was validated by the results 
of  the advanced model, where we found that 
carrying capacity reduction significantly 
reduces the number of  rabid dogs. However, 
this control measure alone was not effective 
enough to control rabies, and it showed dif-
ferent performances under different transmis-
sion settings and vaccination rates as follows. 
Corresponding to a low vaccination rate, the 
vaccination was found to dominate other 
control measures in low transmission set-
tings, whereas the carrying capacity reduc-
tion was found to play a dominant role in the 
case of  high transmission settings; therefore, 
the carrying capacity control was expected 
to be a good supplementary control measure. 
It leads us to conclude that simultaneous 
implementation of  vaccination and carrying 
capacity control could be a reliable approach 
to controlling rabies in FRDs. This notion is 
supported by the results corresponding to the 
low vaccination rate, as shown in Fig.  8.3(a 
and b). In contrast, an alternative scenario 

was observed in the case of  a high vaccination 
rate, where the pulse vaccination was found to 
dominate other control measures both in low 
and in high transmission settings. However, 
vaccination at the proposed rate of  30% every 
year is a quite challenging task for FRDs, as 
the maximum vaccination rate in Dhaka was 
26% in 2016. Therefore, we recommend the 
simultaneous use of  carrying capacity control 
and vaccination as control measures.

The results of  this study should encour-
age community awareness against dumping 
food waste in undesignated areas, leaving food 
garbage open for dogs to access, or feeding FRDs. 
Finally, it is worth mentioning that the model 
parameters were estimated on a trial basis due 
to a shortage of  data. These parameters could be 
estimated more accurately when there are suf-
ficient data and hence, lead to better accuracy 
of  the predicted results. A One Health approach 
would therefore be the best possible way to 
inhibit the transmission of  rabies in FRDs in 
Bangladesh and hence, achieve the Zero by 30 
goal. The control strategies proposed in this 
study are expected to be equally effective in other 
Asian countries, as FRDs share the major portion 
of  the total dog population, the food waste sites 
are poorly managed, and the community has 
the habit of  dumping food in undesignated areas 
and feeding FRDs.
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Abstract
Rabies is endemic to the Philippines, causing more than 300 human deaths nationwide/year. Locally, its mode 
of  transmission is through the bites of  dogs, which commonly roam provincial and city streets. Using rabies 
surveillance data from animal samples submitted between 2011 and 2020 to laboratories in the Greater Manila 
Area and Region IV-B, this study modelled the impact of  age-targeted vaccination on dogs. A rabies transmission 
model was developed, with an emphasis on separate puppy and adult age classes. Puppies less than 3 months of  
age are normally exempt from rabies vaccination, but the model showed that mass vaccinations with a vaccine 
coverage of  50%, that included puppies, led to eventual elimination of  the disease. This study emphasizes the 
importance of  immunizing not just adult dogs but puppies as well, while suggesting the need for stricter popula-
tion control methods to reduce the incidence of  rabies in the Philippines.
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9.1  Introduction

Hundreds of  people die annually from rabies in 
the Philippines, wherein the disease remains 
endemic (Tohma et al., 2016). Dogs are the main 
vector of  Lyssavirus locally, shedding it in the 
saliva and thus spreading it to other mammals 
primarily through biting. When infected, a dog 
undergoes an incubation period ranging from 2 
days to 2 months, before developing neurological 
signs very rapidly and dying within 2 weeks. The 
closer the bite wound to the brain, the shorter 

the distance for the virus to travel – thus, bite 
location may greatly decrease rabies’ incubation 
period. In order to diagnose rabies in dogs, brain 
tissue must be brought to a diagnostic labora-
tory, wherein the viral antigen is confirmed 
using the fluorescent antibody test (FAT), which 
has a sensitivity of  98% (WHO, 2018).

Metro Manila is officially known as the 
National Capital Region (NCR), but when paired 
with bordering provinces Bulacan, Laguna, 
Cavite and Rizal, they are altogether referred 
to as the Greater Manila Area. Collectively, 
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these provinces were responsible for 23.61% 
of  human rabies cases nationwide in 2018 
(Department of  Health, 2018). South of  the 
NCR are the island provinces making up Region 
IV-B of  the Philippines, also termed ‘Mimaropa’, 
comprising Mindoro, Marinduque, Romblon 
and Palawan. This region was responsible for 
1.3% of  human rabies cases nationwide in 
2018. Province-wise, Mindoro and Palawan 
have consistently exhibited higher incidence 
rates of  human rabies compared to Marinduque 
(which remained rabies free until 2018) and 
Romblon (rabies free as of  mid-2019). For an 
area in the Philippines to be declared ‘rabies 
free’, it must have had no human or animal 

rabies case for at least 2 years, while maintain-
ing an adequate rabies surveillance system and 
import policy (Department of  Health, 2012).  
A map of  the regions can be found in Fig. 9.1.

Stray dogs are common in the Philippines, 
and even dogs considered as ‘owned’ dogs blur 
the line between strays and pets, as many can be 
seen wandering the streets (Lapiz et al., 2012). 
Demographic data on dogs is limited, but gov-
ernment efforts to eliminate the disease partly 
by combating dog population growth have 
included mass spay and neuter programmes and 
culling of  strays. Having adopted the Zero by 30 
global strategic plan, the Philippines’ measures 
to curb the disease include nationwide mass dog 

Fig. 9.1.  Map of the Philippines depicting the provincial populations of the Greater Manila Area and 
Region IV-B. Figure created by Mirava Yuson.
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vaccinations, which aim for an annual 70% vac-
cination coverage at minimum. But despite the 
aforementioned practices, dogs still persist as the 
primary cause for the majority of  human rabies 
cases as of  2021. Nevertheless, the Philippines 
as a whole has aimed to follow the rabies guide-
lines set by World Health Organization (WHO) in 
2008, and public awareness has been steadily 
increasing due to information drives and the 
establishment of  over 500 animal bite treat-
ment centres (ABTCs) throughout the country 
(Amparo et al., 2018).

In accordance with national guidelines, the 
rabies vaccine is administered only to dogs that 
are at least 3 months old, although WHO recom-
mends that it also be given to puppies regardless 
of  age (WHO, 2018). The primary reason for 
the discrepancy is that vaccine manufactur-
ers recommend against immunizing puppies, 
as immune responses are hypothesized to be 
hampered at that age due to their incompletely 
developed immune systems and circulating 
maternal antibodies. However, there is substan-
tial evidence that inactivated rabies vaccines 
are actually effective in young puppies (Morters 
et  al., 2015). Previous studies show that up to 
40% of  rabies-positive puppies in the Philippines 
are 3 months old or younger (Domingo and 
Mananggit, 2014). Efforts have been made to 
determine what further actions can be taken to 
eliminate the disease locally. If  mass vaccina-
tion efforts were to include puppies, incidents 
of  rabies exposure in humans could potentially 
decrease – one among many expected positive 
results stemming from a transdisciplinary 
partnership with the animal health sector, that 
is performed congruently with the One Health 
approach.

In the event of  a biting incident, bite victims 
are advised to undergo the rabies post-exposure 
prophylaxis regimen, while the biting animal is 
confined and observed for 10–14 days for signs 
of  illness or sudden death. The FAT is only avail-
able for confirming rabies diagnosis in animals 
in select laboratories in the Philippines. The 
Research Institute of  Tropical Medicine (RITM), 
located in Muntinlupa City, Metro Manila, 
receives the majority of  animal rabies samples 
from the Greater Manila Area, while also per-
forming genomic sequencing for rabies samples 
collected nationwide. The Regional Animal 
Disease Diagnostic Laboratory (RADDL) in 

Calapan City, Oriental Mindoro, plays a similar 
role in Region IV-B, but forwards samples to 
RITM for genomic sequencing.

Mathematical modelling is a tool for explor-
ing epidemic scenarios and is commonly used to 
estimate the impact of  different control meas-
ures such as mass dog vaccination. Modelling 
is also useful for determining which parameters 
have the biggest effect on the incidence of  a 
disease. The objective of  this study was to create 
a model that incorporates age classes and mass 
vaccination and examine whether age-targeted 
vaccination of  puppies that are 3 months old or 
younger would decrease the incidence of  rabies 
in dogs.

9.2  Materials and Methods

9.2.1  Assessing rabies incidence

The study was conducted using dog rabies 
samples submitted to RITM and RADDL from 
provinces within the Greater Manila Area 
and Region IV-B, respectively, in conjunction 
with the SPEEDIER project (managed by the 
Field Epidemiology Training Program Alumni 
Foundation, Inc. and the University of  Glasgow). 
Brain tissue specimens from dogs suspected of  
rabies were brought to the diagnostic laboratory 
of  the Veterinary Research Division in RITM or 
RADDL for confirmation via FAT. Information 
regarding each case included species, age, 
colour, municipality, and vaccination and own-
ership status. Samples were collected over a span 
of  10 years, from 2011 to 2020.

Rabies incidence was calculated for both 
human and dog populations in a given year on a 
regional and provincial level. We then explored 
the temporal trends in rabies cases across the 
two regions and compared the spatial distribu-
tion patterns in these cases.

9.2.2  Structuring an SEIV canine  
rabies model

A deterministic compartmental model con-
sisting of  differential equations and two age 
structures was developed to simulate the 
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transmission dynamics of  the rabies virus in 
the dog population of  the two regions. The SEIV 
model comprised compartments Susceptible 
(S), Exposed (E), Infectious (I) and Vaccinated 
(V) for each age class (puppy (ₚ) and adult (ₐ)), 
with random mixing between dogs regardless of  
age assumed to take place and puppies referring 
to dogs of  less than 3 months old, as shown in 
Fig. 9.2.

The flow diagram of  the age-structured 
model shown in Fig. 9.2 depicts the transmission 
of  rabies among dogs with the inclusion of  birth 
(a) and death (µ) rates. Although the same alpha-
bet letter is used for both, the parameter for birth 
rate (a) is unrelated to the adult compartments 
(which use ‘a’ as a subscript, shown as ₐ). In this 
model, dogs were born as susceptible puppies 
(Sp), and could eventually become exposed (Ep) 
to rabies, get infected (Ip), then die. Following 
vaccination, susceptible puppies are moved on 
to the vaccinated puppies (Vp) compartment. 
After a period of  1-year, vaccine-induced 
immunity is assumed to wane according to 
national guidelines (Bureau of  Animal Industry, 
2019a), therefore dogs could become suscep-
tible once more. Hence, vaccinated puppies 
could return to becoming susceptible puppies as 
shown in the diagram (in accordance with the 
model’s differential equations) but factoring in 
the 1 year duration of  vaccine immunity will 
always cancel out the number of  puppies doing 
that, as they will have aged into adults instead. 
Susceptible puppies could also transition into 
susceptible adults (Sa); the same condition 
applies to exposed puppies who would grow up 
into exposed adults (Ea), and so forth. Similarly, 
vaccinated adults (Va) could lose their immunity 
and return to being susceptible adults. To see all 
the parameters and their definitions, please refer 
to Table 9.1.

The following system of  differential 
equations was developed for the model, and 

Fig. 9.2.  Age-structured SEIV (Susceptible, 
Exposed, Infectious and Vaccinated) canine 
rabies model. A compartmental diagram 
depicting the transmission of canine rabies, 
further categorized by the inclusion of two age 
classes, puppy (p) and adult (a). a, birth rate; βI, 
the effective infectious contact rate, or the force 
of infection; σ, incubation period; γ, infectious 
period; µ, natural mortality rate; ε, ageing rate; φ, 
puppy vaccination rate; ρ, adult vaccination rate; 
δ, duration of immunity. For full explanation of the 
flow diagram see text. Diagram created by  
Mirava Yuson.

Table 9.1.  Parameters described in the SEIV model.

Parameter Value Source

Birth rate (a) 0.38 /year Ferguson et al. (2015)

Natural mortality rate (1/µ) 3 years Leung and Davis (2017)

Mean habitat carrying capacity (K) 337.44 dogs/km Estimated

Growth rate (r) 0.38 /year Estimated

Ageing rate (1/ε) 90 days Estimated

Incubation period (1/σ) 10 days Department of Health (2012)

Infectious period (1/γ) 7 days Department of Health (2012)

Total population (initial N) 1,250,000 dogs Estimated

Puppy vaccination rate (φ) 0 /year Estimated

Adult vaccination rate (ρ) 0.53 /year Bureau of Animal Industry (2019b)

Duration of immunity (δ) 1 year Estimated
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implemented in the programming language 
R (RStudio Team, 2020), using the package 
deSolve (Soetaert et al., 2010):

	‍

N = Sp + Ep + Ip + Vp + Sa + Ea
+Ia + Va ‍

� (9.1)

	‍

dSp/dt = a(Sa + Ea + Ia + Va)
−βSp(Ip + Ia)− µSp
−φSp − (rN/K)Sp
−εSp + δSp ‍�

(9.2)

	
‍

dEp/dt = βSp(Ip + Ia)− σEp − µEp
−(rN/K)Ep − εEp ‍� (9.3)

	
‍

dIp/dt = σEp − γIp − µIp − (rN/K)Ip
−εIp ‍� (9.4)

	
‍

dVp/dt = −µVp + φSp − (rN/K)Vp
−εVp − δVp ‍� (9.5)

	
‍

dSa/dt = −βSa(Ip + Ia)− µSa − ρSa
−(rN/K)Sa + εSp + δSa ‍� (9.6)

	
‍

dEa/dt = βSa(Ip + Ia)− σEa − µEa
−(rN/K)Ea + εEp ‍� (9.7)

	
‍

dIa/dt = σEa − γIa − µIa − (rN/K)Ia
+εIp ‍� (9.8)

	
‍

dVa/dt = ρSa − µVa − δVa − (rN/K)Vp
+εVp ‍�(9.9)

9.2.3  Parameterization

A summarized description of  the parameters 
used is listed in Table  9.1. Due to the limited 
availability of  dog demographic data in the 
Philippines, the birth rate (a) and natural mor-
tality rate (1/µ) were taken from other literature. 
The authors believed that the following studies’ 
findings can be generalized and applied to this 
study: the birth rate was based on that of  a pre-
vious study conducted in Region VI (Ferguson 
et  al., 2015), while the natural mortality rate 
was based on the life expectancy of  owned free-
roaming dogs in sub-Saharan Africa (Leung 
and Davis, 2017). The growth rate (r) was the 
calculated difference between the birth rate and 
natural mortality rate. Since the model assumes 

logistic growth, the growth rate indicates the rate 
at which the population will reach equilibrium 
at a given carrying capacity. The ageing rate was 
derived from the number of  days dogs spent as 
puppies (90) before being qualified to receive the 
rabies vaccine as ‘adults’. Random mixing was 
assumed since, despite confinement, household 
dogs are often given outside access by their 
owners and can still interact with stray dogs, 
maintaining similar home ranges. Regardless of  
urban morphology, dog population density and 
number of  contacts of  puppies and adult dogs 
were presumed to be the same, as was the total 
force of  infection. Human-mediated transfer of  
dogs in and out of  the regions was not taken into 
account.

The effective contact rate (β) represents the 
probability of  transmitting rabies per contact 
with another dog. Carrying capacity (K) was 
incorporated to restrict population growth, with 
the assumption that in the model, the value 
remained the same throughout the study dura-
tion. The following equation was used to calcu-
late the carrying capacity (Kitala et al., 2002):

	‍ K = (a + σ)(a + γ)/βσ‍� (9.10)

The dog population (1,250,000 dogs) was 
estimated by multiplying the mean number 
of  Philippine dogs per household according 
to a study from the province of  Bicol (Barroga 
et al., 2018) with the number of  households in 
the areas from which samples were collected 
(Greater Manila Area and Region IV-B). The 
number of  households was calculated by means 
of  dividing the total recorded population of  
2020 by the average number of  persons per 
household, based on a government census con-
ducted in 2015 (Philippine Statistics Authority, 
2016).

The basic reproduction number (R
0) was 

calculated using the following equation (Tohma 
et al., 2016):

	‍ R0 = σβK/[(σ + a)(γ + a)]‍� (9.11)

Puppy vaccination rate (φ) was maintained 
at zero since dogs that are younger than 3 
months old are considered exempt from vaccina-
tion in the Philippines. The adult vaccination 
rate (ρ) was set at 53.3%, which is the estimated 
overall percentage of  dogs that were vaccinated 
in the Philippines in 2018 (Bureau of  Animal 
Industry, 2019b). Vaccine efficacy was assumed 
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to be 100%. Because dogs are recommended for 
yearly vaccination in the Philippines, the vac-
cine’s duration of  immunity was assumed to be 
1 year.

The incubation period (1/σ) was estimated 
at 10 days, in accordance with the Department 
of  Health (2012)’s data showing the minimum 
duration in which the virus incubates in dogs. 
Because clinical symptoms can manifest for up 
to 7 days before the dog falls into a coma, that 
aforementioned value was defined as the infec-
tious period (1/γ).

9.2.4  Modelling scenarios

The model was initialized with 100 cases in 
the dog population split into puppy and adult 
infections based on the proportion in each age 
class, with vaccination coverage initially set 
to zero for both puppies and adults to mimic 
a rabies outbreak situation taking place in 
an entirely susceptible population. Then, to 
simulate the current situation, wherein rabies is 
endemic, alteration of  parameters of  the model 
was applied to create a curve resembling that 
of  the data collected between 2011 and 2020. 
Vaccination was initiated at the defined rate, 
assumed to have been implemented consist-
ently over the years beginning with the model’s 
initialization.

The proportion of  puppies to adults in 
the total population was adjusted from 10 to 
80% to see whether dog demographics had a 
large impact on the transmission of  rabies. To 
determine the effect of  immunizing puppies, the 
vaccination rates for adults and puppies were 
adjusted separately between 0 and 70% and the 
effect on rabies incidence was observed. Taking 
into account scenarios depicting different 
proportions of  puppies to adults, the result-
ing number of  rabies cases per age group was 
calculated and compared. Since infected dogs 
remain in the modelled population until they 
die, cases at the end of  the year in the model 
were summed and their proportion to the dog 
population was estimated as a measure of  the 
disease’s prevalence. These results were then 
divided by the length of  the infectious period in 
order to produce the incidence rate.

Calibration of  the carrying capacity and 
vaccination rate by experimenting with slight 
reductions and increases were performed in 
an attempt to achieve a better fit. Sensitivity 
analyses were conducted in order to determine 
the quantitative effect of  each given parameter 
on the total number of  rabies cases.

9.3  Results

9.3.1  Demographic age groups of  
rabid dogs

Ages of  rabid dogs within the Greater Manila 
Area were recorded based on interviews with the 
person who submitted the carcass, who was –  
more often than not – also the dog’s owner. 
Age-wise, 495 (73%) were adults, 14 (2.1%) 
were puppies of  less than 3 months of  age, 
and 169 (24.9%) were dogs of  unknown age. 
Throughout the same duration, Region IV-B’s 
data on confirmed rabid dogs were sparse, with 
not more than three cases confirmed annually, 
and these were based solely on specimens sub-
mitted to RITM.

The precise ages of  Region IV-B dogs were 
often listed as unknown between 2011 and 
2013, while no rabid dogs were recorded in 
2014. A rabid puppy was recorded as early as 
2012 in Oriental Mindoro. Out of  a total of  50 
dog specimens reported over 10 years, ten (20%) 
were specified to be puppies, 16 (32%) as adults, 
and the remaining 24 (48%) had no given ages. 
The limited data from Region IV-B does not 
allow for much inference. However, generalized 
data compiled for the Greater Manila Area show 
some notable patterns: among adult dogs with 
specified ages listed, 339 (69.8%) were between 
1 and 4 years old, 99 (20.4%) were between 5 
and 8 years old and the remaining 48 (9.9%) 
were 9 years old or above, which is considered 
a senior age for dogs. When contrasted with 
the aforementioned subdivided age categories, 
puppies still made up the smallest group.

Generally, it was more common for the age 
of  the dog to be included: 512 dogs’ ages were 
recorded in their respective files, compared to 
166 that were listed as unknown. The oldest 
rabid dog found was listed as 36 years, though 
this could very well have been an inaccurate 
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answer from the owner. For owned and confined 
dogs, the majority of  their ages (87.6%) were 
listed, and 84.6% of  free-roaming but owned 
dogs’ ages were known. For strays, 65.3% of  
dogs had ages listed as unknown. A summary of  
the data can be found in Fig. 9.3.

9.3.2  Comparisons between the Greater 
Manila Area and region IV-B

From 2011 to 2020, 678 dog specimens submit-
ted to RITM from the Greater Manila Area tested 
positive for rabies. A bulk (279) of  these animal 
rabies cases originated from Metro Manila –  
where RITM is located – which is the most 
densely populated region in the Philippines. For 
the four provinces bordering Metro Manila, 237 
rabid dogs were confirmed in Cavite province 
over the 10 year span. For the remaining prov-
inces, 144 cases originated from Laguna, 13 
came from Rizal and five were from Bulacan.

Ten-year data on rabid dogs paints a 
somewhat incomplete picture of  the geographic 
distribution of  the disease in the Greater Manila 
Area. Overall, Metro Manila experienced the 
most rabies cases over the 10 years, but the 
annual incidence varied, with the provinces of  

Cavite and Laguna having most cases in some 
years.

With an average of  67.8 rabid dogs/year, 
2018 was the year with the highest number of  
confirmed animal rabies cases in the Greater 
Manila Area, with 92 cases, while 2020 had the 
lowest at 23. Coronavirus 2019 (COVID-19)-
imposed restrictions remain the probable reason 
for all 23 samples in 2020 originating strictly 
from Metro Manila.

Although Cavite had fewer annual canine 
rabies cases on average than Metro Manila and, 
in general, has a much smaller human popula-
tion, its 0.018 average incidence rate of  canine 
rabies (18 cases for every 1000 dogs) is more 
than three times that of  the Metro’s (which has 
five cases for every 1000 dogs) – perhaps an 
alarming consequence of  concentrating most 
dog population control and mass vaccination 
efforts in the nation’s capital. The high number 
of  positive canine samples indicates that rabies 
may have a higher prevalence in Cavite, which 
has lower vaccination coverage than Manila, or 
that cases in Manila are still under-reported.

Canine rabies deaths in Region IV-B 
are mostly concentrated in the province of  
Oriental Mindoro, where 29 rabid dogs have 
been recorded, with eight each from Palawan 
and Occidental Mindoro (a province separated 

Fig. 9.3.  Varying age classes of dogs that tested positive for rabies in the Greater Manila Area and 
Region IV-B between 2011 and 2020. Image created by Mirava Yuson.
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only from Oriental Mindoro by land borders). 
Having implemented adequate rabies surveil-
lance measures and registering zero animal or 
human rabies cases, Marinduque was declared a 
rabies-free province in 2012. Romblon was also 
deemed a rabies-free province in 2019, although 
two suspect human rabies cases in Romblon 
were identified in 2020 (Romblon representa-
tive, Regional Epidemiology and Surveillance 
Unit, 12 January 2021, personal communica-
tion). Since there are seven canine rabies cases 
for every 1000 dogs in Region IV-B, the region’s 
incidence rate (0.007) slightly exceeds that of  
Metro Manila’s, although grouping the prov-
inces of  the Greater Manila Area together pro-
duces the same incidence rate as Region IV-B’s.

Reported canine rabies incidence is excep-
tionally low in Region IV-B compared to the 
incidence rate of  human rabies, primarily due to 
under-reporting of  animal rabies cases as only 
a few specimens are sampled yearly. In terms of  
human rabies cases, the Greater Manila Area 
sees 2.9 deaths per 1,000,000 people every year, 
which is exceeded by Region IV-B’s, wherein for 
every 1,000,000 people, 3.3 human rabies cases 
occur. Within Greater Manila itself, provincial 
incidence per million population in Cavite shows 
a rate of  7.7 human rabies deaths, compared 
to 2.4 human rabies cases for every 1,000,000 
people in Metro Manila.

9.3.3  Vaccination and ownership status 
among rabid dogs

Greater Manila Area data show that 207 rabid 
dogs (30.5%) had an unknown vaccination 
status, while 57 (8.4%) dogs had previously 
been vaccinated for rabies compared to the 414 
(61.1%) who were not. Of  the vaccinated dogs, 
38 (66.6%) of  them had specific vaccination dates 
listed. Due to the high efficacy of  the vaccine, it is 
likely that the rabid dogs’ vaccinated status was 
due to one of  the following: (i) being vaccinated 
after infection; (ii) low protective titre levels from 
having been vaccinated more than a year prior; or 
(iii) wrong information given by the owner.

Among vaccinated dogs, 21 (36.8%) were 
vaccinated for rabies less than 1 year prior to 
their deaths. Ten of  those dogs had been vac-
cinated within 10 days of  their demise. All such 

dogs were owned, but only one was described as 
‘owned but free roaming’. Up to 14 dogs had been 
vaccinated more than 1 year before their death, 
whereas 22 dogs lacked information regarding 
their death date or date of  vaccination.

Ownership status varied greatly among rabid 
dogs: (i) 355 (52.4%) of  rabid dogs were owned 
and confined to the house; (ii) 169 (24.9%) dogs’ 
ownership status was listed as ‘owned but free 
roaming’; (iii) 124 (18.3%) were strays with no 
known owner; and (iv) the remaining 30 (4.4%) 
had an unknown ownership status. For ‘owned 
but free roaming’ dogs, 127 were vaccinated, 
while 16 had been vaccinated and 26 had an 
unknown vaccination status.

The vaccination status of  a stray dog is dif-
ficult to ascertain – none of  the stray dogs were 
listed as vaccinated, although some may have 
been runaways, previously owned or owned but 
free roaming, having died without the owner’s 
knowledge. Ultimately, only a titre test would 
confirm the vaccination status of  a stray dog, 
but performing one as part of  a necropsy is not 
considered to be common practice.

In terms of  age, 20.8% of  rabid senior dogs 
were previously vaccinated. Only one senior dog 
was listed as having been vaccinated more than 
1 year prior compared to the 11 others with 
specified vaccination dates. However, 59.6% 
of  previously vaccinated dogs were adult dogs 
between 1 and 4 years old.

In Region IV-B, of  the 15 confirmed rabid 
puppies, six were free roaming but owned, com-
pared to two that were restricted to the owner’s 
home but otherwise had regular household 
contact with people. Three puppies were listed 
as owned, two were strays and one had an 
unknown vaccination status. All recorded rabid 
puppies were either unvaccinated (11) or had an 
unknown vaccination status (3), and their age 
group remains the only one wherein no vac-
cinated dog got rabies.

Records of  rabid dogs’ sexes showed that 
351 (51.8%) of  rabid dogs were male, whereas 
240 (35.4%) were female and 87 (12.8%) did 
not have their sex listed. Male dogs were usually 
free roaming and owned (100 free roaming in 
contrast to 131 owned) whereas only 36.6% of  
females were free roaming. For rabid dogs in the 
Greater Manila Area, 79.3% were found dead 
and the remainder had been euthanized, save 
for one, whose details were left blank. Animals 
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tended to show signs and symptoms of  rabies 
between 1 and 7 days before death.

Because Region IV-B’s data pre-2017 lacks 
details on vaccination and ownership status, a com-
parison cannot be made with the Greater Manila 
Area regarding the aforementioned variables.

9.3.4  Model scenarios

The model illustrated the transmission dynam-
ics of  rabies among puppies aged 3 months and 
below, and adult dogs. Culling was not taken 
into account, as well as purposeful breeding or 
sterilization (spaying/neutering) of  pets. The 
model also did not cover the potential spread of  
the disease through wildlife vectors. Similarly, 
movement of  dogs in and out of  the Greater 
Manila Area was not incorporated into the 
model.

Different scenarios were modelled, using 
various vaccination coverage levels in puppies 
and adults. The number of  infected puppies and 
infected adults were summed, and the result 
divided by the infectious period in order to 
produce the incidence rate.

An epidemic scenario was modelled ini-
tially: upon introducing one infected adult, an 
oscillatory behaviour was evident assuming no 
vaccination in adults or puppies, with yearly 
time lags between peaks of  each epidemic cycle 
during the first 3 years. These time lags would 
gradually increase to the point that an epidemic 
cycle occurred only once every 3 years. The 
higher the number of  infected dogs, the smaller 
the time lag between successive peaks. There was 
no difference whether the epidemic originated 
from a puppy or an adult.

In an endemic situation, rabies cases in 
dogs dropped dramatically to a certain point 
with increasing vaccination coverage in adults. 
For vaccination coverage at 10%, the number 
of  cases followed a downward slope – rather 
than a parabolic curve if  no vaccination was 
done – leading to a 12% decrease annually, and 
an overall 40% decrease in cases after 7 years. A 
50% adult vaccination coverage was associated 
with a 14% decrease in rabies cases annually, 
peaking with a total reduction of  cases by 60% 
after 10 years. However, any vaccination rate 
upwards of  50% showed little difference in 
decreasing rabies incidence, and vaccinating all 

adults exclusively was not shown to eliminate 
the disease. With adult vaccination coverage 
maintained at 50%, canine rabies was main-
tained at around 65–100 cases/year.

For Region IV-B, curve fitting was difficult 
to achieve due to the low number of  confirmed 
cases annually. Simulating the current situation 
in Region IV-B, vaccine coverage was set at 53% 
for adults and 0% for puppies. The modelled 
number of  annual infected adults closely paral-
leled that of  the confirmed cases. There was 
minimal difference between that and vaccinat-
ing 50% of  adults. However, setting vaccine 
coverage at 50% for adults and 50% for puppies 
resulted in a very low number of  infected – a 
52.6% total decrease in cases after 10 years – 
implying the possibility of  eventual elimination 
of  the disease at some point thereafter, unlike in 
other scenarios wherein 70% of  either puppies 
or adults were vaccinated. Vaccinating only 
puppies reduced rabies incidence by 33.7% after 
6 years. Vaccinating both puppies and adults 
at 30% was insufficient for disease elimination, 
but decreased overall prevalence by 40.2% after 
6 years. The model’s results can be found in 
Fig. 9.4.

Since the vaccine’s duration of  immunity is 
presumed to be 1 year, it is implied that in any 
given year, multiple mass vaccinations with 
gaps of  at least 3 months in between are needed 
to sustain the target percentage for vaccinated 
puppies in particular. This is easily incorporated 
into current rabies elimination practices, as 
seasonal dog mass vaccinations are already 
common practice.

In the absence of  demographic data regard-
ing dog populations, the proportion of  puppies 
to adults was presumed. Provided that puppies 
were not vaccinated, the model showed that at 
least 57.7% of  rabies cases were puppies regard-
less of  the proportion of  puppies to adults in the 
initial population, which is somewhat higher 
than the results of  a previous study, wherein 
puppies made up 40% of  rabies cases (Domingo 
and Mananggit, 2014).

9.3.5  Sensitivity analysis

Several sensitivity analyses were performed: 
initially, the birth rate and mortality rate were 
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adjusted to determine their effect on rabies 
incidence. Increased birth rates caused a large 
increase in the epidemic peak. To analyse the 
effect of  mortality rate, life expectancy was 
adjusted to 5 years to reflect the lifespan of  
owned but occasionally free-roaming dogs, and 
7 years to reflect that of  confined dogs (Leung 
and Davis, 2017) – however, little change 
in canine rabies incidence was evident. An 
increased infectious period was associated with 
a higher number of  cases, whereas an increased 
incubation period resulted in higher epidemic 
peaks and longer time lags between them. Given 
that the incubation period of  rabies may range 
from weeks to months, the model suggests 
that a longer incubation period allows rabies 
to circulate in a greater number of  dogs, with 
transmission occurring at intermittent times 

of  exposure and eventually resulting in more 
infected animals.

R
0 was adjusted from 1.1 up to 2.3, echoing 

the R0’s calculated in similar countries wherein 
rabies is endemic (Kitala et al., 2002); although 
these changes had a minimal effect on the model 
aside from increasing the number of  resulting 
cases. As for carrying capacity, any value below 
322.5 dogs/km could not sustain the disease 
long term. When the carrying capacity was 
increased, fewer oscillations were observed, and 
an endemic state was reached within 2 years.

Vaccine immunity was first tested at 3 
years (the expected duration of  the vaccine), 
followed by 5 years, then finally, 1 year with 
presumed fading immunity as annual vaccina-
tion is performed in the Philippines based on 
that assumption. There was minimal difference 
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Fig. 9.4.  Modelling plots depicting mass dog vaccination strategies in the Philippines. The current 
dog rabies vaccination coverage in the Philippines is reported to be 53%, but the current goal is to 
vaccinate at least 70% of the dog population (barring puppies) in aiming to eliminate canine rabies. (a) If 
70% of puppies are vaccinated, the number of susceptible puppies is maintained below a certain level 
but does not decrease considerably even after 10 years. If puppies are not vaccinated, the number of 
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in the number of  cases when the duration of  
vaccine immunity was factored in.

The three parameters with the greatest 
impact on the model were vaccination rate, birth 
rate and carrying capacity.

9.4  Discussion

9.4.1  Main findings

Assuming that the lack of  rabies cases between 
2014 and 2016 in Region IV-B is an accurate 
figure, the data compiled seemingly portrays 
a disease that has recurrent epidemic cycles, 
potentially with increasing peaks separated by 
time lags of  3–4 years. There were some dispari-
ties between the data and the model, which pre-
dicted a mean of  97 rabies cases annually (88% 
of  which were puppies) vs the two or three cases 
recorded yearly in Region IV-B prior to 2016, 
implying the vast under-reporting of  canine 
rabies cases.

It is difficult to estimate the true prevalence 
of  canine rabies without knowledge of  the 
reporting rate, which can range between 1 
and 30% in rabies-endemic countries (Tohma 
et  al., 2016). A previous study that took place 
in Region VI notes that up to 1% of  dogs/year 
become rabid in an endemic situation (Ferguson 
et al., 2015) – thus, in a population of  1,000,000 
unvaccinated dogs (estimated with the model), 
10,000 cases are expected, a far cry from the 
reported 12 or 13 cases annually since 2017.

According to the confirmed cases in the 
compiled Region IV-B data, in some years the 
ratio of  infected puppies to infected adults 
closely followed the demographics shown in the 
Bicol study (Domingo and Mananggit, 2014), 
wherein puppies made up a significant portion 
(40%) of  rabid cases. Conversely, puppies were 
greatly under-represented in the Greater Manila 
Area animal rabies data.

The overall data show that information 
regarding the number of  rabid dogs is often 
incomplete: calculating the basic reproduction 
number based on the cases was not possible as 
each one was isolated and could not be linked 
with genomic sequencing, and no dog was 
observed as having bitten another dog. The age 
of  the dog was not known for 65% of  the cases 

reported in Region IV-B from 2017 to 2019. It 
was, however, known for 75.5% of  dogs recorded 
in the Greater Manila Area.

Every scenario tested in the model showed 
that the majority of  rabies cases were found in 
puppies, even when annual vaccination was 
concentrated exclusively on their age group. 
The model’s parameters were imitative of  other 
countries’ but simulating the number of  infected 
dogs as presented in the sparse data of  Region 
IV-B (and similarly, the Greater Manila Area’s 
data) required a much smaller total dog popula-
tion than estimated, showing further evidence 
of  under-reporting canine rabies cases.

The model showed that maintaining the 
current vaccination coverage but exempting 
puppies causes an overestimation of  the total 
percentage vaccinated. Since 70% of  dogs should 
be vaccinated in order to eliminate the disease 
(WHO et  al., 2019), that entails vaccinating 
70% of  the total canine population (including 
puppies), as covering only adults would not have 
the same encompassing effect. In one scenario, 
the vaccination rate in the model was set so the 
vaccination coverage achieved in adult dogs 
was 100%, but dog rabies incidence still did 
not decline to zero in the following years, and 
therefore was maintained entirely in the puppy 
population. When adjusting the vaccination 
rate, it was shown to be more effective to vac-
cinate one-third of  puppies and adults than it 
was to vaccinate half  of  adults. Vaccinating half  
of  all adults and puppies was also shown to be 
more effective than vaccinating 70% of  adults, 
which is the current target percentage for mass 
vaccinations.

It must be noted that the model did not take 
into account vaccine efficacy, which may differ 
slightly depending on the manufacturer. In one 
study, a 90% effectiveness of  up to 3 years has 
been declared for unspecified rabies vaccines 
used in China (Zhang et al., 2011), though the 
rabies vaccines readily supplied to the Philippines 
by the World Organization for Animal Health 
(OIE) are thought to be 100% effective.

There is also some contention regarding the 
duration of  rabies vaccine immunity. Three out 
of  ten canine rabies cases in 2019 were found 
to have been vaccinated within 3 years of  their 
rabies diagnosis. Ten out of  the 38 vaccinated 
rabid dogs overall died within 10 days of  their 
last vaccination, and perhaps may have been 
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vaccinated as a preventive measure follow-
ing a biting incident with another animal, or 
upon showing signs and symptoms of  rabies. 
The age group with the highest percentage of  
previous vaccinations was the senior dog group, 
hinting at waning immunity due to a lack of  
revaccination efforts. Because Region IV-B’s 
data pre-2017 lacks details on vaccination and 
ownership status, a comparison cannot be made 
with the Greater Manila Area regarding the 
aforementioned variables. Vaccination details 
are lacking in both datasets, and rabies vaccine 
efficacy in animals continues to be hotly debated, 
leading many government officials to adopt a 
golden rule wherein a pet is not considered truly 
vaccinated for rabies unless it has undergone at 
least two consecutive vaccinations.

Alternate vaccination strategies (such as 
pulse vaccination) could not be incorporated 
into the model, which only assumed a once-
yearly homogenously vaccination of  one or both 
age groups. What is commonly practised in the 
Philippines is the hosting of  free mass vaccina-
tion events that rotate through various com-
munities at different times of  the year. Residents 
are invited to bring their pets, though are unable 
to if  they are too busy to attend, cannot restrain 
their dog, or live too far from the event location. 
House-to-house vaccination is also performed, 
depending on the choice of  the local government 
unit. Participation is not mandatory, making it 
challenging to calculate the vaccination cover-
age for areas such as Mimaropa. However, data 
from the Department of  Agriculture report that 
the proportion of  dogs vaccinated in Mimaropa 
steadily increased from 25.42% in 2015 to 
38.63% in 2018 (Bureau of  Animal Industry, 
2019a).

Stray dogs are not covered by mass vaccina-
tion events. Should puppies be included in the 
vaccination coverage, the process comes with 
its own challenges: such as newborn puppies 
belonging to stray dogs being hard to locate as 
they would usually be hidden out of  sight.

Carrying capacity was shown to have a 
large impact on the model, substantiating how 
rabies transmission increases with dog density. 
This has been disputed by other studies claiming 
that rabies in dogs is not density dependent but 
persists due to frequency-dependent contact 
(Leung and Davis, 2017). The true canine 
carrying capacity of  the Philippines is difficult 

to estimate and most likely varies according to 
the province. The birth rate also had a notable 
impact on the total number of  infected, but 
further study is required to ascertain that value 
for dogs in the Philippines in order for the model 
to produce more accurate results.

9.4.2  Strengths and limitations of the 
study

One of  the primary strengths of  the study is the 
extensive canine rabies data used, which spans 
10 years and multiple provinces throughout 
the Philippines. Age in canine rabies is not an 
often-discussed topic, and the data provided a 
framework of  rabies incidence from two different 
regions through which various model scenarios 
could be compared and contrasted. The hun-
dreds of  samples from the Greater Manila Area, 
where very few rabid puppies were recorded, 
were juxtaposed against that of  Region IV-B, 
wherein few rabid dogs, in general, were con-
firmed, but a substantial number of  them were 
puppies.

A particular drawback in conducting an 
age-oriented study is that extricating the age of  
a dog can be difficult if  it is not already known by 
the owner. Gauging dog ages is highly dependent 
on many factors, such as breed, and there is no 
specific physical marker that would differentiate 
a 3-month-old puppy from a 4-month-old puppy, 
as size can be a misleading factor.

Undeniably, there was more than one 
owner that gave an ‘impossible’ dog age (such 
as 20 years or more), indicating that memory 
recall in terms of  pet ages may be questionable; 
owners are also prone to giving rough estimates, 
as it is uncommon for them to know the precise 
day of  birth of  their pet. For strays, knowledge 
of  their exact age is even less likely. This was 
expected as it is admittedly difficult to estimate 
the age of  an unfamiliar animal, although 
comments included in rabies reports would 
sometimes specify whether a dog was a puppy. 
Since there is no way to truly ascertain a dog’s 
age (although estimates can be made based on 
size and teeth), discerning which data resulted 
from wrong answers by the owner may be an 
insuperable challenge.
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The vaccination status of  a stray dog is also 
difficult to ascertain: none of  the stray dogs were 
listed as vaccinated, although some may have 
been runaways, previously owned or owned but 
free roaming, having died without the owner’s 
knowledge.

Because the model used was deterministic, 
unrealistically low numbers of  dog rabies 
persist. Non-spatial models struggle to capture 
the dynamic of  transmission, which happens on 
a much more local level. Hence the overestima-
tion of  rabies incidence, and the assumption 
that rabies control happens a lot quicker than 
in practice as control measures are presumed 
to have been implemented perfectly. A 70% 
vaccination coverage means it is rare that this 
is achieved. Pulse vaccination rather than 
continuous would cause mass dog vaccination 
results to be more heterogeneous.

Data regarding dog demography in the 
Philippines is sparse, and in certain regions, 
completely absent. In the Greater Manila Area, 
puppies appear to make up only a small fraction 
of  canine rabies, while records in Bicol and Region 
IV-B depict the opposite. The Greater Manila Area 
consists of  several highly urbanized cities – it is 
possible this may have an effect on the dog demo-
graphics and dog-to-dog rabies transmission in 
general, especially if  dogs residing there happen 
to live longer, drastically skewing the adult to 
puppy ratio. There may also be other confound-
ing factors resulting in the differentiation in the 
Greater Manila Area rabies laboratory data from 
that of  other Philippine regions.

Nevertheless, the fact that the model 
emphasizes the puppy’s role as the main vector 
in the transmission of  rabies shows that it is a 
topic that merits further investigation.

9.4.3  Broader context

The increase in canine rabies cases in recent 
years is probably due to improved surveil-
lance methods, seeing as the Department of  
Agriculture introduced an initiative in 2012 to 
maintain the rabies-free status of  Marinduque 
and eliminate rabies in the other regions. 
In 2015, four suspect human rabies cases 
reported within a span of  1 month in Oriental 
Mindoro made national headlines (The Manila 

Times, 2015), yet only one rabid dog was sub-
mitted to RITM the very next year. RADDL’s 
opening in Oriental Mindoro in 2017 resulted 
in a marginal increase in rabid specimens, 
with at least ten being confirmed per year – 
barring 2020, when the number of  submitted 
specimens drastically reduced nationwide, a 
phenomenon largely attributed to COVID-19 
pandemic restrictions implemented from 
March onwards.

A growing number of  ABTCs has contrib-
uted greatly to the sharp increase of  reported 
animal bite incidents (Amparo et al., 2018), as 
they are established in locations that are consid-
ered more accessible to bite victims, who would 
otherwise seek treatment at hospital ABTCs 
in neighboring municipalities. More ABTCs 
also result in a bigger supply of  vaccine stocks 
(within the province), which are often at risk of  
running out at public hospitals. However, the 
main hurdle in confirming canine rabies cases 
continues to be contact tracing of  rabid dogs. 
Despite mandatory reporting of  suspicious dog 
behaviour or bite incidents, only 181 dogs were 
reported and tested in Oriental Mindoro from 
2016 to mid-2019. Ultimately, the continuing 
underestimation of  canine rabies incidence 
stems more from the lack of  reporting and 
testing of  suspicious dogs regardless of  the 
number of  biting incidents reported to ABTCs. 
Adhering to the One Health approach by main-
taining a steady communication line between 
ABTC health workers and their animal health 
counterparts is one such strategy that could 
rectify the issue.

Philippine dog population data is limited 
and the proportion of  puppies to adults in the 
population is unknown, though a recent study 
on free-roaming dog populations in Bangladesh 
revealed that 18% of  the surveyed dog popula-
tion were puppies (Tenzin et  al., 2015). Mass 
spaying and neutering programmes are held 
regularly nationwide and may also be skewing 
the demographics over time. While sterilization 
has been a go-to method for reducing the dog 
population, with decreasing rabies incidence 
as one of  the aims in mind (Taylor et  al., 
2017), mass vaccinations remain the far more 
cost-effective option – an important factor in 
developing countries such as the Philippines – in 
working towards eventual disease elimination 
and achieving the Zero by 30 goal.
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Whereas the model’s curve was consistent 
with the trends in the data collected for the 
Greater Manila Area, for Region IV-B, precise 
curve fitting was difficult to achieve due to 
the extremely low number of  confirmed cases 
annually.

The severe under-reporting could very 
well stem from geographical variations: the five 
provinces of  Region IV-B – Oriental Mindoro, 
Occidental Mindoro, Marinduque, Romblon and 
Palawan – are distinct from each other in terms 
of  land area and demographics. Mindoro and 
Palawan, the provinces with higher population 
densities, have human and canine rabies cases 
that are detected annually, whereas Marinduque 
and Romblon have been devoid of  canine rabies 
cases; a single human rabies case originating 
from Marinduque in 2018, and two suspect 
human rabies cases in Romblon in 2020 not-
withstanding. The two island provinces share 
notably lower human (and consequently, dog) 
populations. Any dog samples would have to 
be transported to the diagnostic laboratory in 
Mindoro for confirmation, a factor which could 
affect the number of  rabies cases detected in 
other islands of  Region IV-B. This is in stark con-
trast with the Greater Manila Area, composed 
of  provinces that are all contiguous with each 
other and accessible by land transport. Despite 
Cavite’s 30 km distance from Metro Manila – 
where RITM is located – the number of  samples 
from that area has matched, and in certain years 
even exceeded, the numbers from Metro Manila.

In terms of  establishing recommended 
vaccination rates, is difficult to say whether the 
53% national vaccine coverage is accurate espe-
cially at the time of  writing, considering that 
Philippine dog populations are based on rough 
estimations only. Dog censuses have not been 
performed in Oriental Mindoro and the majority 
of  mass vaccination events nationwide were 
cancelled in 2020, with similar issues befalling 
most other provinces in both Region IV-B and 
the Greater Manila Area.

9.5  Conclusion

In the Philippines, not many human rabies 
cases go undetected and human rabies surveil-
lance has been reliable thus far since cases are 

diagnosed on a clinical basis. This is a practice 
done in most other countries; though human 
rabies cases can be misdiagnosed as malaria 
cases (and vice versa) in malaria-endemic 
countries, this has not been an issue locally. 
However, canine rabies surveillance still needs 
a lot of  improvement due to the need for labora-
tory diagnosis before a dog can be declared 
rabid. If  the human rabies incidence exceeds 
the number of  animal rabies cases in a given 
year, that is an irrefutable signal that animal 
surveillance is not picking up on as many cases 
as it should.

A number of  studies have attempted to 
address the question of  whether vaccinating 
puppies under 3 months of  age would suf-
ficiently protect them from rabies. While some 
research reports that vaccinated puppies suffer 
from declining post-vaccine antibody titre by the 
time they are 1 year old (Hodgins and Shewen, 
2012), field studies have otherwise noted that 
puppy vaccination does induce a sufficient 
and prolonged protective antibody response 
(Morters et  al., 2015). To account for potential 
failure of  vaccinated puppies to gain protection 
from rabies, the authors suggest that further 
studies be done to review the viral neutralizing 
antibody titres in vaccinated puppies every time, 
before developing a proper vaccination regime. 
Repeated rabies vaccinations may be recom-
mended – such as vaccinating puppies at least 
twice, with the second shot occurring once they 
hit 3 months of  age, then annually thereafter 
– in order to maintain post-vaccine antibody 
levels.

According to the model, following WHO’s 
guidelines and vaccinating puppies that are 
below 3 months of  age would serve to help bring 
the overall vaccination coverage to 70%, thus 
improving the possibility of  achieving a Zero 
by 30 scenario by eliminating rabies in problem 
areas. The majority of  modelled infected dogs 
were puppies, but targeting puppies specifically 
was not shown to eliminate the disease. Doing 
so would also be difficult to replicate in real life 
as contact tracing of  puppies (especially strays) 
requires more resources, since they make up 
a smaller portion of  the canine population. 
However, if  puppies were no longer exempted 
from vaccination, the total number of  infected 
dogs yearly would significantly decrease.
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Abstract
In Thailand, human and animal rabies incidence has decreased dramatically recently. Most rabies cases are 
among unvaccinated and free-roaming (owned or ownerless) dogs, underscoring that free-roaming dog vac-
cination is a key factor in controlling the disease. Oral rabies vaccination (ORV) has been intensively studied in 
dogs in Thailand. The concept of  ORV is based on the following three components: (i) vaccines; (ii) baits; and  
(iii) distribution systems. A suitable, safe and efficacious vaccine candidate was identified and tested in local dogs. 
Furthermore, a bait readily accepted by the dogs was selected during field studies and further optimized. Finally, 
the handout-and-retrieve model for bait distribution was adapted to local conditions to reach a significant pro-
portion of  free-roaming dogs inaccessible to parenteral vaccination. Large-scale field studies in different settings 
have indicated that ORV may not only be feasible in Thailand but can also contribute to eliminating dog-mediated 
human rabies in other endemic countries.

*Corresponding author: ​kchanachai@​usaid.​gov

10.1  Introduction

Rabies is an endemic disease in Thailand and 
many other Asian countries. Thailand has 
made enormous efforts to control and prevent 
animal rabies through vaccination, surveillance, 
animal population control, public awareness 
campaigns, and multisectoral collaboration (OIE, 
n.d.). Nevertheless, rabies elimination is yet to be 
achieved because of  various obstacles. This chapter 
describes the situation of  animal rabies in Thailand 
by analysing national animal rabies surveillance 
data from 2013 to 2020. Based on this analysis, 

free-roaming dogs are unlikely to be vaccinated 
because of  difficulties in being restrained. We 
further discuss the issue of  free-roaming dogs as a 
significant obstacle to rabies control in Thailand. 
Finally, we address oral rabies vaccination (ORV) 
of  dogs and relevant experimental and field studies 
conducted in Thailand. ORV has been successfully 
applied to control rabies in wildlife in many parts of  
the world (Müller et al., 2015; Maki et al., 2017), 
and it could be a game changer for controlling dog 
rabies. Innovative strategies and tools are required 
to enhance dog-mediated human rabies elimina-
tion by 2030.
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10.2  Animal Rabies in Thailand

The national animal rabies surveillance system 
in Thailand is operated by the Department 
of  Livestock Development (DLD), Ministry 
of  Agriculture and Cooperatives. The rabies 
surveillance system in Thailand includes both 
active and passive surveillance. In passive sur-
veillance, animal health officers, animal owners 
or villagers send the animal samples, including 
the animal’s brain, head or body, to one of  
ten laboratories located in different regions of  
Thailand whenever they find suspected rabies 
cases. Following the DLD guideline of  animal 
rabies surveillance, the symptoms experienced 
by a suspected animal rabies case include the 
sudden death of  an unknown cause, neurologi-
cal symptoms, behavioural changes, aggressive-
ness, and biting without provocation. Local DLD 
staff  coordinate with the animal owner or the 
community for safe sample collection. They are 
advised to send the whole animal body or the 
animal’s head to the laboratory.

Active clinical surveillance has been imple-
mented to strengthen the surveillance system as 
part of  rabies-free zone projects applied in spe-
cific areas. The targeted samples for this active 
surveillance are animals that die in accidents 
and other unknown causes. Local DLD officers 
collect these animal samples as supportive infor-
mation to declare rabies-free areas. Data of  all 
submitted samples, laboratory and investigation 
results were collected from the online national 
database Thai Rabies Net, or TRN (available at: 

http://www.thairabies.net/trn/ (accessed 24 
June 2022). The TRN has been fully operational 
since 2013.

From 2013 to 2020, 58,798 samples were 
submitted to the ten laboratories in Thailand. 
Our analysis excluded 147 records of  unidenti-
fied laboratory results (n=103) and untested 
samples owing to poor sample conditions (n=44). 
Of  the remaining 58,651 samples, most were 
obtained from active surveillance (82.44%). 
The samples were mainly from dogs (66.22%), 
cats (22.63%), rats (12.16%), cattle (1.24%) 
and squirrels (1.18%), respectively. The total 
number of  positive samples was 4239, account-
ing for 7.23% of  the total sample. Interestingly, 
despite the higher number of  tests, only 17.39% 
(737/4239) of  the positive samples were 
recorded as active surveillance samples. Positive 
percentages of  passive surveillance samples 
were significantly higher than those of  active 
surveillance samples in all years (P≤0.001) 
(Table 10.1). Despite national efforts to control 
and prevent rabies, animal rabies cases have 
been reported nationwide throughout the study 
period (Fig.  10.1). Positive cases were reported 
during the entire period from 2013 to 2020. The 
highest number of  animal cases was reported in 
2018 (1476 cases) (Table 10.2). This peak was 
attributed to a nationwide vaccine supply short-
age during 2016–2018 (Department of  Disease 
Control, Ministry of  Public Health, Thailand, 
n.d.) .

Most of  the positive samples were from dogs 
(3715/4239, 87.64%), demonstrating their 

Table 10.1.  Animal rabies sample submission and number of positive rabies cases in Thailand, 2013–
2020. Table created by Karoon Chanachai.

Year

Number of submitted samples (%) Number of positive samples (%)

Passive Active Total Passive Active Total

2013 834 (20.41) 3,252 (79.59) 4,086 99 (98.02) 2 (1.98) 101

2014 912 (20.82) 3,469 (79.18) 4,381 244 (97.60) 6 (2.40) 250

2015 1,221 (13.99) 7,507 (86.01) 8,728 324 (98.18) 6 (1.82) 330

2016 1,369 (15.42) 7,510 (84.58) 8,879 471 (76.34) 146 (23.66) 617

2017 1,439 (16.76) 7,149 (83.24) 8,588 584 (68.87) 264 (31.13) 848

2018 3,105 (32.24) 6,527 (67.76) 9,632 1,228 (83.20) 248 (16.80) 1,476

2019 909 (12.45) 6,391 (87.55) 7,300 343 (90.98) 34 (9.02) 377

2020 509 (7.21) 6,548 (92.79) 7,057 209 (87.08) 31 (12.92) 240

Total 10,298 (17.56) 48,353 (82.44) 58,651 3,502 (82.61) 737 (17.39) 4,239

http://www.thairabies.net/trn/
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importance as reservoir species. Other animal 
species contributing substantially to rabies 
were cattle (351 samples, 8.28%) and cats (156 
samples, 3.68%) (Table 10.2). When we focused 
on dog rabies, the surveillance data further 
highlighted that 51.52% (1914/3715) of  rabid 
dogs were either ownerless or had unclear own-
ership status (Table 10.3). Unsurprisingly, only 
2.82% (54/1914) of  these dogs were reported 

as vaccinated (data not presented). Additionally, 
26.93% (485/1801) of  the owned-rabid dogs 
were claimed to have been vaccinated against 
rabies in the past. Many owned-rabid dogs may 
be inaccessible to parenteral vaccination because 
only 12% of  owned-rabid dogs were kept in a 
confined area (Table  10.4). Fifty-four per cent 
of  the vaccinated owned rabid dogs (261/485) 
were reported receiving vaccination during the 

Fig. 10.1.  Animal rabies distribution map in Thailand, 2016–2020. Figure created by Vilaiporn 
Wongphruksasoong.

Table 10.2.  Number of rabies cases by animal species in Thailand, 2013–2020. Table created by Karoon 
Chanachai.

Animal

Year

Total2013 2014 2015 2016 2017 2018 2019 2020

Dog 90 231 308 539 742 1287 301 217 3715

Cattle 5 12 19 56 64 133 51 11 351

Cat 6 6 3 22 41 51 21 6 156

Other livestock (pig, horse and goat) 0 1 0 0 1 4 4 1 11

Wildlife (deer and jackal) 0 0 0 0 0 1 0 5 6

Total 101 250 330 617 848 1476 377 240 4239

Table 10.3.  Number of dog rabies cases according to ownership status. Table created by Karoon 
Chanachai.

Ownership status

Year

Total2013 2014 2015 2016 2017 2018 2019 2020

Owned 60 116 160 263 353 668 116 65 1801

Ownerless 22 94 124 228 291 488 127 88 1462

Unknown 8 21 24 48 98 131 58 64 452

Total 90 231 308 539 742 1287 301 217 3715
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recommended period (once a year). Fifty per cent 
of  them (131/261) were recently vaccinated 
(within 30 days). These dogs may have been 
exposed to the virus before vaccination. If  a dog 
has already been infected, the onset of  protective 
immunity after vaccination may come too late, 
and the animal succumbs to the disease. This 
issue may be linked to owners’ attitudes towards 
having their pets vaccinated after an incidence 
of  rabies in the area and not during the annual 
vaccination campaign, negatively impacting the 
rabies elimination strategy. Further studies are 
needed to identify the cause of  this problem.

Our analysis showed that the inability to 
vaccinate a large segment of  the owned and own-
erless dog populations was apparent. Achieving 
the elimination of  dog-mediated human rabies 
in Thailand by 2030 is a significant challenge. 
This challenge has also been reported in many 
developing countries, such as Latin America 
(Castillo-Neyra et  al., 2017, pp. 7–14), and 
South, South-east and East Asian countries 
(Tenzin and Ward, 2012, pp. 452–461).

10.3  Free-Roaming Dogs in Thailand

According to World Animal Protection, free-
roaming dogs are defined as dogs that live 
in public areas and are not currently under 
direct control (World Society for Protection of  
Animals Companion & Working Animals Unit, 
2005). This term includes both owned and 

ownerless dogs and is often used interchange-
ably with ‘free-ranging’ or ‘stray’ dogs. This 
population may comprise owned dogs that 
roam freely, abandoned owned dogs including 
their puppies born from uncontrolled breeding, 
and ownerless dogs that reproduce successfully 
(OIE, 2021, p. 3).

Most dogs in Thailand are free roaming, 
regardless of  their ownership status. An exten-
sive survey of  the dog population in Thailand 
between May 2018 and September 2019 
found that the majority of  dogs (75%) were 
free roaming, and only 25% of  the dogs were 
confined. In Thailand, most people in rural 
areas keep dogs unconfined, and the dogs roam 
freely in villages. As such, most free-roaming 
dogs were owned; 44% of  the dogs were owned 
and free roaming, 18% were owned and semi-
confined, and 13% were ownerless and thus also 
free roaming (Thanapongtharm et  al., 2021, 
p. 5). Free-roaming dogs in Thailand generally 
comprise street dogs, feral dogs, village or com-
munity dogs, temple dogs and owned dogs.

Different stakeholders within the commu-
nity may disagree on the status of  a dog, espe-
cially when ownership status is unclear or when 
a single owner cannot be identified. Often, these 
dogs are indistinguishable from true ownerless 
dogs and are thus referred to as free-roaming 
dogs irrespective of  their ownership status. 
Accurately defining dogs’ ownership status, 
namely differentiating between true ownerless 
dogs and others, can reflect the socialization 

Table 10.4.  History of rabies vaccination in owned rabid dogs by level of dog’s confinement in Thailand, 
2013–2020. Table created by Karoon Chanachai.

Level of 
confinement

Vaccination history (no. of samples)

Vaccinated

Unvaccinated
Data 
unavailable Total

1–30 
daysa

31–365 
daysa

> 365 
daysa

Data 
unavailable

Confined 16 14 15 8 110 42 205

Partially free 
roaming

47 42 60 20 296 77 542

Always free 
roaming

22 29 20 19 174 49 313

Data 
unavailable

46 45 36 46 344 224 741

Total 131 130 131 93 924 392 1801

aDays that have passed since the last vaccination until the sample submission date.
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and level of  familiarity between humans and 
dogs in the community, which can sometimes 
affect the outcome of  a vaccination campaign 
(Boitani et al., 2016, pp. 364–365). Promoting 
responsible ownership of  an individual dog is 
challenging if  the ownership status is unclear. 
Therefore, these free-roaming dogs might not 
have been included in the mass dog vaccination 
(MDV) campaigns.

Free-roaming dogs in Thailand share 
similar characteristics with those previously 
described in Latin America (Castillo-Neyra et al., 
2019, pp. 8–9; Capellà Miternique and Gaunet, 
2020, pp. 6–16), Africa (Ortolani et al., 2009, pp. 
213–215 ), and other countries in Asia (Corrieri 
et  al., 2018, pp. 4–8). Most free-roaming dogs 
in Thailand are the result of  irresponsible dog 
ownership. Buddhist temples are one of  the most 
common areas for people to abandon their dogs. 
Most temples keep their gates open, allowing 
dogs to roam independently.

Sociocultural and religious beliefs moti-
vate Thai people to feed free-roaming dogs, 
regardless of  their ownership status (or lack 
thereof). Buddhist temples often provide a 
habitat for free-roaming dogs. Food sources 
vary depending on the resources available to 
the temple. Commonly, there are leftovers from 
the food offered to monks. Almost every temple 
in Thailand houses at least one abandoned 
animal. It is common to see a mixture of  dogs, 
cats and even chickens in and around Buddhist 
temples in Thailand. Most free-roaming dogs in 
Thailand appear to be in good body condition, 
and very few are described as thin or emaci-
ated. This reflects abundant food sources, 
including those directly provided by humans, 
known as their caretakers (Sirasoonthorn 
et  al., 2020). Dog caretakers commonly offer 
food in the community either inside or outside 
the temple. Dogs are also likely to associate 
human settlements with food. Therefore, dogs 
frequently develop a preference for living or 
gathering near areas where humans feed them 
(Sen Majumder et al., 2016, p. 4).

A particular dynamic between free-roaming 
dogs and their caretakers has been observed in 
Thailand. Caretakers volunteer their time and 
financial resources to provide ownerless dogs with 
food and, sometimes, medicine. The caretaker’s 
self-appointed duties include ensuring that the 
dogs in their care are fed. They are commonly 

depicted as older women (over 40 years old) 
with lower incomes (Sirasoonthorn et  al., 
2020). Caretakers typically operate individually. 
However, there may be multiple caretakers in 
the neighbourhood, causing an overlap. In some 
areas, such as the Cha-um Municipality, where 
previous field study trials with ORV of  dogs were 
conducted, there were enough volunteers to 
establish a systematic distribution of  territories 
among the group of  caretakers (Chanachai et al., 
2021). When dogs associated with caretakers 
are reported to cause disturbances or injuries, 
caretakers are often blamed. Therefore, it is 
apparent that they often have conflicts with the 
local administrative organization (LAO) since the 
community may perceive them as an enabler of  
dog-related nuisances. However, in many places, 
the caretakers cooperate with the LAO to reduce 
cases of  dog rabies.

10.4  Oral Rabies Vaccination 
Protocol in Thailand

10.4.1  ORV: vaccine bait and distribution 
system

In European and North American countries, 
wildlife species, such as striped skunks, red 
foxes, raccoons and raccoon dogs, are the most 
prominent reservoir species for rabies (Müller 
et al., 2015; Maki et al., 2017). In the past, ORV 
programmes have successfully eliminated fox-
mediated rabies in Western and Central Europe 
(Freuling et  al., 2013; Müller et  al. 2015,  
pp. 4–7; Robardet et  al., 2019, pp. 5–7; Vega 
et al., 2021, p. 5). It has also been successfully 
applied to raccoon-, fox- and coyote-mediated 
rabies in some other parts of  Europe, Canada 
and the USA (Maki et  al., 2017, pp. 13–22; 
Fehlner-Gardiner, 2018). Although in the past, 
Canada and Western Europe were able to suc-
cessfully eliminate rabies in red foxes through 
large-scale ORV programmes with live rabies 
virus vaccines, many safety concerns and limita-
tions are associated with these first-generation 
vaccines, including residual virulence and 
vaccine-induced rabies (Vos et  al., 1999, pp. 
170–172; Fehlner-Gardiner et  al., 2008,  
pp. 78–79; Müller et  al., 2015, p. 12). Since 
then, alternatives, such as recombinant 
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vaccines with higher safety profiles, have been 
developed (Rupprecht et al., 2005, pp. 99–101; 
Maki et al., 2017, pp. 3–13).

The use of  ORV of  dogs, in addition to 
(parenteral) MDV, has been widely suggested 
(Cliquet et al., 2018, pp. 3–8; Undurraga et al., 
2020, pp. 6167–6169; Wallace et al., 2020, pp. 
2–7). Before the adoption of  field use of  ORV, 
the World Health Organization (WHO) suggests 
that the safety and efficacy of  the vaccine and 
bait in the target species should be determined. 
The vaccines and baits should also be tested 
under field conditions to establish their benefits 
and constraints. The candidate vaccine should 
not cause any adverse effects on the target or 
non-target species, including humans (WHO, 
2007, pp. 12–15). Hence, attenuated vaccines 
with safety margins higher than those of  
first-generation oral rabies vaccines have been 
developed. A second-generation vaccine, a low-
virulence monoclonal antibody selected variant 
– SAG2 – did not elicit a pathogenic response 
in rodents or any of  the studied mammalian 
species (Mähl et  al., 2014, pp. 5–7). Third-
generation recombinant vaccines, including 
SPBN GASGAS used in Thailand’s ORV studies, 
could further reduce the risk of  reversion to 
virulence. A controlled study of  SPBN GASGAS 
in Thai dogs revealed no vaccine-induced 
adverse effects over the entire 1-year observa-
tion period (Leelahapongsathon et  al., 2020, 
p. 5). Subsequent field studies in Thailand have 
corroborated the safety of  the vaccine. No 
adverse effects have been reported in dogs or 
unintentionally exposed humans during vac-
cination campaigns (Chanachai et al., 2021).

A limitation of  ORV is its inability to deter-
mine whether the dog has received adequate 
immunization, in contrast to parenteral 
vaccines. A particular challenge is the ability 
to assess the amount of  vaccine released and 
taken up by the tonsils or mucus membrane in 
the oral cavity and whether it was sufficient to 
induce an immune response to protect against 
rabies. If  the vaccine is rapidly swallowed, 
which does not allow sufficient time to target 
the mucus membranes and tonsils, it will lose 
its immunogenicity during its passage through 
the gastrointestinal tract; thus, it is unable 
to provide immunization. Alternatively, the 
vaccine could spill on the ground if  the sachet 
is perforated.

Visible markers, which stain the oral cavity, 
have proven to be useful in identifying the most 
suitable bait system for vaccine release. Staining 
intensity (categorized as weak or strong) can be 
correlated with the amount of  virus released 
in the dog’s oral cavity (Langguth et al., 2021, 
p. 11). However, the results of  a previous 
serological study suggest that intensive dog 
chewing on the bait is a good indicator that the 
vaccine is released from the sachet and subse-
quently elicits an adequate immune response 
(Leelahapongsathon et  al., 2020, p. 5). The 
immune response induced by the oral vaccine 
SPBN GASGAS was not different from that 
induced by a parenteral vaccine commercially 
available in Thailand (Leelahapongsathon 
et  al., 2020, p. 9). Furthermore, underscoring 
its efficacy, no rabies cases have been reported 
following the latest MDV campaign with adjunct 
ORV in selected areas within 1 year, even though 
there were rabies reports in nearby areas before 
the ORV field trials (according to local stake-
holders and cross-checking with the national 
surveillance database TRN, December 2021).

Oral rabies vaccines are administered using 
a bait matrix system, whereby a sachet filled 
with the liquid vaccine is incorporated into an 
attractive bait. The bait matrix mainly acts as 
an attractant for vaccine delivery. Several types 
of  bait materials have been tested and studied; 
however, currently, there are no universally 
applicable baits. Baits must successfully deliver 
the vaccine to the oral cavity and have a high 
acceptance rate in local dogs to consume the 
baits. Multiple studies have found that dogs 
from different regions appear to have different 
bait preferences (Berentsen et  al., 2016, p. 22; 
Kasemsuwan et al., 2018, pp. 4–8; Gibson et al., 
2019, p. 6). Hence, it is strongly recommended 
that bait acceptance tests determine the most 
effective type of  bait in both dog preference and 
vaccine uptake efficacy.

Thai free-roaming dogs tended to have a 
higher preference for handmade pig (swine) 
intestinal bait (Fig. 10.2c) than other bait types 
tested. However, this intestine bait had a lower 
success rate in releasing the vaccine into the oral 
cavity. Dogs tended to swallow vaccine sachets 
in the intestinal casing. Conversely, the slightly 
less attractive egg bait (Fig. 10.2b) proved to be 
more successful in delivering and releasing the 
vaccine in the oral cavity than the intestinal 
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bait. Dogs are more likely to chew egg baits for 
an extended period, providing greater vaccine 
exposure to the oral cavity. Furthermore, local 
field personnel in Thailand expressed a prefer-
ence for manufactured egg bait because of  its 
ease of  use (Chanachai et al., 2021). Local per-
sonnel are required to perform the laborious task 
of  incorporating a vaccine-filled sachet into the 
intestinal bait. Egg baits can be manufactured 
with the vaccine sachet contained inside on 
an industrial scale, thus eliminating the need 
for additional labour. Egg bait can be further 
optimized to induce local dog preference, such 
as pasting liquid cat snacks on to the egg bait 
to improve bait acceptance by dogs (Chanachai 
et al., 2021).

There are two possible methods of  bait 
distribution that target free-roaming dogs 
(Vos, 2019). The first, called the wildlife 
model, involves the mass distribution of  baits 
at selected sites where the animals must locate 
the distributed baits themselves. The second 
is the handout-and-retrieve model, which 
involves directly handing out the vaccine to the 
free-roaming dogs encountered and retrieving 
the vaccine sachet discarded by the dogs. The 
handout-and-retrieve model is highly advan-
tageous for reducing unintentional human 

contact with vaccine viruses. Compared to the 
wildlife model, it limits the number of  unac-
cepted baits and reduces the risk of  non-target 
animals consuming the bait.

Vaccine-bait distributors can be recruited 
from government staff, volunteers, dog care-
takers and owners. In studies conducted in 
Thailand, the government and LAO staff, volun-
teers and caretakers were recruited and trained 
to assist in the handout-and-retrieve model. The 
caretaker’s knowledge of  the dogs’ estimated 
population size, feeding habits and area prefer-
ence was crucial in conducting the vaccination. 
Moreover, local personnel’s familiarity with dogs 
also positively influenced the success of  ORV 
(Chanachai et al., 2021). After multiple vaccina-
tion campaigns, the accumulating experience of  
vaccination teams undoubtedly leads to a higher 
success rate in ORV, increasing vaccination cov-
erage (Güzel et al., 1998, p. 129).

Thailand has successfully reduced the 
number of  human rabies cases in the past few 
decades: 185, 50, 15 and three human cases were 
reported in 1990, 2000, 2010 and 2020, respec-
tively (Bureau of  Epidemiology, Department 
of  Disease Control, MoPH, Thailand, n.d.). 
However, as described previously, suboptimal 
vaccination coverage of  evasive free-roaming 

Fig. 10.2.  Oral rabies vaccine sachet and baits used in Thailand’s field studies. (a) Vaccine sachet 
without bait; (b) egg-flavoured vaccine bait; and (c) pig-intestine vaccine bait. Photos courtesy of 
Kansuda Leelahapongsathon.



122 Kansuda Leelahapongsathon et al.

dogs has always been an essential limitation 
for success (Kasempimolporn et  al., 2007,  
p. 29). ORV has shown potential in reaching a 
population that was previously not accessible to 
parenteral vaccination, increasing the overall 
vaccination coverage, especially in one of  the 
essential rabies reservoir groups – free-roaming 
dogs. In a previous field study in Thailand, 65.6% 
of  free-roaming dogs in targeted areas were suc-
cessfully vaccinated through ORV (Chanachai 
et al., 2021). Therefore, the risk of  free-roaming 
dogs transmitting rabies to animals and humans 
can be reduced.

10.4.2  The Thai protocol

The satisfactory outcome of  these ORV studies 
in Thailand has led to a larger-scale distribution 
of  oral rabies vaccine bait in local municipalities 
across Thailand. Five thousand doses of  baits 
containing the SPBN GASGAS vaccine con-
struct were allocated among all nine regional 
jurisdictions of  the DLD in 2021. The annual 
MDV campaigns consist of  the usual parenteral 
vaccinations and the addition of  oral vaccines as 
an adjunct. Local knowledge of  the dogs’ loca-
tion preferences and activities will help develop 
plans for vaccination campaigns, such as the 
ideal vaccination time and staffing require-
ments. Successful countrywide application of  
oral vaccines in the field should promote ORV 
usage as an adjunct to MDV in order to control 
and eliminate dog-mediated rabies. From studies 
conducted in Thailand, we suggest the following 
protocol for implementing the ORV campaign in 
this country.

Identify hot spots

Hot spots, identified by the uninterrupted 
presence of  dog rabies with high numbers of  
rabid free-roaming dogs, are areas that require 
oral vaccines. In Thailand, unvaccinated, free-
roaming dogs are the leading cause of  recurring 
rabies. ORV campaigns can specifically target 
these areas to vaccinate this subpopulation 
of  dogs and conserve time and resources. 
Organizers should identify high-risk areas 

with free-roaming dog populations and rabies 
hotspots. The campaign organizer can identify 
these targeted areas by analysing rabies surveil-
lance data and discussing it with local staff  and 
the community. It is also feasible to identify loca-
tions with free-roaming dogs by conducting a 
quick field survey while implementing the MDV 
campaigns.

Identify vaccine construct, bait and 
distribution system

In this case, the handout-and-retrieve model 
is the most suitable distribution system. The 
vaccine construct SPBN GASGAS has been used 
in Thailand because of  its high safety profile. 
Targeted dogs sometimes live near human habi-
tation, which could lead to unintentional human 
exposure to the vaccine. Another factor consid-
ered was the onset and duration of  immunity 
induced by this vaccine candidate: preferably the 
vaccine should induce a rapid onset of  immu-
nity and also protect the animals for a prolonged 
period of  time (Leelahapongsathon et al., 2020). 
The cold-chain requirements for the selected 
vaccine must also be considered. The storage of  
SPBN GASGAS requires a deep freeze (−20°C) to 
keep the vaccine viable throughout its shelf  life. 
Dry ice has been used to transport vaccines from 
central to local levels. A household refrigerator 
that can store ice cream (−18°C) is used for local 
vaccine storage. After thawing, the vaccine can 
be maintained in a standard cool box or refrig-
erator for at least several days. The egg-flavoured 
bait was highly successful in delivering the 
vaccine. The simple storage and ease of  use also 
make the egg-flavoured bait preferable to locally 
made baits for the field staff. The slightly lower 
attractiveness of  the egg bait than that of  the 
intestine bait can be mitigated by local products 
(e.g. cat paste).

Campaign organization

Vaccination teams must identify possible 
methods to reach the free-roaming dog popula-
tion. Non-traditional stakeholders (such as 
villagers, dog caretakers, monks and dog care 
societies) at the local level should be approached 
and engaged as soon as possible. In Thailand, 
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most free-roaming dogs have caretakers and 
are accustomed to being fed by humans. 
Caretakers sometimes form informal networks, 
and thus it may be possible to reach others after 
reaching out to individual ones. The involved 
stakeholders must be identified in the planned 
area. Responsibilities and tasks also need to be 
assigned to participating organizers because 
various components are involved in conducting 
a successful vaccination campaign. Significant 
considerations include: (i) the appropriate 
handling of  the materials (bait and vaccine);  
(ii) ensuring a proper cold chain for vaccines; 
(iii) personnel training; and (iv) planning advo-
cacy and educational campaigns. Multisector 
collaboration between stakeholders provides a 
holistic approach to the campaign, thus increas-
ing the potential for success.

Implementation of the campaign

The timing of  the ORV campaign is crucial to 
ensure that the target dog population is reached. 
We recommend conducting an ORV campaign 
shortly after the MDV campaign because the 
information on free-roaming dogs received 
during the MDV campaign should not sig-
nificantly change during this short period. The 
sharing of  local expertise between the stakehold-
ers involved can result in a practical and efficient 
strategy for campaign implementation. Thus, 
caretakers can also provide valuable insights. 
For example, they can help define the time of  day 
that would be most appropriate to conduct the 
vaccination campaign and estimate the number 
of  dogs in each area. Many dogs tend to gather 
during their feeding time (early morning or 
late afternoon), which may not be the standard 
working hours for staff. Flexible and adaptive 
management of  campaigns leads to higher 
vaccination coverage. Moreover, knowledge 
of  the number of  dogs in an area can govern 
the number of  vaccines and baits required. 
Local personnel training and experience in the 
area can also be advantageous when planning 
campaigns. The organizer must prepare for 
appropriate personal protective equipment and 
vaccine roll-out logistic supplies such as gloves, 
infective disposal bags, cool boxes and recording 

equipment. Vaccine handlers receive complete 
pre-exposure prophylaxis for rabies vaccination.

Follow up after the campaign

ORV of  dogs has recently been introduced in 
Thailand; therefore, continuous research and 
development are crucial. Technical cooperation 
among stakeholders, including manufactur-
ers, educational institutes, authorities and 
local communities, should be formalized. After 
conducting the vaccination campaign, it is 
essential to include a post-campaign monitoring 
plan to receive reports on vaccination success 
and adverse events in humans and animals. 
Follow-up monitoring plans should be actively 
conducted. The contact information of  volun-
teers and dog caretakers should be collected 
during the first field visit. The organizer should 
contact them to inquire about any adverse 
events, complaints or appreciations during 
post-campaign monitoring. The organizer may 
conduct serological monitoring following ORV 
to ensure that the campaign reaches accept-
able seroconversion rates. In such cases, a 
comprehensive serological monitoring protocol 
must be developed. Multiple-time capturing of  
free-roaming dogs for drawing blood is probably 
impossible. The organizer may consider acces-
sible free-roaming dogs living in similar environ-
ments to replace inaccessible free-roaming dogs 
for serological monitoring.

Possible alternatives, adaptations and 
improvements

If  ORV campaigns are conducted simultane-
ously with MDV, visually marking parenterally 
vaccinated dogs is recommended to be able to 
identify ‘unmarked’ dogs that need to be offered 
oral baits. In Thailand, attaching a vaccination 
tag to a dog’s collar is recommended. However, 
owners are not likely to follow this recommen-
dation. The ORV organizer should emphasize 
this guideline to dog owners to facilitate ORV 
campaigns. They may consider conducting an 
ORV campaign as soon as possible after the MDV 
campaign to reduce the problem of  recalling the 
vaccination history of  owned free-roaming dogs 
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that may have been vaccinated in the recent 
MDV campaign.

The campaign organizer should system-
atically plan to assess vaccination coverage 
whenever possible. The number of  owned and 
ownerless dog populations is crucial for assessing 
the overall vaccination coverage. Practical and 
good coverage of  owned-dog registrations serves 
as the baseline for the overall vaccination cover-
age. A periodic systematic survey of  ownerless 
dog populations helps estimate the ORV target 
and its performance. This information facilitates 
the adaptation and adjustment of  strategies to 
achieve the elimination of  dog-mediated rabies.

10.4.3  One Health

MDV has been the single most cost-effective tool 
to reduce the number of  dog rabies cases, and 
thus human rabies, as more than 95% of  all 
human cases are caused by dogs infected with 
the rabies virus. In the past, Thailand spent a 
large amount of  the budget for rabies prevention 
on providing rabies post-exposure treatment for 
people bitten by a potentially rabid animal (Wilde 
et al., 1999, p. 241). However, a more economi-
cal approach would be eliminating the disease 
from its principal reservoir in the country, the 
domestic dog. Unfortunately, due to the high 
proportion of  free-roaming dogs in Thailand 
that are inaccessible for parenteral vaccination, 
this approach is unlikely to succeed.

Including ORV as a component of  the MDV 
campaigns could therefore increase the vac-
cination coverage above the critical threshold 
to interrupt rabies transmission among dogs. 
Without the circulation of  the rabies virus in 
the dog population, the risk of  human rabies is 
significantly reduced.

10.5  Conclusion

The population of  free-roaming dogs inacces-
sible to parenteral vaccination has historically 
been a primary limitation to the elimination 
of  dog-mediated rabies. ORV has proven to be 
successful in immunizing dogs in controlled 
settings as well as in field conditions. The 
familiarity of  free-roaming dogs with their 
caretakers facilitates the acceptance of  oral 
vaccines given by the handout-and-retrieve 
model. The high safety profile of  the vaccine 
makes it suitable for use in the handout-and-
retrieve model.

In our previous studies, no vaccine-induced 
adverse effects were reported in humans or 
animals. Integration of  manufactured bait is 
recommended as it is highly successful in vaccine 
delivery and scalability. The simplicity of  storage 
and handling of  the bait-vaccine matrix is also 
advantageous compared to locally sourced mate-
rials, such as pig intestines. Proper communica-
tion, education and training of  local personnel 
are also crucial for successful oral vaccination 
campaigns. The involvement of  cooperative 
local communities can increase the likelihood of  
success by leveraging familiarity and knowledge 
of  local free-roaming dogs. Finally, the addition 
of  ORV as an adjunct to parenteral vaccination 
campaigns increases the coverage of  free-
roaming dogs and can contribute to eliminating 
dog-mediated human rabies in Thailand by 
2030.

Hopefully, the Thai initiative to use ORV 
as a complementary tool in dog rabies control 
will be followed by other countries in the 
region confronted with a significant number 
of  free-roaming dogs that are not accessible to 
parenteral vaccination.
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Abstract
Proper canine vaccination and the efficacy of  vaccines play a major role in controlling rabies in rabies-endemic 
countries. This chapter focuses on two studies that demonstrated humoral immunity following dog rabies 
vaccination (RV) of  puppies, juveniles and adult dogs. The results of  these studies indicated the necessity of  a 
primary and a booster vaccination when given for the first time to a puppy, juvenile or adult dog, followed by an 
annual booster. Quantitative analysis of  antibody responses in these studies, and the recommendations made, 
were considered for the revision of  the dog RV protocol in Sri Lanka to maintain a good immune response in the 
dog population. This chapter also discusses two ongoing studies that were initiated to determine the effectiveness 
of  this revised protocol. The ultimate aim is to control and prevent dog rabies in Sri Lanka and to achieve zero 
dog-mediated human rabies deaths by the year 2030.

*Corresponding author: ​mangalagunatilake@​hotmail.​com

11.1  Introduction

Sri Lanka is a rabies-endemic country; therefore, 
rabies is a significant health issue, having an 
impact on the country’s health budget. Public 
Health Veterinary Services, which is under the 
purview of  the Ministry of  Health, has initiated 
several measures to control its transmission 
and prevention. The Department of  Animal 
Production and Health (DAPH), Ministry of  
Local Government, Faculty of  Veterinary 
Medicine and Animal Science, private veterinary 
practitioners, and several non-governmental 
organizations (NGOs) also extend their support 
in this endeavour.

Animal rabies vaccination (RV), human 
post-exposure prophylaxis (PEP), health educa-
tion of  the general public, and dog population 
control (sterilization of  dogs) are the measures 
adopted in the country indicating the multi-
stakeholder involvement in the process of  rabies 
control (Harischandra et al., 2016; Kanda et al., 
2021). Furthermore, indiscriminate killing or 
elimination of  free-roaming dogs for the control 
of  rabies was discontinued in 2006, after the 
introduction of  the no-kill policy in the country 
(Madies, 2020). Taking measures to prevent or 
minimize dog-mediated human rabies deaths is 
one of  the best examples of  adoption of  the One 
Health concept in the country.
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It is an accepted fact that over 99% of  
human rabies deaths are due to domestic dogs 
(Hampson et  al., 2015). In Sri Lanka, too, the 
urban cycle is more prominent than the sylvatic 
cycle of  rabies transmission as the dog is the 
principal reservoir and transmitter of  rabies. 
Hence, dog RV plays a crucial role in controlling 
this zoonotic disease in the country (Gunatilake 
et al., 2003; Gunatilake, 2015).

There had been instances where puppies 
less than 3 months of  age died of  rabies in 
addition to reporting RV failures which were 
encountered during our clinical practice. In the 
mid-1990s, 3 months was the recommended 
age to commence vaccination against rabies in 
puppies (Gunatilake et al., 2003). Furthermore, 
studies conducted in several countries indicated 
a failure in producing long-lasting protective 
levels of  antibodies in a significant group of  dogs 
that received only one dose of  rabies vaccine 
(Tepsumethanon et  al., 1991, pp. 627–630; 
Sage et al., 1993, pp. 593–595).

These results led us to initiate the first 
study in the country to investigate whether 
the puppies born to vaccinated dams have 
protective antibody levels (based on the recom-
mended minimum threshold level of  0.5 IU/ml) 
until they receive the first RV and the duration 
of  protection in dogs following vaccination 
(Gunatilake et al., 2003). At the time of  planning 
the second study in 2006, the vaccine protocol 
in Sri Lanka was the same as in the mid-1990s –  
that is, puppies could receive the first RV at 3 
months of  age, followed by an annual booster. 

This protocol remained unchanged until 2013. 
This chapter explores two canine immunogenic-
ity studies conducted in Sri Lanka and the 
impact these studies had on the revision of  dog 
RV protocol in the country. Finally, this chapter 
discusses two ongoing studies, and the ways Sri 
Lanka is working towards ending human deaths 
by 2030.

11.2  Dog RV and Immunity

The impact of  dog RV and human post-exposure 
treatment (in the form of  RV) leading to a 
progressive reduction in the number of  human 
deaths is shown in Fig.  11.1. These measures 
have reduced the number of  human deaths in 
Sri Lanka from 377 in 1973 to ≤31 since 2013 
(Harischandra et al., 2016; Kanda et al., 2021).

Vaccination is aimed at the development 
of  immunity against rabies infection. As per 
the World Health Organization (WHO) and the 
World Organization for Animal Health (OIE), 
70% of  vaccination coverage should be the 
target to establish and maintain herd immu-
nity in the dog population (Hampson et  al., 
2009; Hampson et  al., 2015). Achieving the 
recommended level of  vaccination coverage and 
thereby herd immunity prevents transmission 
of  infection from a rabid dog to a non-infected 
dog (dog-to-dog transmission) and from a rabid 
dog to a human (dog-to-human transmission).  
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Fig. 11.1.  Impact of human and dog rabies vaccination (RV) leading to reduction of human rabies 
deaths in Sri Lanka, 1970–2020. Human post-exposure treatment comprises RV. From updated 
information provided by Ruwini M.S. Pimburage, Department of Public Health Veterinary Services, 
Ministry of Health who was responsible for maintaining this information.
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In this way, the urban cycle of  rabies transmis-
sion could be interrupted.

Immediately after vaccination, an animal 
is not protected against rabies as it takes a 
short time period to develop immunity. As per 
the Centers for Disease Control and Prevention 
(n.d.) and Today’s Veterinary Practice (2020), an 
animal could be considered immunized against 
rabies when a peak antibody titre is developed 
within 28 days following the initial vaccination.

Different brands of  rabies vaccines intended 
for animals marketed in the country contain 
killed (inactivated) rabies virus to initiate 
an immune response following vaccination; 
antibody production (humoral immunity) by 
plasma cells and development of  T lymphocytes 
mediates cellular immunity. Hence, the response 
to RV, and thus protection from exposure to the 
rabies virus could be determined by measuring 
humoral immunity and cellular immunity.

WHO and OIE recommend methods for the 
determination of  humoral immunity includ-
ing the rapid fluorescent focus inhibition test 
(RFFIT) and the fluorescent antibody virus 
neutralization (FAVN) test. These two tests use 
live virus to challenge the cells in the BHK21 
cell lines and measure the virus-neutralizing 
antibody titres (humoral immune response) in 
serum samples (Smith et al., 1973, pp. 535–541; 
Cliquet et  al., 1998; Cliquet and Wasniewski, 
2015, pp. 217–223; Rupprecht et  al., 2019, 
p. 141). RFFIT is a well-established method 
in the Department of  Rabies Research and 
Vaccine Quality Control of  the Medical Research 
Institute (MRI) of  Sri Lanka. In addition, there 
are enzyme-linked immunosorbent assay 
(ELISA) kits for the measurement of  humoral 
immunity semi-quantitatively (Bahloul et  al., 
2005, pp. 749–757; Wasniewski and Cliquet, 
2012, pp. 166–175; Wasniewski et al., 2014, pp. 
211–220). These ELISA-based semi-quantitative 
assays do not require cell culture laboratories 
and also do not require handling of  live rabies 
virus; therefore, in undersupplied facilities, this 
method could be undertaken to estimate the 
immune response following vaccination (i.e. 
whether the immune response is at or above 
0.5 IU/ml, which is considered an acceptable 
level for a protective immune response if  exposed 
to the rabies virus).

There are several different ELISA kits meant 
for semi-quantitative assay of  the humoral 

immune response following RV. ELISA kits 
measure not only neutralizing antibodies (anti-
bodies directed to surface glycoproteins of  the 
rabies virus) but other binding antibodies (i.e. 
antibodies binding to nucleoproteins of  the viral 
antigens), which is a disadvantage of  this semi-
quantitative assay method (Moore and Hanlon, 
2010; Realegeno et  al., 2018, p. e0207009). 
However, this assay as a screening test is much 
easier to perform, and is rapid and convenient in 
a resource-limited setting. Hence, this method 
was established in 2019 at the Department 
of  Physiology, Faculty of  Medicine, University 
of  Colombo for a study conducted to measure 
humoral immune response using BioPro Rabies 
ELISA Ab kit (O.K. Servis BioPro, n.d.). The FAVN 
test and facilities for measurement of  cellular 
immunity following RV are not available in the 
country at present.

11.3  First Study: Immunogenicity in 
Domestic Dogs After RV

The first study conducted during 1999–2002 
included only domestic canines (puppies and 
adult dogs with owners) of  various breeds 
(ranging from crossbreeds to pedigree breeds) 
brought from Colombo and the suburbs (Borella, 
Rajagiriya, Battaramulla, Malambe, Kotte and 
Nugegoda) for RV to a veterinary clinic in Kotte, 
Sri Jayewardenepura (Gunatilake et al., 2003).

The vaccine, Nobivac® Rabies (Merck &  
Co, n.d.), used in this study was an inactivated 
vaccine, containing Pasteur RIV (rabies 
inactivated virus) strain rabies virus grown 
in cell cultures. The antigenic content in this 
vaccine, ≥ 2.00 IU per dose, was higher than 
the antigenic content per dose recommended, 
as per the information provided by the vaccine 
manufacturer. According to the product leaflet 
included in the vaccine boxes, this vaccine was 
known to induce higher antibody titres with 
better cell-mediated immunity, protecting dogs 
and cats for up to 3 years against rabies. The 
selection of  this vaccine in this study was based 
on approval for its use in the national rabies 
control programme. Two studies which were 
conducted in the recent past show the stability 
of  this vaccine at different temperatures and its 
immunogenic capacity which provides evidence 
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to support the manufacturer’s claims (Lankester 
et al., 2016, pp. 5504–5511; Lugelo et al., 2021, 
p. 728271).

11.3.1  Methods

Adult dogs and puppies were recruited and 
categorized into the following groups based on 
the age of  the animal, past vaccination history, 
or the vaccination status of  the dam (past vac-
cination history and the vaccination status of  
the dam were based on the availability of  the 
vaccination record issued at the time of  vac-
cination). Only domestic dogs and puppies with 
owners were considered for this study. When 
recruiting puppies, age was determined follow-
ing examination of  the teeth growth at the time 
of  presentation, which was cross-checked with 
the information provided by the animal owners. 
The groups were:

•	 Group A: adult dogs aged 1–5 years with a 
past vaccination history against rabies;

•	 Group B: adult dogs aged 1–5 years 
without a past vaccination history;

•	 Group C: 3-month-old puppies of  dams 
with the evidence of  RV; and

•	 Group D: 3-month-old puppies of  unvac-
cinated dams.

A decision was made to recruit a minimum 
of  15 animals per group at the inception of  
the study. With the confirmation of  the health 
status following a general clinical examination, 
these recruited puppies and adult dogs were 
vaccinated intramuscularly with a single dose 
of  selected rabies vaccine, which was Nobivac® 
Rabies single-dose vials, after collecting the day 0  
(pre-vaccination; D

0) blood sample. Recruited 
animals were followed up for a period of  1 year 
with post-vaccination blood sample collection at 
identified time points: (i) day 30 (D30); (ii) day 180 
(D180); and (iii) day 360 (D360). Serum samples 
were analysed by RFFIT at the Department of  
Rabies Research and Vaccine Quality Control of  
the MRI.

The usual practice is that when dogs are 
brought to a veterinary clinic, RV is given if  the 
animal is clinically healthy in order to prevent 
dog-to-dog and dog-to-human transmission of  
rabies. During the planning and recruitment 

of  dogs and puppies for this study, certain vari-
ables were not considered due to the complexity 
that could be faced during data analysis. These 
variables included: (i) the interval between RVs 
in adult dogs of  Group A; (ii) nutritional status 
between crossbreed and pedigree dogs and 
puppies; (iii) sex of  recruited animals; (iv) age 
variation of  adult dogs (1–5 years) in Groups A 
and B; (v) the presence or absence of  maternal 
immunity at the time of  vaccinating puppies; 
and (vi) the frequency of  worm treatment – 
especially in crossbreed dogs.

11.3.2  Results and discussion

Pre-vaccination and post-vaccination serum 
samples collected from recruited adult dogs 
and puppies at the identified time points were 
analysed by RFFIT. Results of  the serum sample 
analysis are given in Table 11.1.

The results of  this study showed a wide 
variation in the humoral immune response fol-
lowing RV in all the groups (within and between 
groups). The exact reasons for the wide variation 
observed in this study cannot be worked out as 
we considered only the age and previous vac-
cination status during recruitment. There may 
be other factors, such as the interval between 
vaccinations, nutritional status, breed, sex, 
maternal immunity and/or parasitic infections, 
affecting the immunity development following 
vaccination. In addition, the type of  vaccine 
being administered is another factor which could 
potentially affect the development of  immunity 
following vaccination (Kennedy et  al., 2007,  
pp. 5–17; Hampson et  al., 2015; Wera et  al., 
2022). However, this factor was not considered 
in our study since a single brand of  rabies 
vaccine was used for all subjects.

Our results show that the vaccine used in 
this study was immunogenic because almost all 
dogs (except four puppies in Group D) responded 
with  ≥0.5 IU/ml immune response on D

30 fol-
lowing inoculation. Results indicated that the 
immunity developed following RV in some adult 
dogs in Group B and almost all the puppies in 
Groups C and D were not maintained at or above 
the indicated threshold level, which should not 
be considered a vaccine failure, but rather a 
waning immune response.
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The period of  maintenance of  immunity 
following primary (or initial) vaccination is 
of  a shorter duration compared to a second-
ary (booster) vaccination, which may also be 
dependent on the health and nutritional status 
of  the animal. This shows the necessity of  a 
booster vaccination for dogs vaccinated for the 
first time, prior to the annual vaccine booster, 
in order to maintain the immune response at 
or above the threshold level until the annual 
revaccination. During a primary vaccination, 
memory B and T lymphocytes are developed in 
the immune system against a pathogen, and 
the memory B cells (differentiated into plasma 
cells) produce a higher immune response of  
longer duration compared to a primary vacci-
nation when a booster vaccination is inoculated 
against a specific pathogen (Clem, 2011, pp. 
73–78).

Adult dogs with past vaccination history 
(Group A) showed a good humoral immune 
response following RV, which was main-
tained  ≥0.5 IU/ml until the annual revaccina-
tion. Only eight (50%) adult unvaccinated dogs 
in Group B maintained antibody titres ≥ 0.5 IU/
ml on D

360. Although the number of  puppies 
in Group C was four, none of  them showed the 
presence of  maternal antibodies (antibodies 
transferred from the dam) at the age of  the first 
RV. The presence of  low levels of  antibodies 
(well below the protective threshold) in puppies 
of  group C does not indicate that they have an 
adequate level of  maternal antibodies on D0 to 
protect them until the first vaccination against 
rabies. Additional information is included under 
footnote c in Table 11.1.

Based on the results of  the humoral immune 
response, the importance of  the following was 
highlighted: (i) annual booster vaccination for 
adult dogs with a previous vaccination history 
(per the results, an annual booster is required 
to maintain the immune response at or above 
the threshold level in dogs in Sri Lanka); (ii) a 
primary booster vaccination for the adult dogs 
without a previous vaccination history needs 
to be given at a suitable interval, with annual 
boosters to maintain immunity at least at 
threshold level in this rabies-endemic country; 
and (iii) the need for puppies to have the first 
RV before 3 months of  age (irrespective of  the 
dam’s vaccination status against rabies) with 
a primary booster at a suitable interval before 

going for annual revaccination in the country 
(Gunatilake et al., 2003).

The time points of  sample analysis were 
limited to four (D

0, D30, D180 and D360) due to the 
high cost of  the analysis of  samples. This did not 
allow us to determine the suitable time for the 
primary booster vaccination to be completed for 
adult dogs in Group B and puppies of  Groups C 
and D before immunity could wane below the 
threshold level for adequate protection against 
rabies.

In the first study, free-roaming (stray) 
animals were not included, and the number 
of  adult dogs and puppies recruited was at a 
minimal level which was not adequate for sta-
tistical comparison of  the results. Therefore, a 
second, more comprehensive study was planned 
and conducted with the inclusion of  both 
free-roaming and domestic dogs in adequate 
numbers for statistical comparisons (Kongkaew 
et  al., 2004, pp. 105–115; Pimburage et  al., 
2017a, pp. 133–140).

11.4  Second Study: Immunogenicity 
in Free-Roaming and Domestic Dogs 

After RV

A representative dog population was included in 
this comprehensive study conducted from 2009 
to 2013. In order to assess the effectiveness of  
vaccination (post-vaccination response), the 
humoral immune response was determined by 
RFFIT at the MRI. The objectives of  this study 
were to determine the pattern of  immunogenic-
ity, the suitable time for primary booster vacci-
nation among dogs from different age groups of  
free-roaming (stray) and domestic dogs (animals 
with owners), and to make recommendations 
regarding dog vaccination for rabies control in 
Sri Lanka.

11.4.1  Methods

The geographical area selected for the second 
study was the Kalutara district in the western 
province. There were 14 Divisional Secretariat 
Divisions and 11 Medical Officer of  Health 
(MOH) areas at the time of  conducting the study. 
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The average dog population was estimated at 
143,000, considering the human population 
as per the National Census published in 2012 
and human-to-dog ratio (Matter et al., 2000, pp. 
95–108; Department of  Census and Statistics, 
2012; Pimburage et al., 2017b). Out of  the total 
dog head samples submitted to the MRI from 
Kalutara district in 2011, 55% had been positive 
for rabies.

The dog RV campaign in Kalutara district is 
conducted under the authority of  the Regional 
Director of  Health Services and nearly 2000 
temporary vaccination centres were created in 
11 MOH areas in the district. Out of  this, 37 
temporary vaccination centres were randomly 
selected for the study. Furthermore, some areas 
in Kalutara district which were not covered by 
the government rabies control programme were 
selected for the recruitment of  unvaccinated 
free-roaming (stray) dogs. These dogs were 
caught and restrained by specially trained dog 
catchers. A special tattooing number and a 
photograph were used for easy identification 
of  free-roaming dogs during the follow-up 
period. Free-roaming dogs from the areas 
covered by the RV programme were identified 
by the presence of  a tattooing mark and/or a 
red dog collar (Pimburage et  al., 2017a, pp. 
133–140). Previous vaccination status against 
rabies among domestic juvenile and adult dogs 
(animals with owners) was determined based on 
vaccination records presented by the owners at 
the time of  vaccination of  animals. The different 
groups under which animals were recruited for 
this second study and the criteria used for group-
ing are as follows:

•	 Group A: adult free-roaming dogs > 1 year 
of  age with a past RV history;

•	 Group B: adult free-roaming dogs > 1 year 
of  age without a past RV history;

•	 Group C: domestic juveniles, 3 
months–1 year of  age with a previous 
vaccination;

•	 Group D: domestic juveniles, 3 
months–1 year of  age without a previous 
vaccination;

•	 Group E: domestic adult dogs, 1–6 years of  
age with regular (annual) vaccination;

•	 Group F: domestic adult dogs, 1–6 
years of  age without regular (annual) 
vaccination;

•	 Group G: domestic puppies (> 6 weeks– 
≤ 3 months of  age) of  vaccinated dams; and

•	 Group H: domestic puppies (> 6 weeks– 
≤ 3 months of  age) of  unvaccinated dams.

In order to have high statistical power, the 
sample size required for this comprehensive study 
was calculated to be 384. The number recruited 
was 510, considering about 33% contingency 
margin for the loss of  dogs during the follow-up 
period. Dogs and puppies were recruited to eight 
different groups based on age and vaccination 
status as indicated in Table 11.2.

The Nobivac® Rabies single-dose vaccine 
was injected intramuscularly into recruited 
animals in this comprehensive study. Pre- and 
post-vaccination blood samples were collected 
on day 0 (D

0), day 30 (D30), day 180 (D180) and 
day 360 (D360) and the serum was analysed by 
RFFIT to determine antibody titre levels.

11.4.2  Results and discussion

Not all of  the recruited animals were avail-
able for sample collection through to the end 
of  the study and some samples collected were 
haemolysed. These animals were not included in 
the analysis and therefore, the number of  dogs 
having all four samples considered for analysis 
was 380. Multivariate analysis was applied using 
a computer software package (spss version-10) 
to compare antibody titres. The results of  serum 
sample analysis are shown in Table 11.2.

The results of  the second study also showed 
a wide variation in humoral immune response, 
similar to the first study. Vaccination has pro-
duced higher mean antibody titres on D30 in 
regularly vaccinated adult dogs and juveniles 
compared to the antibody development in the 
animals without regular vaccination or no vac-
cination previously. Their mean antibody titres 
are also at a higher level on D0 compared to 
unvaccinated or irregularly vaccinated animals. 
The presence of  memory B cells (secondary 
immune response) should be the reason for 
this boost in the immune response following 
revaccination.

It is a well-accepted scientific fact that 
when an antigen is introduced for the first 
time, the body’s immune system of  humans 
and animals gets sensitized and activates T 
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Table 11.2.  Distribution of dogs and puppies, and resulting antibody titres for each group, in the second 
study. From Pimburage et al. (2017a).

Group, (sample 
size) and age of 
dogs considered 
for analysis

Sample 
collection 
time pointsa

Mean antibody titre (IU/
ml) (95% CI)b

Median antibody titre 
(IU/ml) (95% CI)b

Interquartile 
range

Dogs with 
≥ 0.5 IU/
ml titres 

(%)

A (n=47)
Previously 
vaccinated adult 
free-roaming dogs
(> 1 year)

D0 6.66(4.05–9.92) 2.0(1.32–8.74) 9.4 70.21

D30 51.85(35.90–71.27) 36.44(13.74–49.05) 41.1 100

D180 22.89(15.11–31.20) 10.53(8.43–14.32) 31.17 100

D360 7.17(4.25–10.88) 2.0(1.62–4.01) 8.08 82.98

B (n=47)
Unvaccinated 
adult free-roaming 
dogs
(> 1 year)

D0 0.13(0.08–0.19) 0.65(0.2–0.08) 0.08 6.4

D30 12.61(7.23–19.89) 4.0(2.10–9.80) 11.68 87.24

D180 9.16(4.74–15.29) 2.15(1.78–5.48) 7.75 87.24

D360 3.89(1.93–5.45) 0.67(0.47–1.70) 1.85 59.82

C (n=47)
Previously 
vaccinated owned 
juveniles
(3 months–1 year)

D0 15.99(8.06–26.10) 2.7(1.63–6.78) 8.53 78.72

D30 34.77(18.07–56.20) 10.74(5.40–11.59) 25.11 95.74

D180 27.09(13.40–45.05) 8.34(2.90–13.84) 17.76 93.62

D360 21.59(9.00–37.74) 2.90(1.98–7.78) 8.31 78.72

D (n=63)
Unvaccinated 
owned juveniles
(3 months–1 year)

D0 0.11(0.07–0.14) 0.06(0.02–0.08) 0.07 1.59

D30 17.39(11.34–24.13) 9.40(4.07–10.74) 17.44 93.65

D180 11.21(6.05–17.26) 2.50(2.12–5.20) 6.34 93.65

D360 3.04(1.53–4.71) 0.44(0.28–0.52) 1.7 42.86

E (n=51)
Owned adult 
dogs with regular 
annual vaccination
(> 1–6 years)

D0 13.62(6.01–24.24) 29(0.56–2.96) 7.28 76.47

D30 29.81(14.55–46.80) 10.02(2.50–11.04) 18.87 96

D180 39.47(20.48–60.20) 10.50(2.35–12.46) 18.03 88

D360 24.23(11.11–40.90) 2.56(2.19–8.93) 10.21 78

F (n=48)
Owned adult dogs 
without regular 
vaccination
(> 1–6 years)

D0 6.84(3.14–11.06) 0.93(0.55–2.28) 5.6 77.08

D30 25.73(15.20–40.34) 10.74(4.30–19.54) 17.54 100

D180 16.95(11.12–23.80) 9.41(2.35–15.56) 17.85 95.84

D360 9.69(5.91–13.97) 2.95(2.07–8.93) 9.15 83.33

G (n=40)
Domestic puppies 
(> 6 weeks–≤3 
months) of 
previously 
vaccinated dams

D0 0.10(0.07–0.14) 0.08(0.08–0.08) 0.03 0

D30 10.66(7.93–13.74) 9.80(9.70–10.20) 6.3 97.5

D180 4.63(3.16–6.46) 3.31(2.00–5.35) 5.64 82.5

D360 0.23(0.15–0.35) 0.09(0.08–0.19) 0.32 7.5

H (n=37)
Domestic puppies 
(> 6 weeks–≤ 
3 months) of 
previously 
unvaccinated 
dams

D0 0.07(0.06–0.09) 0.08(0.04–0.08) 0.04 0

D30 12.56(8.32–17.15) 8.50(4.70–10.45) 9.75 94.59

D180 4.76(3.00–6.80) 2.09(0.59–5.40) 7.31 78.38

D360 0.32(0.21–0.44) 0.19(0.09–0.40) 0.36 10.81

aD0, day 0, pre-vaccination; D30, day 30; D180, day 180; D360, day 360.
bCI, confidence interval.
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and B lymphocytes in order to produce cellular 
and humoral immune responses. During this 
process, memory T cells and memory B cells 
are produced and maintained. When the same 
or similar antigen is introduced again, these 
memory cells work to produce their specified 
effects (secondary immune response). During 
RV, inactivated rabies virus is introduced with 
the vaccine to sensitize and initiate an immune 
response in the body, while revaccination, or 
booster vaccination, is done to maintain the 
immune response through memory cells.

It is interesting to note the immune 
response is greater than the threshold level on D

0 
in adult dogs of  Group F, irrespective of  irregular 
vaccination. When compared to the immune 
response in adult dogs of  Group E with regular 
vaccination, the mean immune response in 
Group F dogs is at a lower level at each and every 
time point of  sample collection. However, the 
percentage of  animals having the protective 
threshold is higher at each time point in Group 
F than in Group E. Based on this observation 
between the two groups, one might argue that 
after several years of  successive vaccinations 
there is no necessity for regular revaccination, 
as dogs in Group F are apparently protected 
based on the immune response. Variations 
such as sex, nutritional status and/or previous 
vaccine brand used for vaccination may have 
contributed to the change observed in this study.

It is not possible to detect which dogs are 
adequately protected against the rabies virus, 
due to the non-availability of  free antibody titre 
assessment facilities in the country. Dogs and 
juveniles possessing antibody titres higher than 
the minimum threshold cannot be challenged 
with the rabies virus for experimental purposes 
in the country for ethical reasons. Therefore, 
it is not possible to determine whether the 
recruited animals are actually protected against 
rabies or not. The vaccine could be considered 
efficacious based on the immune response of  
all categories of  animals on D

30 compared to the 
pre-vaccination titre.

Mean antibody titres on D360 of  juvenile and 
adult dog groups were maintained at ≥0.5 IU/ml  
threshold level, although there is a decline 
compared to D30 titres until the annual revac-
cination (antibody titres are not maintained at 
the same level following a primary vaccination 
or booster vaccination and there is a natural 

decline in the immune response over time). This 
study also shows the absence of  antibodies in 
puppies, transferred from the vaccinated dams, 
supporting the requirement of  vaccination of  
puppies at an early age. Furthermore, this study 
demonstrates that these puppies should receive 
a booster vaccine before reaching 1 year of  age 
since most puppies do not sustain adequate titre 
levels by D

360.
Considering the results of  the second study 

and the rabies-endemic status in Sri Lanka, 
recommendations made were to: (i) revaccinate 
dogs on an annual basis; (ii) provide a primary 
booster vaccination at a suitable interval when 
RV is given to adult dogs and juveniles for the 
first time; and (iii) to vaccinate puppies at a suit-
able age and provide a primary booster before 
the annual revaccination. Other studies should 
be considered to determine an appropriate suit-
able interval for primary boosters in adult dogs 
or what age is suitable to vaccinate puppies. 
Organizations should consider the challenges 
these recommendations may bring – such as 
logistical challenges to vaccinating free-roaming 
dogs or locating puppies at the desired age for 
subsequent booster vaccinations.

11.5  Revision of Dog RV Protocol in 
Sri Lanka

Due to the non-availability of  a common 
protocol for dog RV, government institutions, 
private veterinary practitioners and NGOs who 
care for free-roaming animals were following 
different protocols in Sri Lanka. At the same 
time, if  a puppy or an adult dog has not received 
two consecutive doses of  RV, it was considered 
unprotected against rabies by the Ministry of  
Health, especially when a decision is to be made 
regarding post-exposure treatment for a dog-bite 
victim.

In order to address these issues, the 
Veterinary Teaching Hospital, Faculty of  
Veterinary Medicine and Animal Science, 
University of  Peradeniya organized two work-
shop sessions in August and September 2013. 
Research-based information was considered in 
this endeavour to design and revise the dog RV 
protocol in the country. The results of  our two 
studies were the only available evidence, based 
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on the WHO- and OIE-recommended RFFIT 
method for analysis of  serum samples to deter-
mine humoral immune response following the 
RV.

There was another study conducted 
on puppies, juveniles and adult dogs kept 
at an animal home in Peradeniya, Kandy 
(Gunawardena et  al., 2011, pp. 13–18). The 
sample analysis had been conducted using a 
different ELISA kit and this was not presented or 
considered. The decision taken at the workshop 
sessions was publicized by the DAPH in order 
to emphasize the need for practising veterinar-
ians to follow the revised schedule (DAPH, Sri 
Lanka, 2013, pp. 1–4; Gunatilake, 2015). This 
was adopted as a step forward to control dog-
mediated rabies in Sri Lanka. Furthermore, it 
follows the recommendation of  the WHO and 
OIE to adopt a suitable vaccination protocol in 
rabies-endemic countries to combat this deadly, 
vaccine-preventable, zoonotic disease.

The revised RV protocol for dogs in Sri Lanka 
indicates primary vaccination at the age of  6 
weeks regardless of  the vaccination status of  the 
dam, the primary booster vaccination at the age 
of  14 weeks, and thereafter with annual revac-
cinations. In addition to the above-mentioned 
schedule for domestic puppies of  vaccinated 
dams, the recommendation for domestic puppies 
of  unvaccinated dams was to give the first rabies 
vaccine at the time of  presentation (after opening 
eyes) and the first booster in the 14th week of  age 
with annual revaccinations. For stray animals, 
the recommendation made was to inoculate first 
at the time of  presentation (after opening eyes) 
and the first booster after 10 weeks with annual 
revaccinations (DAPH, Sri Lanka, 2013, pp. 1–4).

Adequate research findings were not avail-
able to make the guidelines for the exact timing 
of  booster vaccination for puppies of  vaccinated 
dams, although it was decided to vaccinate at the 
age of  14 weeks. Considering the danger faced 
specifically by small children, it was decided to 
vaccinate puppies of  unvaccinated dams and 
stray puppies at the time of  presentation after 
opening eyes. Information for the primary 
booster vaccination for juveniles was also not 
available. Therefore, it was crucial to find out the 
starting point of  declining antibody response 
after primary vaccination against rabies in 
puppies and juveniles. Also, it was worthwhile 
to find out how the immune responses vary 

after the first booster vaccination against rabies 
in puppies. Therefore, the third study which is 
ongoing was planned.

One important aspect to consider is 
whether there was a reduction in the number of  
rabies-positive dog cases and any reduction in 
human deaths by dog-mediated rabies following 
the revision of  the dog vaccination protocol in 
2013. As per the data given on the website of  
the Public Health Veterinary Services, Ministry 
of  Health, there is a reduction in the number of  
human deaths due to rabies from 38 in 2012 to 
equal or less than 28 in subsequent years until 
2019 (Public Health Veterinary Services, n.d.). 
Similarly, there had been a gradual reduction in 
rabies-positive dog cases from 664 in 2013 to 383 
in 2020. Published data do not clearly indicate 
whether this reduction could be attributed to the 
revision of  the vaccination protocol. The reduc-
tion in human deaths could be due to improved 
post-exposure treatment protocols.

11.6  Ongoing Studies

11.6.1  Third study: Testing the 
effectiveness of the revised dog RV 

protocol

The effectiveness of  the revised RV protocol was 
the next target in the third study. This study 
was also initiated in collaboration with the 
MRI using a different brand of  rabies vaccine 
(Rabisin) recommended by the WHO and OIE 
to use in rabies-endemic countries. This vaccine 
is the recommended vaccine to be used in the 
selected area of  study by the authorities of  
Dehiwela Municipality in the western province.

This study included several different groups 
containing domestic puppies and juveniles of  
mixed breeds. Animals recruited were given 
a booster vaccination, 2 months after the 
primary vaccination to puppies and 1 month 
after the primary vaccination to juveniles, 
and sample collection was done at appropriate 
intervals (more sample collection time points 
were included). Sample analysis will need to be 
completed to find out if  this protocol is effective. 
The results of  this study would help the Sri 
Lankan authorities engaged in rabies control to 
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establish a new protocol, if  required, for puppies 
and juveniles.

11.6.2  Fourth study: Comparison of 
immunogenicity of different brands of 

animal rabies vaccines

Nine different brands of  rabies vaccines imported 
from different countries are currently marketed 
in the country. Some of  these brands are avail-
able in single-dose or multi-dose preparations. 
The efficacy and potency of  these vaccines are 
not subjected to any testing before their registra-
tion at the Veterinary Drug Control Authority 
(VDCA) under the DAPH, and the registration is 
based on the dossier submitted by the vaccine-
importing companies.

Previously there was a vaccine marketed 
in the country which had zero potency when 
tested using the mouse inoculation test at a 
WHO reference laboratory for rabies in Europe. 
Subsequently, the local company which was 
involved in the marketing of  this vaccine 
withdrew it from VDCA registration. For ethical 
reasons, the brand of  the vaccine is not disclosed 
here. With this background, the fourth study 
was initiated and is ongoing.

The results of  this study will enable us 
to select the animal rabies vaccines with high 
immunogenic capacity and thereby make 
recommendations to the VDCA of  DAPH. 
When vaccines of  high immunogenic capacity 
are used, the immune response in the animals 
may be enough to maintain a higher level of  
herd immunity. This would promote control of  
dog-mediated rabies in the country and thereby 
achieve zero human rabies deaths by 2030.

11.7  Conclusion

Many factors play a role in immunity develop-
ment following RV and maintenance of  titres 
at the recommended minimum protective level. 
The results of  two completed studies described 
above showed a positive relationship between 
previous vaccinations and the duration of  
maintenance of  humoral immunity until the 

annual booster vaccination. On the other 
hand, the dam’s vaccination status did not 
have any impact on the protection of  puppies 
against rabies as the humoral immune response 
after vaccination seems to be closely similar in 
puppies of  vaccinated and unvaccinated dams. 
The results of  this study emphasized the need 
to vaccinate puppies as soon as possible to com-
mence an immune response.

Humoral immune response against rabies 
follows the norm of  the gradual waning of  
immune response over time when it reaches 
the end point of  D

360 in these two studies. This 
emphasizes the need for annual revaccination 
in the country, as rabies is endemic. Also, when 
animals were given only one vaccine in the first 
year of  life, data indicates that it is not sufficient 
for the maintenance of  antibody titres until the 
time of  annual booster vaccination. Therefore, 
puppies and juveniles should be given two rabies 
vaccines in the first year of  life at suitable time 
intervals with annual revaccinations. Revision 
of  the dog RV protocol in Sri Lanka was timely 
in order to control this deadly zoonotic disease.

Although the first two studies generated 
valuable information, there were several limita-
tions including: (i) small sample size; (ii) unreli-
able vaccine history (especially for dogs believed 
to be unvaccinated, which could account for 
a titre response when there should be none);  
(iii) inability to separate dogs with a history of  
one vaccine from those with two or more; and 
(iv) inability to consider other factors that could 
play a role in the immune response. In this 
context, more studies need to be conducted to 
validate the results.

The third study, which is ongoing, will 
generate new data in order to revise the primary 
booster vaccination time point indicated in the 
revised protocol in 2013 for puppies, if  required, 
and also to establish a protocol for juveniles. The 
fourth study which focuses on the immunogenic 
capacity of  the rabies vaccines marketed in the 
country would enable us to select the vaccines 
with high immunogenic capacity. The results of  
all these studies will help Sri Lanka to achieve 
the zero dog-mediated human rabies deaths by 
2030 target with the support of  human post-
exposure prophylaxis operated by the Ministry 
of  Health.
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Abstract
Constraints to canine rabies elimination include low political priority, poor implementation of  a One Health 
approach, low accessibility of  rabies post-exposure treatment, and often insufficient information on local dog 
populations. Studies on dog ecology can provide essential insights to guide the implementation of  effective dog 
vaccination campaigns, but they are rare in Asia. While population size estimations and demographics are 
relatively well-researched, information about contact networks, population dynamics, and human-mediated dog 
movements is limited. In this chapter, dog ecology research in Asia is reviewed, and two dog ecology case studies 
from Indonesia and Oceania using GPS (Global Positioning System) collars, contact sensors, camera trapping, 
serology and surveys are presented. Differences within and between dog populations reveal the heterogeneity of  
dog behaviour that is bound to the societal context in which dogs are kept. Such findings can be used for scenario 
simulations in disease spread models, and can inform rabies elimination strategies by dog vaccination, supported 
by dog confinement and population control.
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12.1  Introduction

12.1.1  Dogs as a reservoir of rabies

Domestic dogs (Canis familiaris) are by far the 
most important reservoir species of  rabies, 
causing more than 99% of  human rabies cases 
worldwide (WHO, 2013). In Asia, over 35,000 
people are estimated to die annually from 

dog-mediated rabies and the disease causes an 
economic burden of  over US$6 billion/year, 
substantially more than on other continents 
(Hampson et al., 2015, p. 9). After being exposed 
to a rabid dog, typically through a bite, effective 
post-exposure prophylaxis (PEP) can prevent 
clinical rabies and death in people; however, PEP 
availability, access and affordability are often 
limiting factors in rabies-endemic countries. 
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Also, preventing human rabies by PEP alone 
is not sustainable because the virus still circu-
lates in the reservoir population (i.e. the dogs). 
Investment in controlling rabies in the reservoir 
hosts is thus key to sustainably eliminating the 
disease.

It has been demonstrated that in coun-
tries with high rabies incidence in humans, 
investment in dog vaccination is low, and vice 
versa (Hampson et  al., 2015), and several 
studies have shown that dog mass-vaccination 
campaigns can dramatically reduce canine 
rabies incidence. For example, in 1983, a 
regional control programme for rabies, includ-
ing canine mass vaccination, was introduced 
in Latin America and the Caribbean (Vigilato 
et  al., 2013). The programme achieved an 
overall reduction of  almost 90% of  cases in 
humans and dogs with the elimination of  dog-
mediated rabies in many countries of  the con-
tinent (Del Rio Vilas et al., 2017). Surveillance 
strategies are still required despite the elimina-
tion of  dog-mediated rabies, because rabies 
in wildlife remains endemic in this region, 
with potential risk of  rabies transmission to 
domestic animals and people. An example 
from Asia is the successful national strategy 
for dog-mediated rabies elimination that 
was implemented in Sri Lanka. This strategy 
includes dog mass vaccination and led to a 
significant reduction in the number of  human 
deaths caused by rabies (Harischandra et  al., 
2016). Applying a One Health approach by 
combining improved PEP access as a public 
health intervention, investing in dog vac-
cination, and strengthening communication 
between the two sectors (Mindekem et  al., 
2017), is the most efficient route to reach the 
target of  dog-mediated human rabies elimina-
tion globally by 2030 – a goal, also named 
‘Zero by 30’, that has been set by the World 
Organization for Animal Health (WOAH), the 
World Health Organization (WHO) and the 
Food and Agriculture Organization of  the 
United Nations (FAO) (Ren et  al., 2018). A 
core contribution from the veterinary sector 
is the investment in effective and sustainable 
vaccination of  dogs, which not only requires 
technical expertise, but also knowledge of  the 
respective dog population.

12.1.2  Definition of free-roaming 
domestic dogs (FRDDs)

WOAH categorizes dogs according to the level 
of  dependency on humans and restrictions in 
their roaming behaviour (OIE, 2009). Dogs 
that are not fully restricted are also called stray 
dogs and are the majority of  the worldwide 
dog population (Gompper, 2013). Based on 
the level of  dependency on humans, stray dogs 
are divided into three categories: (i) feral dogs 
that have reverted to the wild state and do not 
depend on humans for feeding or breeding; (ii) 
village (or community) dogs that do not have a 
designated owner but rely on local communities 
for feeding; and (iii) free-roaming owned dogs 
that roam without supervision at least part of  
their time but depend on their owners for shelter 
and feeding. Village and free-roaming owned 
dogs are often collectively termed free-roaming 
domestic dogs (FRDDs) (Warembourg et  al., 
2021a).

In Africa and Latin America, FRDDs 
are predominantly owned, with estimations 
of  ownerless dogs ranging from 0 to 20% 
(Dürr et  al., 2009; ; ; Muthiani et  al., 2015; 
Warembourg et al., 2020). In Asia, the propor-
tion of  ownerless dogs varies and ranged from 
3.3% in Bali, Indonesia (Hiby et al., 2018), and 
up to 40 and 62%, in Bangladesh and India, 
respectively (Hossain et  al., 2013). Among 
owned FRDDs, the dog’s role (e.g. companion-
ship, hunting) and husbandry practices, such 
as feeding, access to veterinary care, dog con-
finement or human-mediated dog movements, 
vary between and within countries (Villatoro 
et al., 2016; Warembourg et al., 2021b). These 
factors greatly influence dog behaviour – 
including roaming and contact with dogs and 
other species such as humans, livestock and 
wildlife – which is relevant to rabies transmis-
sion and control. It is therefore essential to 
generate knowledge on FRDD ecology and the 
factors that influence this for evidence-based, 
sustainable rabies control. This aligns with the 
WHO’s recommendations to adapt vaccination 
strategies to local dog population characteris-
tics (WHO, 2018).
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12.1.3  Definition and relevance of dog 
ecology

Ecology can be defined as the science of  ‘the 
distribution and abundance of  organisms and 
the interactions that determine distribution 
and abundance’ (Sagoff, 2017). Applying an 
ecological lens to FRDDs highlights that they 
are a species with characteristics of  compan-
ion animals, livestock (dogs are raised as a 
meat source in some countries) and wildlife. 
Relevant ecological studies include research 
on: (i) population size, density, demography 
and dynamics; (ii) roaming behaviour and 
interactions with the (often anthropogenic) 
environment; (iii) contacts to conspecifics 
and other species; and (iv) human-, dog- and 
environment-related factors influencing these 
parameters.

Methods to estimate dog population 
size range from simple counts and surveys to 
advanced models (Tiwari et al., 2019b). Studies 
investigating roaming behaviour and contacts 
within and between species have often been 
based on observations (e.g. Hutabarat et  al., 
2003; ; Dias et al., 2013). More recently, Global 
Positioning System (GPS) devices and contact 
sensors attached to FRDDs via collars have 
been used and complement previous observa-
tion studies (e.g. Vaniscotte et al., 2011; Dürr 
and Ward, 2014; Laager et  al., 2018; Raynor 
et al., 2020; Warembourg et al., 2021a).

In this chapter, the role of  dog ecology 
in rabies prevention and control is reviewed 
and discussed. Following an overview of  
constraints to rabies elimination and of  dog 
ecology in Asia regarding rabies control, two 
case studies are presented: one from rabies-
endemic Indonesia and one from rabies-free 
Oceania. These case studies are intended 
to demonstrate and show how dog ecology 
studies in specific regions can generate in-
depth knowledge on dog populations and how 
such knowledge can be employed to improve 
rabies prevention and control. Each case pro-
vides a different perspective on the activities 
required to eliminate or prevent rabies at a 
regional level.

12.2  Constraints to Rabies 
Elimination

12.2.1  Rabies as a neglected disease

Vaccinating dogs is recognized as the most 
sustainable measure to control and eventually 
eliminate dog rabies (Cleaveland and Hampson, 
2017), but many hurdles on the way to ‘Zero by 
30’ are linked to dog vaccination campaigns. 
There are also other challenges to the goal of  
elimination that are not directly related to dog 
vaccination.

An important challenge is the poor visibility 
of  rabies. Only if  perceived as the danger and 
burden that it actually presents, will there be 
sufficient societal pressure, advocacy and political 
insistence to act upon rabies with the necessary 
will and the resources required. Since rabies is 
a disease of  poverty, and like other neglected 
tropical diseases often occur in remote places and 
under-resourced populations, under-reporting of  
cases in people, as well as dogs, is likely, and esti-
mates show that 100-fold under-reporting might 
be usual (Scott et  al., 2017, p. 2). The absence 
of  solid evidence induces a ‘cycle of  neglect’: 
because data is weak or non-existent, rabies is 
falsely perceived as an insignificant health issue, 
leading to further neglect (Taylor et  al., 2017). 
Secondly, rabies might not be a disease of  priority 
because of  limited awareness in the population, 
spanning from poor knowledge of  the disease and 
its terrible outcome and post-bite prophylactic 
measures, to lack of  aggression-avoidance behav-
iour towards dogs. To increase public awareness, 
efforts mainly consist of  promoting rabies 
information, but whether this translates into the 
desired behavioural changes remains unclear 
(Fahrion et al., 2017).

Thirdly, the political will of  decision 
makers to change the situation might be absent 
due to competing public health priorities, the 
knowledge that rabies elimination is a lengthy 
process requiring multiple costly rounds of  dog 
vaccination campaigns, and possibly the percep-
tion of  rabies as a mainly veterinary issue. As 
such, the weakness of  the veterinary sector in 
many countries compounds the relatively low 
priority of  interventions involving domestic 
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dogs (Müller et al., 2015). Overall, these factors 
predominantly put at risk and cause impacts in 
an under-represented and therefore vulnerable 
sector of  society, the rural poor. Without collec-
tive societal pressure, strong advocacy, and local 
and national champions, rabies continues to be 
ignored.

12.2.2  Constraints related to human PEP

From a human health perspective, a common 
constraint to rabies prevention following a 
potentially rabid dog bite is the inaccessibility or 
unaffordability of  rabies biologicals (Sreenivasan 
et al., 2019). A course of  rabies PEP, combined 
with repeated, potentially long travel routes 
to get the vaccine, can exceed a household’s 
resources, and is a bitter truth for many bite 
victims. Newer developments to fill this gap, 
including shortened PEP regimens, requiring 
fewer health facility visits, changed recommen-
dations towards vaccine-saving intradermal 
administration, and new technologies such as 
thermostable vaccines and monoclonal antibod-
ies, could contribute to alleviating the problem. 
However, a change towards better supply and 
distribution of  these biologicals require system-
atic improvement of  universal health coverage. 
A global push towards universal healthcare and 
a facilitating shift for many countries may follow 
the recent uptake of  human rabies vaccine 
on the portfolio of  Gavi, the Vaccine Alliance 
(WHO, 2018).

12.2.3  Constraints related to dog 
vaccines

From the veterinary perspective, constraints 
related to dog vaccination are manifold. Studies 
assessing rabies vaccination coverage often 
detect vaccination coverage below the WHO 
recommended threshold of  70% (e.g. Kitala 
et al., 2001; Atuman et al., 2014; Tenzin et al., 
2015b). Besides the hurdles discussed above, 
well-planned vaccination campaigns require 
knowledge of  the underlying dog populations, 
which is often not available. Unknown dog 
population size and demographics, lack of  
information on the typically rapid population 

turnover leading to many susceptible puppies, 
as well as the natural death of  vaccinated dogs, 
or unknown immigration of  unvaccinated dogs, 
challenge the planning of  dog vaccination cam-
paigns (Gamble et al., 2018). Also, dogs that are 
inaccessible can limit vaccination coverage, and 
the proportion of  these varies considerably from 
country to country even within Asia (Morters 
et al., 2014b; Hiby et al., 2018).

To reduce the proportion of  non-accessible 
dogs, methods such as trapping with nets are 
needed to vaccinate parenterally. In addition, 
oral vaccination of  domestic dogs is increas-
ingly discussed as an option to overcome this 
issue (Cliquet et al., 2018; Wallace et al., 2020). 
Recently, researchers were able to successfully 
vaccinate 83% of  dogs using oral rabies vacci-
nation in Thailand, which otherwise would have 
been only partly accessible for parenteral vac-
cination (Chanachai et al., 2021). An adequate 
understanding of  dog ecology (i.e. population 
size, dynamics, and accessibility for vaccination 
in the respective setting) is therefore a key deter-
minant to planning rabies vaccination strategies 
in endemic countries.

12.2.4  Constraints related to a One 
Health approach

Addressing rabies solely either from a veterinary 
or from a public health perspective misses a 
‘One Health’ integration of  the sectors and can 
present a roadblock to the elimination of  dog-
mediated human rabies. The key justification 
for a One Health approach lies in the realization 
that the main strategy to avoid human deaths 
is to interrupt transmission in the reservoir by 
dog vaccination. This means that the public 
health benefit is achieved through a veterinary 
intervention (Cleaveland and Hampson, 2017). 
If  this is not recognized, and the public health 
sector only assumes responsibility for provid-
ing PEP to bite victims, dog vaccination risks 
remaining underfunded by the typically lower-
resourced veterinary sector. Responding to 
rabies through PEP provision alone is expensive 
and symptomatic, lacking the perspective of  
sustainable reduction in rabies incidence in 
humans, because the disease is not addressed at 
its source. Economic models support One Health 
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solutions. Public and veterinary health sectors 
have to collaborate and ideally, co-fund solu-
tions for dog vaccination (Lavan et  al., 2017). 
This is challenging because existing systems 
need to be adjusted to work together, requiring 
harmonizing administrative and management 
structures and budget lines across sectors; 
however, the benefits of  a One Health approach 
for rabies control are increasingly being recog-
nized (Seifmann and Kaplan, 2021). Ultimately, 
alleviating the burden of  rabies is cost-effective 
and can bring indirect benefits to other disease 
programmes and promote universal health 
coverage more generally.

12.3  Dog Ecology in Asia

12.3.1  Overview of studies on dog 
ecology

Returning to the role of  dog ecology and its 
contribution to canine vaccination on the way 
to rabies elimination, an overview of  the current 
evidence from research in Asia was conducted. 
Twenty-four studies, published between 1982 
and 2021, were identified in a literature scan 
when searching for dog ecology studies in Asia, 
and were clustered in only a few countries. India 
is most represented, while research in about 
85% of  rabies-endemic Asian countries was not 
identified (Fig. 12.1a). Studies either focused on 
owned and unowned free-roaming dogs, and 
some of  them also included owned, confined dog 
populations. Seventeen studies estimated dog 
population size, ten included estimates of  dog 
densities, seven estimated human:dog ratios, 
and three reported the investigation and appli-
cation of  various dog enumeration techniques 
(Fig. 12.1b). About half  of  the studies reported 
on dog demography, such as the population 
distribution of  age, sex and breed, whereas only 
two studies addressed dog population turnover. 
For aspects related to dog management, nine 
studies were found to report on dog confinement, 
five on neutering, three on the role and origin 
of  dogs, and one on reported feeding practices. 
Data on vaccination coverage and accessibility 
of  dogs for vaccination were collected in eight 
and three studies, respectively. Nine studies 
addressed dog roaming behaviour, home range 

size, immigration, and group sizes of  dogs in the 
streets, as well as three studies reporting on the 
transport of  dogs. Only one study investigated 
contact networks among dogs.

12.3.2  Five key inferences for rabies 
control

The information generated from the identified 
dog ecology studies spanned five key areas of  
knowledge required for rabies prevention and 
control. First, dog population size provides 
important baseline data to plan and monitor 
rabies control programmes for the respective dog 
population (WHO Veterinary Public Health Unit, 
1988; Hossain et al., 2013; Tenzin et al., 2013, 
Tenzin et al., 2015a; Morters et al., 2014a; Rinzin 
et al., 2016; Pimburage et al., 2017). Methods to 
estimate dog population size and density must 
be time- and cost-effective. Tiwari et  al. (2018) 
compared and discussed eight such methods, 
concluding that those accounted for individual 
heterogeneity of  dogs’ catchability led to more 
accurate and robust estimations compared to 
those not accounting for heterogeneity.

Secondly, dog demography, such as age and 
sex distribution, and turnover, helps to under-
stand the population dynamics and estimate the 
annual replacement of  vaccinated by unvacci-
nated dogs (WHO Veterinary Public Health Unit, 
1988). This information is needed to determine 
the interval between dog vaccination campaigns 
to maintain appropriate vaccination coverage. A 
study by Kumarapeli and Awerbuch-Friedlander 
(2009) showed that more frequent than annual 
vaccination campaigns are required in popula-
tions with a high proportion of  free-roaming 
and ownerless dogs due to their rapid population 
turnover and shorter lifespan.

Thirdly, the accessibility of  dogs in the 
identified studies was estimated to be  >70%, 
which makes adequate vaccination coverage 
feasible (WHO Veterinary Public Health Unit, 
1988; Morters et  al., 2014a; Hiby et  al., 2018). 
Nevertheless, 15–25% of  the free-roaming 
dogs – owned and unowned – were inaccessible 
for parenteral vaccination, because of  difficul-
ties bringing them to vaccination posts (WHO 
Veterinary Public Health Unit, 1988; Matter et al., 
2000; Pimburage et  al., 2017), and therefore, 
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alternative vaccination strategies, such as oral 
vaccination, were discussed (Matter et al., 2000).

Fourthly, some studies tried to identify rules 
for more effective targeted vaccination compared 
to random vaccination of  70% of  all dogs, using 
outcomes from dog ecology studies. For example, 
Rinzin et  al. (2016) and Tenzin et  al. (2015a) 
showed that to use resources more effectively, 
vaccination could be optimized by focusing on 
areas with high dog density. Another study from 
India suggested that dogs tended to build large 
groups with conspecifics, and those dogs being 
sighted closer to garbage points would have lower 
accessibility for parenteral vaccination, and 
should therefore be considered for oral vaccina-
tion (Tiwari et al., 2019). Also, by investigating 

contact networks of  dog populations in four 
countries (Chad, Guatemala, Indonesia and 
Uganda), it was suggested that targeted vaccina-
tion of  highly connected dogs (those with more 
contacts with other dogs than the average) could 
be more efficient (Warembourg et al., 2021a).

Finally, anthropogenic factors greatly 
influence dog ecology. A study undertaken in 
Indonesia and South Africa highlighted that dog 
population size is regulated by human demands 
for dogs (Morters et  al., 2014b). Also, human-
mediated dog movement was observed and 
discussed as a key factor in rabies spread (Beran, 
1982; Morters et  al., 2014b; Hutabarat et  al., 
2003). For example, Beran (1982) reported 
on rabies outbreaks in mountain settlements 
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and concluded that latently infected dogs could 
have only reached this remote site with people. 
Therefore, it is crucial to consider such owner-
related factors in the design and implementation 
of  rabies prevention and control programmes 
and adapt them to the socio-economic charac-
teristics of  the communities.

12.4  Dog Ecology Case Study 1: 
Indonesia

12.4.1  Background

Rabies was first reported in Indonesia in 1889 
in Bekasi, West Java and then spread widely 
to other regions in Indonesia (Ward, 2014). 
The number of  rabies-infected provinces in 
Indonesia has increased from 20 (concentrated 
in the four islands Java, Sumatra, Kalimantan 
and Sulawesi) (Mustiana, 2013) in 1981 to 26 
in 2021 (Ministry of  Health Republic Indonesia, 
2020). The ongoing spread in the eastern islands 
of  Indonesia has included Flores, Ambon, 
Seram, Buru and Bali (Amaral et al., 2014) and 
most recently, Sumbawa in 2018. The incursion 
of  rabies into Sumbawa was most likely due to 
the transportation of  latently infected dogs from 
rabies-infected areas because it is common in 
Indonesia to transport dogs by ferry (Mustiana, 
2013) or via fishing boats (Bingham, 2001). 
The government of  Indonesia now conducts 
an annual rabies celebration day to increase 
people’s awareness of  rabies and annual vac-
cination of  dogs in infected areas, to reduce the 
number of  rabies cases both in humans and in 
dogs, and to prevent further spread to rabies-free 
islands.

The number of  rabies cases in Indonesia 
ranks fourth highest in South-east Asia, after 
India, Bangladesh and Myanmar, with 150–300 
human cases reported annually (WHO, 2012). 
Most victims are children under 19 years old 
(Wera, 2001). Almost all of  these human rabies 
cases were due to exposure to rabid dogs, who did 
not receive timely PEP (Wera et al., 2015). Based 
on data from the Ministry of  Health in Indonesia 
for the period 2015–2019, more than 80,000 
humans are bitten by suspected rabid dogs every 
year (Ministry of  Health Republic Indonesia, 
2020), and 30% (thus 24,000 victims) do not 

receive PEP. The high number of  bite cases, par-
ticularly during outbreaks, could be due to the 
high number of  dogs in rabies-infected areas. 
The estimated dog population in Indonesia 
is 16 million dogs, with the human:dog ratio 
ranging from 4:1 in Bali to 32:1 in Aceh (One 
Health Roadmap, 2019).

12.4.2  Rabies on Flores Island

Flores Island covers an area of  15,624 km2, with 
an estimated human and dog population of  1.8 
and 0.2 million, respectively (Wera et al., 2013). 
Most dogs in Flores are owned and dependent 
on their owners for food (Wera et  al., 2021). 
Seventy-nine per cent of  dog owners in Flores 
are farmers and keep dogs to guard their house 
and property (Wera et  al., 2015; Warembourg 
et  al., 2021b). Dog owners allow their dogs to 
roam freely, mostly day and night. Sometimes, 
they accompany the owners to the field to chase 
away wildlife, particularly monkeys and wild 
pigs that destroy the farmers’ plants. This is 
risky behaviour for rabies transmission to wild 
animals. Unlike in Bali and Lombok (Dalem 
et  al., 2012; Mustiana et  al., 2015), most dogs 
in Flores are female (63%) (Warembourg et al., 
2021b) and dog owners tend to prioritize 
vaccination for female over male dogs (Wera 
et al., 2015). This may be due to the use of  the 
dogs in Flores for meat consumption, which is 
typical during traditional ceremonies. People 
in Flores prefer to slaughter male dogs and keep 
female dogs for breeding, giving them a higher 
economic value. Therefore, dog owners benefit 
more from keeping and vaccinating reproduc-
tive female dogs than male dogs.

The rabies incursion to Flores happened in 
1998, with currently more than 2000 people 
being bitten by suspected rabid dogs and 15 
deaths every year (Wera, 2017). However, these 
official numbers do not reflect the complete 
burden of  human rabies in Flores, because 
the records only capture the number of  rabies 
patients who seek help in hospitals or public 
health centres for PEP, or when they show symp-
toms (Wera et al., 2015). To reduce the incidence 
of  rabies, the regencies on Flores Island imple-
mented annual dog vaccination campaigns 
(Wera, 2017). Although dog vaccination is 
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compulsory, it is difficult to enforce due to the 
absence of  a dog registration system and lack of  
resources to catch and restrain dogs, resulting in 
an estimated 55% vaccination coverage (Wera 
et  al., 2015). This coverage level has not yet 
achieved rabies elimination from Flores Island.

12.4.3  Fieldwork undertaken on Flores 
Island

Research undertaken in Sikka district, Flores, 
Indonesia demonstrates how a better under-
standing of  dog ecology can inform rabies control 
programmes. The first aspect covers the loss of  
rabies antibodies over 12 months following a 
vaccination campaign to inform policy makers 
on vaccination campaign frequency in this 
region, and identifies dog factors associated with 
faster loss of  antibodies to characterize dogs that 
could be prioritized for additional booster vac-
cination (Wera et al., 2021). Secondly, research 
is described to identify dogs that are more likely 
to transmit rabies because of  their behaviour, 
such as having large home ranges, high central-
ity measures in their contact networks, or high 

activity levels, because such dogs could be prior-
itized for targeted vaccination (Griss et al., 2021; 
Warembourg et al., 2021a). Thirdly, research to 
identify habitat resources preferentially used by 
FRDDs is described, because such habitats could 
be targeted for bait distribution in oral vac-
cination programmes (Cunha Silva et al., 2022, 
unpublished data).

Free-roaming, owned dogs were studied in 
two rural and one semi-urban area located close 
to Maumere on Flores Island (Warembourg 
et al., 2021a). A total of  256 dogs were included 
in the study. A questionnaire survey about dog 
characteristics and dog management practices 
was conducted with dog owners (Warembourg 
et  al., 2021b). Blood was sampled from each 
dog included in the study and 217 dogs were 
collared with georeferenced contact sensors (see 
Fig. 12.2). These devices combine GPS to track 
dog movements and a contact sensor to record 
proximity events between collared dogs (Laager 
et al., 2018, p. 3; Warembourg et al., 2021a). Of  
the collared dogs, 37 were randomly selected to 
be equipped with activity trackers to investigate 
their physical activity on a continuous timescale 
(Griss et al., 2021).

Fig. 12.2.  Dog wearing a GPS (Global Positioning System) collar in Flores Island. Photo courtesy of  
C. Warembourg, 2018.
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12.4.4  Maintenance of rabies antibody 
titres

Blood samples were analysed for rabies antibod-
ies 30, 90, 180, 270 and 360 days after vac-
cination, using a locally produced rabies ELISA 
kit (Wera et al., 2021). The results showed that 
of  the dogs that have developed antibody levels 
above 0.5 EU/ml 1 month after vaccination, only 
58% (67/115) still had titres above this threshold 
after 3 months. This percentage dropped to 35% 
(11/31) 1 year after vaccination. Although the 
level of  antibodies measured through the ELISA 
does not directly reflect the level of  neutralizing 
antibodies, nor the level of  protection against 
rabies (Aubert, 1992; Dodds et  al., 2020), the 
level of  practically measurable immunity against 
rabies through the titre of  antibodies quantified 
in this study suggests that providing booster vac-
cination more frequently than once a year would 
contribute to the maintenance of  sufficient 
rabies vaccination coverage (Wera et al., 2021). 
A regression model showed that dogs that were 
never vaccinated, vaccinated more than 1 year 
ago, dogs younger than 12 months, or with poor 
body condition scores, were good candidates for 
booster vaccination (Wera et al., 2021).

12.4.5  Roaming behaviour and 
predictors

Data collected by the contact recording devices 
were used to generate contacts in the dog 
populations and compute network metrics 
such as degree centrality, which is the number 
of  dogs with which a given dog is in contact 
(Warembourg et  al., 2021a). In addition, GPS 
data were used to compute the dogs’ home 
range sizes, defined as the area used for normal 
activities such as breeding or foraging (Burt, 
1943; Warembourg et al., 2021b). Finally, activ-
ity trackers were used to compute dogs’ mean 
activity levels and the proportion of  time spent 
‘resting’, or in ‘moderate’ and ‘high’ activity 
during a circadian cycle. These studies showed 
that the younger the dog, the more active they 
were (Griss et  al., 2021). Conversely, the home 
ranges of  younger dogs were observed to be sig-
nificantly smaller (Warembourg et  al., 2021b) 
and age did not significantly affect the dogs’ 

degree centrality (i.e. the number of  contacts 
to other dogs) (Warembourg et al., 2021a). This 
suggests that young dogs might be more active in 
small areas but do not encounter a high number 
of  other dogs. In addition, dogs displaying poor 
body condition had smaller home ranges. It is 
interesting to link this finding with the results 
of  the rabies antibody study. Promoting feeding 
of  dogs according to their biological need as part 
of  responsible ownership practices will improve 
body condition, which might lead to an increase 
in the dog home range size if  dogs are not 
confined. However, it might also induce a better 
response to rabies vaccination. This example 
highlights that combining knowledge of  several 
aspects of  dog ecology and rabies transmission 
is crucial when making recommendations on 
rabies control measures. Also, dogs that were 
part-time restrained had smaller home ranges 
and a smaller network degree centrality, high-
lighting that some sort of  confinement should 
be recommended as responsible dog ownership, 
in addition to rabies vaccination and appropriate 
feeding practices.

It is important to highlight that extrapola-
tion of  such results should always be made with 
caution. Comparing these results from Flores with 
those generated using the same study protocol 
in other countries, namely Chad, Guatemala 
and Uganda, showed wide heterogeneity 
(Warembourg et al., 2021b). For example, being 
a young dog was significantly negatively associ-
ated with the home range size in Indonesia, but 
not in Uganda. Similarly, male dogs had larger 
core home ranges in Chad, but not in the three 
other countries. Dog behaviour is complex and 
the differences observed between dog popula-
tions are probably related to dog husbandry and 
the general impact of  humans on dog behaviour 
(Warembourg et al., 2021a), and is an area requir-
ing further investigation.

The behaviour of  FRDDs is not only 
influenced by dogs’ owners, but also driven by 
the environment in which they live. A spatial 
habitat selection model was built to identify the 
environmental resources – including forests, 
open fields, roads, tree-covered areas, beaches 
and buildings – preferred by the study dogs in 
Sikka regency. The analyses revealed that FRDDs 
tended to prefer man-made resources such as 
roads and buildings, suggesting that those loca-
tions would be useful locations to deploy oral 



151Dog Ecology in Canine Rabies Prevention and Control

baits for rabies vaccination. Oral vaccination 
would be particularly useful for dogs that are 
inaccessible for parenteral vaccination or are 
owned but fearful or aggressive. Providing baits 
to such dogs under observation of  consumption 
would be required if  baits are deployed close 
to buildings, so that they are not consumed by 
non-target species including children. Such 
an approach has already been tested in India 
(Gibson et al., 2019) and successfully applied in 
Haiti (Wallace et al., 2020).

These studies of  FRDD ecology in Flores 
Island informed the following recommendations 
about dog vaccination campaigns in this region: 
(i) young dogs, dogs with no vaccination history 
or vaccinated more than 1 year ago should be 
targeted for booster vaccination; (ii) promoting 
responsible ownership, including rabies vac-
cination, dog confinement and good-quality 
dog feeding, would contribute to maintaining 
sufficient vaccination coverage; and (iii) buildings 
and roads could be a target location for oral baits 
to reach and maintain a high rabies vaccination 
coverage.

12.5  Dog Ecology Case Study 2:  
The Oceanic Region

12.5.1  Background

The Oceanic region includes Australasia, 
Polynesia, Micronesia and Melanesia, and is 
the only continent except for Antarctica that is 
canine-rabies free. Although the region is geo-
graphically large, spanning western and eastern 
hemispheres, the total human population is 
relatively small (41 million) in the global context. 
Countries in the Oceanic region are geographi-
cally, culturally, linguistically and economically 
diverse. While Australia has one of  the highest 
human development indexes (HDIs) in the world 
(HDI 0.944 in 2019), the HDI of  Papua New 
Guinea (PNG; the second largest population 
in the region with almost 9 million people) is 
only 0.555, with approximately 20% of  the 
population living below the national poverty line 
(Human Development Reports, n.d.).

The spread of  rabies in South-east Asia 
threatens the rabies-free status of  Oceania, 
especially given the accelerating trade and 

movement of  people throughout the South-east 
Asian and Oceanic regions over recent decades 
(Testaverde et  al., 2017). The ability to detect 
and respond in a timely manner to a rabies 
incursion in the Oceanic region is challenging 
due to limited resources and competing needs in 
some countries, the sparse population in some 
areas, and the logistical difficulties of  surveil-
lance that needs to span the vast coastline of  
islands throughout the region. Sparkes et  al. 
(2015) highlighted potential incursion sce-
narios to the Northern Territory and northern 
Queensland in Australia due to unregulated 
activities such as those built on centuries of  
traditional trade and travel for fishing and cul-
tural events, as well as tourism such as itinerant 
yachting. A large amount of  research has been 
conducted over the last decade to identify prior-
ity risk pathways and potential impacts in the 
region, so that rabies preparedness strategies, 
such as targeted surveillance, can be imple-
mented (Ward and Brookes, 2021). Qualitative 
and quantitative risk assessments for routes 
into PNG and northern Queensland, Australia, 
have demonstrated that although the risk is low, 
hotspot regions could include Western Province 
in PNG, and the Torres Strait Islands and Cape 
York Peninsula in Queensland due to hunting 
and fishing activities (Brookeset  al., 2017; 
Hudson et al., 2017b).

Due to the lack of  disease data from this 
currently rabies-free region, understanding the 
ecology of  dogs has underpinned preparedness 
research. This case study focuses on how col-
lecting detailed information about dog ecology 
has enabled modelling to predict impacts and 
identify potential mitigation strategies follow-
ing a rabies incursion. Models of  infectious 
disease transmission play an increasing role 
in informing and directing animal health and 
public health policy (Alahmadi et  al., 2020; 
Kirkeby et  al., 2021). In addition, data about 
the demographics, dynamics and density of  dog 
populations, as well as home range and contact 
rates between dogs, are critical for accurate 
predictions from disease spread models. As field-
work provided increasingly detailed information 
about these factors, models of  rabies spread in 
dog populations in Australia have become more 
sophisticated in terms of  modelling contacts 
between dogs, and their specificity to regions 
and types of  dog populations.
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Dogs in the Oceanic region include both 
domestic and wild dogs. Consistent with 
terminology presented earlier in this chapter, 
domestic dogs in the Northern Peninsula Area 
(NPA), Torres Strait and Treaty villages of  
Western Province can be owned and confined, 
owned and free-roaming (the most common dog 
type, and hereafter referred to as FRDDs), stray 
(previously owned dogs) and feral (living free 
over generations) (Brookes et al., 2019; Hudson 
et  al., 2017b; Ward and Brookes, 2021). The 
wild dog population in Australia consists of  a 
mixture of  dingoes (Canis dingo), feral dogs and 
dingo-domestic dog hybrids, and is collectively 
referred to as dingoes hereafter (Stephens et al., 
2015).

12.5.2  Simulation of rabies spread in 
wild dog populations

Initial models of  rabies spread in wild dog popu-
lations in Australia included a state transition 
model based on ordinary differential equations 
by , and a structurally more complex stochastic 
transition network (percolation) model by 
Johnstone-Robertson et al. (2017). In the latter 
model, parameters were estimated from the 
literature and expert opinion, or set to span an 
order of  magnitude in the case of  parameters for 
which empirical information was lacking. This 
model predicted that canine rabies would spread 
at least 120 km following initiation in 21% of  
incursions, and in these events, the median 
speed of  spread was 67 km/year. The model 
used percolation to simulate spatial spread, but 
was not location specific and therefore, did not 
account for geographic variation in suitable 
dingo habitats and natural barriers to dingo 
movement in a defined region. Sensitivity 
analysis of  model parameters demonstrated that 
parameters associated with dog movement and 
behaviour were responsible for most of  the varia-
tion in model outputs. Although much is known 
about dingo ecology in some parts of  Australia, 
a scoping review confirmed that information 
about these parameters in the equatorial and 
tropical climate zones of  northern Australia was 
limited (Gabriele-Rivet et  al., 2019). Therefore, 
to parameterize a location-specific model in a 
region in which a rabies incursion in Australia is 

a relatively high risk, camera-trap data were col-
lected in the NPA region of  Cape York Peninsula 
over a 2-year period to determine the density 
and home range of  dingoes, as well as examine 
some behavioural aspects such as group sizes 
and breeding activity (Gabriele-Rivet et  al., 
2020; Ward et al., 2020).

Camera-trap surveys and analysis using 
spatially explicit capture-recapture and 
mark–resight methods are frequently used 
to estimate wildlife population density, with 
the latter method able to estimate population 
density when only a subset of  the animals can 
be individually identified (e.g. by observation of  
natural marks) (McGregor et  al., 2015; Carter 
et al., 2019). Using data from a linear array of  
21 camera traps placed approximately 2 km 
apart through community and bushland areas 
for 1 year, mark–resight models estimated 
home range sizes from 7.95 km2 to 29.40 km2 
(variations in home range size occurred 
throughout the year), and dingo density from 
0.135 dingoes/km2 (95% confidence interval 
(CI) = 0.127–0.144) to 0.147 dingoes/km2 
(95% CI = 0.135–0.159) during the dry and 
wet seasons, respectively (Gabriele-Rivet et  al., 
2020). When these estimates were incorporated 
into a stochastic, agent-based, spatially explicit 
model of  rabies spread in the dingo population 
of  the NPA (Gabriele-Rivet et  al., 2021), the 
model predicted that rabies spread between 
distinct dingo packs in nearly 60% of  simula-
tions. In these events, a median of  22 dingoes 
(95% predicted range of  2–101 dingoes) were 
infected within the study area of  1131 km2. The 
speed of  spread was 0.52 km/week for a median 
of  191 days, and while this was slower than 
that predicted by Johnstone-Robertson et  al. 
(2017), the predicted R0 (basic reproductive 
rate, a metric for an outbreak’s transmissibil-
ity) was higher, ranging from median R0 = 2 at 
pack level to R0 = 3 at dingo level, with variation 
also observed due to season. In addition, more 
extensive spatial spread was predicted when the 
simulated incursion occurred close to human 
settlements, especially during the dry season. 
Therefore, although it was concluded that the 
dingo population in the NPA would most likely 
not support endemic rabies, this spatially explicit 
approach to modelling rabies spread in the NPA 
region using region-specific ecological data 
to parameterize dingo population density and 
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home range enabled a greater understanding of  
the heterogeneity of  risk in the region.

12.5.3  Simulation of rabies spread in 
domestic dogs

The collection of  ecological data from domestic 
dogs in the NPA region has also enabled increas-
ingly detailed modelling of  rabies spread and 
mitigation strategies. Dürr and Ward (2014) 
trialled GPS collars on 69 FRDDs in communi-
ties of  the NPA and on Elcho Island, Northern 
Territory, and compared three methods to 
estimate their home range sizes. Analysis using 
the biased random bridge method (Benhamou, 
2011) estimated the core and extended home 
ranges sizes at 0.3–0.9 ha and 2.7–19.8 ha 
(95% CI), respectively, and provided a basis 
for further investigations using telemetry on 
FRDDs. In an initial stochastic, agent-based, 
spatially explicit rabies simulation model for the 
NPA region (Dürr and Ward, 2015) seven of  
the 37 parameters, all of  which parameterized 
contact rates between dogs for rabies transmis-
sion, were informed by these locally collected 
empirical data. GPS data informed the distance 
kernel for the contact rates between dogs of  dif-
ferent households, and survey data informed the 
frequency of  dog movements between the NPA 
communities. The model tested pre-emptive and 
reactive vaccination, reactive targeted (i.e. those 
dogs that have been contacted by a rabid dog) 
and non-targeted culling, and movement bans 
within and between communities. Outputs pre-
dicted an estimated median R

0 of  approximately 
1.7, which is consistent with other reports of  the 
R0 for rabies in dogs (Sparkes et al., 2015). Model 
simulations confirmed the important role of  dog 
vaccination, although, in these settings a 70% 
vaccination coverage was not enough to prevent 
an outbreak in most cases.

This model was then refined to further 
investigate vaccination following the collection 
of  longer duration telemetry data from domestic 
dogs, which demonstrated that dogs could be 
characterized into three groups based on their 
free-roaming patterns – ‘stay-at-home’, ‘roamer’ 
and ‘explorer’ dogs (Hudson et  al., 2017a). 
The home range sizes of  explorer dogs were 
relatively large (median extended home range 

9.5 ha) in comparison to the roamer (6.0 ha) 
and stay-at-home dogs (3.7 ha), and dog-type 
specific parameterization of  contact rates in the 
model constructed by Dürr and Ward (2015) 
predicted that vaccination strategies targeted 
at explorer-type dogs resulted in outbreaks 
of  shorter duration with fewer dogs affected 
(Hudson et  al., 2019). In a further extension 
of  the use of  telemetry data to parameterize 
models of  rabies spread in this region, Brookes 
et al. (2020) used GPS collars to describe social 
networks of  domestic dogs in three communities 
on the Torres Strait Islands. A network-based, 
stochastic model of  rabies spread in similar-
sized populations of  dogs to Torres Strait Island 
communities predicted that rabies could persist 
for 15–275 days (95% CI) at very low incidence 
even at 70% vaccination coverage due to the 
way in which rabies altered behaviour and, 
thus changed the network connections of  dogs 
and effectively increased their contacts (Brookes 
et  al., 2019). This demonstrates that increas-
ing heterogeneity of  contacts in rabies spread 
models, as well as the inclusion of  heterogeneity 
in behaviour, increases the threshold required 
for herd immunity in dog populations and 
creates questions around the recommendation 
that 70% vaccination coverage is sufficient. 
To what extent such observations depend on 
the characteristics of  dog populations, such as 
density and mobility within and between com-
munities, should be topics for future research.

12.6  Conclusion

To reach the goal to eliminate dog-mediated 
human rabies by 2030, several constraints 
must be overcome, one of  them being to 
understand the ecology of  dogs living in and 
close to human societies. Dog ecology studies 
generate knowledge on dog populations and dog 
behaviour, which is required to plan effective 
dog vaccination campaigns, for both parenteral 
or oral vaccines, which is the only sustainable 
way to control and prevent canine and human 
rabies. Dog ecology in Asia has been relatively 
well studied in India, Sri Lanka and Indonesia; 
however, studies are lacking in most Asian 
countries. In addition, while population size esti-
mations and dog population demographics are 
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relatively well researched, limited research in 
Asia has been conducted on contact networks, 
population dynamics and the accessibility of  
dogs for parenteral vaccination.

Only a few studies were identified that 
investigated human-mediated dog movements, a 
parameter that is important for rabies incursion 
in rabies-free areas and in areas where rabies 
has been successfully controlled. While informa-
tion on dog population size, demographics and 
dynamics, the accessibility of  dogs and dogs’ 
competence to develop and maintain immunity 
can directly inform frequencies and target 
groups of  dogs for vaccination, other insights 
gained by dog ecology studies are crucial to 
parameterize rabies transmission models, in 
particular information on contact rates between 
dogs. The case studies from Indonesia and the 
Oceanic region demonstrate that dog behaviour 
is specific to individual dogs, and heterogeneity 
of  contacts between dogs was found in both 

regions. Intensive modelling work in the Oceanic 
region further showed that such heterogeneities 
influence how rabies spreads, and that 70% 
vaccination coverage may not be sufficient to 
control rabies in all populations and outbreaks. 
Integrating dog ecology knowledge can refine 
dog vaccination strategies: for example, by 
targeting far-roaming dogs or those with greater 
contact with other dogs. However, no single dog 
characteristic, such as age, sex, activity level or 
role of  the dog could be identified to help clas-
sify the dogs into the roaming types. Therefore, 
these studies demonstrate that dogs need to be 
studied within their habitat because differences 
in dog ecology are influenced by coexistence 
with humans. Investigating the dog–human 
bond and understanding how dogs use the 
natural and built environment would help to 
understand how rabies persists and spreads and 
can contribute to achieving the elimination of  
dog-mediated human rabies by 2030.
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Abstract
The estimated dog population in Sri Lanka is 2.5 million, and the annual canine vaccination coverage in the 
country has ranged from 34% to 56%. Rural and suburban areas have a high proportion of  free-roaming dogs 
with unrestricted access to wild animal habitats. Therefore, there is the possibility of  rabies transmission from 
dogs to wildlife and vice versa. To facilitate a successful rabies control programme, habitats where interspecies 
interactions occur must be identified and targeted for rabies control. Areas that attract animals, such as food-
waste dumping sites, should also be targeted, while robust population surveys and rabies surveillance must 
be enhanced. The objective of  this chapter is to describe the dynamics of  dog ecology and highlight the status 
of  canine vaccination in this country. This chapter will also discuss collaborative One Health measures being 
adopted to prevent rabies transmission between dogs and wildlife and end human rabies deaths by 2030.
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13.1  Introduction

Sri Lanka has a human population of  approxi-
mately 22 million and the population of  dogs, 
although no census has been done, is estimated 
to be around 2.5 million. The human deaths 
due to rabies have steadily declined from 250 
to 300 /year in the 1970s to around 20–30 /
year in 2016 and have remained at that level 
(Nihal et  al., 2019, p. 7808517). The success 
in reducing human deaths from rabies has been 
largely attributed to the effective administration 
of  post-exposure prophylaxis (PEP).

The dogs in Sri Lanka can be categorized 
as: (i) owned or confined dogs (dogs that are 
restricted to households in which an owner 
provides food and other welfare facilities); (ii) 

semi-owned free-roaming dogs (provided with 
food, but not leashed or caged and allowed to 
roam free, also called ‘community dogs’); and  
(iii) ownerless free-roaming dogs (an owner 
does not provide food or care) (Pimburage et al., 
2017). The percentages of  dogs in each of  these 
categories in different ecological areas of  the 
country are not known.

The annual coverage of  rabies vaccination 
of  the estimated dog population has ranged 
from approximately 34 to 51% during the years 
2005–2017. However, this coverage declined 
to 6% in 2018 and increased again to 34% in 
2019 according to the recorded data of  the 
PHVS, Ministry of  Health, Sri Lanka (2020). In 
2018, rabies control activities were transferred 
from the Ministry of  Health to the Department 
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of  Animal Production and Health (DAPH), 
and data on rabies control were not properly 
recorded by the PHVS during this period. This 
is the reason for the large drop in recorded dog 
vaccination coverage for the year 2018.

Although Sri Lanka is progressing towards 
the goal of  eliminating human rabies, animal 
rabies (in companion animals, livestock and 
wildlife) is still a problem throughout the country 
(Nihal et  al., 2019). Animal rabies control is 
largely designed to limit rabies in dogs, which 
requires a combination of  well-planned and 
sustained vaccination, together with control of  
the population of  ownerless free-roaming dogs. 
To eliminate dog rabies, vaccination will need to 
be rapid, geographically even, and scaled up to 
cover a high percentage of  the population.

Apart from dog-mediated rabies, possible 
intermittent involvement of  wildlife in the acti-
vation of  a sylvatic cycle can also occur (Gongal 
and Wright, 2011). A new Lyssavirus strain 
was reported from Indian flying foxes (greater 
Indian fruit bat, Pteropus medius) in Sri Lanka 
(Gunawardena et al., 2016). This highlights the 
need for studies on the role of  wild mammals in 
the transmission of  rabies to dogs and whether 
the currently used rabies vaccines are effective 
against this strain of  Lyssavirus.

Rabies control and ultimate elimination 
require an interdisciplinary and collaborative 
action based on the One Health approach 
because the activities needed do not fit into 
a single domain in any one administrative 
department, institution or agency. Sri Lanka 
is an island located in the Indian Ocean to the 
south-west of  the Bay of  Bengal and has the 
advantage of  having no physical connections 
to neighbouring countries from which entry of  
rabies could occur. Therefore, once a rabies-free 
status is achieved, implementing animal import 
control and quarantine procedures can prevent 
re-entry of  the disease to the country.

Our objective in this chapter is to describe the 
ecology of  dogs, wildlife habitats in rural areas, 
and the status of  dog vaccination and other 
measures being adopted to eliminate dog rabies, 
to bring down dog-mediated human deaths 
due to rabies to zero by 2030 in Sri Lanka. We 
describe in detail the current strategies, the need 
for considering wildlife as potential transmitters 
of  the disease to dogs, and the importance of  
collaboration between the different government 

departments and institutions that are responsi-
ble for implementing those strategies.

13.2  Animal Population and Rabies 
Control in Sri Lanka

13.2.1  Implementation of dog rabies 
control

Sri Lankan government policy assigns dog 
rabies control to the PHVS within the Ministry 
of  Health, and the Municipalities and Pradesiya 
Sabha within the Ministry of  Local Government. 
The DAPH, which deals with all other aspects 
of  all domestic animals, is not involved in rabies 
control activities. However, in 2018, control 
activities such as vaccination and surgical 
sterilization of  dogs were handed over to DAPH, 
but after a short period of  a few months, it was 
reassigned to the Ministry of  Health through 
a cabinet paper. The information on suspected 
animal rabies or vaccinations by government 
veterinary surgeons or by private veterinarians 
is not communicated to the Ministry of  Health. 
At present, no nationwide dog population 
survey or laboratory results-based animal rabies 
surveillance system is in place. All calculations 
of  dog populations and vaccine coverage are 
done based on estimates made by Public Health 
Inspectors (PHI) in their respective areas of  
Medical Officers of  Health (MOH).

13.2.2  Dog sterilization

The birth control activities in ownerless free-
roaming dogs through surgical sterilization are 
done by private veterinary surgeons working 
on contracts funded by the Ministry of  Health. 
Over the last decade, these programmes were 
expected to reduce the dog population and 
thereby reduce the number of  dog rabies cases 
and bite incidences. However, according to the 
available information, the dog populations, the 
number of  dog rabies cases and the number of  
dog-bite incidents among humans have not been 
reduced. Furthermore, the data on dog bites 
among humans recorded in hospitals in a bite 
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registry is not done in every hospital and is not 
uniformly recorded or reported.

Success in controlling the dog population 
through surgical sterilization has been disputed 
and debated in some countries (Hemachudha, 
2005; Wilde et  al., 2005; Menezes, 2008). In 
India, the inability to surgically sterilize a high 
percentage of  ownerless free-roaming dogs in a 
given geographic area within 6 months, before 
the next reproductive cycle begins, has been 
identified as a major problem in population 
control (Menezes, 2008). It is likely that for the 
same reason, surgical sterilization has not been 
able to substantially reduce the dog population 
in Sri Lanka as well.

13.2.3  Dog removal and no-kill policy

Sri Lanka practised the removal of  free-roaming 
dogs (semi-owned and ownerless) by captur-
ing and euthanizing them until 2005, after 
which a ‘no-kill’ policy was introduced by the 
government. Therefore, currently, only surgi-
cal sterilization and chemical birth control 
of  free-roaming dogs are used as population 
control methods. However, the coverage is low 
and surgical programmes are held unevenly 
across different districts. The assumption is 
that having sufficient vaccination coverage 
in free-roaming dogs would stop the spread 
of  rabies among them and therefore, human 
deaths would decline. After a confirmed human 
death from rabies, the district PHI responsible for 
rabies control conducts a ring vaccination (i.e. 
vaccinating dogs in an area with a 1 km radius 
around the place where the rabies positive case 
was detected), which is possibly too late to have 
an impact. However, there is no recommenda-
tion on acceptable numbers and percentages of  
vaccination coverage for free-roaming dogs per 
administrative district in Sri Lanka, and the level 
of  immunity in such vaccinated dogs cannot 
be easily monitored. This is mainly due to the 
absence of  a laboratory results-based rabies 
surveillance system in Sri Lanka as yet (Nihal 
et al., 2020).

With a strict no-kill policy in practice, 
free-roaming dogs found in public places can 
be captured, vaccinated and handed over to 
a dog shelter managed by non-governmental 

organizations (NGOs). After capturing an 
animal, potential owners are given a reasonable 
period to reclaim their dogs. Buddhism is the 
major religion in Sri Lanka, which further sup-
ports a no-kill policy for animals in this country. 
Therefore, if  a free-roaming dog is unowned and 
not claimed by an owner during this time, the 
local authorities may transfer the dog to another 
dog shelter, managed by animal welfare groups, 
until the dog dies of  natural causes (approxi-
mately 4–5 years).

13.3  Rabies in Wildlife and Domestic 
Animals

The impact and transmission of  rabies among 
dogs, livestock and wild animals have not been 
well studied and input from the DAPH and wild-
life sector is minimal in this regard. It is believed 
that rabies circulates in two transmission cycles 
in Sri Lanka: (i) an urban cycle involving the 
maintenance of  infection in dog populations in 
which livestock is also involved; and (ii) a sylvatic 
cycle involving wild animals (Matsumoto et al., 
2011). There is a possibility of  a spillover of  the 
rabies virus from dogs to wildlife and vice versa. 
The species of  wildlife in which rabies has been 
reported in Sri Lanka include four species of  
mongoose (Herpestes fuscus, Herpestes edwardsi, 
Herpestes smithii and Herpestes vitticollis), golden 
jackal (Canis aureus), giant squirrel (Ratufa mac-
roura), palm cat (Paradoxurus hermaphroditus), 
palm squirrel (Funambulus palmarum), monkey 
(Semnopithecus spp. and Macaca spp.), bandicoot 
(Bandicota bengalensis), civet cat (Viverricula 
indica) and wild cat (Felis chaus) (Nihal et  al., 
2019).

As stated above, Indian flying foxes were 
found to be infected with a novel Lyssavirus, 
named Gannoruwa bat lyssavirus, which 
caused rabies-related clinical symptoms and 
neuro-pathological changes (Gunawardena 
et al., 2016). The rabies outbreak that occurred 
in 2020 in 17 jackals from Kaluthara district, 
which resulted in two human deaths, suggests 
that a sylvatic cycle could exist, although a spill-
over of  the infection from dogs to jackals is also 
a possibility. Studies on rabies virus strains from 
wild animals had previously revealed similarities 
with dog strains (Nanayakkara et al., 2003).
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Recently a novel strain was identified in 
bats as referred to above (Gunawardena et  al., 
2016). It is not known whether the rabies 
outbreak in jackals was due to the dog strain or 
a different one since no virus strain identifica-
tion had been done. Such strain identification 
facilities must be established at the Medical 
Research Institute (MRI) since it has the other 
infrastructure needed for rapid identification 
purposes. However, the public was extremely 
concerned about the outbreak of  jackal rabies, 
which is assumed to occur almost annually. 
Public opinion in the affected area in Kaluthara 
was that it was the fault of  the Department of  
Wildlife Conservation (DWC), the institution 
responsible for wildlife health and conservation. 
Wildlife rabies surveillance must be introduced 
and closely monitored, and the animal health 
authorities in the DWC must work more closely 
with PHVS in the Ministry of  Health and DAPH, 
by adopting a One Health approach if  the goal 
of  zero rabies human deaths by 2030 is to be 
achieved.

Domestic cats have also been found to be 
transmitters of  rabies in Sri Lanka while cattle, 
buffalo, pigs and goats have also been positive for 
rabies (Nihal et al., 2019). Table 13.1 illustrates 
the details of  companion, domestic, labora-
tory and wild animal samples submitted for 
rabies diagnosis to the MRI. During the period 
2005–2020, there were 625 human deaths 
due to rabies and 10,117 positive animal cases. 
The proportions of  positive cases in each animal 
species are listed in Table  13.1. These results 
highlight the need to unite all stakeholder 
institutes involved in the One Health approach, 
with improved surveillance to control rabies in 
Sri Lanka. Though the relative risks of  infecting 
people could vary depending on the different 
categories of  animals, it is only through such a 
One Health approach that zero human rabies 
deaths by 2030 could be achieved.

Disease surveillance among domestic 
animals and wildlife, a better understanding 
of  animal ecological patterns, and studying 
common environments and methods of  trans-
mission would all help to prepare a national 
strategic plan for rabies control. Identification 
of  logistics, infrastructure, financial and human 
resources in each stakeholder institute, together 
with genuine and committed leadership is 
essential for success. The ordinances and laws 

about dogs, rabies, animal disease control, 
nuisance, and animal welfare were formulated 
long ago and need to be amended to suit the 
current political and administrative structure 
in Sri Lanka (Kanda et  al., 2021). There are 
also disparities among the several relevant laws 
dealing with ownerless free-roaming animals, 
local governments and police ordinances. Basic 
teaching on zoonoses, including rabies, has 
now been included in the school curriculum in 
science and health streams of  study and also 
in teacher training manuals. It is not clear how 
these curricula or ‘teaching the teacher’ pro-
grammes are conducted, monitored and super-
vised. Heavy reliance on conventional public 
education by PHIs must be changed to include 
new teaching methods using additional suitably 
skilled people to reach all strata in society; this is 
an issue that so far has not been considered, let 
alone addressed.

13.4  Rabies Diagnosis

Rabies diagnosis is performed in three labora-
tories. The MRI, located in Colombo under the 
Ministry of  Health, is the central point that 
undertakes the testing of  all human and most 
animal samples. The other two laboratories 
are at the teaching hospital Karapitiya in the 
Southern Province and the Faculty of  Veterinary 
Medicine and Animal Science at the University 
of  Peradeniya in the Central Province, which 
undertakes the testing of  animal samples only. 
It is mandatory for all suspected human rabies 
samples to be tested at MRI since it is a notifi-
able disease and the infrastructure and logistics 
for such sampling are in place. Though rabies 
in animals is also notifiable, a post-mortem or 
confirmation is not mandatory, and no logistics 
or infrastructure is in place for this as yet.

The PHIs who are attached to the Ministry 
of  Health are responsible for sending animal 
samples for rabies diagnosis while the respective 
Judicial Medical Officer (JMO) is responsible 
for sending human brains for post-mortem 
laboratory confirmation. In addition to PHIs, the 
general public, wildlife veterinarians, govern-
ment veterinarians and municipal veterinarians 
are also submitting suspected animal carcasses 
for laboratory diagnosis. The MRI usually issues 
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Table 13.1.  The number of samples from different animal species which were received for rabies 
confirmation at the Medical Research Institute (MRI) in Sri Lanka from 2005 to 2020 and their results. 
Created by Nihal Pushpakumara using data from the MRI and Public Health Veterinary Services (PHVS), 
Ministry of Health, Sri Lanka, 2020.

Category of 
sample Species

Number of 
samples 
received Positive (%) Negative (%)

Proportion of 
positivity

Companion 
animal

Dog 13,819 8,676 (62.8) 5,143 (37.2) 85.76

Cat 5228 1,082 (20.6) 4,146(79.3) 10.69

 � Subtotal 19,047 9,758 (51.2) 9,289 (48.7) 96.45

Domestic animal Cattle 214 160 (74.7) 54 (25) 1.58

Rabbit 104 3 (2.8) 101 (97) 0.03

Goat 63 39 (61.9) 24 (38) 0.39

Pig 12 8 (66.6) 4 (33.3) 0.08

Buffalo 17 12 (70.5) 5 (29.4) 0.12

Donkey 1 0 (0.0) 1 (100) 0.00

Sheep 1 1(100) 0 (0.0) 0.01

Horse 4 3 (75) 1(25) 0.03

Domestic 
elephant

1 0 (0.0) 1(100) 0.00

 � Subtotal 417 226 (54.2) 191 (45.8) 2.23

Wild animal Palm squirrel 597 23 (3.8) 574 (96.1) 0.23

Giant squirrel 150 12 (8) 138 (92) 0.00

Mongoose 193 49 (25.3) 144 (74.6) 0.48

Rat 107 0 (0.0) 107 (100) 0.00

Toque monkey 
and gray langur

59 3 (5.0) 56 (94.9) 0.03

Palm cat 51 9 (17.6) 42 (82.3) 0.09

Civet cat 17 2 (11.7) 15 (88.2) 0.02

Bandicoot 12 2 (16.6) 10 (83.3) 0.02

Bat 16 1 (6.2) 15 (93.7) 0.01

Wild cat 6 2 (33.3) 4 (66.6) 0.02

Loris 1 0 (0.0) 1 (100) 0.00

Fishing cat 1 0 (0.0) 1 (100) 0.00

Jackal 30 28 (93.3) 2 (6.6) 0.28

 � Subtotal 1,240 131 (10.5) 1,109 (89.4) 1.29

Laboratory 
animal

Guinea pig 8 2 (25) 6 (75) 0.02

Hamster 6 0 (0.0) 6 (100) 0.00

Mouse 1 0 (0.0) 1 (100) 0.00

 � Subtotal 15 2 (13.3) 13 (86.6) 0.02

Grand total 20,719 10,117 (48.8) 10,602 (51.1) 100.00
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a result within 24 hours and returns a report 
to the submitter. The sample collecting counter 
at MRI is open 24 hours a day, 7 days a week. 
The limitations identified by those submitting 
samples are: (i) the difficulty of  dissecting heads 
of  carcasses; (ii) the distance for transport to the 
laboratory; and (iii) legal issues regarding the 
transport of  wild animal carcasses.

A fluorescent antibody test (FAT) is under-
taken for human brain tissue. Animal brain 
tissues submitted to any of  the three laboratories 
are examined histologically for the presence of  
Negri bodies (clinically rabid animals show 
Negri bodies in about 50% of  samples), which 
is a rapid way of  establishing if  an animal had 
rabies. The Negri body negative samples are 
further subjected to FAT for confirmation if  there 
was human contact. For samples (both human 
and animal) with inconclusive results, mouse 
inoculation is also performed at MRI, though it 
is rare.

13.5  Dog Ecology

Ecology is the study of  the relationship between 
living organisms, including humans, and the 
physical environment where they exist. When 
the ecology of  dogs in Sri Lanka is considered, 
their population density and distribution depend 
on living site quality, space and home range, and 
availability of  food, water and shelter.

Living site quality includes climate 
extremes, precipitation and drought frequen-
cies, etc. In general, sites that produce a high 
amount of  biomass support large dog popula-
tions compared to a site with low amounts. 
Suburban and rural areas in the country have 
better quality sites and therefore have relatively 
higher dog populations (Wandeler et al., 1993) 
compared to urban areas.

Space and home range are needed by dogs 
to meet their life necessities. Urban areas have 
less space compared to rural areas. Dogs, espe-
cially males, demarcate and compete with each 
other for their respective home ranges.

Food and water availability and quality 
determine the size of  dog populations in dif-
ferent areas. Even though the urban areas 
produce more waste, disposal is done close to the 
suburban and rural areas, accumulating more 

household and hotel food waste. These open 
waste dumps attract dogs and help them breed 
efficiently.

Dogs require shelter for protection against 
adverse weather, to escape from predators, and 
for rearing pups. Abundant common and public 
buildings, temples, schools and community 
places without predators are available in sub-
urban and rural areas to meet this need when 
compared with urban areas.

13.5.1  Dog population dynamics

Population dynamics of  dog populations 
include: (i) age structure; (ii) lifespan; (iii) sex 
ratio; (iv) natality and mortality; (v) interspecific 
and intraspecific dynamics; (vi) territoriality 
and home range; (vii) migrations; and (viii) car-
rying capacity. None of  these criteria has been 
investigated in the dog population in Sri Lanka.

•	 Age structure involves proportions of  young 
and old age groups in a particular area. 
Except for one NGO currently operating in 
Sri Lanka, all other state bodies (such as 
the Ministry of  Health) and NGOs decide 
on population control methods using data 
estimated by PHIs. Funds are allocated to 
the Regional Director of  the Health Service 
(RDHS) for outsourcing dog-population 
control work by private service providers. 
These are decided in an ad hoc manner and 
are not consistently held, hence popula-
tion growth cannot be estimated and is 
not monitored anyway. Therefore, when 
annual vaccinations reach the ownerless 
free-roaming dogs, pups born to unvac-
cinated and non-sterilized female dogs may 
also have matured and had pups of  their 
own.

•	 Lifespan – Though the average lifespan 
of  a dog is between 10 and 12 years, the 
mean age of  ownerless free-roaming dogs 
is considered to be 3.5 years (Wandeler 
et al., 1993). This relatively shorter lifespan 
of  ownerless free-roaming dogs reduces 
the proportion of  vaccinated dogs fast and 
keeps reducing herd immunity faster than 
anticipated. As we do not have data on sur-
veillance and have not monitored antibody 
titres in vaccinated dogs, herd immunity 
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is largely estimated at present. This could 
potentially lead to severe overestimation 
of  herd immunity and a rapid increase in 
unprotected dogs. This could be one reason 
why rabies in dogs, using the available 
meagre data from MRI, has not reduced 
despite the reduction in human rabies 
deaths.

•	 Sex ratio – Despite the optimum ratio being 
50% (50:50) for both genders, available 
Sri Lankan data suggest the country’s dog 
population is 65% males (Pimburage et al., 
2017). This could be because population 
control methods are being adopted largely 
on a proportion of  female dogs due to inhib-
itory budget restrictions at RDHS levels. 
However, the impact on rabies control by 
adopting population control methods on 
male dogs appears to be minimal (Jackman 
and Rowan, 2007), hence a substantial 
proportion of  female dogs must be sterilized 
to have a detectable impact.

•	 Natality and mortality – It is apparent that 
natality and mortality have a reasonable 
impact on populations. For reasonable esti-
mations of  herd immunity and to calculate 
the level of  protection among dogs, this 
information must be available. No research 
study in Sri Lanka has attempted to look 
into this.

•	 Interspecific and intraspecific dynamics – 
Within the dog population and between 
dogs and other animal species there is 
competition for food, water and shelter. 
This will impact dog survival and disease 
spread among the dog population. The 
jackal rabies outbreak is a fitting example 
of  disease transmission among dogs and 
wildlife during the competition for common 
food sources such as poultry waste.

•	 Territoriality and home range – As with other 
species, dogs need space to obtain their life 
necessities, such as finding shelter, mates 
and food. Dogs in urban and peri-urban 
areas often have less space available for 
these resources compared to dogs in rural 
areas and they compete for space. Most of  
the male dogs demarcate their home range.

•	 Migration – If  the environment is not suit-
able for the dogs’ survival, they tend to 
migrate to a neighbouring village or city to 
find food, water and shelter. This will lead 

to the introduction of  unvaccinated dog 
populations to immunized populations.

•	 Carrying capacity – This is the maximum 
number of  individuals that live without any 
harm while having food, water and shelter 
for their survival. If  the carrying capacity 
is exceeded, mortality factors overcome the 
natality factors and reduce the population 
size back to the carrying capacity.

13.5.2  Dog population distribution

Data on dog ecology, their population densities, 
population structure and characteristics in dif-
ferent districts in Sri Lanka are scarce and there-
fore rabies vaccination coverage is calculated 
based on previous estimates in any given area. 
A dog ecology study conducted in the 1980s 
in Sri Lanka revealed a dog:human ratio of  1:8 
(WHO, 1988). Subsequent studies in identified 
specific areas have found the ratio to be 1:4.6 in 
1997 in the Meerigama Divisional Secretariat 
area (Matter et  al., 2000), 1:5 in the Central 
Province in 2007 (Perera et al., 2007) and 1:6.7 
in 2017 in Kaluthara and Mathara districts 
(Pimburage et  al., 2017). Matter et  al. (2000) 
reported that the estimated dog population per 
square kilometre in the Meerigama area in the 
Gampaha district was 87 /km2 for owned dogs 
and 108 /km2 for both owned and ownerless 
dogs. However, this figure does not match with 
some suburban and rural areas of  south-west 
Sri Lanka, which has an estimated 3000 dogs/
km2 (Wandeler et al., 1993).

Except for one study, all others are relatively 
outdated, and new research and studies are 
needed for a better understanding of  the present 
dog ecology pattern. The high density of  dogs, 
including ownerless free-roaming dogs in some 
areas, has been attributed to three factors:  
(i) beliefs of  certain religious communities such 
as Buddhists and animal rights groups that 
oppose the killing of  dogs; (ii) free-roaming dogs 
being fed by communities, as well as dogs having 
access to discarded and waste food at open dump 
sites; and (iii) lack of  awareness of  the danger 
of  rabies from potential exposure to dog bites 
(Goonaratna, 2004). Nevertheless, the dog 
population is lower in some areas since certain 
religious communities, such as Moors, are less 
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likely to rear dogs as pets. None of  these studies 
has determined the numbers and percentages 
of  dogs that are confined dogs (owned and 
kept confined to the household), semi-owned 
free-roaming, or ownerless free-roaming dogs. 
Further, no information is available on their age 
and sex distribution.

13.6  Interactions Between Dogs and 
Wildlife

Many rural and suburban areas in Sri Lanka 
have access to a range of  wild animals such as 
mongooses, jackals, giant squirrels and ban-
dicoots that live in these habitats. If  such dogs 
are unvaccinated and harbour the rabies virus, 
the disease is easily transmitted to these wild 
animals, and the latter can transmit the virus 
back to dogs. These dogs can then transmit rabies 
to humans as well. This is why we emphasize the 
need to adopt a One Health concept for rabies 
control since it is not restricted to the Ministry of  
Health. The absence of  a wildlife disease surveil-
lance system in the country is another limitation 
in dealing with such situations. The previous 
history of  wildlife disease patterns is important 
to analyse and take appropriate actions to resolve 
incidents such as the one involving jackals that 
occurred in 2020.

It is critically important to install facilities 
for virus strain identification at the MRI to make 
sure that any possible new strain is detected 
early. Wildlife health authorities must rethink 
vaccination of  animals in areas that border 
human settlements and the possibility of  intro-
ducing safe oral bait vaccines for wild animals, 
selected from the products available in the 
market. Building a stronger link between wildlife 
authorities and PHVS in the Ministry of  Health 
is important in this context. The current Sri 
Lankan legislation on handling and transporting 
wild animal specimens permits only staff  of  the 
DWC to undertake these tasks, and the general 
public is restricted from even entering protected 
forest areas. However, the DWC has inadequate 
numbers of  staff  for involvement in wild animal 
disease surveillance and management (Nihal 
et al., 2020). This situation negatively influences 
the detection of  rabies virus among wildlife 
populations and therefore difficulties are faced 

during decision making regarding rabies control 
in wildlife.

A good example of  such a situation is the 
recent outbreak of  rabies in jackals mentioned 
above, which was believed to be an activation 
of  the sylvatic cycle and resulted in two human 
deaths. The jackals in the area were therefore 
indiscriminately killed by people. Such actions 
could create environmental disharmony and 
disturb the equilibrium of  different wildlife popu-
lations in the area. The habitat in the Kaluthara 
district is well suited for the mixing of  unvac-
cinated dogs with jackals. Most home gardens 
and rice fields are surrounded by mono-crops 
such as rubber, tea, cinnamon and oil palm, 
as well as patches of  jungle, which are suitable 
for jackals during the daytime. Jackals are the 
only protected wild canine species in Sri Lanka 
according to the Fauna and Flora Protection 
Act 1938 and its amendments, No. 44 of  1964,  
No. 01 in 1970 and No. 49 in 1993 (Government 
of  Sri Lanka, n.d.).

Establishing a satisfactorily vaccinated dog 
population around such habitats with jungles 
close to human habitation is one practical and 
feasible solution to prevent the possible trans-
mission of  rabies through a sylvatic cycle. On the 
other hand, if  the rabies virus involved is a new 
strain present in wildlife, there is a risk of  spread-
ing such variants within susceptible animal 
populations and even into free-roaming dogs –  
either semi-owned or ownerless – which poses a 
risk to human and animal health. Therefore, it 
is essential to have a clear idea of  the previous 
vaccination history of  free-roaming dog popula-
tions in the area, the strain of  the virus involved, 
and their immunity status, all of  which are 
lacking at present. After this outbreak in jackals, 
all the relevant institutes and stakeholders came 
to one platform and planned its control and 
emphasized the need for a One Health approach 
to control rabies in Sri Lanka.

13.7  Mass Dog Vaccination and Dog 
Population Immunity

Dog vaccination is essential in rabies control 
and at least 70% of  dogs must be vaccinated to 
achieve satisfactory herd immunity (Coleman 
and Dye, 1996; Coyne et al., 2001; Cleaveland 
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et  al., 2003; WHO, 2018). Since 1975, dog 
vaccination is being carried out by the PHVS 
of  the Ministry of  Health through vaccination 
campaigns organized by PHIs. In each of  the 
25 administrative districts in Sri Lanka, there 
are ten to 15 MOH areas, with five to six PHI 
areas within each such MOH area. For each 
PHI area, there are several fixed vaccination 
points (static points), and it takes at least 4–5 
days to cover an entire PHI area. This activity 
happens under the supervision of  the MOH in 
their regions. One such dog vaccination team 
is assigned to the RDHS and is deployed to the 
regional level on a predetermined schedule. 
These vaccination teams keep moving from 
one such fixed vaccination point to the next, 
to cover the entire MOH area, and finally cover 
the entire district – which takes an entire year. 
This requires completely dedicated full-time 
staff  and other resources for full coverage to be 
obtained. Furthermore, in large districts, it is 
often difficult for one team to ensure full cover-
age of  the entire geographical area of  a district 
within a short time.

Vaccinators are trained by the PHVS to 
carry out such duties at static vaccination 

points, which are predetermined and pub-
licized, with each group consisting of  four 
to five individuals. The entire programme is 
supervised by the district rabies PHI and the 
Regional Epidemiologist (RE). Such vaccina-
tion points operate in two sessions, between 
9:00 a.m. and 12:00 noon, and from 1:00 p.m. 
to 4:00 p.m., but only on weekdays. Wide 
publicity for this clinic is given via posters dis-
tributed through primary healthcare workers 
and on the day of  the vaccination, a vehicle 
with a loudspeaker announcing the operation 
of  the clinic is sent within the area. Most often, 
these vaccination points are held in temples, 
community halls and the houses of  volunteers, 
with the maximum distance between two such 
points being 1.5 km. Thus, only confined dogs 
that can be brought to the static vaccination 
points would get vaccinated, while some of  the 
semi-owned free-roaming dogs and a majority 
of  ownerless free-roaming dogs will not get 
vaccinated at these points (see Fig. 13.1).

A few previous studies in Sri Lanka indicated 
that ownerless free-roaming dogs represent 
around 10% of  the entire dog population (Perera 
et al., 2000). Dog census, surveys or surveillance 
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have not been conducted in Sri Lanka, and 
much of  the data is based on estimates done by 
the respective PHIs using the commonly applied 
human:dog ratio of  8:1. The human population 
keeps steadily increasing, and therefore, the dog 
population estimations also increase accord-
ingly, despite continuous dog population control 
programmes. The efficacy of  rabies vaccines or 
the longevity of  the antibodies developed in dogs 
have also not been consistently studied in Sri 
Lanka.

13.7.1  Vaccination of free-roaming dogs

There are substantial numbers of  free-roaming 
dogs in community places such as temples, 
schools and marketplaces. These include both 
ownerless and semi-owned free-roaming dogs 
which are not leashed or caged. The owner-
less free-roaming dogs are entirely unowned 
and are a critically important group of  which 
statistics are needed to ensure adequate vac-
cination coverage. Some practical issues in 
capturing and/or restraining such dogs can be 
overcome by using a locally made device called 
the ‘auto plunger’, which can inject the vaccine 
from a distance without manual handling of  
the animal. A few resourceful districts employ 
another team of  vaccinators to follow the 
static-point vaccination clinic to vaccinate dogs 
that are not brought to the clinic. However, the 
Ministry of  Health does not employ dog catch-
ers. Furthermore, the inability to identify previ-
ously vaccinated ownerless free-roaming dogs 
has always been a practical problem and the 
various types of  ink markers that are used have 
not been long lasting. In addition, dog catchers, 
handlers and vaccinators require a list of  their 
duties, proper education and regular refresher 
training.

Reports from many countries in Asia and 
Africa show that free-roaming dogs including 
ownerless dogs and unrestrained owned dogs are 
less likely to be vaccinated (Matter et al., 2000; 
Kitala et  al., 2001; Kongkaewa et  al., 2004; 
Tang et  al., 2005; Menezes, 2008). The exist-
ence of  the same situation can be clearly seen, 
in addition to improper population estimates 
in perusing vaccination records in each district 
in Sri Lanka (see Table 13.2). For example, the 

population of  dogs vaccinated exceeded the 
estimated dog population in Monaragala (107% 
vaccination coverage) and Polonnaruwa (102% 
vaccination coverage).

Dog vaccinations by the Ministry of  Health 
are done free of  charge. Nevertheless, for 
owners of  confined dogs, it is quite common, 
especially in cities, to get their dogs and other 
pets vaccinated against rabies from private 
veterinarians by paying for this service. Such 
clinics are not registered anywhere and there 
is no mechanism to obtain their vaccination 
data. Therefore, the information on total vac-
cinations available at the Ministry of  Health 
is incomplete. If  the government veterinary 
surgeons and private veterinarians are given 
the rabies vaccine by the Ministry of  Health 
to be provided as a free service, they can assist 
in reaching 70% coverage in dogs. This could 
contribute immensely to reaching zero human 
rabies deaths by 2030.

13.7.2  Immunized dogs as a biological 
barrier

Dogs usually gather in small groups and demar-
cate their territory. The entrance of  a new dog 
to an already identified territory, the removal 
of  a resident dog, or the presence of  a female 
in oestrus will increase the interactions among 
them. This could lead to the spread of  the rabies 
virus unless such groups of  free-roaming dogs 
are vaccinated (Baren, 1991; Chomel, 1993; 
Perera et al., 2000). Therefore, one of  the major 
challenges in rabies control in Sri Lanka is to 
ensure herd immunity among the semi-owned 
and ownerless free-roaming dog population.

For this purpose, Sri Lanka conducted a 
pilot project in the Panadura area in 2000 on 
the application of  oral bait vaccine on domestic 
dogs that had missed the vaccine dose at static 
points. This was considered to be successful 
with certain limitations but was not continued 
due to logistic problems (Perera et  al., 2000). 
There was also a fear among veterinarians 
that the inactivated vaccinia virus used in the 
oral bait vaccine could potentially become 
active and infect the animal that consumed it, 
which also contributed to the cessation of  this 
programme.
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The establishment of  a properly immu-
nized dog population around patches of  
jungles in which wild animals and dogs inter-
act will act as a biological barrier and prevent 
the spread of  the virus into domestic dogs and 
vice versa. This approach requires wildlife 
authorities to work closely with the Ministry 

of  Health based on the One Health approach. 
Such activities could also be used to stimulate 
schoolteachers and students to join and assist, 
using them as teaching-learning opportuni-
ties, further contributing to the groups of  
stakeholders trying to achieve zero human 
rabies deaths by 2030.

Table 13.2.  Human and dog populations in the districts of Sri Lanka and vaccination coverage of dogs 
in 2019 at previously announced fixed places (static points), by mobile teams (free-roaming dogs), and 
percentages of coverage. Human population data from Central Bank of Sri Lanka (2020); dog population 
data were estimated based on human population data; and dog vaccination data were from PHVS, 
Ministry of Health, Sri Lanka (2020).

District
Human 

population

Estimated 
dog 

population

Dog vaccination coverage – 2019

Static point
Free-roaming 

dogs Total Percentage (%)

Ampara 719,000 89,875 18,877 323 19,200 21

Anuradhapura 930,000 116,250 69,685 7,843 77,528 67

Badulla 873,000 109,125 58,850   �  – 58,850 54

Batticaloa 570,000 71,250 14,949   �  – 14,949 21

Colombo 2,439,000 304,875 14,254 969 15,223 5

Galle 1,124,000 140,500 47,080 4,165 51,245 36

Gampaha 2,409,000 301,125 32,355 9,808 42,163 14

Hambanthota 65,5000 81,875 26,396 1,751 28,147 34

Jaffna 613,000 76,625 22,891   �  – 22,891 30

Kaluthara 1,281,000 160,125 44,704   �  – 44,704 28

Kandy 1,468,000 183,500 69,217   �  – 69,217 38

Kegalle 884,000 110,500 61,903 2641 64,544 58

Kilinochchi 126,000 15,750 1796 846 2642 17

Kurunegala 1,711,000 213,875 35,418 9894 45,312 21

Mannar 109,000 13,625 5743   �  – 5743 42

Mathale 519,000 64,875 50,946 2658 53,604 83

Mathara 858,000 10,7250 27,685 1132 28,817 27

Monaragala 491,000 61,375 65,785 8 65,793 107

Mulathive 96,000 12,000 7869   �  – 7869 66

Nuwaraeliya 763,000 95,375 23,398 106 23,504 25

Polonnaruwa 436,000 54,500 39,898 15,802 55,700 102

Puttalam 825,000 103,125 33,225 1752 34,977 34

Rathnapura 1,163,000 14,5375 36,008   �  – 36,008 25

Trincomalee 421,000 52,625 18,000   �  – 18,000 34

Vavunia 187,000 23,375 4249 51 4300 18

Grand total 21,670,000 2,708,750 824,381 59,749 884,130 33a

aOverall average percentage vaccination of dogs in 2019.
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13.8  Conclusion

It is impossible to achieve zero human deaths 
due to rabies without controlling rabies in dogs. 
The essential requirement for breaking the rabies 
transmission cycle is achieving vaccination in 
at least 70% of  the dog population, including all 
three categories of  owned and confined, semi-
owned free-roaming, and ownerless free-roaming 
dogs. A major problem in achieving this goal is 
the unavailability of  reliable data on the numbers, 
distribution and ecology of  the dog population in 
Sri Lanka. Surveys are needed to determine the 
dog population and their ecology in each district, 
including total numbers, relative proportions 
of  the three categories of  dogs specified above, 
and their habitats (urban, suburban, rural, etc.). 
Studies on these aspects should also include the 
immunity status and maintenance of  herd immu-
nity in different dog populations. Identification 
of  food-waste dumping sites, habitat mapping 
of  locations where free-roaming dogs potentially 
mix with wild animals, and surveillance for rabies 
among wildlife species that are known to have 
tested positive for rabies, are also important to 
facilitate an overall successful rabies control pro-
gramme. Adequate human and physical resources 
must be ensured to implement the required 
vaccination coverage within a short period. The 
solutions to addressing adequate coverage of  all 
types of  dogs include providing facilities to private 
and government veterinary surgeons to vaccinate 
such dogs, using dog catchers to catch and bring 
them for vaccination, and the use of  oral bait 
vaccines. A practical and long-lasting method of  
identifying vaccinated dogs is also essential.

The establishment of  a rabies surveillance 
system for domestic animals as well as wildlife, 
backed by a geographically well-distributed 
rabies diagnostic laboratory network is essential. 
Legal aspects of  controlling dog populations and 
rabies should be reorganized and rigorously 
implemented, and action should be taken to 
minimize free-roaming dogs (both semi-owned 
and ownerless). If  some quota of  immunized 
free-roaming dogs must be kept as community 
biological barriers, their immunity level must be 
assured, maintained and regularly monitored. 

We recommend that local government authori-
ties must be assisted to implement, capture and 
detain at least a portion of  unvaccinated free-
roaming dogs for two weeks, giving adequate 
time for those who claim ownership to recover 
them, with a legal requirement to register 
the dog and keep it under their control, in 
accordance with the law of  the country. If  no 
one claims ownership of  such dogs, the local 
authorities should have the power to hand them 
over to welfare centres, which should be estab-
lished in each district. These shelters may help 
them to survive, confined to the centres, for their 
remaining natural life (this could be 4–5 years).

Legal implications on all aspects of  dog 
ownership, registration and vaccination must 
be revised and enforced, while public awareness 
and education must encourage responsible 
dog ownership. The Ministry of  Health must 
increase awareness of  the public on prevent-
ing dog bites as well as the potential for rabies 
transmission from wildlife to dogs and other 
domestic animals. The importance of  seeking 
immediate medical help in the event of  exposure 
and the availability of  PEP in all hospitals must 
be emphasized. The Ministry of  Health must 
target 70% vaccination of  the entire dog popula-
tion, with the help of  veterinarians in DAPH and 
private-pet animal practitioners, together with 
wider coverage of  birth control programmes. 
Community physicians and Education Officers 
at the RDHS office must implement rigorous 
programmes in this context. The DWC must be 
strengthened with the necessary trained staff  
and resources for implementing wildlife disease 
surveillance. Local government bodies must be 
legally empowered with regard to registration 
and vaccination of  all categories of  dogs, as 
well as the capture, detaining, and transfer 
of  unclaimed ownerless free-roaming dogs to 
appropriate institutions.

Zero human rabies deaths by 2030 is 
achievable if  the issues and limitations high-
lighted above are addressed, and all relevant 
stakeholders and responsible organizations 
make genuine efforts and move forward with 
a joint national action plan based on the One 
Health approach.
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Abstract
Effective rabies elimination requires direct interaction with dogs, principally mass vaccination of  dog populations 
and surveillance for suspected dog rabies cases. The most important dogs to reach are free-roaming dogs who, 
through their behaviour, are most epidemiologically relevant to rabies. Dog population management (DPM) uses 
a system of  services designed to suit local dog population dynamics to improve responsible dog ownership and 
humanely minimize the population of  unwanted and unmanaged dogs. DPM contributes to rabies control by 
increasing access to epidemiologically relevant dogs to reach and maintain herd immunity and ensure all dogs 
are monitored for effective surveillance; this has the potential to reduce the costs of  rabies elimination actions. The 
impacts of  effective humane DPM are multiple, hence the political will and funding for DPM should be accessed 
in addition to funding earmarked for mass vaccination. DPM should not divert resources away from vaccination.

*Corresponding author: ​ellyhiby@​icam-​coalition.​org

14.1  Introduction

The prompt and effective use of  post-exposure 
prophylaxis (PEP) in the treatment of  people 
exposed to the rabies virus through a dog bite is a 
highly valued lifesaving action in rabies control. 
But to achieve zero human deaths demands 
more by ridding the world of  this dog-mediated 
virus completely. This would eliminate the fear 
and anxiety of  people bitten by suspect dogs, 
the suffering and inevitable death of  people 
and animals from this nearly 100% fatal virus 
once symptoms appear, and the enormous cost 
to our health services around the world. It is 

this aim that underpins the global call to action 
‘Zero by 30’ which sets the goal of  zero human 
dog-mediated rabies deaths by 2030 worldwide 
(Minghui et al., 2018).

Elimination of  the rabies virus can only be 
achieved if  we interrupt transmission within 
its reservoir host. For the Zero by 30 goal, this 
host is domestic dog (Canis familiaris). To achieve 
elimination, we need to recruit the dogs them-
selves and their immune systems, to kill the 
virus circulating within their populations by 
using mass dog vaccination. Thankfully in this 
war on rabies, we have in our arsenal a highly 
efficacious, long-lasting and affordable vaccine 
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against rabies in dogs. And as dogs are a domes-
ticated species, rather than wildlife, we benefit 
from the dogs being an accessible population to 
be our soldiers.

Elimination also requires good surveillance 
of  rabies in dogs so that any suspect cases can 
be promptly and appropriately managed to 
prevent the virus from spreading further. As a 
domesticated species, dogs depend on the care 
provided by people for their survival and hence 
dogs and people have a close relationship. Even 
in the absence of  formally recognized owner-
ship, we see free-roaming dogs congregating in 
and mostly reliant on human settlements. This 
can be a great benefit to surveillance as suspect 
cases are likely to be noticed by a well-informed 
public that knows the signs of  rabies in dogs.

There are clear gains made from the rabies 
control journey towards elimination, with 
proven reductions in dog-bite prevalence (e.g. 
Tanzania (Cleaveland et  al., 2003)), costs to 
the health service, in terms of  PEP (e.g. India 
(Larkins et al., 2020)) and prevention of  human 
rabies deaths (e.g. Latin America (Vigilato 
et al., 2013)). The examples of  successful rabies 
control projects, and the political will chan-
nelled by Zero by 30, provide the foundation 
for the elimination of  dog-mediated rabies. But 
it is only by harnessing the immune power of  
dogs, and in particular, those that are the most 
epidemiologically relevant to rabies, that virus 
elimination can be achieved.

Any intervention involving dogs, and in 
particular these epidemiologically relevant 
dogs (see Box  14.1), will need to consider dog 

population management (DPM). DPM involves 
a cohesive set of  measures to influence dog 
population dynamics to achieve a number of  
goals. These goals include a reduction in public 
health risks but are not limited to rabies control. 
In this chapter, we provide an overview of  DPM, 
key factors for effective rabies vaccination cam-
paigns, and then focus on the overlap between 
DPM and rabies control, specifically on the con-
tribution of  DPM to rabies elimination through 
achieving and sustaining sufficient vaccination 
coverage and effective surveillance.

14.2  What Is Dog Population 
Management (DPM)?

DPM starts with an understanding of  dog 
population dynamics (Fig. 14.2). Rabies elimina-
tion may require a focus on epidemiologically 
relevant free-roaming dogs, but population 
management does not only look at the current 
unwanted and unowned free-roaming dogs. It 
also seeks to understand the sources of  these 
dogs and aims to sustainably influence the pro-
cesses that bring dogs on to the street and make 
them less accessible to management actions 
like vaccination. Interventions that work only 
with the current unwanted and unowned free-
roaming dogs may be more accurately termed 
‘stray control’.

Dog population dynamics differ across com-
munities in Asia, driven by variations in human 
behaviours. It may seem surprising to emphasize 

Box 14.1.  Epidemiologically relevant dogs.

From the perspective of rabies, not all dogs pose equal risk. Dogs that roam freely are likely to have the 
greatest contact with other dogs and therefore opportunity for viral transmission. Hence if vaccinated, 
these free-roaming dogs then have the greatest ability to act as a barrier to prevent further spread. 
Dogs are also not equal in their likelihood of being vaccinated. Owned adult dogs that are confined are 
more likely to be vaccinated through traditional vaccination delivery strategies such as central-point 
campaigns or through reliance on owners/carers proactively arranging vaccination with vets or animal 
health workers. This illustrates how the likelihood of vaccination tends to run in the opposing direction 
to epidemiological relevance – the most valuable dogs epidemiologically are paradoxically the least 
likely to be vaccinated (Fig. 14.1). Vaccination campaign approaches that target free-roaming dogs 
of all ages and levels of ownership bring vaccination coverage in line with epidemiological relevance. 
These approaches include door-to-door campaigns, engaging the support of dog feeders and carers 
to identify and handle community dogs or using expert dog catchers to catch unmarked and therefore 
unvaccinated dogs in the street.
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the importance of  human behaviour in the 
context of  DPM, but all dog population dynamic 
processes are under the influence of  what people 
do with dogs. The process of  domestication has 
resulted in dogs being reliant on care provided 
by people for their survival and reproduction 
and they are unable to maintain their popula-
tions independently of  the resources provided by 
people (Boitani et al., 2017).

Some communities will be tolerant towards 
free-roaming dogs, offering them food and 
shelter and hence community dogs will make 
up a large proportion of  their free-roaming dog 
population. Other communities, particularly 
in rural areas, will allow their owned dogs to 
roam freely to fulfil homestead, crop and live-
stock protection roles or because the physical 
structures of  their home do not offer humane 
methods of  confinement, resulting in most 
free-roaming dogs being owned roaming dogs. 
Some communities keep owned dogs confined 
within private property and are intolerant of  
free-roaming dogs. In other communities in 
Asia, there is an active trade in dog meat with 
consequences for animal welfare and rabies 
transmission. These differences in human 
behaviour will alter what types of  dogs make 
up the free-roaming and epidemiologically 

relevant population and the processes that act 
as sources of  these dogs. By identifying these 
sources, authorities can then select which DPM 
services will be most effective.

A DPM system is a cohesive programme of  
services, supported by a foundation of  legisla-
tion, political will and social motivation (ICAM, 
2019a, pp. 31–78) (Fig.  14.3). This system 
works to establish a positive relationship between 
dogs and their owners or carers (‘carers’ in the 
case of  community animals without a single 
referral household). This positive relationship is 
characterized by responsible human behaviour 
to maintain good welfare and mitigate risks that 
dogs may present to other animals, the environ-
ment and people.

The services which make up the DPM 
system include four fundamental services 
which are critical to all DPM systems; and five 
context-dependent services (ICAM, 2019a,  
pp. 48–76) (Fig.  14.3). Context-dependent ser-
vices are not always required but there will be 
some communities in which they become impor-
tant to implement and also possible to enforce. 
For example, introducing identification and reg-
istration into a community where animal health 
services have neither the resources nor capacity 
for inserting and reading microchips would be a 

Fig. 14.1.  Epidemiological relevance and opposing likelihood of vaccination against rabies for 
the characteristics of confinement, ownership and age of dogs. Diagram created by International 
Companion Animal Management coalition (ICAM).
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waste of  resources that could be better spent on 
greater vaccination efforts.

Fundamental services:

1.	 Promoting responsible behaviour – This 
involves a combination of  legislation, behav-
iour change communication and social 
pressure to increase responsible, safe and 
compassionate behaviour towards dogs.

2.	 Strengthening DPM professional capac-
ity – Recognizing and investing in relevant 
professions, including veterinarians, animal 
handling/care and enforcement agencies is 
vital so that the services required for respon-
sible ownership are accessible and of  good 
quality.

3.	 Reproduction control – Access to reproduc-
tion control services is fundamental to all 
population management as the humane 
way to limit population size (rather than 
increased mortality) and limit the produc-
tion of  puppies to those that are wanted. 
Ensuring access requires overcoming 

barriers to reproduction control, which may 
include cost, veterinary capacity and skills, 
and transporting animals to clinics. Catch, 
neuter, vaccinate and return (CNVR) is an 
approach to control the reproduction of  
unowned animals that are to be managed in 
situ on the streets. (See discussion at the end 
of  this section for how this can be used as an 
alternative/in combination with rehoming 
services.)

4.	 Veterinary care – Access to veterinary care 
ensures owners and carers can keep their 
animals in a good state of  welfare and limit 
the risk of  zoonotic diseases. It brings them 
into contact with animal health workers and 
veterinarians who can encourage respon-
sible ownership behaviours and provide 
an opportunity for disease surveillance. 
Ensuring access may require subsidies for 
owners with limited resources and outreach 
services for those owners unable to reach 
static facilities. Veterinary care includes 
timely rabies vaccination to protect animals 

Fig. 14.2.  Simplified representation of dog population dynamics. Dog states are represented by labelled 
dog icons and dynamic processes by labelled arrows. From ICAM, 2019a.
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and people from this virus and to mitigate 
inappropriate reactions to rabies outbreaks.

Context-dependent services:

1.	 Formal education of  children – This includes 
education about safe and compassionate 
interaction with dogs and preventative 
measures for both children and animals to 
protect health, including prompt dog-bite 
treatment.

2.	 Holding facilities and rehoming – These 
can be provided through shelters or foster 
networks, achieving efficient and reliable 
reuniting of  lost dogs and a humane and 
responsible option of  relinquishment (rather 
than abandonment) followed by efficient 
rehoming to new suitable homes. (See dis-
cussion at the end of  this section for how this 
can be used as an alternative/in combina-
tion with CNVR services.)

3.	 Identification and registration – Central 
or interoperable regional/local databases 
support efficient reuniting of  identified and 
registered lost owned animals. This also pro-
vides proof  of  ownership for enforcement, 
traceability and tracking/reminders relating 
to health measures (where health records are 
linked to registration). Widespread adoption 
may be achieved through voluntary systems 
but mandatory legislation may be required.

4.	 Control of  commercial breeding and sale – 
Puppies should be healthy, well socialized 
and habituated, leading to increased reten-
tion by new owners. Breeders, sellers and 
consumers are aware of  expected standards 
and those below standard are identified and 
improved/penalized.

5.	 Managing access to resources – This is 
important to reduce conflict with free-
roaming dogs. Improved waste management 
has been touted as a solution to stray control. 

Fig. 14.3.  Diagrammatic representation of a dog population management (DPM) system. From the 
‘Humane dog population management guidance’ in ICAM (2019a)
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However, if  free-roaming dogs are reliant on 
this food source, a sudden reduction would 
lead to starvation and is hence not humane 
and can lead to increased conflict as free-
roaming dogs search for alternative sources. 
Rather than reducing food sources, these can 
be manipulated by moving food sources away 
from high-conflict areas to more appropri-
ate locations, for example, using feeding 
stations. Poor waste management causes 
other more significant problems, including 
water contamination and air pollution, so 
an improvement in waste management over 
time is to be expected regardless of  popula-
tion management motivations. It is the role 
of  population management to prepare the 
dog population for the inevitable improve-
ment in waste management driven by other 
motivations, ensuring free-roaming dogs 
are appropriately resourced by owners and 
carers and not reliant on waste for their 
nutrition.

Core to the population management system 
is addressing the source of  future unwanted and 
unowned free-roaming animals. Owners that 
have the knowledge, motivation, and ability to 
access services to practise responsible ownership 
behaviours can prevent their dogs from contrib-
uting to population management problems. This 
includes the services of  affordable reproduc-
tion control and veterinary care for owners to 
invest in managing their dog’s reproduction 
and health. The animal health services may 
also have the capacity to support owners by 
implementing an identification and registration 
system to reunite lost owned dogs and to enforce 
regulations on dog breeding and sale to ensure 
owners can acquire dogs knowing they are safe 
and healthy.

But this DPM system must also address the 
current unwanted and unowned free-roaming 
dogs. This requires careful consideration of  
how to use two relevant services. These are 
not mutually exclusive and can be used in 
combination:

•	 Holding facilities/rehoming centres 
or ‘shelters’ for relinquished pets and 
unowned dogs removed from the streets for 
reuniting or rehoming. Factors to consider 
include:

○○ Rehoming ‘centres’ do not need to be 
physical structures. This service can 
be delivered through foster networks 
with potential economic and animal 
welfare benefits.

○○ For rehoming centres to be a 
functional service, there must be 
a culture of  adoption, providing a 
reasonable chance that an animal will 
be rehomed, otherwise centres fill to 
capacity or become places where most 
dogs will be euthanized. CNVR may 
provide a management option while 
building adoption capacity.

•	 Reproduction control and veterinary care 
provided to unowned animals using CNVR 
leading to the management of  unowned 
animals in situ on the streets. Factors to 
consider include:

○○ Tolerance and acceptance of  free-
roaming dogs by the majority of  the 
public is necessary for dogs to maintain 
good welfare following CNVR.

○○ For an individual animal to be 
considered a suitable candidate for 
CNVR, there should be evidence that 
the animal can maintain an acceptable 
level of  welfare living on the streets. 
Very young animals or those with 
health issues may be best suited to 
rehoming. Where CNVR is used, 
ideally, rehoming is also available as 
an option for individual animals that 
are not suitable for release.

○○ Community dogs that enjoy some care 
from local people may be able to breed 
successfully on the street. CNVR will 
also limit their breeding as a source of  
future unowned dogs.

○○ There is a risk that when legislation 
prohibits the abandonment of  owned 
animals, authorities may interpret 
the release of  sterilized dogs as a form 
of  abandonment. In such situations, 
agreement with the authorities on the 
difference between ‘abandonment’ 
and ‘release’ will need to be sought 
before starting CNVR.

The assessment of  which of  these two 
options is most appropriate for managing 



180 Elly Hiby et al.

unwanted and unowned dogs will differ between 
communities and over time. Both shelters and 
CNVR have been misunderstood as equating 
to population management when used in 
isolation. A service focused only on the current 
free-roaming population is not comprehensive 
population management as it does not address 
the sources of  unwanted and unowned dogs; 
conceptually akin to continuously refilling a 
leaking bucket without first fixing the leak. 
Although it should be noted that CNVR does 
have the benefit of  addressing one important 
source: the birth of  unowned puppies on the 
street by currently unowned or community 
dogs. Rehoming and CNVR function as part of  
a DPM system and must be used in combination 

with other services that also address other 
sources of  future unwanted and unowned dogs.

14.3  Culling

Culling of  dogs as a method of  stray control, and 
as part of  rabies control, has been used many 
times throughout history but has been repeat-
edly found to be ineffective and unpopular. 
Reasons for its lack of  effect and unpopularity 
are listed in Table 14.1.

From a rabies perspective, one may argue 
that when faced with a free-roaming unowned 
or community-owned dog, killing it removes the 
dog as a potential transmission vector. However, 

Table 14.1.  Reasons for not culling dogs.

Reason Explanationa

Population 
dynamics

•	 Minimal impact on the source of future unwanted and unowned free-roaming 
dogs and culling reduces competition over resources for the remaining dogs, 
hence populations quickly recover.

Disease (rabies) 
transmission

•	 Mistaken assumption that fewer dogs will mean less rabies, but rabies 
transmission is largely density independent, so there is only a minimal reduction 
in transmission with reduced density (Hampson et al., 2009).

•	 Where vaccinated dogs are either not marked, or these markers fail over time, 
culling may disproportionally remove vaccinated dogs as they tend to be more 
accessible. Culled dogs quickly replaced by owners (through purchase or birth) 
are also likely to be unvaccinated. Together this reduces herd immunity.

•	 Culling can inadvertently increase contact between dogs and lead to rabies 
spread to other populations due to social perturbation or people moving their 
dogs to avoid culling teams.

Social 
acceptability

•	 Support for culling is limited and may be actively protested against in some 
communities, in particular when alternatives such as vaccination or CNVR are 
possible. Reports of owned and vaccinated dogs being culled are frequent and 
lead to further mistrust between government services and local communities.

•	 Acceptability will be particularly low where inhumane methods of culling are used 
(WOAH lists recommended and unacceptable methods of killing dogs in Chapter 
7.7 of the Terrestrial Animal Health Code; (WOAH, 2022b)).

Cost •	 Culling appears straightforward and cheap, but costs per dog can be higher 
than rabies vaccination, not least because vaccination campaigns can recruit 
widespread public action in support of campaigns, which is not the case for 
culling.

Ethics •	 Non-lethal and effective alternatives to culling for DPM and rabies control exist, 
and dogs are sentient beings with the capacity to suffer, hence ethical arguments 
do not support culling.

aCNVR, catch, neuter, vaccinate and return; DPM, dog population management; WOAH, World Organization for 
Animal Health.
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this dog will be quickly replaced through birth 
and immigration by a new dog, almost certainly 
unvaccinated, resulting in no benefit to rabies 
control. Instead, there is the option to vaccinate 
and release such dogs, maintaining population 
stability and creating a biological barrier to 
virus spread with an immunity ‘trap’ of  rabies 
antibodies in these vaccinated and released 
dogs. To be an effective biological barrier, 70% 
of  the population needs to be vaccinated to 
achieve herd immunity, as described in Section 
14.6.1 ‘Sustaining herd immunity’, later in this 
chapter.

In recent history, the attempt to control a 
rabies outbreak in Bali was wholly unsuccess-
ful when mass culling was used, but showed 
immediate and significant improvements in 
reducing dog bites, dog rabies cases and human 
rabies cases once mass dog vaccination was used 
instead (Putra et al., 2013; Suseno et al., 2019). 
The expert consultation by WHO reports:

Mass dog vaccination has repeatedly been 
shown to be effective for controlling dog-
mediated rabies, whereas removal of  dogs does 
not decrease dog density or control rabies in the 
long run. Mass culling of  dogs should therefore 
not be a part of  a rabies control strategy: it is 
ineffective and may be counterproductive to 
vaccination programmes, particularly when 
they target free-roaming dogs.

(WHO, 2018a, pp. 79–80)

 
Culling is the killing of  an animal for purposes 
other than its own welfare, while euthanasia is 
killing an animal to prevent its further suffering. 
Although culling has no place in DPM or rabies 
control, all organizations that have direct inter-
action and responsibility over dogs must have 
a euthanasia policy in place and the capacity 
for humane methods of  euthanasia (the World 
Organization for Animal Health (WOAH) lists 
recommended and unacceptable methods of  
killing dogs in Chapter 7.7 of  the Terrestrial 
Animal Health Code; WOAH, 2022b). This 
includes organizations responsible for imple-
menting mass rabies vaccination campaigns, 
holding and rehoming centres and CNVR ser-
vices. This policy should be founded on animal 
welfare principles, appropriate to national 
legislation and local regulations, and realistic 
to implement within their veterinary, physical 

and staff  capacity. The goal is that euthanasia 
is only used for those dogs that are suffering 
from an incurable illness, an injury, or have an 
unmanageable behaviour problem that prevents 
them from being rehomed or released, or are not 
coping well enough with rehoming facilities to 
maintain reasonable welfare. For some countries 
with limited rehoming potential and limited 
resources, this threshold for euthanasia may 
not be achieved immediately, but is the goal to 
work towards. The use of  euthanasia for dogs 
showing signs of  rabies is encouraged to prevent 
their suffering and protect human health and 
should be followed by prompt testing for labora-
tory confirmation of  a rabies diagnosis. Where 
feasible, quarantine may be used to observe the 
dog for the progression of  signs of  rabies. If  signs 
of  rabies become evident, dogs should be eutha-
nized, while any dog that remains healthy can 
be confirmed as not rabid. Further details about 
quarantining in the event of  an animal bite are 
discussed in Section 14.6.2 ‘DPM contribution 
to rabies surveillance’ and in other chapters 
on Integrated Bite Case Management (e.g. see 
Chapter 6, this volume).

In addition to culling, another common 
practice in parts of  Asia that is both relevant to 
animal welfare and rabies control is the dog meat 
trade (Asia Canine Protection Alliance, 2013). 
We purposely do not cover the dog meat trade 
in any detail here, since it is beyond the scope 
of  this chapter. However, we note that the dog 
meat trade is renowned for inhumane practices 
and has no place in humane DPM (FOUR PAWS, 
2020). Hence our discussion is only to highlight 
potential rabies risks inherent in the trade. In 
countries where the dog meat trade is large and 
purposeful breeding of  dogs for meat is limited, 
the removal of  dogs for meat may impact owned 
and free-roaming populations. The turnover of  
dog populations in settings with an active dog 
meat trade is expected to be particularly high, 
creating large susceptible populations in which 
rabies can easily spread. The movement of  dogs 
for the meat trade is frequent, often over large 
distances, and even across national borders, 
making rabies incursions into new areas a risk. 
These factors, together with the complete lack 
of  regulations to reduce transmission through 
quarantine or vaccination means that the 
trade presents an obstacle to rabies elimina-
tion. Moreover, in communities with dog meat 
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consumption, the risk of  transmission between 
dogs and people, at all points of  handling, 
killing and during the slaughter process is high 
(Wertheim et al., 2009). For these reasons, there 
is a need for engagement with the dog meat trade 
for the joint aims of  improved animal welfare 
and for eliminating dog-mediated rabies.

14.4  Key Factors for Successful 
Vaccination

Successful dog vaccination campaigns for pro-
gressive control and elimination of  rabies share 
the key factors outlined in Table 14.2.

14.5  Intersection Between DPM and 
Rabies Control

Rabies control and DPM share a focus and a 
need to access epidemiologically relevant dogs. 
Although they have aims specific to their par-
ticular scope, they also share the overlapping 
aims of  protecting animal and human health. 
Hence there is an opportunity for synergy and 
mutual benefit between these interventions. In 
this section, we return to the concept of  rabies 
elimination as a war against the rabies virus 
and dogs as our soldiers to hunt down and kill 
the virus with their immune systems. We look 
specifically at how DPM helps us to leverage the 
capacity of  these dog soldiers towards rabies 
elimination through achieving and sustaining 
vaccination coverage and effective surveillance 
(Fig.  14.4). The question we aim to answer 
here is: ‘If  I am responsible for vaccinating the 
greatest possible proportion of  the dog popula-
tion, or I am responsible for spotting and quickly 
responding to suspect rabies cases, how can 
DPM help me do that?’

14.6  Vaccination Coverage Where It 
Matters Most

We started this chapter with the concept of  
epidemiologically relevant dogs and their value 
in the war on rabies. But we know that many 
rabies vaccination campaigns achieve their 

greatest coverage in populations of  dogs that 
are confined and are at limited risk of  rabies 
transmission as well as in populations already 
covered by previous campaigns. This is not to 
say that vaccination of  these dogs should not 
be done, but coverage in only this subpopula-
tion will not achieve rabies elimination. It is the 
epidemiologically relevant dogs that need to be 
recruited, and yet they are often missed by vac-
cination campaigns year after year, providing an 
ongoing reservoir of  susceptible hosts. DPM can 
increase the accessibility of  these dogs through 
improved responsible dog ownership, com-
munity engagement, CNVR and improved staff  
capacity and skill. Finally, accessing these dogs 
for vaccination breaks the cycle of  transmission 
within their populations and supports virus 
elimination.

The promotion of  responsible dog owner-
ship is a fundamental service of  DPM and is 
achieved through legislation, behaviour change 
communication, social pressure and legislation 
working together to change human behaviour. 
A feedback loop of  owner behaviour improve-
ment can be supported through DPM services 
by increasing the value of  their dog; the more 
management investment made in the dog, 
including sterilization and parasite control, the 
more it may be valued by an owner and the 
more effort they may expend in maintaining 
their dog in good health and welfare through 
future management investment, including 
regular vaccination. In practical vaccination 
campaign terms, an owner that values their 
dog is more likely to make an effort to catch and 
physically transport, or at least handle, their 
dog for vaccination teams, reducing campaign 
effort and therefore resources. They may even 
take the step of  proactively having their dog 
vaccinated through animal health services 
outside of  vaccination campaigns, eliminating 
the cost of  vaccinating this dog entirely from 
campaign budgets. Conversely, an owner that 
has amassed a perceived excess of  dogs through 
unwanted breeding, may not value his/her dogs 
sufficiently to spend their time and resources 
on vaccination, or may only expend effort on a 
preferred few.

Accessing more than 70% of  the dog 
population during an annual mass vac-
cination campaign is not feasible without 
community engagement and support. Some 
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Table 14.2.  Factors for successful vaccination campaigns.

Factor Descriptiona

Preparation for 
vaccination

1.	 Prepare and document vaccination plan in consultation with stakeholders, 
including required financial, human and material resources.

2.	 Provide pre-exposure prophylaxis and training in humane dog capture and 
handling, appropriate vaccine storage and handling, vaccine administration, 
and managing exposure to suspect rabid animals.

3.	 Procure and prepare all required materials and equipment.
4.	 Inform communities ahead of planned vaccination activities to increase 

community participation and reduce the time required to complete 
vaccination.

5.	 See further guidance in the WOAH Terrestrial Animal Health Code Chapter 
4.18 (WOAH, 2022a).

Vaccination 1.	 A 3 year vaccine should be used for mass dog vaccination and stray dog 
vaccination, including during CNVR activities. The cold chain should 
be maintained at all levels of vaccine storage until administration, but 
importantly, efforts to maintain the cold chain should also ensure no vaccine 
is frozen, which is more likely to reduce vaccine efficacy.

2.	 A minimum coverage level of at least 70% of the dog population should 
be achieved in all administrative units of the area targeted for control. For 
accelerating time to elimination, higher coverage levels may be targeted.

3.	 For maximal impact on rabies virus transmission, epidemiologically  
relevant dogs should be prioritized. Methods for safe capture and handling 
(e.g. dog nets) should be used when dogs cannot be readily caught or safely 
restrained by hand.

4.	 Long-term markers (e.g. permanent collars) should be applied to all 
vaccinated adult dogs for monitoring vaccination coverage and enabling 
communities to differentiate vaccinated from unvaccinated dogs. Short-term 
markers (e.g. non-toxic paint marks) should be used for vaccinated puppies 
and applied to adult dogs only when there are insufficient resources for the 
purchase of long-lasting collars.

5.	 Vaccination should be applied on at least an annual basis. For accelerating 
viral elimination, 6-monthly vaccination campaigns may be considered  
and/or strategies to target new puppies in the interval between campaigns.

6.	 To slow the decline in vaccination coverage levels over time, population 
turnover should be minimized by utilizing the DPM tools described in this 
chapter.

Monitoring 
vaccination coverage

1.	 Vaccination data should be recorded following the vaccination of each 
individual animal and stored within an electronic database (resolved to the 
smallest available administrative unit).

2.	 Vaccination coverage should be monitored at the smallest administrative 
level possible (e.g. sub-village) by either post-vaccination surveys or by 
comparing to vaccination tally from the previous campaign in which the 
vaccination target was achieved.

Monitoring 
vaccination efficacy

1.	 Rabies cases in humans and animals should be monitored.
2.	 Integrated Bite Case Management may be used for increasing the sensitivity 

of detection of animal rabies cases (WHO, 2018a, p. 126).

Continued
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epidemiologically relevant dogs will be particu-
larly difficult for vaccination teams to reach 
without the help of  community members 
known and trusted by these dogs to find, catch 
and handle them. As community engagement 
and action are a foundation of  an effective DPM 
system, locations with already functioning DPM 
are likely to have stronger communication and 
support from local communities. In particular, 

where DPM systems have involved CNVR, 
which have the opportunity to recruit com-
munity members into accessing and monitoring 
community dogs, these same individuals can 
support mass vaccination campaigns of  com-
munity dogs (see Box 14.2 Case Study 1 about 
the ManuMitra programme).

By definition, CNVR accesses only epide-
miologically relevant dogs that are always free 

Factor Descriptiona

Response to suspect 
rabid dogs

1.	 Rapid detection and removal of rabid animals are crucial to reduce the 
spread of rabies and community impact.

2.	 All persons dealing with suspect rabies cases or entering a field situation 
where there may be rabid animals should receive a full course of pre-
exposure prophylaxis before initiating activity (WHO, 2018a, p. 58).

3.	 Suspect animals should be evaluated and animals demonstrating signs 
of rabies should be humanely euthanized and submitted for testing as per 
the WOAH Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 
Chapter 3.1.18 (WOAH, 2018).

4.	 Refer to the WHO (World Health Organization), 2018c position paper on 
rabies vaccines and immunoglobulins for guidance on humans exposed to 
suspect rabid animals (WHO, 2018c).

5.	 A positive rabies case in an area is an indication for immediate  
vaccination of the area, including revaccination of previously vaccinated 
dogs (note that reactive vaccination will have limited impact if not 
undertaken rapidly, i.e. within the week of the detected animal case, and 
is not a replacement for comprehensive routine vaccination in endemic 
settings). Culling should not be carried out.

aCNVR, catch, neuter, vaccinate and return; DPM, dog population management; WHO, World Health Organization; 
WOAH, World Organization for Animal Health.

Table 14.2.  Continued

Fig. 14.4.  Mass dog vaccination and surveillance activities are at the intersection of rabies elimination 
and dog population management (DPM) programmes. Diagram created by ICAM.
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roaming. CNVR is usually running throughout 
the year rather than as an annual pulse, steadily 
building the proportion of  the free-roaming dogs 
that are vaccinated and preventing the birth of  
unvaccinated puppies on the street. Although 
regular revaccination of  ‘CNVRed’ dogs is the 
ideal approach, the short lifespan of  these 

free-roaming unowned or community-owned 
dogs makes a single vaccination at the time of  
sterilization sufficient for effective rabies control 
(Reece and Chawla, 2006) (see Box  14.2 Case 
Study 2 about Help In Suffering in Jaipur). 
However, a potential conflict between CNVR 
and rabies control can occur where vaccination 

Box 14.2.  Case studies of synergy between DPM and rabies control.

Case study 1
ManuMitra (‘friend of human’) is a comprehensive programme to manage dog populations and control 
rabies in Kathmandu, Nepal (ICAM, 2019b). One key aspect is the engagement of animal manage-
ment assistants (AMAs) – local volunteers with a track record of caring for animals in the community. 
AMAs join a peer-supported training programme covering rabies prevention and control, veterinary 
first aid and post-operative care for sterilized dogs. They work closely with ManuMitra veterinarians 
and animal welfare officers to ensure all their local dogs are vaccinated by helping to find, identify and 
catch dogs that they know. They also identify dogs for sterilization, first gaining consent from an owner 
or carer for every dog. AMAs provide ongoing monitoring of free-roaming dogs, informing ManuMitra 
staff when new dogs needing vaccination or sterilization arrive, treating those with minor ailments and 
skin disease in situ and remaining vigilant for suspect rabies cases. AMAs are the experts in their local 
dogs, and as local residents are best placed to ensure saturation of rabies vaccination and DPM effort 
in their ward while being continuous advocates for responsible dog ownership and animal welfare.

Case Study 2
Help In Suffering has been running a CNVR programme in Jaipur, India, since 1994 complying with the 
national Animal Birth Control (Dog) Rules, 2001. This involves spaying and vaccinating female dogs, 
castrating and vaccinating young males and vaccination only of adult males, as castration is expected 
to make little difference to their behaviour and vaccination only uses fewer resources; each dog is 
vaccinated once in its lifetime. The vaccine used conveys 3 years of immunity. With a high coverage of 
the population (> 75%) and these dogs’ relatively short lifespan of around 3 years (Reece et al., 2008), 
this is estimated to maintain immunity in >40% of the dog population. An economic assessment of the 
period 1994–2017 estimated CNVR had averted over 360,000 dog bites at a cost of US$5.62 million. 
In addition, nearly 500 human rabies deaths had been averted by animal birth control (ABC) over the 
23 year period. When added to the US$5.62 million saved from bites averted, this becomes a total 
societal economic benefit, estimated to be US$38.48 million. A sizeable financial benefit compared to 
the US$658,744 cost of Help In Suffering’s ABC work over 23 years; for every US$1 spent on ABC, 
US$8.50 were saved in dog-bite treatment and US$58.40 in total societal economic losses from both 
rabies and bites (Larkins et al., 2020).

Case Study 3
A fishing community on the outskirts of Karachi, Pakistan, called Ibrahim Hyderi, became the site 
of Rabies Free Karachi’s pilot One Health project. This project involved mass dog vaccination and 
CNVR of free-roaming dogs, as well as distinctive yellow collars to provide a visual indication that 
dogs had been treated. The Rabies Free Karachi team also conducted workshops and engaged local 
people to gain their support in implementing the activities and explain the meaning of the collars. An 
exploratory follow-up survey of a small sample of local people revealed satisfaction with the project, 
a more positive perception of the collared dogs and visually more relaxed and friendly behaviour 
towards these specific treated dogs. Replication of this pilot in other areas of Pakistan is under way 
with similar results. However, it should be recognized that some people have strongly entrenched 
opinions of dogs based on previous negative experiences, and for them, the presence of a collar and 
knowledge of prior treatment may be insufficient to change their perceptions. DPM requires long-term 
engagement and high population coverage to achieve the changes in the free-roaming dog population 
required to meet the needs of all citizens. (More details of this case study are provided by Salahuddin 
et al. in Chapter 15, this volume and in WHO, 2018b).
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is tied to sterilization, as this can limit the 
geographical scope and coverage of  mass vac-
cination. A preferred approach is for vaccination 
and sterilization to be decoupled, allowing for 
vaccination only when appropriate, for example 
with male dogs and during mass vaccination 
campaigns, with CNVR following up the rest of  
the year as resources allow.

Some epidemiologically relevant dogs will 
be behaviourally difficult to catch and handle 
for vaccination. DPM services present a need 
and an opportunity to invest in the recruitment 
and skills development of  dog handlers on an 
ongoing basis; these expert staff  can then be 
utilized for mass vaccination campaigns.

14.6.1  Sustaining herd immunity

The critical percentage of  the dog population 
that must be immune for disease control is 
related to the basic reproductive number (R

0) 
of  the disease; for rabies R0 is typically between 
1 and 2, resulting in a critical percentage of  
20–40% (Hampson et  al., 2009; Brum, 2019). 
However, the recommended threshold coverage 
for an annual vaccination campaign is 70% 
(Coleman and Dye, 1996; WHO, 2018a, p. 
79). This higher target ensures that population 
turnover between annual campaigns does not 
allow herd immunity to fall below the critical 
percentage. While incursions of  rabies virus still 
occur, herd immunity must be sustained above 
the critical percentage to prevent transmission. 
DPM can support herd immunity by reducing 
population turnover and providing services for 
the vaccination of  puppies and newly acquired 
dogs in the period between annual vaccination 
campaigns (Table 14.2).

Targeted reproduction control services can 
reduce the birth of  puppies that were likely to 
go unvaccinated and would have driven herd 
immunity down. This includes sterilization of  
community and unowned dogs, and owned 
dogs identified by their owners as unwanted 
for breeding. A focus on the spaying of  female 
dogs is likely to have the greatest impact on the 
production of  such ‘at risk’ puppies, as females 
are the limiting factor in dog population growth. 
Sterilization coverage should be monitored to 
check these targets are being met and avoid 

reliance on dogs that are easier to access and 
sterilize but less important for ‘at risk’ puppy 
production, such as castration of  owned and 
confined male dogs.

The other population turnover process 
important for herd immunity is the survival of  
dogs that have been vaccinated. Sterilization 
may support the survival of  vaccinated dogs by 
removing the energetic costs of  reproduction, 
increased contact rates, and associated disease 
transmission risk of  breeding behaviours. The 
previously described feedback loop of  improved 
owner behaviour with increasing management 
investment may also increase survival as the 
amount and quality of  care provided to dogs 
is likely to be positively correlated with their 
perceived value.

A critical service of  the DPM system is 
access to veterinary care. Unlike annual mass 
vaccination campaigns, these services provide 
year-round access to basic healthcare including 
rabies vaccination. This provides owners with 
the opportunity to have puppies and newly 
acquired dogs vaccinated in the period between 
vaccination campaigns, an action that should be 
encouraged through responsible dog ownership 
education. Veterinary services should also offer 
humane euthanasia for individual dogs that 
are suffering from an incurable illness, injury, 
or a behaviour problem that their owners find 
unmanageable. This provides an important 
alternative to abandonment and protects dogs 
from further suffering. These veterinary services 
may be private, government, or a combination 
through government subsidies of  private veteri-
nary care.

14.6.2  DPM contribution to rabies 
surveillance

When rabies outbreaks do occur, their control, 
and therefore the prevention of  human and 
animal deaths, relies on surveillance and 
prompt quarantine or humane euthanasia and 
testing of  suspect cases. Where DPM systems 
exist, the proportion of  the dog population that 
is not under the management of  an owner or 
community carer should be reduced, therefore 
dogs with signs of  rabies are less likely to go 
unnoticed and accessing dogs for revaccination 
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in response to an outbreak will be easier. Rabies 
spread in unmanaged populations of  dogs is 
more likely to go unnoticed until deaths occur in 
either people or livestock.

Integrated Bite Case Management, or IBCM, 
is an approach that can improve surveillance 
and human rabies prevention, including deliv-
ery of  PEP resulting in faster and more effective 
management of  outbreaks (Suseno et al., 2019; 
Swedberg et  al., 2022). This requires function-
ing communication channels and a working 
relationship between human and animal health 
services, with animal health alerting human 
health when suspected animal cases occur, and 
human health alerting animal health when they 
treat a bite from what is considered to be a symp-
tomatic rabid dog. These alerts include the loca-
tion and date/time to allow action to be taken 
by the relevant services. Where DPM systems 
are in place, animal health services will have 
greater knowledge of  the dog population across 
their jurisdiction and contacts with owners and 
carers, allowing them to respond faster and with 
greater accuracy.

14.6.3  Funding dog-mediated rabies 
elimination – DPM contribution and 

conflict

The elimination of  dog-mediated rabies requires 
widespread vaccination of  epidemiologically 
relevant dogs in all rabies-endemic countries. 
Resourcing this effort requires funding from 
local and national governments, supported by 
donor agencies, pharmaceutical companies 
and non-governmental organizations (NGOs). 
In this section, we discuss how DPM systems 
can contribute to these resources by reducing 
the costs of  rabies control. But there is also the 
potential for conflict over limited resources and 
hence resources need to be carefully prioritized, 
and opportunities are taken to bring in addi-
tional funding sources through the wider goals 
of  DPM.

Dogs resort to biting people for a number 
of  reasons. This is usually motivated by fear and 
has nothing to do with a rabies virus infection. 
But in an abundance of  caution, human health 
services in countries with endemic rabies may 
treat these bites as a suspect rabies exposure, 

because of  the fatal implication of  untreated 
rabies exposure. DPM can help to reduce this 
costly bite treatment and wastage of  PEP by 
working to remove some of  the motivations and 
contexts that can lead to dog bites. This includes 
a reduction in maternal defensive aggression 
(Reece et al., 2013) and a reduction in breeding 
behaviours, such as competition between males 
over females in oestrus, which can spill over 
into aggression towards people. Further, DPM 
systems may include community and school 
education initiatives that include bite prevention 
strategies leading to an avoidance of  contexts 
and human behaviours that may provoke a dog 
to bite. The use of  clear identifying markers for 
vaccinated free-roaming dogs, such as long-
lasting collars, can also support the avoidance 
of  fear-motivated bites. As community members 
begin to perceive these vaccinated dogs as less of  
a threat to their health they may treat them with 
less outward aggression, subsequently avoid-
ing situations where dogs may feel they need 
to defend themselves by biting (see Box  14.2, 
Case Study 3 on vaccination collars in Karachi, 
Pakistan).

We have previously described how DPM 
can increase vaccination coverage where it 
matters most through responsible dog owner-
ship and community engagement. Increasing 
the engagement and the actual action of  owners 
and carers in catching and bringing dogs for 
vaccination reduces the reliance on expert 
catchers and handlers, and the cost of  hiring 
these professionals. Payment for vaccination 
of  owned dogs during vaccination campaigns 
has been shown to reduce coverage (Dürr et al., 
2008) and any barriers to achieving high 
coverage should be avoided during vaccination 
campaigns. However, outside of  vaccination 
campaigns, owners should be encouraged to 
access and pay for vaccination through avail-
able animal health services, in particular for 
puppies and newly acquired dogs that come into 
their care between vaccination campaigns. For 
owners that can afford vaccination, proactively 
and independently accessing animal health ser-
vices for their dogs, leaves government-funded 
vaccination campaign resources available for 
those owners that cannot afford these services. 
Promoting the benefits of  other population 
management interventions may make owners’ 
investment in vaccination more likely, as part of  
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a package of  sterilization and parasite control for 
their dog.

Conflict can occur where resources that 
could be used for vaccination alone appear to 
have been limited to a smaller geographical area 
by requiring associated DPM measures such as 
sterilization. Vaccination for rabies should be a 
priority, as this protects both human and animal 
health. However, DPM has the potential to 
achieve additional aims, including: (i) reduced 
dog bites (in addition to rabies exposures);  
(ii) improved dog welfare; (iii) reduced free-
roaming dogs and associated public safety and 
public perceptions; and (iv) negative impacts 
on wildlife and livestock. Hence DPM has the 
potential to bring in additional funding, political 
support and community engagement that would 
not otherwise have been available for rabies 
elimination alone. But this can only be achieved 
through effective stakeholder engagement and 
partner collaboration, making clear the collec-
tive goals to be achieved and pre-empting their 
potential for conflict.

14.7  Conclusion

Whether the goal of  Zero by 30 is achieved will 
be driven by rabies elimination success in Asia, 
the continent with the highest burden of  human 
rabies deaths and PEP costs (Hampson et  al., 
2015). The elimination of  dog-mediated rabies 
is possible, but only by accessing epidemiologi-
cally relevant dogs for vaccination and through 
effective surveillance actions that are supported 
by DPM. Reflecting on rabies control success in 
Latin America, we can see this was achieved 
through widespread and high-coverage dog 

vaccination, apparently without additional 
DPM investment (Vigilato et al., 2013). However, 
dogs are valued in many parts of  Latin America 
by their owners and community carers (Yue, 
2019), and we hypothesize there was already 
greater investment and action in DPM when 
rabies control was launched in earnest in the 
1980s. This made free-roaming epidemiologi-
cally relevant dogs more accessible for vaccina-
tion by their owners and carers. In Asia, the lack 
of  DPM systems and associated responsible dog 
ownership makes these dogs harder to access. 
This does not mean rabies elimination will 
fail, but that investment in DPM is likely to be 
needed, and indeed wanted, by politicians and 
communities to support rabies elimination and 
bring additional benefits. It should also be recog-
nized that the scale, investment and political will 
behind rabies vaccination in Latin America was 
far greater than anything seen in Asia to date 
and this greater commitment underpins their 
success.

Looking long-term, government-funded 
annual mass vaccination campaigns should 
not be required as the vast majority of  the dog 
population should be proactively vaccinated 
by their responsible owners through accessible 
veterinary services throughout the year. This 
is the current situation in most high-income 
countries. DPM systems help achieve this 
long-term vision of  sustainable herd immu-
nity by raising owner expectations of  their 
responsibilities along with investment in the 
veterinary profession required to service these 
owned dogs. Achieving this across Asia will 
be a long process for some countries, but this 
journey needs to begin with investment in DPM 
systems.
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Abstract
The Sindh province in Southern Pakistan reports staggering numbers of  dog bites. Not only to treat but to 
prevent, dog-bite casualties, in January 2018, the Indus Hospital launched a proof  of  concept of  One Health. 
The pilot project ‘Rabies Free Pakistan’ (RFP) consisted of  the performance of  mass dog vaccination (MDV) and 
animal birth control (ABC) in a fishing village near the hospital. The initial team included a physician, an epide-
miologist and some research assistants, but it soon expanded to veterinarians, members of  the civil society and 
the city municipality, and received support from the World Health Organization (WHO). This project, in which 
MDV and ABC were performed programmatically for the first time in Pakistan, demonstrated that MDV and ABC 
are technically feasible if  the political will is secured. RFP is now sharing the lessons learnt with decision-makers 
in other Pakistani provinces to ensure the scaling up of  this approach.
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15.1  Introduction

Rabies is one of  the 20 diseases included in 
the World Health Organization (WHO)’s list of  
neglected tropical diseases (WHO, 2018), and it 
is endemic in low- and middle-income countries 
such as Pakistan, where free-roaming dogs 
pose a health risk to humans and other animals 

(Rupprecht and Salahuddin, 2019). According 
to estimates, there are around 12 million free-
roaming dogs in Pakistan, with approximately 
thousands of  dog bites annually, while data 
pertaining to the requirements of  human rabies 
vaccines are not available (Ahmad et al., 2021). 
Pakistan is a federation of  four provinces, a Capital 
Territory and Federally Administered Tribal 
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Areas with a total population of  225 million. The 
Sindh province has an even distribution of  urban 
and rural population (Nishtar, 2010). Karachi is 
the capital of  Sindh and the commercial hub of  
Pakistan. It is a sprawling city of  17 million inhab-
itants, with >24,000 cases of  dog bites annually 
reported in a 2-year study period conducted in 
private and public medical hospitals, while the 
range of  these dog-bite injuries varies among 
different hospitals of  the city (Zaidi et al., 2013). 
Some bite victims seek care at one of  the three 
large city hospitals where post-exposure prophy-
laxis (PEP) is free, but many cases (e.g. the ones 
managed by secondary and tertiary care facilities, 
private practitioners and spiritual healers) are not 
recorded.

Despite the massive network of  public 
and private healthcare facilities in Pakistan, 
rabies prevention receives little attention. 
Unfortunately, many healthcare providers have 
not kept pace with the newer developments 
in PEP recommended by WHO. As happens 
in other low- and middle-income countries, 
emergency room physicians are often unaware 
of  the updated rabies vaccination protocol, are 
reluctant to infiltrate rabies immunoglobulin 
(RIG) into wounds, or consider it too expensive 
(Salahuddin et al., 2014). Many do not perform 
thorough wound washing and, being unfamiliar 
with whether and how dog bites and rabies are 
managed in their area, refer dog-bite victims 
to rabies prevention centres in another city 
(Salahuddin et  al., 2011, 2014). Establishing 
functioning PEP centres in every district hospital 
with trained healthcare providers and available 
and affordable PEP is fundamental to human 
rabies prevention in Pakistan and beyond.

The social and cultural norms of  Pakistani 
communities influence people’s attitudes towards 
dogs, hence dog-keeping practices and the percep-
tion of  rabies risk in dogs and humans. Orthodox 
Muslims, especially in cities, consider dogs 
unclean and avoid any interaction and contact 
with them, particularly when it comes to free-
roaming dogs. In rural areas, the human–dog 
relationship can be different with people some-
times keeping dogs to protect their cattle (Ahmad 
et  al., 2021). In both cases, dog-bite events that 
involve free-roaming dogs often result in the 
public demanding the local authorities to take 
immediate and drastic action. Mass dog poisoning 
is the response that the Karachi government has 

traditionally adopted, as a supposedly quick fix to 
a disease that has never been considered a priority 
disease for the Pakistani government.

Yet, scientific evidence shows that indis-
criminate dog culling is not the answer. It is 
ineffective as a long-term measure because the 
dog population will eventually bounce back, 
as well as counterproductive, because if  any 
dog has been vaccinated, they may get killed 
too. Additionally, it may cause the spreading of  
rabies, if  dog owners relocate their (rabid) dogs 
elsewhere to save them from culling. Finally, 
some sections of  the population may disapprove 
of  such an extreme act.

15.2  The One Health Pilot Model

In this context, in 2017, some human health 
professionals at the Indus Hospital and Health 
Network (IHHN) decided that their efforts for 
rabies prevention through PEP were insuf-
ficient, as they addressed the issue of  rabies at a 
late stage, after the bite from a potentially rabid 
dog. We wanted to develop an effective strategy 
for controlling rabies at the source through a 
holistic One Health approach, as recommended 
by the Asia Pacific Regional Tripartite partner-
ship between WHO, the Food and Agriculture 
Organization of  the United Nations (FAO) and the 
World Organization for Animal Health (WOAH) 
(Gongal and Wright, 2011). Nevertheless, the 
Tripartite’s approach towards rabies does not 
address the problem of  dog population control 
in clear terms. This is understandable because 
research has demonstrated that reducing dog 
density does not have an impact on rabies trans-
mission. Yet, based on our living in Karachi and 
witnessing the human–dog conflict that unfolds 
daily on the streets, we realize that, at least in 
Pakistan, most people consider the overpopula-
tion of  free-roaming dogs as a major hindrance 
in their daily lives, and demand that munici-
palities deal with it swiftly. To meet this local 
need, our One Health strategy simultaneously 
addressed rabies, through mass dog vaccination 
(MDV), and dog overpopulation, through animal 
birth control (ABC).

In 2018, the Indus Hospital launched the 
pilot project ‘Rabies Free Pakistan’ (RFP) to dem-
onstrate to the local and global community that 
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Pakistani health professionals and civil society 
are committed to eliminating dog-mediated 
human rabies. The objective was to provide proof  
of  concept to the government of  Pakistan, and 
foreign government bodies as well, that vaccinat-
ing and sterilizing free-roaming dogs is a feasible, 
effective and ethical alternative to dog culling to 
address situations of  high human–dog conflict.

The team was led by an infectious disease 
specialist at the Indus Hospital and included physi-
cians and researchers, as well as Karachi’s leading 
veterinarians, animal rights activists, members of  
the civil society, community engagement experts 
and epidemiologists. A fishing village, Ibrahim 
Hyderi, was chosen as the project site because 
of  its proximity to the Indus Hospital and the 
outbreaks of  severe dog bites often reported 
from within the area. The seashore near Ibrahim 
Hyderi also serves as an unofficial landfill site 
where the waste collected from various parts of  
Karachi is dumped. The disposal of  organic waste 
from the houses in the village adds up, creating 
an environment that provides free-roaming dogs 
with plenty of  food for their population to grow 
(Wright et al., 2021).

Recognizing the importance of  commu-
nity engagement, the RFP team adopted the 
participatory action research approach and 
held a series of  meetings with stakeholders in 
the Ibrahim Hyderi community to discuss the 
proposed MDV and ABC plan. Stakeholders 
identified the presence of  waste in the area as a 
key issue in relation to dog rabies and population 
control and requested effective and long-term 
action to manage this problem. Other meetings 
were also organized with the union council 
members, as well as the general public.

The issue of  waste management, another 
important aspect in the control of  dog-mediated 
rabies, is discussed in Box 15.1.

15.3  The Actions Taken

15.3.1  Training phase

A budget was created by the RFP team and 
the local government pledged the initial funds 
necessary to begin the project. Money was also 
raised through crowdfunding and corporate and 
personal donations. Interestingly, it is to be noted 

that the Indus Hospital receives a consistent share 
of  its funding through zakat, a form of  almsgiving 
that is considered a religious obligation in Islam. 
A large shipping container donated by a private 
donor was custom designed as a surgical room, 
equipped with an air conditioner, water supply 
and drainage, as well as all the basic equipment 
required by veterinarians for surgical sterilization. 
Later in the year, a purpose-built surgical van 
was donated by another private donor, and this 
allowed us to increase the number of  surgical 
procedures performed.

The Ibrahim Hyderi community provided 
the space necessary to establish the project’s field 
office. The surgical container, cages, holding 
pens and field equipment were kept on the prem-
ises. This secure rent-free space served as the 
base for all our field MDV and ABC activities. The 
entire RFP field personnel was employed from 
within the Ibrahim Hyderi community, which 
included dog vaccinators, caretakers at the 
site, and community engagement persons who 
visited all households and sensitized residents 
regarding the RFP activities, collecting feedback 
throughout the duration of  the pilot project.

WHO provided support with dog vaccines 
and sponsored an 11-day training workshop 
held in Karachi by an experienced animal 
behaviourist from South Africa. The purpose 
of  the workshop was the training of  the initial, 
local dog-catching team. It included classroom 
lectures and hands-on activities on dog behav-
iour and body language, humane dog catching, 
handling, tagging and transportation, choice 
and management of  equipment, dog vaccina-
tion protocols, and dog vaccination campaign 
planning and implementation (including the 
community awareness-raising component). The 
poles and nets necessary for dog catching were 
made locally after seeing the prototypes avail-
able online. Two weeks before the field training, 
all trainees were given rabies pre-exposure 
prophylaxis. Dog vaccines were carried to the 
field in coolers to maintain the cold chain.

In the field, hands-on MDV training also 
included the use of  the two Rabies Data Collector 
devices that RFP had purchased from the Global 
Alliance for Rabies Control. These devices are 
used to enter the exact location (using the Global 
Positioning System), gender and age of  each 
vaccinated dog, take a picture of  the dog, and 
transmit this information to the central database 
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that the RFP team uses to monitor and evaluate 
performance. Later on, the RFP team created a 
similar program on Android smartphones, using 
the Open Data Kit software to collect the neces-
sary information more easily and economically. 
This data collection system is what allows the 
central RFP team to plan the daily activities of  
the field teams and direct where more MDV and 
ABC needs to be performed.

Six veterinarians from some local veterinary 
institutions were trained on ABC by selected 
private veterinarians. The trainees were taught 
the fundamentals of  surgical sterilization  

methods (ovariohysterectomy and castration), 
anaesthesia techniques, sterilization of  instru-
ments, pre- and post-operative care of  dogs, and 
monitoring and management of  post-operative 
complications. Four months after the initial 
training, a consultant veterinarian was hired 
for refresher training, as well as for exploring an 
economical but safe alternative to ABC (Leoci 
et al., 2014; Ibrahim et al., 2016). An experienced 
veterinarian taught the team about the chemical 
castration of  male dogs using calcium chloride to 
minimize time and reduce costs while maximiz-
ing the output of  sterilization procedures per day.

Box 15.1.  The environmental component of rabies control: waste management.

The global approach to dog-mediated human rabies control mainly consists of MDV to reduce 
transmission at its source and PEP to stop infection in exposed individuals. Awareness regarding 
dog-bite prevention and wound management complement this strategy. Waste mismanagement is 
acknowledged as a factor that facilitates and sustains the presence, growth and survival and breeding 
rate of the dog population (Taylor et  al., 2017). Furthermore, it influences dog behaviour and the 
interactions among dogs and with people (e.g. competition and defence), increasing the risk of rabies 
transmission among dogs and from dogs to people (especially vulnerable groups such as street dwell-
ers and waste collectors – Herbert et al., 2012) and the need for PEP (Chandran and Azeez, 2016). 
Nevertheless, waste management is very rarely part of rabies control programmes (Taylor et al., 2021). 
While so far, RFP has not addressed this environmental component either, we are very much aware of 
the need to include waste management in our One Health approach to dog-mediated human rabies 
control in Karachi and all over Pakistan. In the following paragraphs, we wish to highlight this issue 
in order to facilitate sustainable and One Health-informed action towards the global Zero by 30 goal.

Solid waste comes from residential, commercial and industrial sources. Organic items, such as 
kitchen scraps, restaurant and canteen leftovers, and garbage from open-air markets and meat shops 
are a consistent part of it. The composition of solid waste, including its edible portion, is different in 
every community depending upon the lifestyles of the people living in it and the overall geographical 
environment. In most Asian countries, the waste management system is not effective, or even exist-
ent, throughout all the phases of collection, transport, recycling, treatment and disposal (Guerrero 
et  al., 2013). This is due to a mix of financial, organizational, geographical and political reasons. 
Unmanaged and unsorted waste is usually dumped on roadsides, open land patches and vacant 
plots, poorly collected and transported to often overflowing landfills. When available, trash containers 
are often broken, full, smelly or dirty and this discourages their use (Kansal, 2002; Saree et al., 2021).

In Pakistan, a 60% increase in the amount of municipal solid waste has been observed from 2015 to 
2022 and the vast majority of this waste is completely unmanaged (Abbasi et al., 2015). Ibrahim Hyderi 
provides a telling example. Located in a geographically marginal and low-income area of Karachi, it 
serves as the unregulated dumping ground for the waste collected elsewhere in the city. Incidentally, 
this highlights very well the unfair distribution of the rabies burden on poor, underserved and socially 
marginalized communities (Cleaveland et al., 2017). Moreover, since most members of the local com-
munity work in the fishing sector, fish scraps resulting from fish processing and local fish consumption 
provide a valuable source of food for the dogs who live in the area and the adjacent ones.

Despite the complex and broad challenges involved in waste management, we argue that this 
component of the rabies problem deserves more attention and action by all rabies stakeholders. A 
complete One Health approach to rabies should include discussion with environmental authorities 
and part of the design of a rabies plan should address the problem of waste management, by looking 
at its root causes and striving for sustainable solutions. Community engagement actions and rabies 
awareness campaigns can be a good starting point to increase public awareness and create a solid 
base for advocacy both with the population at large and with government bodies (Kato et al., 2003).
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15.3.2  Implementation phase

Every street within the target area of  a given 
team on a given day is combed for dogs of  all 
ages. Each MDV team consists of  three people 
with dog catching and vaccinating duties and 
one person responsible for handling the vac-
cines, marking dogs with spray paint, recording 
MDV data on the device and submitting it to 
the central field supervisor at the end of  each 
workday. Dogs are restrained by hand or caught 
using a lightweight butterfly net, vaccinated 
subcutaneously with Rabisin dog rabies vaccine, 
and marked with non-toxic paint along the top 
and back of  the head for identification and to 
prevent revaccination during the same vaccina-
tion drive. When dog collars became available 
through donations from Boehringer Ingelheim, 
collars of  a certain colour were used to identify 
vaccinated dogs and collars of  another colour 
to identify vaccinated and sterilized dogs. 
Vaccination teams continue to work in the same 
area on consecutive days until the maximum 
number of  dogs are vaccinated, and then they 
move to the next area. The typical MDV daily 
target varies from 20 to 30 dogs in areas with 
fewer dogs and 50–60 in high-count areas.

Non-sterilized dogs are also brought in 
for ABC. Both males and females are selected 
for surgery but, as recommended by WHO and 
WOAH, priority is given to females. The dogs are 
vaccinated and held overnight in the holding pen, 
and on the day of  surgery, two veterinarians and 
one assistant use standard surgical protocols for 
sterilization. A V-shaped ear notch is performed 
while the dog is still under anaesthesia as a 
permanent means of  sterilization identification. 
Operated dogs are kept under observation until 
they fully recover and then are released back to 
the area where they were picked up from.

In May 2018, the team explored chemical 
castration as a potential alternative to male 
orchidectomy (Leoci et al., 2014; Ibrahim et al., 
2016). As this was our first experience with 
chemical castration, the team started with five 
dogs (four adults and one juvenile dog), who 
underwent intratesticular calcium chloride 
injection. The dogs were then observed for 45 
days, checking for any signs of  pain, testicular 
size, serum testosterone levels and complica-
tions such as abscesses. The testosterone level in 

the four adult dogs reduced significantly at day 
23 from baseline. No reduction was observed in 
the juvenile dog. The testicular size in all dogs 
decreased visibly by day 45 and this was consid-
ered a proof  of  success.

With practice, the ABC team is able to 
perform an average of  12 surgeries and ten 
chemical castrations per day. A record of  mor-
bidity or mortality cases, with related causes, 
is maintained, so that future errors or mishaps 
could be rectified. To date, we found chemical 
castration to be safe, rapid and considerably less 
expensive than surgical castration, although 
a 2% morbidity from testicular abscess was 
observed. We do not have data yet on the long-
term efficacy of  this procedure.

15.4  Lessons Learnt for Ourselves 
and Others

Each of  the four stakeholder groups involved 
in RFP proved essential: (i) the Ibrahim Hyderi 
community; (ii) the Indus Hospital project team; 
(iii) the local government; and (iv) WHO.

The Ibrahim Hyderi community was at 
the forefront of  this project, both by providing 
the space and the human resources necessary 
for the field operations, and by being willing to 
allow the use of  their locality to pilot-test the 
effect of  MDV on dogs and their human com-
munity. Some members of  the community were 
crucial to increase rabies awareness, especially 
during global events such as World Rabies Days 
(28 September).

After the use of  collars was introduced, we 
observed an improvement in the human attitude 
towards dogs. In particular, children feel that 
collared dogs are safe to hold or play with, while 
adults consider them ‘respectable’ animals. In a 
community survey run by RFP, 60% of  the respond-
ents reported that they react to uncollared dogs 
with hostility by teasing, running away or throw-
ing stones at them. Once collared, 93% of  them 
reported adopting neutral behaviour. Nevertheless, 
a downside related to collaring was also observed, 
which is that children often remove the collar for 
amusement. A boy was seen removing the collar 
from a dog and putting it on an unvaccinated dog. 
MDV teams report that only a limited number of  
collars remain in place, on the right dog, after 1 or 
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2 weeks after vaccination. They assume that either 
children pull them off, or that the collars simply get 
unlatched and fall off. Either way, it is important to 
improve the latch mechanism, to make intentional 
or accidental removal of  collars difficult.

The Indus Hospital project team was inno-
vative in many areas. First, the whole idea of  
extending rabies prevention beyond human PEP 
by vaccinating dogs was promoted by a human 
healthcare professional. This represents the 
essence of  the One Health model and paradigm 
shift that it demands. Second, we engaged with 
veterinarians and animal rights activists to 
both create a robust social media presence and 
set up a coalition meant to convince the public, 
civil society and members of  local and national 
government bodies that mass dog culling is not 
the right answer to dog–human conflict and 
dog-mediated human rabies. This coalition pro-
motes a well-rounded approach that includes: 
(i) adequate waste management; (ii) dog-bite 
prevention through awareness campaigns;  
(iii) prompt PEP for exposed individuals; (iv) 
MDV; and (v) ABC. We strive to make sure that 
each complaint from the public about free-
roaming dogs is properly addressed, to assure 
Karachi residents that action is being taken 
and avoid retaliatory measures being adopted, 
which may jeopardize MDV if  vaccinated dogs 
are involved in mass culling.

Third, the Indus Hospital project team 
created their own data collection system using an 
open-source software and easily available Android 
phones instead of  relying on imported, expensive 
devices. Using cheap and locally available tools and 
resources is crucial to the financial sustainability 
of  long-term programmes like MDV and ABC. 
Fourth, we looked into alternative methods of  dog 
sterilization and gathered initial data to show that 
chemical castration can take place with minimal 
side effects if  properly carried out.

In hindsight, we recognize the importance 
of  performing a baseline dog survey to deter-
mine the impact of  MDV and ABC campaigns. 
This survey does not necessarily need to be 
conducted before starting the campaign but can 
occur simultaneously by doing a visual count of  
the dogs sprayed with paint after the interven-
tion, and the others.

The local government of  Sindh missed the 
target expected of  them since they only provided 
25% of  the funding initially pledged. This severely 

affected the pace of  RFP operations. Furthermore, 
they failed to provide staff  to be trained from 
within their field workers, or any veterinarians 
from the government animal health sector.

Support from WHO proved essential to 
secure the dog vaccines needed for FRP and 
learn from experts and other countries’ experi-
ences how to perform MDV in a science-based 
and efficient way.

At the end of  the pilot project and its assess-
ment, we increased the number of  MDV and 
ABC teams and expanded our One Health-based 
approach to other areas beyond Ibrahim Hyderi. 
That said, we are conscious that implementation 
needs to be sustained, and the tangible outcomes 
of  our action will not be evident for at least 5 
years of  continued effort. So far, we have dem-
onstrated that the systematic implementation of  
MDV and ABC is possible in Pakistan because we 
have the technical capacity to plan and imple-
ment MDV campaigns.

Throughout the setting up and imple-
mentation of  this pilot project, RFP met several 
administrative and organizational challenges. 
The hardest was the rising cost of  petrol, 
vaccines and anaesthetics, coupled with the 
increase in pay scales requested by Pakistani 
government regulations. Moreover, over 2 
years of  coronavirus 2019 (COVID-19) severely 
restricted the movement of  MDV teams, while a 
heat wave in 2018 and heavy rains and flood-
ing in 2019 furthered hampered field activities. 
As a result, in some areas of  Karachi, the city 
government and even individuals started culling 
dogs, including those who had been vaccinated 
or sterilized by us. Upon protests from animal 
rights activists, including those who are part of  
RFP, the culling was called off.

At present, our immediate goal is to ensure 
that the trained and motivated MDV staff  created 
by RFP continue their work and systematically 
expand it to all the areas of  Karachi. However, 
complete scale-up and success mainly depend 
on dog-mediated human rabies elimination 
occupying a solid position in the agenda of  the 
Pakistani government at the central, province 
and city levels. Through RFP advocacy, the 
government of  the Sindh province recently 
announced a budget for the Rabies Control 
Programme of  Sindh, aimed at vaccinating and 
sterilizing free-roaming dogs across 30 districts 
of  the Sindh province in 3 years. They co-opted  



197Mass Dog Vaccination and Animal Birth Control

RFP as their technical advisers. If  agreed upon, 
such a public–private partnership has the 
potential to make a historical change in rabies 
control in the Sindh province and, if  expanded to 
the rest of  the county, the whole of  Pakistan. We 
need to continue to promote and highlight our 
work so that political commitment materializes, 
and more public and private partners emerge 
to make scaling up possible. We hope to earn 
recognition from the international community 
that Pakistanis can contribute towards the global  
Zero by 30 target.

As rabies control is a team effort, the RFP 
team recently shared the collected experience 
at Pakistan’s leading veterinary school, the 
University of  Veterinary Animal Sciences 
(UVAS), in Lahore, in the Punjab province. 
A 5-day workshop was organized to provide 
theoretical and practical knowledge on MDV 
to undergraduate and postgraduate veterinary 
students, the staff  of  a local animal rescue 
and welfare organization and members of  the 
Lahore city government. At present, the Punjab 
government is planning to follow the example 
of  the Sindh province and introduce city-wise 
MDV and ABC. We hope all other provinces will 
follow.

15.5  Conclusion

Pakistan’s goal of  eliminating dog-mediated 
rabies by 2030 is a tall order, but the preven-
tion of  this agonizing and lethal disease must 
be prioritized and achieved by tackling the root 
cause of  the problem. An interdisciplinary and 
intersectoral group consisting of  physicians, 
veterinarians, researchers, the community, 
the city government and civil society initiated 
the One Health-inspired RFP pilot project. We 
credit ourselves with having raised community 
awareness, brought together One Health cham-
pions who can help increase advocacy for rabies 
control and proved to the government that MDV 
and ABC, which were previously unknown in 
Pakistan, can be done and is cheaper and more 
effective than culling in reducing the burden of  
rabies in dogs and, as a result, in humans. We 
invite other cities to establish PEP centres that 
provide up-to-date and free PEP and – at the 
same time – vaccinate free-roaming dogs and 
control their population humanely, especially 
through adequate waste management. Finally, 
dog and human rabies should be made notifiable 
and rabies surveillance initiated if  Pakistan is to 
attain Zero by 30 (Welburn et al., 2015).
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16  Rabies in China: The Role of Rabies 
Ecologies and Pet Activism
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Abstract
Despite phenomenal efforts to control other diseases, the People’s Republic of  China still has the world’s second-
highest amount of  human rabies cases after India. This chapter explores several major challenges that remain 
in existing strategies to reduce or eliminate rabies. We argue for looking not only at dog–human relations but 
taking a One Health approach, we advocate for understanding the underappreciated roles of  ‘rabies ecologies’ 
that include wild animals. Also, this chapter explores the impact of  regional differences, problems with vaccine 
reliability, animal governance and the rise of  animal activist movements that are trying to reimagine dog–human 
relations. Activists, for example, are challenging the prevalence of  large-scale dog culls as an effective measure of  
rabies prevention. As China’s dog numbers boom, however, there are growing difficulties in a country with many 
diverse social situations, where one finds low rates of  dog registration, desexing and vaccination.
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16.1  Introduction

While rabies is a particularly stigmatized and 
fatal disease, it is a potentially manageable 
disease that not only affects humans but at least 
several dozen mammal species. This book 
emphasizes that Asia plays a major role in global 
human rabies deaths, with almost two-thirds of  
cases, although it could be noted that this is also 
approximately in relation to global population 
ratios. Of  these, India constitutes overwhelm-
ingly the largest number of  cases, and China 
has the second largest, varying from 3300 in 
2007 to 202 in 2020 (Feng et  al., 2021). This 
chapter describes rabies in China while also 
drawing attention to several aspects of  rabies 
transmission that might limit the effectiveness 
of  rabies control campaigns. We look at three 
aspects: (i) the role of  wild animal species in 

‘rabies ecologies’; (ii) regional variation; and  
(iii) issues around animal governance and health 
reporting. Also, we examine dog culling and 
rabies vaccination campaigns in this country.

We would also like to point out that since 
2019 China has received much unwanted 
attention as the global epicentre of  coronavirus 
2019 (COVID-19) and ground zero in a series of  
zoonotic diseases (forms of  bird flu and severe 
acute respiratory syndrome (SARS)). This has 
heightened the state’s sense of  being blamed 
and watched by other countries (Dionne and 
Turkmen, 2020). This sense of  being observed 
and judged might shape the kinds of  statistics 
that China produces for international consump-
tion. As the world has seen, in China there 
is a tendency to foster a rigid and sweeping 
eliminationist logic as seen in the ‘Zero COVID’ 
approach. Yet, an outside observer might not 
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know that this extreme approach oscillates with 
a pattern of  uneven or haphazard management. 
We can see such oscillation when it comes to 
managing rabies. In China, cities often create 
onerous and expensive procedures for dog regis-
tration, so rates of  compliance (and thus linked 
rates of  desexing (spaying and neutering) and 
vaccination) remain quite low, sometimes under 
1% (China Daily, 2009). Also, there remains 
high rates of  suspicion about the effectiveness of  
Chinese rabies vaccines, especially with increas-
ing discoveries of  illegal production methods, 
or counterfeit vaccines that may render them 
ineffective (Wu et al., 2009; Patranobis, 2018). 
This creates a challenging context for China’s 
recently created bureau looking at rabies issues 
on a national basis. Historically, cities have 
carried out massive dog culls under the name 
of  disease management. Yet by the early 2000s, 
China also had a growing animal rights move-
ment that was advocating for non-violent means 
of  rabies and disease control.

16.2  Rabies Ecology: Dogs Are One 
of Many Mammalian Hosts

We argue for the importance of  a One Health 
perspective that pays attention to a wide range 
of  species that exist as rabies reservoirs (Miao 
et  al., 2021), especially in countries such as 
China where such wild species play an underap-
preciated role. In China, it is often said that 95% 
of  all rabies transmission to humans comes from 
dogs (Yin et  al., 2021) and globally, the World 
Health Organization (WHO) statistics claim that 
dog bites account for 99% of  human rabies. 
Thus, it is totally understandable that dogs 
should be a major focus. We wish, however, to 
draw attention to a number of  other mammals 
that may be important reservoirs of  rabies, 
and the concept of  viral reservoirs or interspe-
cies ‘spillovers’ has risen to prominence in the 
aftermath of  the COVID-19 pandemic (Enserink, 
2020; Dimonaco et al., 2020).

In certain areas other animals might 
mediate the persistence and spread of  rabies. In 
China, the main term for rabies is 狂犬病, liter-
ally fierce or mad dog disease. As in a commonly 
used English euphemism (mad dog disease), dogs 
are often assumed to be the only carriers of  the 

disease to humans and hence dogs are blamed 
for all cases. In terms of  efficacy, campaigns that 
focus exclusively on dogs may be less successful 
in countries with high rates of  rabies among 
wild animals that might transmit rabies directly 
to humans, or might act as vectors to dogs. In 
China, based on the term, people can reasonably 
assume that only dogs carry rabies. Thus, if  
people are scratched or bitten by wild animals, 
they are less likely to pursue treatment in clinics 
or laboratories. It is often incredibly difficult 
to catch wild animals. In rural areas in China, 
where dogs can be free roaming, they have more 
opportunities to encounter wild animals, and 
thus possibilities for transmission can be higher 
than urban dogs typically kept within apart-
ments. We should also acknowledge that in many 
places in rural China, in particular, low rates of  
dog vaccination mean that dogs can potentially 
infect wild animals, thus playing both roles and 
we shouldn’t assume a unidirectional flow. In 
sum, these ecologies are highly variable based 
on regional specifics, and therefore moving from 
generic national approaches to more regionally 
salient campaigns is more likely to be effective.

We can see this issue of  wild reservoirs even 
in countries with very high rates of  dog vaccina-
tion such as the USA and Canada, where rabies 
still exists among wild animals such as raccoons 
and foxes. These were some of  the world’s largest 
wild animal vaccination campaigns, mainly 
carried out by aerial or hand delivery of  baits 
with oral vaccines. Although expensive, such 
campaigns have often been quite successful in 
reducing rabies transmission between wild and 
domestic animals. Even if  dog vaccination rates 
near 100%, there are still other species that can 
exist as a reservoir. When the issue of  rabies is 
not just viewed as a human–dog relation but, 
instead is seen as a kind of  ecology, then a whole 
range of  potential wild hosts become visible and 
might even in certain areas become the most 
important species for the survival of  rabies. 
Within the last five decades, in some places in the 
world such as Mexico, rigorous dog-based vac-
cination campaigns have been so effective that 
there are no longer dog-mediated human rabies 
deaths (Velasco-Villa et al., 2017). These places 
might have been more effective not only because 
the state amassed a large amount of  resources to 
carry out rabies vaccination in dogs (and carried 
out and monitored vaccinations in consistent 
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ways over a significant period of  time), but also 
because vaccination created a biological barrier 
between dogs and wild animal hosts.

Thus, we encourage greater research and 
awareness of  the role of  wild animals in the 
ecology of  rabies, both in China and elsewhere. 
However, we imagine that in places such as 
China (and other countries where there is little 
public awareness of  the role of  wild animals as 
rabies carriers), wild animals probably play a 
larger role in rabies transmission to humans, 
dogs and other domesticated and wild animals 
than has been typically understood. Scientists 
have found that rabies can easily flow from wild 
animals to unvaccinated dogs (Velasco-Villa 
et al., 2008). As shown by Feng et al. (2021) in 
some regions of  China, such as the North-west, 
rabid wild foxes ‘play a pivotal role in animal 
rabies epizootics’, so thinking carefully about 
regional variations in reservoir species would 
prove more useful than national approaches 
that only target dogs.

Taking a human-centred perspective, if  
we look at low-income rural farmers whose 
animals are exposed to rabies and, like humans, 
consequently experience a high mortality 
rate, this can become a serious social problem. 
Interestingly, in some places in China this issue 
is acknowledged, and some are finding that vac-
cines developed for dogs have also been effective 
in cattle and Bactrian camels, showing that 
different mammal species share similarities in 
terms of  immune response. This also means that 
vaccinating a range of  animals might be more 
affordable than otherwise assumed based on the 
notion that each species needs its own custom 
vaccine (Liu et al., 2016).

16.3  Regional Variation

As mentioned in the section above on ‘rabies 
ecologies’, there are critical differences between 
regions in the vast and diverse terrain now 
known as ‘China’. There can also be significant 
variations between first tier and second tier 
cities, and major differences between urban and 
rural contexts. In terms of  cities, there are often 
big differences in the availability of  reliable vac-
cines and veterinary services.

Currently, the majority of  human rabies 
cases occur in south-east China (Zhou et  al., 
2016), which overall represents an area with 
high human population densities and large 
cities, but still 65% of  all cases involve economi-
cally disadvantaged rural populations (Yin et al., 
2021). Thus, while rabies control efforts are still 
important in urban companion pet populations, 
different methods might be necessary in rural 
areas with a higher rabies risk.

16.4  Issues Around Pet Popularity, 
Activism and Animal Governance

In terms of  rabies and dogs in urban China, one 
of  the most important issues is the recent explo-
sion of  interest in pet dogs. The Chinese state 
has a history of  state-based antagonism towards 
dogs that has only started to recently subside 
(Barber and Hathaway, 2022). For decades, 
in urban areas it was illegal to have a dog as a 
pet. Even after it was legalized, it was extremely 
expensive for people to purchase pet registra-
tion. In some places, such as Guangzhou, the 
registration fee was 10,000 yuan in 1997, 
a substantial fee, greater than the annual 
income of  many teachers. By 2009, these high 
fees meant that although only 800 dogs were 
registered in the city, there were an estimated 
100,000 dogs (China Daily, 2009). In a number 
of  places, registered dogs had to be relatively 
small (under 35 cm), and some cities enforced a 
‘one dog’ policy. As some scholars have argued, 
dog vaccination and desexing is often tied to 
registration, but such high registration costs 
and annual fees mean that relatively few dogs 
are registered. According to the International 
Center for Veterinary Services, a China-based 
organization, about 5% of  urban stray, feral and 
sheltered dogs and cats are spayed or neutered 
and this is almost 0% for their rural compatriots 
(International Center for Veterinary Services, 
2022).

The recent spread of  dogs as pets and overall 
pet culture in China is relatively new. As this 
book describes, many places in the world have 
different relations to dogs compared to expecta-
tions in the West that tend to see dogs as family 
members, who exist mainly as coddled pets, but 
also as working or guard dogs. Such dogs are also 
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regarded as owned by individual people, who 
are responsible for vaccinating their dogs, and 
taking care of  them including providing dogs 
with their complete needs for food, water and 
exercise. In this context, dog breeding is almost 
entirely controlled by professionals, and it is seen 
as normal and desirable that puppies are spayed 
or neutered at a young age. Such treatments are 
not universal within the West, and in Europe 
there are strong arguments against ‘desexing’ 
dogs at such a young age because it might cause 
physical problems in later life.

The flip side of  such Western notions is 
that free-roaming dogs are often vilified, quickly 
captured by animal control officers and placed 
into dog pounds, where overall many are killed 
by humane methods. Yet, in many places in the 
world, there are street dogs or village dogs, and 
in these places people often show some degree 
of  dispersed care of  these dogs, even though it 
is also acknowledged that some can be a threat 
to people, especially children, in terms of  bites 
or as carriers of  disease. In China, some animal 
rights activists and veterinarians explained that 
the low desexing rate of  dogs was due to many 
people thinking that spaying and neutering 
is cruel, that dogs have some right to breed 
and to have their own puppies (Barber, 2018). 
There is a widespread public sense that it is 
wrong to desex an animal, even their own pet. 
Until recently, veterinary training in China has 
focused primarily on livestock. Thus, a veteri-
narian’s main concern and training was often to 
increase breeding of  livestock, not decrease 
animal numbers. This resulted in less training 
and experience with spaying and neutering. 
In addition, with the recent pet boom, there is 
now a large unmet demand for veterinarians 
that specialize in dogs and cats. Furthermore, 
activists pointed to a widespread scepticism in 
China that veterinarians are more motivated by 
money over a sense of  care, so this also results in 
a greater suspicion towards what might be seen 
as unnecessary surgery (Barber, 2018).

Along with the re-emergence of  the urban 
pet-keeping culture, the Chinese companion 
animal rights movement has also begun to grow. 
The Chinese companion animal rights move-
ment is primarily made up of  urban, middle-
class people in their 20s–40s. It consists of  
both local and international non-governmental 
organizations (NGOs), smaller unofficial local 

groups, and many individuals who have formed 
important social networks through social 
media. The movement has been heavily involved 
in the conversations and actions surrounding 
the elimination of  rabies as it has proved to be a 
powerful rhetorical tool through which to argue 
for the establishment of  domestic animal protec-
tion laws. Furthermore, activists regard some of  
the rabies control methods such as dog culls as 
inhumane and have worked to find and promote 
alternatives.

One way activists and animal protection 
groups have worked to reduce the number of  
dog culls is to reduce the number of  dog bites 
by producing and distributing educational 
literature. While these materials do not directly 
address rabies, the hope is that by reducing dog 
bites, there will be fewer injuries, and fewer 
government-led dog culls (or fewer excuses for 
them in some cases). Within urban areas, the 
educational material can often take the form 
of  brochures and posters reminding people to 
keep their dogs on a leash. However, the largest 
number of  dog bites involve the elderly and chil-
dren under the age of  15 (Yin et al., 2021), and 
thus much of  the educational literature is now 
being addressed towards elementary school-
aged children. ACTAsia is one organization that 
has been at the forefront of  this development, 
and their ‘care for life education’ is now part 
of  the official curriculum in many Guangdong 
schools (ACTAsia, 2022). This programme 
is currently 1 week long and is taught in the 
first year of  primary school. During this week 
children are taught about the importance of  
valuing and respecting other forms of  life. As 
part of  this curriculum, children are taught 
how to understand canine body language in 
order to avoid being bitten. This curriculum 
is spread throughout both the urban and the 
rural areas of  Guangdong Province. While other 
organizations’ educational programmes are 
rarely as large or as formal as ACTAsia’s, there 
is a growing recognition both within the animal 
rights movement as well as within local govern-
ments that such programmes demonstrate a lot 
of  potential in reducing dog bites. Unlike other 
rabies control methods, education campaigns 
such as this move away from focusing on dogs 
as disease vectors that need to be controlled, and 
instead recentre the dog as a potential victim of  
human ignorance. It is human behaviour, both 
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in terms of  pet-care responsibility and human–
dog interactions, that needs to be moderated. 
Such bite reduction, combined with increasing 
vaccination, and a focus on culling only infected 
dogs, might offer the potential promise of  reduc-
ing dog-induced rabies cases.

16.5  Dog Culls

Within China, dog culls are perhaps the most 
common rabies control method carried out by 
the state, and certainly the most visible and 
contentious. They have generated a lot of  public 
anger and helped mobilize some of  the activ-
ists. Due to the lack of  official records and the 
emotional reaction towards dog culls, it is dif-
ficult to get an accurate number of  the amount 
of  dogs culled in China. What is clear though, 
is that they can be quite large (where tens of  
thousands of  dogs are killed during a short-lived 
campaign) and are often controversial (Watts, 
2006; Reuters, 2009). Supporters of  dog culls 
argue that large numbers of  stray and loose 
dogs are responsible for the high rate of  rabies in 
China. Vaccination numbers, as we will discuss, 
while improving, are still low, and some argue 
that these low numbers, combined with little 
or no sterilization, means dog culls are the best 
method to continue to reduce rabies numbers in 
China and reach the Zero by 30 goal. Although 
the exact method of  culling varies by location, 
it is frequently carried out by police or people 
hired to perform the cull and most often involves 
beating the dogs, drowning them, or sometimes 
poisoning them. Other experts argue that mass 
culling of  stray dogs is ineffectual, and instead 
culls should be focused only on dogs that carry 
rabies (Qiang et al., 2012).

While dog culls are often rationalized as 
a way to help control or prevent future rabies 
outbreaks, a number of  animal rights activists 
argue that the majority of  culls have little to 
do with rabies control. Many of  these culls, 
they argue, occur in urban areas where the 
risk of  rabies transmission is comparatively 
low. Specifically, the culls most often appear in 
gentrifying areas of  a city, particularly when 
a ‘beautifying campaign’ has been launched, 
suggesting that the culls have more to do with 
image and economic gain than rabies control. 

Furthermore, activists have pointed to the 
timing of  these culls as another clue that they 
are more about international appearance than 
disease eradication. Culls, they are quick to point 
out, are common before important international 
or regional events where an extensive amount of  
news coverage is expected.

16.6  Vaccination

Activists, public health experts and government 
officials have long recognized that canine vac-
cination is probably the most effective method 
of  rabies control. However, the vaccination rate, 
especially in rural areas, remains relatively low, 
falling far below the estimated 70% vaccination 
rate required to reach herd immunity and the 
zero-rabies goal (Yin et  al., 2021). There are a 
number of  challenges to increasing the vaccina-
tion rate in China. Prior to 2021, there were 
no national regulations for the management 
of  dogs. As a result, some places, particularly 
major cities, had strict management laws focus-
ing on things such as vaccinations and leash 
laws, but other areas had little or no manage-
ment requirements. A revised Animal Epidemic 
Prevention Law of  the People’s Republic of  
China was passed in 2021, which helped to unify 
requirements such as rabies vaccinations. While 
this law is an important step towards the goal of  
rabies elimination, the actual implementation 
of  the law continues to face a number of  chal-
lenges, particularly in terms of  enforcement, 
lack of  access to the rabies vaccine, and lack of  
veterinarian training.

Chinese animal rights activists have long 
pointed to the unpredictable enforcement of  
animal quarantine laws meant to help control 
zoonotic diseases. In 2016, some activists initi-
ated a social media campaign where different 
form letters (i.e. standardized letters written 
from a template) were sent to various party 
officials, pointing out the different problems that 
occur when anti-epidemic and food safety laws 
are not followed, and urging them to make the 
sale of  dog meat illegal. One such letter, sent to 
a high-ranking provincial official, specifically 
referenced the danger of  rabies:

The formal inclusion of  the rabies disease 
prevention quarantine system of  dogs and cats is 



204 Suzanne Barber and Michael J. Hathaway

in name only. Guangdong and Guangxi are the 
main importers of  dogs and cats, it is also the 
area with the highest prevalence of  rabies in the 
whole country, which is closely linked to both 
the warm and humid climate in the south and 
the illegal operation of  dog and cat smuggling.

(Anonymous poster’s comment on WeChat, 
2016)

Guangdong Province did have rabies pre-
vention laws prior to 2021, but it was frequently 
discussed that local police either did not consider 
the issue serious enough to enforce or were 
being paid off  to look the other way. Vaccination 
laws for companion dogs were also very rarely 
enforced in cities, and almost never in rural 
areas.

The challenge of  raising the vaccination 
rate goes beyond lack of  enforcement, as people 
living in rural areas of  the country where rabies 
is the most prevalent often do not have a reliable 
way to vaccinate their dogs. This can be due to 
there being no veterinarians in the area, the 
high cost of  the vaccines, or a combination of  
both. One veterinarian working with an animal 
rights group in Sichuan Province explained:

We go out into the local areas to alert them to 
vaccinate their pets, we don’t at the moment 
provide a clinic for local people just because we 
don’t have the resources yet … We just need 
some more money and more staff  … People 
do see the benefits of  the vaccines. Their pets 
aren’t going to get sick, and they [the owners] 
aren’t going to get sick [with a zoonotic disease]. 
Especially with rabies being a huge problem in 
China.

(Anonymous veterinarian, Sichuan Province, 
2016, personal communication)

In this particular instance, while the 
organization was able to educate people on the 
importance of  vaccinations, the lack of  money 
and trained staff  prevented them from carrying 
out what they hoped would be the next step: 
rural vaccination clinics. Some groups, such 
as the NGO ACTAsia, have been successful in 
working with local government officials and 
veterinarians to offer free vaccinations in high-
risk areas that normally do not have access to 

these services (ACTAsia, 2022). A particularly 
important component of  ACTAsia’s programing 
is their focus upon educating local veterinarians 
and working with local government officials, 
thus allowing for broader understandings of  the 
importance of  vaccination campaigns with an 
understanding of  the regional conditions. While 
programmes like these are still limited, they offer 
a compelling blueprint of  what is possible.

16.7  Conclusion

We argue that three key aspects limit the effec-
tiveness of  rabies control methods in China: 
(i) the role that wild species potentially play in 
creating ‘rabies ecologies’; (ii) the regional vari-
ation of  these ecologies that can render generic 
national programming difficult to implement; 
and (iii) the problems associated with inconsist-
ent governance and accurate reporting. Chinese 
rabies control methods are focused upon dog 
management, with the majority of  the work 
centred around reducing stray dog populations, 
usually through dog culls, and increasing 
vaccination rates. Some of  these methods, 
particularly in the case of  large-scale dog culls, 
have been met with resistance by the animal 
rights movement and some experts who argue 
this method is ineffective and often appears to 
be connected to other motives. While experts 
and activists alike agree that vaccinations and 
desexing are a better long-term solution for 
rabies control, countrywide laws and campaigns 
requiring vaccination and registration of  dogs 
have proved to be difficult to implement in the 
areas most prone to rabies breakouts. However, 
when animal protection organizations have 
been able to work closely with local govern-
ments and veterinarians to create programming 
designed for specific regional conditions, they 
have proved to be successful. These campaigns 
are still small in number and size, but they offer 
a compelling example of  what is possible in rural 
areas which have traditionally been unable to 
access vaccination and education campaigns.
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17  Comparison of the Different Brain 
Collection Techniques and Evaluation of 
Mixed Brain Tissues as a Specimen for 

Rabies Diagnosis

Daria Llenaresas Manalo* and Ma. Ricci Resurreccion Gomez
Research Institute for Tropical Medicine, Muntinlupa City, Philippines

Abstract
The opening of  the skull is the standard method used for the collection of  brain specimens for rabies diagnosis. It 
requires several tools, strict biosafety protocols, intensive staff  training, and an exclusive dissection room. Three 
alternative methods of  brain collection (i.e. the straw method, the hook method and the throat approach) were 
compared to the standard technique using criteria based on immunofluorescence readings and dissection proce-
dures. The direct fluorescent antibody test (dFAT) results of  the mixed brain tissues, collected using the alterna-
tive methods, had no significant difference as compared with the brain stem collected using the standard method 
(P-value < 0.001). However, the dissection variables of  the alternative methods differ significantly from the 
standard technique. Brain collection techniques using the straw and hook method are less hazardous, cheaper, 
faster and easier to perform. Application of  these techniques in animal and human diagnosis can strengthen the 
One Health approach to human rabies elimination.

*Corresponding author: ​darsky1566@​gmail.​com

17.1  Introduction

The Philippines is one of  the South-east Asian 
countries where rabies is endemic, causing a 
major health and economic issue. There is a 
462% increase in the number of  animal-bite 
cases reported in the country from 2009 
(206,253 bite cases) to 2018 (1,159,711 bite 
cases) while a 13.5% increase was reported in 
clinically diagnosed positive human cases based 
on the recorded clinical case at 243 in 2009 and 
276 in 2018 (DOH et al., 2019, p. 16).

The zoonotic nature of  rabies complicates 
its prevention and control, challenging both 
the animal and the human health sectors. The 

global consortium on rabies emphasized the One 
Health approach, encompassing collaboration 
between the veterinary and medical public health 
departments with programmes that focus on 
the strategies for controlling animal-to-human 
rabies transmission and outbreak prevention 
(Wallace et al., 2017, p. 2; Acharya et al., 2020, 
p. 5). In the Philippines, the Anti-Rabies Act of  
2007 was created to strengthen rabies control 
and elimination efforts in the country through 
the One Health approach with the goal of  zero 
human deaths from dog-mediated rabies by 
2030 (DOH et al., 2019, pp. 17–18).

Accurate epidemiologic data are significant 
in streamlining rabies control and prevention. 
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Hence the scarcity of  prevalence and incidence 
data poses a significant challenge. Assessment 
of  control and prevention of  the disease requires 
support from locally equipped laboratory ser-
vices with reliable, affordable techniques that 
are easy to perform. Increasing surveillance data 
for both human and animal rabies cases starts 
with sample collection (Acharya et  al., 2020,  
p. 5; Haselbeck et al., 2021).

The standard method of  brain collection is 
the opening of  the skull. This method extracts 
the whole brain and specifically collects the 
medulla or brain stem, Ammon’s horn or 
hippocampus, and cerebellum, all of  which 
are recommended tissues for rabies diagnosis 
(Velleca and Forrester, 1981, pp. 24–30; 
Rupprecht et  al., 2018, pp. 68–69; WOAH, 
2018, p. 580). Because of  the hazards associ-
ated with specimen collection, safety is of  para-
mount importance when working with rabies. 
All persons involved in rabies testing should 
receive pre-exposure immunization with regular 
serological tests and booster immunizations as 
necessary (Kaplan, 1996, pp. 3–7; Rupprecht 
et al., 2018, pp. 31, 67; WHO, 2018, pp. 57–58). 
The collection of  brain samples requires training 
and a separate room designated exclusively for 
the purpose. In general, appropriate biosafety 
practices are required to avoid direct contact 
with potentially infected tissues or fluids (Velleca 
and Forrester, 1981, pp. 5–11; Barrat, 1996, 
p. 425; Rupprecht et  al., 2018, pp. 28–31). 
However, some of  the existing rabies laboratories 
in the Philippines do not have a special room 
for extracting brain tissues. In most cases, the 
rabies dissection room is the same room used for 
other procedures aside from brain collection. In 
addition, the opening of  the skull method is very 
dangerous and hazardous if  the technicians are 
not fully trained (Shankar, 2009, p. 75). Some 
of  these hazards include accidental injuries from 
possible rabies-contaminated blades or sharp 
edges of  the skull (Iamamoto et al., 2011, p. 30; 
Rupprecht et  al., 2018, pp. 28–31). Moreover, 
the standard procedure of  opening the skull to 
collect brain samples is a difficult task to perform 
by other staff  who are not properly trained and 
not used to performing the procedures.

Alternative methods of  brain tissue col-
lection such as the straw method through 
the occipital route and retro-orbital route 
have already been endorsed by the World 

Health Organization (WHO) and by the World 
Organization for Animal Health (WOAH), espe-
cially for their application in the field setting. 
These procedures simply require minimum 
barrier protection such as safety glasses, gloves 
and masks since the brain tissues are collected 
through a small incision only (Hirose et  al., 
1991, p. 291; Barrat, 1996, pp. 425–428; 
WHO, 2018, pp. 67–68; WOAH, 2018, p. 580). 
Moreover, these alternative methods can lessen 
biological hazards and can be used in basic field 
conditions or in a simple benchtop laboratory 
with appropriate biosafety practices to avoid 
direct contact with potentially infected tissues or 
fluids. Despite the ease and safety, these alterna-
tive methods have not been implemented in the 
Philippines, most likely due to lack of  specific 
materials, skills and a quality assurance system. 
There is currently no quantitative comparison 
between these alternative techniques and the 
standard method.

Thus, this study aimed to evaluate three 
alternative brain collection techniques, includ-
ing the drinking straw method, the hook method 
and the throat approach, by comparing them to 
the standard method. The quality of  the mixed 
brain tissue for rabies diagnosis by direct fluores-
cent antibody test (dFAT) was also evaluated.

17.2  What We Did

17.2.1  Specimen and data collection

Two hundred and one (201) dog and cat head 
specimens submitted to the rabies laboratory 
of  the Research Institute for Tropical Medicine 
(RITM), Department of  Health, Philippines from 
2016 to 2018 for routine rabies diagnosis were 
included in this study. The submitted specimens 
were suspected rabid animals that had shown 
signs of  rabies, had been involved in biting cases, 
and had simply died for no apparent reasons. 
The people submitting the specimen were the 
owners of  the dogs or, in the case of  unowned 
dogs, bite victims or relatives of  the victims, or 
local government officials. These people also 
provided information through a questionnaire 
(rabies diagnosis form)-guided interview. The 
form included questions on the health history, 
current health status, and demographic data 
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(age, sex, specific address) of  the biting animal. 
The reason behind the biting incident and the 
treatment received by the bite victim was also 
recorded. If  the bite victim was not present 
during the submission of  the rabies sample, he 
or she was contacted and interviewed via phone. 
The data collected was then encoded using 
FileMaker Pro Advanced.

The 201 samples included in this study 
were equally divided into the three alternative 
collection techniques; therefore, yielding a total 
of  67 specimens for each alternative method 
(straw, hook and throat). After collecting the 
mixed brain tissues using the assigned alterna-
tive method, the skull was opened to collect the 
anatomical brain tissues using the standard 
method. This study only used the brain stem, 
which is reported to contain the highest load 
of  viral antigen (Bingham and van der Merwe, 
2002, p. 93; Beck et  al., 2017, pp. 6–7) as the 
standard reference material.

17.2.2  Dissection procedures

All the brain samples included in this study 
were collected using two dissection procedures 
in a designated dissection laboratory. The first 
method used was a pre-assigned alternative, 
less-invasive method of  brain collection, fol-
lowed by the second procedure, which is the 
standard method. After dissection, the techni-
cian accomplished an Outcome Measure Form, 
which contained a scoring system designed 
to objectively assess the performance of  each 
procedure for every sample processed. A ‘buddy 
system’ was practised while performing the dis-
section procedure wherein one was the prosec-
tor and the other person assisted and recorded 
the data. The dissection methods were scored 
using the following criteria: (i) cost, defined 
as the price of  tools used for each procedure;  
(ii) time, the length in minutes of  every proce-
dure; (iii) biosafety consideration, the required 
personal protective equipment (PPE) and room 
for biosafety; and (iv) the difficulty of  the pro-
cedure, defined as the number of  tools needed 
to get the specimen. The score given to each 
collection parameter decreases as the procedure 
becomes more costly, more time-consuming, or 

requires more PPE and tools for sample collec-
tion as presented in Table 17.1.

17.2.2.1  Collection using a drinking straw

The brain samples were collected following 
the procedure described by Barrat (1996, pp. 
425–432) with few modifications. Briefly, the 
animal was placed in a lying position, face down. 
The head was bent to expose the occipital region 
while palpating for the atlanto-occipital joint or 
the joint between the C0 and C1 vertebra. Just 
above the joint, a small incision (about 5 cm) 
was made to the skin following the muscles as 
far as the vertebrae behind the atlanto-occipital 
protuberance. The atlanto-occipital joint was 
opened by cutting the dorsal atlanto-occipital 
membrane and the meninges exposing the 
occipital foramen. The samples were obtained 
by inserting the straw into the occipital foramen 
with a slight twisting movement towards one of  
the eyes (see Fig. 17.1a). Depending on the size 
of  the animal, around 5–10 cm (2–4 inches) of  
the straw was inserted into the head, or until 
resistance was felt. The straw was pinched upon 
removal and the collected sample of  the brain 
tissue, comprising a mixture of  the medulla 
oblongata, the base of  the cerebellum, the hip-
pocampus and the cerebral cortex, was trans-
ferred into a container using an applicator stick.

17.2.2.2  Collection using a hook

A small incision was made in the same way as 
the previous method. A hook (a long slender bar 
with a scoop at the end) was inserted into the 
occipital foramen towards the direction of  the 
eye (see Fig. 17.1b), and the mixed brain tissue 
was scooped and placed in a sterile container.

17.2.2.3  Brain collection via the throat

The animal head was laid on the table in a 
dorsal position and a midline incision was made 
from the throatlatch region. The musculature 
attachments of  the tongue were severed towards 
the nose until beyond the throat to free the 
larynx, trachea and oesophagus. The muscles 
were retracted to expose the throat, the surface 
of  the spinal column, and associated muscles. 
Upon identification of  the atlanto-occipital 
joint, the connective tissue overlying the spinal 
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Table 17.1.  Scoring criteria for the dissection procedure of rabies samples. Created by the authors.

Parameter Score Descriptiona

Cost 3 The method required minimum PPE and one to two dissection 
tools

2 The method required moderate PPE and three dissection tools

1 The method required full PPE and several (more than four) 
dissection tools

Time 4 The method was performed in less than 1 min per sample

3 The method was performed in 1–3 min per sample

2 The method was performed in 4–10 min per sample

1 The method was performed in more than 10 min per sample

Biosafety 
consideration

3 Laboratory shoes, scrub suits, gloves, hair cap, mask and 
goggles

2 Laboratory shoes, scrub suits, gloves, hair cap, mask, goggles 
and laboratory gown

1 Scrub suits, gloves, hair cap, mask, face shield, laboratory gown, 
waterproof apron, hair cap and boots

Difficulty of the 
procedure

3 The method required one to two tools to collect the specimen

2 The method required three tools and a slight force to collect the 
specimen

1 The method required four to five tools and a force to collect the 
specimen

aPPE, personal protective equipment.

Fig. 17.1.  The three alternative methods of brain sample collection showing the location where the tool 
was inserted using (a) the straw method; (b) the hook method; and (c) collection via throat or ventral 
approach. Photographs (a–c) are copyright of Daria Manalo.
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cord was carefully cut with a scalpel to expose 
the brainstem (see Fig.  17.1c). From here, the 
mixed brain sample was scooped using a hook 
for rabies testing.

17.2.2.4  Opening of the skull (standard 
method)

After extracting the samples using the alterna-
tive method, the brain is collected using the 
standard method (Lepine and Atanasiu, 1996, 
pp. 68–74). The ventral side of  the head was laid 
on the working area and a midline cut was made 
through the skin, the connective tissue, and the 
muscle on top of  the head. A cut was made from 
behind the eyes to the animal’s back of  the neck. 
The skin was peeled just above the level of  the 
ears and was carefully folded away to reduce 
the amount of  hair that might contaminate 
the specimen. The remaining muscle tissue was 
dissected along the lines where cuts in the bone 
were made. Consequently, cuts through the skull 
were made: (i) behind the eye sockets; (ii) later-
ally just above both ears; and (iii) at the back of  
the skull just above the area where the spinal 
cord enters the cranial cavity. After making a 
clean cut through the skull, the skullcap was 
removed, and the brain was freed from the cov-
ering membrane. The hippocampus, cerebellum 
and brain stem were identified and collected for 
routine diagnosis. However, only the brain stem 
was used as a specimen for this study.

17.2.3  Touch impression and fixation

From the tissue samples obtained, a small section 
at approximately 0.5 cm2 of  the mixed brain 
tissue from alternative methods and brain stem 
from the standard method was used for touch 
impression. Two glass slides for each sample type 
were prepared. For each slide, duplicate touch 
impressions of  the brain tissue samples were 
made. The touch impressions were air-dried for 
5 min at 27°C and were fixed with cold acetone 
for 16–18 hours.

17.2.4  Rabies testing by direct 
fluorescent antibody test (dFAT)

The brain touch impressions were processed 
for dFAT as described by Dean et  al. (1996, 
pp. 88–95), which took about 2 hours using 
fluorescein isothiocyanate-labelled antibody 
(FITC)-conjugated Anti-Rabies Monoclonal 
Globulin (Fujirebio Diagnostic Inc.). To deter-
mine the quality of  the obtained mixed brain 
samples for dFAT, the result was compared to 
that of  the brain stem, which is the standard 
brain sample. The scores of  the dFAT reading 
were recorded by the technician in the outcome 
measure form. A score of  ‘0’ was given if  the 
dFAT result of  the mixed brain tissues was in 
contrast with the dFAT results of  the standard 
method and ‘55’ was given if  the results were 
similar. Moreover, the presence or absence of  
non-specific staining, fluorescence staining 
intensity, distribution of  rabies virus antigen, 
presence of  dust-like particles, and presence of  
large oval masses were graded for each sample 
following the criteria in Table 17.2. The scoring 
used in this study was devised by the authors 
based on the Centers for Disease Control and 
Prevention (CDC) Minimum Standard for Rabies 
Diagnosis (CDC, n.d.; Rupprecht et  al., 2018, 
pp. 116–118).

17.2.5  Data management

All data collected were encoded using 
FileMaker Pro Advanced. Demographic data 
were analysed using descriptive statistics. The 
four methods of  brain collection techniques 
were described using mean and standard devi-
ation. A paired t-test was used to compare the 
immunofluorescence readings and dissection 
scores of  each of  the three techniques (drink-
ing straw, hook method and throat approach 
collection) with the standard procedure. A 
P-value of  less than 0.05 was considered to be 
statistically significant.
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17.3  What We Discovered

17.3.1  Animal demographic data

The laboratory received 180 dog and 21 cat 
head samples for the study. Decomposed or auto-
lysed brain samples that were unfit for rabies 
dFAT were not included. From these collected 
specimens, 85 were dFAT-positive for rabies, 
and 116 were negative. All the positive cases 
were dogs (100%). The cases were mostly males 
(52.2%), under the age of  1 year (44.3%), and 
owned but free roaming (44.8%). The animals 

were observed to be sick 2 weeks before death 
(68.7%) and 13.4% of  these were euthanized 
while 85.1% were found dead. Moreover, 58.2% 
of  the submitted animals were not vaccinated 
against rabies. In some cases, incomplete data 
was provided by the bearer, especially for stray 
animals where age, vaccination status and 
health status were unknown or unobserved.

Samples mostly came from the neighbour-
ing provinces of  Muntinlupa City, where RITM is 
located, particularly from Metro Manila, Region 
4A, and Region 4B. Human exposure was 
recorded in all submitted specimens, through a 

Table 17.2.  Scoring criteria for the direct fluorescent antibody test (dFAT) reading of rabies samples. 
Created by the authors.

Parameter Score Description

Non-specific staining 4 Absence of non-specific staining

0 Presence of non-specific staining

Staining intensity of 
rabies antigen

10 Glaring apple-green fluorescence

8 Bright apple green fluorescence

6 Dull apple-green fluorescence

4 Very dim but detectable apple-green fluorescence

0 No fluorescence was observed (negative)

Distribution of rabies 
antigen

10 Large, medium and dust-like fluorescing particles 
profusely distributed in all fields of the smear

8 Medium and dust-like fluorescing particles dispersed in 
each field of the smear

6 Small and dust-like fluorescing particles dispersed in 
each field of the smear (10–50% of the microscopic 
fields)

4 Small and dust-like fluorescing particles present only in 
10% of the smear

0 No particles observed (negative)

Dust-like particles 4 Distributed in all fields of the smear

3 Present in 60–90% of microscopic fields

2 Present in 10–50% of the microscopic fields

1 Present in only 10% of the smear

0 No particles observed

Large, oval masses 4 Distributed in all fields of the smear, antigen present in 
all fields

3 Present in 60–90% of microscopic fields

2 Present in 10–50% of the microscopic fields

1 Present in only 10% of the smear

0 No masses observed
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bite, scratch or licking of  intact skin. Victims of  
the rabies-positive animals either had received or 
were scheduled to receive post-exposure prophy-
laxis (PEP) at the time of  the interview.

17.3.2  Alternative methods versus 
standard method

A comparison of  each of  the three alternative 
methods to the standard technique showed 
no false negative or false positive dFAT result. 
This means that the mixed brain sample was 
in 100% agreement when tested with dFAT. A 
more in-depth examination of  the immuno-
fluorescence readings showed that the mean 
score of  the samples collected by the standard 
method was higher than the three alternative 
methods except for the absence of  non-specific 
staining and staining intensity. On the other 
hand, the dissection procedure parameters were 
statistically different between the three alter-
native methods and the standard method. In 
particular, the straw method had a higher mean 
score in cost, biosafety consideration, and dif-
ficulty parameters while the hook method had 
a slightly higher mean score in the time variable 
(see Table 17.3).

17.3.3  Comparison between the three 
alternative methods

Analysis of  the collection techniques based on 
the outcome measures is shown in Table  17.3. 
The immunofluorescence readings represented 
the reliability of  the brain tissues for dFAT. 
Rabies virus in suspected rabid animals produces 
intra-cytoplasmic inclusions of  various shapes. 
A single microscope field may contain dust-like 
particles of  <1 µm in diameter, round to oval 
masses, and strings 2–10 µm in diameter. Results 
showed no significant difference in the value 
in dFAT readings: the presence of  non-specific 
staining, intensity, dust particles, and oval mass 
in all the collection techniques (standard, straw, 
throat or ventral approach, and hook) (see 
Fig.  17.2). A significant difference in the dis-
tribution of  rabies antigen was observed in the 
drinking straw (P = 0.006) and hook method 
(P = 0.010) when compared to the standard 

method (see Table 17.3). The dissection variables 
including cost, time, biosafety consideration, 
and difficulty of  the procedure, were statistically 
different among the four collection techniques 
with P-values of  less than 0.001 (see Fig. 17.3). 
The straw technique had the highest mean score 
among the alternative collection techniques in 
terms of  cost, biosafety procedure, and difficulty 
of  the procedure, whereas the hook technique 
had the highest mean score for time. The data 
suggest that the hook method was the fastest to 
perform as compared to the other three methods 
of  collection. Evaluating the overall outcome of  
the three alternative brain collection techniques 
shows that the straw method had the highest 
mean score while the throat or ventral approach 
got the lowest mean score (see Table 17.3).

17.4  Lessons Learned

Of  the three alternative methods presented in 
this study, the straw procedure was found to be 
the cheapest and safest alternative method used. 
This procedure applies suction to obtain a small 
sample from the brain until transferred to the 
specimen container, minimizing the exposure 
of  the brain tissue in the open environment. The 
hook method, which avoids the need for applied 
pressure to get the sample, was found to be the 
fastest and easiest to perform. The samples in 
both hook and straw methods were obtained 
through the atlanto-occipital joint wherein the 
neck muscles, dorsal membrane and meninges 
were cut open. In contrast, collection through 
the throat required a bigger opening and 
involved cutting off  the tougher connective 
tissue. This method showed the lowest mean 
score of  the three alternative methods. This 
disparity in the anatomical entry point may 
also have been attributed to the difference in 
rabies antigen distribution readings in samples 
collected by the straw and hook. Tissue samples 
collected from hook and straw were from differ-
ent parts of  the brain (including the brainstem, 
base of  the cerebellum, hippocampus, thalamus 
and frontal cortex), while brain tissue collected 
through the throat was more homogenous.

The alternative methods of  brain collection 
are cheaper because these procedures only need 
minimal tools and PPE to perform, unlike the 
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standard method which requires several tools 
such as a butcher’s knife, a rubber mallet and 
full PPE to open the skull (Lepine and Atanasiu, 
1996, pp. 68–69; Rupprecht et  al., 2018, pp. 
28–29). Tools that are used in rabies dissec-
tion also need to be disinfected and sometimes 
disinfection may not work, which can cause 
cross-contamination (Aiello et al., 2016, p. 76). 
Considering all the materials that are not required 
in these techniques, this study has estimated a 
total of  US$20–30 can be saved per specimen for 
rabies diagnosis. This is a major advantage when 
considering financial constraints in low-income 
countries like the Philippines (Acharya et  al., 
2020, p. 5). Moreover, the alternative methods 
are faster and easier to perform than the stand-
ard method. In the hook and straw methods, the 
shortest time is less than 5 s to collect the brain 
(data not shown) unlike in the standard method 
where it takes a minimum of  5 min. However, 
the throat approach for collecting the brain 
tissues is slightly difficult because several organs 
and tissues need to be severed before reaching 
the atlanto-occipital joint.

WOAH and WHO have recommended the 
straw method of  sample collection for more than 
25 years. However, as a paradox, the application 
of  this technique has not been widely practised, 
probably due to a lack of  knowledge, training 
and a quality assurance system. The goal of  
rabies elimination has pushed the need for rapid 
and effective new techniques that can be used 

for initial screening in rural areas and to help 
ease the burden of  testing in central laborato-
ries. Studies in India of  the samples collected 
using the straw method and the retro-orbital 
route have shown remarkable results when 
tested with lateral flow assays (Gandhimathy 
and Asokkumar, 2017; Yale et al., 2019). Brain 
collection through the foramen magnum using 
a hook or brain scoop was studied in Sri Lanka, 
although the applicability of  the collected sample 
in laboratory diagnosis was not investigated 
(Gunawardena, 2007, pp. 155–156). Similarly, 
a sample spoon was also used to collect brain 
tissue in a study conducted in Chad that yielded 
high diagnostic accuracy when tested with 
lateral flow devices (Naïssengar et  al., 2021, p. 
221). In the Philippines, a recent study on rabies 
diagnosis by lateral flow assay using samples 
collected by the straw method showed promising 
results, with 94.3% sensitivity and 100% speci-
ficity (Mananggit et al., 2021, pp. 1–6).

The results of  this study showed a 100% 
positive predictive value 100% of  the time, 
but there could be severe consequences if  an 
alternative method did not correctly identify a 
positive result in a positive specimen because 
different sections of  the brain were not collected. 
As with any diagnostic procedure, collecting 
the history of  the biting animal through an 
interview with the sample bearer is important to 
support the laboratory diagnosis of  rabies. The 
data gathered here can provide critical informa-
tion, especially when laboratory results are 
uncertain and need to be repeated or when an 

Fig. 17.2.  Comparison of three alternative 
methods versus standard collection technique 
in terms of immunofluorescence reading. Higher 
scores denote better suitability of samples for the 
direct fluorescent antibody test (dFAT). Created by 
the authors.

Fig. 17.3.  Comparison of three alternative 
methods versus standard collection technique 
in terms of dissection. A high score means the 
dissection procedure is cheaper, faster, safer and 
easier to perform. Created by the authors.
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alternative diagnostic test needs to be performed 
(WHO, 2018, pp. 78–79).

Several disadvantages when using alterna-
tive methods can also be noted. In the hook 
and straw methods, there are times when the 
incision of  the skin through the muscles is not 
on top of  the atlanto-occipital joint, making it 
difficult to locate the joint, thus, the procedure 
could take longer, and the brain tissue collection 
is harder. Identification of  the specific parts of  
brain material is also impossible when using the 
alternative methods therefore these techniques 
are not applicable if  the study will need to focus 
on specific parts of  the brain. Moreover, there are 
losses of  brain tissue collected via the alternative 
methods which account for the differences in 
the rabies antigen distribution in the alterna-
tive techniques versus the standard technique 
(Iamamoto et al., 2011, p. 30). In addition, there 
are times that brain tissue is covered with blood 
and requires blotting before performing touch 
impressions. A laboratory may also choose not 
to use the alternative methods because of  the 
unavailability of  tools (hook and straw) in their 
area or when other brain parts are required for 
other diagnostic laboratory procedures.

Control in animal populations is ultimately 
the most important part of  prevention. Mass 
parenteral vaccination of  dogs and cats is still 
the most important measure for controlling 
animal rabies, especially in dogs. Aside from 
mass vaccination, epidemiologic surveillance 
and dog population control are still basic ele-
ments in the control programme (WHO, 2018, 
pp. 78–124). The majority of  rabies cases in 
the Philippines are unreported, particularly 
in rural areas. To achieve the country’s goal 
of  ‘Zero human rabies deaths by 2030’, a 
definitive laboratory-based diagnosis must be 
implemented. Specimen collection techniques 
shown in this study are also applicable to 
human rabies diagnosis especially since there 
are societal, cultural and religious barriers 
that may impede the performance of  autopsy 
for brain collection (Hemachudha et al., 2002, 
p. 101; Smith et al., 2003, p. 150). The straw 
and hook collection methods have been suc-
cessfully used in one of  the rabies patients at 
RITM, and the sample was processed for dFAT. 
Other than the hook and straw method, brain 
tissue can be obtained by brain biopsy or by 
needle (e.g. Vim-Silverman or Tru-cut needle) 

aspiration with entry via orbit or foramen 
magnum (Tong et  al., 1999; Sudarsanam 
et al., 2008, pp. 163–164; Duong et al., 2016; 
WHO, 2018, p. 24). A study conducted in 
Senegal reported a 95.6% positivity in samples 
aspirated through sub-occipital aspiration and 
tested by indirect fluorescent staining (Sow 
et al., 1996).

Rabies diagnosis is a major component 
of  the surveillance of  the disease especially 
if  the country is aiming for elimination. It is 
also crucial for the detection of  imported cases 
or the emergence of  rabies in non-endemic 
areas. In endemic areas, rabies diagnosis is 
essential to guide surveillance systems as well 
as the management of  animal-bite exposures 
by helping physicians. It also provides reli-
able, laboratory-confirmed data to estimate the 
burden of  the disease and prioritize resources 
towards its control (Duong et  al., 2016, pp. 
107–114; WHO, 2018, pp.21–22, 80–81). 
As a result, in the years leading up to 2030, 
countries aiming for rabies eradication must 
establish and strengthen laboratory diagnosis, 
particularly in rural areas where most rabies 
cases are underdiagnosed.

17.5  Conclusion

To end dog-mediated human rabies deaths 
by 2030, a definitive laboratory diagnosis is 
essential. Laboratories must be equipped with 
techniques that can be used even with limited 
resources. The alternative methods of  sample 
collection were significantly cheaper, easy to 
perform, less hazardous, and effective in col-
lecting brain samples without sacrificing the 
integrity of  the tissues for testing. This study also 
shows that mixed brain tissues are appropriate 
and reliable for dFAT rabies diagnosis, and the 
straw and hook methods are the best alternative 
techniques for brain collection.

These recommended techniques should 
be replicated and validated to confirm our 
findings before employing these techniques as 
standard procedures in diagnostic laboratories. 
In addition, the laboratory diagnosis can be 
further supported by taking the history of  the 
biting animal and bite victims. A laboratory 
result can guide physicians in prioritizing PEP 
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administrations, especially in patients bitten 
by laboratory-confirmed positive animals. 
Integrating these techniques in human and 
animal diagnosis through the One Health 

approach, government-supported training, 
and policies on rabies diagnosis can eventually 
lead to the goal of  human rabies elimination by 
2030.
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Abstract
The 12 kb single-stranded negative-sense rabies virus (RABV) genome exhibits unusual genomic plasticity owing 
to which this virus often dodges immune surveillance and is highly adaptative in new host animals. Attempts 
to link genome evolution, transmission and prevalence of  RABV have been greatly facilitated by genomic 
approaches. Previously reported large-scale phylodynamic studies attempting to identify the origin of  diverse 
RABV lineages and spill-over events have been deficient in representation from Asian countries where most 
human deaths due to rabies are recorded. Advancements in high-throughput DNA sequencing techniques have 
enabled low-cost and rapid analysis of  trends in RABV genome evolution, sustenance and transmission. Here, 
we discuss the improvements and requirements for genome-based surveillance methods and their limitations. 
Ultimately, a prevention programme can be more effective if  high-risk areas are identified through phylogenetic 
and spatiotemporal studies of  human and animal rabies.
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18.1  Introduction

Rabies is caused by a single-stranded, negatively 
polar genome-bearing species of  the Lyssavirus 
genus in the family Rhabdoviridae. While a 
total of  17 Lyssavirus species, classified under 
four phylogroups, have been identified from 
various hosts, the Rabies Lyssavirus remains 
the species of  concern as it is the only species 
known to infect and persist in multiple host 
reservoirs through independent transmission 
cycles (Reddy et al., 2018; Walker et al., 2018). 
In the past decade, several distinct rabies virus 
(RABV) strains have been reported based on 
phylogenetic analysis of  genes and RABV 

genomes. These findings provide growing evi-
dence of  RABV genome evolution that governs 
the virulence and transmission of  this virus in 
diverse hosts (Troupin et al., 2016, pp. 1–4). The 
World Health Organization (WHO) enlists car-
nivorous animals such as domestic dogs (Canis 
lupus familiaris), red foxes (Vulpes vulpes), ferret 
badgers (Melogale moschata) and golden jackals 
(Canis aureus) as the most common host of  this 
virus in the Asian region (WHO, 2021b).

Despite it being a preventable disease, rabies 
is an endemic zoonosis in several developing 
countries. RABV remains widely distributed 
across host populations and maintains its abun-
dance via sylvatic and urban life cycles (Troupin 
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et al., 2016, pp. 2–8). The sustenance of  RABV 
in diverse animal hosts and host-influenced evo-
lution of  the virus in these animal reservoirs has 
led to the emergence of  critical mutations and 
novel phenotypes that further alter the virulence 
capacities of  the virus (Luo et al., 2020, p. 481).

Given the frequent emergence and re-
emergence of  the infectious diseases H1N1 
influenza (2009), Chikungunya (2014), Zika 
(2015), and severe acute respiratory syndrome 
coronavirus 1 (SARS-CoV1) and SARS-CoV2 
(2002 and 2019, respectively), it might not be 
wrong to believe that this is indeed an era of  
pandemics. Understanding pathogen evolu-
tion and phylodynamics can help identify the 
emergence and early pathogen dissemination 
in animal and human populations (Gardy and 
Loman, 2018, p. 9). Technological advances 
in DNA sequencing now provide affordable 
sequencing of  genomes of  pathogenic microbes 
in disease epidemiology. Genomics is a sophisti-
cated means of  pathogen surveillance that can 
be used to inform human, animal and environ-
mental health in a One Health framework. This 
chapter describes the genome characteristics of  
RABV, gene functions, tests for rabies diagnosis, 
high-throughput sequencing (HTS) techniques, 

and gene and genome sequencing-based surveil-
lance of  human and animal rabies in Asian 
countries.

18.2  The RABV Genome

The RABV genome is 11,928 nucleotides in 
length and consists of  five genes that encode 
distinct structural proteins namely, nucleopro-
tein (N), phosphoprotein (P), matrix protein 
(M), glycoprotein (G) and large protein (L). The 
bullet-shaped virus is about 170 nm in length 
and 80 nm in diameter (Fig. 18.1.a) (Du et al., 
2008, p. 260). A typical RABV cell structure 
consists of  two components, a core component 
formed by the protein products of  N, P and L 
genes and a lipid bilayer envelope that is made 
up of  the structural proteins produced by G and 
M genes (Nagaraja et al., 2008, p. 451). All five 
genes have an equal role in causing infection 
and subsequent phylogenetics of  RABV (Du 
et  al., 2008, pp. 261–262). Functions of  the 
gene products in the life cycle and infection 
of  host cells have been described in detail by 
Fisher et al. (2018). In brief, the nucleoprotein 

Fig. 18.1.  (a) Gene arrangement and proteins encoded in the rabies virus (RABV) genome. 
(b) Mechanisms involved in the cellular life cycle of RABV and multiplication in host cells. CT, C terminal; 
TM, transmembrane; Idr, messenger RNA; N, nucleoprotein; P, phosphoprotein; M, matrix protein;  
G, glycoprotein; L, large protein. Adapted from Fisher et al., 2018, pp. 4-5.
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is responsible for encapsulation of  the viral 
genome and assisting the viral genome tran-
scription and replication. As the virus is incapa-
ble of  penetrating intact skin, an infection most 
commonly occurs through direct contact with 
saliva through a break in the skin caused by a 
scratch or bite from an infected animal. Rarely, 
infectious materials such as saliva or nervous 
tissues may come in contact with mucous mem-
branes, or an open wound/lesion. Three types 
of  animal contact ranging from the licking 
of  animals to transdermal bites by suspected 
rabid animals have been categorized (WHO, 
2021a). Upon infection, the phosphoprotein 
facilitates the transport of  the core genome 
components to the cytoplasm within the axon 
of  a neuron. The matrix protein is involved in 
the transcription and inhibiting host response. 
It is also responsible for the bullet shape of  this 
virus as it maintains the helical arrangement of  
the core genome. The glycoprotein is critical to 
cell attachment and entry into the host neuron 
cell. The L protein codes for a ribonucleic acid 
(RNA) polymerase which performs viral RNA 
transcription and replication.

The gene arrangement and the mechanisms 
involved in the cellular life of  RABV are depicted 
in Fig. 18.1. The virus enters the host cell wall 
through endocytosis by initially adhering to the 
host cell wall receptors through the glycoprotein 
(Fisher et  al., 2018, pp. 243–244). Membrane 
fusion occurs across the viral and the endosomal 
membranes to release the viral core components 
in the cell cytoplasm, where the viral polymerase 
transcribes the genes followed by a translation 
step (Fig. 18.1.b). An anti-genomic RNA strand 
is derived from a further replication process 
which acts as the template for producing more 
copies of  the viral RNA. The newly synthesized 
genes assemble, and the virus proliferates by rep-
etition of  these steps. The entry of  the virus into 
the nervous system is facilitated by the nicotinic 
acetylcholine receptor molecule found on the 
muscle cell wall (Lafon, 2005, p. 82).

Methods based on animal and cell assays, 
antigen and antibody testing have been used 
in diagnoses of  RABV infection and evaluation 
of  immunity against RABV in humans and 
animals. The diagnosis has been extended to 
molecular virology using gene sequencing 
techniques that have better characterized the 
infection dynamics, dispersal and sustenance 

of  RABV in terrestrial (domestic, livestock and 
wildlife) and aerial (bats) animals.

18.3  Rabies Diagnosis

There are no pre-clinical diagnosis methods for 
rabies infection in the case of  suspected exposure 
to the virus. Ante-mortem diagnosis, in the case 
of  human rabies, includes skin biopsies contain-
ing hair follicles, a biopsy of  the central nervous 
system, and salivary tests. The diagnosis of  
rabies infection usually requires testing of  the 
brain tissue in case of  post-mortem diagnosis 
in humans and animals. For primary diagnosis, 
antigen detection by fluorescent antibody test 
(FAT) is the recommended standard by the WHO 
and the World Organization for Animal Health 
(WOAH, founded as OIE) for rabies diagnosis in 
animals and humans (Rupprecht et  al., 2018; 
WOAH, 2021). The WOAH recommended 
diagnostic techniques for rabies include: (i) 
antigen tests such as FAT, direct rapid immuno-
histochemical test, and enzyme-linked immuno-
sorbent assay (ELISA); (ii) virus detection using 
cell culture technique and mouse inoculation 
test; and (iii) molecular techniques like reverse 
transcription-polymerase chain reaction (RT-
PCR) and real-time RT-PCR (WOAH, 2021, p. 
586).

In the case of  rabies infection in humans, 
multiple tests are required for intra-vitam diag-
nosis as no single test is sufficient (Garg, 2014, 
p. 37). Intra-vitam or post-mortem diagnosis 
of  rabies in humans is carried out by testing for 
either the whole virus, viral antigens or viral 
genes in infected tissues using diagnostic tech-
niques. A molecular technique such as RT-PCR 
has been used for intra-vitam diagnosis and is 
known to be highly sensitive as it detects the 
copies of  gene or gene fragments of  the RABV 
genome. RT-PCR is becoming popular for detec-
tion of  rabies in suspected or probable cases in 
several centralized and reference laboratories 
globally (Fooks et  al., 2009, p. 530; Dacheux 
et al., 2010, p. 765).

Saliva, nuchal skin, hair follicles, urine 
or cerebrospinal fluid specimens can be 
tested for viral nucleic acid in this test. Other 
methods relying on the nucleic acid analysis 
of  biological samples include nucleic acid 
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sequence-based amplification and loop-mediated 
isothermal amplification which are found to be 
highly specific and efficient in the ante-mortem 
diagnosis of  human rabies (Wacharapluesadee 
and Hemachudha, 2001; Muleya et  al., 2012, 
pp. 160–166). These molecular assays have 
proved to be effective in cases of  decomposed 
biological samples and rabies infection acquired 
through organ transplants (Araújo et al., 2008, 
pp. 1–2; Chen et  al., 2018, p. 86). However, 
false positives are common in these assays 
owing to an error in standards, contamination 
in the reaction mix, or non-specific amplifica-
tion in the reactions. Hence RT-PCR tests are 
recommended for confirmatory tests (Mani and 
Madhusudana, 2013). Although RT-PCR-based 
diagnostic methods have been widely adapted 
for the diagnosis of  other viral pathogens, there 
is no standard RT-PCR assay for the detection of  
all lyssaviruses (Gigante et al., 2018, p. 17).

Besides antigen detection, viral antibod-
ies are estimated for monitoring the immune 
response against rabies. These serology-based 
assays are not useful in rabies diagnosis as the 
immune response is varied and the RABV anti-
bodies in serum appear relatively late after the 
onset of  clinical signs (Mani et al., 2014, pp. 1–4). 
Virus neutralization assays like rapid fluorescent 
focus inhibition test and fluorescent antibody 
virus neutralization test are generally used to 
estimate antibody titres (Rupprecht et al., 2018). 
The direct FAT for G and M immunoperoxidase 
inhibition assay and the immunoelectrophoresis 
test is also used to measure the immune response 
against rabies post-vaccination (Rupprecht 
et  al., 2018). ELISA is another serological test 
that eliminates the need to manage live RABV 
and is used to measure specific antibodies 
against the viral glycoprotein or nucleoprotein 
(Rupprecht et al., 2018). This test demonstrated 
78.38–100% sensitivity and 75.76–96.77% 
specificity compared to the direct FAT in the 
case of  human ante-mortem diagnosis of  rabies 
indicating its suitability in assessing disease 
exposure status (Realegeno et al., 2018). There 
is also evidence of  rabies neutralizing antibodies 
in unvaccinated animals like bats and cattle as 
confirmed by rapid fluorescent focus inhibition 
tests, suggesting the need for rabies surveillance 
in animals other than dogs (Mani et  al., 2014, 
p. 1804; Bharti et  al., 2018). The presence of  
antibodies in unvaccinated animals could be an 

outcome of  cross-reactivity to unknown lyssavi-
ruses and further confirmation requires genetic 
mapping of  viral isolates.

Variability of  methods in rabies diagnosis 
and interpretation of  serological test results (cut-
offs) often lead to uncertainty in the surveillance 
of  RABV (Moore et al., 2013, pp. 449–451). The 
sensitivity of  the various tests described here 
varies significantly owing to factors like autolysis 
of  the sample, distinct stages of  infections, and 
diverse immune responses. These complexities 
are magnified in cases of  rabies-specific antibod-
ies being detected in sera of  humans, animals 
and wildlife that were healthy and unvaccinated 
(Gold et al., 2020, p. 1). For ecological and evolu-
tionary analysis of  RABV, traditional molecular 
tools like PCR and gene sequencing, and more 
recently genomic techniques have been recom-
mended by WOAH, (2021) and Rupprecht et al. 
(2018).

18.4  RABV Gene Analysis

Gene-based phylogenetic analysis has facilitated 
our understanding of  selection and evolu-
tion in microbes. Genetic characterization of  
RABV genes including the leader fragment and 
the five genes has been carried out in rabies 
samples from animals and humans in various 
molecular studies (Nagarajan et  al., 2006, pp. 
3218–3221; Du et  al., 2008, p. 260; Reddy 
et  al., 2018). Gene diversity analyses from 
various countries have provided a phylogenetic 
classification of  Lyssavirus at the strain level 
which further resulted in the identification of  
region-specific lineages in diverse geographies 
(Jiao et  al., 2011, pp. 1-2; Reddy et  al., 2018). 
The viral gene sequences generated from such 
independent studies have been deposited in 
public repositories (e.g. the National Library of  
Medicine; available at: https://www.ncbi.nlm.​
nih.gov/ (accessed 1 June 2021)), thus making 
the genetic information available for large-scale 
analysis of  gene evolution in RABV and other 
species. Such large-scale phylogenetic analysis 
and gene or genome divergence studies have 
resulted in the identification of  African, Asian, 
Arctic-like, Cosmopolitan and Indian subcon-
tinent (Sri Lankan) lineages of  RABV from 

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
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distinct geographies around the world (Troupin 
et al., 2016, p. 4).

Sequencing of  partial N gene for a cow 
sample from southern India revealed 96–99% 
homology with the Sri Lankan RABV lineage 
indicating transmission of  the virus across 
these neighbouring countries (Aravindhbabu 
et al., 2011, p. 138). Another gene-based study 
of  rabies-positive dogs and other animals for 
RABV phylogenies in India revealed that the 
Arctic-like lineage was dominant (Reddy et  al., 
2018). In addition to the Arctic-like lineage, the 
partial gene sequencing of  the nucleoprotein 
gene and subsequent phylogenetic analysis 
confirmed the presence of  Cosmopolitan lineage 
in the Indian region between 2013 and 2016 
from rabies-positive animals such as buffaloes, 
camels, cats, dogs and others. G gene, L gene and 
non-coding G–L intergenic region sequences 
derived from the brain samples of  animals like 
dogs, buffaloes, cows and goats, from various 
states in India during 2001–2005 confirmed 
the predominance of  dog rabies in India and led 
to the identification of  multiple epidemiological 
markers unique to Indian RABV which could be 
used in tracing the origin of  viral strains, espe-
cially in cases of  travel-related rabies (Nagarajan 
et  al., 2006, pp. 3220–3222). Similar amino 
acid mutations could be identified in the first 
genome sequence of  an infected street-dog 
sample in China (Ming et al., 2009, pp. 8–10).

To confirm the lineage classification and 
divergence across various countries, the partial 
gene-based phylogenies were replaced by 
complete gene sequencing and whole-genome 
sequencing (WGS) of  the RABV (Nagaraja 
et al., 2008, p. 449; Ming et al., 2009, pp. 6–10; 
Cherian et al., 2015, p. 333). Complete G gene 
sequencing of  rabies-positive samples from 
the northern and southern regions of  India 
inclusive of  six host species confirmed the pres-
ence of  Arctic-like lineage across the country 
(Cherian et  al., 2015, p. 333). In this study, 
distinct clustering of  two groups termed the 
North Indian (Uttar Pradesh, Madhya Pradesh, 
Delhi, Rajasthan) and the South Indian groups 
(Kerala, Karnataka, Gujarat) was observed 
within the lineage identified.

In recent years, advanced high-throughput 
sequencing (HTS) techniques have resulted in 
increased knowledge of  mechanisms of  spread, 
the role of  wildlife, distinctions in disease 

burden on the urban and rural community, and 
efficacy of  control strategies being implemented 
(Troupin et  al., 2016, pp. 3–4; Brunker et  al., 
2018, p. 2; Gigante et  al., 2020, pp. 1-2). The 
application of  HTS has recently helped expand 
the Lyssavirus genus with two newly added 
species including one isolated from a flying fox 
(Pteropus medius) from Asia (Amarasinghe et al., 
2018, p. 2283). WGS and subsequent phyloge-
netic and phylodynamic analysis pave the way 
for a better understanding of  viral pathogenesis, 
trends in transmission and evolution, the impact 
of  geography, and environmental factors on the 
transmission of  RABV.

18.5  RABV Whole-Genome 
Sequencing (WGS)

In simple terms, a whole genome simply means 
‘all the genes’ of  an organism. Since the sequenc-
ing of  the first human genome, the use of  DNA 
sequencing technologies has revolutionized 
disease diagnosis and surveillance in human 
healthcare. The cost of  DNA sequencing has 
drastically decreased since 2008 with the intro-
duction of  Illumina platforms that facilitated 
parallel sequencing of  fragmented genomes 
and assembly for WGS of  organisms. The third-
generation sequencers have eliminated the need 
for specialized genetic laboratories, as these 
hand-held DNA sequencers are highly integra-
tive of  all components required for their portable 
use in disease surveillance (Gigante et al., 2020, 
p. 2). In fact, the MinION Oxford Nanopore 
sequencers have facilitated mobile genetics 
laboratories that can transform the workflow 
of  field researchers (Brunker et  al., 2020,  
p. 2). This also facilitates undertaking more field 
research studies using the genomics approach. 
WGS-based surveillance of  microbes using 
modern sequencers has accelerated the identifi-
cation of  pathogen type, genotype tracking and 
people needing treatment. WGS has emerged as 
a popular technique that will revolutionize the 
delivery of  real-time healthcare.

The first full genome sequencing of  RABV 
was done using a ‘mapping and primer walking’ 
strategy which was a multistep approach. The 
WGS of  the first RABV strain from India was per-
formed by following sequential steps including 
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polymerase chain reaction (PCR) to amplify 
genome fragments, cloning, and sequencing 
of  plasmid DNA using vector and gene-derived 
primers (Nagaraja et al., 2008, pp. 450–451). A 
similar approach was followed in the characteri-
zation of  various Lyssavirus genotypes (Delmas 
et  al., 2008, pp. 1–2; Kuzmin et  al., 2008,  
p. 81). The availability of  these complete genomes 
confirmed the conserved genomic organization, 
relevant mutation sites, and protein structures 
that are key to the sustenance and dissemina-
tion of  RABV across host populations (Marston 
et al., 2017, p. 1). The WGS of  RABV from Asian 
regions and related information on sequenc-
ing platforms are listed in Table  18.1. Human 
and animal infection cases have been assessed 
through gene and genome sequencing of  RABV 
in China, Jordan, Bhutan, India, Tibet, Laos, 
Iran and other countries. The modern DNA 
sequencers allow massive parallel sequencing in 
each run. These platforms are increasingly being 
used in the case of  human and animal RABV 
infections, thus expanding the depth of  RABV 
genetic information (Brunker et al., 2020, p. 9; 
Gigante et al., 2020, pp. 2–3).

A gene-sequence-based phylogenetic 
tree for RABV in Bangladesh was found to be 
homologous to the Arctic-like lineage, similar 
to the strain reported from Bhutan (Jamil et al., 
2012, p. 2021). This study highlighted the need 
for widening surveillance of  RABV to neigh-
bouring countries like Iran, Iraq, Afghanistan, 
India and Nepal to determine the origin and 
transmission pathways of  the identified Arctic-
like lineage RABV. In another study, WGS 
analysis of  a cattle-derived strain (JSTZ190314) 
confirmed the transmission of  canine rabies 
through animal bites. Phylogenetic analysis of  
the gene sequence from this study with RABV 
gene sequences derived from a public reposi-
tory revealed that the JSTZ190314 strain was 
prevalent for 13 years and had infected six other 
species including deer, dogs and humans from 
2006 to 2019 in China (Cheng et al., 2020, pp. 
1453–1456). It was possible to study the evolu-
tion of  RABV and its prevalence across time in 
different animals owing to the availability of  
genetic data (for China) in the public databases. 
Similar reports from other Asian countries 
indicated the need to analyse the RABV strains 
among infected livestock and other animals 
which are in proximity to free-ranging dogs 

(Jamil et  al., 2012, p. 2023; Munnink et  al., 
2020, p. 325). Nanopore technology-based 
sequencing platforms have been successfully 
used for gene sequencing of  RABV in countries 
like Kenya, Vietnam and India (Brunker et  al., 
2020, pp. 2–3). Yet, the studies providing phy-
logenetic insights into the evolution of  RABV 
from countries such as Jordan and Bangladesh, 
and missing representation of  countries like 
India and Bhutan, emphasize the scarcity of  
whole-genome data from Asian countries (Jamil 
et  al., 2012, pp. 2022–2023; Al-Eitan et  al., 
2021, p. 1).

18.6  Applications of HTS in 
Understanding the Ecology and 

Evolution of RABV

Genetic characterization of  (known and 
novel) pathogens in combination with meta-
information holds great potential in disease 
epidemiology and outbreak response. With the 
technological advancements and decreasing 
cost of  sequencers, phylogeographic and phylo-
dynamic analyses have enhanced knowledge of  
the evolution and spread of  RABV across coun-
tries and continents (Troupin et  al., 2016, pp. 
13–14; Reddy et al., 2018). Estimation of  total 
viral heterogeneity is possible with the availabil-
ity of  the whole genome sequences where the 
identified mutation sites can serve as epidemio-
logical markers of  RABV. Moreover, variations in 
the RABV genome sequence are indicative of  its 
contribution to establishing transmission within 
a new host (Al-Eitan et  al., 2021, pp. 5–7). 
Bayesian and frequentist methods are often used 
for understanding RABV genome divergence, 
substitutions, and classification of  strains with 
respect to the geography of  the study site to 
reveal the significance of  environmental factors 
that contribute to the transmission of  RABV 
(Troupin et  al., 2016, pp. 1–4; Nahata et  al., 
2021, pp. 3–6, 15).

Currently, the National Center for 
Biotechnology Information (NCBI) contains 
a total of  42 Bioproject entries that include 
human (three), mammal (25) and virus (14) 
organism groups. A total of  43,424 entries are 
available for a ‘rabies’ search in the nucleotide 
database (inclusive of  all partial gene sequences, 
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complete gene sequences, and genomes of  RABV 
as assessed on 15 October 2021). Of  these total 
nucleotide entries, about 5% were submitted 
to the database from 2000 to 2005, 20% from 
2005 to 2010, and 47% from 2010 to 2015, 
which indicates an exponential expansion of  
the RABV genes and genomes in the database. 
Canine rabies studies based on partial gene 
sequencing from various geographies have been 
recently reported and reviewed (Heydarabadi 
et  al., 2020; Nahata et  al., 2021, p. 1628). 
Canine RABV WGS from various countries, 
related strain information available in the NCBI 
nucleotide database, and their phylogenetic 
analysis are provided in Fig.  18.2. The RABV 
whole-genome sequences were retrieved from 
the NCBI nucleotide database and sequences 
with a length of  at least 11,800 nucleotides 
and above were selected to perform phyloge-
netic analysis in raxmlGUI 2.0 (Silvestro and 
Michalak, 2012, pp. 335–337). The phyloge-
netic tree revealed distinct clades and branching 

patterns indicating a polyphyletic structure of  
the RABV population that confirms the pres-
ence of  diverse lineages as reported in previous 
studies (Ahmed et al., 2015, p. 1; Troupin et al., 
2016, p. 4). A few complete genomes of  RABV 
from cattle and wildlife have been collectively 
assessed in a large-scale phylogeographic 
analysis and identification of  diverse lineages 
of  the virus in distinct animals (Troupin et  al., 
2016, p. 4). The majority of  the canine RABV 
whole-genome sequences present in the NCBI 
database represented various regions in China. 
Several countries remain under-represented as 
highlighted by fewer whole-genome sequences 
from Afghanistan, Nepal, Israel, Turkey, Sri 
Lanka, Indonesia and the Philippines, and no 
representation from countries like India in this 
phylogenetic reconstruction.

Knowledge gaps pertaining to viral 
genome evolution and its impact on host DNA, 
its impact on the efficacy of  existing rabies 
vaccine, and the environmental factors driving 

Fig. 18.2.  Phylogenetic analysis of canine RABV whole-genome sequences from Asian and a few 
Middle Eastern countries (genome length >18,000 bp). The tree scale indicates the nucleotide 
substitutions per site. Created by authors.
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the transmission of  RABV in developing coun-
tries can be addressed by undertaking WGS and 
analysis. HTS holds great potential in genomic 
epidemiology as newer methods and models are 
being developed for genome sequencing, sam-
pling, and metadata collection. HTS techniques 
offer effective methods in rabies epidemiology 
especially in developing countries, in ensuring 
safe organ transplants, and integrative surveil-
lance of  rabies at animal–animal and animal–
human interfaces. These gaps can benefit from 
the application of  cost-effective and accurate 
HTS-based genomic surveillance techniques.

The concept of  human interaction with 
animals and the environment is not something 
that is a recent ‘aha moment’. Hippocrates’s 
treatise in Air Water and Places (as early as c.460–
c.377 bc) mentioned how the environment, 
climate and water quality influence the physical 
condition of  humans. The modern definition of  
One Health is: ‘a collaborative, multisectoral, 
and transdisciplinary approach working at the 
local, regional, national, and global levels with 
the goal of  achieving optimal health outcomes 
recognizing the interconnection between people, 
animals, plants, and their shared environ-
ment’ (CDC, 2017). In the last century, major 
pandemic events have occurred with large 
death tolls, despite improvements in the medical 
capacity and public health infrastructure. With 
the increasing incidence of  emerging and re-
emerging viral infectious diseases, significant 
policy attention and lateral thinking have com-
menced for effective disease outbreak manage-
ment (Wong et al., 2020; Aborode et al., 2021, p. 
1; Cevik et al., 2021, p. 170).

Surveillance is a crucial component in 
identifying viral outbreaks, evolution in zoonotic 
viruses, the emergence of  viral variants, and 
transmission pathways associated with increased 
outbreaks (Desdouits et  al., 2020, pp. 1–2). We 
have witnessed the wide use of  genomic analysis 
in addressing the recent SARS-CoV2 pandemic. A 
recent study applied the workflow developed for 
SARS-CoV2 nomenclature to the RABV genome 
sequences available in public databases (Campbell 
et al., 2022, p. 1). More than 70 different lineages 
within the Cosmopolitan type RABV group could 
be classified based on an analysis of  650 rabies 
whole-genome sequences from 46 countries from 
1950 to 2018. These genomic techniques could 
be extended to existing surveillance and response 

mechanisms of  zoonotic diseases like rabies by 
integrating digital means of  disease detection 
and the One Health approach (John et al., 2021, 
p. 845).

Additionally, gene sequencing and whole-
genome-based surveillance benefit the building 
of  public databases, like NCBI’s GenBank and 
the European Nucleotide Archive (Benson et  al., 
1993, p. 2963; Leinonen et al., 2010, p. 28). The 
curated databases are inclusive of  standardized 
metadata (location and date of  sampling, speci-
men information, host information, submitting 
authority and institute details) (Bernasconi et al., 
2021, p. 664). In addition to serving as an online 
data resource, the use of  NCBI can facilitate 
specialized host–pathogen datasets for integrative 
surveillance of  viral pandemics (COVID-19 Host 
Genetics Initiative, 2020). With the increased 
availability of  cost-effective, rapid and accurate 
sequencing platforms, genome sequencing will 
provide deeper insights into the evolution of  the 
RABV in animals and host–pathogen interaction 
(Brunker et  al., 2020, pp. 1–6; Gigante et  al., 
2020, pp. 1–2).

18.7  HTS in a One Health Approach 
for Rabies Elimination

Elimination of  rabies in developing countries is 
largely hindered by critical knowledge gaps in 
the identification of  rabies hotspots, knowledge 
of  high-risk condition areas, frequency of  rabies 
cases in free-ranging dogs, and transmittance 
to other animals. These gaps highlight the need 
for an integrative approach to address the social 
and ecological drivers of  genetic congruence in 
RABV. Serological assays, molecular tools and 
gene detection techniques have been extensively 
used, especially in ante-mortem testing of  
human and animal rabies. The negative-sense 
RABV genome exhibits unusual genomic plas-
ticity as it lacks proofreading activity owing to 
which this virus often dodges immune surveil-
lance and the virus remains highly adaptative 
in new host animals. Optimization of  HTS 
techniques can facilitate advanced diagnos-
tic assays to address drawbacks of  current 
rabies diagnostics. The portable sequencing 
machines offer quick and cost-effective means 
of  on-field surveillance (Brunker et  al., 2020). 
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Population-scale genomics in combination with 
temporal and spatial analysis provides valuable 
insights for designing effective dog vaccination 
programmes. However, adopting HTS in rabies 
surveillance will necessitate the optimization 
of  methods and expertise in molecular and in 
silico analysis. This will require the collabora-
tion of  experts from interdisciplinary domains 
including veterinary, wildlife, epidemiology and 
social science. The fragmented attempts at rabies 
elimination in India have been addressed in the 
newly introduced National Action Plan for Dog 
Mediated Rabies Elimination in India which 
relies on the broad framework of  the One Health 
approach and is based on key components of  
political will, intersectoral planning, sustained 
funding, community planning, coordination 
and review and operational research (NHP, 
2021). This joint inter-sectoral programme will 
involve government officials and the private 
sector, veterinarians, epidemiologists, wildlife 
ecologists, policy makers and social scientists. 
While technological advancements like HTS 
can help in understanding rabies transmission, 
disease surveillance and diagnostics, only coor-
dinated efforts can translate plans to actions.

18.8  Conclusion

WGS-based studies have facilitated the detec-
tion of  trends in rabies transmission across 

temporal and spatial scales thus indicating the 
emergency and scale of  interventions required. 
It is possible to recognize demographic factors 
driving RABV transmission through the 
combination of  genome sequencing of  the 
pathogen in animals, animal ecology, and 
environmental parameters impact assessment. 
A strong genetic database of  RABV can benefit 
the forecasting of  the spatial spread and 
emergence of  rabies in new regions. Whole-
genome-based RABV analysis has provided 
information on nucleotide substitutions in 
RABV street strains and their impact on the 
efficacies of  existing RABV.

Comparative analysis of  RABV genomic 
elements has indicated that the increasing 
divergence (or nucleotide substitutions) in 
street strains could render the vaccines inef-
fective (Faber et  al., 2004, p. 16328). The use 
of  WGS can also help in understanding fine-
scale dynamics of  spread, including testing 
hypotheses related to the role of  multi-species 
interactions, domestic-sylvatic cycles, and 
the spread of  rabies from urban to rural areas 
or vice versa (Belsare and Gomper, 2010). 
Ultimately, such information can help in 
designing more effective mitigation strategies 
that target these pathways of  transmission or 
deploy scarce resources in a more organized 
fashion to achieve local and ultimately global 
rabies elimination targets.
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Abstract
A few countries in Asia have achieved rabies-free status, including Japan. In Japan, various countermeasures 
have been implemented for eliminating indigenous rabies, as well as preventing rabies reintroduction for more 
than half  a century. These include: (i) dog registrations; (ii) annual rabies vaccination; (iii) surveillance; and 
(iv) strict quarantine on imported animals. These activities have been put into practice through multisectoral 
cooperation. However, maintaining a rabies-free country requires enormous expense and effort. In addition, 
there is a concern for small but potential risks of  rabies re-outbreak due to the decline of  rabies awareness among 
the general public, subsequent stagnation of  dog vaccination rate, and an increasing number of  unregistered 
dogs. This chapter provides an overview of  the success and challenges of  maintaining rabies-free status in Japan 
and discusses how such experiences can apply to other countries working to eliminate canine rabies and zero 
human deaths by 2030.

*Corresponding author: ​kkanda@​asahikawa-​med.​ac.​jp

19.1  Introduction

The World Health Organization (WHO) depicts 
the progress towards rabies elimination as 
having five different phases from endemicity 
to eradication: (i) endemic; (ii) control; (iii) 
zero human deaths; (iv) elimination; and (v) 
maintenance (WHO, 2018). In Asia, only a 
few countries, including Japan, the Maldives 
and Singapore, have enjoyed the ‘maintenance’ 
status for more than half  a century. Among 
them, Japan has maintained no indigenous 
dog-mediated rabies since 1957 due to strict 

enforcement of  pet dog registration, manda-
tory annual canine vaccination, and stray dog 
confinements with the enactment of  rabies-
related laws such as the Rabies Control Act of  
1950. With continuous efforts of  canine rabies 
control after nationwide elimination and follow-
ing several amendments of  relevant laws and 
regulations during the ‘maintenance’ phase, 
only four imported human rabies cases have 
been reported until now. This unique 65-year 
experience of  ‘rabies-free’ maintenance would 
be beneficial and may apply to other nations 
fighting rabies. Particularly, it would help boost 
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elimination activities among countries close to 
zero human deaths, such as Sri Lanka. In this 
chapter, we will review the success stories and 
challenges of  rabies control and prevention in 
Japan and propose effective recommendations 
towards rabies elimination and during the main-
tenance stage for the countries currently close to 
zero human deaths.

19.2  Japan’s Experience with 
Rabies Elimination and Maintenance 

of the ‘Rabies-Free’ Status

19.2.1  History towards elimination

The first record of  ‘mad-dog’ control activity in 
Japan was found in the eighth century when 
the basic law of  the ancient Japanese political 
system called ‘Yoro Law’ mentioned the slaugh-
ter deposition of  dogs (Taniguchi, 2012; Kanda 
et  al., 2020). Although there is no way to find 
out whether ‘mad-dog’ in the law indicates 
rabies or not, it was suggestive that rabies might 
have already existed in the country. Since then, 
several dog bites and their subsequent human 
deaths were sporadically reported in the modern 
era or mid-18th century. When the Epizootics 

Prevention Act of  1896 and the Infectious 
Diseases Prevention Act of  1897 were intro-
duced, the first rabies statistics were released, 
identifying 71 canine rabies cases (Fig.  19.1). 
The number of  canine rabies cases gradually 
increased, and the first human rabies cases were 
reported in 1912, which were 83 human deaths 
with 696 canine cases (Iwabuchi, 1970, p. 368). 
Both statistics peaked after a year of  the Great 
Kanto Earthquake in 1923, when the public 
health infrastructure in the Tokyo Metropolitan 
Area was destroyed (Iwabuchi, 1970, p. 368). 
More than 3000 canine and 235 human rabies 
deaths occurred in 1924. Bovine and equine 
rabies were also sporadically reported during 
this time, with a maximum of  31 and 25 
annual cases, respectively (Metropolitan Police 
Department Division of  Hygiene, 1938). Due 
to the rapid increase of  animal rabies, the first 
Domestic Animal Infectious Diseases Control 
Act of  1922 was enacted to allow the killing of  
all livestock infected with rabies and the control 
of  stray dogs. The number of  human and canine 
rabies cases dropped in the 1930–1940 s, 
perhaps due to incomplete surveillance activities 
and unfavourable social situations such as war 
and natural disasters. It was said that many pet 
dogs were destroyed because of  criticism, such as 

Fig. 19.1.  Human and canine rabies deaths in Japan since 1896. (1) Epizootics Prevention Act (1896); 
(2) Infectious Diseases Prevention Act (1897); (3) Domestic Animal Infectious Diseseases Control Act 
(1922); (4) Rabies Prevention Act (1950); (5) New Domestic Animal Infectious Diseases Control Act 
(1951); (6) Infectious Diseases Control Act (1999); (7) New Quarantine Program for Importation and 
Exportation of Animals and Pets (2005). Data from Iwabuchi (1970); MHLW, n.d.a. Figure created by  
Koji Kanda.
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owning dogs being considered a luxury during 
the war period (Ueki, 2007, p. 3). Almost all of  
the annual canine rabies cases in the country 
during 1937–1944 were reported only in the 
Tokyo Metropolitan Area (Ueki, 2007, pp. 4–5).

After World War II, rabies prevention 
and control activities were greatly improved 
through the nation’s reconstruction of  the 
public health system and regulations, including 
the enactment of  the Rabies Prevention Act of  
1950 and the New Domestic Animal Infectious 
Diseases Control Act of  1951. In particular, 
the Rabies Prevention Act of  1950 mandated 
pet owners to follow their pet dog registration 
and twice-a-year anti-rabies vaccinations and 
enforced local governments to confine stray 
dogs. Civil servants with veterinary licences 
were appointed rabies prevention officers to 
manage relevant activities. These powerful 
strategies with strong political commitment 
successfully achieved the rapid reduction of  
indigenous rabies for a short period of  time. 
The last indigenous case in humans and dogs 
occurred in 1956, and the last animal case 
(domestic feline) was recorded in 1957 (MHLW, 
n.d.a; Tojinbara, 2011) (Fig. 19.1).

After World War II, more detailed statistics 
were recorded in the Tokyo Metropolitan Area, 
where the country’s highest number of  rabid 
dogs were observed. Among 793 rabid dogs 
identified in 1949–1955, nearly half  of  them 
were unregistered dogs (49.0%), followed by 
stray dogs (33.4%) (Ueki, 2007, p. 11). The 
proportion of  registered rabid dogs gradu-
ally decreased as the number of  vaccinations 
increased, particularly after 1952 (Table 19.1). 
The annual vaccination rate among registered 
dogs extended from 37.2% in 1949 to 82.6% 
in 1955 (Ueki, 2007, p. 220). The canine 
population estimate was founded on 1.5 times 
the number of  registered dogs, which generated 
165,383 dogs in 1951 and 226,085 in 1955 
(Ueki, 2007, p. 34). Based on these figures, the 
human population and number of  households 
in contact with each estimated dog during 
1951–1956 were 32.5–38.8 and 7.8–9.4, 
respectively.

Behind the achievement of  rabies elimina-
tion in a short period, there were also several 
difficulties at the beginning of  the enforce-
ment of  the Rabies Prevention Act of  1950. 
For example the different ministries in charge 

of  administration (Ministry of  Health and 
Welfare) and implementation (Ministry of  
Agriculture and Forestry) of  the Act and no 
regulations regarding the entity responsible 
for administering anti-rabies vaccinations 
(Tokutomi, 1950). Also, many dog owners 
were not cooperative in dog registration due 
to the requirement for twice-a-year vaccina-
tions which had a reasonably high cost (Ueki, 
2007, pp. 11–12). There were some cases 
where dog bites in a community were treated 
as court issues (Ueki, 2007, p. 12). However, 
these problems were quickly resolved through 
intersectoral cooperation, which aligns with 
the current concept of  One Health.

19.2.2  Maintenance of ‘rabies-free’ 
status after elimination

Current strategies of  keeping zero rabies are 
based on the Infectious Diseases Control Act of  
1999 and the Rabies Prevention Act of  1950. 
To monitor the rabies outbreaks in the country, 
rabies is listed as a Category IV Infectious Disease 
under the Infectious Diseases Control Act of  
1999, meaning that all cases have to be reported 
immediately to the governor of  residence by the 
doctors who diagnosed rabies patients. Rabies 
viruses must be detected by the isolation and 
identification of  pathogens, using the fluo-
rescent antibody test (FAT), polymerase chain 
reaction (PCR) or enzyme-linked immunosorb-
ent assay (ELISA) before the diagnosis (MHLW, 
n.d.a) Also doctors have to report immediately 
to the authority if  they are suspected of  rabies 
infection after a post-mortem examination of  a 
body with clinical features of  rabies. Likewise, a 
veterinarian who diagnoses or examines a rabid 
or suspected rabid dog must report the case to 
the director of  the nearest public health centre 
under the Rabies Prevention Act of  1950. Also 
the local government prepares for practical 
responses to possible rabies outbreaks among 
both humans and dogs in the community 
based on two guidelines: (i) ‘Rabies Response 
Guideline 2001 in case of  a rabies outbreak in 
Japan’ (MHLW, 2001); and (ii) ‘Rabies Response 
Guideline 2013 for the risk management of  
rabid dogs found in Japan’ (MHLW, 2013).
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19.2.2.1  Pet owners’ responsibility: 
registration and vaccination

It is the pet owner’s responsibility that pet dogs 
aged 91 days and older have to be registered to 
their municipality of  residence under the Rabies 
Prevention Act of  1950. After the registration, 
the owner is required to attach the registration 
tag to a collar worn by their pets. The registra-
tion fee is dependent on each municipality, but 
a cost of  approximately ¥3000 (US$26; US$1 = 
¥114.92 (Japanese yen), as of  7 March 2022) 
per pet dog is borne by the owner. Annual anti-
rabies vaccination is also mandatory. The owner 
has to pay an additional ¥3000 (US$26) per 
vaccination. Until March 1985, vaccinations 
were required twice a year. Currently, every 
April–June is set as ‘rabies vaccination months’ 
to encourage all pet owners to complete their 
pet’s annual vaccination at the nearest animal 
clinic or mass dog vaccination site (Fig.  19.2). 
According to the Ministry of  Health, Labour 
and Welfare of  Japan (MHLW) report, there are 
approximately 6.2 million registered dogs with 
71.3% of  vaccination coverage in 2019 (MHLW, 

n.d.b). However, it is estimated that there are 
8.8 million pet dogs, including unregistered ones 
(Japan Pet Food Association, 2020), meaning 
that the vaccination coverage is only 49.7%, 
which is much lower than the WHO recom-
mendation of  at least 70% coverage (which, 
anyway, mainly applies to endemic countries). 
The Act mentions the penalty for those failing 
to comply with pet dog registration or annual 
vaccination, with a maximum fine of  up to 
¥200,000 (approximately US$1740). However, 
this penalty has not been strictly applied so 
that vaccination coverage among registered 
dogs dropped from nearly 100% in 1985 to the 
current level of  71.3%.

19.2.2.2  Prevention of imported animal 
cases

On the other hand, a national quarantine system 
has been improved and strictly enforced at the 
port of  entry. Under the new quarantine regu-
lation of  importation and exportation of  pets 
and animals with the Rabies Prevention Act of  

Fig. 19.2.  Examples of rabies awareness leaflets (left: dog vaccination; right: rabies prevention during 
travelling abroad). (1) ‘Protecting people and dogs from rabies’; (2) Rabies vaccination months (April 
to June); (3) Pet dog registration, vaccination, registration and vaccination tags to dog collar as a 
mandatory to pet owners under the Rabies Prevention Act; (4) About rabies; (5) Countermeasures;  
(6) No unnecessary approach to animals and no feeding; (7) Rabies epidemiology; (8) When bitten, wash 
wounds carefully, go to hospital for post-exposure prophylaxis (PEP), and consult with a quarantine 
officer after returning to Japan. From MHLW (n.d.a). Only numbers in green circles have been added by 
Koji Kanda.
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1950 and the New Domestic Animal Infectious 
Diseases Control Act of  1951, dogs, cats, foxes, 
racoons and skunks are required to undergo 
import quarantine. The quarantine procedures 
differ according to the type and origin of  
animals. For example, the importation of  dogs 
and/or cats requires eight steps until the release 
of  the imported animals from a quarantine office 
at the port of  entry. These are: (i) microchip 
identification; (ii) two separate rabies vaccina-
tions; (iii) rabies antibody test; (iv) observation 
of  180 days and more; (v) advance notification 
form to a quarantine office of  entry via mail, fax 
or e-mail at least 40 days before arrival; (vi) pre-
export inspection; (vii) obtaining certificates; 
and (viii) import inspection (Fig. 19.3). The total 
length of  procedures for importation is 210 days 
and more. Six countries and regions (Australia, 
Fiji, Guam (USA), Hawaii (USA), Iceland and 
New Zealand) are designated as rabies free 
by the Minister of  Agriculture, Forestry and 
Fisheries as of  July 2013 so that they are exempt 
from vaccination and antibody test. Prior rabies 
vaccinations are not required for foxes, racoons 
and skunks, but the animals are stationed at a 
quarantine entry office for 12 hours if  they are 
from the above six designated countries and 
regions, or 180 days if  they are from the rest of  
the world. To qualify for the 12-hour quarantine 

of  these species, an importer must meet all the 
requirements before entry to Japan, which are 
microchip implantation, 40-day advanced noti-
fication to the port of  entry, approval of  import 
inspection of  animal, clinical inspection before 
departure, and obtaining a health certificate 
from the responsible exporting country govern-
ment agency (Animal Quarantine Service of  the 
Ministry of  Agriculture, Forestry and Fisheries, 
2013, pp. 3–4). Under this regulation, 4155 
dogs, 1681 cats and 11 foxes were successfully 
screened and imported into Japan in 2020 
(Animal Quarantine Office of  Japan, 2022).

Therefore, as long as the current quaran-
tine system is maintained or deregulated by only 
20%, the mathematical modelling estimates 
that the risk of  rabies reintroduction into Japan 
from abroad is infinitely low, indicating the 
importance of  full compliance of  current regula-
tions for animal quarantine (Kwan et al., 2017,  
p. 1168; Yamada et al., 2019, p. 204).

19.2.2.3  Raising awareness for rabies 
prevention

No new indigenous rabies cases for over 60 
years in Japan has made people’s awareness 
of  rabies prevention very low. In particular, 
some pet owners have questioned the need for 

Fig. 19.3.  Animal quarantine procedures. From Animal Quarantine Service of the Ministry of Agriculture, 
Forestry and Fisheries, 2021a, b. Figure created by Koji Kanda.
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annual dog vaccination due to Japan’s rabies-
free status for more than half  a century, so the 
vaccination rate, including non-registered dogs, 
is currently limited to about 50%. The aware-
ness among stakeholders involved in rabies 
control and prevention is also not high due to 
the extremely small number of  suspected rabies 
cases. Periodical training for rabies person-
nel has helped enhance their awareness and 
understanding of  appropriate responses towards 
rabies control, but opportunities for such train-
ing are limited (Kigami et al., 2016, pp. 18–21). 
In addition, many Japanese are unaware of  the 
worldwide rabies epidemic, resulting in very few 
of  them receiving pre-exposure vaccinations 
before travelling unless they are required to 
do so. Several reasons for limited pre-exposure 
vaccinations among travellers are considered. 
One is that an anti-rabies vaccine is usually only 
available at travel clinics, many of  which are 
located in major cities. The cost of  pre-exposure 
vaccination is prohibitively high at ¥15,000–
20,000 (US$130–174) per shot. Three-time 
vaccinations are also burdensome until obtain-
ing the required antibodies. As a result, it is very 
unlikely to be vaccinated on short trips abroad, 
and regretfully four people have died from rabies 
after being bitten by a dog during travel after 
the nationwide elimination in 1957. Several 
journals have recommended rabies awareness 
raising and pre-travel vaccination for Japanese 
travellers (Basnyat et  al., 2000, p. 37; Kashino 
et  al., 2014, p. 246). A public awareness cam-
paign on World Rabies Day seems not to be well 
activated in the country. Therefore, it is of  great 
concern how to raise and keep rabies awareness 
in a country rabies free for several decades, 
where rabies is considered ‘a forgotten disease’.

19.2.2.4  Economic benefits of rabies 
control

Huge financial resources and efforts are spent 
on implementing Japan’s current rabies control 
measures. Of  those, annual mandatory vac-
cination among pet dogs is a unique practice 
that major rabies-free countries and territories, 
including Australia, France, Hawaii, Hong 
Kong and the UK have not adopted (Yamada 
et  al., 2019, p. 206-207 ). As previously men-
tioned, Japan’s average cost of  vaccination is 
approximately ¥3000 (US$26) per shot. If  all 

of  the 6.3 million registered dogs in 2019 were 
vaccinated, the total cost would have been 
¥18.9 billion (US$163.8 million) annually. The 
cost would be estimated to reach ¥26.7 billion 
(US$231.4 million) if  2.6 million unregistered 
dogs are included in the calculation. Besides 
this, a one-time registration cost of  approxi-
mately ¥12 billion (US$10.4 million) in total 
and unknown indirect costs would be added 
for pet dog management for rabies control. 
The indirect cost would be twice as much as 
the total vaccination expenditure (Koba et  al., 
2009, p. 71). However, the economic burden of  
a canine rabies outbreak has been estimated to 
be only about US$1.7 million with the current 
vaccination schedule and US$5 million without 
the schedule, concluding that the current vac-
cination strategy in Japan is poorly cost-effective 
(Yamada et  al., 2019, p. 205). Therefore, the 
World Organisation for Animal Health (WOAH, 
founded as OIE) raised the concern that the 
current annual vaccination schedule may need 
to be reviewed by undertaking a cost–benefit 
analysis of  the mandatory rabies vaccination of  
dogs using a risk assessment approach and con-
sidering international ‘best practices’ (Weaver 
et al., 2017, p. 7).

On the other hand, sylvatic rabies 
occurred among ferret badgers in Taiwan in 
2013 for the first time in 52 years since 1961, 
and 816 positive cases were confirmed by 
February 2020 (Wu et al., 2014; WOAH, 2020, 
p. 2). This resulted from surveillance of  wildlife 
animals after a long period of  infection and 
incubation among them. After this outbreak, 
the Taiwanese government strengthened 
preventive measures mainly by vaccinating 
domestic dogs and cats and animal quarantine 
personnel. Thus, the Japan Veterinary Medical 
Association (2019, p. 192) has expressed that 
the current review of  loosening rabies vaccina-
tion is questionable, as sylvatic rabies surveil-
lance is unavailable in Japan. Costs for rabies 
elimination and maintenance of  zero rabies 
cases are huge but may be required at some 
point. Japan has eliminated rabies by stray dog 
confinement and biannual vaccinations with 
strong political commitment. Implementing 
sustainable measures based on regular post-
elimination monitoring is required to maintain 
a rabies-free country.
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19.3  Japan’s Lessons for Countries 
Working Towards Zero Human 
Deaths: The Case of Sri Lanka

Takayama (2000) summarized the reasons for 
achieving rabies elimination in Japan in the 
1950s into four points:

•	 an island country that could carry out 
quarantine activities efficiently;

•	 no sylvatic rabies throughout the country;
•	 no overlap in the living areas between bats 

and dogs; and
•	 the people’s highly cooperative attitude in 

rabies control activities.

Regarding practical aspects of  rabies 
control, the following three issues are worth 
mentioning: (i) robust data collection; (ii) pet 
dog registrations and stray dog confinement; 
and (iii) maintenance of  pet dog vaccination 
rate. We will briefly discuss the above practical 
issues to provide further clues to reaching rabies 
elimination for the countries with zero human 
deaths.

19.3.1  Robust data collection

Robust data collection enhanced and pro-
moted rabies control activities in the Tokyo 
Metropolitan Area, where the rabies epidemic 
was scarce at that time. During the years in 
the stage of  achieving zero human deaths, the 
Tokyo Metropolitan Government regularly col-
lected and published detailed rabies data such as 
both human and animal rabies cases (especially 
dogs), results of  the canine rabies examination, 
estimated dog population by the type of  their 
attributes (pet dogs, stray dogs, roaming dogs) 
and locations, the number of  stray dog confine-
ments, and vaccination rates (e.g. Shimada et al., 
1954; Kitaura et al., 1955, pp. 249–250; Ueki, 
2007, pp. 1–229). These are still accessible today, 
even though rabies elimination was achieved 65 
years ago. However, rabies surveillance data in 
many countries is not recorded accurately and 
analysed systematically. Particularly, it is usually 
handled by different government organizations 
due to its zoonotic characteristics; therefore, 
data sharing is difficult.

For example, in Sri Lanka, where rabies 
elimination is about to be achieved, rabies data 
collection has been conducted independently 
by three different government organizations. 
Assessing the data trends was often difficult due 
to the lack of  sharing information on animal 
population sizes, unquantified sampling biases 
owing to inequities in access to diagnostic 
capacities, regulatory and administrative barri-
ers, and continued reliance on clinical means to 
establish a diagnosis (Nihal et al., 2019, p. 1). As 
a result, the reduction in human rabies deaths 
has stagnated since 2015, and inadequate data 
management has become a barrier to the devel-
opment and implementation of  effective rabies 
control strategies, despite the extensive efforts 
of  canine vaccination and animal birth control 
(Kanda et al., 2021, pp. 8–9).

The concept of  One Health is now widely 
recognized, and collaboration among relevant 
departments of  rabies control is much easier 
than when Japan achieved rabies elimination. 
Léchenne et  al. (2021) also pointed out the 
advantage of  sharing information between the 
health and veterinary sectors through close 
communication. Fortunately, rabies data collec-
tion does not require special technology and can 
be easily achieved with continuous fieldwork 
and the application of  systematic surveillance 
systems. Therefore, it is essential to establish and 
operate a sector-wide data collection system, 
and to promptly and periodically visualize the 
collected information, while working towards 
rabies elimination and maintenance of  the 
‘rabies-free’ status at the earliest opportunity.

19.3.2  Pet dog registrations and stray 
dog confinement

The registration of  pet dogs is critical for under-
standing the canine population and estimating 
the vaccination rate. It is not technically dif-
ficult, as it requires a one-time notification to 
the nearest local authority when pet owners 
gain possession of  their pet. Rather, sufficient 
awareness raising of  the need for registration 
is required. For example, there are a certain 
number of  unregistered dogs in Japan, while 
registration is mandatory. Fortunately, unreg-
istered dogs are not a major problem because 
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there are now virtually no stray dogs in the 
country; however, the vaccination rate based on 
the registered and estimated unregistered dogs is 
well below the maintenance target of  70%.

Although it is only available in Japanese, 
MHLW releases the number of  registered dogs 
as part of  annual statistics for rabies control 
(MHLW, n.d.c). Japan Pet Food Association 
(2020) also conducts a pet dog survey annually 
to estimate the number of  registered and unreg-
istered dogs using economic statistics such as dog 
food consumption. It is, however, merely possible 
to observe dog registration statistics in endemic 
rabies countries, including Sri Lanka. Among 
rabies control experts, a conventional dog to 
human ratio of  1:8 has been used for implement-
ing the anti-rabies measures (Perera et al., 2007, 
p. 69), but a systematic review indicated there 
was a wide range of  dog population estimates due 
to location and timing of  the study and methods 
applied (Kanda et al., 2021, p. 5). In other words, 
the denominator of  vaccination coverage is not 
always calculable accurately, negatively affecting 
the current and future vaccination strategy and 
birth control activities. Therefore, if  such esti-
mates are available, it will be easier to estimate the 
total number of  dogs, including non-registered 
dogs. It is true that if  an unregistered dog is fed 
human waste, it will be excluded from the statis-
tics. However, if  the number of  registered dogs is 
not expected to increase, such estimates may be 
useful in understanding the current situation of  
domesticated dogs.

On the other hand, applying Japan’s techni-
cal experience in terms of  stray dog confinement 
might be unrealistic. Stray dog control during the 
stage of  achieving zero human deaths in Japan 
focused on the capture and detention of  roaming 
dogs and registration and vaccination. In Tokyo, 
where the rabies epidemic was particularly 
serious, the detention period of  captured dogs 
was shortened (or they were destroyed) and 
roaming dogs on the street were fed poisonous 
food. In particular, the latter method was carried 
out during a campaign period with public aware-
ness. As a result, roaming dogs were destroyed 
and the number of  stray pet dogs themselves was 
reduced (Kitaura et al., 1955, p. 250). However, it 
is prohibitive in current society to carry out phys-
ical removals of  stray dogs for religious reasons 
and/or increased animal welfare. Community 
surveys in Sri Lanka revealed that stray dogs were 

an obstacle in people’s daily life and that their 
removal was banned (Matibag et al., 2007, p. 85; 
2009, p. 58; Muthunuwan et al., 2017). To com-
pensate for such situations, sheltering stray dogs 
is voluntary (Jayasinghe, 2009). In addition, a 
simple method to count the number of  stray dogs 
in the field was demonstrated (Conan et al., 2015,  
p. 179) to help manage the dog population in 
total.

19.3.3  Maintenance of pet dog 
vaccination rate

To meet the worldwide target of  70% vaccina-
tion coverage, it is essential to comprehend the 
accurate size of  the dog population. Japan 
successfully determined the precise number of  
dogs during the pre- and post-elimination stage 
of  rabies control. In Tokyo, for example, an 
estimated dog population during 1950–1966 
determined by the local government more or less 
matched the figure established by multiplying 
the number of  registered dogs by 1.5 when the 
existing data were analysed in 1967 (Ueki, 2007, 
pp. 33–35). As a result, the maintenance of  the 
required vaccination coverage and the preven-
tion of  indigenous rabies outbreaks have been 
achieved by accurate estimation of  the size of  the 
canine population or the denominator of  the vac-
cination rate. Nowadays, it is not impossible to 
determine the number of  stray dogs more easily 
and accurately by applying recently developed 
techniques, such as readily available livestock 
marking methods (Conan et al., 2015, p. 179). To 
identify stray dogs, rabies controllers need to put 
their time and effort into field surveys; they are 
not technically difficult and are a necessary step 
towards early elimination. Therefore, a strong 
political commitment to their implementation is 
highly desirable.

Regular vaccinations for domesticated dogs 
are required until and after rabies elimination. 
Although it is not cost-effective to continue 
annual vaccination for decades after elimina-
tion, as is the case in Japan, efforts must be made 
to maintain a vaccination coverage of  70% to 
hold a zero rabies status. To do this, it is essential 
to develop the necessary infrastructure during 
the phase of  achieving zero human deaths, 
including the provision of  human resources and 
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supplies for vaccination. Public awareness is 
also important during and after the elimination 
stages. The general public needs to be educated 
about first aid and post-exposure prophylaxis, 
as well as about the obligation of  dog owners to 
register and vaccinate their dogs. In Japan’s early 
days of  rabies elimination, public awareness was 
frequently raised using radio, posters and street 
advertising. Today, the Internet and social net-
working sites are also effective in raising aware-
ness. In Sri Lanka, rabies awareness activities 
as part of  health education in primary schools 
were introduced as a pilot study, resulting in 
close collaboration between health and edu-
cational sectors (Kanda et  al., 2015). For local 
community people, the distribution of  simple 
awareness leaflets was effective (Matibag et  al., 
2009, p. 61). These interventions can be more 
powerful if  social epidemiological surveys grasp 
the actual situation beforehand. Therefore, it is 
widely expected that awareness-raising activi-
ties will be promoted by government officials and 
researchers with various backgrounds, includ-
ing preventive medicine, veterinary medicine, 
sociology and anthropology.

19.4  Conclusion

This chapter provides an overview of  the suc-
cesses and challenges of  eliminating rabies 

and maintaining rabies-free status in Japan. 
We discussed how such experiences would be 
applied to countries with zero human deaths 
and contribute to worldwide rabies elimination 
by 2030. Japan strictly enforced robust data 
collection for human and animal rabies cases, 
stray dog confinement, pet dog registration 
and vaccination. All measures except stray dog 
confinement are still implemented to prevent 
rabies reintroduction, with an enhancement of  
the quarantine required for imported pets and 
wild animals. Such countermeasures require 
huge costs and efforts to maintain the services, 
particularly in annual vaccination. In addi-
tion, there is a concern for the decline of  rabies 
awareness among the general public, causing 
the stagnation of  the dog vaccination rate and 
the increasing number of  unregistered dogs, 
which may be a small but potential risk of  the 
reintroduction of  the disease. However, such 
practical experiences would be highly applicable 
to countries with nearly zero human deaths. 
In particular, detailed data collection as part 
of  sector-wide surveillance among relevant 
departments and estimating the dog popula-
tion through commercial statistics towards the 
target vaccination coverage of  70% would help 
accelerate nationwide elimination of  canine 
rabies and ultimately achieve the Zero by 30 
target.
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The aim of  this book was to bring together 
practical, real-world experiences with dog rabies 
control and dog-mediated human rabies elimi-
nation at the ground level, with the purpose of  
sharing ideas, suggestions and lessons learnt 
on how to accelerate towards dramatically 
reducing the burden of  this lethal disease in 
animals and humans. It is unlikely that the goal 
of  reaching zero human rabies deaths by 2030 
will be achieved in all rabies-endemic countries, 
but crucial progress can be made in the next few 
years to set the groundwork for the ‘last mile’ 
in the decade 2030–2040. With this timeline 
in mind, we hope that this collection will be of  
inspiration for current but especially prospective 
rabies practitioners, decision makers, scholars 
and any stakeholders across any sector, disci-
pline, community and country – within and 
outside Asia.

This concluding section builds on the 
take-home message that we, as editors, asked 
each chapter author to provide, as well as the 
messages that we personally took home from 
two international meetings that we attended 
in autumn 2022 when we were writing the 
conclusions of  this book. These two events are 
the Rabies in the Americas conference (Mexico, 
October 2022) and the World One Health 

Congress (Singapore, November 2022), where 
rabies was among the most represented diseases. 
These take-home messages can be recapitulated 
as follows.

The international rabies community 
requires collaboration from social scientists, 
communication specialists, and economics 
and policy experts in order to understand what 
obstacles are hampering a fast and smooth tran-
sition from the theory to the practice of  rabies 
elimination. Particular attention must be paid 
to mass dog vaccination and the need to imple-
ment it wherever necessary in a coordinated, 
systematic and sustained way. The future of  
rabies elimination lies in persistence. While mass 
dog vaccination is widely advocated, it is the lack 
of  sustained implementation that is causing this 
control method to fall short of  its yearly target 
goals, as well as the 2030 goal.

To do this, the adoption of  a collaborative, 
intersectoral One Health approach is integral 
to success. The Association of  South-east 
Asian Nations (ASEAN) should aim to advance 
competencies in One Health science and imple-
mentation, by developing more capable leaders 
and advocates who fully embrace the One Health 
approach. ASEAN member states should strive 
to narrow the One Health development gaps, 
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commit to establishing formal One Health multi-
sectoral coordination mechanisms, and look for 
incentives to collaborate between stakeholders 
to break down siloed approaches. This is crucial 
not only to co-design and co-implement rabies 
control strategies, but also to strengthen the 
surveillance of  human, dog and wildlife rabies. 
Moreover, because of  the crucial importance 
of  cross-border mass dog vaccination, regional 
networks such as ASEAN can play a key role 
in ensuring that not only single countries, but 
entire areas of  the world, move fast towards 
rabies elimination.

Structured conversational processes such 
as the World Café are very helpful to create a 
safe, welcoming environment where it is pos-
sible to increase awareness on why and how to 
eliminate rabies, connect and share multiple 
ideas and perspectives, generate novel solutions, 
and encourage collective action. The assump-
tion is that collective discussion can trigger the 
paradigm shift that a One Health approach to 
rabies control requires.

One Health collaboration needs to include 
rabies stakeholders at all levels of  society, from 
the international to the local one. At the local 
level, the network should include not only 
communities and traditional stakeholders 
(within and outside the health sector) but 
non-traditional stakeholders as well, such as 
religious leaders and traditional healers. This is 
necessary because rabies control strategies need 
to be tailored to the local social, cultural and 
religious context, and to build on local networks, 
resources and communication channels.

Rabies One Health networks also need to 
consider animal welfare activists, to ensure, if  
possible, that all rabies stakeholders are working 
towards the same goal – although, sometimes, 
in different ways. For example, animal welfare 
activists can be pivotal in convincing govern-
ment bodies and civil society that dog culling is 
not only ineffective, but counterproductive, in 
controlling dog rabies.

We need to make a strong investment case 
to finance mass dog vaccination as the most 
cost-effective control measure considering the 
high costs of  post-exposure prophylaxis (PEP) 
and overall rabies control. Financial resources 
for mass dog vaccination should come from 
both the human and the animal health sectors. 
Examples of  this One Health co-investment 

model built on the principle of  preventing rabies 
at the source (i.e. dogs) – and not just treating 
dog bites in humans – are available.

The mass vaccination of  puppies, using 
rabies vaccines of  high immunogenic capacity, 
can make it easier to achieve and maintain 
70% vaccination coverage. Additionally, the 
introduction of  oral dog vaccination can be a 
game changer in complementing parenteral 
vaccination, by enhancing vaccination coverage 
in hard-to-catch free-roaming dogs. Evidence 
exists to demonstrate the feasibility and scal-
ability of  oral dog vaccination and its potential 
contribution to the elimination of  dog-mediated 
human rabies. Coordination and assistance 
among countries, development partners and the 
private sector are urgently needed to make the 
best use of  this tool.

Dog ecology influences the efficacy of  mass 
dog vaccination. The collection of  field data is 
essential to improve knowledge of  local aspects 
such as population size and roaming ranges, 
habitat utilization, pack sizes, contacts, and dog 
population demographics and dynamics, and 
to form the basis of  evidence-based animal and 
public health policy for the control of  dog rabies.

The contribution of  dog population 
management to rabies control is in increas-
ing the accessibility of  free-roaming dogs, 
through measures such as the promotion of  
responsible behaviour, veterinary care, dog 
vaccination, dog population control, dog bites 
and rabies awareness, and law enforcement. 
The Asian continent has a high free-roaming 
dog population and relatively little investment 
in dog population management systems and 
associated small-animal veterinary services. 
Dog population management should provide 
an opportunity to bring additional funding, 
political will, and community support based 
on its wider aims reaching beyond only rabies 
control. Nevertheless, it should not divert 
resources away from vaccination. Rather it 
should support greater vaccination coverage 
and drive down the cost of  vaccination cam-
paigns and PEP.

Lacking or poor waste management 
increases the quantity of  food available to free-
roaming dogs and supports the growth of  their 
population, which in turn decreases the fraction 
of  vaccinated dogs. Efficient waste management 
is necessary to complement dog population 
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management and support mass dog vaccination 
efforts.

Accurate epidemiologic data both for 
humans and for animals is significant in stream-
lining rabies prevention and control and evalu-
ating the success of  intervention strategies. To 
have accurate data, laboratory confirmation 
is of  utmost importance. The straw and hook 
methods are techniques for brain specimen 
collection that are reliable, cheap, fast and easy 
to perform, and require fewer biosafety require-
ments compared to opening the skull (the 
standard method of  collecting brain specimens 
for rabies diagnosis).

Advancements in high throughput DNA 
sequencing tools and genomic techniques can 
help to better understand the transmission of  
rabies across geographies, the emergence of  
new lineages, and host-specific evolutionary 
and transmission dynamics of  the virus. Whole-
genome sequences can help classify circulating 
rabies strains for the identification of  high-risk 
areas and targeted control programmes for 
rabies elimination in Asia. With further opti-
mization of  protocols, training of  professionals, 
and infrastructure, these advanced techniques 
can facilitate rabies surveillance.

Resource-limited countries should imple-
ment cost-effective, PEP-saving measures, 
to benefit both national health systems and 
at-risk communities. Vaccine-pooling strategies 
that adopt the intradermal administration of  
vaccines are cost-effective options designed to 
administer fractional doses of  rabies biologicals, 
without compromising efficacy and by making 
sure that PEP is always available and free of  
charge for high-risk populations.

Animal Bite Treatment Centres provide an 
efficient system for widespread PEP delivery at 
the local level, but this infrastructure needs to 
be complemented with an animal investigation 
for a more holistic approach to bite management 
and for making sure that expensive PEP is used 
only when necessary. Collaboration between 
animal and human health workers should be 
strengthened, for example through the setting 
up of  an Integrated Bite Case Management 
system.

Based on Japan’s experience in the 
pre-elimination stage of  rabies, robust and 
cross-sectoral surveillance, mandatory pet dog 
registration, the maintenance of  high levels of  
dog vaccination coverage, free-roaming dog 
population control, and continuous awareness-
raising are indispensable tools to achieving and 
maintaining rabies elimination.

If  an impact is to be made by 2030, it is 
crucial to implement and scale up mass dog 
vaccination and PEP delivery to target those 
people and dogs living in socially, economically 
and marginalized areas. Actual rabies prior-
itization (beyond formal disease prioritization 
workshops) and long-term political and finan-
cial commitment to a One Health approach to 
rabies elimination are now all that is necessary 
to reach the final goal as soon as possible. When 
advocating for rabies elimination, it is useful to 
remember that:

•	 We have the tools and the knowledge to 
start making an impact now, and improv-
ing interventions as we go.

•	 Rabies is 99.9% fatal but 100% prevent-
able: let’s make that 0.1% count.

•	 Rabies elimination contributes to the 
achievement of  several Sustainable 
Development Goals: (1) no poverty, (3) 
good health and well-being, (10) reduced 
inequalities and (17) partnerships for the 
goals.

•	 Rabies elimination strengthens health 
systems to the benefit of  neglected and 
non-neglected diseases.

There is no single, simple solution to 
eliminate dog rabies from endemic areas nor to 
achieve zero human rabies deaths. Every aspect 
of  rabies control carries a set of  challenges to 
overcome in order to be successful. A multi-
pronged approach is hence needed, centring 
around a One Health collaborative effort. We 
must emphasize the need for sustained mass 
dog vaccination, continuous communication 
and open information sharing to learn from one 
another’s successes.
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