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Abstract
Purpose of Review Rabies is an ancient yet still neglected tropical disease (NTD). This review focuses upon highlights of 
recent research and peer-reviewed communications on the underestimated tropical burden of disease and its management due 
to the complicated dynamics of virulent viral species, diverse mammalian reservoirs, and tens of millions of exposed humans 
and animals – and how laboratory-based surveillance at each level informs upon pathogen spread and risks of transmission, 
for targeted prevention and control.
Recent Findings While both human and rabies animal cases in enzootic areas over the past 5 years were reported to PAHO/
WHO and OIE by member countries, still there is a huge gap between these “official” data and the need for enhanced sur-
veillance efforts to meet global program goals.
Summary A review of the complex aspects of rabies perpetuation in human, domestic animal, and wildlife communities, 
coupled with a high fatality rate despite the existence of efficacious biologics (but no therapeutics), warrants the need for 
a One Health approach toward detection via improved laboratory-based surveillance, with focal management at the viral 
source. More effective methods to prevent the spread of rabies from enzootic to free zones are needed.
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Introduction

Rabies encompasses multiple biomedical realities and 
defines the stuff of collective nightmares: an ancient relic 
of past domestications and subsequent colonizations; a 
fundamental disease of nature that ensures perpetuation by 

exploitation of basic mammalian behaviors; a quintessen-
tial, highly neurotropic viral etiology; an acute, progressive, 
incurable encephalitis, caused by several lyssavirus species; 
a model zoonosis for transdisciplinary, One Health engage-
ment; a case fatality exceeding all other infectious diseases; 
a personification of panic and pathos; and a vaccine-prevent-
able NTD (i.e., as exemplified by being the first article on 
this disease for this journal). Given its broad host spectrum 
among domestic animals and wildlife, rabies is widespread This article is part of the Topical Collection on Emerging Tropical 
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from the Arctic to the southern latitudes, except for Antarc-
tica and Oceania. Currently, the greatest burden falls within 
lesser developed countries of Africa and Asia, associated 
primarily with the bites of rabid dogs (Fig. 1, A-D) [1]. 
Building upon the regional progress obtained throughout the 
Americas over the past several decades, an extended global 
program is ongoing towards the elimination of human rabies 
due to canine rabies by 2030, via the broader use of preex-
posure prophylaxis (PrEP) to populations at risk, targeted 
application of postexposure prophylaxis (PEP) to exposed 
individuals and the mass vaccination of dogs (Fig. 1, C, 
D). Canine vaccination is a core component of such control 
and spillover prevention in humans. Because of the large 
number of free-ranging dogs, annual recruitment of naïve 
puppies, limited access, affordability of routine veterinary 
care in many areas, and the need for high (at least 70%) herd 
immunity, mass canine vaccination campaigns are critical to 
elimination. While such programs, driven particularly with 
foreign assistance, offer the potential for major impact, they 
are not sustainable without local support. Focusing primar-
ily upon recent literature from the past 5 years [1–5, 6•, 

7–14, 15•, 16–24, 25•, 26–30, 31•, 32•, 33•, 34–51, 52•, 
53, 54•, 55–62, 63••, 64–66, 67•, 68, 69••, 70–83, 84•, 85, 
86•, 87•, 88••, 89, 90•, 91–93, 94••, 95–100], the objective 
of this communication is to provide an update on rabies in 
the tropics (narrowly defined as those geographic regions 
between the Tropic of Cancer and the Tropic of Capricorn) 
and progress in human and animal case reduction towards 
the goal of “Zero by Thirty” (ZBT).

Africa

Over 20,000 Africans die from rabies annually, but surveil-
lance data are fragmentary [1]. This projected mortality 
figure is underestimated, because most cases occur in rural 
areas with poor healthcare access and limited surveillance 
[2–4]. As with most NTD, prevention efforts are inadequate, 
with a lack of funding and political commitment due to a 
myriad of other priorities, especially during the current 
pandemic. Hence, program evaluation towards the ZBT is 
critical.

Fig. 1  Illustrative examples of 
rabies encephalitis, diagnosis, 
control, and prevention in the 
tropics. A. Dog showing clinical 
signs of paralytic rabies (cour-
tesy of Philip P. Mshelbwala). 
B. Detection of rabies virus 
antigens in the brain of a rabid 
dog by the fluorescent antibody 
test (courtesy of Emmett 
Booker Shotts, USHUS Public 
Health Image Library; C. Mass 
canine vaccination in Malawi 
(courtesy of Philip P. Mshel-
bwala) D. Mass human pre-
exposure vaccination against 
rabies in affected Curaray River 
communities, Loreto Region, 
Amazon Basin, Peru (courtesy 
of Sergio E. Recuenco)
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During 2015, global partners formed a Pan-African 
Rabies Control Network (PARACON), to unite groups, 
enhance scientific expertise, and develop strategies for 
canine rabies elimination through a One Health approach. 
Unfortunately, most countries have not made significant pro-
gress. The Stepwise Approach Towards Rabies Elimination 
(SARE) provides a logical evaluation of activities, starting 
from stage zero (i.e., rabies is endemic with no control) to 
stage five (i.e., freedom from rabies). Recent data show 
rabies is uncontrolled in most countries (Table 1).

West Africa

Outbreaks of human rabies are notable in West Africa, but 
PEP is either unavailable or expensive [4]. In Burkina Faso, 
human rabies deaths occur in the face of low dog vaccination 
coverage (i.e., 26%) [5]. In Côte d'Ivoire, 637 deaths were 
identified, 24–47 times official reports [6•]. Between July 
2017 and February 2018, seven of eight suspected human 
cases were confirmed positive in Liberia [7]. Of the 144 
apparent healthy dogs tested in Ghana, 2% were rabid [8]. 
Of 905 animal bite victims in Senegal, 88% were inflicted 
by suspected rabid dogs, but 5% of patients failed to receive 
PEP [9]. In Nigeria, canine rabies prevalence was estimated 
between 3 and 28%, with low dog vaccination rates of 12% to 
38% [2]. In Benin, 287 human deaths were reported between 
2012 and 2017 [10]. Of 486 suspect animals in Mali, 93% 
were rabid [11]. There is no current literature for Guinea, 
Gambia, and Bissau Guinea, but the US CDC classifies these 
countries as “hotspots” (https:// www. cdc. gov/ impor tation/ 
bring ing- an- animal- into- the- united- states/ high- risk. html). 

The Regional Disease Surveillance Systems Enhancement 
(REDISSE) program and other partners support programs 
throughout West Africa in an attempt to improve upon data 
collection [28].

East Africa

A century of rabies surveillance supports the view that 
rabies is endemic in Kenya, and the country has recently 
implemented a 15-year strategy to end dog-mediated human 
rabies deaths [29]. Of 37 samples collected from animals 
in Uganda, 77% were confirmed positive for rabies virus 
(RABV), even though multiple lyssaviruses are found 
throughout the continent [12]. In Rwanda, canine rabies 
evidence is rare. However, a survey in Kigali observed a 
high level of rabies knowledge (74%) and an understanding 
of clinical signs (99%), but a low awareness of medical aid 
after a dog bite (20%) [13]. The US CDC suggests Burundi 
and Rwanda are hotspots. Canine rabies is abundant in Ethi-
opia, and a comprehensive country-wide analysis between 
2010 and 2020 estimated a random pooled prevalence of 
rabies of 28% (95% CI: 0–81%) in animals and 33% (95% 
CI: 20–47%) in humans [14]. Besides being of major pub-
lic health and agricultural significance, canine rabies also 
impacts conservation biology due to cross species transmis-
sion to highly endangered Ethiopian wolves. Within Tan-
zania, 19 to 76 exposures per 100,000 persons were esti-
mated in two local districts [15•]. A significant proportion 
(25%) of people in these communities did not seek medical 
care due to cost and poor risk assessments. Using Bayes-
ian regression, a recent study estimated 960 human rabies 

Table 1  Examples of the current stepwise approach towards rabies elimination (SARE) scores* in Africa and Asia (0 for canine rabies-endemic 
countries and 5 signifying freedom from canine rabies)

* SARE information obtained from the Global Alliance for Rabies Control https:// rabie salli ance. org/ about/ where- we- work

SARE score No score 0 0.5 1.5 2 2.5 3.5 4 5

Africa Angola, Burkina 
Faso, Mali, 
Mauritania, 
Somalia, South 
Sudan, Togo

Eritrea, Guinea-
Bissau, Leso-
tho, Niger, 
Sierra Leone, 
Somaliland

Kenya, 
Uganda, 
Zambia

Benin, 
Botswana, 
Cameroon, 
Central Afri-
can Republic, 
Chad, Gabon, 
Ghana, 
Guinea, Libe-
ria, Mozam-
bique, Nigeria, 
Republic of 
Congo, Sen-
egal, Sudan, 
Tanzania, 
Zimbabwe

Côte d'Ivoire, 
Ethiopia, 
Madagascar

Namibia, Zan-
zibar

Asia Myanmar Lao, Nepal China, India,
Pakistan

Bangladesh,
Indonesia, 

Malaysia

Bhutan,
Philippines,
Thailand,
Viet Nam
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deaths annually in Madagascar [16]. Regarding collabora-
tions within East Africa, the US CDC and other partners 
support rabies surveillance, prevention, and control activi-
ties, through funding and capacity building [15•, 16, 29].

Southern Africa

Once a bastion for control, South Africa has recently con-
firmed multiple human rabies cases, bringing the national 
total to at least 17 deaths for 2021. Namibia has progressed 
in rabies control (SARE score of 2.5), with significant sup-
port from the German Government [17]. Before implement-
ing a recent plan, the annual incidence of human rabies was 
estimated to be 1.0–2.4/100,000 between 2011 and 2017 
[18]. Besides rabid dogs, there were multiple confirmed 
cases among jackals and kudu. In Botswana, one canine 
rabies outbreak resulted in the death or disappearance of 
at least 29 highly endangered African wild dogs [19]. In 
Zambia and Zimbabwe, analysis of multiple isolates from 
different species found that RABV belonged to one common 
viral lineage [20]. In Malawi, coordinated domestic animal 
vaccination was lacking and a single hospital reported sev-
eral human deaths due to canine rabies. However, since the 
implementation of mass dog vaccination (Fig. 1, C) by the 
NGO, Mission Rabies, in May 2015, vaccination coverage 
has improved (79% in 2015; 78% in 2016; and 72% in 2017) 
[16]. Elsewhere, in Mozambique, 14 human rabies cases 
were associated with a low (27%) dog vaccination rate [17].

Central Africa

In the Democratic Republic of the Congo, a high incidence 
of rabies (i.e., 5.2 per 1000 person-years) and low commu-
nity knowledge was recorded [21]. One study in Cameroon 
observed within-country geographical heterogeneity of dog 
RABV isolates during 2010 and 2016 [22]. During 2019, a 
report from the Central African Republic found increased 
bites by stray dogs and reported two human deaths during 
2019 [23]. In Chad, investigators documented low access 
to PEP (i.e., 8.5%) before implementation of free human 
vaccination [24]. There were no current data for Angola, 
Equatorial Guinea, and Gabon, but the US CDC lists all as 
hotspots.

Rabies in South and Southeast Asia

Despite widespread underreporting, most global human 
rabies deaths (~ 60%) occur in Asia, with an associated 
annual loss of approximately 2.2 million DALYs [1, 25•]. 
As in Africa, domestic dogs are the main reservoirs and 
vectors of transmission and areas targeted for vaccination 
at the source, using a One Health approach [26]. India 

accounts for most human deaths in Asia (~ 60%). Afghani-
stan, Bangladesh, Cambodia, China, Indonesia, Myanmar, 
Nepal, Pakistan, the Philippines, and Vietnam also have a 
considerable disease burden [1, 25•]. While Timor Leste, 
Brunei, the Maldives, and some islands (e.g., the Andaman 
and Nicobar, and Lakshadweep) in India have been histori-
cally “rabies-free”, a few other countries in Asia, such as 
Japan, the Republic of Korea, and Singapore have eliminated 
canine rabies by mass dog vaccination and population man-
agement programs [27–29]. Several localities are frequent 
tourist destinations (e.g., Bali) and a major source of guest 
workers globally, thus contributing to human rabies cases in 
non-endemic countries world-wide [30].

Nerve tissue vaccines (NTVs) were phased out in all 
Asian countries by 2015. Only tissue culture or embryo-
nated egg-based rabies vaccines are available for human 
prophylaxis [25•]. In contrast to Africa, the WHO Regional 
Office for South-East Asia has promoted the use of dose- and 
cost-sparing intradermal (ID) vaccination in Member States 
through policy advocacy and capacity building as one of the 
strategic approaches to improve accessibility, affordability, 
and availability of modern human biologics towards the ZBT 
goal [31•]. To date, ID vaccination, initially introduced and 
widely used in Thailand, has also been successfully imple-
mented in Sri Lanka, the Philippines, Bangladesh, India, 
and several other Asian countries. India is the only country 
in the south and southeast Asian region producing human 
rabies vaccines and supplying the neighbouring countries. 
Recently, anti-RABV monoclonal antibody (MAb) products 
were approved for human PEP in India [32•, 33•]. The use of 
MAbs may help overcome the limitations relating to supply, 
cost, and quality of rabies immune globulins in the region.

A meeting organized by the FAO/OIE/WHO tripartite, 
together with ASEAN representatives during December 
2018 in Hanoi, Vietnam, and the South Asian Association 
for Regional Cooperation (SAARC) in Kathmandu in June 
2019, fostered the commitment of the countries in south and 
southeast Asia towards the ZBT goal [34]. Recent reports 
highlight the considerable progress towards this goal in some 
countries, achieved through targeted and diverse initiatives, 
as well as multiple challenges. Significantly, the Republic 
of Korea declared the elimination of enzootic transmission 
of canine rabies in 2017 and have controlled wildlife rabies 
by oral vaccination [28, 35]. Sri Lanka, Bhutan, Thailand, 
and Bangladesh have registered a considerable reduction in 
human rabies deaths [1, 26]. In India, the state of Goa, a 
global tourist destination, is moving towards canine rabies 
elimination [34], with no human deaths reported during 
the last 4 years. In contrast, for the first time in 20 years, 
Malaysia has reported an outbreak of canine rabies, leading 
to more than 15 human deaths, highlighting the persistent 
threat of transboundary incursions [36]. In 2013, rabies 
was confirmed in ferret-badgers in Taiwan, which has been 
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canine-rabies free since 1961, prompting public health 
measures to prevent human rabies cases and considerations 
for wildlife intervention [37]. The SARE scores are available 
for a few Asian countries (Table 1) [38].

Major challenges in rabies prevention and control efforts 
throughout Asia include competing health priorities, lack of 
intersectoral coordination and comprehensive rabies control 
programs, ineffective surveillance resulting in underestima-
tion of the disease burden, lack of access to PEP, huge stray 
dog populations, and patchy/ineffective dog vaccination and 
contraception programs. The shift in global health priori-
ties during the COVID pandemic has impacted measures, as 
highlighted by the first human death due to rabies since 2016 
reported in Bhutan recently, attributed to the challenges in 
seeking timely PEP and interruption of routine dog vac-
cination campaigns across porous borders [39]. Optimisti-
cally, lessons learned from the pandemic might potentially 
help strengthen diagnostic capacity, supply chains, regional 
coordination, and transdisciplinary approaches towards ZBT 
[39].

The Americas

Considering the historical burden, the Americas has dem-
onstrated the greatest recent progress towards the ZBT goal 
(and is the only area in which RABV is the sole representa-
tive lyssavirus species) by a successful regional strategy 
[1]. Within North America, Canada and the USA began 
major mass dog vaccination programs following World War 
II. Today, these countries report few human cases, either 
acquired indigenously from wildlife or imported after dog 
exposure [40]. Increasingly, developing countries within the 
region are repeating the same positive trend.

Mexico, Central America, and the Caribbean

In 1983, Latin American countries, with the coordination 
by the Pan American Health Organization (PAHO), began 
a regional program for canine rabies prevention, control, 
and elimination. To date, outcomes are well exemplified by 
Mexico. Since the 1990s, annual mass canine vaccination 
programs were highly cost-effective, and significantly, dur-
ing 2019, the country received validation from the WHO as 
a country free of canine-mediated rabies [41, 42]. No human 
cases were reported that year, but rabies was detected in 74 
rabid animal samples (i.e., primarily livestock mediated by 
primary wildlife reservoirs) of 22,924 tested [40]. In addi-
tion to well-defined reservoirs in bats, wild mesocarnivores 
(such as coati, foxes, and skunks) are also implicated [43]. 
Ongoing vigilance is critical, because canine rabies rein-
troduction is a threat at the southern border, with sporadic 
reports within Belize, El Salvador, Honduras, Guatemala, 

and Nicaragua, where enhanced rabies surveillance, canine 
vaccination, and human PEP may be less than ideal [44]. 
Besides canine rabies, hematophagus, insectivorous, and 
other bats pose a major public health and veterinary threat 
throughout Central America [45–47]. For example, in Costa 
Rica, the last autochthonous canine-mediated case of human 
rabies occurred in the 1970s, in contrast to recent human 
cases associated with bat RABV [48].

In the Caribbean, only a few localities report rabies (i.e., 
Cuba, Grenada, Hispaniola, Puerto Rico, Trinidad, and 
Tobago), mediated primarily via bat or mongoose RABV, 
with the exception of canine rabies in Haiti [49]. This nation 
has the highest poverty rate in the region, as well as the 
greatest human rabies burden [50]. Over the past decade, 
there have been multiple initiatives to prevent and control 
canine rabies in Haiti – including enhanced surveillance, 
public education, integrated bite case management, expan-
sion of mass parenteral dog vaccination campaigns, and the 
use of oral vaccination for free-ranging dogs – in attempts 
towards elimination. Moreover, when traditional methods 
failed to achieve sufficiently high vaccination levels to inter-
rupt sustained RABV transmission, additional approaches 
(i.e., using smart-phone technology for spatial coordina-
tion and Haitian management team communications) could 
increase canine vaccination coverage towards 70% [51]. 
Unfortunately, the combination of environmental disasters, 
political instability, and setbacks from the COVID19 pan-
demic has interrupted such progress. Restarting routine dog 
vaccination programs as soon as possible would prevent 
thousands of human exposures, saving hundreds of lives 
annually [52•].

South America

As in other parts of Latin America, South America achieved 
significant progress in rabies prevention and control by the 
end of the twentieth century, due to the continental campaign 
focused on canine vaccination, begun in 1983 [53, 54•]. Sev-
eral countries reached the elimination of human rabies cases 
due to dogs, long before the current ZBT goal was launched 
in 2015. For example, Uruguay reported the last associated 
human case in 1966, and the last canine rabies epizootic in 
1968 [55]. In Chile, the last human case due to canine rabies 
was in 1990 [56]. Argentina achieved canine rabies control 
during the 1990s but in 2008 had another human case, with 
sporadic canine rabies cases until 2020 [57]. Most of the 
continent is considered canine “rabies-free” except Bolivia, 
the south of Peru, and parts of Brazil. Human cases due to 
canine rabies are still reported primarily from Bolivia [54•]. 
In 2014, Arequipa, in southern Peru, had a reintroduction of 
canine rabies, just a few months after Peru had declared that 
area free of dog rabies. Efforts to control the Arequipa out-
break have been unsuccessful. Six years after reintroduction, 
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canine rabies is reestablished as an endemic canine RABV 
focus, undergoing expansion. Given the efficacy of PEP, no 
human cases are reported from Arequipa, to date [58–60].

While many South American countries maintain an 
efficient surveillance system and contribute to the PAHO 
reporting system (i.e., SIRVERA), the intensity and qual-
ity of these activities across various regions are not uni-
form. Insufficient data are available from some countries 
(e.g., Venezuela), and weaker surveillance in remote and 
less populated regions (e.g., indigenous communities in the 
Amazon Basin) result in delayed or no reporting. Conse-
quently, large areas may appear epidemiologically “silent,” 
yet present unpredictably with livestock and human rabies 
outbreaks due to vampire bats [61].

As success in the management of canine rabies pro-
gressed in recent decades, simultaneously wildlife rabies 
emerged in several parts of the continent. Cases were asso-
ciated with multiple reservoirs unique to the Americas, with 
human exposures from hematophagous bats in Amazonia 
and northern Argentina, insectivorous bats in Brazil and 
Chile, and marmosets in Brazil. Human rabies via a cycle in 
the common vampire bat, Desmodus rotundus, was the most 
important source of human cases in the twentieth century. 
Major outbreaks were reported, mainly in Brazil and Peru 
[62]. Vampire bat RABV variants circulate throughout most 
of the continent east of the Andes Mountains. From Mexico 
to Argentina, this area represents the greatest regional bur-
den of rabies among livestock. Such losses of food, milk, 
and hides impact the local economy for the large livestock 
producer and perpetuate poverty among farming villages 
from morbidity and mortality in small ruminants. Peru was 
most affected by human rabies outbreaks, including clusters 
of 10 to 20 human deaths, until 2011 when a program of 
massive PrEP for high-risk areas was launched (Fig. 1, D). 
So far, this strategy has successfully halted human outbreaks 
in affected areas, to date [63••, 64, 65]. Considering that bat 
RABV results in cross species transmission, cats emerged as 
an intermediate vector of relevance in Colombia and Brazil, 
due to the frequency of exposures in populations where vam-
pire bats and rabies are present, with exposures and human 
fatalities via rabid cats [66].

Besides vampire bat rabies, some reports indicate that 
RABV circulation among insectivorous bats may be more 
extensive throughout the continent than just in Chile and 
Brazil. To confirm emergence of these and other reservoirs, 
improvements in access to timely, local laboratory-based 
surveillance and genetic characterization are needed across 
the continent [16]. For example, a nonhuman primate, Cal-
lithrix jacchus, the white-tufted marmoset, is now recog-
nized as a RABV reservoir (i.e., the only documented global 
example among nonhuman primate spp.) in northeastern 
Brazil, causing human outbreaks over the last 3 decades. 
This finding is indicative of the potential for other wildlife 

to emerge as RABV reservoirs within the Neotropics [67•]. 
In this regard, recent reports also suggest that kinkajous 
(Potos flavus), a mesocarnivore relative of raccoons, may 
be an emerging RABV reservoir in Brazil and Peru. With 
human exposures reported, the public health risk is a con-
cern, requiring further regional molecular and epidemiologi-
cal confirmation [68].

Despite significant achievements, such progress on rabies 
prevention and control throughout South America is threat-
ened by the impact of the ongoing COVID-19 pandemic, 
resulting in the reduction of canine vaccination activities in 
the endemic area of Arequipa and reduced access to primary 
care for exposures due to biomedical staff shortages and 
supply chain limitations [69••, 70]. Historically, the con-
tinent had access to rabies biologics via the revolving fund 
sponsored by PAHO. Nevertheless, limited information and 
lack of public health education on the wildlife rabies risks 
prevent exposed individuals from receiving appropriate and 
life-saving PEP [71]. Such setbacks within the Americas, a 
region that served as a model for Africa and Asia towards 
achieving ZBT, is a major concern for future progress.

Australia

As a continent, Australia is historically free of RABV but is 
endemic for Australian bat lyssaviruses. During the past dec-
ade, preparedness for a possible canine RABV incursion has 
focused upon northern Australia. This is a vast region and 
sparsely populated. Many small indigenous communities 
are located here, and large populations of roaming domes-
tic dogs are a feature. In addition, wild dogs (dingoes and 
their domestic hybrids) are part of the ecosystem of northern 
Australia. Given these susceptible populations, the spread 
of canine RABV throughout southeast Asia, and particu-
larly in Indonesia, has driven recent preparedness research. 
Components have included demographic studies on roaming 
domestic dogs and wild dogs, risk assessments, infectious 
disease spread modelling, and community consultations and 
policy development.

To prepare for a canine RABV incursion, from surveil-
lance to vaccine needs, the size, distribution, and character-
istics of the populations at-risk need to be known. To this 
effect, the roaming behaviours of dogs in northern Austral-
ian indigenous communities have been studied. Research 
includes using sight-resight techniques to determine the 
number of roaming dogs within a community [72], measur-
ing the home range and utilization distribution of domestic 
dogs using GPS collars [73–75], estimating contact rates 
between dogs [76–78], and identifying risk factors that 
might promote more extensive canine roaming patterns [8]. 
The use of miniature video cameras has also been inves-
tigated [79]. Canine use for hunting purposes has been 
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described using questionnaire surveys [80]. The wild dog 
population has been characterized in terms of genetic diver-
sity [81], phenotypes [82], densities and distributions [81], 
and the potential interactions between wild and domestic 
dogs [83]. These demographic studies have confirmed that 
the populations at risk in northern Australia are likely capa-
ble of supporting canine RABV infection should an incur-
sion occur and that viral transmission between domestic and 
wild dogs is likely.

Risk assessments of the likelihood of a canine RABV 
incursion have been conducted in the Torres Strait [84•], 
separating the Australian mainland from Papua New Guinea 
[85]. Part of this process includes identifying possible dis-
ease spread pathways, which focus on the “why and how” 
people might move dogs, such as for trade, gifts, or hunt-
ing [86•, 87•]. These risk assessments have concluded that 
the risk of a canine RABV incursion is non-negligible and 
depends primarily on the underlying prevalence of rabies in 

the source population. Thus, ongoing surveillance in Indo-
nesia and Papua New Guinea is critical to inform these risk 
assessments and for disease preparedness plans.

Finally, models of how rabies might spread through 
domestic [88••] and wild dog [89, 90•] populations in north-
ern Australia have been developed, based on field research 
and knowledge of RABV biology. Such models can be used 
as decision-support systems, for example, to determine how 
to best use vaccination, should an incursion occur [91, 92]. 
The output from models creates an opportunity to engage 
local communities in the process of designing preparedness 
policy that considers community values [93], such as how 
domestic dogs are managed versus how a disease outbreak 
response might be operationalized [94••, 95]. This recent 
research in northern Australia has contributed significantly 
towards the cycle of preparedness planning and response 
[96]. However, additional research activities are needed 
because of the ever-evolving nature of the rabies threat to 

Table 2  Selected issues for consideration of resolution towards ideal rabies prevention and control goals withing tropical countries

Challenge Opportunity

No information on local rabies case occurrence Enhanced, de-centralized, point of care, laboratory-based surveil-
lance, using the most practical OIE and WHO protocols, with related 
requests for reports by the public and training of community surveil-
lance staff in sample collection

Inadequate coordination on animal and human prevention activities Intersectoral collaboration with Ministries of Agriculture, Environ-
ment, Health and others, together with academic institutions and local 
stakeholders

Identification of a program score at or near zero regarding canine 
rabies management

Development of a national plan in a One Health context, with clearly 
outlined strategies, defined activities and realistic timelines for moni-
toring

High cost of human rabies biologics Adoption of dose-sparing, abbreviated schedules for prophylaxis
Large numbers of nonexposed individuals seeking prophylaxis Continuing education for the public using traditional healers and health 

care providers for application of appropriate risk assessments
Unvaccinated populations at occupational or community risk of routine 

viral exposure
Utilization of new dose-sparing schemes and abbreviated pre-exposure 

schedules of vaccination
Lack of prioritization on zoonoses, such as rabies Planning for advocacy on World Rabies Day and engagement with 

national, regional, and global leaders
Limited education on rabies Institution of dog bite prevention guidelines, use first aid after a bite, 

and basic rabies facts into the school curriculum, adapted to local 
languages and cultural context

Lack of start-up funds to reach the 2030 goal of human rabies elimina-
tion mediated by dogs

Partnering with FAO, OIE, WHO and NGOs for initiation assistance 
with demonstration projects and long-term planning for future coun-
try ownership, with procurement of resources for direct collabora-
tions with industry, creation of local production, and identification of 
emerging markets

Unknown number of dogs to vaccinate Multiple indices and techniques available for the estimation of canine 
populations, as well as methods for determining the number of vac-
cinated individuals

Difficulty in reaching large numbers of free-ranging (or restricted but 
hidden owned animals) dogs for parenteral immunization

Focus on responsible dog ownership, improved animal welfare, legisla-
tion for mandatory but free domestic animal vaccination, and consid-
eration of appropriate oral vaccination

Setbacks from the COVID19 pandemic Repurposed lessons learned on applied surveillance, diagnostics, bio-
logics, health-care delivery, safety, and virological research
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northern Australia, and known knowledge gaps, such as 
how to manage roaming domestic dog populations, how to 
effectively vaccinate wild dog populations in this environ-
ment, and how to conduct disease surveillance in this remote 
and isolated region. Clearly, progress towards the ZBT goal 
throughout southeast Asia would greatly lessen the risks for 
the emergence of canine rabies in Australia. Additionally, 
the knowledge gained in this traditionally canine RABV-free 
continent will be instructive to others, once they achieve 
freedom of human rabies mediated by dogs.

Conclusions

Often ignored or forgotten among NTD, rabies is a vac-
cine preventable disease. While several antigenically 
diverse lyssaviruses in Africa and Eurasia are not covered 
by current biologics, canine RABV poses the most sub-
stantial agricultural and public health threats today [97]. 
Humans and animals continue to die in the twenty-first 
century because they receive no rabies vaccination [1]. 
Applied research and new strategies are always welcome 
in the field. However, all the fundamental tools for essen-
tial diagnosis, primary prevention, and epidemiological 
understanding of this disease were proven during the 
twentieth century [98]. The ZBT goal remains laudable, 
and in theory achievable under ideal circumstances, but 
the repercussions of the current COVID-19 pandemic 
have impacted all NTD. With the resulting setbacks, there 
are questions about whether the 2030 timeline remains 
realistic, especially when viewed in the light of existing 
(Table 1) SARE scores [99]. In the interim, the perpetua-
tion of the disease, primarily in Africa and Asia, will con-
tinue to severely affect tropical human and animal popu-
lations and serves as a nidus for those canine rabies-free 
areas (albeit enzootic for wildlife rabies in some cases) 
throughout the Americas, Europe, and Australia. As an 
example, during 2021, even a highly developed, nontropi-
cal, canine RABV-free country had an imported human 
case from rabid dog exposure in Asia, and four other fatali-
ties associated with indigenous RABV from wildlife [100]. 
Realistic rabies prevention and control are achievable now 
as a global goal and opportunities abound, despite substan-
tial challenges (Table 2). However, this zoonosis is not 
a candidate for eradication. Clearly, rabies will continue 
to pose a major risk for agriculture, public health, and 
conservation biology in tropical and nontropical regions 
for the foreseeable future. As the late Ernst Kuwert, 
Charles Mérieux, Hilary Koprowski, and Konrad Bögel 
remarked collectively at a major conference in 1985: “…
representatives and specialists of different biological dis-
ciplines from nearly 70 countries have had the opportunity 

in Tunis to discuss these important issues and to evaluate, 
on the basis of their own experimental results and personal 
epidemiological observations, the possibility of ultimate 
elimination of rabies in tropical and sub-tropical coun-
tries…”. Nearly four decades later, their dream remains 
to become a reality.
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