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Abstract: Despite being vaccine preventable, the global burden of dog rabies remains significant, 

and historically it is the rural and marginalized communities in developing countries of Africa and 

Asia that are most threatened by the disease. In recent years, the developing world has been expe-

riencing unprecedented increases in urbanization, with a correspondingly massive increase in mu-

nicipal solid waste generation, among other things. Inefficient and inadequate waste collection and 

management, due to lack of resources and planning, led to significant increases in the volumes of 

waste on the streets and in open dumps, where it serves as food sources for free-roaming dogs. In 

this commentary, we discuss examples of poor waste management and the likely impact on rabies 

control efforts through the sustenance of free-roaming dogs in some dog rabies-endemic countries. 

We aim to stress the importance of implementing strategies that effectively address this particular 

issue as an important component of humane dog population management, as it relates to aspira-

tions for the control and elimination of dog rabies per se. 
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1. Introduction 

Warm-blooded vertebrates, including humans, are susceptible to rabies—a vaccine-

preventable and neglected tropical zoonotic disease that is characterized by acute, nearly 

100% fatal neurological complications [1,2]. The RNA viruses of the Lyssavirus genus, fam-

ily Rhabdoviridae, are all known or suspected to induce rabies, although the main etiolog-

ical agent for rabies worldwide remains rabies virus (RABV) [3,4]. In spite of being one of 

the oldest known zoonotic infections, it is still a neglected disease with the greatest burden 

in rural marginalized communities of developing countries [4–8]. Despite successful con-

trol and elimination of dog-mediated rabies in some parts of the world, this disease is still 

endemic in at least 122 countries [9]. The primary measure adopted to control dog-medi-

ated rabies is mass dog vaccination. It is necessary to maintain the 70% vaccination cov-

erage to provide herd immunity in a dog population in order to break the chain of trans-

mission [10]. However, achieving such vaccination coverage is most often thwarted by 

rapid turnover in the dog populations resulting in vaccinated populations being replaced 

by non-vaccinated dogs [11–13]. While some overall positive reports on the effect of catch–

neuter–vaccinate–release (CNVR) programs, such as increasing the general health of 
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street dog populations as well as assisting in population control, have been published, 

other studies have continued to report short life-expectancy coupled with rapid popula-

tion turnover rates in free-roaming dog populations, despite population management in-

terventions [14]. For the purpose of this discussion, free-roaming dogs include owned 

dogs that are allowed to roam, community owned dogs that are free-roaming, and true 

stray dogs. 

The Food and Agriculture Organization of the United Nations (FAO), the World Or-

ganization for Animal Health (OIE), the World Health Organization (WHO), and the 

Global Alliance for Rabies Control (GARC) in 2015 collectively set the common goal to 

end dog-mediated rabies deaths by 2030 through mass dog vaccination and rabies aware-

ness programs [15]. A well-coordinated and collaborative approach from all concerned 

stakeholders is necessary to attain the pre-determined goal. In dog rabies endemic areas, 

an effective strategic vaccination that includes coverage of at least 70% of the dog popu-

lation is considered to be crucial [16]. Out of the estimated global population of domestic 

dogs (687 million), 78% (536 million) are living in 122 dog rabies endemic countries [9,14]. 

Rapidly growing countries like India and Bangladesh hold higher risks because of increas-

ing urbanization, urban slums, and populations of unvaccinated street dogs living in close 

proximity to poorly managed garbage disposal sites. Asia and Africa are home to 51.55% 

and 24.28% of the global dog population and account for around 59.6% and 36.4% of the 

global deaths due to rabies, respectively [4,16]. India, a home to 32.68% of the Asian dog 

population, is responsible for about 59.9% and 35% of rabies deaths in Asia and the world, 

respectively [4,16]. Efforts to attain the desired 70% vaccination coverage in Africa and 

Asia are often hampered by a lack of political support for rabies elimination, which is then 

typically reflected in the allocation of limited resources to other prioritized areas. The most 

developed African and Asian countries achieve vaccination rates of 30–50% of pet ani-

mals, while the corresponding vaccination estimates may be much lower in stray dog pop-

ulations [4,17]. Catch–neuter–vaccinate–release (CNVR) programs, as a part of rabies con-

trol programs, have been successfully implemented in Asian rabies endemic countries like 

Bhutan [14], Sri-Lanka [18], and India [19]. Rabies control programs require a One Health 

approach, where multiple sectors (i.e., human as well as animal health sectors) collaborate 

in order to facilitate effective control efforts (where control in the animal host such as dogs 

facilitates control of the disease in humans). However, progress in the control of dog ra-

bies has mostly been disappointing where strategies were not entirely synchronous as far 

as the need for a One Health approach is concerned [20]. 

Global dog population numbers are on the increase, with European countries expe-

riencing between 6% and 7.7% increase in pet dog population size from 2016 to 2019 [21]. 

Similarly, the dog population in the United States of America (USA) increased by 15.29% 

from 2015 to 2017 [22], whereas Indian cities have reported a dramatic 65% increase in dog 

population numbers [23]. Given current trends, a 149% increase in the number of pet dogs 

in India was predicted from 2014 to 2023 [24]. Where large numbers of free-roaming dogs 

are present with high dog population turnover rates, it becomes increasingly difficult to 

reach and maintain the 70% vaccination coverage required for herd immunity [25]. In 

2015, it was estimated that 130 million dog rabies vaccines were administered worldwide, 

20 million vaccine doses short of a predicted market of 150 million doses. The shortage of 

available vaccines is expected to increase to 246 million doses if current production capac-

ity is maintained—ultimately leading to fewer dogs being vaccinated overall (based on a 

goal of 375 million dogs vaccinated against rabies by 2030) [9]. 

2. Urbanization and Solid Waste and Their Relation to Dog Population Growth 

The control and elimination of dog-mediated rabies is reliant not only on vaccination, 

but also to some extent on humane dog population management (HDPM), in order to 

achieve herd immunity [25]. In this regard, the survival and proliferation of free-roaming 

dogs is relevant. Free-roaming dogs most commonly depend on the availability of food, 
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shelter, and freedom of movement, all of which result from human negligence and irre-

sponsibility—particularly as it relates to access to garbage as a source of food [25]. 

Fast growing dog populations are strongly linked to urbanization and the associated 

increased solid waste production and mismanagement of waste disposal [26]. The hu-

man:dog ratio in urban Asia and urban Africa is estimated to be around 7.5:1 and 21.2:1 

[27], but this ratio could be higher in areas surrounding urban dumping sites due to ex-

cessive movements of dogs towards the urban dumping site in search of feeding oppor-

tunities [28]. 

The United Nations estimated that the global urban dwelling population would 

reach up to 68% of the global population by 2050 (compared to the current 55% urban 

dwelling population) [29]. Countries in Africa and Asia are expected to experience a rapid 

increase in urbanization rates in the coming years. The increase in human population as 

well as continuing urbanization is expected to add approximately 2.5 billion individuals 

to the urban population by 2050, with the majority of the growth occurring in Africa and 

Asia [29]. Some countries (i.e., India, China, and Nigeria) with the highest projected urban 

population increase also lead in numbers of dog-mediated human rabies deaths in Asia 

and Africa, and when combined are likely to add almost 900 million urban dwellers in the 

coming 30 years [29]. With this increasing trend of urbanization, solid waste production 

is set to rise as urban dwellers generate two to three fold more municipal waste (in kilo-

gram of waste per capita per day) than rural residents [30]. 

Generally, rapid immigration to urban areas with a vision of better job opportunities, 

better schooling, and consequently better life has globally escalated the number of people 

residing in slums areas and in temporary/makeshift homes. This immigration and urban-

ization contribute significantly to the accumulation of waste and waste management prob-

lems [31]. In this regard, the global annual waste generated in 2016 was 2.01 billion tons—

which is estimated to reach 3.4 billion tons per year by 2050. Sub-Saharan and South Asian 

regions are expected to triple and double their waste production, respectively [32]. This 

dramatic increase in waste production often leaves governments and local municipalities 

unable to provide effective waste removal and managements services, in turn leading to 

waste accumulation in residential areas and open dumping grounds [30]. 

The major component of municipal solid waste (MSW) is organic biodegradable 

waste (70%) that serves as a source of food to free-roaming dogs, thereby attracting these 

dogs in the densely populated urban slums [33]. The hunger stricken dogs compete for 

food, and associated aggression among these dogs also endangers local inhabitants and 

significantly increases the threat of rabies transmission to humans [34]. Proper manage-

ment of waste in the streets is essential as part of a holistic strategy to minimize free-

roaming dog populations as an animal welfare consideration and in support of rabies con-

trol [35]. 

In rabies-endemic developing countries, waste disposal systems often consist of col-

lecting the waste from the source and dumping into the nearest open space, as the con-

cepts of recycling and reusing are still in incipient stages [33,36]. Moreover, in metropoli-

tan and sub-metropolitan cities, the number of available landfills has declined, and the 

local authorities are compelled to dispose of a large amount of MSW in small spaces closer 

to residential areas [33]. Individuals working at these landfill sites are at high risk of being 

bitten by foraging stray dogs [37]. 

3. Examples of Rabies Endemic Countries in Asia with High MSW Levels 

Rapid urbanization, coupled with an increase in population numbers have dramati-

cally accelerated the rate of MSW generation in most developing countries [36]. The ma-

jority of developing countries in Asia is no exception. MSW management in these low and 

middle-income countries is inefficient and leads to large amounts of waste remaining ac-

cessible in open dump sites or on the streets in residential areas [33]. Free-roaming dog 

densities vary among countries and cities, but very high dog densities (as high as 719 dogs 

per km2) have been reported in some cities in Asian countries [38]. These large numbers 
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of free-roaming dogs are often associated with zoonotic disease transmission to humans 

[38]. Since the majority of countries in Asia are canine-rabies endemic, large numbers of 

unvaccinated free-roaming dogs could hamper rabies control efforts. 

3.1. Nepal 

Kathmandu Valley (Nepal) is inhabited by 29 million humans with an annual popu-

lation growth rate of 1.85% [39,40]. It is estimated that more than 22,000 street dogs are 

present in the Kathmandu Valley [5]. Around 100–150 cases of dog bites are reported in 

Shukraraj Tropical and Infectious Disease Hospital at Teku, Kathmandu, alone [5]. In 

2010, the average MSW generated in Kathmandu was 523.8 metric ton (t) per day, where 

street litter was about 69.3t per day and organic material comprised the majority of house-

hold waste products [41]. The presence of street litter containing large amounts of organic 

matter (i.e., kitchen waste) attracts dogs and increases the dog population in that area. 

Reduction of food waste through actions such as composting or restricting access of dogs 

to human food waste may aid to decrease the number of street dogs from the locality [42]. 

3.2. India 

India has the highest number of dog-mediated rabies deaths in the world [43], with 

an estimated 20,500 human rabies cases reported each year [44]. Although there is no of-

ficial data, it is estimated that there are more than 30–35 million street dogs in India, with 

1.75 million dog bites reported each year. Delhi, the capital of India, alone has around 

400,000 street dogs [45]. More than 100 dog bite cases are reported in Delhi every day, but 

this number excludes all the cases from private hospitals and clinics [46,47]. In Delhi, 

around 557 thousand tons of MSW is illegally dumped in streets, roads, and open areas 

[48]. 

Chandigarh, India, with a human population of 1.5 million people, generated 360 

tons of MSW in 2014 [49]. Incidentally, in 2019, the MSW in Chandigarh increased to 470 

tons, with 74% dumped in the dumping ground of the waste processing plant in 

Dadumajra [50]. In the year 2012, the dog population was estimated to be 17,912, with 

6900 bite cases reported [51]. By 2018, the stray dog population had increased to 23,000, 

with more than 10,000 cases of dog bites reported [51]. 

Due to poor collection and transportation practices waste accumulates in cities [52]. 

Only 28% of the total 150,000 t waste that is generated per day is processed in India, where 

only eight out of 35 states have more than 50% waste processing, and approximately 10 

states process less than 10% of the generated solid waste [53]. West Bengal and Karnataka, 

with waste processing of 32% and 5%, respectively, are jointly responsible for 58% of re-

ported rabies deaths in India [46,54]. Likewise, Uttar Pradesh, which ranks third in mu-

nicipal waste generation with 15,228t per day, witnesses dog bite cases that affect 2,700,000 

people each year [54,55]. 

Together, this abysmal record of waste control, an estimated national dog population 

density of 970 dogs/km2, along with a low vaccination coverage of about 30% [56], under-

lines the significance of the challenge to better control and eventually eliminate rabies in 

India. 

3.3. Bangladesh 

Bangladesh is a densely populated rabies endemic country of the South Asian region 

that is home to about 1.6 million dogs, where 83% live on the streets [57,58]. The waste 

generation in Bangladesh was 16,382 ton/day in 2004, which increased to 23,668 tons/day 

in 2014 and is expected to increase by 100% by 2025 [59,60]. The country reported 50,000 

to 200,000 animal bites per year in several years, with almost 84% of bites due to stray and 

community dogs [61–63]. It is currently estimated that on average, there are 2100 human 

rabies deaths in Bangladesh per year [63]. With nearly half of the MSW generated remain-

ing uncollected, and the majority of the edible organic waste dumped in landfills, ample 



Viruses 2021, 13, 225 5 of 12 
 

 

feeding opportunity for large numbers of free-roaming dogs is created, imposing a dog 

rabies transmission threat [59]. 

3.4. Pakistan 

Likewise, in Pakistan, municipal solid waste increased from approximately 10,000 

tons per day in 2015 to 16,000 tons per day currently, where 60% is dumped in landfills, 

with the remaining portion occupying the streets with no further formal removal taking 

place [64–66]. Various hospitals admit 25–30 dog-bite cases per day in Pakistan, with In-

dus hospital in Karachi reporting a rise in dog bite cases by more than 200% from 2012 to 

2017 [67]. Given that Pakistan is a dog rabies endemic country with some of the highest 

reported number of rabies cases [68], this increase in dog bites along with the availability 

of MSW as food sources for dogs increases the risk of rabies transmission from dogs to 

humans. 

4. Examples of Rabies Endemic Countries in Africa with High MSW Levels 

Similar to the situation in Asia, numerous African countries face problems with MSW 

management and efficient garbage disposal [69]. Africa is second to Asia in the number 

of rabies cases. At present, no countries in Africa are free of dog rabies, and the number 

of cases is underreported [70]. 

4.1. Kenya 

Kenya has an approximated dog population of five million animals, of which only 

20% are reported to be stray dogs. Despite the majority of dogs in Kenya being owned, 

these animals are allowed to roam freely, and in the period from 2011 to 2015, 6720 dog 

bite cases were reported, and 858 human rabies cases were reported from 2002 to 2012 

[71]. Low rabies vaccination rates in owned dogs (maximum of 29%) were previously re-

ported for Kenya [71]. 

In the same time period, Kenya generated around 4950 tons of solid waste per day in 

2011, which increased to 5600 tons per day in 2015. The amount of MSW that is collected 

can range from 80% to as little as 20%, with no waste collection in the slums being reported 

[72,73]. This increase in MSW coupled with the low collection levels in certain areas again 

provide access to food sources for free-roaming animals that are not vaccinated against 

rabies and thus provide increased disease transmission opportunities. 

4.2. Nigeria 

Nigeria, with an expected increase of its urban population of 189 million by 2050, 

reported 61.1% rabies cases among total dog bites from 2005–2014 [74,75]. Several reports 

claim an increase in dog bite instances in Nigeria, where 63.7% of the bite incidences have 

been recorded to be by free-roaming dogs [76,77]. Hamlobu and colleagues reported ap-

proximately equal numbers of stray and owned dogs, with 36% of owned dogs allowed 

to interact with the street dogs [78]. The recommended 70% vaccination coverage in dogs 

has not been attained, and research indicates high levels of poverty among the population, 

which may lead to dog dependency on food resources at garbage sites, thus providing 

possible opportunity for increased disease transmission among dogs and from dogs to 

humans [78]. Rapid population growth in the country has also increased the amount of 

waste production—the net MSW density increased from 0.65 Kg/capita/day in 2009 to 0.95 

Kg/capita/day (equivalent to 42 million tons annual MSW production) in 2018 [79,80]. The 

MSW, containing up to 52% organic waste, may sustain large free-roaming dog popula-

tions, further enabling the spread of rabies in communities [80]. 

4.3. Tanzania 
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Tanzania is a dog rabies endemic country with an estimated 2,316,000 dogs and more 

than 1500 annual rabies deaths, with higher bite incidence reported in rural areas as com-

pared to the urban areas [7,81,82]. The dog rabies elimination demonstration project from 

2010–2016 had reduced the number of rabies cases by 75%, through implementation of 

educational campaigns, increased surveillance efforts in both the human and animal 

health sectors, and increased dog vaccination, respectively [81]. Contrastingly, only 18% 

of dogs, responsible for 2500 dog bites in the Kilimanjaro region from 2013–2017, were 

found to be vaccinated [83]. Even though scavenging habits support possible rabies trans-

mission, 50% of waste is not disposed of properly in Tanzania. In 2006, 39,000 tons/year 

of industrial waste was produced, with the food and beverage industry responsible for 

91% of the total waste generated [84], which increased to 10,000 tons/day in 2020 [85]. It is 

reported that 1,196,900 (57%) and 625,000 (29.7%) of the total 2,101,500 tons of waste is 

generated from the household and market places, and 80% of the waste is disposed in 

open dumpsites where free-roaming dogs feed [85]. 

4.4. Cameroon 

In Cameroon, the increasing population in cities such as Yaoundé, coupled with ex-

treme poverty, has increased the solid waste from 850 g/capita/day in 1998 to 6.5 Kg/cap-

ita/day in 2007 in Yaoundé alone [86]. As in other developing countries, MSW collection 

is inefficient, with 30% of waste remaining in open garbage dumps surrounding house-

holds, thereby providing food sources for free-roaming dogs and leaving children vulner-

able to dog bites during disposal of these wastes into open garbage dumps [86]. Open 

garbage dumps and market places contributed 68.1% and 18.3% of food sources for free-

roaming dogs in Cameroon [86]. As a dog rabies endemic African country, Cameroon re-

ported 30–45 human deaths from rabies in the period 1990 to 1995 [87]. During a rabies 

surveillance pilot project from 2014–2016, 718 dog bite cases were recorded, with more 

than 65% having the risk of rabies transmission and only 12.6% of the dogs vaccinated 

[88]. 

5. Rabies Free and Rabies Endemic Countries, What Makes the Difference? 

There are 70 dog rabies-free and 122 dog rabies-endemic countries in the world [9]. 

Only five endemic countries have attained 70% vaccination coverage in dogs, and more 

than 100 countries have vaccination coverage below 50% [9]. Dog rabies has been elimi-

nated in Western Europe, North America, Latin America, and some Asian countries by 

synchronous mass dog vaccinations, strict legislative regulations, and animal population 

management through spay/neuter campaigns and waste management [89]. However, in 

the remaining dog rabies-endemic countries, implementation of rabies control programs 

has experienced limited progress. 

There is a link between rabies persistence in dog rabies-endemic countries and MSW 

mismanagement. A large discrepancy exists between the recycling and reuse of MSW in 

developing and developed countries worldwide. In developing countries, the main focus 

is on increasing capacity of waste collection and minimizing uncontrolled dumping of 

MSW. In contrast, developed countries give priority to reducing waste generation and 

reuse/recycling activities [90]. In developing countries, large volumes of MSW remain ac-

cessible as food sources for free-roaming dogs, not only due to large volumes of uncol-

lected waste in these countries, but also due to lack of access control at dump sites, effi-

cient waste disposal, and recycling activities [32]. Dog rabies free countries in Asia, like 

Japan, Singapore, and Korea, have made immense progress in waste recycling and man-

agement through door to door waste collection [91], thermal recovery, fuel recovery, com-

posting of biodegradable waste, easier disassembly, and incineration, whereas in dog ra-

bies endemic countries, it is just the opposite [33], with countries such as Bangladesh and 

India still in the inchoate stage in terms of reuse and recycling of the generated waste [60]. 

Likewise, many countries in Europe and America have established power plants to 

utilize the MSW produced. There are around 512 power plants in Europe with the capacity 
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to incinerate or reuse 90 million tons of solid waste, with the potential of developing 330 

more such power plants to reuse a further 50 million tons of waste [92]. Only around 25% 

of the total waste generated in Europe is dumped in landfills with the majority of waste 

either composted, recycled or incinerated [92], whereas Asian rabies-endemic countries 

dump around 85% [93], and African countries dump around 97% of their generated waste. 

Asian countries recycle only around 15% of generated waste, and in Africa, countries re-

cycle only 4% of the generated waste [94,95]. These landfill sites serve as feeding and 

breeding grounds for free-roaming dogs. Organic MSW in the streets of Kathmandu and 

Chandigarh is attracting many dogs, and the high number of dog bites per day in both 

Kathmandu and Chandigarh indicate the interrelation of waste management and rabies 

[51,96]. 

Waste Generation and Rabies, Where is the Link? 

A large number of owned and community dogs roam freely without any restriction 

in countries of Africa and South Asia [9]. These dogs are often unvaccinated, and mis-

managed biodegradable waste may act as a source of food for those dogs. When dogs 

feeding on such garbage are threatened by the local children and inhabitants, the risk of 

bite incidences increases. The urban sprawl has increased the demand for food produc-

tion, and these organic waste products, when not properly disposed of, provide adequate 

nutrition at the disposal of free-roaming dog populations, thereby increasing the likeli-

hood of upturns in dog population numbers and associated disease transmission. Unfor-

tunately, studies investigating the correlation between dog bite incidence, dog population 

growth, and factors that contribute to the increase in population numbers are limited. 

Bangladesh reports that only 50% of the total 13,332 tons/day waste generated is col-

lected, and the rest is disposed of in open garbage dumps, where the estimated 1.5 million 

dogs living in the country can utilize the MSW as an easy and nutritious source of food, 

thereby sustaining dog populations and even allowing increase in numbers [97,98]. A 

study in ten Indian metro cities showed a strong correlation between the size of the city’s 

population, municipal solid waste produced, and dog bites in the particular year; moreo-

ver, significant statistical correlation was observed between yearly dog bites and per cap-

ita waste generation [37]. MSW is collected by poor and marginalized people to sustain 

their livelihood, with the majority being children who are unaware of rabies, which pro-

vides further support that slum people are at high risk of dog bites and thus rabies trans-

mission [8]. Other similar studies have also highlighted the issue of waste disposal being 

neglected by municipalities and leading to increased free-roaming dog populations 

[56,99]. In many regions of India, the poor state of municipal dustbins and trashcans dis-

courage proper waste disposal, with local residents throwing waste arbitrarily in the 

streets. Free-roaming dogs may rely heavily on these leftovers, but sometimes due to in-

sufficient feeding opportunities, these dogs turn ferocious and present a significant threat 

to the locals and in particular children [100]. 

Free-roaming dogs are also kept as pets by slum-dwellers in a symbiotic relationship 

for food and protection, which provides shelter for free-roaming dogs to raise and nurture 

their litter. Aggressive behavior may result when dogs feel threatened by an intruder in 

their territory, biting to protect their pups, to defend their territories, during interferences 

in courtship, or to defend themselves from the provokers [101]. 

To effectively control canine rabies, several interventions like synchronous mass dog 

vaccinations, dog population management, and strict legislation along with community-

level awareness are necessary [25]. With the current global level of vaccine production 

and rapidly increasing dog populations, attaining 70% vaccination coverage to eliminate 

dog-mediated human rabies by 2030 seems challenging [9]. More than 30 million addi-

tional rabies vaccine doses per year are required, and within 13 years, the dog rabies vac-

cine shortfall will be 7.5 billion doses of vaccine if production level remains similar to the 

level of 2015 [9]. 
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It must be noted that the mismanagement of MSW is not the only contributing factor 

for lack of rabies control in dog rabies endemic countries, as rabies-free countries also deal 

with a large pile of waste in landfills and free-roaming dogs hovering around [102]. Due 

to access to landfills being controlled, increased reuse/recycling activities, and widespread 

vaccination of dogs, rabies remains controlled in these dog populations [102]. 

However, the evidence suggests that MSW does play a significant role, and, for ex-

ample, the direct increase in rabies transmission and risk for inhabitants of slum areas 

residing close to landfill sites has been documented [103]. Improved waste management 

will also reduce the risk of other zoonotic diseases such as human cystic echinococcosis 

disease [16,104]. Waste management, as part of HDPM, should therefore be part of dog 

rabies control programs, and this factor is, in our opinion, often neglected. 

6. The Way Forward 

Rabies remains a disease of great public health concern despite the existence of effec-

tive tools to control the disease. In general, free-roaming dog populations are indeed the 

drivers of rabies transmission cycles in the majority of dog rabies-endemic low and mid-

dle income countries. In dog rabies-endemic countries, large unmanaged dog populations 

can be daunting due to often limited resources available for dog vaccination [25]. It is 

beneficial that rabies control efforts include humane dog population management 

(HDPM) activities such as spay and neuter programs and community engagement to im-

prove responsible pet ownership. The accompanied reduction in population turnover 

may allow vaccination coverage to be maintained, as well as improving the welfare and 

longevity of dogs in these populations [25]. However, present rabies control programs 

often do not fully appreciate and therefore neglect the role of good waste management in 

the control of dog populations. Such efforts of community engagement can include waste 

management strategies to reduce the human–dog conflict. From a welfare perspective, 

waste management with regard to dogs that are truly dependent on these wastes for sur-

vival must be approached carefully. Simply restricting access to the waste immediately, 

thereby reducing the food sources, without providing alternative food sources (i.e., com-

munity feeding stations in areas where dogs are more tolerated) can fuel human–animal 

conflict due to heightened aggression of hungry dogs searching for food [105]. This in turn 

will also increase the opportunities for rabies transmission if bite incidences increase. 

These scenarios highlight the complexities involved in humane dog population manage-

ment. Nevertheless, humane dog population management (and MSW management as 

part thereof) should be recognized as a key long-term issue to be addressed in support of 

large scale vaccination aimed at effectively breaking rabies transmission in at-risk rabies 

endemic dog populations [25,105]. 
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