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Abstract

Objective To evaluate the operation and outcomes of an integrated dog-mediated
rabies elimination programme in the Beijing municipality, China.

Methods Beginning in 2014, the Beijing Animal Disease Control Center
launched a dog-mediated rabies elimination programme in collaboration with local
government and nongovernmental organizations. The programme involved: (i)a
compulsory canine rabies vaccination campaign; (ii) rabies surveillance of local dog
populations; (iii) educational rabies awareness programmes in public areas and
schools; and (iv) the establishment of an online service platform to strengthen
communications on rabies with the public.

Findings By 2023, 664 canine rabies vaccination sites had been established in
the Beijing municipality, which comprises seven urban districts and nine districts with
rural areas. The proportion of dogs with rabies antibodies increased from 64.7%
(1115/1723) in 2014, before the programme, to 86.4% (1481/1715) in 2017 and stayed
around 80% in subsequent years. In 2022, for the first time, no rabies was reported in
dogs that injured people. Concurrently, the annual number of reported human rabies
cases dropped from 11 in 2015 to zero in 2021, with no subsequent cases reported up
until the third quarter of 2024.

Conclusion The rabies elimination programme met the goal of eliminating
human rabies infections in the Beijing municipality and demonstrated that dog-mediated
rabies elimination is achievable at the provincial level. The experience gained could
serve as a practical guide for dog-mediated rabies control in both urban and rural areas
of China and in other countries facing similar challenges.
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Introduction

Rabies continues to pose a considerable public health challenge. After dog-mediated rabies was
eliminated in Japan, North America, western Europe and some Latin American countries, the
majority of human rabies cases worldwide have occurred in developing countries in the World
Health Organization’s (WHO’s) African, South-East Asian and Western Pacific regions.!? The
primary route of rabies transmission to humans in these regions is the bite of an infected dog.>*
Strategies to interrupt dog-to-dog and dog-to-human rabies transmission are essential for

achieving rabies elimination in these regions.

Although pre-exposure and post-exposure prophylaxis are effective for preventing
human deaths from rabies, they do not provide an obvious approach to eliminating zoonotic
rabies because they apparently have little effect on canine virus reservoirs.’ To achieve freedom
from rabies, therefore, it is crucial to strengthen strategies that target the source of infection.
WHO, the United Nations’ Food and Agriculture Organization and the World Organization for
Animal Health have all emphasized that a One Health approach involving effective intersectoral
cooperation is the mainstay of strategies for eliminating dog-mediated human rabies.>%’
Implementation of these strategies has helped many countries mitigate the burden of rabies or
maintain freedom from the disease.®® However, limited empirical evidence is available on the
development of a sustainable rabies elimination programme at the provincial level in a

developing country that has a complicated geographical and cultural environment containing

large human and dog populations.

China is grappling with one of the most severe rabies burdens globally: the country ranks
second in terms of rabies incidence and rabies is the third leading cause of notifiable disease
within the country.!® As in most countries with a heavy rabies burden, dogs are the principal
disease reservoirs and vectors of rabies transmission.!' 1> In Beijing, the capital of China, rapid
growth in the dog population since the beginning of the 21st century has posed an
unprecedented challenge for dog-mediated rabies control.'*!* For 11 years from 1994 to 2005,
no human cases of rabies virus infection were reported in Beijing. However, between 2005 and
2013, a total of 48 human rabies cases emerged, with the annual number peaking at 13 cases in
2012.'* This surge highlighted a rising trend in rabies incidence. All these human cases were
attributed to dog-mediated transmission, underscoring the importance of eliminating dog-
mediated rabies for the prevention and control of human cases. Although the mass vaccination
of dog populations has been recognized for over a century as effective for preventing viral

transmission to humans,>!> dogs have not been subject to mandatory rabies vaccination during
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much of this period. In addition, the lack of comprehensive rabies surveillance in dog
populations and people’s inadequate knowledge of rabies prevention have also impeded

progress in prevention and control.

To combat and eliminate dog-mediated rabies in Beijing, a series of integrated tactics has
been implemented over the last decade, including mass canine vaccination, intensified dog
rabies surveillance, rabies education, and online data management and rabies services. In recent
years, Beijing has eliminated dog-mediated human rabies thanks to the collaboration of local
government entities and nongovernmental organizations (NGOs). The aim of this study was to
review the rabies elimination strategies used in Beijing to guide further expansion of the rabies
elimination programme in China and to assist other countries struggling with comparable

challenges.

Methods

Study design and setting

We performed a retrospective observational study of the operation and outcomes of a dog-
mediated rabies elimination programme in the Beijing municipality, which comprises seven
urban districts and nine districts with rural areas (Fig. 1), covers a total area of 16 410 km? and

has a resident population of nearly 22 million.'

In 1995, the number of registered dogs in Beijing was 96 000. By 2009, this figure had
increased nearly 10-fold to 900 000 and has remained stable in subsequent years.!” Historically,
before implementation of the programme, the rabies immunization status of local dog
populations was unclear. In people, an 11-year streak of no reported human rabies cases was

interrupted in 2005 and, subsequently, the incidence showed an upward trend.

Programme implementation

To eradicate dog-mediated rabies, local animal health authorities adopted a range of measures.
First, a compulsory vaccination campaign targeting the canine population was launched. This
initiative was complemented by the sequential introduction of various government directives,
including the Rabies Compulsory Immunization Management Measures, the Canine
Immunization Identification Management Measures and the Rabies Immunization Technical
Training and Assessment Plan.!® These instruments were intended to guarantee the smooth
execution of the obligatory vaccination programme. Dogs aged 3 months and older were
required to receive their initial rabies vaccination as soon as possible, followed by annual

booster shots. Vaccination was free for dogs that were registered and inspected annually. In
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addition, dog owners were exempted from paying immunization fees during regional and

emergency vaccination activities.

Since its launch in October 2014, the canine vaccination campaign has been
implemented continuously. The entities involved in vaccination differed according to local
geographical and cultural conditions, as well as in response to the current status of the local
canine population. In urban areas, the initiative was mainly anchored in pet clinics, whereas in
suburban areas it involved collaborations between pet clinics and village-level vaccinators. In
rural areas, the emphasis was on door-to-door vaccination by village-level epidemic prevention
personnel. In addition to administering rabies vaccines, the personnel involved entered relevant
data into online management systems, which enhanced digital oversight of rabies eradication

efforts.

The second measure was rabies surveillance of the dog population by monitoring the
acquisition of rabies virus antibodies and by tracking infections. Local animal health
departments developed an annual serological surveillance plan for each district, which involved
quarterly surveillance at urban pet clinics and rural farms and backyards. Each quarter, at least
three monitoring sites were randomly chosen in both urban and rural settings and a minimum of
10 serum samples were collected at each site. We used commercial, rabies virus antibody,
enzyme-linked immunosorbent assay (ELISA) kits (TianTech Institute of Biotechnology Co.
Ltd, Zhuhai, China) for serology tests. These kits demonstrated 94% agreement with the gold-
standard fluorescent antibody virus neutralization test for detecting rabies antibodies (Beijing
TianTech Co. Ltd, unpublished data, 2024)." In addition, they had a specificity of 98% and a
sensitivity of 94% compared with the Bio-Rad ELISA kit (Bio-Rad Laboratories, Inc., Marnes-
la-Coquette, France) that has been certified by the World Organisation for Animal Health
(Beijing TianTech Co. Ltd, unpublished data, 2024).2

Specialized agencies with many years’ professional experience were entrusted to capture
stray dogs throughout the entire municipality. Stray dogs were defined as dogs that were
roaming free without identification tags or whose owners could not be identified or contacted.
For virological monitoring, public security officers placed stray or aggressive dogs captured by
the specialized agencies in shelters and isolated them for 10 days, during which their health was
assessed daily. Any dog that had died underwent immediate diagnostic testing and was disposed
of in accordance with biosafety regulations by the local animal health authority. Dogs suspected
of having rabies also underwent diagnostic testing and, if the test was positive, were disposed of

in the same way. Commercial rabies immunofluorescence antigen detection kits (National
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Reference Laboratory for Animal Rabies, Changchun, China) were employed for virus detection
in brain samples. The detection limit of this kit was 10° LDso per 0.03 mL, with no cross-

reactivity observed for the canine distemper virus.

The third measure was an educational initiative to raise public awareness of rabies,
which was titled “Joining hands to make rabies history.” To increase public awareness of rabies
prevention, educational videos were displayed on electronic screens in public spaces and
education was provided on site by service personnel. Schools joined in the educational initiative
by encouraging students to embrace responsible and civilized dog ownership through interactive
sessions that paired younger and older participants, thereby fostering a culture in which rabies
prevention was advocated by children and their families. In addition, rabies vaccination
mandatory notification forms and educational brochures on rabies prevention and control were

disseminated at rabies vaccination points.

The fourth measure was the establishment of an online service platform to strengthen
communication between government and the public. The Beijing Animal Disease Control
Center and the Beijing Radio and Television Station collaborated to create the Beijing Urban
Animal Smart Service Platform on 28 September 2022, coinciding with the 16th World Rabies
Day. The platform relied on the media convergence platform of the Beijing Radio and
Television Station. With the convenience and benefit of the public as its guiding principles, the
online platform provides integrated access to vaccination services and quarantine management
for urban animals. In addition, there is a range of user-friendly services, including:

(1) information on vaccine schedules; (ii) guidance on locating canine vaccination sites; (iii) an
online booking system for rabies vaccination; (iv) a tool for generating electronic immunization
certificates; (v) assistance with searching for lost pets; and (vi) the dissemination of official

announcements and scientific knowledge.

Data analysis

To evaluate the implementation of the programme, we examined the number of vaccination
stations established and the number of dogs vaccinated during the programme. In addition, we
calculated the percentage of the dog population that had acquired rabies virus antibodies using
IBM SPSS Statistics version 29 (IBM, Armonk, United States of America). We also determined
the number of stray dogs caught and the frequency of public education activities. To evaluate the
effectiveness of the programme for eliminating human rabies, we compared the number of

human cases before and during the programme.
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The total number of vaccination sites established throughout the Beijing municipality
was determined using data reported by district animal health authorities. Local animal disease
control centres provided annual data on the number of dogs vaccinated and the proportion of
dogs that had acquired antibodies. Data on the capture and disposal of stray dogs were obtained
by reviewing local police records and information on public educational activities were
documented by outreach service personnel. The Beijing Center for Disease Control and
Prevention recorded the annual incidence of human rabies cases. Data on the cost of the

programme were compiled retrospectively by animal health and public health departments.

Results

Programme implementation

By 2023, 664 canine vaccination stations had been established in the Beijing municipality: 494
were in pet clinics in urban zones and 170 were in animal disease control stations in rural areas
(Fig. 1). Between 2015 and 2023, the number of dogs vaccinated against rabies ranged from
471400 to 672 690 per annum (Table 1). Since 2014, local police authorities sheltered and
monitored the health status of approximately 1000 dogs each year. All suspected rabid dogs
housed in public shelters underwent diagnostic testing, with approximately 100 samples tested

annually.

During the programme, there were 706 public educational events involving publicity,
education and consultations, which engaged about 460 000 people across communities and
villages. In addition, there were 337 educational sessions in schools involving over 8000
children. Furthermore, 2 895 791 standard rabies vaccination mandatory notifications forms and
20 000 educational brochures on rabies prevention and control were distributed at vaccination

sites, further supporting the programme’s outreach and educational objectives.

Health outcomes
The proportion of dogs that had acquired rabies antibodies increased from 64.7% (1115/1723) in
2014 to 86.4% (1481/1715) in 2017, consistently remaining around 80% in subsequent years.
This increase led to a steady decline in rabies incidents involving dogs implicated in human
injuries and resulted in no rabies cases being reported in these animals for the first time in 2022
(Fig. 2).

In terms of public health, the peak in human rabies cases observed in 2015 (Fig. 2) was
probably due to the time lag between the implementation of mass canine vaccination and the

achievement of herd immunity in the dog population. The number of locally acquired human
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rabies cases dropped from 11 in 2015 to three in 2016, reaching the milestone of zero cases by
2021. Furthermore, no human rabies cases were reported between 2021 and the third quarter of
2024, which indicates a much lower incidence than the national average in 2023 (that is,

approximately 0.1 cases per million people per year).?!

Costs

In the canine vaccination campaign, the direct cost per vaccinated dog, including expenditure on
the vaccine, consumables and the administration of injections, ranged from 7 to 10.5 United
States dollars (USS$), primarily depending on the choice of domestic or imported vaccines. The
cumulative cost of mass canine vaccination from 2015 to 2023 was approximately US$ 37.8

million, averaging US$ 4.2 million per year.

In cases of human exposure, the cost of post-exposure prophylaxis varied depending on
the category of exposure.?? For category-1I exposure, four or five vaccine injections were
generally required, with each injection costing approximately US$ 14, which corresponds to a
total cost of about US$ 56 to US$ 70. For category-I1I exposure, a rabies immunoglobulin

injection, which typically cost around US$ 210, was required in addition to the rabies vaccine.

Discussion

Over the past decade, the spread of rabies within local dog populations in the Beijing
municipality has been controlled by the consistent implementation of comprehensive measures
involving multiple sectors of society, such as mass dog vaccination, intensified canine rabies
surveillance and public rabies education. As a result, the goal of eliminating human rabies
infections was reached, with no reported cases in Beijing between 2021 and late 2024, marking

a significant public health achievement.

Previously, rabies control has been successfully achieved in only limited areas of
countries across WHO African Region and China.?*?° Eliminating dog-mediated rabies on a
provincial scale presents a diverse mix of political, technical and logistical challenges that
necessitate widespread collaboration across many organizations.?®?” To address these challenges
in Beijing, the Beijing Animal Disease Control Center spearheaded a rabies elimination
programme in partnership with an array of government and NGOs, including animal health
authorities, local police, public health authorities, educational institutions, village committees,
animal health-care facilities and the media. Each organization played a role in targeting specific
population groups and worked within a cohesive strategy. These concerted efforts were crucial
for successfully eradicating both canine and human rabies.
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The primary risk factor affecting rabies prevention and control in Beijing was the presence of
stray dogs.!>?® Stray dogs are more susceptible to rabies virus exposure due to their lifestyle and
environment than domestic dogs. Moreover, their extensive roaming patterns increase interactions with
both humans and other animals.?® Once infected with the rabies virus, stray dogs may spread the
disease, thereby heightening the risk to public health. An epidemiological study conducted in Beijing
found that stray dogs were responsible for 73% of dog bite incidents involving multiple victims
between 2017 and 2021.3° In response, local animal health authorities stepped up their efforts to locate
and provide shelter for stray dogs, while also improving the detection and diagnosis of rabies in
unowned dogs, particularly those that have caused injuries to people. Local government and NGOs are
collaborating to improve the management of unowned dogs by developing systems to support birth

control, sterilization and adoption with the aim of further minimizing the risk of rabies.

During efforts to eliminate rabies in Beijing, communication between government bodies and
the public was frequently hindered by the challenge of ensuring easy access to pertinent information.’!
To address this challenge, local animal health authorities collaborated with reputable, influential,
media organizations to establish the Beijing Urban Animal Smart Service Platform. Timely
dissemination of information through this digital platform facilitated the efficient management of dog
populations in Beijing. Currently, this platform is expanding its functionalities to provide online
guidelines for the safe disposal of deceased pets. The platform also aims to facilitate online
applications for stray animal sterilization and to promote the online adoption of abandoned animals.
The goal of all these initiatives is to make the platform a convenient service point for the

comprehensive management of disease in companion animals.

Implementing the rabies elimination programme across the Beijing municipality’s vast rural
areas presented numerous challenges. For example, dog owners in rural areas, especially owners of
older dogs, were frequently reluctant to have their dogs vaccinated. To improve the effectiveness of the
programme, town authorities organized village committees that could investigate locally raised issues
involving dogs and remind dog owners to vaccinate their animals on time. In addition, animal
vaccination staff provided door-to-door vaccination services in rural areas. The management of stray
dogs is a recognized issue worldwide, particularly in areas whose geography makes interventions more
complex.?’ To address this issue, local authorities collaborated with village committees to investigate,
capture and dispose of stray dogs. Specialized capture strategies, including food baiting and multipoint
encirclement, were employed to increase effectiveness in difficult terrains. The experience gained in

eliminating dog-mediated rabies in Beijing using a multifaceted approach is not only applicable to

8 of 15



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.24.291497

urban areas but can also serve as a practical guide for rabies control in rural regions across China and

other countries facing similar challenges.

Achieving and sustaining annual rabies vaccination coverage above 70% in the dog population
is essential for effective rabies control and ultimate elimination.>** This level of coverage is critical for
establishing herd immunity and for effectively preventing the spread of the disease.** However,
accurately estimating vaccination coverage in Beijing remains challenging, primarily due to a lack of
reliable data, including data on the number of stray dogs. This lack of data also makes it difficult to
assess the impact of stray dogs on vaccination coverage and hinders the economic evaluation of rabies
control using mathematical models.>>*® Nevertheless, accurate quantitative evaluations of the
effectiveness and efficiency of the rabies elimination programme may become achievable once further
research has been conducted on enhancing management strategies for stray dogs and on determining

the demographic characteristics of this dog population.

Following suspected rabies exposure, particularly through animal bites, the primary factor
leading to human infection is inadequate post-exposure prophylaxis.’” Essential components of post-
exposure prophylaxis include immediate and thorough wound cleaning, active immunization with
rabies vaccine and passive immunization with human rabies immunoglobulin.*® Data collected
between 2017 and 2021 indicate that, on average, 257 082 individuals in Beijing had suspected rabies
exposure each year, of which 256 150 received post-exposure prophylaxis.** Among people with
category-III exposure, the utilization rate of rabies passive immunization agents was 52%, with some
Beijing districts reporting rates less than 10%.>° This is a notable weak link in Beijing’s efforts to
control and prevent rabies that can leave individuals at a significant risk of infection. Addressing this
issue requires a comprehensive investigation of the factors influencing the uptake of passive
immunization. Increased use of passive immunization will help minimize the risk of infection in the
population, particularly among individuals residing in rural areas where the incidence of rabies is

higher.*

Here we show that dog-mediated rabies elimination is achievable at the provincial level in
China. The experience gained could serve as a practical guide for dog-mediated rabies control in both

urban and rural areas of China and in other countries facing similar challenges.
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Table 1. Rabies vaccinations and antibody tests in dogs, canine vaccination
programme, Beijing municipality, China, 2014-2024

Year No. dogs No. dogs that No. of dogs % of dogs tested that
vaccinated underwent that had had acquired rabies
against serological tests acquired rabies antibodies (95% CI)
rabies for rabies antibodies
20142 NA 1723 1115 64.7 (62.4-67.0)
2015 628 822 1738 1260 72.5 (70.3-74.6)
2016 672690 1756 1331 75.8 (73.7-77.8)
2017 664 283 1715 1481 86.4 (84.6-87.9)
2018 632 486 1310 1170 89.3 (87.5-90.9)
2019 615278 1822 1328 72.9 (70.8-74.9)
2020 580471 1890 1571 83.1 (81.4-84.8)
2021 594 516 1890 1595 84.4 (82.7-86.0)
2022 527 668 2058 1669 81.1(79.3-82.8)
2023 471400 1942 1603 82.5 (80.8-84.2)
2024° NA 1501 1352 90.1 (88.4-91.5)

Cl: confidence interval; NA: not available.
a2 The mass dog vaccination programme was launched in October 2014.

b The data presented are for the period up to and including the third quarter of 2024.
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Fig. 1. Administrative districts and canine rabies vaccination sites, Beijing
municipality, 2014-2024
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Fig. 2. Reported human rabies cases and dogs with rabies antibodies, Beijing

municipality, 2004 to September 2024
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Cl: confidence interval.

Note: Data were available for up to the third quarter of 2024.
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