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Abstract

In 2015, China and other member states of the United Nations adopted the goal of eliminat-

ing dog-mediated rabies by 2030. China has made substantial progress in reducing dog-

mediated human rabies since peaking with more than 3,300 reported cases in 2007. To fur-

ther improve coordination and planning, the Chinese Center for Disease Control and Pre-

vention, in collaboration with the United States Centers for Disease Control and Prevention,

conducted a Stepwise Approach towards Rabies Elimination (SARE) assessment in March

2019. Assessment goals included outlining progress and identifying activities critical for

eliminating dog-mediated rabies. Participants representing national, provincial and local

human and animal health sectors in China used the SARE assessment tool to answer 115

questions about the current dog-mediated rabies control and prevention programs in China.

The established surveillance system for human rabies cases and availability of post-expo-

sure prophylaxis were identified as strengths. Low dog vaccination coverage and limited lab-

oratory confirmation of rabid dogs were identified gaps, resulting in an overall score of 1.5

on a scale of 0 to 5. Participants outlined steps to increase cross-sectoral information shar-

ing, improve surveillance for dog rabies, increase dog vaccination coverage, and increase

laboratory capacity to diagnose rabies at the provincial level. All assessment participants

committed to strengthening cross-sector collaboration using a One Health approach to

achieve dog-mediated human rabies elimination by 2030.

Author summary

Rabies is an acute zoonosis with a mortality rate of almost 100% following the onset of

symptoms. In China, the increased access to post-exposure prophylaxis has substantially
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reduced the number of human rabies deaths. However, rabies continues to circulate in

many rural parts of the country, resulting in hundreds of rabid dog-related exposures and

deaths each year. In 2015, member states of the United Nations adopted the goal of elimi-

nating dog-mediated rabies by 2030. We conducted a Stepwise Approach towards Rabies

Elimination (SARE) assessment to outline progress and identify steps needed to achieve

the elimination goal in China. The assessment involved representatives from the national

and 12 selected provincial-level human and animal health sectors. The 12 provinces were

purposefully selected based on the current dog-mediated rabies burden, an interest in par-

ticipating, and the ability to complete the SARE assessment tool. This cross-sector–or One

Health—approach was useful for improving coordination and planning. In particular, the

assessment identified opportunities to improve collaboration between sectors on labora-

tory diagnostic capacity, implementing mass dog vaccination campaigns and conducting

epidemiologic investigations on dog-mediated rabies exposures. An integrated One

Health strategy should be strengthened in China as well as in other countries aiming to

eliminate dog-mediated rabies.

Introduction

Rabies is a zoonotic disease that causes approximately 59,000 human deaths globally each year

[1,2]. Of these deaths, 99% result from exposures to rabid dogs [1,3]. Primary interventions

focus on increasing rabies vaccination coverage through routine veterinarian services and

mass dog vaccination campaigns. Eliminating the rabies virus among the dog population typi-

cally requires achieving and maintaining coverage of 70% for at least 3–7 years [4–6]. Strength-

ening management of the dog population and investigations of suspect rabies animals and

possible rabies exposures are also essential components of a rabies control and prevention pro-

gram. Although almost always fatal following the onset of symptoms, human deaths can be

prevented by secondary interventions such as the appropriate and timely use of post exposure

prophylaxis (PEP).

The World Health Organization (WHO), World Organisation for Animal Health (OIE),

the Food and Agriculture Organisation (FAO) and the Global Alliance for Rabies Control

(GARC) proposed a goal of eliminating dog-mediated rabies by 2030. China and other mem-

ber states of the United Nations agreed to adopt this goal in 2015 [7]. China, along with Japan

and South Korea, and the Association of South East Asian Nations (ASEAN) also developed a

regional strategic plan for dog-mediated rabies control in 2016. The regional plan has focused

on establishing coordination mechanisms between countries and stakeholders, strengthening

capacities of the Veterinary Services and Human Health Services, and encouraging high-level

governmental engagement [8]. At the national level, the Chinese government has prioritized

rabies vaccines for dogs, supported investigation and quarantine of biting dogs, halted the pro-

duction and use of live rabies vaccine for animals [9–11], and promoted rabies prevention edu-

cation and awareness programs, particularly in high-risk provinces. The China national

reference laboratory for animal rabies has provided training to more than 500 laboratory staff

from provincial and municipal animal disease control centers (ACDC), and the OIE reference

laboratory in China has recently provided training to more than 60 laboratory staff from other

ASEAN countries.

To further improve coordination and planning needed to advance the ASEAN strategic

plan and achieve the 2030 elimination goal, the Chinese Center for Disease Control and Pre-

vention (China CDC) collaborated with the United States Centers for Disease Control and
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Prevention (US CDC) to conduct a Stepwise Approach towards Rabies Elimination (SARE)

assessment in March 2019. Anticipated outcomes included initial steps for developing a

national strategic plan and identifying mechanisms to support and monitor progress in terms

of rabies control and prevention activities using a cross-sector One Health approach. Here, we

describe the current dog-mediated rabies control activities in China, the SARE assessment

methodology, the outcome of the SARE assessment, and the cross-sector plans and activities to

achieve dog-mediated rabies elimination.

Methods

Ethics statement

China CDC approved the SARE assessment as a program evaluation activity that relied on rou-

tine public health and animal health surveillance data as well as publicly available data, and

therefore was exempt from institutional review board assessment.

SARE tool

The Stepwise Approach towards Rabies Elimination (SARE) assessment tool was jointly devel-

oped by FAO, GARC and WHO to support rabies-endemic countries in the development and

implementation of their own sustainable rabies elimination strategy. The tool provides an

expert-reviewed and non-prescriptive six-stage roadmap, ranging from ‘Stage 0’–no informa-

tion on rabies, to ‘Stage 5’–valid and timely data confirming rabies elimination [12]. The tool

is divided into seven categories which align with the Global Framework for the Elimination of

Dog-Mediated Human Rabies (STOP-R framework) [13] and the ASEAN Strategic Plan. The

categories include the following.

1. Rabies Information, Education, and Communication–advocacy initiatives implemented in

country or province;

2. Dog population related issues–dog population size, turnover, and management practices;

3. Prevention and control–existing rabies intervention approaches in place (e.g., availability

and use of dog vaccine, biologics and human PEP);

4. Data collection and analysis–existing surveillance network and epidemiologic analysis of

rabies data;

5. Laboratory diagnosis–diagnostic capacity for human and animal rabies at national and pro-

vincial level;

6. Cross-cutting issues–collaboration across human and animal health sectors and other

stakeholders;

7. Legislation–existing legislation on rabies control and elimination in country or province.

Assessment participants from human and animal sectors answer either “yes” or “no” to a

set of 115 general and technical questions across the seven categories listed above. These

answers are represented as 1 or 0 and totaled across the seven categories. The SARE score cal-

culated from this total indicates the stage of progress towards rabies elimination.

Stage 0: No information on rabies is available, but rabies is suspected to be present

Stage 1: Assessment of local rabies epidemiology, elaboration of a short-term rabies action

plan
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Stage 2: Development of a national rabies prevention and control strategy

Stage 3: Full-scale implementation of the national rabies control strategy

Stage 4: Maintenance of human rabies freedom, elimination of dog rabies

Stage 5: Freedom from human and dog rabies, ongoing monitoring and evaluation

Each stage includes multiple essential and non-essential activities. Although not all the

activities are mandatory, the essential activities determine whether a country can advance to

the next stage. The non-essential activities provide additional guidance for evaluating progress

within a specific stage towards the goal of eliminating dog-mediated rabies.

SARE assessment activities and next step planning

The SARE assessment tool and related materials were translated into Chinese for the assess-

ment. Assessment participants included 33 representatives from national- and 12 provincial-

level human and animal health sectors (Table 1). The 12 provincial-level teams were selected

according to the current human rabies case burden (high, low and moderate), interest in par-

ticipating in the assessment, and ability to aggregate the data needed to complete the assess-

ment tool. The 33 representatives were divided into 13 teams–one for the national rabies

programs and 12 individual teams for each province participating in the assessment.

Before starting the SARE assessment, representatives from each of the 13 teams introduced

the status of human and animal rabies and current prevention and control activities for their

respective national or provincial level program. Input for several provincial level scoring crite-

ria relied on national level information, particularly for legislation and vaccine availability. The

13 teams completed the tool collaboratively with guidance from US CDC staff. This process

generated national and individual provincial level scores. Due to similar findings across the

provincial-level rabies programs, assessment participants collaborated to outline goals and pri-

ority activities for each of the seven SARE categories. National and provincial-level representa-

tives were divided into seven three- to five-member groups to outline the next steps for

addressing the identified gaps for each category. An international rabies consultant was

assigned to each team to help guide discussions and provide examples from other countries.

Results and discussion

Current rabies control activities in China

Human rabies has been a notifiable disease in China since the early 1950s. Since 2003, all

human cases have been reported to the national notifiable disease surveillance reporting sys-

tem (NNDRS). Each suspected human rabies case is investigated by county-level Center for

Disease Control (CDCs) and reported directly to NNDRS which is maintained by China CDC

in Beijing. China has made substantial progress in reducing human rabies since peaking with

more than 3,000 reported cases in 2007. The mean number of annually reported human rabies

cases declined to 661 between 2014 and 2018. This is significantly lower than global burden

estimates from 2015, suggesting that 6,002 (95% CI: 1,000–11,000) human rabies cases may

occur in China each year [1]. The majority of dog-mediated rabies cases occur in the rural

areas of five high-risk provinces in Southern China–Hunan, Guangdong, Guangxi, Guizhou,

and Yunnan [14,15] (Fig 1), and less than 2% of human cases are laboratory confirmed. The

difference between reported cases and disease burden estimates, therefore, may reflect metho-

dologic considerations (eg. age of some of the data sources used to generate these estimates

from ~2010) and actual under-reporting of rabies in certain areas of the country.
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Health care for potential rabies exposures, including PEP, is available at county-level CDCs

and township-based rabies clinics, and is administered according to recommendations and

wound categories defined by WHO [16]. PEP vaccination series can be administered using

either the Zagreb 2-1-1 or the five-dose Essen regimens. Rabies immune globulin is provided

for WHO category III exposures (i.e., single or multiple transdermal bites or scratches, con-

tamination of mucous membrane or broken skin with saliva from animal licks, exposures due

to direct contact with bats). Both human rabies immune globulin (HRIG) and equine rabies

antiserum (ERA) are approved in China. The Chinese National Medical Products Administra-

tion review and approve the use of human rabies vaccines and rabies immune globulin. The

full PEP series is currently paid by the patient or patient’s family as an “out of pocket” cost of

approximately $US48.

Table 1. Agencies� participating in the Stepwise Approach towards Rabies Elimination (SARE) assessment, Bei-

jing, China, March 2019.

National agencies

Chinese Center for Disease Control and Prevention (China CDC)

China Animal Disease Control Center (China Animal CDC)

Institute of Military Veterinary Medicine, Academy of Military Medical Sciences (IMVM)

Changchun Veterinary Research Institute, Chinese Academy of Agriculture Sciences (CVRI)

Chinese Center for Health Education.

High-burden provinces in China

Hunan Provincial CDC

Hunan Provincial Animal CDC

Guangxi Autonomous Regional CDC

Guangxi Autonomous Regional Animal CDC

Guizhou Provincial CDC

Guizhou Provincial Animal CDC

Guangdong Provincial CDC

Guangdong Provincial Animal CDC

Yunnan Provincial CDC

Yunnan Provincial Animal CDC

Moderate-burden provinces in China

Anhui Provincial CDC

Anhui Provincial Animal CDC

Chongqing Municipal CDC

Chongqing Municipal Animal CDC

Hebei Provincial CDC

Hebei Provincial Animal CDC

Hubei Provincial CDC

Hubei Provincial Animal CDC

Henan Provincial CDC

Henan Provincial Animal CDC

Shandong Provincial CDC

Shandong Provincial Animal CDC

Low-burden provinces in China

Beijing Municipality CDC

Beijing Municipality Animal CDC

International Organizations

United States Centers for Disease Control and Prevention (US CDC)

United States Department of Agriculture (USDA)

World Health Organization (WHO)

Food and Agriculture Organization of the United Nations (FAO)

World Organisation for Animal Health (OIE)

World Animal Protection

�A total of 33 representatives from national and provincial level agencies completed the SARE Tool. Burden is

categorized by number of human rabies cases reported in 2018. Chongqing and Beijing are Municipalities directly

under the Central Government and administratively report directly to the Central Government. CVRI serves as the

national reference laboratory for animal rabies and was certificated by OIE in 2012.

https://doi.org/10.1371/journal.pntd.0009274.t001
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The Department of Public Security (DPS) is responsible for management of the dog popula-

tion in urban areas. Eight provinces and more than 70 cities have issued additional regulations

on dog management. Beijing Municipality, for example, has issued a regulation limiting each

household to only one dog [17]. DPS also captures or collects unlicensed, biting, wild or dead

dogs identified in urban areas. Dog rabies has been a nationally notifiable animal disease since

the early 1950’s. According to National Animal Rabies Prevention and Control Plan, biting

dogs showing rabies-like clinical signs should be evaluated by the local ACDC as suspected

rabid dogs [10]. These dogs should be tested and confirmed for rabies by the national reference

laboratory for animal rabies. Provincial ACDCs submit monthly reports on suspected and

confirmed dog rabies to the Animal Disease Surveillance System (ADSS), which is maintained

by the China Animal CDC in Beijing. In 2017, 65 rabid dogs were reported to ADSS [18]. The

majority of these dogs were reported as suspected rather than laboratory confirmed rabies.

WHO estimates that China is home to approximately 28 million domestic, stray and free-

roaming dogs [3].

The Department of Animal Husbandry and Veterinary Medicine in the Ministry of Agri-

culture and Rural Affairs are responsible for the provision of dog rabies vaccinations. These

Fig 1. Location of the 12 provinces participating in the SARE Workshop by dog-mediated rabies burden, March 2019, China. (Note: China CDC and China Animal

CDC offices are located in Beijing. SARE referred to Stepwise Approach towards Rabies Elimination).

https://doi.org/10.1371/journal.pntd.0009274.g001

PLOS NEGLECTED TROPICAL DISEASES SARE assessment in China

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009274 March 29, 2021 6 / 15

https://doi.org/10.1371/journal.pntd.0009274.g001
https://doi.org/10.1371/journal.pntd.0009274


responsibilities include supplying rabies vaccine for veterinary use, administering dog rabies

vaccine, recording immunization history and issuing of "domestic dog rabies immunization

certificate", and monitoring rabies outbreaks among dogs. Dog owners are required by law to

register pets at the local Department of Public Security annually, after which dogs are vacci-

nated against rabies [10,19]. The cost of annual dog registration (which includes the rabies vac-

cination) varies by province and can range from $28 to $140. Five international and ten

domestically manufactured animal rabies vaccines are available for use in China. The China

Institute of Veterinary Drugs Control (IVDC) is responsible for reviewing and approving the

use of animal vaccines. According to records maintained by the Department of Public Security,

approximately 40% of domestic (owned) dogs are vaccinated against rabies.

SARE assessment outcomes

Results for each of the seven assessment categories are presented in Fig 2 and S1 Table.

National and provincial level programs have accomplished the greatest progress in data collec-

tion and analysis, legislation and capacity to perform laboratory diagnosis for rabies. At the

same time, the prevention and control and dog population management components had the

largest number of pending activities and require the most attention. Based on these accom-

plishments and pending activities, China received a SARE score of 1.5 out of 5. Eleven of the

12 provinces also received a score of 1.5. The exception was for Hubei Province, with a score of

0.5. This lower score was primarily due to low laboratory capacity. Low dog vaccination cover-

age, lack of Integrated Bite Case Management (IBCM) at local level, lack of national strategy

Fig 2. Summary of results for the National Rabies Program and for 12 Provincial level Programs, by the seven categories outlined in the SARE assessment tool,

China, March 2019. (Note: For each category, the number of pending and accomplished activities are presented. SARE referred to Stepwise Approach towards Rabies

Elimination).

https://doi.org/10.1371/journal.pntd.0009274.g002
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for dog population management (DPM), no baseline number of dogs, lack of effective inter-

sectoral rabies task force at any level contributed to the low SARE scores at both the national

and provincial level (Table 2). A qualitative description of the SARE results is included below.

1. Collection and analysis of data:

National surveillance systems for human and animal rabies have been established in China.

Although these systems operate separately, data are analyzed on a regular basis. Feedback is

provided to provincial and local level rabies programs through an annual rabies report.

National support is provided to local and provincial CDCs to conduct epidemiologic inves-

tigations of human cases and to monitor use of PEP in high-risk regions. Gaps were identi-

fied in animal rabies case reporting (the number of dog rabies was far below the number of

human cases). Additionally, information sharing between the human and animal health

sectors was infrequent.

2. Prevention and control:

Human rabies prevention has focused primarily on increasing availability and access to

PEP following potential rabies exposures. Chinese manufacturers provide rabies vaccine for

domestic use. Because the vaccine meets international standards, the manufacturers have

applied for vaccine pre-certification from the WHO. China recently issued the Rabies Post

Table 2. Common gaps, limitations, and barriers at provincial level �identified from the Stepwise Approach

towards Rabies Elimination (SARE) assessment, China, March 2019.

Data collection and analysis

• Weak surveillance system for detecting and reporting animal rabies cases (resulting in significant under-

reporting of rabies in the dog population).

• Infrequent information share between human and animal health sectors.

Prevention and control

• Dog registration is infrequent in rural areas.

• Dog rabies vaccination coverage is very low.

• Lack of Integrated Bite Case Management (IBCM) at the local level

Dog population control

• No census data on home, stray and free-roaming dogs (nor existing methodologies or protocols).

• Lack of strategic plan for dog population control.

Laboratory diagnosis

• Lack of laboratory diagnostic ability for animal rabies.

• Difficult to obtain specimens from human rabies cases.

Information, education and communication

• Lack of systematic health education on rabies prevention for different sub-populations.

• Inconsistent messaging on rabies prevention (including dog vaccination).

Cross-cutting issues

• Lack of national strategic plan towards dog-mediated rabies elimination.

• Lack of “One-Health” cross-sector coordination mechanism, at national and provincial level

Legislation

• Lack of regulation for dog management and vaccination at national level.

� These common gaps, limitations, and barriers are listed by the seven categories outlined in the SARE assessment

tool and identified by human and animal health sector representatives from the 12 provinces participating in the

assessment, which included Hunan Province, Guangxi Autonomous Region, Guizhou Province, Guangdong

Province, Yunnan Province, Hunan Province, Hubei Province, Hebei Province, Anhui Province, Shandong Province,

Beijing Municipality and Chongqing Municipality. Provinces were selected according to the current burden of dog-

mediated rabies (high, moderate, and low), interest in participating in the assessment, and availability and ability to

aggregate data needed to complete the SARE tool.

https://doi.org/10.1371/journal.pntd.0009274.t002
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Exposure Prophylaxis Guidelines (version 2009) [20] and the Rabies Prevention and Con-

trol Technical Guidelines (version 2016) [21] to standardize rabies PEP practices. These

documents incorporate information included position papers and technical reports pub-

lished by WHO [14,22]. The department of health has modified the medical insurance sys-

tem, including implementation of the New Rural Cooperative Medical System, to allow for

greater reimbursement for PEP related health care expenses in some provinces such as Gui-

zhou, Hunan and Guangxi [23]. This health system’s approach has increased the quality

and affordability of the PEP, especially in the rural areas of these high-risk provinces, and

has contributed to the observed decline of human rabies cases.

Controlling and preventing rabies in the dog population remains limited in China, partially

due to the lack of uniform policies and guidelines as well as facilities for dog observation

(following a bite event). Dog rabies vaccination is provided with pet registration and cover-

age is generally high in urban settings (e.g., above 70% in Shanghai and in the Pearl River

Delta region in Guangdong Province). However, dog registration and vaccination in rural

areas are weakly managed and vaccination coverage remains low. The Red-Collar Program,

a pilot dog vaccination campaign project, was implemented in three counties in Guizhou,

Anhui, and Shanxi Provinces [24]. The campaign achieved 92% vaccination coverage

among domestic (owned) dogs. China has not yet implemented a large-scale mass dog vac-

cination campaign targeting stray and free-roaming dogs.

3. Controlling the number of dogs:

China’s public security sector is responsible for the registration of dogs. Dog registration

and management has greatly improved in urban settings [25,26]. Several non-governmental

organizations have been established to collaborate with government agencies in providing

shelter and management of stray dogs [27,28]. The lack of national and provincial level

strategies and plans for dog population control was a major gap identified in the SARE

assessment. During previous public emergencies (clusters of dog bites), dog population was

reduced by euthanizing identified stray and free-roaming dogs. China has not yet imple-

mented a dog census, and information on the number of both domestic and free-roaming

dogs is currently based on WHO generated estimates [3].

4. Laboratory diagnosis:

The national laboratory at China CDC, Beijing is responsible for diagnosis of human rabies

using tests recommended by WHO, including the Direct Fluorescent Antibody (DFA)

Test, Immunohistochemistry (IHC) Test, Direct Rapid Immunohistochemistry Test

(DRIT), Real Time RT-PCR, virus isolation and rabies virus variant typing. This capacity

also exists at the provincial level and in certain prefecture-level CDC laboratories. Because

of challenges in obtaining specimens from human cases, less than 2% of all reported human

rabies cases are laboratory confirmed. On animal side, the national and OIE reference labo-

ratory for animal rabies, designated by Ministry of Agriculture and Rural Affairs of China

and OIE respectively, is responsible for diagnosis of animal rabies at national level, but the

laboratory capacity at the local levels remains weak.

5. Health promotion and rabies prevention education:

Health promotion and rabies prevention education activities are conducted annually at the

national and provincial level on World Rabies Day [23]. The National 12320 Health Hotline

Management Office and the China Center for Health Education have developed and dis-

tributed rabies education material through social media channels (Weibo and WeChat).

Other rabies prevention and control promotion material has been shared through national

and local newspaper outlets. However, none of the provincial level representatives had
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developed strategies or plans for the systematic or continuous implementation of rabies

prevention and education activities. Most current rabies education materials have not yet

been adapted to target different socio-economic, age, and ethnic at-risk population in

China.

6. Cross-department cooperation:

During public emergencies, such as numerous bites or wounds caused by single or multiple

dogs in a specific community, human and animal staff will meet on an ‘ad-hoc’ basis to

develop and implement an immediate response plan. If necessary, officials will provide PEP

and other treatments in the injured population. Additionally, human and animal health sec-

tor staff meet once a year to discuss rabies case reports and share prevention and control

information. However, neither national nor provincial human and animal health sector

officials have developed strategic and operational plans to outline the steps and actions

needed to achieve the elimination of dog-mediated human rabies. The lack of a national

strategic plan and a flexible “One-Health” cross-sector coordination committee were identi-

fied as major gaps.

7. Laws and regulations:

Rabies is a notifiable human and animal disease; both human and animal health care staff

must legally report identified cases within 24 hours [9]. Rabies vaccination requirements

for dogs and other pets are determined according to provincial (e.g., Guizhou Province) or

prefecture (e.g., Chuxiong Prefecture, Yunnan Province) level regulations. Enforcement of

these laws and regulations varies by prefecture, county, and province. National level regula-

tions for dog population management and stray or free-roaming dog rabies vaccination

have not yet been developed or implemented.

Rabies elimination in China–Next steps

Although substantial progress has been made in China on reducing the burden of human

rabies, the SARE assessment identified several gaps that need to be addressed to achieve the

dog-mediated human rabies elimination by 2030. Short-, medium-, and long-term goals and

priority activities from the group discussions are summarized in Table 3. These are described

by SARE category below.

1. Collection and analysis of data:

Government officials can facilitate routine sharing of surveillance data across the human,

animal, and public security sectors through official cross-agency agreements. This should

include official authorization for staff from each sector to jointly collect, review, and analyze

human and animal data to inform provincial and national-level decision making related to

rabies elimination program progress and activities. In the long-term, developing and imple-

menting an integrated surveillance system (including uniform standard operating proce-

dures [SOPs]) for effectively sharing the surveillance data of human and animal rabies will

be critical for achieving and documenting rabies elimination. Integration of cross-sector

data using a web-based rabies surveillance database and development of a dashboard to

visualize dog rabies vaccination and information on case-reports could be helpful.

2. Prevention and control of rabies:

Development of SOPs outlining the roles and responsibilities of each sector in the preven-

tion and control of rabies is a short-term priority. These SOPs must clearly define the roles

of the human and animal CDCs as well as the role of the public security departments in dog

management, particularly in rural and high-risk areas for rabies. Additional pilot-projects
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are needed in the medium-term to identify best practices for increasing rabies vaccination

coverage in the domestic, stray, and free-roaming dog populations.

3. Laboratory diagnosis:

In the short-term, efforts should be made by national laboratory staff to standardize the

methods used for rabies diagnostic testing and communicate these methods to provincial-

level laboratory personnel through training and mentoring. The national laboratory staff

should also evaluate commercial rabies diagnostic kits and inform provincial laboratories

accordingly. Greater collaboration and regular communication between human and animal

rabies laboratories are needed in the medium- and long-term, particularly to assess rabies

elimination through laboratory testing and confirmation. A key laboratory component in

the elimination plan is to increase specimen collection among probable human rabies cases.

Increasing provincial level capacity to collect, test, and diagnose animal rabies cases will

also be critical.

Table 3. Short-, medium-, long-term goals� and priority activities identified from Stepwise Approach towards

Rabies Elimination (SARE) workshop participants representing national and 12 provincial level human and ani-

mal health sector offices, March 2019. Goals and activities were identified following completion of the SARE

assessment.

Short-term goals and priority activities

1. Develop and implement a national strategy on rabies elimination

2. Establish a government supported flexible ‘One Health’ multi-sector mechanism for rabies prevention and

control

3. Draft provincial level work plans (including cross-sector objectives, activities, and indicators) to be reviewed

and updated semi-annually

4. Integrate human rabies with animal rabies surveillance systems by establishing a shared online surveillance

platform.

5. Increase the proportion of human and animal rabies cases reported to surveillance systems with laboratory

confirmation by training local hospital staff on the importance and procedures for collecting specimens

6. Generate accurate estimates of the dog population

7. Develop effective approaches to control dog population by piloting local projects that can be expanded country-

wide

8. Develop standard operating protocols and conduct training on IBCM (integrated bite case management)

9. Ensure sufficient supply of animal rabies vaccine by collaborating with national vaccine manufacturers

10. Develop strategies for routinely distributing audience-tailored rabies health education programs

Medium-term goals and priority activities

1. Strengthen the epidemiological investigation of human rabies cases for identifying and reporting animal rabies

cases to the national animal disease surveillance system, including the development and implementation of relevant

protocols and standard operating procedures

2. Ongoing implementation and evaluation of dog population management strategies

3. Improve local laboratory capacity by developing and implementing certified training programs and increasing

access to necessary equipment and supplies

4. Increase the vaccination coverage to 70% by coordinating provincial and local level dog rabies vaccination

campaigns

5. Update the health education strategy according to the progress of the national rabies elimination program

6. Maintain a government supported ‘One Health’ multi-sector mechanism for rabies prevention and control

Long-term goals and priority activities

1. Maintain the dog rabies vaccination coverage above 70% by ensuring availability and access to vaccine,

including to dog owners in rural communities

2. Maintain efficient and high-quality surveillance for human and animal (including wild animals) rabies

3. Update the health education strategy according to progress made towards rabies elimination

4. Ongoing implementation of dog population management strategy

5. Verify the status of dog transmitted rabies elimination

�Short-term goals were identified as activities associated with Stage 1 and 2 of SARE; Medium-term goals as activities

associated with Stage 3 and 4, and Long-term goals as activities associated with Stage 5.

https://doi.org/10.1371/journal.pntd.0009274.t003
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4. Controlling on the number of dogs:

A working group of experts from the human, animal, public security sectors as well as

urban management and environmental sanitation and forestry should be established as

soon as possible. The working group should develop, implement and monitor a strategy for

improving dog population management. Also, in the short-term, a pilot dog census should

be implemented in a high-risk county to assess feasibility prior to expanding to a larger

area. As a medium-term activity, cross-sector training of professional staff on dog manage-

ment policies and best practices should be developed and implemented. Staff at high risk of

rabies exposures (i.e., contact with stray and suspected rabid dogs) should be provided with

pre-exposure rabies vaccination as part of the training program.

5. Cross-department cooperation:

The SARE assessment provided an initial opportunity for cross-sector collaboration on

rabies prevention and control. International organizations–such as WHO, FAO, and OIE–

described additional opportunities for cross-sector engagement through the Tripartite

Guidelines [29]. China CDC recently conducted a One Health Zoonotic Disease Prioritiza-

tion (OHZDP) workshop and identified rabies as a zoonotic disease of national concern

[30]. Consistent with outcomes from the OHZDP workshop, a One Health working group

should be established at the government level as soon as possible and include representa-

tives from human, animal, public security, and city administration and environmental

health sectors. The group should ideally meet on a quarterly basis to initially develop, and

later revise, the rabies elimination strategy, as needed. Progress updates from each sector

should be provided. Provincial level officials should also establish cross-sector working

groups as a short-term priority activity.

6. Health promotion and rabies prevention education:

As a short-term priority, national and provincial level staff should develop a comprehensive

communication and health education plan to address each stage of the progress towards

rabies elimination. The plan should develop specific approaches and materials for key pop-

ulations in the high-risk provinces and target populations with varying education levels and

language skills (e.g., increase use of images and videos). All communication plans should

ensure consistent messaging and be disseminated through various media channels, includ-

ing Weibo and WeChat. Consistent messaging should be based on scientific information

for rabies prevention, use of PEP, dog vaccination and best practices for dog population

management. The Chinese Center for Health Education and China CDC 12320 Health

Hotline management office should engage counterparts at the provincial level as part of this

short-term priority.

7. Laws and regulations:

National and provincial representatives agreed that laws and regulations on dog rabies vac-

cination and management of the dog population should be made at the national level.

National laws and regulations are essential for promoting and improving dog vaccination

and population management related practices at the provincial and local levels. Approval of

national level legislation are short- and medium-term goals.

Improving the SARE tool

The current SARE tool consists of seven categories and 115 questions and is comprehensive

and specific, and thus can play a concrete and practical role in guiding countries on the next

steps towards achieving rabies elimination. However, the tool is general, and the scoring
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factors in each stage may not reflect the critical factors in every rabies-endemic country. Addi-

tional relevant factors could be identified and incorporated into the tool from a review of the

results and feedback from countries previously completing the assessment.

In China, the affordability and appropriate use of PEP are important factors in reducing the

burden of human rabies. Although mass dog vaccination is the primarily strategy for eliminat-

ing dog-mediated human rabies, appropriate and timely use of PEP remains a secondary line

of defense in countries with endemic rabies. Therefore, adding two to three questions to assess

the affordability and appropriate use of PEP could help improve the SARE Tool. Example

questions include: 1) Is the cost of PEP fully or partial covered by the medical insurance system

or by the Ministry of Health (or equivalent government agency); and 2) Does the use of PEP

adhere to national and international guidelines in the rural regions of the country? In China,

the New Rural Cooperative Medical System has increased the affordability of (and, therefore,

access to) PEP in many rural high-risk communities. Additionally, the National Health Com-

mission had issued revised guidelines on the use of PEP according to the WHO updated vac-

cine position paper [20–22], and provincial and local level CDCs have provided training of the

appropriate use and timing of PEP to clinicians in rural China.

Conclusion

This is the first time that China used a One Health cross-sector approach to assess progress

towards the goal of elimination of dog-mediated rabies. The SARE tool was useful for identify-

ing strengths and gaps in current national and provincial level rabies control and prevention

programs. Human and animal health sector staff were able to collaborate in outlining program

goals and priority activities. Assessment representatives agreed that a high-profile ‘Rabies

Champion’ in China would help increase awareness and provide political incentives to

advance rabies elimination efforts, including the development of a national strategic plan for

dog-mediated rabies elimination. Rabies was prioritized as one of the top five zoonotic diseases

of public concern in China during a recent One Health Zoonotic Disease Prioritization work-

shop. This prioritization could help promote elimination efforts using a “One Health”

approach with regular cross-sectoral meetings on rabies and other priority zoonotic diseases.

Assessment representatives agreed that a follow-up SARE assessment could help evaluate prog-

ress on the current short-, medium, and long-term goals and priority activities. Lessons

learned should be shared with other ASEAN countries. All representatives voiced a commit-

ment to achieving dog-mediated rabies elimination by 2030.

Supporting information

S1 Table. Summary of results for the National Rabies Program and for 12 Provincial level

Programs, outlined by the seven categories outlined in the SARE assessment tool, China,

March 2019. (Note: For each category, the number of pending and accomplished activities are

presented. SARE referred to Stepwise Approach towards Rabies Elimination).

(DOCX)

Acknowledgments

We would like to acknowledge the National Health Commission, the Ministry of Agriculture

and Rural Affaires, and the Ministry of Public Security in China for their support in conduct-

ing the SARE assessment. We appreciate Ryan Wallace, Sarah Bonaparte, Julie Cleaton, and

Emily Pieracci from US CDC rabies program for their contributions to the planning and tools

for conducting the SARE workshop. We also appreciate the technical assistance and guidance

PLOS NEGLECTED TROPICAL DISEASES SARE assessment in China

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009274 March 29, 2021 13 / 15

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009274.s001
https://doi.org/10.1371/journal.pntd.0009274


received from WHO, FAO, OIE, and World Animal Protection. Finally, we thank the contri-

butions and hard work from the 33 national and provincial level representatives from the

human and animal health sectors across China who participated in the assessment. The find-

ings and conclusions in this report are those of the authors and do not necessarily represent

the official position of the United States Centers for Disease Control and Prevention.

Author Contributions

Conceptualization: Qiulan Chen, Xiaoyue Ma, Jeanette J. Rainey, Wenwu Yin, Zhongjie Li,

Shichun Ma, Brett Petersen.

Data curation: Yu Li.

Formal analysis: Qiulan Chen, Xiaoyue Ma, Jeanette J. Rainey, Yu Li, Xiaoyan Tao, Ye Feng.

Funding acquisition: Jeanette J. Rainey, Zhongjie Li.

Investigation: Yu Li, Di Mu, Xiaoyan Tao, Ye Feng.

Methodology: Qiulan Chen, Xiaoyue Ma.

Project administration: Qiulan Chen, Jeanette J. Rainey.

Resources: Jeanette J. Rainey, Zhongjie Li, Shichun Ma, Brett Petersen.

Supervision: Zhongjie Li, Shichun Ma, Brett Petersen.

Validation: Qiulan Chen, Jeanette J. Rainey.

Visualization: Qiulan Chen, Jeanette J. Rainey.

Writing – original draft: Qiulan Chen, Yu Li.

Writing – review & editing: Xiaoyue Ma, Jeanette J. Rainey, Ye Feng, Wenwu Yin, Zhongjie

Li, Shichun Ma, Brett Petersen.

References

1. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, Barrat J, Blanton JD, Briggs DJ,

Cleaveland S et al: Estimating the global burden of endemic canine rabies. PLoS Negl Trop Dis 2015, 9

(4):e0003709.

2. Fooks AR, Banyard AC, Horton DL, Johnson N, McElhinney LM, Jackson AC: Current status of rabies

and prospects for elimination. Lancet 2014, 384(9951):1389–1399. https://doi.org/10.1016/S0140-

6736(13)62707-5 PMID: 24828901

3. Knobel DL, Cleaveland S, Coleman PG, Fevre EM, Meltzer MI, Miranda ME, Shaw A, Zinsstag J,

Meslin FX: Re-evaluating the burden of rabies in Africa and Asia. Bull World Health Organ 2005, 83

(5):360–368. https://doi.org//S0042-96862005000500012 PMID: 15976877

4. Wallace RM, Undurraga EA, Blanton JD, Cleaton J, Franka R: Elimination of Dog-Mediated Human

Rabies Deaths by 2030: Needs Assessment and Alternatives for Progress Based on Dog Vaccination.

Front Vet Sci 2017, 4:9. https://doi.org/10.3389/fvets.2017.00009 PMID: 28239608

5. WHO Expert Consultation on Rabies. Second report. World Health Organ Tech Rep Ser 2013(982):1–

139, back cover. PMID: 24069724

6. Coleman PG, Dye C: Immunization coverage required to prevent outbreaks of dog rabies. Vaccine

1996, 14(3):185–186. https://doi.org/10.1016/0264-410x(95)00197-9 PMID: 8920697

7. Global elimination of dog-mediated human rabies: report of the Rabies Global Conference, Geneva,

Switzerland, 10–11 December 2015. [https://www.who.int/rabies/resources/who_htm_ntd_nzd_2016.

02/en/. Accessed on Aug 5th,2020.]

8. ASEAN Rabies Elimination Strategy [https://asean.org/storage/2017/02/ASEAN-Rabies-Elimination-

Strategy.pdf. Accessed on Aug 5th,2020].

9. The National Medium and Long-term Animal Epidemic Prevention Planning (2012–2020) [http://www.

moa.gov.cn/zwllm/ghjh/201205/t20120530_2678977.htm].

PLOS NEGLECTED TROPICAL DISEASES SARE assessment in China

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009274 March 29, 2021 14 / 15

https://doi.org/10.1016/S0140-6736%2813%2962707-5
https://doi.org/10.1016/S0140-6736%2813%2962707-5
http://www.ncbi.nlm.nih.gov/pubmed/24828901
https://doi.org//S0042-96862005000500012
http://www.ncbi.nlm.nih.gov/pubmed/15976877
https://doi.org/10.3389/fvets.2017.00009
http://www.ncbi.nlm.nih.gov/pubmed/28239608
http://www.ncbi.nlm.nih.gov/pubmed/24069724
https://doi.org/10.1016/0264-410x%2895%2900197-9
http://www.ncbi.nlm.nih.gov/pubmed/8920697
https://www.who.int/rabies/resources/who_htm_ntd_nzd_2016.02/en/
https://www.who.int/rabies/resources/who_htm_ntd_nzd_2016.02/en/
https://asean.org/storage/2017/02/ASEAN-Rabies-Elimination-Strategy.pdf
https://asean.org/storage/2017/02/ASEAN-Rabies-Elimination-Strategy.pdf
http://www.moa.gov.cn/zwllm/ghjh/201205/t20120530_2678977.htm
http://www.moa.gov.cn/zwllm/ghjh/201205/t20120530_2678977.htm
https://doi.org/10.1371/journal.pntd.0009274


10. The National Animal Rabies Prevention and Control Plan (2017–2020). [http://www.moa.gov.cn/nybgb/

2017/dlq/201712/t20171231_6133713.htm. Accessed on Aug 5th,2020]

11. Announcement to stop stop the production and use of live rabies vaccine for animals,issued by the Min-

istry of agriculture of the people’s Republic of China [http://www.moa.gov.cn/gk/zcfg/nybgz/201704/

t20170414_5560889.htm. Accessed on Aug 5th,2020]

12. Coetzer A, Kidane AH, Bekele M, Hundera AD, Pieracci EG, Shiferaw ML, Wallace R, Nel LH: The

SARE tool for rabies control: Current experience in Ethiopia. Antiviral Res 2016, 135:74–80. https://doi.

org/10.1016/j.antiviral.2016.09.011 PMID: 27746249

13. Zero by 30: the global strategic plan to end human deaths from dog-mediated rabies by 2030. [https://

www.who.int/publications/i/item/9789241513838. Accessed on Aug 5th,2020.]

14. National Rabies Sruivellance Report in 2018, China. In: Annual Report on Surveillance of Selected

Infectious Diseases and Vectors, China, 2018. Edited by Gao GF. Beijing: Chinese Centre for Disease

Control and Prevention; 2019.

15. Zhou H, Vong S, Liu K, Li Y, Mu D, Wang L, Yin W, Yu H: Human Rabies in China, 1960–2014: A

Descriptive Epidemiological Study. PLoS Negl Trop Dis 2016, 10(8):e0004874. https://doi.org/10.1371/

journal.pntd.0004874 PMID: 27500957

16. World Health Orgnization: Rabies vaccines: WHO position paper, April 2018—Recommendations. Vac-

cine 2018, 36(37):5500–5503. https://doi.org/10.1016/j.vaccine.2018.06.061 PMID: 30107991

17. Regulations on the Management of Dogs in Beijing [http://www.bjdch.gov.cn/n3952/n3970/n3971/

n381739/c226623/content.html]

18. Official Veterinary Bulletin [http://jiuban.moa.gov.cn/zwllm/tzgg/gb/sygb/]

19. Chinese Ministry of Health, Chinese Ministry of Agriculture, Chinese Food and Drug Administration:

Current status of rabies control in China. In. Edited by Chinese Ministry of Health CMoPS, Chinese Min-

istry of Agriculture, Chinese Food and Drug Administration. Beijing; 2009.

20. Rabies Post Exposure Prophylaxis Guidelines [http://www.gov.cn/gzdt/2009-12/17/content_1489470.

htm]

21. Zhou H, Li Y, Chen RF, Tao XY, Yu PC, Cao SC, Li L, Chen ZH, Zhu WY, Yin WW et al: [Technical

guideline for human rabies prevention and control (2016)]. Zhonghua Liu Xing Bing Xue Za Zhi 2016,

37(2):139–163.

22. Rabies vaccines: WHO position paper—recommendations. Vaccine 2010, 28(44):7140–7142. https://

doi.org/10.1016/j.vaccine.2010.08.082 PMID: 20831913

23. Report on the assessment of rabies control program funded by the central gonverment In. Beijing: Chi-

nese Centre for Disease Control and Prevention; 2015.

24. Ma J: Introduction on the project experience of the integrated rabies integrated prevention and control

technology program (red collar program). In: Annual Chinese Rabies Conference in 2017. Hangzhou,

China: Organizing Committee for Annual Chinese Rabies Conference in 2017; 2017.

25. Wu X, Hu R, Zhang Y, Dong G, Rupprecht CE: Reemerging rabies and lack of systemic surveillance in

People’s Republic of China. Emerg Infect Dis 2009, 15(8):1159–1164. https://doi.org/10.3201/eid1508.

081426 PMID: 19751575

26. Yin W, Dong J, Tu C, Edwards J, Guo F, Zhou H, Yu H, Vong S: Challenges and needs for China to

eliminate rabies. Infect Dis Poverty 2013, 2(1):23. https://doi.org/10.1186/2049-9957-2-23 PMID:

24088366

27. Stray Dogs Available for Adoption [http://www.csapa.org/adopt.htm].

28. Asia A: The 8th China Dog Management Seminar 2018. In.; 2018.

29. Rabies is a tripartite (WHO-OIE-FAO) priority [https://www.oie.int/doc/ged/D14101.PDF].

30. China—One Health Zoonotic Disease Prioitization (OHZDP) Workshop. https://www.cdc.gov/

onehealth/what-we-do/zoonotic-disease-prioritization/completed-workshops.html#china

PLOS NEGLECTED TROPICAL DISEASES SARE assessment in China

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009274 March 29, 2021 15 / 15

http://www.moa.gov.cn/nybgb/2017/dlq/201712/t20171231_6133713.htm
http://www.moa.gov.cn/nybgb/2017/dlq/201712/t20171231_6133713.htm
http://www.moa.gov.cn/gk/zcfg/nybgz/201704/t20170414_5560889.htm
http://www.moa.gov.cn/gk/zcfg/nybgz/201704/t20170414_5560889.htm
https://doi.org/10.1016/j.antiviral.2016.09.011
https://doi.org/10.1016/j.antiviral.2016.09.011
http://www.ncbi.nlm.nih.gov/pubmed/27746249
https://www.who.int/publications/i/item/9789241513838
https://www.who.int/publications/i/item/9789241513838
https://doi.org/10.1371/journal.pntd.0004874
https://doi.org/10.1371/journal.pntd.0004874
http://www.ncbi.nlm.nih.gov/pubmed/27500957
https://doi.org/10.1016/j.vaccine.2018.06.061
http://www.ncbi.nlm.nih.gov/pubmed/30107991
http://www.bjdch.gov.cn/n3952/n3970/n3971/n381739/c226623/content.html
http://www.bjdch.gov.cn/n3952/n3970/n3971/n381739/c226623/content.html
http://jiuban.moa.gov.cn/zwllm/tzgg/gb/sygb/
http://www.gov.cn/gzdt/2009-12/17/content_1489470.htm
http://www.gov.cn/gzdt/2009-12/17/content_1489470.htm
https://doi.org/10.1016/j.vaccine.2010.08.082
https://doi.org/10.1016/j.vaccine.2010.08.082
http://www.ncbi.nlm.nih.gov/pubmed/20831913
https://doi.org/10.3201/eid1508.081426
https://doi.org/10.3201/eid1508.081426
http://www.ncbi.nlm.nih.gov/pubmed/19751575
https://doi.org/10.1186/2049-9957-2-23
http://www.ncbi.nlm.nih.gov/pubmed/24088366
http://www.csapa.org/adopt.htm
https://www.oie.int/doc/ged/D14101.PDF
https://www.cdc.gov/onehealth/what-we-do/zoonotic-disease-prioritization/completed-workshops.html#china
https://www.cdc.gov/onehealth/what-we-do/zoonotic-disease-prioritization/completed-workshops.html#china
https://doi.org/10.1371/journal.pntd.0009274

