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What is rabies?



• Rabies virus (RABV)
• Lyssaviruses
• Only mammals
• Encephalitis 
• Almost always fatal

Rabies disease

Presenter Notes
Presentation Notes
Rabies is most commonly caused by the rabies virus, which is a negative-stranded RNA virus found within a family of viruses known as lyssaviruses. Rabies can only infect mammals, and causes an encephalitis that is almost always fatal once symptoms begin



Where did rabies come from?



Rhabdoviruses emerged long ago

Long ago



Emergence of Lyssaviruses

Long ago >30,000 BC



Emergence of canine rabies

Long ago >30,000 BC >20,000 BC



Domestication of animals

Long ago >30,000 BC >20,000 BC 20,000 BC



20 known terrestrial animal 
reservoirs for rabies

Long ago >30,000 BC >20,000 BC 20,000 BC Today

Presenter Notes
Presentation Notes
The current rabies variants we see today originate from both bat and canine rabies variants.



Rabies: A Domestic Perspective



Eliminating Canine Rabies in the US

• 1938 – Rabies becomes reportable 
disease in the U.S.

• In the 1940’s, mass dog 
vaccination campaigns were 
implemented in the U.S. 

• Significant decline in dog and 
human rabies cases

• By late 1970’s, canine rabies virus 
variant transmission eliminated

Presenter Notes
Presentation Notes
>50 years and >$1b USD




Rabies Surveillance in the United States
Public Health 
Surveillance 

134 
laboratories

 100,000 
samples

Rabies Wildlife 
Management
7,000 samples

Presenter Notes
Presentation Notes
The United States has an extensive rabies surveillance network that is supported by State and local jurisdictions and CDC-coordinated national public health surveillance and USDA led rabies wildlife management programs. Each year 134 laboratories test 100,000 animals through passive public health surveillance and another 7,000 samples are tested through rabies wildlife management. 

Build out visualization 






Rabies Surveillance in the United States
Public Health 
Surveillance 

Rabies Wildlife 
Management

4,000 
positive 
samples

200 
positive 
samples

134 
laboratories

 100,000 
samples

7,000 samples

Presenter Notes
Presentation Notes
Of those samples, around 4,000 public health samples and around 200 wildlife management samples are positive for rabies.







Rabies Surveillance in the United States
Public Health 
Surveillance 

4,000 
positive 
samples

200 
positive 
samples

134 
laboratories

 100,000 
samples

Rabies Wildlife 
Management
7,000 samples

Presenter Notes
Presentation Notes
Both agencies share data for that forms a comprehensive national datafile maintained by CDC. Data from these national rabies surveillance activities help inform CDC public health and animal vaccination guidance as well as USDA’s oral rabies vaccination programs.






4 million 
annual 

exposures

Rabies presents a major public health and financial 
burden to Americans

Presenter Notes
Presentation Notes
Each year, there are about 4 million annual animal exposures.



4 million 
annual 

exposures

Rabies presents a major public health and financial 
burden to Americans

800,000
seek care

Presenter Notes
Presentation Notes
Of these 4 million exposures, around 800,000 people seek care from their health care providers.



4 million 
annual 

exposures

Rabies presents a major public health and financial 
burden to Americans

800,000
seek care

60,000 
receive PEP

Presenter Notes
Presentation Notes
Among those 800,000 people, 60,000 go on to receive rabies PEP based rabies exposure risk assessments.



4 million 
annual 

exposures

Rabies presents a major public health and financial 
burden to Americans

800,000
seek care

$356 million
in medical care

60,000 
receive PEP

Presenter Notes
Presentation Notes
In total, these 60,000 recipients of PEP account for an estimated 356 million dollars in medical care expenditures. 



1-3 Deaths

Rabies still kills Americans

Presenter Notes
Presentation Notes
However, even with readily available rabies PEP, and extensive rabies testing and surveillance, there are still around 1-3 deaths every year from rabies in the United States 



1-3 Deaths

Rabies still kills Americans

70%

Presenter Notes
Presentation Notes
Among rabies deaths in the US, about 70% are the result of bat exposures. The rest of rabies deaths result from exposures to domestic or terrestrial wildlife.



Presenter Notes
Presentation Notes
However, in addition to bats which are a reservoir for across the continental US, there are 5 other wildlife terrestrial rabies reservoirs found in distinct geographic locations across the United States



Presenter Notes
Presentation Notes
This includes red and gray foxes in the western united states



Presenter Notes
Presentation Notes
Arctic foxes in Alaska



Presenter Notes
Presentation Notes
Skunks in the central United States, including Michigan



Presenter Notes
Presentation Notes
Mongoose in Puerto Rico



Presenter Notes
Presentation Notes
And raccoons along the east coast.



• Antigenic and molecular testing methods can be used to identify major 
events or shifts in enzootic activity
– Introduction of novel rabies virus variant (RVV)
– Translocation of rabies virus variants into new geographic areas
– Host-shift evets
– Introduction of RVV among nonindigenous bat species

• Other important events to monitor
– Unusual rabies-related events
– Early detection of a host-shift event in bats

Monitoring for changes in the US rabies landscape -
Samples of Epidemiologic Importance (SEIs)



Monthly reporting helps CDC identify SEIs sooner

Presenter Notes
Presentation Notes
States reporting by ELR don’t need to do monthly reporting bc we already have “real-time” access
Look at CSTE position statement for wording on monthly reporting
Benefit to state helps keep them on track
Unique because it’s an animal disease – lo

Modernization
All steps working towards surveillance system
CDC initiative for data modernization
Decipher data platform
Cross-jurisdictional trend awareness
cation of animal



Rabid Kitten Sparks 
Multiagency Response to 
Stop Spread of Raccoon 
Rabies in Omaha, Nebraska

October 2023

Presenter Notes
Presentation Notes
Probably occurring more often than realized



Sep 22: Stray kitten arrives on doorstep



Sep 22: Stray kitten arrives on doorstep

Sep 24: Kitten develops clinical signs
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Sep 22: Stray kitten arrives on doorstep

Sep 24: Kitten develops clinical signs

Sep 25: Taken to vet and treated for toxoplasmosis

Sep 26: Clinical signs worsen

Sep 27: Kitten dies, submitted for rabies testing

Sep 28: Positive rabies result

Oct 6: CDC confirms RRVV

Oct 7: Multiagency call to plan response



Translocation of RRVV in 1977

Presenter Notes
Presentation Notes
Raccoon rabies was not originally widespread in the Eastern United States. First recognized in Florida in the 1940s, raccoon rabies began to naturally expand from Florida into neighboring states. 



Translocation of RRVV in 1977

Presenter Notes
Presentation Notes
However, this all changed through a human mediated translocation event in 1976, when hunters began moving raccoons from Florida to West Virginia to replenish dwindling raccoon populations used for hunting. Through these human-mediated movements of raccoon wildlife, raccoon rabies was unknowingly introduced into the east coast’s mid-Atlantic region. 



Translocation of RRVV in 1977

Presenter Notes
Presentation Notes
Through this translocation event, raccoon rabies quickly spread up and down the eastern seaboard, reaching the Canadian border by the 1990s.



RRVV poses a major public health burden

600%

Presenter Notes
Presentation Notes
Areas with both bat AND raccoon rabies have reported human rabies exposures that are 600% higher than in areas that are only enzootic for bat rabies. Raccoons are highly adaptable and are able to thrive in habitats with close proximity to, or that overlap with, human developments – such as agricultural, suburban, and semi-urban environments. The introduction of raccoon rabies along the densely populated east coast, where previously only bat rabies was enzootic, dramatically and irrevocably changed the rabies epidemiology and rabies risk for a region of the United States that is home to over 130 million people.



RRVV poses a major public health burden

600%
600%

600% 75%

Presenter Notes
Presentation Notes
Raccoon rabies now accounts for nearly 75% of all terrestrial animal rabies cases reported in the United States.



RRVV poses a major public health burden

600%600%
600% 75%

vs

1.68

Presenter Notes
Presentation Notes
In addition, when comparing PEP demand in areas enzootic for raccoon rabies to those that are enzootic for skunk areas, the demand for PEP is estimated to be nearly 70% higher in raccoon rabies enzootic zones.




Preventing westward expansion

Presenter Notes
Presentation Notes
The Appalachian mountains provided a natural geographic border that helped slow the westward expansion of raccoon rabies. However, to prevent the continued westward expansion of raccoon rabies, USDA began large-scale ORV efforts along the western edge of the raccoon rabies enzootic zone. This has stopped the westward spread of the raccoon rabies variant and ;ed to a reduction in the number of detected rabid raccoons.



What would happen if RRVV emerged in Omaha 
wildlife?

Presenter Notes
Presentation Notes
With no significant natural geographic barriers around Omaha to hinder the spread of RRVV, what would happen if RRVV  became established in Omaha wildlife?




$16-93 million in PEP costs

After 5 years, RRVV would expand into 5 other states!

60 km/year expansion

2,000 – 12,000 human 
exposures

Presenter Notes
Presentation Notes
Knowing what we know of raccoon rabies, it is expected that if raccoon rabies became established in local wildlife, without interventions, it would quickly expand beyond Omaha.

In areas with a high density of rabies virus-naïve raccoons, extensive corn agricultural lands, and urban-rural interfaces, raccoon rabies has the ability to spread at a rate of 60 km per year. Omaha has a thriving raccoon population with an estimated 90 raccoons per square km and is surrounded by agricultural lands. This indicates that, if established in wildlife, raccoon rabies could easily spread in Omaha wildlife and beyond.

This would lead to raccoon rabies expand to 5 additional states beyond Nebraska within 5 years.

Would result in 2,000-12,000 human exposures

And an estimated 16-96 million dollars in PEP and healthcare costs. With these considerations, it was clear that this raccoon rabies positive kitten had the potential to dramatically alter the knownand carefully monitored epidemiology of rabies in the United States.




Unable to determine where this kitten came from or 
how it got RRVV

Established enhanced rabies surveillance system

Identify additional RRVV cases

Vaccinate wildlife

Multi-agency response initiated



Quick identification and decisive action may have 
prevented introduction of RRVV into Midwest wildlife

• Translocation of domestic animals can spread non-enzootic rabies variants

• Existing public health relationships allowed for a rapid, comprehensive, 
and collaborative multiagency response

• No additional evidence of RRVV in Nebraska

• Due to long rabies incubation periods, ERS will continue into mid-2024

Presenter Notes
Presentation Notes
How often does this happen?
Translocation events will continue to present public health threats
CDC will continue to support states in their identification, reporting, and response to SEIs




Rabies: A Global Perspective



Rabies is a 
Neglected 

Tropical 
Disease

Presenter Notes
Presentation Notes
Rabies is a neglected tropical disease and ranks among 16 NTDs currently recognized by WHO.Neglected ('forgotten') diseases are a set of infectious diseases, impacting more than a billion people worldwide – especially vulnerable populations – and are associated with devastating health, social and economic consequences. These populations include those with the least access to health services, especially impoverished people living in remote rural areas, although some, like rabies, also affect large urban areas. Control of NTDs is often complicated due to the populations they impact, complex life cycles, having animal reservoirs, and limited funding for implementing control and elimination programs. 



Neglected does NOT mean rare

70,000
deaths 

annually

40% 
deaths among 

children

99% 
deaths from 

dog bites



People continue to die from 
rabies because:

Rabies poses a heavy public health and economic 
burden

Limited awareness

Uncontrolled in dogs

Limited access to 
medical care and PEP

Presenter Notes
Presentation Notes
This cost is disproportionately borne by the world’s poorest and most disadvantaged communities. People continue to die of rabies because it is neglected, because their awareness of the disease is limited, because the disease remains uncontrolled in dogs, and because many lack access to basic medical care, such as PEP, following an exposure.



Estimated global rabies deaths by country in 2021



Estimated global rabies deaths by country in 2021

There are numerous 
causes of encephalitis

Presenter Notes
Presentation Notes
There are numerous causes of encephalitis
Over 50% of encephalitis deaths have no known etiology
We have no treatment once symptoms develop
What is the incentive to present to a healthcare provider?
We have complicated and costly diagnostics
Outside of a National Hospital, laboratory diagnosis is nearly impossible
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Estimated global rabies deaths by country in 2021
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Presenter Notes
Presentation Notes
There are numerous causes of encephalitis
Over 50% of encephalitis deaths have no known etiology
We have no treatment once symptoms develop
What is the incentive to present to a healthcare provider?
We have complicated and costly diagnostics
Outside of a National Hospital, laboratory diagnosis is nearly impossible
Cultural issues for autopsies



Estimated global rabies deaths by country in 2021

There are numerous 
causes of encephalitis

We have no treatment 
once symptoms start

Diagnostics are costly 
and expensive

2017 WHO Global 
Health Observatory:

1,543 reported deaths

Presenter Notes
Presentation Notes
There are numerous causes of encephalitis
Over 50% of encephalitis deaths have no known etiology
We have no treatment once symptoms develop
What is the incentive to present to a healthcare provider?
We have complicated and costly diagnostics
Outside of a National Hospital, laboratory diagnosis is nearly impossible




Conflicting rabies death estimates

59,000 159,00025,000

55,000 94,00024,000

2015 Global 
Burden Study

2005 Global 
Burden Study

14,0006,000 21,000

2022 Global 
Burden Study



Animal testing data is also lacking

Presenter Notes
Presentation Notes
Animal testing data reported to the World Organization for Animal Health (WOAH) is also lacking – with many countries we KNOW that are endemic, failing to test, collect, and ultimately report their data



The global strategic plan to end human deaths from 
dog-mediated rabies by 2030

Objective 1: Effectively use vaccines, 
medicines, tools, and technology

Objective 2: Generate, innovate, and 
measure impact

Objective 3: sustain commitment and 
resources



Limitations in current methods of 
rabies burden estimation are 

stalling advocation for resources 
to work towards ZB30

Presenter Notes
Presentation Notes
Lack of data has limited our ability to advocate to countries and the global community. 
We cannot push back against conflicting death estimates, because we don’t have any better data!
Very few deaths are detected and submitted to WHO. 

Only regular, complete and reliable reporting of cases can provide a true picture of any disease situation, and high-quality surveillance data on which to base disease management decisions (for canine rabies and other diseases) is needed. Current passive surveillance data is unreliable and incomplete for most canine rabies endemic countries and increased investment in surveillance should be prioritized by countries and international organizations to allow accurate evaluation of the need for and impacts of control programs.





CDC Global Rabies Operations



• Surveillance
• Diagnostics
• Dog vaccinations
• Disease burden 

estimation



Services and tools provided by CDC

• Risk mapping

• PEP decision making tool for healthcare providers

• Vaccination technical guidance and support

• Surveillance capacity building

• Laboratory capacity building



Technical assistance for vaccination campaigns

Presenter Notes
Presentation Notes
Vax-PLAN is an open-source tool developed by the US-CDC (rabiestaskforce.com/toolkit/vaxplan ). Its purpose is to assist in the planning of mass canine vaccination campaigns by allowing users to input dog demographic parameters and planned vaccination methods, which then generates estimated vaccination coverage for different campaign structures.
The key parameters for using Vax-PLAN include:
the estimated size of the dog population
the proportion of confinement among the dog population (never confined, sometimes confined, or always confined)
and the expected vaccination efficiency for each vaccination method based on the dog confinement parameter
WVS app



Build Laboratory capacity

Positive Bionote LFA test Negative Bionote LFA test

Presenter Notes
Presentation Notes
LN34
Sequencing
LFD



Build surveillance capacity through Integrated Bite 
Case Management (IBCM)

Integrating data collection 
and reporting at the 
community level to limit 
onward rabies 
transmission through: 

• Rapid response

• Animal evaluation, 
contact tracing

• Implementation of 
control measures

Presenter Notes
Presentation Notes
Work with ministries of agriculture and health
Develop surveillance strategies based on infrastructure
Use of REACT App





Cambodia perspective

Limited surveillance

500,000 bites per year

Limited testing capacity

Political instability

800 rabies deaths per year

Rapidly developing



Establishment of Integrated Bite Case Management 
(IBCM) in 3 provinces



Introduction of a healthcare provider PEP decision 
making tool

Presenter Notes
Presentation Notes
Algorithm based on WHO PEP recommendations to aid providers in their decision to administer PEP after an animal bite 




Piloted at Cambodia’s first government run provincial 
PEP center



Goal to 
vaccinate 70,000 
dogs in Phnom 
Penh over a 10-

day period in 
May 2023

Assisted with planning, implementation, and 
evaluation of mass dog vaccination campaign



Vaccinated 
74,983 dogs 
in 10 days!



Rabies elimination programs are not one size fits all

Socioeconomic 
variables

Government 
structure and 

political stability

Access to 
vaccines

Presenter Notes
Presentation Notes
Cold-chain 



• The US has the most comprehensive rabies 
surveillance system and rabies wildlife control 
program in the world

• Changes in rabies epidemiology can have major 
economic and public health repercussions

• Rabies is a neglected tropical disease that is a 
major driver for human deaths in many middle-
and low-income countries

• ZERO by 30 is helping to promote collaboration 
between international organizations to unite in 
the elimination of deaths from dog-mediated 
rabies by 2030

In conclusion



Questions?



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.
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