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Objectives

• Understand the fatal nature of 
rabies, its presentation, its 
epidemiology, the initial wound 
care and pre-and post-exposure 
treatment for rabies

• Understand that rabies should 
always be considered with any 
unknown encephalopathy













Rabies
• Why should you learn about 

rabies?
♦It’s the most uniformly fatal 

infectious disease in the world
♦It is endemic everywhere, except for 

a few exceptions (WHO states that 
Antarctica is the only rabies free 
continent.) 

♦Any unknown encephalopathy that 
you transport is suspect

♦You, being on the front line, may 
make a difference in someone being 
seen, treated and their life saved



Rabies   History
• One of oldest diseases recorded in 

human history
• Noted in Babylonian Code 4000 years 

ago
• Sanskrit: “rabhas” “to rage”
• Latin: “ravere” “to rave”
• No wonder: a rabid bite was literally 

the kiss of death; through most of 
human history there was nothing that 
could be done 



Five Movies with Rabies Theme



Louis Pasteur 1822-1895



First Immunization

• Pasteur showed that the rabies agent, a 
virus, could be attenuated by serial 
intra-cerebral passage in the rabbit, a 
species other than its natural host. He 
immunized a young boy, Joseph 
Meister, who had been bitten by a rabid 
dog

• No prior use in animals!
• Imagine trying to get that through the 

IRB or your Ethics Committee!



Turning Point in 19th Century
• Development of rabies vaccine in 1885 

dramatically changed everything
• That which was fatal was now 

potentially survivable
• …but WHO estimates 30,000 to 70,000 

people still die yearly worldwide-- in 
third world countries a rabid bite is still 
the kiss of death (contrast with U.S that has had 
an average of 1-3 deaths per year in the last 20 years; 
one death in 2005)



Areas of World Rabies Free

• Great Britain 
• Ireland
• Sweden
• Hawaii
• New Zealand
• Japan
• Taiwan
• Iberia Peninsula



The Virus(es)
• Caused by a number of strains of the 

family lyssavirus, genus 
Rhabdoviradae

• Single-stranded RNA bullet shaped 
virus 

• Viruses in different areas and different 
animals have different epitopes (in 
glycoprotein and nucleoprotein) and 
differing nucleotide sequences



The Virus(es)

• Travels from bite site along 
peripheral nerves to CNS

• Closer to CNS-- faster the 
syndrome occurs (e.g. a bite on the face 
leads to clinical rabies faster than a leg bite)



Negri bodies



The lesion in brain sections by light microscopy

Negri Bodies

Virus budding off Negri body



Immunofluorescence of virus particles confirms infection



Clinical Illness

• Rabies presents with one of two 
clinical picture:
♦Encephalitic ("furious") rabies (80% 

to 85% of cases) has the classical 
presentation with hydrophobia, 
pharyngeal spasms, and 
hyperactivity leading to paralysis, 
coma, and death

♦Paralytic form is much less common.



Clinical Illness

• Incubation: Ranges from 10 days to 1 
year (average 20 to 60 days); the 
woman who died in Australia in 1996 of 
ABL had a 27 month incubation! 

• Prodrome: Onset 2 to 10 days 
postexposure; lasts 1 day to 2 weeks. 

• Characterized by nonspecific flu-like 
symptoms:

• malaise, anorexia, irritability, low-grade 
fever, headache, nausea, vomiting

• paresthesia, pain, or numbness may be 
present at bite site 



Clinical Illness
Acute neurologic syndrome 

occurs 2 to 7 days after prodrome

dysarthria, 
dysphagia, 

excessive salivation,
diplopia, 
vertigo, 
nystagmus, 
restlessness, 
agitation
polyneuritis,
nuchal rigidity 

visual or auditory 
hallucinations,

manic behavior 
alternating with 
lethargy; 

hydrophobia 
secondary to 
painful contractions 
of pharyngeal 
muscles; 

hyperactive deep 
tendon reflexes

positive Babinski 
signs



Clinical Illness

• Coma: 
• 7 to 10 days after neurologic stage. 
• Hydrophobia, 
• Prolonged apnea, 
• Generalized flaccid paralysis which 

can evolve in an ascending fashion 
as in Guillain-Barre, 

• Seizures and coma with ultimate 
respiratory and vascular collapse.



Clinical Illness

• Death may follow 2 to 3 days after 
onset of paralysis symptoms

• May be prolonged by life-support
• Recovery rare





Transmission

• Bites of infected animals
♦ In undeveloped countries: 90% dogs
♦ In developed countries: <5% dogs
♦ Principal vectors:

Mongoose, antelope and jackal in Africa
Fox in Europe, Canada, Artic and sub-artic 
regions
Wolves in western Asia 
Vampire bat in Latin America

♦ In U.S: skunks, raccoons, cattle, horses, foxes, bats









What large group of mammals do 
not carry rabies (at least in the 
U.S.)?



Rodents and Lagomorphs

Bugs no

Tom yes

Jerry no

Rocky no

Bullwinkle yes



• The only rodent that is commonly rabid in the 
U.S. is the woodchuck

• Anecdotal reports of rabies transmitted by rats 
in Thailand and by bandicoots in Sri Lanka

Bandicoot



Largest North American Rodent

Can carry and  transmit rabies



Largest rodent in the world
Capybara



• Our opossums are very low risk, 
are resistant to rabies



Rabies in Animals 
Scope of Problem

• In 2006, 6900 rabid animals submitted to CDC
• 7.6% of cases were in domestic animals 

(compared to 82% in 1950)

• Cats represented 318 (4.6%) of the CDC cases
• Of the 24 cases in the US since 2000, none 

associated with cats
• Last human rabies case in US from cat in 

1975
• Dog and cat exposures can not be discounted







Rabies in MN
• 5 cases of human rabies in MN since 

1917: 1917, 1964, 1975, 2000, 2007
• All fatal, obviously
• The case in 1975 that I cared for as 

resident was diagnosed postmortem
• Last one in 2007, male in 40’s exposed 

to bat in North Central MN in August, 
2007, died October 20, 2007



Rabies in MN

• Last case, 2007, the man felt a 
“needle prick” on his finger, but 
no blood drawn, so he did not 
seek medical attention

• Rabies diagnosed Oct 18, he died 
Oct 20, 2007



Testing Animals
• Controlled domestic (immunizations 

UTD): quarantine 10 days
• Uncontrolled domestic (immunizations 

unknown): start vaccine within 5 days
• Feral or wild: 

♦ Available- sacrifice and ? begin vaccine
♦ Unavailable- begin vaccine and 

immunoglobulin
• Any vet can prepare an animal to send 

to state health department



Bats

• Most common source of rabies in U.S.
• For many of the cases in which 

nucleotide analysis demonstrates that 
the rabies virus strain is of bat origin, 
no history of an actual bite by a bat can 
be obtained
♦ bat bite is very tiny, 
♦ because the victim did not report a bite to 

anyone and can no longer give the history
♦ because the virus is spread through 

aerosol transmission



Bats

• CDC recommendations include 
postexposure rabies prophylaxis 
for anyone who has contact with a 
bat even if there has not been a 
bite 

• Any person who awakens from 
sleep and finds a bat in their room 
should be immunized, as should 
any one who is unreliable (child, 
inebriated)



Rabies Immunization in the U.S.

• 25,000 to 40,000 get post-exposure 
prophylaxis each year in the U.S.

• Cost exceeds $1000 per course
• CDC estimates of cost per life saved is:





Wound Treatment



• Soap and water is effective to 
remove any virus that may remain 
in the area of the bite

• Rinse under clean water tap for 
ten minutes



Vaccines
Now 2 types of vaccines

• All preparations in U.S. produced in cell 
culture  (Safer than infected animal brain 
preparations)
♦ HDCV (Imovax) (only one FDA approved for PRE-EXP)

Human diploid cells
Risk of  serum sickness 6% with boosters

♦ PCEC (RabAvert)
Developed in  chick embryo 
New preparation with fewer side effects
Contraindicated in severe egg allergy



Who should consider preexposure
rabies prophylaxis?

Veterinarians; Animal Handlers

Cave 
explorers, 
cleaning bat 
infested attic?

State tissue laboratory technicians

Travelers to remote Countries such as India, Nepal, 
Central America



How many doses of vaccine are 
needed for Pre-exposure 

Prophylaxis?



How many doses of vaccine are needed 
for Pre-exposure Prophylaxis?

• 3 Intradermal
• Day 0, 7, 21
• Antibody testing to determine when 

boosters are needed (usually every two years)

• Two boosters needed if exposed to 
possible rabies (day 0, day 3) No 
Immunoglobulin!!!



How many doses are needed for the 
rabies postexposure vaccine 

schedule?



How many doses are needed for the 
rabies postexposure vaccine schedule?

NOW

5X
4

X



What is the dose in 
International Units per KG of 

Rabies Immunoglobulin (RIG)?



What is the dose in 
International Units per KG of 

Rabies Immunoglobulin (RIG)?

• Passive Immunoprophylaxis:
♦1/2 dose should be infiltrated 

into wound areas, if feasible
♦remainder IM in an additional site

• DO NOT use if previously 
immunized

20 IU/kg



How many doses are required  of 
“old” neural preparation vaccine? 

• Vaccine given subcutaneously in 
abdominal wall

• High rate of complications
• Semple or Neural Tissue Vaccine

21



How many survivors of rabies 
disease are acknowledged by CDC?

• MMWR: December 24, 2004 / 53(50);1171-1173

♦ Recovery of Wisconsin 15 year-old
♦ Bitten by bat in September
♦ One month later fatigue; tingling and 

numbness in hand
• 5 previous survivors all had some 

immunization prior to illness
• Only one survived neurologically intact

6 7









Newest Survivor Just Reported



Rabies Pearls

• Immunization always means vaccine and 
immunoglobulin, except if they have had 
vaccine previously

• Rodents and lagomorphs (rabbits, hares) do 
not carry rabies (except large rodents: woodchucks, 
beavers, capyberas)

• Bats are the biggest single source of human 
rabies in the USA

• Domestic animals in custody, vaccinated,  not 
sick: can wait 10 days unless become ill



Rabies Pearls

• Domestic animals not in custody, chance of 
recovery: wait no more than 5 days

• Wild animals  in possession: have vet send 
head to state, can wait until results

• Wild animals not in possession: begin 
immunization right away



Cases



Case   1

• A 24 year-old medical student is planning a 
trek in Nepal. 

• She plans to be  away form Katmandu and 
other medical treatment centers. 

• She is concerned about exposure to rabid 
dogs, which are endemic in the trek area.  

• What precautions should she take if a dog 
bites her during her trek?



A. She should carry a first aid kit, which includes 
Betadine, and 70% alcohol to clean contaminated 
wounds and only worry about rabies if the dog was 
acting strangely. 

B.She should return immediately to Katmandu for proper 
treatment within a week of a bite.

C.She should carry rabies immune globulin and 
immunization vaccine with her to start if she gets bitten 
while on the trek.

D. She should be immunized with the rabies vaccine 
before going to an endemic area.



Case   2

• A 30 year-old woman living temporarily 
in an older rental home with three 
young cats; found one of the cats in 
her bedroom playing with a dead bat. 

• A second bat was found in the 
bedroom closet.

• What treatment is indicated for this 
event?



A.Since the bat is dead and she has not had any direct 
contact with bat no treatment is necessary for the 
woman or her cat.

B.Since she has been sleeping in a room where bats have 
been present she will need standard rabies immune 
globulin and immunization.

C.Since she has been sleeping in a room where bats have 
been present but has not had any direct contact with the 
bat she just needs the immunization series

D.Since the cat was playing with the dead bat the cat 
should be sacrificed and the brain examined for 
possible rabies.



Case   3

• A 5 year-old girl ran home and told her 
mother that a bad cat had bitten her hand 
when she tried to pet it. 

• She does not know what color the cat is or 
where it lives. Her mother thinks there are 
some stray cats living in the area. 

• She has two deep puncture wounds on her 
right thumb.

• What treatment is indicated for this event?



A.The neighborhood should be searched for stray cats 
and any found should be sacrificed and sent to the 
state lab for analysis of brain tissue. Any prophylactic 
treatment of the girl should wait until these results are 
available. 

B.The wound should be cleaned with soap and water and 
antibiotics started for bacterial infection. No rabies 
prophylaxis is needed since cats are unlikely to spread 
this viral disease.

C.The girl should be started on rabies immunization 
series but she does not need RIG since the wounds are 
too tiny to be injected with immunoglobulin.

D.The girl should have rabies immune globin at a dose of 
20 IU /kg divided between injection into the wound 
sites and IM at a different site, as well as beginning the 
immunization series with rabies vaccine 



Case    4

• At a family reunion a horse was bridled with a 
mouth bit and ridden by several children. 

• The next day the horse was found dead.  
• Veterinary and laboratory testing revealed 

that the horse was positive for rabies.
• What treatment is indicated for this event?



A.Everyone who bridled the horse or petted the 
horse and was exposed to the horse’s saliva 
should receive immune globulin and the 
immunization series

B.Everyone who attended the reunion and was 
in the vicinity of the horse should receive 
immune globulin and the immunization series

C.Everyone who touched or rode the horse 
should receive immune globulin and the 
immunization series

D.Only people who were bitten by the horse 
should receive immune globulin and the 
immunization series



That’s all, Folks!



The “Streamlining”
• Manufacturing problems
• Surging demand; expected 8,000 to 

10,000 per year for prophylaxis; 
actually 35,000 to 40,000 per year are 
exposed (mostly due to large numbers of 
exposures to rabid raccoons on East Coast)

• Evidence that promptness of 
administration is more important than 
length of dosing

• No evidence in the U.S. of problems 
with accidentally omitting 5th dose



The “Streamlining”

• CDC says this could save $12-$17 
million dollars per year

• Is this “off label” usage?
• Package insert still says 5 doses
• What does one do?




