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e 7 5 & H 3¢ structural proteins

e ssRNA, non-segmented, non-polar

o 12,000 4 fit
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e Envelope contains G-protein spikes, which
bind to cells

e Nucleocapsid core: Matrix (M) protein, viral
nucleoprotein (N), viral RNA

e Transcriptase (L) protein, non-structural
protein (NS)

Protein Mol. wt. Function
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Lipidt bilayer (host)
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e Spill over: 1+ i dr o d e af et A 5E 5 e
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e Compartmentalisation Concept: 7 & & f&7 %
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e Localized viral evolution: geographic barriers

e Occasional: emergence of viral variants with
extended host range
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Hammond 6W (Principles and Practice of Pediatric Infectious diseases)

e Raccoons: 36.3% most common
e Skunks: 30.5%

e Bats: 17.2%

e Foxes: 6.4%

e Cats: 3.8%

e Dogs: 1.2%

e Kerbs JW et al.2003.J Am Vet Med Assoc. 223(12):1736-48
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o Kerbs JW et al.2003.J Am Vet Med Assoc. 223(12):173

Skunk
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Distribution of rabies virus variants associated with specific hosts throughout USA
Rupprecht CE, The Lancet Infectious Diseases Vol 2 June 2002
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Hammond 6W (Principles and Practice of Pediatric Infectious diseases)

Global distribution of mammalian rabies reservoirs and vectors
Rupprecht CE, The Lancet Infectious Diseases Vol 2 June 2002

Raccoons are social animals

Well adapted to living at high
population densities (urban/suburban)
Prefer forested habitat

Skunks are another major reservoir of rabies virus in the USA
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3 Rabies virus

4 The virus incubates in raccoon’s
body for approximately 3-12 weeks.
Tha raccoon has no signs of illness
during this time

5 When it reaches the
brain, the virus
multiplies rapidly,
passes to the salivary
glands, and the raccoon
o begins to show signs

of disease

spreads through the
nenves to the spinal
cord and brain

>

-

2 Rabies virus
enters the raccoon
through infected
saliva

& The infected animal
ugually dies within
7 days of becoming sick
1 Raccoon is bitten by

a rabid animal

A productive pathogenesis cycle of animal rabies: virus entry into peripheral nerves via a
bite, movement to the central nervous system resulting in encephalitis, and transit to the
salivary glands, mediating infection of another host. Rupprecht CE et al, The Lancet Infectious Diseases




Foxes maintain rabies from Arctic areas to temperate and tropical latitudes

Arctic fox

e s R S
Mongoose and related species are important in parts of Africa, Asia
& the Caribbean. Transported from Asia for snake control in sugar-
cane plantations.

Rabid wolves are associated with severe bites and human deaths
Wolves may not serve as true rabies reservoirs
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Rupprecht CE et al, The Lancet Infectious Diseases Vol 2 June 2002

Hosts 6/7 lyssavirus genotypes

Widespread throughout North
America, Latin America

Infection rates in bats varies
(4% to > 15%)

Humans encounter bats that are
sick, incapacitated

Different bat species vary in
their human interaction Primary reservoir for rabies in

All continents.
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Hammond GW (Principles and Practice of Pediatric Infectious diseases)
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e Budding from the plasma membrane of
muscle cells into unmyelinated nerve
endings

e Retrograde axoplasmic flow to the CNS

e Virus replication in dorsal root ganglia
(DRG) and anterior horn cells

e Immune response to virus in DRG:
neuropathic pain (Bat>dog)

e Prophylaxis at this stage cannot prevent
death

B R Rp k()
Direct access of virus to peripheral nerves

Travel to CNS at rate of 8-20mm/day

Neuromuscular junction is the major site of
entry into neurons

Receptors on nerves that are used by the
virus: Nicotic acetylcholine, neural adhesion
molecule (CD56), NGF (p75 neurotrophin)
receptor

e Viral spread to other neural cells via G-protein

B2 R () H

e Virus reaches CNS: rapid dissemination

e Preferential localization in brain stem,
thalamus, basal ganglia, spinal cord

e Clinical manifestations of rabies are not
totally explained by host, viral strain, virus
localization

e Development of paralytic rabies is more
likely after bite by vampire bat

e Paralytic rabies may have genetic
predisposition

EXmz RpHE(T)

e Cellular immunity may accelerate clinical
picture

e Production of cytokines, pro-inflammatory
mediators and chemokines in the CNS

e Cytokines modify hippocampus, limbic system,
hypothalamic-pituitary-adrenal axis, serotonin
metabolism

e Activation of p75 TNF receptor: recruitment of
T and B cells

e |n addition; viral induced depletion of metabolic
pools, cell death
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e Eventually, the virus spreads centrifugally
from the CNS to the heart, skin, salivary
and serous glands in the tongue

e All major organs may contain the virus
(except blood)

e Organs from patients with unexplained
neurologic disease may transmit rabies by
transplantation

Hemachudha T., The Lancet Neurology Vol 1, June 2002
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e Most cases are males < 15yr
e 4 phases of illness

e First phase: asymptomatic
e Virus IP: 10-90 days (4d-19yr)

X s 2§k 2 B (=) e

e Second (prodromal) phase
e 2-10d

Viral invasion of CNS (limbic system, spinal
cord, brain stem)

Respiratory symptoms
Gastrointestinal symptoms
Behavioral & emotional symptoms
Local pain itching, numbness (50%)

Hammon d GW (Principles and Practice of Pediatric Infectious diseases)
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e Third phase: neurologic signs

e Widespread infection of the brain

e “Furious”™
Hyperactive form
Aggressiveness, biting, yelling, hallucinating
Triggered by sensory stimuli
Hydrophobia: drinking liquids
Aerophobia: air blown on face
Violent diaphragmatic contractions
Hyper-reflexia, cholinergic manifestations
lacrimation, salivation, mydriasis, pyrexia

s)

Hammon d GW (Principles and Practice of Pediatric Infectious disease:
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Most commonly after Bat exposure

Bat rabies is different from dog rabies

Third phase: neurologic signs

“Paralytic” form: 20% of patients

Flaccid paralysis and paresis

Mimics GBS, transverse myelitis
Inflammation is more extensive and severe
Spinal cord markedly involved

Hammond GW (Principles and Practice of Pediatric Infectious diseases)
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e Neuropathic pain, radicular pain, objective
sensory and motor deficits

Choreiform movements of the bitten limb during
prodromal phase

Focal brain stem signs, myoclonus

Hemiparesis, hemisensory loss, ataxia, vertigo,
Horner's syndrome

Seizures, ataxia

A 2 2Rl A ek A R(Z ) E

e Both forms (;& & 4))
e Fever
e Nuchal rigidity
e Paresthesia
e Fasiculations
e Convulsions
e Hypersalivation
e Hyperventilation

Hammon d GW (Principles and Practice of Pediatric Infectious diseases)
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e Ocular myoclonus, hemichorea
e Nocturnal agitation

e Repeated spontaneous ejaculation (autonomic
dysfunction)

Paraparesis

Facial & pulbar weakness
Bilateral arm weakness
Seizures, ataxia

B 2§k & () ::

e Fourth phase: Coma
o Extensive cortical virus spread
e Death usually in 7 days
Respiratory arrest
Myocarditis
Supportive care: sedation and analgesia

Hammond GW (Principles and Practice of Pediatric Infectious diseases)
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e Inspiratory spasms
e Sinus tachycardia
e Supraventricular and ventricular arrhythmias

e Reduced ejection fraction in all cases
Viral invasion of sinus node
A-V node
Myocarditis

e Main cause of death: Circulatory collapse

e Hematemesis: 30-60% of patients 6-12 hrs
before death
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e 1972: bat related, unsteady gait, dysarthria,
hemiparesis

e 1976: dog bite, quadreparesis, myoclonus, cerebellar
signs, frontal lobe signs

e 1977: Lab worker, aerosol exposure to highly
concentrated fixed rabies virus

e 1992-1995: 4 Mexican children (3:dog, 1: vampire bat),
received vaccine, no Ig

PER R A |

e Mortality depends on
e Severity of injury: bleeding
e Location of the wound: face,head, neck, hand:
short IP

e Virus conc. in saliva

e Rabies mortality of untreated bite by rabid
dog: 38-57%

e Rabid wolves: MR 80%

e Rabid bats: risk even with superficial wound
(replication of virus in epidermis/dermis)

ErmERvEE(-) E

e Pre-exposure prophylaxis: vaccination of
people in high risk groups
e Veterinarians
e Animal handlers
e Certain lab workers
e Travel to areas where canine rabies is common

Hammond GW (Principles and Practice of Pediatric Infectious diseases)
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e Pre-exposure prophylaxis: vaccination:
intramuscular, 1ml (3 doses): at 0, 7, 21-28
days
o Antibodies usually persist for 2 yrs

e Repeat titers g6-24 months depending on level of
exposure

o Acceptable titer levels are 1:5 or 0.5 IU/ml (RIFFT)

Red Book 2003

IR T :

e Human Diploid Cell Vaccine (HDCV)
e Rabies Vaccine adsorbed (RVA)
e Purified chicken embryo cell (PCEC)

Red Book 2003
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