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Killers of the Old/New World

Bat variant - Superficial wound

Dog variant - relatively severe

Different cellular tropism 

Mazarakis, et al. Hum MolGenet 2001

Always retrograde?

Data done with CVS strain in monkeys

Bat rabies variant cases usually have more prominent local sensory 

prodrome and viral tropism is at skin cells 

Travel along sensory nerve from skin? 

Dog variant travel along sensory fiber too?

Whatever we see in a fully conscious 

patient is beginning of the end

• Virus enters brain and cord long before 

symptoms develop !!!!

• Brain MRI is abnormal since

the prodromal phase (no brain symptoms)

• Anterior horn cell dysfunction

appears without weakness in furious 

rabies patient

• Peripheral nerve dysfunction appears

with weakness in (fully conscious) 

paralytic rabies patient

Clinical S/S of dorsal root ganglia involvement - at least 5 days 

before electrophysiologial evidence

(reduction of sensory action potential)

Hemachudha et al. Lancet Neurol 2002

Mitrabhakdi et al. J Neurol Sci 2005

Hemachudha et al. J Neurovirol 2005

Hemachudha et al. Curr Neurol Neurosci report 2006
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Furious rabies

left wrist

Incubation period 7/52 

Survival period      7 days

MRI study          day 3 and 7

EMG study         day 3, 5 and 7

Mitrabhakdi et al, J Neurol Sci 2005

Hemachudha et al. J Neurovirol 2005

Laothamatas et al.  Am J Neuroradiol 2003
Hemachudha et al, Curr Neurol Neurosci Rep 2006

DAY 3 POST ONSET

PAIN ++

MENTAL clear

MOTOR intact

SENSORY intact

BJ ++ trace

TJ ++ trace

BR ++ 0

DENERVATION C5 - C8 AND NECK (L)
back

Laothamatas, Hemachudha,  Mitrabhakdi, 

Wannakrairot, Tulyadaechanont. MR Imaging 

in human rabies. American Journal of 

Neuroradiology 2003

Day 3

•Fully conscious

•Neuropathic pain Lt.arm

T1W-post gadolinium

Confused with brachial plexitis

Enhancing spinal roots/cord 

Confused with Guillain Barre syndrome

Early furious rabies

day 3 fully conscious

Location: hippocampus brainstem thalamus

nonenhancing (intact blood brain barrier)

DAY 7 POST ONSET

PAIN +

MENTAL inattentive 

disoriented

MOTOR weak hand 

and wrist

SENSORY PPS above 

elbow

JPS 0

DTR 0 (lt arm)

SENSORY AP 70%DENERVATION C5 - T7 AND NECK

MUSCLES (BILATERALLY)
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Furious rabies

a b

Day 3 Day 7

Figure1: Coronal FSET2W of the brain on day 3(a) and day 7( b)
after onset of the encephalitic rabies patient revealed moderate
progression of an ill-defined mild hypersignal T2 change involving
the deep and subcortical white matter of the brain ,hippocampal
gyrus and brain stem (white stars).

a b

Day 3 Day 7

Figure1: Coronal FSET2W of the brain on day 3(a) and day 7( b)
after onset of the encephalitic rabies patient revealed moderate
progression of an ill-defined mild hypersignal T2 change involving
the deep and subcortical white matter of the brain ,hippocampal
gyrus and brain stem (white stars).

furious rabies

Day 3 Day 7

Progression of an ill-defined mild hyperintensity

change at the cervical cord

Day 3 Day 7

PARALYTIC (DUMB) RABIES

Biopsy at right temporal lobe revealed

numerous FA positive particles

PERIPHERAL AXON-

/MYELINOPATHY

RESPONSIBLE FOR WEAKNESS IN     

PARALYTIC REBIES

• Rabies virus antigen with Ab and complement 
demonstrated in motor axon of paralytic rabies patient 
with EP evidence of axonopathy in 1 patient  (Sheikh KA  
et al, 2005)
• EP/pathology evidence of demyelination and cellular 
infiltrations in 3 patients (Mitrabhakdi et al, 2005)

•EMG and pathology evidence in 4 patients

Extracted hair follicles, not biopsy of skin with hair follicles. Target at N not L gene

5/58  paralytic    53/58 furious

7/58  false negative.   

3 paralytic  had 3-5 samples tested on different days

4 furious (3 had 1 sample tested; 1 had  3 samples tested on the same day)

EXTREMELY CAREFUL WHEN APPLIED TO PARALYTIC RABIES!!!!!

Wacharapluesadee, Hemachudha. Expert Opinion Molec Diag 2009 (in press)

Wacharapluesadee, Hemachudha, Lancet 2001; Clin Infect dis 2002

Hemachudha, Wacharapluesadee. Clin Infect Dis 2004
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Paralytic rabies   IP 3/12

Survival  13 days  MRI day 12 comatose

similar location  but enhanced

Breakdown of blood brain barrier 

(only at late stage)

Viruses are in the brain since the early stage 

More viruses found in the brain of furious dogs

Laothamatas et al, J Neurovirol 2008

When and where  is the virus firstly 

seen by immune system

• Since at the 

inoculation site?

• At the dorsal root 

ganglia?

• During transport 

along the 

peripheral nerve to 

the CNS?

• In the CNS?

• Peripheral organs?

• Peripheral nerve 

damage in 

paralytic may 

appear later

• TNF alpha

• IL-1 alpha/beta

• IL-6

• IL-12

• IL-18

• IL-12/18 activates NK 

IFN gamma

• IFN alpha/beta induces 

IL-15

• Th1 - IL-2   IFN gamma

• Th2 - IL-4/5/10

• Th3 - Th 17 cells with TGF 

beta and IL-6

• Cox-2, FGF

• MCP-1

• IL-8

• GM-CSF

• VEGF
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Immune response-

transient event

Antigen drainage from CNS to LN

• Microinjection of tracers into ventricles or CNS 
parenchyma

50% are cleared through the lymph.

tracers in cervical LN within 0.5 ï2 h

• Microinjection of antigen into CNS

antibody-secreting cells in cLN in 5-10 days

MHC II restricted peptides in cLN in 4 h and

T cell activated in 2 days

Bailey, et al. 2006

Facts about immune response in 

human rabies

• CSF cells – none or minimal

• Antibody – 25% of the cases

• Systemic circulation – activated T cells to rabies 

antigen and cytokines detectable more frequently in 

furious rabies

• Brain 

- perivascular cuff – minimal cells

- parenchymal infiltration – minimal

- intact blood brain barrier

-Hemachudha et al. Lancet Neurol 2002

-Hemachudha T, Rupprecht CE. Rabies. In: Roos K, ed. Principle of 

Neurological Infectious Disease . McGraw Hill. 2004

-Rupprecht CE, Hemachudha T. Rabies. In: Scheld M, Whitley RJ, 

Marra C (eds). Infections of the central nervous system. Lippincott 

Williams&Wilkins. 2004.

Rabies antibody in the CSF

• Dog variant rabies  

0/27   days 1-26 (Thai)

16/30 days 5-7   (India)

23/30  immune complex (India)

0/43    whole course (Cambodia and Africa)

• Non-canine variants

0/19  days 1-8

10/28 day 9 onward

Inside looking out

Systemic immunity

• Immune response is 
stronger in furious rabies

• Still not enough

• Usually confined to 
cellular immunity esp. in 
furious rabies

• Antibody development 
may be unpredictable

• Unable to go in to CNS

• Intact blood brain barrier

CNS immunity

• Immune response, in 
general, is not sufficient 

• stronger in paralytic 
rabies

• In situ expression of cyto-
and chemokine mRNA 
transcripts

• Fast responders, Th1, Th2 
(more in paralytic)
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Outside looking in

Immune and 

cytokine response

in the blood are the 

result of peripheral

Immune activation

Other Immune 

Evasive Strategies

by virus itself

also play role

Hemachudha et al.

(2003)

IV HRIG failed to 

Deliver antibody

to CSF with paralytic

complication

Brainstem
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N = Normal  D = Dumb  F = Furious

Protein load : 150 µg 

Staining : Sypro Ruby

Condition : 13 % gel
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• Apoptosis-related proteins

AnnexinA6  increase in hippocampus   decrease in 
brainstem

AnnexinA2     Increase in spinal cord

CytochromeP450 increase in hippocampus

• Cytoskeleton proteins

Tubulin, alpha 1 isoform 9

Fascin 1

Actin-related protein 2 isoform 4

Chaperonin containing TCP1, subunit 2 isoform 1 
(CCT2)

TUBB2B protein (Tubulin beta-2B chain)

Glial fibrillary acidic protein, astrocyte (GFAP) 
isoform 1

Septin-8

Chaperonin containing TCP1, subunit 2 isoform 1

• Antioxidant proteins  increase more in paralytic

Glutathione S-transferase Mu 3 (GSTM3-3) (GST 
class-mu 3) (hGSTM3-3) isoform 1

150 kDa oxygen-regulated protein precursor 
(Orp150) (Hypoxia up-regulated 1)

• Ubiquitination and proteosome-related 
proteins Ubiquitin carboxy-terminal hydrolase
L1

• Immunity

Heat shock proteins (as innate) and chaperones    

increase more in paralytic at brainstem/spinal cord

Heat shock protein 90kDa beta, member 1

Heat shock cognate 71 kDa protein (Heat shock 70 
kDa protein 8)

Neuron-specific proteins/immunity

Dihydropyrimidinase related protein-2 (DRP-2) 
(Turned on after division, 64 kDa protein) 
(TOAD-64) (Collapsinresponse mediator 
protein 2) (CRMP-2)  isoform 6

Increase in brainstem more in paralytic, increase in 
hippocampus more in furious,  decrease in 
spinal cord of both forms

SARM1 protein (sterile alpha and TIR motif 
containing 1)  

hippocampus  decrease in paralytic increase in 
furious

Complement component 1, q subcomponent binding
protein precursor

Spinal cord decrease in paralytic, increase in furious

• Intermediary metabolism enzymes

Proteomic profiling
[2 D gel electrophoresis followed by mass spectrometry (MS) and MS/MS] 

Abnormal MRI signals

More disturbances in 

paralytic rabies

Needs better technique

for diagnosis and local-

zing lesions

Paralytic Furious
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www.themegallery.com

• Diffusion weight 

imaging

– Aims at highlighting 

the differences in 

water molecule 

mobility

– irrespective of their 

direction of 

displacement

• Diffusion tensor 

imaging

– Studies the 

directions of water 

molecule motion 

(attempts to render 

the direction of a 

particular diffusion)

Ą reconstituting 

nerve fiber trajectory

www.themegallery.com

Diffusion in environment with strongly 

aligned white matter fibers 

(high anisotropy) An ellipsoid whose diameter in any direction 

estimates the diffusivity in that direction , 

whose major principle axis is the direction of 

maximum diffusivity

Standard deviation of the three eigenvalues ranges from 0 

(isotropy) to 1 (maximum anisotropy)

• Anatomical MRI images: high degree of distortion 

and variability in dog brains (as found in old 

people and Alzheimer's Disease brains)

• Fractional Anisotropy (FA) maps: usually 

unsmooth and had high values at brain borders 

and produce artifacts of tract discontinuity at 

crossing fibers 

• Whole brain probabilistic DTI Tractography maps 

to create a brain template - smooth and 

represents relative axonal density.  

• Based on the probabilistic Tractography template, 

all warping and registration parameters were 

calculated and then applied to individual FA and 

Mean diffusibility (MD) maps.  

• voxel-based group analyses of rabies infected 

brains against normal dog brains on FA and MD 

maps.

Diffusion Tensor Imaging of Rabid and Normal Dogs: 

A Group Comparison

Witaya Sungkarat, Jiraporn Laothamatas, Thiravat Hemachudha

Dog DTI Tract Probability Template

Cingulum

DTI = Diffusion Tensor Imaging

Normal dog DTI tract probability template

p < .05 ; N = 6+5

FA = Fractional Anisotropy

FA Reduction in Rabies  infected  Dog Brains

p < .05 ; N = 6+5

ADC = Apparent Diffusion Coefficient / Mean Diffusion 

ADC Increase in Rabies infected Dog Brains
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Any treatment strategy?

• 2 survivors with 

good recovery:

one by nothing 

specific

another by coma 

induction and 

antivirals

• Premature 

development of 

antibody with 

virus clearance 

since the 

beginning

Bat related case

Virus could not be isolated

RNA could not be demonstrated

Neutralizing antibody appeared as early as day 6

Normal MRI        

June 16, 2005

Hemachudha T, Wilde H. N Engl J Med 2005

Other survivors with poor outcome 

(at least 6)

• 1976 dog variant

PEP ï10 days delay with SMB

Quadriparesis, myoclonus, ataxia, 
dysmetria, dysdiadokokinesia

frontal lobe  dysfunctions, 
bibrachial weakness

• 1977 laboratory accident

preimmunized

Attenuated virus

• 1994 dog variant (Mexico) 

PEP with Vero cell vaccine

• 1995  dog variant (Mexico)

PEP with Vero cell vaccine

• 1995 dog variant (Mexico)

• 2002 dog variant (India)

4 day delay

PEP with PCEC no RIG

no wound treatment

No phobic spasms

Duvenhage, treated with coma induction, antivirals , neural substrates

van Thiel, et al. 2009
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VDO  clip in www.cueid.org

Hospitalized day Specimen

Results

NASBA

qRT-PCR** 

(copies/ml)

1 saliva negative ND*

hair follicles positive 43.3

2 saliva positive 6,410

hair follicles negative 0

3 saliva positive 102,000

hair follicles positive 0

4 saliva positive 171,000

hair follicles positive 0

5 saliva positive 75,900

hair follicles negative 0

6 saliva positive 242,000

hair follicles negative 0

7 saliva positive 67,400

hair follicles negative ND*

8 saliva positive 432,000

hair follicles negative ND*

Hemachudha et al. J Neurovirol 2006;

Wacharapluesadee and Hemachudha. Expert opinion 2009 (in press)

Factors which may influence outcome

• Nature of variants

• Absence of classic 

manifestations

• Presence of high 

level of neutralizing 

antibody in CSF and 

serum since the 

early stage

• Dog versus Bat

• Different Pathways

• No demonstrable

virus or RNA

Inhibition of Rabies Virus Replication by Multiple 

Artificial MicroRNAs

Nipan Israsena, Pornpan Supavonwong, Nitipol Ratanasetyuth, 

Pakamatz Khawplod, Thiravat Hemachudha.  Antiviral Research 2009

• commercially available mi155 backbone 

vector to express single or multiple targeting 

amiRNA(s) designed against Challenge Virus 

Standard strain of RV nucleocapsid (N) 

transcripts.

• transfected the plasmid into Neuro2A cells, 

and infected the cells with different strains of 

RV.

• Inhibitory effect against RV replication by 

amiRNA against CVS-RV NmRNA could be

demonstrated in both pre- and post-

challenging models with CVS, HEP Flurry and 

street strains
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48 hours after challenge

Post-exposure experiment:
CVS infection 12 h, transfected with amiR, assay after 24h

cloning strategy for combining multiple miRNAcassettes into one
pre-miRNAtranscript.

Quantitative measurements of mature miR(N2) level in total RNA extracted from Neuro2a cells 

transfected with either 0.1, 0.2, 0.5 and 1 μg of amiR(N2)plasmid, 1 μg of plasmid containing a 

three copies of miR(N2) (miRC(N2x3)) or six copies of miR(N2)(miRC(N2 x 6)) using stem-loop 

RT real-time PCR technique.
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Quantitative measurements of mature miR(N2) from Neuro2a cells transfected with 1 μg of amiR(N2)plasmid 

or plasmid containing one cassette of miR(N2) together with two or five other miRNA cassettes, respectively.

Real-time PCR analysis of levels of viral genome in cells transfected with control 

plasmid, amiR(N1) or vector containing 3 copies of miR(N1) (miRC(N1x3) 24 hours 

after challenged with10 TCID50 CVS RV.

Level of viral N mRNA in cells transfected with control miR plasmid, miR(N1), plasmid 

containing a chain of miR(N1) together with miR(N2) and miR(N3) (miRC(N1+N3+N2)), and 

plasmid containing a chain of miR(N1)together with miR(N3) and negative control miRNA

(miRC(N1+N3+Negative control),24 hours after challenged with 10 TCID50 CVS RV.

Genetic sequences of rabies in 
Thailand

Based on data of 414 nucleotide sequences of RV N gene from 237 samples of 
rabies infected dogs in Thailand during 1998-2002 (Denduangboripant et 
al.,2005),we were unable to find a stretch of 21-nucleotides that was 
perfectly conserved.

Only one region of 33 nucleotides (base 227-259) that any chosen stretch of 
21-nucleotides within could perfectly match to more than 95 percent of 
sequences input (Figure 3). Further analysis revealed that within the 
region of 414 bases studied, there were 141 bases that showed significant 
degree of genetic variability (5- 49%).These points of high variability rate 
are present in every 10-15 nucleotides across the sequences studied. 
Therefore, even with a carefully selected sequence design, one to two 
nucleotides mismatch(es) could not be avoidable. 

A schematic diagram depicting the location of the artificial 

miRNAs in association with HEP-flurry N mRNA.

Neuro2A cells transfected with miR(N1) or control plasmid were 

fixed 48 hours after being infected with HEP-flurry-GFP virus.
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A schematic diagram depicting the location of the artificial miRNAs (miR(N1),

miR(N2), and miR(N3) in association with street rabies N mRNA.

Real-time PCR  analysis for viral genome from Neuro2a cells transfected with 

miR(N1), miR(N2), or control miRNA plasmid 24 hours after being infected with 10 

TCID50 street RV.

Real-time PCR demonstrated the inhibitory effect of amiRC(N1+N2+N3) 

compared to amiRC(N1x3) on amount of street virus genome detected 

in cells 24 hours after infection.
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Neuro2A 

control

Neuro2a 

Transfected 

with

Hsa-miR-133
IF 48 after infected with HEP-Flurry 

RV

Muscle specific miR-133 binds to RV N mRNA and decrease RV 

replication 

Any treatment strategy?

• Treatment that 

opens BBB  

(allowing antibody 

and activated cells 

to get in) or stops 

viral replication 

(even with 

microRNA tech)

• Might not be 

successful

• Damage already 

done or  process 

ready to start long 

before clinical 

signs develop

• Peripheral organ 

(such as heart) 

damage from 

centrifugal spread 
BBC and UK-TV 5 Documentary - released October 30, 2006

Discovery Channel 2007

Cost of treatment           =    3,000,000 baht (US $ 75,000)

1 amp of 1.0 ml vaccine =    350 baht (US $  8)

US $ 75,000 can be spent  for 28,125  individuals

in ID pre-exposure prophylaxis

MILWAUKEE PROTOCOL IS NOT  THE ANSWER AND SHOULD 

NOT BE ENCOURAGED DUE TO LACK OF SUPPORTING

EVIDENCE AND NOT REPRODUCIBLE

ONLY THOSE WITH SERUM/CSF ANTIBODY  POSITIVE 

SHOUD RECEIVE INTENSIVE CARE SUPPORT

IS IT THE TIME TO HAVE ID RABIES PRE-EXPOSURE 

PROPHALAXIS INCLUDED IN EPI PROGRAM ?
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