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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
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Killers of the Old/New World

Bat variant -  Superficial wound
Dog variant - relatively severe
Different cellular tropism

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?

euron to extrafusal

11 (AB) fiber from flower spray endings
Extrafusal
1a (Aa) fiber from annulospiral ending muscle fiber

Intrafusal
muscle fibers

¢ = = "‘W 2N

[ Detail of 9 a
" Efferent fibers
musele spindle

e Afferent fibers

/4

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

before electrophy ]
(r ion of y action p ial)
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




Mitrabhakdi et al, J Neurol Sci 2005

Hemachudha et al. J Neurovirol 2005
Laothamataset al. Am J Neuroradiol 2003
Hemachudha et al, Curr Neurol Neurosci Rep 2006

Confused with brachial plexitis

Day 3
*Fully conscious
*Neuropathic paln Lt.arm

T1W-post gadolinlum

Laothamatas, Hemachudha, Mitrabhakdi,
Wannakrairot, Tulyadaechanont. MR Imaging
in human rabies. American Journal of
Neuroradiology 2003

Early furious rabies

day 3 fully conscious
Location: hippocampus brainstem thalamus
nonenhancing (Intact blood braln barrier)
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"/’ ) DAY 3 POST ONSET
‘5:1\ \ V/
P { PAIN ++
3 \‘\\\ MENTAL clear
y \‘J MOTOR intact
/| SENsORY intact
) c/ \\ " BJ ++ trace
~{ ‘\ \ T)  ++ trace
‘ \ - - 0
P
o :‘ /f? /‘} DENERVATION C5 - C8 AND NECK (L)
|

Confused with Guillain Barre syndrome

Enhancing spinal roots/cord

DAY 7 POST ONSET
PAIN +
MENTAL inattentive
disoriented
MOTOR weak hand
and wrist
SENSORY | PPS above
elbow
JPS O
DTR 10 (tarm)

DENERVATIONCS - T7 AND NECK
MUSCLES (BILATERALLY)
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Figurel: 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 4
change at the cervical cord PARALYTIC (DUMB) RABIES
Biopsy at right temporal lobe revealed

numerous FA positive particles

PERIP”ERAL AXON' Table 1. Ante-mortem diagnosis of rabies based on samples obtained from 58 patients
at Chulalongkorn University Hospital during 1998-2009 NASBA™
/MYELINOPATHY Sample Totalno of  No. of positive No. of patient with
RESPONSIBLE FOR WEAKNESS IN samples samples/no. of samples  positive samples/
considered (%a) no. of patients who
PARALYTIC REBIES nd Sl
considered (%a)
Saliva 6l 47/62 (75.8) 37/44 (84.1)
* Rabies virus antigen with Ab and complement CsF 0 13/30 (43.3) 13128 (46.9)
5 . . . Urine 41 16/41 (39.0) 15/36 (41.7
demonstrated in motor axon of paralytic rabies patient H“_"‘f el L iiu " ]; o :s 9;
. . . . . air follicles 22 3/26 (50 / 57.
with EP evidence of axonopathy in 1 patient (Sheikh KA *samples from 1 patient were tested by RT-nPCR and another by NASBA and
et G/ 2005) quantitative real-time PCR.
2
. . . Extracted hair follicles, not biopsy of skin with hair follicles. Target at N not L gene
* EP/pathology evidence of demyelination and cellular 5058 paralytic e Triote ¢ 9
infiltrations in 3 patients (Mitrabhakdi et al, 2005) 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)

*EMG and pathology evidence in 4 patients Wacharapluesadee, Hemachudha. Expert Opinion Molec Diag 2009 (in press)
Wacharapluesadee, Hemachudha, Lancet 2001; Clin Infect dis 2002
Hemachudha, Wacharapluesadee. Clin Infect Dis 2004



Paralytic rables IP 3/12
Survival 13 days MRI day 12 comatose
location but

Breakdown of blood brain barrier
(only at late stage)

When and where is the virus firstly
seen by immune system

* In the CNS?

* Peripheral organs?

* Peripheral nerve
damage in
paralytic may
appear later

2 paralytic dogs

Viruses are in the brain since the early stage
More viruses found in the brain of furious dogs

Table 1 Distribution of rabies viral RNA in CNS of rabid dogs
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Early Late
Braln region Furious* [n=4] Pasalytic* (n=4) Furious (n=1) Paralytic (n =11
Frontal 6731 268 048 2033 5.20 ND**
Temporal 660 4189 148 £0.92 500 730
Hippocampus 6154203 0.95 £0.55 7.90 6.00
Parietal 640 £ 185 400 460
Oceipital 7154373 560 90
Midbrain 1092 £ 336 107 16.10 6.60
Pons 396114 1512090 530 260
Medulla 707 £ 255 164 £098 15.40 90
Cerebellum 3144108 043024 420 630
Thalamus 1024278 266 £ 153 480 B6O
Basal ganglin 852204 5.74£343 7.80 1290
Caudate nucleus 1050 + 395 456+ 263 970 1390

Note. Viral RNA distribation s given as [(copies/jug total RNA)  10°).
*Expressed as mean + standard error of the mean.
“Sample not available,
Laothamatas et al, J Neurovirol 2008

ol of WourcVirslogy, st 1-11, 2008
2 2008 Joumsl of Newei velogy
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Furious and paralytic rabies of canine origin:
Neuroimaging with virological and cytokine studies

wong*
! Ladawan

- TNFalpha + Th1- [L-2 IFNgamma ' a2 FGF
- IL-1alpha/beta . Th2-IL-4/5/10 S bl

* + Th3-Th17cellswith TGF - GM-CSF

- 12 betaand IL-6 . vEGF

IL-12/18 activates NK
IFN gamma

« IFN alpha/beta Induces
InL-15

2 furious dogs

neahhcars
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« Still not enough
 Usually confined to

cellular immunityesp. in

furious rabies
« Antibody development

may be unpredictable
* Unableto gointo CNS

« Intact blood brain barrier

+ Dog variant rabies
0/27 days 1-26 (Thai)

16/30 days 5-7 (India)

23/30 immune complex (India)
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Outside looking In

Immune and
cytokine response
In the blood are the
result of peripheral
Immune activation

Other Immune
Evaslve Strategles
by virus itself
also play role

Hemachudha et al.
(2003)

1V HRIG failed to
Dellver antlibody

to CSF with paralytic
complication

rethon

Hippocampus

N = Normal

D =Dumb F = Furious
Condition : 13 % gel

Protein load : 150 pg

Staining : Sypro Ruby

511222

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

+  Apoptosisrelated proteins

AnnexinA6 increase in hippocampus  decrease in
brainstem

AnnexinA2  Increase in spinal cord

C increase in hi

+  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 proteosomerelated
proteins Ubiquitin carboxy-terminal hydrolase
5]

+  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)

Neuronspecific proteins/immunity

Dihydropyrimidinase related protein-2 (DRP-2)
(Turned on after division, 64 kDa protein)
(TOAD-64) (Collapsinresponse mediator
protein 2) (CRMP2) isoform 6

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

SARML protein (sterile alpha and TIR motif

containing 1)

hippocampus decrease in paralytic increase in
furious

C 1,q binding
protein precursor

Spinal cord decrease in paralytic, increase in furious
Intermediary metabolism enzymes.

Paralytic

Brainstem

N =Normal D=Dumb F =Furious
Condition : 13 % gel

Protein load : 150 pg

Staining : Sypro Ruby

Spinal cord

N =Normal D=Dumb F = Furious
Condition : 13 % gel

Protein load : 150 ug

Staining : Sypro Ruby

Abnormal MRI signals

More disturbances in
paralytic rabies

Needs better technique
for diagnosis and local-
zing lesions

Furious
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Diffusion weigat Y5 Diffusion teasor

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)
A reconstituting
nerve fiber trajectory

Diffuslon Tensor Imaging of Rabld and Normal Dogs:
A Group Comparison
Witaya Sungkarat, Jiraporn Laothamatas, Thiravat Hemachudha

+ Anatomical MRI images: high degree of distortion
and variability in dog brains (as found in old

people and Alzh s D

+ Fractional Anisotropy

unsmooth and had hig

brains)

A) maps: usuallg
values at brain borders

and produce artifacts of tract discontinuity at

crossing fibers

* Whole brain probabilistic DTl 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.

p<.05;N=6+5

FA = Fractional Anisotropy

Diftusion Tensor lmaging

Diffusion in environment with strongly
aligned white matter fibers

(high anisotropy) An ellipsoid whose diameter in any direction
estimates the diffusivity in that direction ,

o whose major principle axis is the direction of
LT ) 0 maximum diffusivity
LA NAENAN!

.

3y

o, b, 0. |0

(A — AP+ (A — AP+ (A — A)?
A+ AT+ AT

F4 = V2

Standard deviation of the three eigenvalues ranges from 0
(isotropy) to 1 (maximum anisotropy)

Normal dog DTI tract probability template

{2

DTI = Diffusion Tensor Imaging

p<.05;N=6+5

ADC = Apparent Diffusion Coefficient / Mean Diffusion

22/02/53



Any treatment strategy?

» 2 survivors with * Premature
good recovery: development of
antibody with
virus clearance
since the
beginning

one by nothing
specific

another by coma
induction and
antivirals
Bat related case
Virus could not be isolated
RNA could not be demonstrated
izing antibody d as early as day 6
Normal MRI
T, Wilde H. N Engl J Med 2005
“ BRIEF REPORT ”

Survival after Treatment of Rabies
with Induction of Coma

Rodney E. Willoughby, Jr, M.D., Kelly . Tieves, D.O,,
George M. Hoffman, M.D., Nancy S. Ghanayem, M.D.,
Catherine M. Amlie-Lefond, M.D., Michael J. Schwabe, M.D.,
Michael J. Chusid, M.D., and Charles E. Rupprecht, ¥.M.D., Ph.D.

June 16, 2005

Duvenhage, treated with coma induction, anMéls_,neural substrates
- R > N

£ ) van Thiel, et al. 2009/ N
S y

Figure 2. MRI brain on day 16 of admission (4 days before death). Axis| T-2 weighted images in 3 patient with rabies due to Duvenhage vins
infection, at day 17 after admisson show increased signal in the posterior part of the medulfa oblongata (arrow) and In the basal gangha (arrows)
o£10.1371/jourmal, patd 0000428,9002
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Recovery from Rabies
A Casa Report

ckaLs A, . HATTRICK, M. THCAMAS T WESS, M., . 0K STICISICHALTE, M,
GEORGE 1. BAER. DM, a7 MICHAEL B, GRED, .., e, G

A 6-year-old boy developed clinical rabies 20 days after i e

he was bitten on the left thumb by a bat and 2 days ‘
atter he completed a 14-day course of duck embryo .
o
/

rabies vaccine. The diagnosis of rabies was supported
by epidemiologic, clinical, and labaratory investigations. b
Rabies virus was isolated from the bat but not from the

child, Serum, cerebraspinal fiuid, and brain tissue W/
antibodies against rabies ose to levels compatible with 4
clinical rabies rather than vaccination, Rables serum
neutralization titers peaked at 1:63 000, 3 months after
onset. Recovery from tha clinical iliness was complete
& months after onset, with no demonstrable residua.

Ageressive treatment to prevent hypoxia, intracranial

hypertension, cardiac arrhythmias, seizures, and Figure 3. The patient on 24 November 1970, attempting to raise
y : ients' both aems. Note Geviation of hesd to left an ion of le

superinfection may have contributed to the patients’ ol D SELNNCRE Jope A ST G PR Mt

recovery. 934 June1972 + Annate o Interaat Madicine + Volume 76 + N

Other survivors with poor outcome
(at least 6)

+ 1976 dog variant « 1977 laboratory accident
PEP 1 10 days delay with SMB preimmunized
Quadriparesis, myoclonus, ataxia, Attenuated virus
dysmetria, dysdiadokokinesia
frontal lobe dysfunctions,
bibrachial weakness

1994 dog variant (Mexico) « 2002 dog variant (India)
PEP with \ero cell vaccine 4 day delay

¢ 1995 dog variant (Mexico)
PEP with \ero cell vaccine
+ 1995 dog variant (Mexico)

PEP with PCEC no RIG
no wound treatment
No phobic spasms

Transactions of the Royal Saciety of Trapical Medicine and Hygiene (2008) 102, 879982

mcar
@onAL
& %,

available at www.scisncadiract.com

**2* ScienceDirect

journal hemepage: www.slsevierhealth.com/journals/trst

REVIEW
Viewpoint: management of human rabies
Henry Wilde®*, Thiravat Hemachudha®, Alan C. Jackson®

Table 1 Cases of human rables with treatment failures that included the main components of the Wisconsin/Milwaukee protocol
promated by Rodney Willoughby

Case na. Patient's age (years) Virus source Country Reference.

1 46 Transplant (dog) Germany Scatsman, 2005

2 Unknown Dog india Bagchi, 2005

3 Dog. Thailand Hemachudha et al., 2006b
4 % Bat USH (Texas) Houstan Chronicle, 2006
5 0 Bat usA fIndiana) Christensen et al., 2007
s n Dog (Philippines) uSa (California) Christensen et al., 2007
7 n Bat Canada (alberta) weDermid et al., 2008
& 55 Dog (Moracca) Germany Drosten, 2007

3 ' Bat (Kenya) The Netherlands van Thiel et al., 2008
10 7 vampire bat eeanil -

1 20-30 Vampire bat Brazil :

* Personal communication (o ACJ) from Or Rita Medeiros, University of Para, Belem, Brazil.
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VDO clip in www.cueid.org Results
Hospitalized day Specimen qRT-PCR**
informa NASEA L
Shan 1 saliva negative ND*
ase He’]o]'f hair follicles positive 433
2 saliva positive 6,410
Failure of therapeutic coma and ketamine hair follicles negative °
for therapy of human rabies 3 saliva (=i LD
hair follicles positive o
Thiravat Hemachudha," Buncha Sun akul® Tayard Desudchit? Chusana Suankratay,! 4 sativa positive oo
Cha unt,* Supaporn Wacha 0," Pkamatz Kh: 1.7 Henry Wilde,” hair follicles positive L]
and Alan G Jackson® 5 saliva positive 75,900
hair follicles negative 1]
6 saliva positive 242,000
hair follicles negative ]
7 saliva positive 67,400
hair follicles negative ND*
8 saliva positive 432,000
hair follicles negative ND*
Hemachudha et al. J Neurovirol 2006;
Wa, and He Expeort op 2009 (In press)

Inhibition of Rabies Virus Replication by Multiple

Factors which may influence outcome Artificial MicroRNAs

Nipan Israsena, Pornpan Supavonwong, Nitipol Ratanasetyuth,
Pakamatz Khawplod, Thiravat Hemachudha. Antiviral Research 2009

* Nature of variants ~ « Dog versus Bat - commercially available mi155 backbone
« Absence of classic  Different Pathways vector to express single or multiple targeting
k ) amiRNA(s) designed against Challenge Virus

manifestations Standard strain of RV nucleocapsid (N)

* Presence of high * No demonstrable transcripts. o

. . i + transfected the plasmid into Neuro2A cells,

level of neutralizing  virus or RNA and infected the cells with different strains of
antibody in CSF and RV.
serum since the + Inhibitory effect against RV replication by
early stage amiRNA against CVS-RV NmRNA could be

demonstrated in both pre- and post-
challenging models with CVS, HEP Flurry and
street strains

mRNA level in Neuro2A cells 24 after challenged with 10 TCIDS0

RV(CVS)
140
120
iRk (V1) 3 VWU GAACUAGGCCUACUACATS ;
iR (42) 3' CAGAGA CUUGUA CGUAGAAAU §° g 100 T 1
iR (¥3) 3' AACUCACCCUUCAGAGGAAUA §° H T
E_ 80 | BNmRNA
s
S 60 | oGaPDH
= I
:
2
196400 00 3
BT - BN - S 2
o
control amiR(N1) amiR(N2) amiR(N3)
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48 hours after challenge e

140
gﬂﬂ
é 100

E %0 "Tonso.

; = Bvirus 10

byl I w TCIDS0
: i
Control miR(N1) s,

: . Control amiR(N1) amiR(N2) amiR(N3)

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

Viral genome in supernatant 48 hours after challenged with -
RV(CVS)
120
140 _
£
glzﬂ ! 100
100 ]
e E »
i ¢
£
60 3w
: o i
s W w0
! Bvinss 10 4
2 20 TCIDSO
e »
0
2 = Control amiR(N1) amiR(Nz) amiR(N3) "
control amirf2)
. L . . . In total RNA
cloning strategy for combining multipleniRNAcassettes into one transfected with elther 0.1, 0.2, 0.5 and 1 pg of ™ 1 pg of
pre-miRNAtranscript. RT real-time PCR technique. shxcoplesof e oo
l oMV EMGFP mRA Rarking region | polyA ] -
250
o
— 200
<
2
&
k- 150
1X :
g 100
. 5
2X Bt sl = D
— N e [0
| g @ » & o ® &
& o o ol 4
i ek & -z~\‘0 4 e“ﬁ *?\‘{D & :Fy &
o i i ol & & ,e‘ & R
T L 9 f *
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Relative level of mature amIR(N2)

expression (%)

amir(N2) 1ug amiRC(N1+N2+N3) amiRC(N1x4+N2+N3)1

lug

Level of viral N mRNA in cells transfected with control miR plasmid, miR(N1), plasmid
con!llnlng a chain oi mlR(ll1) together with miR(N2) and miR(N3) (miRC(N1+N3+N2)), and

with miR(N3) and negative control miRNA

(mlRl:(l"fllMllennlve mn'ol),24 hours after challenged with 10 TCID50 CVS RV.

Relative N mANA level (%) -
¥ & 8 8 8 3

°

& _@@ &
f P & a‘\\}
& ‘\\_‘\f
1&30
h diagram depicting the | ion of the artificial

miRNAs in association with HEP-flurry N mRNA.

miR(N1)

HepFlury

F UUUGAACUAGGCCUACUACAU 5§

STAAACUUGAUCCUGAUGAUGUA 3°

259 280

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.

120

100
£
s %0
L3
5 = NmRNA in cells
® 60
H
g = viral genome in
s supernatant
2

. (W e

o

Control amiRr(N1) amiRC(N1x3)

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

Neuro2A cells transfected with miR(N1) or control plasmid were
fixed 48 hours after being infected with HEP-flurry-GFP virus.

miR(N1)

Control

22/02/53
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f the artificlal mIRNAs (mIR(N1),
N mRNA.

and in with
miR(N1) FUUU GAACUAGGCCUACUACAU S
FEE TR PR
Reb street 8" CAAGCUUGAUCCUGAUGAUGU 3
176 197
miR(N2) 3 (C \(Ij‘\(-‘\l I'l{h‘l'\('i” AGAAAU §
A
Reb street 8" GUUGCUGAGCAUGCAUCUUUA 37
387 407
miR(N3) Y AACUCACCCUUCAGAGGAAUA S
FELCEEE P T
Reb street 8 CUGAGUGGAAAGUCTCCCUAU 3
867 887
Real-time PCR the y effect of 2+N3)

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

In cells 24 hours after Infection.

120

100

Relative viral genome In cells (%)
g

amiRC[N1x3)

Any treatment strategy?

+ Treatment that
opens BBB
(allowing antibody
and activated cells
to get in) or stops
viral replication
(even with
microRNA tech)

amiRC(N1+N24N3)

* 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

22/02/53

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.

Relative level of N mRNA (%)
-1
|

20 i
0+ -~

Contml miR(N1) miR(N2)

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

replication
Chen et al (2005)
s e he Nature Genetics
D . . 38,228 - 233
2 Neuro2A
g control
£ oo
l; 60
% 4q Neuro2a
I | Transfected
with
’ Hsa-miR-133
ca anet o mpnson IF 48 after infected with HEP-Flurry
RV
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 1D RABIES PRE-EXPOSURE
PROPHALAXIS INCLUDED IN EPI PROGRAM ?

12
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Mad dog team Thailand

Grants from Thai Red Cross Socidtlyailand Research Furdational Science and
Technology Development Agency

+ ChulalongkornUniversity * QueenSaovabhaMlemorial
Hosptal and Institute
WHOccViral Zoonoses BLumlertdacha
THemachudha H Wilde V Tepsumethanon
SWacharapluesadeeN Israsens PKhawplod

SShuangshoti

« Mahidol University Faculty of Scienc€hulalongkorn

J Laothamatas University
W Sungkarat JDenduangboripant
V Thongboonkird N Ruenkaew

National Science and Technology
Development
S Roytrakul
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