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Furious and paralytic rabies differ in clinical manifestations and survival pe-

riods. The authors studied magnetic resonance imaging (MRI) and cytokine
and virus distribution in rabies-infected dogs of both clinical types. MRI ex-
amination of the brain and upper spinal cord was performed in two furious
and two paralytic dogs during the early clinical stage. Rabies viral nucleopro-
tein RNA and 18 cytokine mRNAs at 12 different brain regions were studied.
Rabies viral RNA was examined in four furious and four paralytic dogs dur-
ing the early stage, and in one each during the late stage. Cytokine mRNAs
were examined in two furious and two paralytic dogs during the early stage
and in one each during the late stage. Larger quantities of rabies viral RNA
were found in the brains of furious than in paralytic dogs. Interleukin-13 and
interferon-v mRNAs were found exclusively in the brains of paralytic dogs
during the early stage. Abnormal hypersignal T2 changes were found at hip-
pocampus, hypothalamus, brainstem, and spinal cord of paralytic dogs. More
widespread changes of less intensity were seen in furious dog brains. During
the late stage of infection, brains from furious and paralytic rabid dogs were
similarly infected and there were less detectable cytokine mRNAs. These re-
sults suggest that the early stage of furious dog rabies is characterized by a
moderate inflammation (as indicated by MRI lesions and brain cytokine de-
tection) and a severe virus neuroinvasiveness. Paralytic rabies is characterized
by delayed viral neuroinvasion and a more intense inflammation than furious
rabies. Dogs may be a good model for study of the host inflammatory responses
that may modulate rabies virus neuroinvasiveness. Journal of NeuroVirology
(2008) 14, 119-129.
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Background

Rabies is caused by a neurotropic RNA virus of geno-
type 1 in the family Rhabdoviridae, genus Lyssavirus.
Most human deaths are attributable to bites in-
flicted by rabies infected dogs and wounds con-
taminated with rabies virus-containing saliva. Once
the rabies virus gains access to nerve endings, it
travels to the central nervous system (CNS) via retro-
grade axoplasmic transport and disseminates rapidly
throughout the CNS. Two distinct clinical forms,
furious and paralytic, are recognized in humans
and dogs (Hemachudha, 1994; Hemachudha et al,
2002).

In Thailand, we have experience only with the dog
strain and no case associated with bat exposure has
been recognized (Lumlertdacha et al, 2005). Viruses
identified in other species, such as cats and wildlife,
originate from the dog variant (Denduangboripant
et al, 2005; Lumlertdacha et al, 2006). Only few nu-
cleotide differences in rabies genes were observed
between viruses associated with furious and para-
lytic dogs and humans (Hemachudha et al, 2003b;
Khawplod et al, 2006). The observation that a single
Thai dog transmitted furious rabies to one patient and
paralytic rabies to another does not support the role
of strain differences in determining clinical diversi-
ties (Hemachudha et al, 2002).

Furious patients tend to die faster (average 5.7 days
compared to 11 days in paralytic rabies). Several re-
cent clinical, electrophysiological, and neuropatho-
logical findings suggested possible mechanisms for
the two clinical forms. Dysfunction of peripheral
nerves, not the anterior horn cells, is responsible for
clinical weakness in paralytic rabies (Hemachudha
et al, 2005; Mitrabhakdi et al, 2005; Sheikh et al,
2005). Despite evidence of anterior horn cell dys-
function in furious rabies, this is not associated with
demonstrable weakness (Mitrabhakdi et al, 2005).
Clinical symptoms of furious rabies are indicative of
limbic dysfunctions. These are missing or not promi-
nent in paralytic rabies. Magnetic resonance imaging
(MRI), performed during early and late stages of the
disease in humans, did not show differences between
the two clinical forms (Laothamatas et al, 2003; Plea-
sure and Fischbein, 2000).

The origin of paralytic rabies remains enigmatic. It
has been proposed that paralytic rabies could result
from lower viral loads in the brain related to longer
survival periods and lack of brain symptoms. How-
ever, a comparable degree of rabies virus antigen was
confined to brainstem, thalami, and basal ganglia in
furious as well as in paralytic rabies patients who
survived 7 days or less (Tirawatnpong et al, 1989).
There has been speculation regarding differences in
immune responses in human furious and paralytic
rabies. However, only peripheral markers, such as
measures of cytokines in blood or cerebrospinal fluid
(CSF) or immune capacities of circulating cells were
assayed in humans. Immune-accelerated death has

been hypothesized in furious rabies to explain the
rapid fatal course. Six of nine patients who had cellu-
lar immunity to rabies virus, determined by lympho-
cyte proliferation test, manifested as furious rabies,
whereas none of seven who had such a response pre-
sented as paralytic rabies (Hemachudha et al, 1988).
Only 1 of 6 paralytic rabies patients (versus 12 of
22 furious) had elevated soluble interleukin (IL)-2 re-
ceptor. IL-6 was elevated in 5 of 22 furious and in
0 of 6 paralytic rabies patients (Hemachudha et al,
1993).

To assess whether there were differences in the
amount of rabies virus and inflammatory/cytokine re-
sponses in the brains of furious and paralytic rabies-
infected dogs, we studied rabies viral nucleoprotein
(N) RNA at 12 different brain regions in four furious
and four paralytic dogs during the early stage, and in
one each during the late stage. All of these brain re-
gions of two furious and two paralytic dogs during the
early stage, and one each during late stage were also
determined for the expression of 18 cytokine mRNAs.
MRI of the brains of two furious and two paralytic
rabies-infected dogs during their early clinical course
was also performed. This was to determine whether
such abnormalities were in accord with a specific
locus for furious symptoms and whether there was
a correlation between MRI abnormalities and virus
load or inflammatory/cytokine responses.

Results

Determination of rabies viral RNA at different brain
regions

Rabies viral RNA was detected by real-time poly-
merase chain reaction (PCR) in 12 different regions of
the brains of 10 dogs. Four were furious and four par-
alytic and showed early signs of disease. One was late
paralytic and one late furious. Although the number
of subjects was limited and may not be appropriate
for accurate statistical analysis, larger quantities of
rabies viral RNA could be detected in all parts of the
brains of furious dogs than in the brains of paralytic
dogs. In paralytic dogs, rabies viral RNA was con-
fined mainly to basal ganglia, caudate nucleus, and
thalamus and barely detectable in several parts of the
brains (Table 1). Basal ganglia, caudate nucleus, tha-
lamus, as well as midbrain were also more heavily
infected regions in furious rabid dogs. This suggests
that infection was delayed in paralytic as compared
to furious dogs. During the late stage, when the ani-
mals were obtunded, all brain regions of both furious
and paralytic dogs had large amounts of rabies viral
RNA.

Determination of cytokine mRNA at different brain
regions

Cytokine mRNAs were detected by reverse
transcriptase—-PCR (RT-PCR) in several brain re-
gions of early (two furious and two paralytic dogs)



Table 1 Distribution of rabies viral RNA in CNS of rabid dogs
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Early

Late

Brain region Furious* (n=4)

Paralytic* (n=4)

Furious (n=1) Paralytic (n=1)

Frontal 6.73 + 2.68 0.48 + 0.33 5.20 ND**
Temporal 6.69 £+ 1.89 1.48 + 0.92 5.00 7.30
Hippocampus 6.15 £ 2.03 0.95 £ 0.55 7.90 6.00
Parietal 6.40 + 1.85 0.88 + 0.69 4.00 4.60
Occipital 7.15 £ 3.73 0.13 £ 0.07 5.60 3.90
Midbrain 10.92 £ 3.36 1.87 £ 1.07 16.10 6.60
Pons 3.96 + 1.14 1.51 £ 0.90 5.30 3.60
Medulla 7.07 &+ 2.55 1.64 £ 0.98 15.30 2.90
Cerebellum 3.14 = 1.09 0.43 £+ 0.24 4.20 6.30
Thalamus 11.02 £ 2.78 2.66 + 1.53 4.80 8.60
Basal ganglia 8.52 + 2.04 5.74 + 3.43 7.80 12.90
Caudate nucleus 10.59 + 3.95 4.56 + 2.63 9.70 13.90

Note. Viral RNA distribution is given as [(copies/ug total RNA) x 10°].

*Expressed as mean =+ standard error of the mean.
**Sample not available.

and late (one furious and one paralytic) stage ra-
bid dogs (Table 2). However, cytokines that were
detected and considered as significant were fewer
and mainly present during the early stage and
particularly in paralytic dogs. This may suggest that
mRNA expression of cytokines in the rabid brain is a
transient event. IL-2 mRNA could not be detected in
any brain sample. This has been previously observed
in other animal (mouse) models (Baloul et al, 2004;
Galelli et al, 2000). Monocyte chemoattractant
protein (MCP)-1 was the only cytokine which was
found to have an increased ratio to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) area in a
normal control dog brain (data not shown). Other
cytokines, in this normal control brain, were ei-
ther non-detectable or their ratio to GAPDH area
was <1.

All cytokine mRNAs, except that of IL-2, were de-
tectable in one or both early paralytic dog brains
(Table 2). These included, interferon (IFN)-y (2/2),
IL-18 (2/2), fibroblast growth factor (FGF) (1/2),
granulocyte-macrophage colony-stimulating factor
(GM-CSF) (1/2), IL-4 (1/2), IL-5 (1/2), IL-6 (1/2), IL-
8 (1/2), IL-10 (1/2), IL-12 (1/2), IL-18 (2/2), toll-like
receptor (TLR)-4 (2/2), tumor necrosis factor (TNF)-«
(1/2), and transforming growth factor (TGF)-8 (2/2).

Notable differences during the early stage were that
IFN-y and IL-18 were present exclusively in paralytic
dogs (Table 2). These, as well as GM-CSF, IL-2, -4,
-8, -10 were nondetectable in all brain regions of two
furious dogs. IL-5 was detectable in only one brain
region of one furious dog.

Although the cytokines studied were limited and
might not be comparable with DNA microarray, they
belong to the innate and adaptive immune responses.
Despite limitation in sample size, results suggest that
brain cytokine transcription inversely correlates with
brain virus infection and that IFN-y and IL-18 mR-
NAs expression in the brain could be a hallmark of
paralytic rabies.

MRI examination

Because MRI analysis can reliably detect brain re-
gions affected by inflammation such as in Japanese
encephalitis (Kalita et al, 2003), we analyzed whether
there were any differences on MRI between paralytic
and furious dogs during the early stage of the dis-
ease. Two distinct patterns were found (Figures 1
and 2). In both paralytic dogs, abnormal hypersignal
T2 changes of mild to moderate degree were noted
at the inferomedial temporal lobes and hippocampi
(Figure 1; results of only one dog were shown since
both had similar patterns). Moderate to marked de-
gree of changes were noted at the hypothalami, mid-
brain, pons, medulla, and upper spinal cord. In
contrast, only diffuse hypersignal T2 changes involv-
ing supratentorial structures, such as cerebrum and
cerebellum were demonstrated in two furious dogs
(Figure 2; results of one dog were shown since both
had similar patterns). Lesions at the temporal lobes,
brain stem, and spinal cord were also demonstrated.
The signal intensity of MRI abnormalities at all brain
regions of furious dogs was not as prominent as thatin
paralytic cases. No gadolinium-contrast lesions were
noted in both forms. We have not performed MRI ex-
amination of the whole spinal cord due to technical
limitations. We used our own modified coiling sys-
tem and could include only the upper cervical cord
in this study. Lacking such MRI data in the spinal
cord precludes us from correlating data derived from
MR, virus, and cytokine studies.

These data indicated that dogs with paralytic ra-
bies, in which cytokine mRNAs were mostly tran-
scribed in the brain, were also the dogs showing the
clearest MRI abnormalities.

Discussion

In this comparative analysis of furious and paralytic
rabies in dogs, we demonstrated that the brain was
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Figure 1 Sagittal (A, B) and coronal (C to F) T2-weighted FLAIR MR images of a paralytic rabid dog brain reveal moderate to marked
abnormal hypersignal T2 changes at the hypothalamus (black arrow in A and C), midbrain (white arrow in A and E), pons (black
asterix in A and F), medulla and upper spinal cord (double arrows in B). Less intense hypersignal T2 changes are also observed at the
anteroinferomedial temporal lobes (black Vin C and D). No significant abnormality of the cerebrum is observed.

rapidly colonized by the virus in furious rabies. Yet,  stronger disturbances in MRI signals and in inflam-
only mild MRI changes and weak cytokine transcrip-  matory cytokine responses with slower neuroinva-
tion could be detected. This was in striking con-  siveness. These distinctions could not be observed

trast to brains of paralytic rabid dogs, which showed  in the later stage of the disease.
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Figure 2 Sagittal and coronal T2-weighted FLAIR MR images of a furious rabid dog brain reveal more diffuse mild to moderate hypersignal
T2 changes involving hypothalamus, thalamus, midbrain, pons, medulla and spinal cord (white arrows in A to C and white circles in D
toF), and hippocampi. Changes also involve the cerebrum (white asterix in C to F) and infratentorial cerebellum (black asterix in A).

The numbers of dogs studied were limited be-
cause naturally infected dogs were chosen. This
would simulate what we encounter in humans. There
are major barriers to using dogs in experiments in
Buddhist countries such as Thailand. An experi-

mental design having dogs inoculated with differ-
ent virus dosages might give more control over when
and how they were infected. Nevertheless, we have
previously shown that sites of a bite did not influ-
ence the clinical expression of furious or paralytic
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rabies (Tirawatnpong et al, 1989). We chose to define
stage of disease as clinical stage (early or late) rather
than the interval between time of exposure and exam-
ination because this actually reflects the functional
status of the nervous system of the infected individ-
ual (Hemachudha, 1989). The virus may remain la-
tent at the exposure site and the incubation period
can be variable (Hemachudha and Phuapradit, 1997;
Hemachudha et al, 2006). We studied only a small
number of late-stage dogs, though they were easier
to find, because we focused mainly on what actually
happened during the early stage.

Our present data suggest that timing of MRI exam-
ination is critical. This might explain why both fu-
rious and paralytic rabies patients in our previous
study had similar MRI patterns (Laothamatas et al,
2003). Localization of MRI abnormalities in rabid
dogs did not correlate with loci that might be related
to furious symptoms.

IFN-y as well as IL-18 were present only in the
brains of paralytic dogs. This suggests that the capac-
ity to respond to rabies infection in paralytic dogs
may be greater compared to their furious counter-
parts. IFN-y has been shown to be produced by mi-
gratory T cells invading the brains of mice infected
with attenuated Pasteur strain rabies virus (Galelli
et al, 2000). These mice recovered with or without
paralytic sequele. Increased production in IL-1¢ and
diminished binding sites have been shown in rabies-
infected mouse brain, particularly in the hippocam-
pus (Marquette et al, 1996a). Proinflammatory cy-
tokines, such as IL-18, in rabies-infected rat brains
could be produced by resident microglia and infil-
trating macrophages (Marquette et al, 1996b). There-
fore, it is possible that there might be cells that have
crossed the blood-brain barrier (BBB) at certain stages
in paralytic rabies, which may be associated with
some degree of leakage (Roy et al, 2007). In an animal
model, virus pathogenicity also inversely correlates
with the number of T cells migrating into the rabies-
infected brains (Baloul et al, 2004; Roy et al, 2007;
Wang et al, 2005).

We failed to demonstrate evidence of BBB leakage
by MRI during the early stage of human rabies pa-
tients (Laothamatas et al, 2003) and rabies-infected
dogs (in this study). No gadolinium-enhanced lesions
were evident. Rabies-neutralizing antibody could not
be detected in the CSF of a furious rabies patient
who had received very high doses of intravenous
human rabies immune globulin (Hemachudha et al,
2003a). Furthermore, cellular infiltrates were scant in
the cerebral hemispheres of our rabies-infected dogs
(data not shown) and in human rabies patients of
both forms (Hemachudha et al, 2006; Juntrakul et al,
2005; Tirawatnpong et al, 1989). The degree of cel-
lular infiltration in the brainstem of rabies-infected
dogs and humans was variable and did not correlate
with clinical manifestations. Marked cellular infil-
tration was found only in the peripheral nerves of
paralytic rabies patients (Hemachudha et al, 2005;

Mitrabhakdi et al, 2005). Lack of cellular infiltra-
tion in the cerebral hemisphere of rabies-infected
humans and dogs may be explained by destruc-
tion of T cells that invade the CNS via increasing
immunosubversive molecules, such as FasL (Baloul
and Lafon, 2003; Lafon, 2004). We are intrigued by
our findings that paralytic rabies-infected dogs have
higher cytokine expression in the brains than furious
dogs.

Our data suggest that a stronger CNS and perhaps
earlier inflammatory response resulting in a delayed
spread of infection may explain the longer survival
in paralytic rabies. Moreover, this does not support
the role of immune accelerated death in explaining
the rapid fatal course in furious rabies. The dog may
be a promising model to further study the relation-
ship between virus and inflammatory responses in
the brain.

Materials and methods

Animals

A total of 13 dogs were used. Three were normal
controls and 10 were proven rabies infected. All,
except one control that was injured by a car and
included in the virus and cytokine studies, were
community dogs abandoned after they were bitten by
suspected rabid dogs. None had been previously vac-
cinated. Each was observed for rabies symptoms at
the quarantine and diagnostic unit of the Queen Saov-
abha Memorial Institute (QSMI). Sites of bites were
mainly the head and face. After symptoms sugges-
tive of rabies developed, the diagnosis was confirmed
by demonstration of rabies viral RNA in saliva by
nucleic acid sequence—based amplification (NASBA)
(Wacharapluesadee and Hemachudha, 2001). Results
were known within 3 to 4 h.

Categorization of furious or paralytic rabies was
based on the following: aggression and biting be-
havior in dogs was associated with the former,
and hind limb paresis with none or only a mild
degree of aggression in dogs with the latter type
(Tepsumethanon et al, 2005). The term “stage of in-
fection” was clinically defined as early or late, based
on whether the dogs remained fully conscious (early)
or lapsed into coma (late) as previously described
(Tirawatnpong et al, 1989). After the diagnosis was
confirmed, these dogs were transferred for MRI at
the Neuroimaging Center, Ramathibodi Hospital. All
were in the early stage and remained conscious. Ex-
amination was done within 48 h, usually 24 h, after
onset of the first clinical symptoms.

Two paralytic, two furious, and two uninfected
dogs were included in the MRI study. During trans-
fer and examination, the dogs were sedated with
ketamine and pentobarbitone sodium. All rabies-
infected dogs were humanely sacrificed at the com-
pletion of examination. Eight (four furious and four
paralytic) rabies-infected dogs during the early stage



were included in the viral load study. Four (two fu-
rious and two paralytic) of them were also included
in the cytokine study. Additionally, we studied one
furious and one paralytic dog in the late stage for vi-
ral load and cytokines. The control dog, injured by a
car, was also included.

The studies were approved by the research and
ethics committee of Ramathibodi Hospital.

MRI examination

Studies were performed with a 3-tesla superconduc-
tive magnet (Intera; Philips Medical System, Best,
The Netherlands). MR imaging of the brain and up-
per spinal cord was performed with SENSE Flex-M
coils ( Philips Medical System) in axial and coronal
diffusion-weighted image (DWI; TR/TE/ EPI/FOV:
2568/88/47/160; b-value of 0 and 1000 s/mm?),
sagittal and coronal T2-weighted fluid-attenuated
inversion recovery (FLAIR) (TR/TE/TI/ET/matrix:
11,000/120/280/30/256 x 180), and T1-weighted
(TR/TE/matrix: 500/11/256 x 200) before and
after gadolinium administration, 0.1 mmol/kg,
(Magnevist, Schering, Germany).

Collection of samples for viral load and cytokine
studies

Brain specimens were collected from 12 anatom-
ical locations at brainstem (midbrain, pons and
medulla), thalamus, basal ganglia (putamen and
globus palludus), caudate nucleus, temporal cortex,
hippocampus (including CA1—4 regions), cortices of
frontal, parietal and occipital regions, and cerebel-
lum (mainly at the vermis). The diagnosis of rabies
was confirmed by the presence of rabies antigen and
viral N RNA in the brain by direct fluorescent anti-
body test and NASBA. All brains were kept under
—80°C until examination.

Extraction of RNA and reverse transcription

Total RNA was extracted using the RNeasy Lipid Tis-
sue Mini Kit (Qiagen, Hilden, Germany). Brain tissue
was homogenized in 1 ml of QIAzol Lysis Reagent
(Qiagen). The sample was vortexed and 200 ul of
chloroform was added. The sample was incubated
at room temperature for 10 min then centrifuged at
12,000 x g for 15 min at 4°C. RNA contained in the
aqueous phase was transferred to a new tube and pro-
cessed according to instructions from the manufac-
turer (Qiagen). The residual DNA was removed by the
column DNase-digestion method using the RNase-
Free DNaseSet (Qiagen). Total RNA was quantified
using a SmartSpec 3000 Spectrometer (BioRad, Her-
cules, USA). First-strand cDNA synthesis was carried
out with 1 ug of total RNA using the supplied random
primer in 20 pl total volume under the following con-
ditions: 70°C for 5 min for random primer annealing,
5 min on ice, annealing at 25°C for 5 min, first-strand
synthesis at 42°C for 60 min, and inactivation at 70°C
for 15 min (Improm-II reverse transcription system;
Promega, Madison, WI, USA). cDNA concentrations
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were adjusted with RNase and DNase free water to
25 and 2.5 ng/ul for cytokine and viral quantitation
assays, respectively.

Rabies virus quantification by TagMan

real-time PCR

Rabies viral load was measured by a real-
time polymerase chain reaction (PCR) assay.
The primer set for the rabies N gene was 5'-
CTGGCAGACGACGGAACC-3’and 5-CATGATTCG-
AGTATAGACAGCC-3'. The Tagman fluorescent
probe was 5-FAM-TCAATTCTGATGACGAGGAT
TACTTCTCCGG-TAMRA-3'. Five nanograms of
sample cDNA were added to a 20-ul reaction volume
of PCR mixture containing 1x Tagman PCR master
mix (QuantiTect Probe PCR, Qiagen), 500 nM of
each primer, and 200 nM probe. Thermal cycler
conditions were 15 min at 95°C, and 45 cycles of
5 s at 95°C, followed by 1 min at 60°C. Dilutions
of cDNA of single antisense-stranded rabies RNA
obtained from T7 in vitro transcription (Riboprobe in
vitro transcription systems; Promega) were used to
prepare a standard curve. All standards and samples
were assayed in the Light Cycler instrument (Roche
Molecular Systems, Indianapolis, IN). The rabies
viral load was calculated by the following formula:
copy number of rabies per ug total RNA = (copy
number per ul)/(total RNA concentration per pl).
Each reaction included a negative control (water).
The positive control included known amounts of syn-
thetic rabies RNA.

Semiquantification of cytokine mRNA

PCR was performed on the reversely transcribed
(RT) cDNA product to determine the expression of
mRNA encoding cyclooxygenase (COX)-2, FGF, GM-
CSF, IFN-y, IL-18, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12 p35, IL-12 p40, IL-18, MCP-1, TLR-4, TNF-
o, TGF-8, and vascular endothelial growth factor
(VEGF)-164, -188, and -206 (Canine Primer Sets;
Endogen, Pierce, Rockford, IL) according to the man-
ufacturer’s instructions. Normalization of the sam-
ples was accomplished using RT-PCR of the house-
keeping gene GAPDH (Chamizo et al, 2005) to con-
trol the efficacy of the RNA extraction, its integrity,
and the amount of RNA present. Controls were in-
corporated in each set of PCR reactions. Positive
control included the synthetic DNA with different
product size supplied by the manufacturer. Nega-
tive control included “no RNA” (water). Conditions
for the PCR were as follows: after initial denatu-
ration at 95°C for 2 min, 35 amplification cycles
were conducted in a DNA thermocycler (model 9600,
Perkin Elmer). Each cycle consisted of denaturation
at 95°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 1 min. PCR components in-
cluded PCR buffer (1x; Promega), MgCl, (2.0 mM;
Promega), dNTP mix (0.2 mM; Invitrogen), Tag DNA
polymerase (2.5 U; Promega), 2 pl of the Primer Set
solution (Pierce), and 2 ul of sample cDNA (25 ug/ul)
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or 1 pl of the positive control in a 50-ul reaction
volume.

Ten microliters of the amplified product were an-
alyzed by agarose gel electrophoresis (2% agarose,
containing 0.3 pg/ul ethidium bromide) and subse-
quently visualized and documented on a Gel Doc
2000 system (BioRad, Hercules, USA). The cytokines
and GAPDH RT-PCR products of each RNA sam-
ple from 12 brain regions of the same dog were
run in parallel. In order to quantify the intensity of
the ethidium bromide signals, the gel was scanned

References

Baloul L, Camelo S, Lafon M (2004). Up-regulation of
Fas ligand (FasL) in the central nervous system: a
mechanism of immune evasion by rabies virus. J Neu-
roVirol 10: 372—-382.

Baloul L, Lafon M (2003). Apoptosis and rabies virus neu-
roinvasion. Biochimie 85: 777—-88.

Chamizo C, Moreno J, Alvar ] (2005). Semi-quantitative
analysis of cytokine expression in asymptomatic canine
leishmaniasis. Vet Immunol Immunopathol 103: 67—
75.

Denduangboripant J, Wacharapluesadee S, Lumlertdacha
B, Ruankaew N, Hoonsuwan W, Puanghat A,
Hemachudha T (2005). Transmission dynamics of
rabies virus in Thailand: implications for disease
control. BMC Infect Dis 5: 52.

Galelli A, Baloul L, Lafon M (2000). Abortive rabies virus
central nervous infection is controlled by T lymphocyte
local recruitment and induction of apoptosis. ] NeuroVi-
rol 6: 359-372.

Hemachudha T (1989). Rabies. In: Handbook of clinical
neurology viral disease. Vinken P, Bruyn G, Klawans H
(eds). Elsevier Science Publishers: Amsterdam, pp 383—
404.

Hemachudha T (1994). Human rabies: clinical aspects,
pathogenesis, and potential therapy. Curr Top Microbiol
Immunol 187: 121-143.

Hemachudha T, Laothamatas J, Rupprecht CE (2002). Hu-
man rabies: a disease of complex neuropathogenetic
mechanisms and diagnostic challenges. Lancet Neurol
1: 101-109.

Hemachudha T, Panpanich T, Phanuphak P, Manatsathit
S, Wilde H (1993). Immune activation in human rabies.
Trans R Soc Trop Med Hyg 87: 106—108.

Hemachudha T, Phanuphak P, Sriwanthana B, Manutsathit
S, Phanthumchinda K, Siriprasomsup W, Ukachoke C,
Rasameechan S, Kaoroptham S (1988). Immunologic
study of human encephalitic and paralytic rabies. Pre-
liminary report of 16 patients. Am | Med 84: 673—
677.

Hemachudha T, Phuapradit P (1997). Rabies. Curr Opin
Neurol 10: 260-267.

Hemachudha T, Sunsaneewitayakul B, Mitrabhakdi E,
Suankratay C, Laothamathas J, Wacharapluesadee S,
Khawplod P, Wilde H (2003a). Paralytic complications
following intravenous rabies immune globulin treat-
ment in a patient with furious rabies. Int | Infect Dis
7:76-77.

Hemachudha T, Wacharapluesadee S, Laothamatas J, Wilde
H (2006). Rabies. Curr Neurol Neurosci Rep 6: 460—468.

with standard video imaging equipment and the im-
ages were analyzed with an image analysis soft-
ware package with an integrated density program
(Multi-analyst TM /PC version 1.1. BioRad, USA).
The software graphically represented the bands of
DNA present in each lane of the gel, calculat-
ing the value of the corresponding area. The cy-
tokine expression rates were calculated as a ratio
of cytokine to GAPDH area from the same sample
(Chamizo et al, 2005). A ratio of >1 was considered
significant.

Hemachudha T, Wacharapluesadee S, Lumlertdaecha B,
Orciari LA, Rupprecht CE, La-Ongpant M, Juntrakul S,
Denduangboripant J (2003b). Sequence analysis of ra-
bies virus in humans exhibiting encephalitic or paralytic
rabies. ] Infect Dis 188: 960—966.

Hemachudha T, Wacharapluesadee S, Mitrabhakdi E,
Wilde H, Morimoto K, Lewis RA (2005). Pathophysiol-
ogy of human paralytic rabies. ] NeuroVirol 11: 93—100.

Juntrakul S, Ruangvejvorachai P, Shuangshoti S,
Wacharapluesadee S, Hemachudha T (2005). Mech-
anisms of escape phenomenon of spinal cord and
brainstem in human rabies. BMC Infect Dis 5: 104.

Kalita J, Misra UK, Pandey S, Dhole TN (2003). A compar-
ison of clinical and radiological findings in adults and
children with Japanese encephalitis. Arch Neurol 60:
1760-1764.

Khawplod P, Shoji Y, Ubol S, Mitmoonpitak C, Wilde H,
Nishizono A, Kurane I, Morimoto K (2006). Genetic anal-
ysis of dog rabies viruses circulating in Bangkok. Infect
Genet Evol 6: 235—-240.

Lafon M (2004). Subversive neuroinvasive strategy of rabies
virus. Arch Virol Suppl: 149-159.

Laothamatas J, Hemachudha T, Mitrabhakdi E,
Wannakrairot P, Tulayadaechanont S (2003). MR
imaging in human rabies. AJNR Am ] Neuroradiol 24:
1102-1109.

Lumlertdacha B, Boongird K, Wanghongsa S, Wachara-
pluesadee S, Chanhome L, Khawplod P, Hemachudha
T, Kuzmin I, Rupprecht CE (2005). Survey for bat
lyssaviruses, Thailand. Emerg Infect Dis 11: 232—-236.

Lumlertdacha B, Wacharapluesadee S, Denduangboripant
J, Ruankaew N, Hoonsuwan W, Puanghat A, Sakarasaer-
anee P, Briggs D, Hemachudha T (2006). Complex ge-
netic structure of the rabies virus in Bangkok and its sur-
rounding provinces, Thailand: implications for canine
rabies control. Trans R Soc Trop Med Hyg 100: 276—281.

Marquette C, Ceccaldi PE, Ban E, Weber P, Tsiang H, Haour
F (1996a). Alteration of interleukin-1 alpha production
and interleukin-1 alpha binding sites in mouse brain
during rabies infection. Arch Virol 141: 573-585.

Marquette C, Van Dam AM, Ceccaldi PE, Weber P, Haour
F, Tsiang H (1996b). Induction of immunoreactive
interleukin-1 beta and tumor necrosis factor-alpha in the
brains of rabies virus infected rats. ] Neuroimmunol 68:
45-51.

Mitrabhakdi E, Shuangshoti S, Wannakrairot P, Lewis RA,
Susuki K, Laothamatas J, Hemachudha T (2005). Differ-
ence in neuropathogenetic mechanisms in human furi-
ous and paralytic rabies. ] Neurol Sci 238: 3—10.



Pleasure SJ, Fischbein NJ (2000). Correlation of clinical and
neuroimaging findings in a case of rabies encephalitis.
Arch Neurol 57: 1765-1769.

Roy A, Phares TW, Koprowski H, Hooper DC (2007). Fail-
ure to open the blood-brain barrier and deliver immune
effectors to central nervous system tissues leads to the
lethal outcome of silver-haired bat rabies virus infection.
J Virol 81: 1110-1118.

Sheikh KA, Ramos-Alvarez M, Jackson AC, Li CY, Asbury
AK, Griffin JW (2005). Overlap of pathology in paralytic
rabies and axonal Guillain-Barre syndrome. Ann Neurol
57:768-772.

Tepsumethanon V, Wilde H, Meslin FX (2005). Six criteria
for rabies diagnosis in living dogs. ] Med Assoc Thai 88:
419-422.

Neuroimaging, virus and cytokine studies in rabid dogs

J Laothamatas et al 129
Tirawatnpong S, Hemachudha T, Manutsathit S,
Shuangshoti S, Phanthumchinda K, Phanuphak
P (1989). Regional distribution of rabies viral

antigen in central nervous system of human en-
cephalitic and paralytic rabies. | Neurol Sci 92: 91—
99.

Wacharapluesadee S, Hemachudha T (2001).
Nucleic-acid sequence based amplification in
the rapid diagnosis of rabies. Lancet 358: 892—
893.

Wang ZW, Sarmento L, Wang Y, Li XQ, Dhingra V, Tseggai T,
Jiang B, Fu ZF (2005). Attenuated rabies virus activates,
while pathogenic rabies virus evades, the host innate
immune responses in the central nervous system. J Virol
79: 12554—-12565.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


