tibodies, even if attainable, may not lead to better protection
[25). One must not assume that the 8-site intradermal schedule
isa replacement for RIG. A recent rabics-related death involving
a 7-year-ald Thai gitl, who had received the 8-site schedule but
no RIG after incurring maltiple facial bites, emphasizes the
importance of administering RIG in such cases. She died of
encephalitic rabies (determined on the basis of clinical evi-
dence) 15 days after having been bitten [30]. However, it is not
known whether optimal treatment (including RIG injected into
wounds) would have saved her life.

Administration of PEP after exposure is essential, and trav-
elers should seck medical attention immediately. If the traveler
fater returns home to complete the PEP regimen (or will not
be staying at one location long enough to finish the original
series), a treatment record with names and contact numbers
should be obtained. In the event that the same vaccine is not
available at the next desi'nation, a different WHOQ-recom-

mended vaccine can be used. If there is a change in the route

or schedule of administration, this should be the exception. In
cases in which such a change has occurred or cannot be avoided,
antibody levels should be meonitored, if possible [31).

It is impossible to predict who will be completely free of risk
in their travels and who should receive expensive preexposure
vaccination before leaving. At least 2 studies have been pub-
lished on the cost-effectiveness of preexposure vaccination {32,
33]. Although cost is a factor, important noneconomic issues
are also a necessary part of the process for deciding whether
to administer a preexposure series. Preexposure vaccination has
long been used for selected populations, such as scientists work-
ing with rabies virus, veterinarians, zoologists, cave explorers,
international aid workers, missionaries, diplomats, soldiers, and
Peace Corps volunteers, as well as others who may come in
contact with the virus or with rabid animals as part of their

vocation or travel itineraries. We know of only 1 rabies-related _

death in a person who had received preexposure vaccination
with 2 tissue-culture vaccine. She received 3 inieciions of HDCV
inradermally while taking chloroquine malaria prophylaxis,
but she did not receive the recommended booster vaccine after
Laving been bitten by her dog in Africa [34]. Because chlo-
roquine may cause interference with the immune response [22],
the WHO recommends that preexposure treatment should be
administered intramuscularly when a patient is receiving ma-
laria prophylaxis concurrently [22]. The decision about whether
to recommend preexposure vaccination must be based on a
review of the traveler's itinerary and planned activities. Tourists
staying in hotels and traveling in tour buses are less likely to
experience a dog bite. Those who intend to backpack, run on
urban or rural roads, or visit temples harboring unvaccinated
dogs are at increased risk. Children are more likely than aduits
to be bitten by animals, and the bites they receive tend 1o be
more severe {2, 8, 23]. Preexposure vaccination with any ol the

WHO-recommended tissue-culture products (HDCV, PVRYV,
or PCECV) is given as 1 full dose intramuscularly or 0.1 mL
intradermally on C.ys 0, 7, and 21 ~r 28 {22]. The intradermal
route is not being used in the United States, because single-
dose 0.1-mL ampules are no longer available. Current WHO-
recommended tissue-culture rabies vaccines are among the
most immunogenic biological agents known. Intradermal and
intramuscular vaccine will produce memory cells that usually -
Jast for decades in healthy hosts. They are capable of inducing
a rapid anamnestic 1esponse after administration of boosters
{3540,

Rabies-exposed individuals who have previously been vac-
cinated with a tissuc-culture rabies vaccine should receive 2
intramuscular or intradermal vaccine injections given on days
0 and 3 [14, 22, 29]. RIG is not required for patients who have
been prcviously vaccinated and are later exposed to rabies [22].
Subjects who have received preexposure vaccination need only
1o receive boosters and do not require RIG, which is in limited
supply worldwide, This is 2 powerful argument for preexposure
vaccination for travelers at risk of an exposure.

Encountering a case of rabies in 2 human in a countiry believed
to be “rabies free™ is a rare but not unheard of occurrence, as
evidenced by the recent rabies-related death in Scotland {41).
Early diagnosis is imperative. Although physicians cxperienced

- with rabies in humans are generally able to diagnose encephalitic

(furious) rabies, paralytic rabies (approximately one-third of ali
cases) can be difficult to identify [2, 10]. It resembles Guillain-
Barré syndrome (GBS), ain? patients with GBS and patients with
rabies who are in coma require sophisticated tests for accurate
diagnosis [2, 10, 11]. The best specimens to test include C5F
urine, saliva, corneal imprints, and neck skin biopsy specimens,
which must include hair follicles {2]. Saliva, urine, and CSF
samples and tear secretions can be tested by RT-PCR or nucleic
acid sequence-based amplification {(NASBA). Serum and CSF
specimens can be tested for the presence of IgM and IgG anti-
bodies (in previonsly unvaccinated individuzls), but the test re-
sults are often not positive when the patient first presents |2,
42]. Performance of RT-PCR or NASBA on several sequential
samples of saliva, urine, and CSF will-result in the best diagnostic
yield for patients suspected of having rabies. Secretion of virus
is intermittent even in CNS and saliva {10, 20, 21], Rapid clinical
and, where available, laboratory diagnosis is important to prevent
potential exposure to the health care team and to reduce the
anxiety and costs associated with avoidable PEP treatment. Com-
fort care should be the management goal for patients with rabies
{43). Invasive procedures and even respiratory support should
be avoided in virtually every case. Liberal use of barbiturates and
intravenous morphine are best for relief of terrifying attacks of
anxiety, agitation, and respiratory spasiis.

Despite our understanding of the epidemioclogy and preven-
tion of rabies, we are still confronted with this horrific disease.
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Travelers must be made aware that even regions considered to
be “rabies free™ are vulnerable if rabies is introduced. One
example occurred in 1997 in Flores, Indonesia. Thiz “mall,
historically rabies-free island near Timor has a population of
1.4 million. Rabies was introduced when fishermen imported
3 dogs (at least 1 of which was incubating rabies) from rabies-
endemic Sulawesi [44, 45). Within 2 years, at least 101 people
died of rabies. As a first response to control the spread of rabies,
~500,000 of the estimated 800,000 local dogs were killed. This
massive canine culling faiied to eliminate rabies on Flores, 2nd
human deaths were still reported in 2001, Sadly, canine rabies
is still present on the istand today. An islandwide dog-vacci-
nation campaign may have prevented the spread of the disease
when it was first discovered almost 6 years ago. Without vigilant
surveillance and some contingency planning, the tragic events
in Flores could repeat themselves in other rabies-free regions,
such as neighboring Bali.

The limited supply of RIG is a critical problem that needs
to be addressed on a global scale. Established international
ERIG manufacturers must be encouraged to continue produc-
tion and worldwide distribution of affordable ERIG. Countries
where rabies is endemic that have technical expertise should
consider production of their own RIG. With government mo-
tivation, technology transfer, and funding, weli-equipped blood
banks could make HRIG. Snake antivenin plants could use
established technology to produce purified ERIG. One example
is the Thai Red Cross, which has been manufacturing HRIG
from serum obtained from unpaid donors for >1 decade and
is currently upgrading its snake antivenin plant to make purified
ERIG. New ERIG manufaciuring facilities have appeared in
China and have started to export their products. India is pro-
ducing their own tissue-culture rabies vaccines (PCECV) and
exporting to several Asian countries, including Thailand. Tech-
nology for production of monoclonal rabies antibodies {MAbs)
is known, and reperts indicate that a cocktail of MAbs is more
effective in neutralizing virus than is HRIG or ERIG. Selected
iAbs couid someday repiace RIG altogethier [46, 47). [ravelers
and expatriates will, however, continue to be at risk of exposure
to rabies in countries where canine rabies is endemic, until
effective dog population—contrcl and vaccination measures are
inaugurated. For these programs to be successful, we will need
to learn more about dog ecology and to promote responsible
dog ownership. Travel medical advisors must evaluate the travel
plans of clients visiting countries where canine rabies is endemic
and explain various options for protection against this disease.
Before leaving home, every traveler should be informed that
exposures to potentially rabid animals can have deadly con-
sequences if not treated promptly and appropriately. They
should carry contact information for reliable institutions that
can be consulted in the event of a medical emergency abroad.
Additional help can be found on several Web sites, including

http:/fwww.cdc.govitravel, hitp://www.fitfortravel.scot.nhs.uk/,
htpi/fwww.who.int/ith, http:/fwww.who.int/emc/diseases/zoa/
rabieshtml, and http://www.who.int/disease-outbreak-news/
n1997/may/mémay1997a.html

Is there any good news about rabies? Yes. Expatriates and
travelers moving to rabies-free countries with their dogs and
cats may no longer have to quarantine their pets for many
months. Many rabies-free countries now allow dogs and cats
to-be imported if they have positive identification by an im-
planted “microchip,” a valid rabies-vaccination certificate, and.
documentation of an acceptable antibody level from an ac-
credited laboratory [48]. Such travelers should contact the re-
spective consular missions for instructions before departure. In

+ addition, the WHO is currently intensifying efforts to make

governments aware of the need to institute active and effective
rabies-control measures, and it has appointed an international
task force to focus on rabies prevention in Asia. '

Dedication

This essay is dedicated to the memory of Dr. Arthur King,
a friend who devoted his life to the study of rabies. He passed
away in June 2002. His counsel and humor will be greatly
missed by his colleagues worldwide.
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Search strategy and selection criteria

We have followed international publications on rabies for
longer than 15 years. Data for this review were identified by
searches of Medline (PubMed) and references supplied
from older relevant review articles; many pieces were
identified through searches of our own extensive files.
Consideration for inclusion in the reference list included
all relevant sources by topic. Only papers published in
English were reviewed. Search terms included “rabies”,
“magnetic resonance imaging”, and “encephalitis”.

of unvaccinated rabies patients tested within 1-26 days of
disease onset.'** Antibody-positive serum samples can be
obtained within 9 days afier onset (three of six within the
first 3 days). However, analysis of 102 samples from 39
patients in the USA and 16 in France since 1960 showed that
serum antibody generally developed if the patient survived
longer than 8 days (six of 43 between days 1| and 8
compared with 34 of 59 from day 9). Antibody appeared in
the CSF later {none of 19 between days 1 and 8 and ten of 28
on day 9).* Nevertheless, out of 27 Thai patients, none had
detectable rabies-virus antibody in the CSF.»*

Rabies-virus antigen in the neural innervation of hair
follicles can be demonstrated by the fluorescent-antibody
technique on frozen sections of the skin from the nape of
the neck. Though sensitive, this technique may not be
practicable in all settings, because of the requirement for a
cryostat for preparation of ideal frozen tissue sections ™"
Early studies suggested that the proportion of positive
results should increase as the disease progressed,” but the
results of another stidy did dot confirm this idea. Test
sensitivity was 82% (five of six) when it was done within
4 days compared with 60% (six of ten) between days 5 and
8.* Both corneal and salivary impressions for detection of
rabies-virus antigen may be unreliable, because of
differences in technique and interlaboratory variation in
interpretation.

Brain biopsy, although not practicable, yields high
sensitivity," Nevertheless, false-negative results may occur
when biopsy at the frontotemporal region is done during
the first days of illness. Occasional differential occurrence of

séﬁd diagnostic challenges

viral antigen may be overcome by molecular detection, but
only with much attention paid to strategies for proper
primer design and extraordinary care taken to preclude
cross-contamination.**

In addition to CNS tissue, saliva, CSF, tears, skin biopsy
samples, and urine may be sources for detection of rabies-
virus RNA by reverse-transcription PCR or nucleic-acid
sequence-based amplification.****** Serial samples should
be tested, because not all are positive, owing to intermittent
shedding of virus.

Management

Treatment is purely symptomatic, to lessen the degree of
agitation and to comfort the patient and family. Fear of
rabies is universal among health-care personnel, resulting in
poor nursing care. Attending nurses and physicians who
routinely care for patients with rabies may need pre-
exposure vaccination, and other staff should receive
postexposure treatment only if a true exposure occurs
despite precautions. Past efforts to prevent fatal outcome
have failed, with no spontaneous recoveries. A handful of
survivors are known, essentially pre-exposure or
postexposure treatment failures, with major sequelae.?s»
Attempted treatments include interferon and antiviral
drugs such as ribavirin, vidarabine, aciclovir, and inosine
pronobex, intrathecal and  systemic  high-dose
administration of human rabies immunoglobulin, steroids,
and antithymocyte globulin; none has been successful.”
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Brief report

Rabies in a Thai child treated with the eight-site post-exposure
regimen without rabies immune globulin
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Abstract

We report the case of a 7-year-old Thai girl that was bitten by a dog. She received prompt wound care followed by eight-site intradermal
post-exposure rabies schedule using purified chick embryo vaccine. Treatment followed WHO recommendations for desperate situations
where no rabies immune globulin (RIG) is available. The patient died 15 days later with classical symptoms and signs of encephalitic

" rabies.
© 2003 Elsevier Science Ltd. All rights reserved.

Kevwords; Rabies; Accelerated post-exposure treatment failure; Lack of rabics immunc globulin

This 7-year-old girl was tying her shoelaces on 8 March
2002, ready to go to school, when she was antacked by the

neighbor's unvaccinated 3-month-old puppy. She incurred a .

1 ¢m deep scratch above her left eyebrow, as well as a 3cm
transdermal abrasion of her left cheek. She als¢ had a su-
perficial abrasion of her left arm. Further inquiries revealed
that the mother of the puppy had died recerty of or uindi-
agnosed illness. Prior to the attack, the puppy was noted to
run and bite objects aimlessly, hitting trees and other object.
It went into a coma and died natwraily the day following the
attack. [t was not laboratory examined.

The grandmother took the child to the nearby Prach-
inburi Provincial Hospital within 20min of the auack.
Post-exposure treatment was rendered almost immediately
after arrival at the hospital. It included imrigation of the
wounds and application of betadine solution. There was no
rabies immune globulin (RIG) available in Prachinburi and
the staff followed the WHO and Thai Ministry of Public
Health guidelines for treatment of a rabies exposure when
no RIG is available [1]. They instituted the cight-site inua-
dermal post-exposure schedule using purificd chick embryo
vaccine manufactured in India by Chiron Comorauon of

* Corresponding author.
E-mail address: chakrapol_s@@houmail.com {C. Sniaroon)

Germany (batch 667, potency 9.5 IU/ml, expiry date July
2005). On day 0, she was given eight intradermal injections
of 0.1 ml vaccine at eight different sites by a nurse experi-
enced in this technique [1]. She also received amoxycillin
and a tetanus toxoid booster injection. The second course
of intradermal injections was administered at four intrader-
mal sites on 15 March at which time ihe paticnr apprared
well. She was then scheduled for the recommended 0.1 ml
one-site boosters on days 29 and 90 [1]. On 19 March,
11 days after having been bitten, the patient complained
of headache and became febrile. Her grandmother took
her to the village health station and she was given more
otal amoxycillin. That evening she vomited and remained
febrile. On 20 March, the patient’s consciousness became
clouded but she still could respond and answer questions.
She was taken back to the Prachinburi Provincial Hospital
where she was admitted with a temperature of 39.4°C. She
was started on intravenous ampicillin and was isolated. The
admiting resident doctor did considered rabies in the differ-
cntial diagnosis. On the following morning, she complained
of severe pain over her left ear, the same site as her dog
bites. An ENT consultant examined her and found a normal
car canal. However, there was evidence of a lower motor
ncuron left facial nerve palsy. He then ordered a CT of the
mastoid arca and head. It was unremarkable. During the
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aftemoon and evening, she developed restlessness, spasms
of both arms in response to air currents and people walking
into the room. She also developed visual hallucinations and
agitation, alternating with periods of normal behavior. She

refused to cat and drink. A spinal puncture was performed -

on 22 March and was unremarkable {clear, RBC 45, protein
46, WBC 40, CSF glucose 64, serum glucose 121),

A CSF sample was sent to a reference laboratory in
Bangkok for rabies PCR but was lost in transit. Routine lab-
oratory studies revealed Hgb 12.4, HCT 38, WBC 11,400,
PMN 75, Ly 15, Mono 7, urinalysis WBC 20, RBC 5-10,
platelets 303,000, electrolytes were normat, BUN 10, cre-
atinine 0.6, Late that night, she became comatose and was

transferred to the Chonburi Regional Hospital. There, she.

was incubated but died on 23 March 2002 of circulatory
failure 15 days after being attacked by a dog. Unfortu-
nately, nc autopsy was performed and no serum, skin or
other samples were available for laboratory confirmation of
rabies. Like most rabies patients in endemic regions, the
diagnosis was based on the history (dog bite, prodrome),
classical symptoms of fever, headache, alternating levels
of consciousness, aerophobia and hydrophobia. Rabies
-post-exposure treatment failures with optimal management
{zood wound care, administration of potent tissue culture
vaccine, injection of wounds with RIG) are very rare but
have been reported [2]. Current WHO recommendations for
severe (WHO Category [IT} exposures recommend admin-
istration of RIG as soon as possible but not later than day 7
after a post-exposure vaccine series had been started {1,3].
Unfortunately, this proved not feasible in this girl. This case
is, to the best of our knowledge, the first rreatment failure
where an accelerated intradermal regimen was administered
without immune globulin. It is, however, impossible to
know whether this child would have survived if treated with
rabies immune globulin according to optimal WHO guide-
lines [1]. To determine whether accelerated ntradermal
schedules, administered without immune globulin, provide
any odded protection cver the conventicpal Hve-dose in-
tramuscular or Thai Red Cross intradermal post-exposure

regimens if no RIG is available, would be a most difficult
task. One would have to select a sizable population with se-
rere dog bites from laboratory proven rabid animals, and ob-
tain cthics committee approval to treat without RIG [1]. To
do such a study, is only possible in a location where RIG is
unavailable. The current WHO recommendations concem-
ing management of severely rabies exposed patients without
RIG [1] need to be revised so that they can not be misin-
terpreted as being a substitute for bite-site administration of
immunoglobulin in a patient with a severe rabics exposure
f1,4]. Such a revision might, for example, state that acceler-
ating vaccine administration without RIG represents an un-
proven and desperate effort where there is no possibility of
obtaining RIG. Until the prevention of rabies in dogs is suc-
cessful, energetic efforts to make affordable RIG or altema-
tives such as combinations of monoclona!l antibodies must
continue.
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Figure 1.

was a good response to antiretroviral ther-
apy, the drugs were not changed.

The occurrence of OSA in HIV-infected
patients was already investigated in a co-
hort of 134 subjects (2] Tn that study, 12
patients were found to have CSA. Amcrg
these patients, all but 1 had adenotonsillar
hypertrophy underlying the OSA. In our
patient, otorhinolaryngological examina-
tion did not reveal any specific abnor-
malities. Obesity, which is the most im-
portant risk factor for the development of
OS5A, was also not present in the patient
under discussion, Male sex and advanced
age might have contributed to the emer-
gence of OSA in the present patient. How-
ever, we suggest that the sleep-disordered
breathing was mainly due to HIV-associ-
ated lipodystrophy, with extensive accu-
mulation of adipose tissue around the
neck and pharynx {i.c., “buffzlo hump”).

To the best of our knowledge, such an
association has not yet been reported in
the literature.
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Does Contact with Urine
and Blood from a Rabid Dog
Represent a Rabies Risk?

Str—Qutward spread of rabies virus from
the CNS leads to infection of almost all
organs, including infection of the heart,
lung, gastrointestinal tract, bone marrow,
cornea, neck tissues, kidneys, and salivary
glands [1-4]. This has allowed clinical di-
agnosis on the basis of biopsies of the nape
of the neck and, more recently, cn the
basis of detection of rabies virus RNA in
saliva and urine samples (1, 5]. Infected
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tissues can be a source of infection in per-
son-to-person transmission, as reported
with corneal transplants [1]. It is feared
that exposure to blood and urine may also
result in transmission. If this is, in fact,
the case, the finding of preferential in-
volvement of highly perfused renal cortex
and renal medulla tissues would support
" the existence of viremia in rabies.

‘We report that the blood and urine of
dogs infected with rabies was not infective
at the time of death. Rabies virus RNA
was predominantly found in urinary blad-
der tissue, thus supporting the idea of
neural spread of the virus to the urinary
bladder.

Four rabizs-infected dogs quarantined
in the Queen Saovabha Memorial Inst-
tute were included in this study. At the
time of natural death, samples of urine
and blood (obtained by bladder and heart
puncture), as well as samples of kidney,
ureter, and urinary bladder tissue, and
nerve tissue supplying the bladder, were
collected. Except for the samples of blood
and urine, all samples were stored at
—80°C until examination. Two milllliters
of urine, 100 uL of whole blood, and 100
mg of each tissue specimen were examined
for the presence of rabies virus RNA by
nudeic acid sequence-based amplifica-
tion, as described elsewhere [6]. Urine and
blood samples were also subjected to ra-
bies virus isolation in mouse neuroblas-
toma cells. ’

Rahics vijus couid uot be irolaced from
all urine and blood samples. Rabies virus
RNA could be recovered from urine sam-
ples (obtained from 4 of the 4 dogs), and
could also be recovered from bladder (4
of 4), bladder trigone (4 of 4), urethral
sphincter (4 of 4), nerve (4 of 4), ureter
(3 of 4), renal pelvis (3 of 4}, renal medulla
(1 of 4), and renal cortex tissues (1 of 4).
No rabies virus RNA could be recovered,
however, from any of the blood samples
obtained from the 4 dogs.

Human-to-human transmission of ra-
bies once a patient with rabies has been
admitted to a hospital has always been a
serious concern. Other than the report of

transmission via corneal transplantation,
there are no reliable reports of such trans-
mission [1]. Although ra’ ies virus has
been isolated from urine sediment after
centrifugation (in 1 of 8 samples} [7}, and
although the detection of rabies virus RNA
in urine samples is as accurate a diagnostic
tool as its detection in saliva samples (5],
we failed to demonstrate the infectivity of

urine. We used uncentrifuged urine to in- -

fect ncurcblastoma cells, Qur findings
should therefore be more relevant to the
spread of the virus under natural con-
ditions than if we had used centrifuged
urine. Failure to detect and isolate rabies
virus and its RNA from blgod samples
supports the previous report that, of 18
patients with rabies, nonc had virus iso-
lated from their bloed samples [7).

Our study suggests that. neural spread
of the virus to the bladder is the primary
event in the progression of infection, with
a subsequent propagation of the virus to
renal structures. Rabies virus antigen was
not found in samples of kidney tissue ob-
tained from 3 human patients with rabies,
as described in an earlier report [2]. Al-
though the demonstration of raiLi»s virus
antigen or RNA in samples of tissue or
biological fluids may help diagnosis [2, 3,
8], it does not necessarily indicate that
such a virus is viable.
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Use of Active Surveillance
Cultures to Control
Vancomycin-Resistant
Enterococcus

Sir—Although maost data on the efficacy
of active surveillance for control of van-
comycin-resistant Enterococcus (VRE) col-
onization come from outbreak settings [ 1-
6}, Calfce et al. [7} now report that active
surveillance controlled VRE colonization
rates at a university hospital for a S-year
pericd, and a recently puuiished guideline
from the Society for Healthcare Epide-
miology of America [8] goes further than
existing Hospital Infection Control Prac-
tices Advisory Committee recommenda-
tions for VRE control [9] and strongly rec-
ommends that every hospital implement
a program of active surveillance for VRE.

Why, then, haven't more hospitals al-
ready implemented active surveillance
programs for VRE control? Several obsta-
cles to implementation exist: (1) current
screening techniques fur VRE involve the
use of cubture, which has limited sensitivity
[10} and requires 48-72 h to perform
(during which tinue, unless all patients are
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Rabies encephalitis following fox bite —
histological and immunohistochemical
evaluation of lesions caused by virus
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Abstract. Rabies causcd by fox bite isun-
common, most cases being caused by bite of
rabid dogs (95%). We report & 45-ycar-old
Jady with rabies encephalomyelitis caused by
bite ofa rabid wild fox (Vulpes vulpes), aspe-
cies prevalent in the Deccan platcaus of Cen-
tral India. Though foxes arc known to be sus-
ceptible to rabies, literaturc on the pathologi-
cal changes caused by fox bite rabies in hu-
mans is scarce, Unlike the mild histological
aiterations described in canine rabies, a florid
encephalitic process cvolved in fox bite ra-
bies, in ourcase, with intense microglial reac-
tion, neuronophagia and perivascular inflam-
matory infilirates despite clinical manifcsta-
tion ais a paralytic rabies. Immunostaining us-
ing polyclonal antibodies to the rabies viral
nucleocapsid antigen and to the whole virion
demonstrated high viral load within newrons
with extensive spread along dendritic arbo-
rization and axonal tracts. Genomic sequence
analysis demonstrated close homology with
canine virus strain with only minor varia-
tions.

Introduction

Rabies continues 1o be an important pub-
lic health problem in developing countries,
More than 4,000 mammalian species are sus-
ceptible to rabies, but the domestic dog re-
mains the most important reservoir for trans-
mission to humans by biting [Dutta 1999). In
a study carried out at the Infectious Discases
Hospital, Delhi, Nocth Endia, the animal bites
recorded to transmit rabies were most com-
monly stray dogs (90% of cases) followed
by cat, Jackal, mongoose, monkey and fox
[Singh et al. 2001). There are regional differ-
ences in the animals responsible for the bite,

depending on the habilat, community prac-
tices and velerinary practice, In an analysis of
the profile and characteristics of animal bites
in India (n = 869) from various regions, apart
from dog and cat, other animals such as cow,
-monkey, horse, pig and camel were responsi-
ble for spread of rabics [Bhargava et al
1996). Sporadic reports of rabies infection
transmitted by the bite of mongoose, leopard
and wolf has been reported from India
{Rathod et ai. 1997). Occurrence of rabies in
foxes is reported from Europe, Southem
Canada, USA and Arctic regions, Arab coun-
trics, Nepal, Pakistan, Tibet and India and is
recopnized as a successful rabies reservoir
[Miezgeda 2002]. Foxes are also susceptible
10 experimental infection. Most of our under-
standing of the pathogenesis of rabies has
emerged from experimental animals, using
attenuated fixed strains of rabies virus [Jack-
son 2002]. This scenario does not represent
the natural occurrence where humans and an-
imals are infected with virulent strect strains
of virus by inoculation in subcutancous tissue
and skeletal muscle. The available litcrature
on neuropathology of human rabies reflects
the spectrum of changes in brain, spinal cord
and peripheral nerves resulting from dog bite,
while nenropathological changes caused by
other animal bites are not on record. Study of
the ncuropathology of rabies resulting from
the bite of wild animals, will provide an in-
sight into the effect of strain variation and vir-
ulence on the progression of the discase.

Kecping this in mind, we report a case of
human rabies transmitted by the bite of a fox
from the forests of Deccan Plateau, South In-
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Figure 1.

Fiorid encephalitis with microglial reac-
tion, especially around degenarating neurons in the
cerebral cortex; HE x 160,

dia. The neuropathology and neurounatomic
distribution of the viral antigen are described.
Though clinically presenting as paralytic ra-
bies, florid microglial reaction reflecting an
encephalitic pathology and large amount of
viral antigen in the neurons, fiber tracts and
astrocytes was prominent.

Case report

A 45-year-old lady presented to the Neu-
rological services of the Nizam Institute of
Medical Sciences, Hyderabad, Central India,
with moderate grade of fever and vomiting
for the past 6 days. On the same evening of
onset of fever, she developed weakness of
right upper limb, dysarthria, dysphagia and
diplopia. The following day the weakness
progressed to involve left upper limb and
both lower limbs. On third day of illness, she
became stuporous and the quadriparesis
worsened. She was admitted to this secondary
care hospital on the sixth day of illness. She
did not have headache or seizures during the
course of illness.

Three weeks prior to onset of symptoms,
the patient was bitten on the face and forearm
by a wild fox in a forest, where she went to
collect firewood. The forest is arid with wild
shrubs and trees, located close to Hyderabad,
a city located in Deccan Platean, Central part
of India. Wound dressing was done and 4
doses of anti-rabics vaccine Verorab (vero
cell-line culture vaccine) was administercd
intramuscularly by the local medical practi-

tioner, but she did not receive any post-ex-

posure anti-rabies immunoglobulins, due to
non-availability,

At admission the patient was stuporous,
opening eyes to pain. There were no bite
marks. The pulse was 84/min, respiration was
rapid and shallow, BP 118/80 mmHg. On ncu-
rological cxamination, the patient was uncon-
scious, pupils were normal in size and reac-
tive, dolls eye movement was abscnt, and the
ocular fundi were normal. She had general-
ized hypotonia, quadriplegia, areflexia and
¢quivocal plantar response. There were no
signs of meningeal irritation. She did not have
hydrophobia/acrophobia any time during the
course of the illness. In view of history of ca-
nine bite, clinical diagnosis of paralytic rabies
or a remote possibility of acutc disseminated
encephalomyelitis following vaccination was
considered. The routine hematological and
biochemical parameters. were within normal
limits. Chest x-ray showed bilateral non-
homogenous opacities suggestive of bron-
chopneumonia. MRI carried out on the sec-
ond day of admission revealed bilateral
symmetrical hyperintensities in thalamus,
basal ganglia, mid brain, pons, and medulla
oblongata on T2 W and Flair images. Immu-
nofluorescent test on comeal impression
smears for rabies viral Ag was negative. She
required mechanical ventilatory support and
succumbed to the disease on 11th day of ad-
mission.

Mate[ial a:_'ud methods

A complete autopsy to examine the brain
and visceral organs was performed (with in-
formed consent of close relatives) 10 hours
post mortem, adopting the prescribed precau-
tions. Removal of spinal cord and peripheral
nerves was not permitted.

The brain and organs were immersion-
fixed in 10% formalin and tissue blocks were
paraffin-embedded, Hematoxylin-eosin stains
were performed on 6 p thick sections. Immu-
nohistochemical staining was performed by a
standard indirect immunoperoxidase method,
to demonstrale the rabies viral antigen. Two
pelyclonal antibodies were used for staining.

Antibody raised against the whole rabies
virus in horse (Central Rescarch Institute,

Kasauli, Himachal Pradesh, India).
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Figure 2a,b. Pyramidal cells of the temporal cortex
{a), cerebellar Purkinje and some granule neurons,
{b) show granular end globular viral antigen.

Figure 2d. Immunoperoxidase stain with polyclonal
antibody to rabies viral nucleccapsid {a,b = 100, c,d
x 180).

Antibody to rabies viral nuclear capsid
protein raised in rabbit {in house).

The specificities of the antibodies were
tested on blots and on confirmed cases of ra-
bies encephalitis. The immunostain was visu-
alized by appropriate secondary antibodies
tagged with HRP and DAB/H;0, as the
chromogen. Carrying out the staining proce-
dure in similar way but skipping the primary
antibody constituted the negative control,
while brain sections from confirmed cases of
human and canine rabies were used es positive
controls, end a section from a normal brain
served as negative contral, Wherever neces-
sary, large paraffin scctions were used to map
the topographical distribution of antigen.

For immunoelectron microscopy (TEM)
osmium-free LR white resin embedding and
araldite cmbedding for conventional electron-
microscopic method was utilized. Formal-
dehyde-fixed tissuc bits were processed ac-
cording to the protocol of Pelco International,
USA. The fixed tissues were washed in phos-
phate buffer pH 7.4 and partially dehydrated in
50% and 70% alcohol. Impregnation was done
in 2 : 1 (resin: 70% aicohol) for 1 hour and
100% LR white resin, overnight on a rotator.
The tissues were embedded in flat mould and
polymerized at 65 °C/24 hours. Ultrathin sec-
tions cut at 10 nm on Leica ultra-cut UCT,
were collected on nickel grid (300 mesh) and
subjected 1o immunolabeling, as described by
Matsubara et al. [ 1996] using polyclonel anti-
body te rabies viral nucleoprotein (1 : 1,000)
with (10 nm) immunogold-conjugated goat
antirabbit (BBI International, 1 : 50 dilution)
as secondary antibody. Sections werc counter-
stained with uranylaceiate and lead citrate, to
examine under Jeol CX II Tem,

Ultra-thin sections embeddcd in LR white
and araldile were stained with uranylacetate
and lead citrate and examined under Jeol CX
11 Tem. For conventional method, tissue em-
bedded in araldite was sectioned for EM cx-
amination and stained with uranylacetate lead
citrate. The grid was examined under 60 kV
Jeol 100 CX microscope.

Scquence analysis of the rabies viral
genome was carried out from paraffin-em-
bedded tissues from frontal cortex and cere-
bellum employing a recent technique dev-
cloped by Hemachudha et al. [2003]. For
comparison, viral genomc sequence from

frontal cortex of human rabies caused by dog
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Figure 3. Elactron micrograph of Negri body show-
ing lengitudinally end transversely cut rhabdovirus
with central dense core of ribonucteoprotein and
outer glycoprotein membrane; x 48,000,

Figure 4.
dense labeling of the Negri body including the viral
particles by antibody to viral nucleocapsid; x 58,000,

immunocelectron  micrograph  showing

bite and caninc rabies (| case each) from the
same geographical local were analyzed.

Results

The brain was edematous and revealed fo-
cal areas of congestion on scctioning. No
gross pathology was evident in the visceral
organs. On histological examination, the cer-
ebellar Purkinje cells had multiple intra-
cytoplasmic eosinophilic Negri bodies, while
occasional ncurons in the cerebral cortex,
diencephalic nuclei and some of the lower
cranigl nerve nuclei bad similar inclusions.
The striking feature were dense perivascular
lymphocytic and histiocytic cuffing in the
white matter in many areas and sparse menin-

geal inflammation. Florid microglial reaction
with neuronophagia was noted in lower lay-
ers of insular cortex (Figure 1), around cere-
bellar Purkinje ceils, the wholc length of cere-
bellar dentate nucleus, around the pigmented
neurons of substantia nigra and locus
ceruleus, the pontine nuclei, the raphe and
reticular nuclei of brainstem, III, V, IX and
X1 cranial nerve nuclei and the inferior
olivary nucleus in medulla oblongata. Many
of these neurons, on routine hematoxylin-
eosin stain failed to show Negri bodies. The
cortical white matter, the internal capsule, the
medial decussating fibers in medulla oblon-
gata and cercbetlar white matter had focal
zones of demyelination, astrocytosis and
axonal spheroids indicating axonal deaffer-
cntation. The microglial reaction and neuro-
nophagia noted indicated diffuse encephalitic
process, a feature unusual in paralytic rabies.

The antibody to total viral protein includ-
ing the glycoprotein demonstrated granular
and plobular intracytoplasmic masses within
the ncurons, spreading along its dendritic
arborization and axonal tracts over long dis-
tances. The neuronal soma of cercbellar den-
tate nucleus, the inferior clivary nucleus, the
raphe and reticular nucled, the lower cranial
nerve nuclei were densely and uniformly la-
beled, reflecting high viral antigen load. The
immunolabeling by the antibody to viral nu-
clear capsid revealed more discrete and
punctate staining of the neuronal soma, den-
dritic arborization and axons. The labeling
was intense in cingulate gyrus, insular cortex,
cerebellum, hippocampus, thalamic nuclei
and the cranial nerve nuclei in brainstem, sim-
ilar to labeling by the antibody 1o total viral
protein (Figure 2a,b). The caudate nucleus
was labeled sparscly in contrast lo putamen.
In cerebellar white matter and corona radiata,
many of the astrocytes (Figure 2c) and occa-
sional oligodendroglia were labeled, while
none of the glial elements were stained in cor-
pus callosum or internal capsule. Many of the
perivascular histiocytes and monocytes were
labelled (Figure 2d), while the perivascular
microglia were labeled sparsely by the anti-
body to viral nuclcocapsid.

Tn the cerebral cortex, the immunolabel-
ing was more intense, highlighting the neu-
rons of lower layers, while the crest of the gyri
revealed neuropil labeling similar to synaptic
staining. The scetions through the heart failed
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to reveal features of myocarditis. In the adre-
nal medulla, occasional cells were labeled by
the antibody to 10tal virus, but no Negri bod-
ies or inflammation was noted.

On clectronmicroscopy, within the neuro-
nal cytoplasm 70 — 80 nm wide and 150180
nm long bullet shaped or truncated double
membranc-bound rabies viral particles were
seen, surrounded by granular matrix (Figure
3). On transverse section, the central dense
core was surrounded by small particles, cor-
responding to spikes enclosed ina membrane.
On immunoelectron microscopy, the poly-
clonal antibody to nuclcocapsid labeled the
granular matrix around the capsid of the viral
particles (Figure 4}. In the neurons, the rough
endoplasmic reticulum was abundant and di-
lated. The viral particles were easily found
within dendritic processcs. Membrane bud-
ding of the virus was not discemable due to
suboptimal fixation.

Secquencing of the viral genome isclated
from the frontal cortex and cerchellum from
human rabies caused by fox bite, showed
93% homology with canine virus strain iso-
Jated from a rabid dog brain with minor varia-
tion in the nucleotidyl sequence and only 81%
homology with the viral genome isolated from
brain of a human bitten by a rabid dog.

Discussion

The clinical progression and pathological
manifestation of rabies transmitted by a rabid
wild fox in this case was rapid and florid, with
relatively short incubation period. The fate of
the fox which transmitted the virus, and the
circumstances of how the fox contracted the
disease are not known. It is more likely that
dogs that are carriers attack the foxes and
wolves when they stray into their territory for
food. This is quite common in Indian villages
bordering forests.

In the biology of rabics infection, foxes
are recopnized to be highly sysceptible, the
incubation perod varying from 4 days to 15
months, the average being 2 — 3 weeks, inver-
sely related to virat dose [Blancou ct al. 1991].
Most foxes secrete the virus in saliva, on an
average 3 -4 Jogs, the quantity sufficient to cn-
sure infectious chain of transmission., Though
strain varation in the rabies in foxes in dif-

ferent geographical zones in the west is rec-

ognized, these data are not available from In-
dia.

It has been suggested that different rabies
virus variants associated with particular vec-
tors may be responsible for different clinieat
manifestation [Hemachudha 2002). Recent
studies by Hemachudha et al. showed that
analysis of glycoprotein (G), nucleoprotein
(N) and phosphoprotein (P) genes of rabies
virus from encephalitic and paralytic rabies
demonstrated only minor nucleotide differ-
ences, suggesting that clinical manifestation
of rabies is not explained solely by the associ-
ated robies virus variant. Sequencing of the
virus from the brain tissue in the present case
showed 93% homology with canine virus
strain, with only minor variation in the nucle-
otidyl sequence. Further evaluation on a
greater number of samples taken from within
and around the same geographic local with
construction of a phylogenetic tree is essen-
tial for confirmation, as the penetic sequences
may differ within the same species and at dif-
ferent time points in the disease process and
evolution. The knowledge will permit recog-
nition of reservoir host, natura!l history of the
virus in the reservoir and the virulence pat-
tern, both in relation to human beings and
other domesticated animals of cconomic im-
portance.

Under natural conditions of rabies infec-
tion by the street virus strain, the neuropatho-

. logical changes in the CNS are mild. This led

to the concept that the morbidity and mortal-
ity in rabies resulis from ncuronal dysfunc-
tion rather then ncuronal cel} death. However,
in the present case, the microglial reaction
and neuronophagia was florid, with severe
encephalitis process. Similarly, the viral joad
was high and spread was extensive. It is not
clear if this phenomenon is related to viral
strain or amplification of virus in fox akin to
amplification of Japanese encephalitis virus
in pigs, enhancing the morbidity and mortal-
ity [Rodrigucs 1984]. Like arboviral infec-
tion, in rabies also cytokine/lymphokine-
mediated cnhanced inflammatory rcaction
could be contributing to the spread of virus
disrupting the blood-brain barricr and facili-
tating the targeting of virus to critical areas.
Cardiac involvement docs not appear to be
the cause for death in this case, but related to
involvement of reticular formation, raphe nu-

clei and thalamic neurons.
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In a random study of fox rabics in Kama-
taka, the mortality has been found to be very
- high, with relatively short incubation period,
unlike canine rabies (personal communica-
tion, Dr. N. Suresh, Retired Deputy Director,
Institute of Animal Health and Veterinary Bi-
ologicals, Bangalore). Though in the West,
fox rabies has been almost cradicated by pro-
phylactic animal vaccination strategies; in In-
dia, similar attempts are not in practice, cx-
posing the domestic animals to the risk of
infection with devastating consequences to
the community.

Rabies virus glycoprotein is now recog-
nized to exert very important influence on the
viral entry and distribution of virus infection
in the nervous system [Yan et al. 2002].
Sparse immunostaining with antibody to totat
virus, including glycoprotein and heavy la-
beling by antibody to nucleocapsid of rabies
virus in this casc suggests that, after gaining
entry to the brain, the virus has replicated rap-
idly to involve witde interconnected anatomi-
cal arcas. The viral strain transmitted by fox
and its biological properties that cause patho-
logically florid encephalitic picture yet clini-
cally presenting as paralytic rabies, needs to
be elucidated for better understanding of the
phenomenon.
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picion of a nosocomial infection among
patients with IE and recent hospitalization
could justify the empirical use of vanco-
mycin as part of the initial empirical an-
timicrobial regimen. However, the authors
do not provide data to support this con-
clusion. We believe that more sound evi-
dence is needed before a broader defini-
tion of nosocomial IE should be accepted
and IE management modified accordingly.

Acknowledgments

Performed within Ricerca Corrente Istituti de
Ricovero ¢ Cura 2 Carattere Scientifico.
Conflict of interest.  All authors: No conflict.

Stefania Cicalini,* Vincenzo Puro.?
Claudio Angeletti,* Maria Federica Proietti,'
and Nicola Petrosillo'

'2nd infectious Diseases Unit and ?Department of
Epidemiology, National Institute for Infectiovs
Diseases Lazzaro Spallanzani, IRCCS, Rome, Italy

References

1. Ben-Ami R, Giladi M, Carmeli Y, Omi-Was-
serlauf R, Siegman-Igra Y. Hospital-acquired
infective endocarditis: should the definition be
broadened? Clin Infect Dis 2004; 38:843-50,

2. Moreillon P, Que YA. Infective endocarditis.
Lancet 2004; 363:139-49.

3. Durack DT, Lukes AS, Bright DK. New criteria
for diagnasis of infective endocarditis: utiliza-
tion of specific echocardiographic findings.
Duke Endocarditis Service. Am | Med 1994
96:200-9.

4. Moreno E, Crisp C, Jorgensen JH, Patterson JE.
Methicillin-resistant Staphylococcus aureus as a
community organism, Clin Infect Dis 1995; 21:
1308-12.

5. Cookson BD. Methicillin-resistant Staphylococ-
cues aureus in the community: new battlefronts,
or are the battlefronts lost? Infect Control Hosp
Epidemiol 2000; 21:398-402.

6. Naimi TS, LeDell KH, Como-Saberti K, et al.
Comparison of community- and health care-
associated methicillin-resistant Staphylococcus
aureus infection. JAMA 2003; 290:2976-84.

Reprints or comespondence: Dr. Stefania Cicalini, Znd Divi-
sione, Istituto Lazara Spallanzani, Via Portuense 292, Rome
00143, haly (cicalini@inmi.it).

Clinical Infectious Diseases  2004;3%:7084-5
© 2004 by vhe Infectious Diseases Society of America. All
nghts reserved. 1058-4838/2004/3907-0034515.00

Reply to Cicalini et al.

S1r—We welcome the effort made by Ci-
calini et al. [1) to validate our observations
[2} in a different population. However, be-
fore one concludes that their results con-
tradict our own, several points should be
considered. Cicalini et al. [1] state that 4
of the patients with cases included in the
broadened definition of hospital-acquired
infective endocarditis (IE) had been dis-
charged from the hospital within the pre-
vious & months. However, it is unclear
whether the other 5 patients—whose cases
were included because the patients had
undergone invasive procedures (i.c., sur-
gery, dental work, endoscopy, and dialy-
sis}—underwent these procedures during
haspitalization or as outpatients. In our
study, patients who underwent invasive
procedures as outpatients were assigned to
the true community-acquired IE group: 10
(209%) of 49 episodes of true cormmunity-
acquired IE were associated with such pro-
cedures {2]. Therefore, it is possible that
only 4 of the patients described by Cicalini
and colleagues had cases that fit our
broadened definition of hospital-acquired
1IE. Because the individual associations of
bacterial isolates with specific patients are
not provided, the distribution of bacterial
species among these 4 patients is un-
known. However, the small number of re-
cently hospitalized patients, as well as the
high proportion of culture-negative IE ep-
isodes (3 of 9 episodes), preclude a mean-
ingful assessment of the bacteriological
and clinical characteristics of this group.
Finally, we hypothesized that IE in recently
hospitalized patients reflects the preva-
lence of bacterial isolates in the discharg-
ing medical institution. Therefore, the
characteristics of hospital-acquired 1E (as
traditionally defined) in the relevant med-
ical institution should also be considered
when assessing the significance of recent
hospitalization. These data are not re-
ported by Cicalini et al. [1].

Currently, there is no well-established
definition of hospital-acquired IE. On the
basis of our observations, we proposed
that patients who had been discharged

1on{1s 18

from the hospital =6 months before the
onset of their symptoms should be con-
sidered to have hospital-acquired infec-
tions. However, we agree with Cicalini et
al. [1] that a widely applicable definition
should be based on data from diverse ep-
idemiological settings. We hope that cur
observations will encourage other re-
searchers to examine local data, so that
this emerging medical problem can be bet-
ter addressed.
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Antemortem Diagnosis
of Human Rabies

Sir—We previously reported the use of
nucleic acid sequence-based amplification
(NASBA) for the detection of rabies virus
RNA in samples of saliva, CSF, and/or
urine obtained during life from § patients
infected with rabies (1, 2]. Here, we sum-
marize the results of NASBA in correlation
with the clinical onset of symptoms of the
disease,

From September 1998 through March
2004, we collected and tested 58 specimens
from 23 rabies patients (20 with furious

CORRESPONDENCE - CID 2064:39 (I October) = 1085



and 3 with paralytic rabies}. Samples col-
lected included: 27 sativa, 14 CSF, 15 urine,
and 1 tear specimen; and extracted hairs
from I patient. All paticnts had beenbitten
by stray dogs. Postmortem brain samples
from all patients were positive for rabies
virus by either fluorescence antibody test-
ing or mouse inoculation; all samples were
also positive for rabies virus by either
NASBA or RT-PCR. All samples, except
the first 4 speeimens, which were frozen,
stored, and examined retrospectively [1],
were kept at 4°C for 2448 h until ex-
amined for the presence of the rabies nu-
cleocapsid gene. In 21 of 23 patients, we
identified rabies RNA in specimens ob-
tzined on the first day of hospitalization.
Specimens collected within 3 days after
dlinical onset yielded the highest number
of positive results with saliva samples hav-
ing the highest rate of positivity (7 of 8
specimens), followed by CSF (4 of 6) and
urine (2 of 5). The sensitivity of all spec-
imen types dropped after 3 days; however,
saliva remained the most practical and re-
liable source for virus detection (11 of 15
specimens positive during days 4-6 after
onset and 1 of 2 positive during days 7-
9). The test sensitivity for urine (3 of ¢
specimnens positive for rabies virus RNA)
and CSF (2 of 7) was comparable during
days 4-6. Test results for 2 saliva speci-
mens, 1 CSF specimen, and 1 urine spec-
imen obtained during days 10-12 were all
negative. Of particular interest were the
test results for hairs extracted from 1 pa-
tient obtained 4 days after onset of symp-
toms. Fifty hair samples were extracted
from this patient instead of excising skin
with hair follicles from the nape of the
neck {3]). We were able to demonstrate the
presence of rabies RNA in the ends of the
hair follicles.

Negative results were obtained exclu-
sively from tests performed on samples
collected sequentially from 2 patients with
paralytic rabies. Samples tested from the
first patient included saliva, CSF, and urine
collected on day 11 after onset and saliva
coliected on day 12. Samples tested from
the second patient included CSF and urine

collected on day 4, saliva and urine col-
lected on days 5 and 6, and tears collected
on day 7. For a third patient with paralytic
rabies, results from a CSF sample collected
on day 3 were positive, but results for sa-
liva samples collected on days 3 and 7 were
both negative.

In summary, we conclude that molec-
ular methods, aithough useful and ex-
tremely sensitive, may not always give pos-
itive results for patients with rabies. This
may be due to the intermittency of virus
shedding, the timing of sample collection,
and the type of specimens collected. More-
over, the extent the clinical type of rabies
(particularly paralytic rabies and cases
with atypical features) [4] influences the
outcome of laboratory results remains to
be determined. We strongly urge that spec-
imens be collected simultaneously from
several sources and examined; they should
include saliva, urine, and CSF, Sample col-
lection should be repeated until a diag-
nosis is confirmed [5]. Postmortem ex-
amination should also be conducted in all
suspected cases of rabies and other ence-
phalitides, regardless of the results of an-
temortem examination.
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Infection by Drug-Resistant
Streptococcus
pneumoniae Is Not Linked
to Increased Mortality

StR—We congratulate Dr. Aspa and col-

. leagues and the Pneumococcal Pneumo-

nia in Spain Study Group [1] for their
large, labor-intensive study of 638 cases of
community-acquired pneumonia due to
Streptococcus preumoniae. We take issue
with only one point made in an otherwise
excellent study: “The impact of drug-re-
sistant S. pneumontiae on morbidity and
mortality is still controversial” [1, p. 795].
The authors underestimate the potency of
their own findings when they claim that
the issue is controversial. If it is contro-
versial, the authors have provided addi-
tional support for the numerous author-
ities on pneumococcal infection who
claim that drug resistance is an artifact of
the NCCLS guidelines, with few clinical
implications. Their major finding was that
in vitrp resistance to macrolides and B-
lactam agents did not result in increased
morbidity or increased mortality—a find-
ing that has been reiterated in :>20 peer-
reviewed articles, including our own [2].

The authors cited the Centers for Dis-
ease Control and Prevention (CDC; At-
lanta, GA) study [3] in which mortality
was significantly associated with an MIC
of penicillin of =4 pg/mL, and they sug-
gested that high-level resistance may be
associated with an adverse cutcome. In
fact, the CDC study did not attempt to
correlate discordant therapy with out-
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Abstract

Whereas paralysis is the hallmark for paralytic rabies, the precise pathological basis of paralysis is not
known. It is unclear whether weakness results from involvement of anterior horn cells or of motor nerve
fibers. There is also no conclusive data on the cause of the neuropathic pain which occurs at the bitten
region, although it has been presumed to be related to sensory ganglionopathy. In this study, six laboratory-
proven rabies patients (3 paralytic and 3 furious) were assessed clinically and electrophysiologically. Our data
suggests that peripheral nerve dysfunction, most likely demyelination, contributes to the weakness in
paralytic rabies. In furious rabies, progressive focal denervation, starting at the bitten segment, was evident
even in the absence of demonstrable weakness and the electrophysiologic study suggested anterior horn cell
dysfunction. In 2 paralytic and 1 furious rabies patients who had severe paresthesias as a prodrome,
electrophysiologic studies suggested dorsal root ganglionopathy. Postmortem studies in 2 paralytic and 1
furious rabies patients, who had local neuropathic pain, showed severe dorsal root ganglionitis. Intense
inflammation of the spinal nerve roots was observed more in paralytic rabies patients. Inflammation was
mainly noted in the spinal cord segment corresponding to the bite in all cases, however, central chromatolysis
of the anterior horn ¢ells could be demonstrated only in furious rabies patient. We conclude that differential
sites of neural involvement and possibly different neuropathogenetic mechanisms may explain the clinical
diversity in human rabies.

Keywords: rabies; Guillain-Barre syndrome; paralysis; demyelination;
sensory ganglionopathy; anterior hom cell; anti-ganglioside antibody
Abbreviations: DRG = dorsal root ganglia, NCS= nerve conduction
study; CV= conduction velocity; CMAP=compound muscle action
potential; SNAP= sensory nerve action potential;
EMG=¢lectromyography; LLN== lower limit of normal; ULN= upper

limnit of normal; PMCB = partial motor conduction block



Introduction

Rabies remains 2 major human threat in countries where rabies is endemic. The worldwide number of rabies .
deaths as estimated by the World Health Organization survey in 1998 appeared to be between 35,000 to 50,000
annually with the highest incidence in Asia [1,2]. Approximately 70 patients die of rabies each year in Thailand
[3]. Two distinct clinical rabies syndromes, furious and paralytic rabies, have been recognized in humans [2,4].
Limbic syniptoms dominate the clinical picture in the former, whereas paralysis of lower motor neuron type
dominates the latter. Weakness of extremities is usually not observed in furious rabies until very late in the.
course df the disease, with the exception of rare patients where weakness can be found in the bitten extremity
during the early stage. In paralytic rabies, pure motor weakness of all limbs and respiratory muscles and
absence of deep tendon reflexes are cardinal features with relative sparing of consciousness.

The neural pathway of rabies virus spread has been demonstrated in experimental models [5]. Following a delay
at the muscle [6], rabies virus reaches the central nervous system (CNS) by retrograde axoplasmic flow {5,7-
10]. Replication may occur again in dorsal root ganglia (DRG) and anterior horn cells [5,11,12]. It is presumed
that viral replication in the DRG can then be recognized and attacked by immune effectors, resulting in
prodromal neuropathic symptoms at the bite site observed in humans [13,14]. Once in the CNS, the exact
pathway of virus propagation is not known [15,16]. Postmortem examination in human rabies patients showed
the brainstem and spinal cord as preferential sites of virus infection regardless of clinical types, as determined
by immunohistochemistry (17]. Predilective involvement of brainstem, hippocampus and hypothalamus was
noted on magnetic resonance imaging (MRI) examination in both clinical forms of rabies[18). The site of neural
involvement responsible for clinical weakness in paralytic rabies remains unknown. Segmental demyelination
of peripheral nerve with or without axonal degeneration has been previously reported in postmortem studies of
paralytic rabies [19].  Such demyelinating changes were not noted in patients with furious rabies [20]. Dorsal
root ganglionitis was found in both clinical forms {19,20].

Although postmortem studies have the advantage of examining the human disease directly, they only give a
snap shot of the situation at death. In order to clarify the mechanisms responsible for neurological deficits in
human rabies, we performed electrodiagnostic studies in 3 paralytic and 3 furious rabies patients. Three
patients underwent autopsy: 2 paralytic and 1 furious. Our results suggest that the peripheral nerve is mainly
involved in paralytic rabies and a dorsal root ganglicnopathy contributes to the local neuropathic symptoms.

Materials and Methods

Between August 1997 and May 1999, six rabies patients were admitted to Chulalongkom University Hospital.
These patients received standard care and ventilatory support as indicated. No aggressive attempts to resuscitate
these patients were made once signs of circulatory insufficiency appeared. All patients had a definite history of
dog bites. The diagnosis of rabies was also confirmed at autopsy on brain impression smear by fluorescent
antibody test or by mouse inoculation test and polymerase chain reaction or nucleic acid sequence based
amplification technique [2,21].

Electrodiagnostic studies were done (E.M.) with a Clarke-Davis Advantage EMG system
{London, Ontario, Canada). Motor nerve conduction studies were performed on median,
ulnar, deep peroneal and tibial nerves bilaterally and sensory nerve conduction studies were
performed orthodromically in bilateral median and ulnar nerves and antidromically in
bilateral sural and radial nerves utilizing surface electrodes with conventional surface
recording techniques. Skin temperature was monitored and controlled at higher than 32°C.
All patients underwent electromyography {(EMG) of the selected proximal and distal Iimb,
facial, paraspinal and diaphragmatic muscles. Differentiation between neuronopathy and
axonal and demyelinating neuropathy was considered by various electrodiagnostic
parameters and the overall pattern of nerve conduction and EMG abniormalities [22-24].

Determination of demyelination of peripheral nerve was based on previcusly proposed criteria



[25,26].

L

Sera coliected on the first day of admission from all patients were also assayed for anti-ganglioside antibodies
as previously described [27]. IgG and IgM antibody activities against gangliosides GM1, GDla, GalNAc-
GD1a, GD1b, GT1a, and GQ1b were investigated.

In three patients (2 paralytic and 1 furious), spinal cords, spinal nerve roots and DRG were removed for
postmortem pathological examination. All specimens were fixed in 10% formalin, and embedded in paraffin
wax. Haematoxylin and eosin stain was used as a primary staining method. Luxol-fast-blue stain and
immunohistochemical staining for CD3 and CD20 cells were performed in spinal nerve root specimens of one
paralytic patient.

Results

The characteristics of patients with these two forms of rabies were summarized in Table 1. Only Patient 2
received appropriate post-exposure prophylaxis [3} . Anti-ganglioside antibodies were negative in all patients
tested.

Paralytic Rabies
Patient 1

A 59 year-old woman who had a dog bite on her left leg presented with 8 days of bilateral dull aching leg pain.
This was followed shortly by progressive proximal muscle weakness of all extremities. Two days prior to
admission, she had difficulty swallowing and urinary retention and later became obtunded. On day 12 after
clinical onset, muscle strength of the upper and lower limbs was graded 2 and 4 out of 5 in the proximal and
distal muscles respectively. She required ventilatory support. Deep tendon reflexes were absent. Laboratory
testing was unremarkable except for severe hyponatremia (111 mmol/litre). After hyponatremia had been
corrected, she became alert for 12 hours but subsequently lapsed into a coma. She survived for 13 days.

Electrodiagnostic studies were performed on day 12 post onset. Sensory nerve conduction studies showed a
length-dependent decrease in SNAP amplitudes with concurrent reduction in conduction velocities in all
sensory nerves tested (Table 1A). Motor nerve conduction studies showed features of multifocal demyelination
with reduced conduction velocities. (Table 2) All F-waves were absent. EMG showed fibrillations and
positive sharp waves in the proximal and distal muscles of all limbs.

Patient 2

This 72-year-old woman who had a dog been bitten on her left cheek presented with 6 days of fever and severe
aching and paresthesias of the left face followed by progressive ascending weakness of the limbs. She then
developed high-grade fever, urinary retention and fluctuating mental state. She became comatose. On
examination (20 days post-onset), she had areflexic flaccid quadriplegia. Laboratory tests were unremarkable.
She died 21 days after onset.

Nerve conduction studies performed on the day of admission showed absent median, ulnar and radial sensory
potentials bilaterally while sural responses were normal. Motor nerve conduction studies showed markedly
reduced distally evoked CMAP amplitudes in all the nerves studied. F-waves were absent. Markedly reduced
motor conduction velocities in a patchy distribution were present in bilateral median and bilateral ulnar nerves
(Table 2). EMG showed widespread fibrillations and positive sharp waves in all the limb, facial, truncal and
diaphragmatic muscles.

Pathological examination showed moderate to severe lymphocytic infiltration in both the spinal nerve roots and
dorsat root ganglia. Aggregation of small lymphocytes and some plasma cells were observed in and around the
ganglion cells and nerve fibers. Such inflammation also involved the perineurium. The degree of inflammation
in the spinal nerves appeared to be greater in the cervical and thoracic segments as compared to the cauda
equina. The spinal gray matter was inflammed and undergoing necrosis. Perivascular cuffing by lymphocytes



along with microglial proliferation were noted, Anterior horns cells-were depleted, but no central chromatolysis
was observed in the remaining nerve cells.

Patient 3

This 34-year-old man who had a dog bite on his right ankle presented with 2 days of severe itching and
piloerection on his right leg. These started around the bitten site, extended upward to his right groin and
progressed to his left leg by the time he was admitted. Examination performed on day 3. of his illness revealed
normal motor strength. Reflexes were 1+ in the right lower limb and 2+ in the other limbs. Hypoesthesia to pin
was present on the right leg in a circumferential fashion up to his right groin. By day 4, paraparesis was noted
and reflexes were absent in both lower limbs and barely elicitable in the upper limbs. On day 6, facial
diaparesis and bulbar dysfunction were noted and he was later intubated. He became agitated on the following
day and died on day 9.

Electrodiagnostic studies were performed on 4 occasions. {Table 2) On day 3, there was markedly prolonged
right peroneal F-wave latency (86 msec vs 53 msec on the left). The right H-reflex showed prolonged latency
as compared to the left (34.2 msec vs 31.1msec). Motor and sensory conduction studies were otherwise
normal. On day 4, there was a 40% reduction in bilateral sural amplitudes compared to day 3 and unobtainable
and the right deep peroneal F-wave was unobtainable while the left was normal. The third study on day 6
showed absent bilateral sural sensory potentials and absent peroneal and tibial F-waves. Conduction studies
including F-wave latencics in the upper limbs remained normal. Even on the last study, one day before he died,
no abnormal spontaneous activity was seen on EMG examination.

Pathological examination revealed heavy lymphocytic infiltration, most remarkably in the dorsal root ganglia
(Fig.1A), adjacent dorsal and and ventral nerve roots and cauda equina, The majority of these lymphocytes were
CD3-positive T cells. The nerve roots were infiltrated by lymphocytes (Fig.1B). Mild to moderate inflammatory
infiltrates were noted in the gray matter of the lumbar segment of spinal cord and the conus, while minimal
inflammation was noted in a more rostral segments. Perivascular cuffing by lymphocytes and occasional
microglial nodules were observed. The anterior horn cells were intact.

Furious Rabies
Patient 4

A 50-year-old man who had a dog bite on the left wrist presented with 3 days of severe aching pain and
paresthesias on his left hand and arm. Initial examination showed only diminished to absent reflexes in the left
upper limb, He exhibited noctural agitation but remained calm during the day. Difficulty in handling objects
with his left hand was noted 5 days after the onset. There was a moderately impaired propioceptive sense of the
left hand and hypoesthesia to pin up to the left elbow. By day 6, pain was no longer present. Proprioceptive and
vibratory senses of the left hand were markedly impaired. Mild weakness of the left wrist flexors and extensors
and intrinsic muscles of the left hand was also found. He became more persistently agitated ang died on day 7.

Electrodiagnostic studies were done on 3 occasions (Table 1). The first study on day 3 showed normal and
symmetric sensory and motor nerve conduction studies including F-waves in the upper and lower limbs. The
only abnormality was the presence of abundant fibrillations and positive sharp waves in left C5-C8 limb and
cervical paraspinal muscles. On day 5, there was approximately 50% reduction of SNAP amplitudes in the left
upper limb nerves compared to the values from the first study and to the values obtained on the right. By day 6,
there was a further reduction of SNAP amplitudes on the left upper extremity along with progression of
fibrillations and positive sharp waves involving bilateral C5-T7 limb and paraspinal muscles. Motor nerve
conduction studies, including the F-waves, remained normal.

Patient 5 -

This 65 year-old man who had a dog bite on his lower lip presented with 2 days of dysphagia and hydrophobia
followed by itching on his right face. On examination, hypoesthesia to pin was present along the entire right
trigeminal distribution and the right C2-3 dermatomes. The rest of neurologic examination was normal. He
became severely agitated and died on the following day.



Electrodiagnostic studies performed on day 2 after cnset showed normal sensory nerve conduction studies.
Motor nerve conduction studies including F-wave latencics were normal but showed reduced CMAP
amplitudes in the right median and ulnar nerves compared to the left (5.52 mV vs 10.89 mV and 4.76 mV vs 9.6
mV in the median and ulnar nerves respectively). H-reflexes to gastrocnemius- soleus were normal and
symmetric. EMG showed abnommal spontaneous activities (fibrillations and positive sharp waves) in the limb
and paraspinal muscles innervated by right C3-C8 and also in the right facial musculature.

Patient 6

A 60 year-old who had a dog bite on his right ankle presented with 2 days of fever, severe itching on the right
leg and phobic spasms. Neurologic examination was normal. He then became severely agitated and died 2
days later. Nerve conduction studies performed on day 3 after the onset showed normal and symmetric sensory
nerve conduction studies. Motor nerve conduction studies were normal except for reduced distally evoked
CMAP amplitudes of the right deep peroneal and tibial nerves compared to the left (6.4 mV vs 10.0 mV and
2.95 mV vs 5.74 mV in the deep peroneal and tibial nerves respectively). F-wave latencies and H-reflexes were
normal and symmetric. EMG showed abnormal spontaneous activities (fibrillations and positive sharp waves)
in the right 1.2-81 limb and paraspinal muscles.

Pathological examination showed marked lymphocytic infiltration in the dorsal root ganglia. Mild degree of
inflammation was observed in the dorsal and ventral nerve roots. Moderate mononuclear inflammatory ceil
infiltrates were present in the spinal gray matter of the thoracic and lumbar levels and, to the lesser extent, in the
cervical segment. Perivascular cuffing by lymphocytes and microglial proliferation, with occasional microglial
nodules, were observed. Some of the anterior hom cells demonstrated central chromatolysis (Fig. 1C).

Discussion

This study suggests that electrodiagnostic studies, particularly if done serially, can provide insights as to the
basis of weakness and local neuropathic symptoms in human rabies patients. Loss of motor and, in some cases,
sensory fibers occurred predominantly in the initially affected regions and spread to other regions of the body.
Also, local neuropathic pain is associated with dorsal root ganglionopathy. Electrophysiologic and pathological
evidence of peripheral nerve dysfunction was present in all 3 paralytic rabies patients. Pathologic studies
showed inflammation of spinal nerve roots but intact anterior cells .Incontrast, furious rabies patients had
eletrophysiological and pathological evidence of anterior hom cell dysfunction. Our previous studies showed
that rabies virus localization on autopsy or MRI pattern of involvement or specific rabies virus variant did not
predict whether a patient was to have paralytic or furious rabies {2,17,18,28]. The findings of peripheral nerve,
rather than anterior horn cell involvement in paralytic rabies, suggests that another mechanism other than direct
viral infection may be involved in the paralysis. The clinical resemblance between paralytic raibe and Guillain-
Barre syndrome (GBS) raises the possibility that immune-mediatd mechanism, not direct viral infection, may
be involved in the pathogenesis of weakness in paralytic rabies, although antiganglioside antibodies appeared to
be negative in sera of all our patients.

In Patient 1, there were features of peripheral nerve demyelination {(reduction of conduction velocities to < 70%
of lower limit of normal (LLN}) in the left median and bilateral ulnar nerves; partial motor conduction block
(PMCB) in the axilla to elbow segment in the left median nerve; prolonged distal motor latencies to > 150% of
upper limit of normal {ULN} in the left uinar and left tibial nerves and; absent F-wave latencies in all the 7
tested nerves). [29-33]. There was also evidence of a length-dependent sensory neuropathy or ganglionopathy.
Patient 2 had severely reduced motor evoked amplitudes accompanied by EMG findings of widespread
denervation, making differentiation between neuropathy and neuronopathy difficult. However, such severe
reduction in conduction velocities and the marked prolongation of distal latencies were unlikely to be explained
by axonal loss alone [23]. In patient 3, sequential nerve conduction studies showed a progressive loss of motor
and sensory amplitudes while no denervation potentials were observed. The patient died in 9 days, a time
when fibrillations and/or positive sharp waves may not be seen. Although all the distal motor latencies were
near the ULN and the conduction velocities were reduced, such abnormalities were not in a demyelinating range
[25, 26]. The separation between axonal and demyelinating neuropathy, therefore, could not be made with
certainty. However, the carly abnormalities in late responses in patient 3 reflected the predilection of the
disease process for the proximal nerve segments and suggested a primary demyelinating disorder.



In furious rabies, sensory and motor nerve conduction studies were normal, yet, abundant denervation potentials
were clearly evident primarily in the bitten limb during the early stage of clinical illness. F-wave and H-reflex
latencies were normal and symmetric in all 3 patients (Patients 4, 5, 6). In addition, sequential studies in Patient
4 showed that these denervation potentials spread to the contralateral limb and subsequently to more rostral and
caudal sepments. These suggested an acute motor fiber loss, probably at the anterior horn cell level. The
presence of anterior homn cells with central chromatolysis in cur postmortem study indicated intrinsic neuronal
defect or interruption of the axons in close proximity to the cell bodies, thus in keeping with the above
clectrophysiological findings.

Preferential infection of lower motor neurons is known to occur not only with rabies but also with poliovirus
and flavivirus infections of the Japanese and tick-bome encephalitic complex, including West Nile virus
[34,35). EMG findings of abnormal spontaneous activities have been demonstrated on the paralyzed limb
muscles of patients who presented with asymmetric flaccid paralysis in several studies [34-37]. Of interest is
that profuse denervation potentials were found in the bitten segment of our furious rabies patients even in the
absence of clinical weakness and occurred very early, suggesting that the denervation preceded clinical
presentation,

Local prodromal symptoms are likely to be explained by dorsal root ganglionopathy. This is based on the
presence of typical pain character, the progressive decline in SNAP amplitudes (Patients 3 and 4) or absence of
sensory potentials in the bitten segments, not in a length-dependent fashion (Patient 2), and pathological
findings of dorsal root ganglionitis (Patients 2, 3, 6). Sensory nerve conduction studies in the other 2 furious
cases (Patients 5 and 6) were normal. These, however, were not assessed serially and the normality of sensory
amplitudes could be found in the early phase of sensory neuronopathy [38). In Patients 3 and 4, SNAP
amplitudes were also preserved in the initial studies and progressive reduction in SNAP amplitude was noted
after the first examination.

The only other comparable report of electrophysiologic study in human rabies was limited. recently

reported.[39] They tended to show reduced h motor amplitudes and denervation and could not be characterized
further,

A prior histopathological study performed in 11 paralytic rabies patients also suggested peripheral nerve
demyelination as a prime pathological change [19]. Such demyelination was absent in cases of furious rabies
{20}. In the 17 peripheral nerve specimens studied of the paralytic patients [19], there was mild to moderate loss
of myelinated nerve fibres in 11 nerves. Segmental demyelination and remyelination was present in 16 teased
nerve preparations. Axonal loss of variable degree was present in only 4 cases and Wallerian-like degeneration
in teased single fibers was noted in 6 nerves. In 9/17 nerves, the primary abnormality was segmental
demyelination and remyelination . In none of these cases was Wallerian-like degeneration seen as the only
pathological feature. Although our postmortem examination in paralytic rabies patients was incomplete as no
teased preparation and plastic section were available, marked inflammatory infiltration of the spinal nerve roots
was demonstrated. When combined with the electrodiagnostic data, our findings supgested that peripheral
nerves roots were primarily involved in all these paralytic rabies cases. Abnormalities of the spinal gray matter
on pathological evaluation in patient 2 were consistent with terminal stage of the disease, as previously
described in our recent MRI study on rabies patienis [ 18]. Pathological features of dorsal root ganglionitis have
also been demonsirated both in paralytic and furious cases {19,20], as in our patients who had local neuropathic
symptoms and electrophysiological evidence of sensory ganglionopathy. Like most of the inflammatory
diseases of the nervous system, T-cells predominated in the reaction.

We hypothesize that an immune phenomenon may be responsible for nerve injury in paralytic rabies. The
anterior horn cell loss in furious rabies may be a direct effect of the virus. An antibody-mediated complement
dependent attack against viral particles in the axons has been suggested in one Chinese paralytic rabies patient
initially diagnosed as AMAN. Viral protein and Wallerian-like degeneration were found to be more abundant
in the ventral than the dorsal nerve roots [40]. This antibody dependent process could also explain our case
with furious rabies who developed paralysis of all limbs soon after the intravenous administration of human
rabies immune globulin [41]. There may also be more than one mechanisms involved, since neutralizing
antibody to rabies virus could not be demonstrated in the CSF of our paralytic patients. We have shown that



some paralytic rabies patients may lack the ability to produce antibody as evidenced by diminished circulating
B cells and IL-6 levels. Fewer paralytic rabies patients had rabies neutralizing antibody in the sera [14,42).

En summary, this is the first study in which electrophysiologic features of human rabies have been investigated
in detail. In paralytic rabies, evidence of peripheral nerve demyelination or axonal degeneration has been
demonstrated by electrophysiological study. Changes suggesting anterior horn cell dysfunction were present in
furious rabies patients, both electrophysiologically and pathologically. The exact causal relationship between
host response to both rabies virus and nerve antigens and the development of different clinical manifestations
await further studies.
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Figure Legend

Pathology of the dorsal root ganglia, nerve roots and spinal cord in human rabies. In both paralytic
and furious forms, the dorsal root ganglia are infiltrated by numerous lymphocytes (A). There are also
infiltrating lymphocytes noted in the spinal nerve roots (B). Anterior horn cells with central chromatolysis

are found only in the furious form (C). {Figures A, B from Patient 3, and C from Patient 6, haematoxylin
and eosin stain).
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Pathophysiology of human paralytic rabies
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Furious rabies is a well-recognized clinical disorder in humans but the par-
alytic form is not as easily identified. The mechanisms responsible for the
weakness and longer survival perieds are not clear. Several hypotheses have
10 been proposed, including rabies virus variants associated with a particular
vector, location of wounds, incubation period, influence of prior rabies vacci-
nation, and virus localization in the central nerveous system (CNS). However,
none of these have been substantiated. Regarding molecular analyses of rabies
viruses isolated from both furious and paralytic rabies patients, only minor
15 : genetic variations with no specific patterns in glyco- {G}, phospho- {P), and -
nucleoprotein (N) sequences have been identified and arginine 333 in G pro-
tein was present in: all samples. Regional distribution of rabies virus antigen
in rabies patients whose survival periods were 7 days or less and magnetic
resonance imaging (MRI) of the CNS indicated brainstem and spinal cord as
20 predilection sites regardless of clinical presentations. There are clinical, elec-
trophysiclogical, and pathological indications that peripheral nerve dysfunc-
tion is responsible for weakness in paralytic rabies whereas in furious rabies,
even in the absence of clinical weakness, abundant denervation potentials with
normal sensory nerve conduction studies and proximal motor latencies sug-
25 gest anterior horn cell dysfunctien. The lack of cellular immunity to rabies
virus antigen accompanied by an absence of cerebrospinal finid (CSF) rabies
neutralizing antibody in most paralytic rabies patients may argue against role
of an immune response against rabies virus—positive axons. Aberrant immune
responses to peripheral nerve antigen, in particular these mediated by one or
3o more cellular-dependent mechanisms, may be involved as is supported by the
absence of putative anti-ganglioside antibodies commonly found in immune-
mediated peripheral nerve diseases. Longer survival period in paralytic rabies
may possibly be related to currently unidentified mechanism(s) on neuronal
gene expression, required for virus transcription/replication and for maintain-
35 ing neuronal survival. Journal of NeuroVirology (2005) 11, 1-8.

Keywords: axonopathy; demyelination; encephalitis; magnetic resenance
imaging; paralysis; rabies; RNA virus
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drome (GBS) and related disorders, treatable autcim-
mune diseases of peripheral nerves. Misdiagnoses
of rabies has led to human-to-human transmission
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Human paralytic rabies
2 T Hemachudha et af

through corneal, liver, and kidney transplants from
donors who were thought to have GBS or stroke
(Jackson, 2002; Lanska, 1992; MMWR, 2004). Many
rabies patients misdiagnosed as GBS have undergone
plasma exchange (Hemachudha et al, 2002).

Survival time in paralytic rabies is longer than
in furious rabies (Hemachudha et af, 2002). We
have also demonstrated that dysfunction of periph-
eral nerves, not anterior horn cells, is responsible
for v\;eakness in paralytic rabies (Mitrabhakdi et al,
2004).

In order to improve the diagnosis of human rabies,
there is a need to better recognize paralytic rabies pa-
tients. This article summarizes the distinct clinical
features associated with paralytic rabies as compared
to GBS and furious rabies. Data on the electrophysi-
ological and pathological features and magnetic res-
onance imaging (MRI) findings are also reviewed. In
addition, we present hypotheses regarding the patho-
physiologic mechanisms in paralytic rabies patients.

Clinical features

Furious and paralytic rabies

Clinical data from 115 Thai rabies patients (furious
80, paralytic 35) were examined and compiled from
our published reports between 1988 and 2004. These
data revealed longer survival periods in the para-
lytic rabies group (11 days versus 5.7 days in furious
group). Cardinal features of furious rabies, fluctuating
consciousness, hydro- or aerophobia and inspiratory
spasms, signs of autonomic dysfunction, were seen
in all Thai furicus rabies patients. In noncanine ra-
bies endemic areas, such as in North America, where
bats are the principle vector of rabies, clinical expres-
sion may be variable (Hemachudha and Phuapradit,
1097).

Only one or two classical signs of rabies, or even
none, may be seen during the whole clinical course in
paralytic rabies. Consciousness was preserved until
the preterminal phase. Phobic spasms were reported
in only half of our confirmed paralytic rabies patients
{Hemachudha and Rupprecht, 2004). Weakness was
the initial manifestation in paralytic rabies, whereas
this was noted only when furicus rabies patient ap-
proached coma.

Paralytic rabies and Guillain-Barre syndrome

There are some unique clinical features associated
with GBS and paralytic rabies, but some can over-
lap. This to the extent that they may be indistinguish-
able clinically (Hemachudha, 1989; Kissel ef al, 2001;
Mitrabhakdi et al, 2004} (Table 1).

All three main subtypes of GBS, in which weakness
is predominant, result from an immune-mediated
process directed against Schwann cells and myelin
or axolemma of motar and sensory fibers (Griffin et al,
1996; Hafer-Macko et al, 1996a, 1996b; McKhann
et al, 1993) (Table 1).

Table 1 Clinical features of paralytic rabies and GBS

Paralytic rabies Fever, local prodrome in 1/3°, phobic spasms
in 1/2

Rare distal paresthesias, percussion myoedema

Ascending weakness, may start at bitten limb

Average survival period = 11 days (versus 6
days in furious rebies)

2/3 have antecedent viral or bacterial infections

Sympfroms begin with pain and paresthesias
in1/2

Ascending weakness in 90%, descending
weakness initially at the arms in 10%, 80%
recovery in 6 months

Commonly preceded by diarrhea from C. Jejuni

Abrupt onset of weakness, quadriplegia,
respiratory failure

Recovery pattern similar to or better than AIDP

Commonly preceded by diarrhea from €. Jejuni

Minimal sensory symptoms

Abrupt onset of weakness, quadriplegia,
respiratory failure, may have
ophthalmoparesis

Longer recovery period as compared to AIDP
and AMAN

AIDP*

AMAN-"

AMSAN-

*In dog-related cases; 2/3 in bat-related cases.

“"AIDP = acute inflammatory demyelinating polyradiculoneuro-
pathy,

**AMAN = acute motor axonal neuropathy. -

*~*AMSAN = acute sensory axonal neuropathy.

Similarities with GBS and paralytic rabies are not
seen in paralysis associated with other viral infec-
tions such as flaviviruses, poliovirus, and West Nile
virus where anterior horn cell involvement has been
documented by electrophysiolegic and magnetic res-
onance studies (Gorson and Ropper, 2001; Leis et al,
2002; Li et al, 2003; Solomon et al, 1998).

Clinical similarities of GBS and paralytic ra-
bies raise questions whether both share the same
neurcanatomical involvement and whether mech-
anisms responsible for weakness in paralytic ra-
bies are immunologic in nature as has been re-
ported for GBS in association with Campylobacter
jejuni, Mycoplasma pneumoniae, cytomegalovirus,
and Epstein-Barr virus (Ogawara et al, 2000).

Pathophysiology of paralytic rabies

Neuroanatomical base for weakness

Symptoms and signs in paralytic and furious rabies
are indicative of derangement of spinal cord {anterior
horn cell) or peripheral nerve in the former and cere-
bral functions in the latter. Although MRI is useful
in aiding diagnosis, MRI fails to explain the clinical
diversity in human rabies {Laothamatas et al, 2003).
This is also true in the case of distribution of rabies
virus antigen and inflammatory reactions in the CNS
(Tirawatnpong et al, 1989)}. Evidence supporting pe-
ripheral nerve dysfunction is based on electrophysi-
ologic studies, the result of which is in accord with
peripheral nerve pathology.

MRI in human rabies: MRI clearly demonstrated
anterior horn cell involvement in paralytic patients
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agsociated with flaviviruses, poliovirus, and West
Nile virus {Gorson and Ropper, 2001; Leis et al,
2002, 2003; Li et al, 2003; Sejvar et al, 2003a, 2003b;
Solomon et al, 1998, 2000a, 2000b). Asymmetric flac-
cid paralysis with or without signs of meningoen-
cephalitis as well as reversible paraparesis or mono-
paresis can be seen in association with West Nile
virus infection (Leis et al, 2003).

In human rabies of both forms, spinal cord gray
matter and anterior horn cell were involved in
axial gradient-echo T2-weighted images; however,
lateral and posterior columns were also affected
(Laothamatas et al, 2003). Furthermore, MRI find-
ings of the brain were similar in five rabies patients
{two furious and three paralytic) and demonstrated as
ill-defined, mild hyperintensity changes in the brain
stem, hippocampi, hypothalami, deep and subcor-
tical white matter, and deep and cortical gray mat-
ter on T2-weighted images (Laothamatas et al, 2003).
Such findings were evident as early as day 3 af-
ter onset and even when consciousness remained
intact. Only when the patients became comatose
that contrast-enhanced lesions cowld be demon-
strated in brainstem. hypothalami, and spinal nerve
roots.

Neither the distribution of rabies virus antigen
nor inflammation can explain MRI abnormalities and
clinical symptomatology. Of seven patients studied,
four (three furious and one paralytic) who had sur-
vival times of 7 days or less had a greater amount
of antigen-positive neurons in brain stem and spinal
cord by avidin-biotin immunoperoxidase staining
(Tirawatnpong et al, 1989). Hippocampi and hy-
pothalami contained a very minimal amount of ra-
bies antigen. It was not until day 8 after clinical on-
set that rabies virus antigen disseminated throughout
the whole neuraxis, including deep and cortical gray
matter. Inflammation was scant in all cases in rela-
tion to the amount of viral antigen and survival time.
It was not Hmited to spinal cord in paralytic cases. In-
flammation, when present, was usually found in the
brain stem and/or spinal cord.

It is alse intriguing regarding the pathological ba-
sis of MRI changes in the white matter {Lacthamatas
et al, 2003). Extensive demyelination has been re-
ported in one furious rabies patient {(Nelson and
Berry, 1993}, but demyelination in the brain was not
observed in another histopathologic series {Chopra
et al, 1980; Tangchai et al, 1970; Tirawatnpong et al,
1989). Whether this is caused by alteration of actin-
based cytoskeleton mediated by rabies virus nucle-
ocapsid remains to be determined (Ceccaldi et al,
1997).

Hyperintense lesions on T2-weighted MRI scans
are related primarily to increased water content
and thus cannot distinguish between inflammation,
edema of vasogenic or cytotoxic origin, demyeling-
tion, wallerian degeneration, and axonal loss as well
as disruption of cellular or blood brain/nerve barrier
integrity (Chard et al, 2002; Zivadinov and Bakshi,
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2004). Therefore, MRI may not show a reliable cor-
relation with clinical disablitiy. In.a disease with
& high degree of variability of clinical signs and
symptoms such as rabies, newer techniques are re-
quired to elucidate mechanisms underlying tissue
damage.

Electrophysiologic features in paralytic rabies:
Electrophysiologic studies showed evidence of pe-
ripheral nerve dysfunction in all three paralytic ra-
bies patients with findings indistinguishable from de-
myelinating and axonal GBS variants. (Mitrabhakdi
et al, 2004).

Dysfunction of peripheral nerve was suggested
by findings of multifocal demyelination along with
length-dependent sensory neuropathy in one pa-
tient; severe reduction in conduction velocities and
marked prolongation of distal latencies in another
patient; and progressive loss of motor and sensory
amplitudes without accompanied denervation poten-
tials in the third patient who also had early abnormal-
ities in late response indicative of proximal nerve seg-
ment involvement during sequential examinations
on days 3, 4, 6, and 8 after clinical onset.

Local neuropathic pain is also likely to be due to
dorsal root ganglionopathy based on the evidence of
absence or progressive decline in sensory nerve ac-
tion potential amplitudes in the bitten segment.

As opposed to the electrodiagnostic findings in par-
alytic rabies, the sensory and motor nerve conduc-
tion studies, including late responses in three furious
patients, were normal. Abundant denervation poten-
tials were evident primarily in the bitten limb even
before clinical weakness appeared. This suggests an
acute motor fiber loss, probably at the anterior horn
cell level. Recent studies also showed that rabies
virus—infected rat spinal cord motoneurons resist cy-
tolysis, and apoptotic process is delayed in these neu-
rons as compared to hippocampus cells (Guigoni and
Coulon, 2002). Hence, all of these may suggest pe-
ripheral nerve dysfunction as being responsible for
weakness in paralytic rabies.

Pathology: Histopathological study performed on
11 paralytic rabies patients sugpgested peripheral
nerve demyelination as the prime change {Chopra
et al, 1980). Mild-to-moderate loss of myelinated
nerve fibres was reported in 11 of 17 nerves exam-
ined; segmental demyelination and remyelination in
16 teased nerve preparations; axonal loss of a vari-
able degree was present in 4 cases; and wallerian-
like degeneration in teased single fibres was noted in
6 nerves (Chopra et al, 1980). In 9 nerves, the pri-
mary abnormality was segmental demyelination and
remyelination or myelinated nerve fibre loss, either
singly or in combination. In none of these cases was
wallerian-like degeneration seen as the only patho-
logical feature. All spinal nerve studies showed evi-
dence of wallerian-like degeneration as well as seg-
mental demyelination {Chopra et al, 1980). Such
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Table 2 Pathological features of paralytic rabies and GBS

Paralytic rabies 1. Primarily segmental demyelination and
remyelination, occasionally accompanied by
wallerian-like degeneration

2. T cell-mediated immuns attack and/or
antibody-mediated complement attack at
rabies virus positive axon (or peripheral
nerve antigen?)

3. Marked inflammatery infiltration of spinal
nerve roots by T cell, dorsal root ganglionitis
in segment of sensory prodrome

AIDP 1. Demyelination of nerve roots and peripheral

nerve fibers

Antibody-mediated complement attack at

Schwann cells, plasmalemma, especially in

nerve rools followed by macrophage-

mediated demyelination

Cellular infiltrations not consistent. When

present, found predominantly in nerve roots

Axonal degeneration in severs case

Axonal degeneration affecting large

myelinated fibers of ventral roots

Antibody-mediated complement attack at

axonal plasmalemma and macrophage

recruitment to nodal region

Lack of significant lymphocytic infiltration

Mast axons recover from injury without

undergoing wallerian-like degeneration

AMSAN 1. Severe axonal degeneration of myelinated

and unmyelinated nerve fibers of nerve roots,

with subsequent extension to peripheral
nerves

Antibody-mediated complement attack at

axonal plasmalemma and macrophages

recruitment to the nodal region

3. Lack of significant lymphocytic infiltration

4. Extensive wallerian-like degeneration in

nerve roots Peripheral nerves are involved
later

o

[od

= o

L

Lol od

o

demyelination was ahsent in the case of furious ra-
bies (Tangchai and Vejjajiva, 1971).

Our recent histopathological examination of two
paralytic and one furious rabies patients agrees with
previous reporis (Mitrabhakdi et al, 2004) (Table 2).
All of them had local neuropathic symptoms. In both
paralytic cases, moderate to severe degree of lympho-
cytic infiltrations, mainly of CD3-positive T cells, was
evident in dorsal and spinal nerve roots. The degree
of inflammation appeared to be greater at the level of
bitten segment. Inflammation of less intense degree
was also seen in spinal cord gray matter. Anterior
horn cells appeared intact in one and depleted in an-
other but no central chromatolysis was observed in
the remaining cells. Only mild inflammation of the
spinal nerve roots at all levels was observed in furi-
ous rabies patient who had a bite at right ankle. Mod-
erate mononuclear inflammatory cell infiltrates were
present in the spinal gray matter of thoracic and lum-
bar levels and, to a lesser extent, in the cervical cord.
Some of the anterior horn cells demonstrated central
chromatolysis. Dorsal root ganglionitits was found in
all cases.

Inflammation and demyslination of the spinal
nerve roots and peripheral nerve, therefore, are char-

acteristic findings in paralytic rabies {Chopra et al,
1980; Mitrabhakdi et al, 2004). Although inflamma-
tion was also evident in spinal cords of these patients,
this may not be a constant finding. As mentioned
previously, spinal cord inflammation was scant in
all four furious and in three paralytic rabies patients
in relation to viral antigen and survival time. It was
also not limited to the spinal cord in paralytic cases
(Tirawatnpong et al, 1989).

Nevertheless, it is not known when inflammation
and peripheral nerve demyelination take place. If
these occur during centrifugal spread of the virus
transport, functional derangement of the peripheral
nerve as evidenced by electrodiagnostic test may not
be necessarily explained by such pathology.

Immunologic mechanisms as critical factors in
determining survival period and clinical
manifestations in human rabies

Immunologic parameters in human furious and par-
alytic rabies: The term “early death” phenomenon
has been coined to emphasize the immune role in ac-
celerating deaths in rabies-infected animals (Blancou
et al, 1980; Prabhakar and Nathanson, 1981). Im-
munosuppressed animals show a delay in death
{Ceccaldi et al, 1996; Iwasaki et al, 1977; Smith et al,
1982; Tignor et al, 1974). Studies in animals with
accelerated death indicate that paralysis is a CD4
and CD8 T cell-dependent immunopathologic phe-
nomemon. Foot pad inoculation of a temperature-
sensitive variant of the CVS or with the Evelyn-
Rokitnicky-Abelseth strain induced paralysis with
severe necrosis or degeneration of myelinated mo-
tor neurons of the spinal cord in immunocompetent
mice (Iwasaki et al, 1977; Weiland et al, 1992). Street
rabies virus-infected T lymphocyte—deficient (nude)
mice developed hind limb paralysis after receiving
passive transfer of spleen cells (with T cells) from nor-
mal immunocompetent mice (Sugamata et al, 1992).
Perivascular infiltrates included CD8+ and CD4+
T lymphocytes and Mac-1+ macrophage microglial
cells.

In human rabies, six of nine furious rabies pa-
tients had T-cell immunity to rabies virus based on
in vitro lymphocyte stimulation technique, whereas
none of seven paralytic patients had such response
(Hemachudha, 1994; Hemachudha et al, 1993, 1988).
In another study, more furious patients had raised
soluble interleukin-2 (IL-2) receptor (sIL2R) {12/22
versus 1/6 paralytic) and IL-6 levels (5/22 versus
0/8), whereas sCD8 levels were rarely elevated in
both groups (Hemachudha et al, 1993). Lack of
T-cell responses io rabies virus in paralytic ra-
bies is not explained by excessive cortisol pro-
duction or by a pan-immunosuppressive process.
Although serum cortisol levels were elevated in hu-
man rabies patients, their levels were comparable
among both forms (Hemachudha, 1994). Antigen-
specific cell-mediated immune response suppression
in mice infected with pathogenic lyssaviruses has
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been reported (Perrin et al, 1996). There were no dif-
ferences in total T-cell and T suppressor/cytotoxic—
cell numbers in four furious and three paralytic
patients, although B-cell numbers were diminished
exclusively in all three paralytic cases (Sriwanthana
et al, 1989). Cellular reactivity against antigens other
than rabies, such as myelin basic protein, could still
be demonstrated in some of furious and parslytic ra-
bies patients (Hemachudha et al, 1988).

Although there is a general agreement that im-
munopathologic mechanisms may accelerate death
and influence the clinical outcome in both human
rabies and animal models, specific virus variant it-
self may be entirely responsible for the outcome and
any accompanying immunological findings could be
merely epiphenomenon. Rabies glycoprotein is cru-
cial for neutralizing antibody production and initi-
ation of cellular immunity response. Differences in
glycoprotein (G) may affect G protein—receptor inter-
actions, nicotinic acetylcholine receptor at bite site,
P75 neurotrophin receptor, and glycolipid or ganglio-
side central nervous system {CNS) receptors. Minor
variations of the G protein, such as an amino acid
substitution of arginine at position 333, may affect
neuroinvasiveness by the use of different neurcnal
pathways (Wunner, 2002). Pathogenicity of different
rabies virus variants inversely correlates with apopto-
sis and rabies virus glycoprotein expression based on
study in infected primary neuron cultures (Morimoto
et al, 1999). Modifying the dynein light chain bind-
ing site to rabies virus capsid P protein can reduce
the efficiency of the peripheral spread of certain ra-
bies virus (Mebatsion, 2001),

Comparison of a 1-432-, a 1575-, and a 894-
nucleotide region from the rabies virus N, G, and P
protein genes of samples obtained from two furious
and two paralytic human patients associated with ca-
nine rabies virus of genotype 1 showed only minor
nucleotide differences (Hemachudha et al, 2003b).
Deduced amino acid patterns of N protein were iden-
tical among both human and canine samples that
belonged to the same geographic origin, regardless
of clinical forms. All differences in the amino acid
of G protein were found outside the ectodomain,
in the signal peptide and transmembrane and en-
dodomains. None were in an interactive region with
receptors known responsible for virus pathogenicity,
nor did they lie in an immunodominant G domain.
Moreover, a single rabid dog transmitted furious ra-
bies to one patient and paralytic rabies in another
{Hemachudha et al, 1988).

Both the involvement of peripheral nerves in para-
lytic rabies and the unexplained aggression with ex-
treme excitability in furious rabies, despite a simi-
lar virus distribution in the CNS and nearly identical
MRI patterns in the brain, argue against the existence
of specific variants, and instead, suggest a partici-
pation of host factors. The degree of functional im-
pairment of the muscarinic acetylcholine receptor in
the brains of rabid dogs does not correlate with the
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virus}dislribution and virus load (Dumrongphol et al,
19986}.

In human rabies, proinflammatory cytokines might
also affect, directly or indirectly, the levels of
neurotrophins, growth factors, neurctransmitters,
and neurotoxins in the brain, via the activation
of glia, neurons, and vascular and immune cells
{Hemachudha et al, 2002; Tomonaga, 2004} It is not
known to what extent that the initiation of immune
response and amplification of cytokine cascade in
rabies-infected brain (Hemachudha et al, 2002) can
influence rabies virus modulation of host gene ex-
pression {Prosniak et al, 2001). Differences in the host
neuronal gene expression patterns may be important
in virus replication and spread in the CNS as well as
neuronal survival (Prosniak et al, 2003). Perturbation
of such cellular factors could also induce functional
loss and/or abnormal activation of infected neural
cells, leading to broad incoordination of the neural
system (Tomonaga, 2004).

Hypothetical mechanisms in human paralytic rabies:
Mechanisms involved in nerve injury could be me-
diated by rabies neutralizing antibody against rabies
virus in axons. Neutralizing antibody was present
as early as 3 days after onset of nonspecific symp-
toms (Kasempimolporn ef al, 1991). Deposition of
immunoglobulin G (IgG) and complement on rabies
virus—positive axons was evident in a Chinese par-

-alytic rabies patient (Sheikh et al, 1998). Viral pro-

tein and wallerian-like degeneration were found to
be more abundant in the ventral than in dorsal nerve
roots. Our recent case with furious rabies developed
weakness of facial, limb, and neck flexor muscles 36
h after receiving intravenous human rabies immune
globulin {(Hemachudha et al, 2003a). However, there
may be more than one mechanism involved because
cerebrospinal (CSF) rabies neutralizing antibodies
could not be demonstrated in this case as well as in
another 30 rabies patients, 14 of whom were cases
of paralytic rabies (Hemachudha and Mitrabhakdi,
2000; Laothamatas ef al, 2003).

Auto-antibody against peripheral nerve antigen
may be another mechanism. Vivid enhancement of
the ventral and dorsal nerve roots could be demon-
strated in two cases of paralytic rabies {Laothamatas
et al, 2003). Such enhanced nerve roots can also be
found in other conditions and in almost all of classi-
cal GBS patients (Gorson et al, 1996}

Molecular mimicry has been accepted for clas-
sical GBS and its variants. There appears to be a
link between anti-glycolipid antibodies and many
pathogens (Willison and Yuki, 2002}. These auto-
antibodies were found associated with GBS and its
variants and Bickerstaff’s encephalitis (Odaka et af,
2003; Susuki et al, 2004; Willison and Yuki, 2002).
None of our three furious and three paralytic ra-
bies patients had anti-GM1, -GD1a, -GalNAc-GD1a,
-GD1b, -GT1a, and -GQ1b ganglioside antibodies
(Mitrabhakdi et al, 2004). Nevertheless, this does
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not exclude the existence of other pathogenic auto- -

antibodies.

It may be possible that antibody production in par-
alytic rabies may be inefficient. We have shown that
some paralytic rabies patients had diminished cir-
culating B cells and IL-6 levels (Hemachudha et al,
1993; Sriwanthana et al, 1989). Fewer paralytic ra-
bies patients had serum rabies neutralizing antibody
{Hemachudha and Phuapradit, 1997). Rabies patients
with cellular reactivity to MBP did not have anti-MBP
antibody (Hemachudha et al, 1988).

Other proposed factor for inducing weakness in-
cludes initiation of cellular-dependent mechanisms.
Pathological examination of the peripheral nerve
and spinal nerve roots indicated a more severe de-
gree of inflammmation in paralytic than in furious ra-
bies patients (Chopra et al, 1980; Mitrabhakdi et al,
2004). Cellular infiltrates were characterized as T
cells. Whether they are directed against rabies virus
or peripheral nerve antigen is not known. Rabies
virus, in the form of uncoated nucleocapsids or
nascent ribonucleoprotein, migrates along peripheral
nerve via fastretrograde axonal transport (Mebatsion,
2001; Murphy, 1977; Wunner, 2002). Rabies phos-
phoprotein interacts with L.C8 component of dynein
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Summary

Dog vaccination and population management have been suggested as priorities in
attempis at disease control in canine rabies-endemic countries. Budget limitations and
the complexity of social, cultural and religious variables have complicated progress in
the developiﬁg world. In Bangkok, Thailand, an intensive canine vaccination and
sterilization programme has been in place since November 2002. Our objective was to
determine if rabies virus could be mapped according to its genetic variations and
geographical location on the small localized scale of Bangkok and its surrounding
provinces, Phylogenetic characterization of 69 samples from Bangkok and from five
neighbouring and two remote provinces, by limited sequence analysis of the rabies virus
nucleoprotein géne, distinguished six different clades. Rabies viruses of four clades
were intermixed in Bangkok and in thé surrounding highly populated regions whereas
the other two clades were confined to rural and less populated provinces. Such a
complex pattern of gene flow, particularly in Bangkok, may affect the outcome of

canine control programmes.

KEYWORDS
Rabtes virus; Molecular epidemiology; Genetic sequencing; Canines; Vaccination;

Thailand



1. Intreduction

Thailand, like other canine rabies-endemic countries, relies heavily on rabies post-
exposure prophylaxis and increased awareness of rabies in the general public to prevent
rabies in humans. Over the last decade, the number of humans that have received post-
exposure prophylaxis in Thailand has continually increased (for example, 93 641 cases
in 1991, 183 815 in 1996 and 350 535 in 2001; Ministry of Public Health (MOPH),
unpublished report). However, despite a vigorous campaign to increase awareness of
rabies and post-exposure prophylaxis, the annual number of human rabies deaths in
Bangkok rose from <5 between 1990 and 1994 to 68 between 1995 and 2001 (MOPH,
unpublished report). Morecver, as more is understood about the pathogenesis and
complex nature of the presentation of human rabies, it is clear that the number of human
deaths attributed to rabies both in Bangkok and the whole country may be underreported

{Hemachudha et al., 2002).

Of the six million dogs estimated to be living in Thailand, there are no reliable data
indicating their relative population densities or distribution patterns in various regions
throughout the country. However, in a survey conducted by the Bureaun of National
Statistics and the Bangkok Metropolitan Administration in ]999, it was estimated that
approximately 630 000 dogs live in Bangkok (an area of 1565 km?). In this survey,
approximately 110 000 of the dogs living in Bangkok were considered to be ownerless
{(stray or feral) and the remainder to be owned or semi-restricted. When the dog
population statistics collected in 1999 are compared to an earlier survey conducted in
1992, the stray dog population in Bangkok appears to have almost tripled in size over

the 8-year period (approx. 40 000 out of a total of 360 000 in 1992 vs. 110 000 out of a



total of 630 000 in 1999). The latest survey, conducted in 2002, indicated that dog
populations, both in Bangkok and countrywide, have continued to increase and are
unlikely to level-off or decline in the near future, Moreover, a significant number of
dogs living throughout the country, especially ownerless and semi-restricted dogs, are

not vaccinated.

Dog vaccination and population management have been suggested as priorities to
control and reduce the incidence of both animal and human rabies in canine rabies-
endemic countries. Experience in Latin America has proven that vaccination of a critical
percentage of dogs, to the order of 40—-70%, at least in major urban areas, was sufficient
to significantly interrupt canine rabies transmission and significantly reduce the number
of human rabies deaths (PAHO, 2000). Due to the budget limitations of implementing a
nationwide canine vaccination programme in Thailand accompanied by the complexity
of social, cultural and religious variables, attempts to conduct a mass dog vaccination
and sterilization programme has been limited to Bangkok. This programme was
initiated in Bangkok in June 2002. As part of the programme, dogs that were vaccinated
and sterilized were released at the location where they were initially captured in an

attempt to prevent the potential influx of new dogs from neighbouring regions.

Assessment of the success of an animal vaccination and control programme can be
measured in part by analysis of the temporal and spatial incidence of rabies in humans
and animals after the programme has been implemented. However, such an analysis
may not provide an accurate picture. For example, the number of samples submitted for

testing to the rabies diagnostic laboratories in Bangkok has been declining over the last



decade (approx. 1300~1700 specimens per annum in 1994~1997 vs. 1000-1300 per
annum in 1998-2001). However, the percentage of samples that were confirmed
infected with rabies during this period remained unchanged, within the range of 23—

30% (MOPH, unpublished report).

In order to examine another variable that could be a useful tool to measure the progress
of animal rabies control programmes, we performed a preliminary genetic analysis of
rabies virus isolates collected from animal and human cases in Bangkok and the
surrounding area, as well as remote areas (for baseline data). Qur objective was to
determine if rabies virus could be mapped accordi;)g to its genetic variations and
geographical location on such a localized scale and thereby to determine if we could
identify translocation of rabies-infected animals from one region of the country to -

another.

2. Materials and methods

Sixty-five animal (dog = 57, cat = 7 and hog badger = 1) and four human brain samples
collected between 1998 and 2001 were analysed. All samples had tested positive for the
presence of rabies virus antigen by the direct fluorescent antibody technique. Samples
were originally submitted to different rabies diagnostic laboratories (Bangkok = 20,
Nonthaburi = 9, Pathum Thani = 9, Nakhon Pathom = 8, Samut Prakan = 6, Samut
Sakhon = 6, Kanchanaburi = 6 and Chaiyaphum = 5). All tissue samples were subjected
to routine nucleotide (nt) sequencing protocols, as previously described (Hemachudha et

al., 2003). A 301 nt sequence of the rabies virus nucleoprotein gene was analysed.



Phylogenetic trees were constructed using the neighbour-joining method, as
implemented in the computer program PAUP* 4.0b10 (Swofford, 2002). Three
additional sequences (Mokola virus, Pasteur virus and a Thai rabies virus sequence,
THAS8738) retrieved from the DNA database were also included. The Pasteur virus
sequence served as the outgroup for the tree-rooting analyses. The Mokola virus -
sequence was added in order to confirm that there was no paraphyletic problem among
Thai rabies sequences. Branch support values from bootstrap (BS) analysis (e.g. 1000
replicates) and the collection area and year of each sample were mapped on the tree.
Although the neighbour-joining method is suitable enough for illustrating potential
species relationships, maximum parsimony analysis was also performed. GenBank
accession numbers of the nucleoprotein sequences in this study are AYS80089—

AYS580158."

3. Results

All Thai rabies virus sequences formed a monophyletic group (Figure 1). Considering
the BS values and maximum parsimeny branch lengths, two putative groups were
identified, i.e. group A (65% BS, 29 nt changes) and group B (82% BS, 31 nt changes).
Moreover, six different clades of rabies virus were distinguished using the same criteria,
though with weak supporting values in some clades. Clades I-III were members of
group A and clades 1V-VI were members of group B, with clades II and IiI and clades
1V and V closely associa_téd. T:he tree topology remained unchanged when either the
Mokola virus sequence was excluded from or several other Asian rabies virus

nucleoprotein sequences were added to the analysis (data not shown).



4, Discussion

Our study revealed a complex genetic structure of rabies virus on a localized scale, in
Bangkok and its surrounding provinces, based on the existence of multiple clades in
these regions. This suggests frequent localized gene flow in these highly populated
areas. Although a relationship between a specific virus clade and a particular
geographical location could not be easily mapped in the small-scale study areas,
evidence for population subdivision was found in more rural communities such as

Chaiyaphum (area H; Figure 2) and potentially in Kanchanaburi (area G; Figure 2).

An homogeneous population was found in Chaiyaphum (major members of clade VI)
and Kanchanaburi (clade V) provinces, the two largest regions in this study, with areas
of 12 778 and 19 483 km? respectively {Figure 2). These two provinces are not heavily
populated (populations of 1 095 360 and 734 394 respectively; Bureau of National
Statistics, unpublished report). The compartmentalization phenomenon can be explained
by a bottleneck effect, complex relationships of dogs and humans in the same
community, and relative dog population density related to local geographic features
{(Holmes et al., 2002; Smith, 2002). Although these two rural provinces are bordered in
one or two directions by mountains, it remains doubtful whether this can create physical
barriers to animal movement and lead to geographical isolation of the virus clades,
especially of ¢clade V1, from other territories. Rabies virus of similar clades was found
along both banks of the Chaophya River which runs through Bangkok, Nonthaburi,
Patum Thani and Samut Prakan (Figure 3). There are at least 10 main bridges
connecting both sides. Similarly, other routes, such as roads and railways can facilitate

movemen! of dogs into rural regions including Chaiyaphum and Kanchanaburi.



Viruses of clades I-1V were distributed randomly within Bangkok and its five
neighbouring areas (Figure 2). These highly populated regions; Bangkok 1565 km?
(population 6 355 144), Nonthaburi 622 km? (816 614), Patum Thani 1565 km? (677
649), Nakhon Pathom 2168 km? (8§15 122), Samut Prakan 1004 km? {1 028 401) and
Samut Sakhon 872 km? (466 281) are smaller in size and overpopulated compared to
Kanchanaburi and Chaiyaphum (Figure 2). These observations suggest that perpetuation
of dog rabies variants in our rural study areas may rely on the degree of dependence of
dogs on human care, as well as the density of dog and human populations. A higher
degree of genetic diversity found in dogs living in urban communities may suggest a
continuous movement of dog populations and is probably related to the movement of
people and animals to more industrialized zones, like Bangkok, and away from rural

areas (De Mattos et al., 1999; Susetya et al., 2003).

Maovements of infected animals to unaffected areas may produce spillover occurrences,
which may lead to sustainable outbreaks (Smith, 2002). Although there was no strong
evidence supporting a rural-to-urban movement of viral stfains in group A (clades 1-11I),
the close relationships between clade V (rural) and clade IV (urban) of group B, and
particularly the presence of two clade V viruses in urban areas (Samut Sakhon and
Samut Prakan), may suggest that rural viruses have moved into urban areas. Further
work needs to be done to confirm this transmission polarity hypothests of the group B

strains.



Rabies viruses associated with the cats and wild boar were also related to dogs, and

were presumed to be a spillover from rabid dogs (Figure 1).

This preliminary study suggests that rabies virus clusters may be distinguishable in
small selected areas with high population densities. This may be useful in terms of
rabies control, for example, while clade VI and possibly clade V showed that
Chaiyaphum (region H; Figure 2) and Kanchanaburi (region G; Figure 2) had less
genetic divergence and could be considered to be geographically isolated from other
study areas, all urban and overpopulated areas might appear as a *sink” for the

integration of rabid dogs, thus demanding more stringent dog control measures.

There were no reported human rabies deaths in Bangkok in 2002, and three deaths in
2003. This observation may indicate that an immunization campaign in only one overly
populated and industrialized city like Bangkok when done inadequately and particularly
without an additional iminunization belt in surrounding areas, is unlikely to control dog
rabies. An influx of unvaccinated dogs from the suburbs and rural areas either by

migration with humans or on their own could potentially sustain a rabies outbreak.

In conclusion, rabies virus could be mapped according to its genetic variation. More
studies need to be conducted in order to see whether translocation of rabies-infected
animals from one region of the country to another can be traced using molecular

biology techniques.
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Figure Legends

Figure 1. Neighbour-joining tree for 301 bp of rabies virus nucleocapsid partial
sequence data (bp 1101-1401) for 72 human and animal rabies virus isolates. Numbers
along branches indicate >50% bootstrap supporting percentages of 1000 re-sampling
replicates. Numbers within parentheses indicate character changes retrieved from
maximum parsimony analysis. The collection area and year of each sample were also

mapped on the neighbour-joining tree.

Figure 2. Distribution of rabies viruses of clades I-VI according to geographical
location in Bangkok, Thailand and its surrounding provinces: (A) Pathum Thani, (B)
Bangkok, (C) Samut Prakan, (D) Samut Sakhon, (E) Nakhon Pathom, (F) Nonthaburi,

{G) Kanchanaburi and (H) Chaiyaphum.

Figure 3. Distribution of rabies virus in Bangkok, Thailand. The distribution of two

samples could not be precisely localized.
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