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ABSTRACT

Our knowledge of rabies as a human disease has advanced rapidly since the advent of molecular

biology and the work of dedicated teams of medical and veterinary scientists who devote a major part of

their professional life to study this ancient disease.  We present a short overview of what new has emerged

from the Southeast Asian perspective.  It is now high time to implement this knowledge and support national

rabies eradication projects.  (J Infect Dis Antimicrob Agents 2009;26:63-74.)
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INTRODUCTION

New evidence-based knowledge provided us with

the information that we need to control, if not even

eliminate, canine rabies worldwide.  The dangerous and

poorly immunogenic nerve tissue-derived vaccines are

now only used in very few localities, notably Pakistan

and Bangladesh.  We have had effective and safe tissue

culture vaccines for humans and dogs for at least four

decades.  New locally manufactured ones are

undergoing World Health Organization (WHO) pre-

acceptance studies in India and China, and this may

help reduce periodic shortages and costs.  Abbreviated

lower dose and less expensive administration schedules

have been extensively tested and are now in daily use

in many countries.  Rabies is, nevertheless, again

expanding into regions that have previously been rabies

free and showing an increased prevalence in other parts

of the world.
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Pathophysiology

Much has been learned about the pathogenesis

of rabies and why there are two forms including furious

and paralytic rabies.  Paralytic rabies has been shown

not to be due to a different virus or sites of inoculation

but to different mechanisms as yet unknown.  A

weakness in paralytic rabies is caused by peripheral

nerve dysfunction and not by that of anterior horn cells,

as seen in furious cases who have subclinical anterior

horn cell dysfunction, as in the poliomyelitis-like

syndrome due to Japanese encephalitis virus, West Nile

virus, or Enterovirus 71.  Such peripheral nerve

dysfunction may be due to a humoral and complement

activation process or cellular immunity mediation.1-3

Long incubation periods are not explained by virus

latency in the nervous system.  Electrophysiological

studies of the nerves and muscles indicated that the

virus reaches certain sites that produce characteristic

signs of rabies (such as paresthesia or local prodromal

symptoms at the bite site) a few days before these

dysfunctions can be electrophysiologically detected.

Magnetic resonance imaging (MRI) of the brain showed

abnormal signals a few days before the patient exhibited

aggression and phobic spasms.  Such long incubation

periods, of weeks, months to years, can be explained

by the latency at the bite site, most likely within muscle

cells.  Virus then becomes activated by unknown

mechanisms.  It is also not known whether this

activation continues to emerge in periodic pattern or

only once and then enter into the free nerve endings.

Hence, it is important to maintain immune protection,

of both humoral and cellular arms, for at least one year

after start of post-exposure prophylaxis (PEP).

Memory cells are of crucial importance when there is

a re-exposure.

Diagnosis and Management of Human Rabies

Exposures

A clinical diagnosis of rabies in humans is well

described in current literature.  It depends on

awareness of this disease, clinical observation and

appropriate utilization of increasingly available specific

and sensitive tests.  Computed tomogram (CT) has

no value in diagnosing rabies.  There are no early

abnormalities detected by CT.  Rabies does not

produce brain swelling or hemorrhages unless there

are complications such as hypoxia, superimposed

injury, or electrolyte imbalance.  MRI is only of value

in potentially excluding other causes of CNS

encephalitides and by suggesting rabies.  A recent work

by Hemachudha and colleagues in rabies infected dogs

showed that MRI disturbances correlate with the

degree of immune responses in the brain and not with

viral load.  Such immune responses wane once the

animals become comatose.  Keeping rabies-infected

humans or animals alive with the hope that immunity

may develop later, may save a rare life (albeit turn the

victim into the vegetative state).  There may, however,

be hope if antibody in the cerebrospinal fluid (CSF)

can be detected at the very early clinical stage when

the patient is still arousable and has mustered his own

immunological defenses at the start of his clinical illness.

If one encounters such a patient, it may be worth to

initiate intensive life-support efforts allowing endogenous

mechanisms to defeat the virus.1-3

The importance of vigorous wound cleansing with

soap and an antiseptic agent has been documented

decades ago, but is often completely neglected in rabies

endemic countries.  It, alone, can reduce the infection

by as much as 40 percent.4  This must be followed by

wound infiltration with a rabies immune globulin and a

WHO recommended rabies vaccine series.  The

introduction of reduced dose intradermal regimens has

opened the door to a significant reduction of the cost

of post-exposure prophylaxis (PEP) which has aided

the abolition of dangerous and poorly immunogenic
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nerve tissue derived products  in many poor countries.

Current WHO approved regimens are:

1) The so called “Gold Standard” Essen regimen

consisting of one full dose intramuscular injection (into

lateral thigh or deltoid region) of a tissue culture vaccine

on days 0,3,7,14, and 28.5

2) The abbreviated Zagreb regimen (1 full intramuscular

dose at two sites on day 0 and one each on days 7 and

21).6

3) The Oxford 8-site intradermal regimen (8 intradermal

injections of 0.1 mL at 8 different body sites on day 0,

at 4 sites on day 7, and at one site each on days 28 and

90).7

4) The Thai Red Cross intradermal schedule (injections

of 0.1 mL at two sites on days 0, 3, 7, and 28).8

Many studies have documented the immuno-

genicity and efficacy of the two WHO approved

intradermal PEP regimens (Oxford and Thai Red

Cross).  Studies have also shown that the intradermal

route induces at least equivalent or greater humoral

immunity as well as an earlier cellular response.

Hemachudha and colleagues (unpublished data)

recently confirmed that the intradermal route a induces

a predominant Th2 response, as compared to

predominant Th1 response induced by intramuscular

injections of rabies vaccine.  This might be due to its

ability to activate the abundant dendritic cells at the

epidermis and dermis.  The results acquired from a

cytokine protein array study also showed that processed

viral antigen reached regional lymph nodes earlier than

with the intramuscular route.

Recently, an as yet unpublished study by scientists

at the Thai Red Cross, indicated that it might be possible

to develop a one-week post-exposure intradermal

regimen that would reduce travel time and costs as

well as drop-outs for rural victims with rabies

exposures who can often ill afford travel expenses.

(Khawplod, unpublished data).  Our group and previous

studies by Thraenhart and colleagues, long suspected

that the first 3 injections on days 0, 3, and 7 are the

most important ones.  To prove the immunogenicity and

safety, this new approach will require additional larger

human trials.  One reason why there is insistence on

documenting evidence for the presence of active

immunity for at least one year post exposure, is because

it is likely that the virus can slowly multiply at the bite

site and switch between silent and activation stages.

This may be the explanation for the occasional very

long incubation periods.9

There have been suggestions that the Oxford 8-

site intradermal regimen, which results in higher

antibody levels on day 14 than the three other WHO

recognized regimens, can be used effectively when the

immune globulin is not available.  This is not true, as

the 8-site regimen does not result in consistently and

significantly earlier antibody responses.  This leaves

the “window period” intact where the virus has enough

time to enter nerve endings.10-11

The introduction of the reduced vaccine dose

intradermal schedule requires that one lyophilized

ampoule (of 0.5 or 1.0 mL) has to be reconstituted into

the liquid state and, according to the manufacturers

instructions, must then be used within one working day.

This limits the use of the intradermal regimen to clinics

that see more than one patient daily and can thus take

advantage of the remaining vaccine for an other patient

within the same day.  Khawplod and colleagues have

shown that  storing such vaccine, remaining after use

on one patient, under sterile conditions in a clinic

refrigerator will not cause significant loss of antigen

over  one week.12  A study then revealed that, using

such an ampoule for one patient for at least the days 0,

3, and 7 injections (using vaccine diluted in 1.0 mL) or

for days 0 and 3 (with vaccine diluted in 0.5 mL) allows

the economical use of the intradermal regimen in smaller
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clinics.  This practice has not yet been approved by

WHO, but several studies have shown safety and

immunogenicity.13

The importance of using rabies immunoglobulins

(of human or equine origin) has been shown to be life-

saving, if applied as soon as possible after exposures

and up to one week later if vaccine alone had been

started.14-16

However, the immunoglobulin must be injected

into and around the wounds.  Whatever goes into

muscle or fat elsewhere will not produce a significant

circulating level to neutralize the virus at the bite

sites.4-5,17-19

The relative safety of modern purified equine

rabies immune globulins (ERIG) has been documented

in many studies.  However, mild to moderate and rarely

more severe serum sickness reactions must be

anticipated.  They occur in 1-6 percent of recipients,

when highly purified products were used and can be

easily managed by using reassurance of the patient,

antihistamines, and NSAIDS.  They usually occur one

week after administration and last for several days.

The vaccine series is continued during this symptomatic

period, and steroids are avoided.  Even infected bite

wounds can be infiltrated with the immune globulin

after a proper wound care and a use of appropriate

antibiotics.20

Studies have also demonstrated that the skin test,

being performed as an ancient ritual when equine

products are used for rabies exposures or snake bites,

does not predict serum sickness or anaphylaxis.  ERIG

has been used under close supervision for severe bite

wounds, where the human immune globulin was not

available and without any serious events.21-22

The animal bite clinic at the Queen Saovabha

Memorial Institute has seen only two cases of

anaphylaxis among over 150,000 patients that received

ERIG since the immune globulins were routinely used

at that institution after 1986.  Both had negative skin

tests to ERIG and were treated as outpatients on site

by the clinic staff trained in managing adverse reactions

to heterologous sera and other pharmaceuticals.14  The

equine products are far less expensive than the

human ones.  Several new manufacturers in canine

rabies endemic countries, where human rabies

immune globulin is either not available or unaffordable,

are now undergoing WHO pre-acceptance studies.

The Thai Red Cross Institute is one of these.

Thailand is in the midst of an epidemic with the

human imunodeffciency virus (HIV) and many

children infected at birth are being actively followed

at virtually every Thai medical center.  Children

represent 50 percent of animal bite victims, and are

usually more severely bitten than adults.  More

children die worldwide of rabies than adults.  Not

surprisingly, several local studies showed that subjects

with a low CD4 count also have a poor and even no

detectable antibody response to rabies vaccination.23

Successful PEP for an HIV patient with a severe

exposure may rest largely on good wound cleansing

and infiltration of all wounds with rabies immune

globulin (RIG).  A complete vaccine series must,

nevertheless, follow.

Emergency room staff in canine rabies endemic

countries often encounter pregnant patients who have

had a rabies exposure and who are very anxious about

potential harm to mother and fetus from rabies vaccine

and immunoglobulin.  Chitivongse and colleagues have

shown, in a large prospective study of 202 mothers-to-

be, that PEP did no harm to both mother and child.

The babies were followed-up for one post-partum year,

and all complications were compared to a normal

matched control group, showing no differences in risks.

Rabies has no contraindication to PEP.24

We still encounter patients in Asia who had

remote PEP using the Semple or suckling mouse
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brain vaccines.  A study showed that the antibody

response to booster injections in such patients are

unpredictable and probably depend on the immuno-

genicity of the Semple or suckling mouse brain vaccine

that they had received.  It may be a vigorous response

or none at all.  Such patients must therefore be treated

the same way as a patient who had never received any

rabies vaccine.25

Pre-exposure rabies vaccination simplifies PEP.

Previously rabies vaccinated individual need only

booster vaccination when re-exposure occurs.  RIG is

not required for such a case, even in severe rabies

exposure (WHO category III).  WHO recommends

two booster vaccinations with cell culture vaccine on

days 0 and day 3 by intramuscular or intradermal

method.  Boosters are highly effective, and have been

proved to induce an anamnestic (accelerated) immune

response.5,26-27  The four-site intradermal booster

regimen, given 0.1mL of any tissue culture vaccine one

each on the arms and thighs, can be used safely in a

previously vaccinated individual.  It induced higher

immunogenicity up to day 360 than the standard

intramuscular booster regimen and requires only one

visit.28-30  This regimen was used safely in over 5,000

patients at Queen Saovabha Memorial Institute since

1998.

Rabies diagnosis in humans and animals in vivo

is valuable as it may allow making  better management

decisions and reduce possible exposures to health-

care personnel and family members.  It should also

exclude or identify a potentially treatable cause rather

than suspected rabies.  Having a definitive diagnosis at

hand, also allows better planning of the clinical

management.31-33  No patient with a progressive

neurological syndrome is a candidate for tissue

transplantation.  This has been demonstrated in a recent

series of tragic transplant origin rabies cases occurring

in developed Western countries with little experience

with rabies.34  Rabies virus is excreted intermittently

in the saliva of dogs and man, and may be demonstrable

one day and not the next.  The mechanism for this is

still unknown.  A negative result is therefore of no

help and requires repeat testing.35  Furthermore, the

secretion of the virus may occur in several biological

fluids other than saliva and CSF, including urine.31-33,36

Hair follicles, not necessarily from the nape of neck,

can be another source to detect rabies RNA.37  Quick

test kits for rabies RNA in the saliva have been

developed and, at least one such kit is already being

marketed to private practicing veterinarians for a rapid

diagnosis in Asia.38  We consider such tests dangerous

as a false negative test may discourage providing early

PEP.  Testing brain tissue is still the “gold standard”

for diagnosing rabies.39-40

Serum antibodies are usually negative in newly

admitted rabies patients.  There have been discrepant

results when comparing the occurrence of antibodies

in serum and CSF in patients associated with dog (in

Thailand) and bat variants (in the Americas).  In the

case of dog variants, antibody appears unpredictably in

dogs (early or late).  In humans, early central nervous

system (CNS) antibody appears only in very rare cases

and never in our series of over 40 canine-origin patients

where the virus was searched for using molecular

methods.  We have not had any experience with bat

rabies cases in Thailand but, based on experience

elsewhere in the world, it is logical that bat-associated

cases be managed with intensive life support, hoping

for an early immune responses to develop.  This is

particularly true if the patient has CSF neutralizing

antibodies.

Post-exposure treatment failures

We have long assumed that rabies post-exposure

treatments, carried out to WHO standards, will prevent

the disease in all.  A recent collection of human rabies
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deaths, where apparently all had been done according

to WHO recommendations, weakens this belief.  Such

cases are, however, very rare and should encourage

us even more to follow WHO standards in caring for

rabies exposed subject.41-44

Pre-exposure vaccination

The possibility of providing pre-exposure rabies

vaccination to all children in highly endemic regions has

been discussed at many conferences and at WHO

Rabies Expert Committee meetings.  It has been shown

to be safe and effective in several studies.  It is the

high cost of such an effort that has prevented it from

being implemented.  Canine endemic areas are also

those with many other demands on scarce health-

care funds and extended program of immunization

(EPI) rabies vaccine plans have low priority.45-46

Curing human rabies

Many centers have tried to cure a patient with

rabies.  Ribavarin, interferon, and RIG had been

administered intravenously and even intrathecally.

Human partial or transient survivors from proven rabies

have been reported.  Virtually all remained severely

incapacitated or died soon after a recovery due to

debilitating illnesses that resulted from severe CNS

damage from the virus.47-48  Our instuitution treaten

one still arousable young female with a total of 900

mL of human RIG intravenously to no avail.  She

had high serum neutralizing antibodies but none ever

appeared in her CSF.  This documented an intact blood/

brain barrier in her case. She died of multisystem

failure.49

The  survival of an unvaccinated  teenager in

the United States using sedatives to create a brain

wave burst suppression stage as well as a cocktail of

antiviral agents (ribavirin, ketamine, and amantadine)

has become known as the Wisconsin protocol. (http://

www.hpa.org.uk/web/HPAwebFile/HPAweb_C/

1230105639592).

This has raised much publicity and hope that

rabies may yet be curable.  At least 12 attempts, one

at our hospital, to repeat this method failed.50  The

latest victim treated using the Wisconsin protocol was

from an African country.  He had apparently started

to show some neurological responses when he died

of “malnutrition”.51  The young patient that survived

in Wisconsin had an unusual presentation in that she

had antibody in both CSF and serum shortly after

the onset of symptoms, and that no virus could be

isolated and characterized at any time during her

hospitalization.52  It is likely that she had developed

early antibody that neutralized the virus.  Treatment,

other than high quality intensive care, may have had

little to add  to the favorable outcome.  The extensive

media cover of this survival case suggested that rabies

in humans is a curable disease and ignited an ongoing

controversy.  A similar case, in a 6-year-old boy in

Ohio, was reported previously.  He had been

vaccinated after a bat bite and was supported in an

intensive care unit without intubation and antiviral

agents.  He also made a complete recovery and was

found to have antibodies in the serum and CSF shortly

after admission.  No virus could  be isolated during

the entire clinical course.53

Our institution will provide energetic respiratory

and circulatory support for rabies patients that have

CSF rabies antibody on admission and are still

arousable.  We would not use  brain burst suppression

deep anesthesia or unproven antiviral agents.  Other

human rabies patients will continue to receive a

comfort care only.54  If there is continuing advocacy

for use of the Wisconsin Protocol on all rabies patients

one should support carrying out a controlled study in

suitable primates at a center experienced in dealing

with human rabies patients.
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The canine and bat vectors

A clinical diagnosis of canine rabies first

requires an awareness of this disease.  The animal

should be quarantined or euthanized and laboratory

tested if there is any possibility of rabies.  If this can be

carried out rapidly and reliably, it can assure proper

prophylactic treatment of exposed subjects and exclude

costly PEP if the animal is found free of rabies.  There

are now reliable tests that can confirm rabies.  A

computer-based guideline for diagnosing rabies in

canines and felines can be accessed on the web.39

Although rabies is almost always fatal in canines, there

are rare reports of survivors and asymptomatic rabies

in dogs have been identified and even called “carriers

dogs”.55  These cases are very uncommon and with

the animals not showing the picture and aggressive

behavior of furious rabies, they are less likely to present

a serious risk to man.  Little is known, if and how

long, such a dog (or cat) might excrete the virus in

the saliva.  Experiments by Baer and Rupprecht

demonstrated that a significant number of dogs

artificially infected with rabies will survive after being

only mildly ill or virtually asymptomatic.  Other studies

in Ethiopia and Thailand have also confirmed survival

from rabies in canines.55-57  More recent reports of

large numbers of “asymptomatic secretor” dogs in China

blamed them as a cause of re-emerging rabies in that

country.  These reports were proven false and not based

on a good science.58  We have also learned more about

the clinical features and pathogenesis of canine rabies.

The two clinical forms are present in both humans and

dogs in a similar ratio (75%furious, 25%dumb) and with

similar MRI findings.  It must be noted that a dog attack,

considered provoked, does not eliminate a possible

rabies exposure, particularly in rabies endemic

regions.59  If the responsible dog is available for

observation, PEP might still be indicated and can be

stopped if the animal is still alive and well 10 days later.60

Rabies viruses isolated from humans, pets, and

wildlife in Thailand had N gene sequenced.  All belonged

to the same canine street virus origin.  Although the

mutation rates were not enormous, the nucleotide

differences were still sufficient to construct a

phylogeographic diagram.  The viruses in Thailand could

be classified into 2 genogroups, each consisting of many

clades distributed along different geographical regions

(although some were overlapping).  By correlating with

the transportation routes, socioeconomic status, and

geographical barriers, gene flow direction followed

rural to urban patterns and then disseminated by human-

facilitated-mechanisms.  Rabies outbreaks in the South

have been traced to the virus in the Northeast.  This

may be explained as being similar to the incident on

Flores island in Indonesia where fishermen brought

asymptomatic rabies infected dogs from Sulawesi which

then established itself throughout Flores.  A similar

tragedy later occurred on Anbon, Indonesia and more

recently on Bali, all previously rabies free island

provinces.61

Thailand is home to 120 species of fruit and insect-

eating bats.  At least 4 species are known to be infected

by Lyssavirus.  This has been demonstrated by cross

neutralizing antibodies against Arawan, Khujand, and

Irkut viruses.  This also supports the fact that the old-

world bats, such as in Thailand, are unlikely to be

infected with Lyssavirus of genotype I.  The detailed

genetic information of this new Lyssavirus genotype

in Thailand remains unknown.  The study involved

antibody assay and not genetic characterization.  Bats

in Thailand are conserved species, and it is illegal to kill

bats.  Despite of this knowledge, there have been no

recognized human cases due to identified bat rabies

variants.  Bats do not interact much with humans, but

cases have been reported from northern Europe and

Australia.  Bats harbor several other viruses which may

have serious human implications.  There have been at
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least 78 viruses known to infect bats including Ebola,

Hendra, Nipah, Dengue, and others to be yet identified.

Many Thai villagers do eat bats and often collect bats

outside caves where they are resting or have fallen to

earth.  Thus, bats must be considered a hidden or as

yet not recognized human risk.62

A controversy continues regarding the

management of the huge number of canine vectors in

many developing countries.  They are responsible for

over 90 percent of human cases.  Mass dog culling

was practiced in an outbreak on Flores Island, Indonesia.

Over 100 human deaths are known to have been

identified at the peak of the outbreak, and rabies is still

there some 8 years later.  Only sporadic dog vaccination,

with delay and inadequate to stop transmission, was

practiced despite of many communications from WHO

urging compliance with preventive and eradication

guidelines.  The same tragedy was later repeated in

Anbon and now on Bali, Indonesia.61,63

Thailand managed to reduce the human rabies

death toll from 179 in 1985  to 7 in 2008.  This was

done by public education and the availability of WHO

level post-exposure treatment throughout most of the

country.  This is an expensive and not definitive way

of tackling the problem.  Cultural barrier and reduction

of human rabies deaths have impaired motivation for

an intensive countrywide effort to reduce the disease

among the principal canine vectors.  This, even though

there is a history that it had been done successfully in

neighboring Malaysia and Singapore and previously

also in Taiwan, South Korea, and Japan.  Rabies is

still a major public health problem today in China,

Mongolia, Indonesia, Philippines, Myanmar, Cambodia,

Bangladesh, Nepal, India, Pakistan, Afganistan, and

the newly independent former Soviet republics.64

Controling the large owned and stray dog

population in many parts of Asia must be an integral

part of any rabies control measure.  It has to be

accompanied by sustained rabies vaccination of at least

70 percent of the dog population.  This is virtually

impossible with the present population that has a short

life span and rapid turn-over.  Our team developed a

locally manufactured inexpensive Zinc compound

which, when injected intratesticularly (0.5 mL with a

29 Ga tuberculin or insulin needle) will permanently

sterilize the dog.  The procedure can be done by trained

lay personnel at low cost.  It is, however, only a partial

solution for canine population reduction.  One fertile

male dog is able to impregnate several receptive

females.  Surgical sterilization of female dogs is

specialist-labor intensive and costly.  It has not yet

succeeded in any of the developing canine endemic

countries of Asia to reduce populations of stray dogs to

a manageable level.  The science for developing anti-

fertility vaccines is available and needs to be tested as

a method for reducing dog populations in canine rabies

endemic countries.65

CONCLUSIONS

This ancient disease now offers few mysteries.

We know enough to act and start eradication of rabies

in canine vectors.  This, however, is now a cultural,

political, and economical issue that has to be tackled

by governments willing to actively support the medical

and veterinary communities.
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