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he WHO Expert Committee on Ra

bies met in Geneva from 21 to 30

September 7997. Openi^g the meet-
i^g on behalf of the Director-General.
Dr. R. Hendersoft, Assistant Director-
General, pointed out that Rabies contin-
ues to be a major health hazatd in many
countries in Africa, South America and
Asia, and an economic burden for both
developed and develoPing countries, in
spite of recent advances in diagnosis,
human post-exPosure treatment, the Pro-
duction of vaccines for human and vet-
erinary use and the control of rabies in
dogs and wild animals.

\.L Recent advances

Since the last meeting of the WHO
Expert committee on Rabies in Septem-

ber 1983. Many advances have been made
in basic and applied research on the dis-
ease. In particular, the Committee noted
the application of molecular biology tech-

niques, not only in the laboratory but
also in field control operations, as in
the oral immunization of foxes in Canada

and Europe and in trials for the oral
immunization of racoons in the USA. The

Committee also reviewed the new strat-
egies for controlling canine rabies that
had been developed by the WHO re-
gional programme for the elimination of
urban rabies in Latin America and the

interregional project for human and ca-

nine rabies control in developing coun-
tries, which was suPPorted by the Arab
Gulf Programme for United Nations De-

velopment Organizations (AGFUND) and

WFIO. The Committee also noted that
several consultations and regional con-
ferences on these subjects had been held
and a number of training seminars had
been organ rzed. These advances were
taken into account by the Committee in
formulating its recommendations. The
Committee urged rabies control authori-
ties and research grouPs to take note of
these recommendations and to revise
their policies and procedures accordingly.

1..2 Canine rabies

In view of the need for a special
initiative for canine rabies control, the
Committee expressed its support for the
conclusions of the WHO Cosultation on
the feasibility of global control and elimi-
nation of urban rabies, and urged rabies
control authorities and funding agencies
to take the necess ary measures to elimi-
nate rabies.

L.3 Laboratory techniques in rabies

The draft of the fourth edition of
the WHO monograph Laboratory tech-
niques in rabies was reviewed by the
Committee. The Committee commended
this book as an excellent source of infor-
mation on the laboratory aspects of ra-
bies. The revised edition, which is re-
ferred to frequently throughout the re-
port, will contain many new chapters
dealing with recent procedures, and in-
clude updated descriptions of techniques
described in the previous edition. 23
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2. Advances in rabies
research

2.1. Monoclonal antibodies and the
classification of rabies and rabies-
related viruses

Since the early 1980s, monoclonal
antibodies have been used extensively in
identifying rabies virus strains and in
diagnosing human and animal rabies.

Monoclonal and polyclonal anti-
body studies of rabies isolates from
many animal species worldwide have led
to the followi^g classification of the ra-
bies group of Rhabdovirae, genus
Lyssavirus:

Serotypel.: prototype strain Chal-
lenge Virus Standard (CVS); includes the
majority of field viruses isolated from
terrestrial mammals as well as isolates
from insectivorous bats in North America
and haematophugous bats in Latin
Amer LCa; also includes fixed virus labo-
ratory strains.

Serotype 2: prototype strain Lagos
bat, first isolated from pooled brains of
bats in Nigeria (Lagos-bat.1,), then from
a bat in the Central African Republic
(Lagos bat}) and from a bat in Guinea
and a cat in Ztmbabwe (Lagos-bat 3).

S erotyp e 3: Prototype strain
Mokola, first isolated from shrews in Ni-
geria and then from a human (Mokola
7); further isolates have been obtained
from shrews in Cameroon (Mokola2) and
in the Central African Republic (Mokola3)
and from dogs in Zimbabwe (Mokola 5).

Serotype 4: prototype strain
Duvenhage, first isolated from a human
in South Africa (Duvenhage 1), and then
from bats in South Africa (Duvenhage 2)

and Zrmbabwe (Duvenhage 3).

A number of viruses still remain
to be typed. These include the recently
identified European Bat Lyssaviruses
(EBL) isolated from Eptesicus serotinus
bats (EBL 1) and Myotis bats (EBL 2),

as well as isolates from human exposed
to bats in Finland and Ukraine

2.2 Molecular biolo gy of the
rabies virus

Over the past decade, considerable
progress has been made in ttnderstand-
ing the structure of lyssar,,iruses.

The virions or virus particles have
a bullet-shaped structure with an aver-
age length of 180 nm and a diameter of
75nm. Each particle contains a helical
nucleocapsid surrounded by a lipid bi-
layer. The outer surface is coverd with
spike-like projections, 1Onrn in legth, an-
chored in a lipid bilayer. Five proteins
have been identified followi.g disrup-
tion of rabies virus with sodium dodecyl
sulfate. The ribonucleoprotein contains
the genomic RNA associated with three
internal proteins, the trascriptase (L) (M,

55000) and a phosphoprotein (NS) (M, =
38000). These proteins together with the.
RNA form an active RNA complex,
which controls both transcription and rep-
lication. The other structural proteins are

the matrix protein (M) (Mr = 26000),
which is located on the inner side of the
virus envelope, and the glycoprotein (G)
(M, -67000), which forms the surface pro-
jections. The complete amino acid se-
quences of these five proteins have been
deduced from the primary nucleotide se-

quences of cloned rabies genome and
individual mRNA trascripts.

Both rabies virus and rabies-related
virus have the same genomic structure.
The virion contains an unsegmented and
non-polyadenylated negative-stranded
RNA genome. Although complete nucle-
otide sequences of all the five rabies
genes have been determined for several
fixed rabies strains, this information is
not available for field virus strains.

Of the five proteins, the G and N
proteins are the most extensively char-
actertzed.. The G protein is the only vi-
ral antigen that induces virus-neutrahz-
ing antibodies; it is also a target for vi-
rus-immune T helper cells and cytotoxic
T cells. Rabies virus-neutrahztng antibod-
ies directed against the G protein ap-21



pear to be an important component in
the immune response to rabies. Anti-
genic determinants in the G protein rec-

ognized by rabies virus-specific B and

T cells have been identified, and syn-

thetic peptides incorporating these anti-

genic d.i"r*inants offer an approach to
the development of vaccines against ra-

bies.

Of the three Proteins that form
the helical nucleocaPsid in conjuction with
the RNA, the N Protein rePresents the

major internal protein of the virus.
Analysis of the primary nucleotide se-

qr"r',t. of the N protein gene of several

rabies virus strains has demonstrated an

exceptionally high level of conservation,

refleited by a high degree of antigenic
homology between rabies and rabies-re-

lated ,rirrs strains in the ribonucle-
protein. The N protein has been shown
io be a major antigen, capable of induc-

i.g T helper cells that cross react
between different rabies and rabies-re-

lated viruses. The finding that ribonucle-
oprotein can confer protective immunity
may have clinical significance for immu-
n:Zation against heterolo8ous virus
strains.

Since the G and N Proteins are

the major antigens capable of induci^g
immunity against lethal rabies infection,
both should logically be included in the

development of genetically engineered
vaccines. Both proteins have been ex-

pressed in a variety of prokaryotic and

Lukaryotic expression systems (see sec-

tion 2.4). The cdpacity to produce large

quantities of gehetically engineered ra-

bies virus proteins will provide research

teams with new tools for diagnosis and

vaccine develoPment.

2.3 Molecu1ar ePidemiolo gY

Recent progress in research on the

molecular genetics of lyssaviruses sug-

gests that powerful tools for the identifi-
iation of rabies viruses may be available

in the future. Cloni^g and sequencing

techniques together with other techniques

such as the polymerase chain reaction
(PCR) have been successfully applied to

the rabies virus and may lead to the

charac tenzation of certain regions of the

viral genome.

The PCR technigue, however, is not

yet suffficiently developed for the rou-
iir,e diagnosis of rabies and should only
be carried out by molecular biology labo-

ratories with the necess aty facilities and

expertise.

2.4 Research in vaccine development

Since the last meeting of the Com-
mittee in 1983, significant Progress has

been made in the preparation and deliv-
ery of vaccines to animals and humafls,
intluding a major shift to the use of cell

culture for vaccine PreParations.

2.4.1 Candidate vaccines

Advances in cloning and gene ex-

pression have resulted in the production
of many unique recombinant rabies vac-

cines, which have been tested for pos-

sible use in animals and humans. These

recombinant vaccines include the follow-
i^g groups.

Orthopox Viruses
A rabies G-Pro-

tein orthopoxvirur' ,.- The I'{ pf Otein hAS
combinant has been been ShOWn tO be Ct

:lT#':lT'1,;J'?:; m4 or ontigen,
oral immunization of CAp Able Of
foxes and racoons in , '-

severat countries i;; inducing T helper
sections 4.3 -2 and CellS th7t CqOSS

ij;?;#:,.f::ffioiX react between
for human immu nLZa- different robies
tion because of safetY And f^bieS-
considerations in the
use of live vaccinea vi- f elAted AifUSeS,
rus. Another vector,
racoon poxvirus, has been used for pre-

paring a recombinant vaccine containing
the G and N proteins; this vaccine is an

ef fective oral irnmunogen in racoons,
foxes and dogs.

Other poxviruses may be safer for
human vaccination; these include avipoxes 25



Such aS Canary pox, and vaccinia attenu-
ated through the removal of 18 Senes
accounting for the virulence of the virus.
In one study, human volunteers injected
with vaccine PrePared from canary pox-
virus and rabies G protein produced a

level of virus-neutralizing anitibodies
equal to that observed in subjects in-
jected with a standard tissue-culture vac-

cine. Moreover, orthopox vectori.g may

permit the incorporation of several anti-
gens (e.g. measles, mumps, rubella, ra-

bies, pertussis) into a single vaccine,
which would reduce the medical facili-
ties required for human prophylactic
immunization.

Baculoviruses
Both rabies G-Protein and N-Pro-

tein baculovirus recombinants are now
available and could be considered for
the production of rabies vaccine for im-
munization of animals. Although the Pu-
rification of N Protein from the
baculovirus recombinant may be too com-

plicated and too costly for the produc-
tion of a reasonably priced t'accine, it
may be possible to use N Protein for
human vaccination if sufficient amounts
are generated by mammalian cells trans-
fected with the recombinant.

Adenoviruses
Fluman and animal adenoviruses

are also sufficiently large to accommo-
date foreign genes. When inserted into
the uh.t-,ovirus genome., the complemen-
tary"DNA (cDNA) of rabies glycopro-
tein gene is expressed on the surface of
infected ce|ls, but not on the virion sur-

face. such vaccines would be especially
useful to protect animal species that have

been difficult to immunlze with existing
oral vaccines, such as dogs and skunks.
A recombinant vaccine prePared by in-
serting the cDNA of rabies glycoprotein
gene into human adenovirus 5 has been

found to be immunogenic in a variety of
animals, includi^g skunks, racoons, foxes

and dogs. Since dogs tend not to chew

baits much before swallowing them, the

vectored vaccine should, ideally, be re-

sistant to the low pH conditions in the

stomach and infect the intestinal tisstres.

No recombinants have Yet been
prepared using canine adenoviruses as

vectors, but preliminary studies indicate
that these viruses may be suitable can-

didate vaccines for various species (e.9.,

skunks, foxes, racoons, mongooses and
dogs) and studies are continuing in sev-

eral laboratories worldwide.

Other recombinant
vaccines

BCG (bacille Calmette-Guerin) and

attenuated salmonellae are also poten-
tial candidate vectors for preparing ra-
bies vaccines. Extrachromosomal and in-
tegrative expression vectors carrying the

regulatory sequences for the major BCG

heal-shock proteins have been developed
which could allow exPression of rabies

virusGorNprotein.
Other mechanisms bY which anti-

gens may be delivered to the immune
system are summanzed in section 13.

2.4.2 Safety aspects

Further development of recombi-
nant rabies vaccines will increase the
number of prototypes constructed in dif-
ferent vectors and proposed by differ-
ent authors or manufacturers. Strict ob-

Servation of international safety norms
will be required before field testing.

A number of rabies vaccines have
induced virus-neutralizlng antibodies
when fed to dogs. These include both
attenuated vaccines, such as SAD and
SAG1 (a derivative of SAD virus), and

recombinant vaccines, sttch as those pre-
pared from vaccinia and racoon poxvi-
rus. To date none of these vaccines have
been sufficiently developed for field test-

ir,g in dogs, although considerable time
and effort have gone into testing their
safety and efficacy. standard procedures
for testing the safety and efficacy of
candidate vaccines have been developed.
Since children or even adults may come26



into contact with oral rabies vaccines in-
tended for canine use any vaccine to be

field tested must first be carelully exam-
ined for safety in selected non-target
species to address the question of pos-
sible hazard to humans.

2.5 New substances for
post-exposure treatment and new
post-exposure vaccination regimens

2.5.L Monoclonal antibodies

Research is continuing on the Pos-
sible use of monoclonal antibodies for
post-exposure treatment of humans and
animals. In a recent study, monoclonal
antibodies were shown to protect Syrian
hamsters against rabies when given in-
tramuscularly 24 hours or rnore after in-
tramuscular challenge with a field strain.
Although these antibodies were of mu-
rine origin, murine antibodies have been

used extensively in the treatment of can-

cer patients over the past decade, with-
out any significant side-effects being re-

ported. However, recombinant DNA
techniques are now available to PrePare
chimeric (murine-human) antibodies and
also to "hum artrze" monoclonal antibod-
ies of murine origin. Moreover, follow-
i^g cloning and sequencing of these lat-
ter anibodies, it is possible to have them
expressed in vectors such as baculovirus.

2.5.2 Interferon and
interf eron-inducers

Both exogenous interferon PrePa-
rations and "interferon-inducers" have
been shown to I be highly effective in
reduci^g mortalify in laboratory mice and

subhuman primates challenged intramus-
cularly with a field virus strain. Neither
interferon nor interferon-inducers aPpear

to suppress the virus-neutraLrztng
anitibodt' response induced by vaccina-
tion. In addition, it has been shown that
recombinant g-interferon administered
with vaccine can be as effective as ex-

ogenous interferon and vaccine in re-

ducing rabies mortality in subhuman Pri-
mates. Exogenous interferon has already
been shown to be effective in a patient
given a corneal transplant from a Person

with rabies; further studies are in
progress.

2.5,3 New post-exposure vaccilta-
tion regimens

A variety of new vaccination sched-
ules have been evaluated in humans in
an effort to reduce the number of vacci-
nations and amount of vaccine required
after exposure to rabies. One of these

schedules, the 3-1 schedule, is an abbre-
viated multisite regimen consisting of
three vaccine doses applied in the del-
toid muscle of the right and left arm al
duy 0, and one dose applied at duy 7.

Application of the 3-1 regimen to human
volunteers produced an early and el-
evated cellular (starting 6 hours after
vaccination) and humoral (starting at dry
5) immune response. When this regimen
was combined with administration of
anit-rabies human immunoglobulin, how-
ever, the initial anibody resPonse was
suppressed, although subsequent titres
reached expected levels after 2 weeks.

3. Diagnosis

3.L Clinical diagnosis

Rabies in animals and humans is
still diagnosed on the basis of clinical
signs and symptoms in many areas of
the world

Clinical diagnosis of rabies in ani-
mals is, however, sometimes difficult and
rabid dogs may be judged to be infect€d,
which could result in danger in humans:
equally, persons bitten by animals with
other diseases or conditions (such as dis-
temper) could be vaccinated against ta-
bies unnecessarily. Clinical diagnosis of
rabies in humans can also be difficult,
since patients may present with a Para-
lytic or Guillain-Barre-like syndrome. Signs

of brain involvememnt are sPasms in
response to tactile , drditory, visual or
olfactory stimuli( e.g. aerophobia, hydro-
phobia), alternating with periods of lu-
cidity, agitation, confusion, and signs of
autonomic dysfunction. These spasms oc-

cur at some time in almost all rabid
patients in whom excitation is promi- 27



nent, but spontaneous inspiratory spasms
usually occur continuously until death;
their presence often facilitate clinical di-
agnosis. Excitation is less evident in para-
lytic rabies, and phobic spasms appear
in only 50% of these patients Duri.g
the early stages of paralytic rabies, no-
table signs include myoedema at per-
cussion sites, usually in the region of
the chest, deltoid musle and thigh and
piloerection.

Side effects followi.g the in-
oculation of adult or suckling mouse
brain rabies vaccines are occasionally
misdiagnosed as rabies and a test for
antibody to myelin basic protein may
be useful in identifying such patients.
Great care needs to be exercised
before a diagnosis of rabies is made
on clinical grounds.

Since i*ported cases of human
and animal rabies have been noted in
rabies -free countries (or rabies- free ar-
eas of infected countries) the Committee
emph aslze that rabies must be included
in the differential diagnosis of all per-
sons who present with signs of neuro-
logical involvement.

3.2 Laboratory diagnosis

3.2.1, Postmortem diagnosis of ra-
bies in animals and humans

Antigen detection
The fluorescent antibody (FA)

technlgue is a rapid and sensitive
method for diagnosing rabies infection
in aniinals and humans. The test is
based upon microscopic examination,
under ultraviolet light, of impressions,
smears or frozen section of tissue after
treatment with anti rabies serum or
globulin conjugated with fluorescein
isothiocyanate.

Bilateral impressions (or smears) of
tissue samples from the hippocampus
(Ammon's horns) and brain stem are
recommended for increased sensitivity
of the tes| some laboratories also stain
samples of cerebellar tissue.

An enzyme-linked immunosorbent
assay (ELISA) called rapid rabies enzyme
immunodiagnosis (RREID) was developed
for the diagnosis of rabies, based upon
the detection of rabies virus nucleocapsid
antigen in brain tissue. since the antigen
can be visual rzed with the naked eye,
the test can be carried out (with the aid
of a special kit) under fietd conditions.

RREID is a rapid technique which
can be especially useful for epidemio-
logical surveys. The test may be used to
examine partially decomposed tissue
specimens for evidence of rabies infec-
tion, but it cannot be used with speci-
mens that have been fixed in formalin.
It should be noted, in additior, that the
FA test may yield positive results when
the RREID is negative.

Virus isolation in vitro
Virus isolation may be necess ary

for confirming the results of antigen de-
tection tests and for further charac tenz-
i.g the isolate.

Murine neuroblastoma (NA C 1300)
cells are more susceptible to rabies field
virus infection than any other cell lines
tested. virus isolation in cell culture
(with neuroblastoma cells) is at least as
efficient as mouse inoculation for dem-
onstrating small amounts of rabies virus.
It also reduces the time required for
diagnosis from 10-15 days to 2 days,
eliminates the need for experimental ani-
mals, and is considerably less expensive
to perform. This technique is not fea-
sible in every labora tory, however, and
intracerebral mouse inoculation is still a
useful test in the laboratory diagnosis of
rabies. Suckling mice (less than 3 days
old) are more susceptible to rabies than
weanli.g or adult mice and should be
used whenever possible. The observa-
tion period may be shortened by FA
examination of brains of inoculated mice
killed 3 to 4 days (o. more) after inocu-
lation.

Virus identification using mono-
clonal antibodies: epidemiological
considerations.28



To date, several hundred lyssavirus
isolates from humans, domestic animals,
and wild animals in Africa, the Ameri-
cas, Asia and Western Europe have been

compared using monoclonal antibodies.
These studies demonstrate that rabies
virus can be distinguished from other
lyssaviruses and that rabies isolates from
given geographical area or species have
unique reactivity patterns both in the
nucleocapsid and glycoprotein compo-
nents of the virion. In relatively sirnple
ecosystems , a few princiPal carnivore
hosts (e.g. wild canids) serve as primary
rabies reservoirs. In Canada and the
USA, field rabies viruses are maintained
in "compartments" in specific geographi-
cal regions by species such as foxes,
skunks, racoons and bats; transfer of the
disease to other species is relatively un-
important for maintenance of infection.
Striking differences are apparent between
viruses isolated from bats and those iso-
lated from terrestrial carnivores, which
confirm previous epidemiological find-
ings.

I)etection by molecular
techniques

The use of molecular probes and
the polymerase chain reaction is not cur-
rently recommended for the routine di-
agnosis of rabies.

3.2.2 Intra vitam diagnosis of
rabies in humans

The choice of techniques for intra
vitam diagnosisl varies greatly accordi.g
to the stage of 'the disease; antigen de-
tection is generally sensitive during the
first few days, while virus- neutralizing
antibodies in cerebrospinal antibodies in
cerebrospinal fluid and serum usually
tend to appear after 7-I0 days of illness.

Viral antigen may be detected by
FA in corneal impressions or skin biop-
sies frorn patienti with rabies; however,
FA-positive specimens are more common
during the final stages of the disease.
Skin biopsies are usually taken from the
nuchal area of the neck, with hair fol-

licles containing peripheral nerves. Cor-
neal impressions (never scrapings) are
taken from patients with encephalitis by
lightly touchi^g the central part of the
cornea with a microscope slide.

The quality of the samples both
corneal impressions and skin biopsies
is paramount; they should be refriger-
ated immediately after collection and un-
til the test is carried out.

Nevertheless, the sensitivity of the
FA technique for intra vitam diagnosis is
limited:

Rabies antigen has been demon-
strated in corneal impressions taken from
patients and naturally and experimen-
tally infected animals. However, while a

positive result is indicative of rabies , a

negative result does not rule out the
possibility of infection.

Although rabies antigen may be
detected in skin biopsies at the onset of
clinical signs, the proportion of positive
results tends to increase as the disease
progresses. With nuchal skin biopsies,
only some patients show positive results,
especially during the early phase of clini-
cal illness. Nevertheless, the overall sen-
sitivity of FA is higher with skin biop-
sies than with corneal impressions.

Rabies virus may be isolated in
cell culture frorn certain body tissues and
fluids, especially saliva and cerebrospi-
nal fluid.

Saliva samples should be main-
tained frozen after collection; the con-
tents of the swab should be expressed
in the collection medium,d the swab re-
moved and the specimen sent frozen for
further examination. Biopsy material and
cerebrospinal fluid should be frozen af-
ter removal. Under no circumstances
should preservatives be added to the
collection medium.

Antibody titration
Neutr alizing antibodies in the se-

rum or cerebrospinal fluid of non-vacci-
nated patients rnay be measured either
by the mouse serum neutralization test 29



(MNT) or by the rapid fluorescent focus
inhibition test (RFFIT). The Committee
recommended that where possible, the
MNT be replaced by the RFFIT, since
the latter test is more rapid and at least
as sensitive as the MNT.

An enzyme-linked immunosorbent
assay (ELISA) using purified rabies gly-
coprotein has been used to determine
virus-neutralizrng antibody levels in the

serum of several species, including hu-
mans. The test can be carried out (with
the aid of a special kit) in the field ancl
provides results within a few hours. It
also appears to be qtrite reproducible.
Nevertheless, the sensitivity of the test
is limited; the measurement may include
a variety of antibodies in addition to
virus-neutralizing antibodies.
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