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WHO EXPERT COMMITTEE ON RABIES

Sixth Report

1. INTRODUCTION

The WHO Expert Commitee on Rabies met in Geneva from 12 to 18
December 1972. The meeting was opened by Dr P. Dorolle, Deputy Direc-
tor-General of WHO, on behalf of the Director-General. He referred to
the important recent advances in rabies research and field control methods,
notably in prophylactic treatment of man and the ecology of wildlife rabies.
Even curative treatment of the disease in man, which was unthinkable
until recently, has now become a possibility.

Since the last WHO Expert Committee on Rabies met in June 1965,1
much new information has accrued, particularly in the fields of cell-culture
vaccines for man and animals, the ecology and control of wildlife rabies,
more sensitive diagnostic procedures, pre-exposure immunization, and the
protecting mechanisms involved in postexposure treatment. A series of
consultations on these subjects has been held and Regional Conferences
as well as training seminars organized. Surveillance programmes have
been expanded and in 1969 a WHO Scientific Group on Rabies Research
met in Geneva, to review the progress in research, to plan further studies,
and to discuss the revision of the WHO Monograph Laboratory techniques
in rabies. A third edition of the monograph 2 has now been prepared incor-
porating the suggestions of the Group and containing many new chapters
dealing with procedures developed recently, through the application of
modern virological and immunological methods to rabies.

An important collaborative activity carried out at the WHO Reference
Centres deserves special mention. Using concentrated virus produced in
baby hamster kidney (BHK) cells and human diploid cells a highly immu-
nogenic inactivated vaccine has been produced and tested in experimental
animals and man. Monkeys and other species of animals given 1 dose of
this vaccine several hours after challenge were found to be protected. In
man, antibody profiles following a single inoculation of the vaccine prepared
in human diploid cells were comparable with those evoked by 14-21 injec-
tions of ordinary nervous-tissue vaccines.

The Committee decided to prepare its report as a self-contained docu-
ment and to incorporate in it parts of the previous report that do not

1 Wid Hith Org. techn. Rep. Ser., 1966, No. 321.

? Kaplan, M. & Koprowski, H., ed. (1973) Laboratory techniques in rabies, 3rd ed.,
Geneva, World Health Organization (Monograph Series, No. 23).
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6 RABIES

require modification. The recent advances in rabies research, however,
have led to important changes in many of the recommendations made in
the previous report. Rabies control authorities are urged to take note of
these changes and to revise their policies and procedures where necessary.

2. ADVANCES IN BASIC RESEARCH

2.1 Physicochemical properties

The morphology of the rabies virus particle has been further studied
in cell cultures and tissues from infected animals. Rabies virus has been
classified on a morphological basis as a rhabdovirus, a group that includes
many viruses from mammals, reptiles, fish, insects, and plants.

By electron microscopy, the virions appear as rod-like particles usually
with one round and one flat end. This gives them a ¢ bullet-like > shape
with a fairly constant diameter of 75-80 nm and a length of about 180 nm.
The length may vary under different conditions of replication. The virion is
composed of a helical nucleocapsid surrounded by a membrane bearing
surface spikes that have a knoblike structure at the distal end. The mem-
brane does not completely cover the flat end of the virion. By a negative
staining technique, it is occasionally possible to reveal a distinct surface
arrangement of hexagons forming a honeycomb. The nucleocapsid is a
single-stranded right-handed helix.

Rabies virus contains at least 4 major protein components detectable
by electrophoretic fractionation. The component with the largest molecular
weight (80 000 amu 1) is a glycoprotein that constitutes the protein moiety
of the spikes protruding from the viral envelope. The second largest poly-
peptide (M.W. 62 000 amu) corresponds to the protein of the viral nucleo-
capsid. The protein moiety of the nucleocapsid isolated from infected
cells is identical with that of the virion. The remaining protein components
(M.W. 40 000 amu and 25 000 amu) are constituents of the virus membrane.

Rabies virus RNA is single-stranded, with a molecular weight of
4.6 x 10° amu and a sedimentation coefficient of 45 S. It can be isolated
from virions, virion-derived nucleocapsids, and cell-derived, free nucleo-
capsids. The nucleocapsid and viral RNA are noninfectious.

The gross chemical composition of Flury HEP strain has been estimated
to be approximately 74% protein, 1% RNA, 22% lipids, and 3% carbo-
hydrates. Of the total protein about one-third is considered to be with
the nucleocapsid, almost half with the glycoprotein, and the rest with
the two remaining membrane proteins.

1 amu = atomic mass unit.
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Rabies virus is rapidly inactivated by lipid solvents and 0.1% trypsin.
The virus is relatively stable at pH 5-10 at 4°C, but inactivated rapidly
at pH = 3 or =11. Virus suspended in 0.1% bovine serum albumin at near
neutral pH is inactivated, with a half-life of about 4 h at 40°C and about
35 seconds at 60°C, but it is stable for several days at 0-4°C and for several
years when frozen at —70°C or freeze-dried and held at 0-4°C.

2.2 Structural antigens

Rabies virus particles contain two distinct, major antigens: a glyco-
protein antigen from the virus membrane and an internal nucleoprotein
antigen. The glycoprotein seems to be the only antigen capable of inducing
the formation of virus-neutralizing antibodies and protecting animals
against subsequent challenge with rabies virus. The nucleoprotein antigen
induces the formation of antibodies demonstrable by the complement
fixation and precipitation techniques. This antibody is also responsible
for immunochemical (fluorescent and peroxidase) staining of rabies virus-
specific antigens present in infected cells; it is devoid, however, of virus-
neutralizing activity. Animals immunized with nucleoprotein antigen are
not protected against challenge infection. The nucleoprotein antigens of
different rabies viruses have been shown to be closely related and are consi-
dered to represent the group-specific antigen of the rabies group of rhabdo-
viruses (see section 4).

2.3 Dynamics of virus replication in vitro
2.3.1 Optimal conditions for in vitro growth of infectious virus

A number of factors profoundly influence the quantity of rabies virus
produced in cell cultures, including the type of cell culture, the strain of
virus, multiplicity of infection (infective units per cell), the incubation
temperature, the pH of the medium, and the protein supplement in the
medium.

Nearly all types of cultivated cell, poikilothermic and homoiothermic,
in primary culture or an established cell line, are susceptible to infection
by rabies virus.

There has been no definite report of a correlation between the stage of
the cell cycle and susceptibility to the initiation of rabies virus infection.
Fixed virus strains with a long history of in vitro passage appear to give the
highest yields in cell cultures.

Incubation temperature exerts a profound effect on the yield of rabies
virus. Maximal virus titres are obtained in cultures incubated at tempera-
tures of 32-35°C and in media of pH 7.6-8.0.

2.3.2 Morphological observations

Electron microscope observations of mammalian nervous tissues, sali-
vary glands, and different cell cultures of neural and non-neural origin
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infected with rabies virus have revealed the presence of virus particles that
are frequently associated with characteristic matrices (cytoplasmic inclusion
bodies).

In cell cultures and salivary glands numerous virus particles have been
observed to originate from the cell surface as well as from intracytoplasmic
membranes. The formation of matrices and nucleocapsids has also been
shown in the absence of infectious virus.

In contrast to previous observations by electron microscopy and the
fluorescent antibody technique it now appears that the cycle of virus repli-
cation may be as short as 6 hours after infection of cells. The sequence of
events leading to the replication of viral RNA and formation of virus-
coded proteins is not yet fully understood and requires further investigation.

2.3.3 Virus-host cell interaction

Cells infected with rabies virus can generally be maintained in cell
cultures for extensive periods of time without any noticeable cytopathic
effect occurring. However, in some cell-culture systems, virus-host inter-
actions can lead to cell destruction. In chronically infected cell cultures,
cycles of high and low levels of infectious virus production and susceptibility
to immunolysis seem to be mediated by the production of interferon.

2.3.4 Soluble antigens

Soluble complement-fixing viral antigens are present in rabies-infected
brains and cell cultures and can be separated from the virus particles by
differential centrifugation, ultrafiltration, and chemical precipitation me-
thods. The virion-depleted preparations are capable of inducing virus-
neutralizing antibody and protecting animals against challenge. ¢ Soluble ”
antigens are currently considered to represent a mixture of fragmented
and/or solubilized virus components derived from viral coat and nucleo-
capsid structures. Solubilization of antigens from virus particles can also
be obtained by treatment with detergents and other chemical compounds
such as sodium deoxycholate, Nonidet P-40,! tributyl phosphate, saponin,
and others. Further research is necessary in order to determine the accep-
tability of such products for use in human vaccine. Vaccines treated with
tributyl phosphate have already been used in some countries.

2.3.5 Interferon

Replication of rabies virus can be inhibited in cell cultures treated with
exogenous interferon. Live rabies virus and concentrated inactivated
rabies vaccine are capable of inducing interferon both in vivo in experimen-
tal animals and in vitro in cell cultures.

1 A polyethylene glycol.
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Experimental animals can be protected by treatment with synthetic
interferon inducers and by administration of exogenous interferon. To be
effective, the treatment must be applied shortly before or following infection
(see also section 3.3).

The demonstration in experimental animals that concentrated and
inactivated rabies vaccine induces circulating interferon and that protection
against challenge with street virus may be related to interferon induction
seems to indicate a further possibility for prophylaxis, namely a treatment
that combines interferon induction and immunization.

The Committee recommends the encouragement of further studies
that will provide information on the combined effect of potent antirabies
vaccines and of safe inducers of interferon in vivo.

2.3.6 Effect of metabolic inhibitors

Although rabies is one of the most likely candidates among virus
diseases for extensive chemotherapy studies, relatively little information
is available on this subject.

Surprisingly, some inhibitors of DNA synthesis, such as arabinosyl
cytosine, actinomycin D, or, occasionally, rifampicin cause a decrease of
rabies virus yields in cell cultures. The mechanism by which these drugs
exert their antiviral effect is unknown and deserves further research.

2.4 “Genetic markers’ and their relation to other properties of rabies virus
strains

The properties of rabies viruses usually called ¢ genetic markers > may
not always strictly speaking be of a genetic nature. Pathogenicity in diffe-
rent species and age groups, susceptibility of animals to peripheral as
compared with CNS inoculation of virus, and variation in length of incu-
bation period are the “ markers” that have been traditionally used to
characterize virus strains. The capacity of the rabies virus to induce inclusion
bodies can no longer be used as a * marker ” for differentiating strains of
rabies virus.

Plaque morphology and the capacity to replicate iz vitro at temperatures
of 40°C or 40.5°C (RCT 40, RCT 40.5) have been used as genetic markers
in the study of rabies virus strains. It has been shown that the RCT 40 of a
virus strain serially propagated at a low temperature decreases steadily
with consecutive passages. This decrease is closely correlated with the
degree of attenuation of the virus for adult mice. In other studies, marker
characteristics have seemed to vary independently of one another. No cor-
relation of RCT 40.5 and plaque size markers with the degree of pathogeni-
city for adult mice has been found.

The Committee recommends that further extensive comparative studies
be done with clones of rabies virus from cell culture, including in vivo patho-
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genicity studies in different species (and age groups) of animals, to provide
means of identification of vaccine strains and field variants of rabies virus
for epidemiological investigations.

2.5 Immune response to rabies virus

2.5.1 Antibody and cell-mediated immunity

Animals immunized against rabies may produce the following types of
antibodies: virus-neutralizing, lytic (destroying rabies-infected cells in the
presence of complement), complement-fixing, haemagglutination-inhibiting
and others (see section 2.2).

Transfer of spleen cells from an animal inoculated intravenously 24
hours previously with rabies vaccine into another animal of the same
inbred strain results in the formation of virus-neutralizing antibodies by
the recipient animal. Lymphoid cells derived from the spleens of normal
mice will form virus-neutralizing antibodies in cell cultures when exposed
to rabies antigen. The presence of macrophages in this system is essential
in order to activate the lymphoid cells for antibody production. The invol-
vement of cell-mediated immunity in the mechanism of protection from
rabies virus infection needs to be established.

2.5.2 Improved sensitivity of various test procedures !

(1) Virus neutralization

The Committee recommends that the results obtained in virus neutra-
lization tests be expressed as International Units of standard reference
serum and not as the reciprocal of the highest dilution of antibody capable
of neutralizing a given dose of virus.

The plaque reduction technique in agarose-suspended BHK-21-S13
cells is now used in several laboratories for evaluating the level of virus-
neutralizing antibody. This method has been shown to be more sensitive
in detecting early antibodies and results have proved to be in complete
correlation with those of the classical technique of intracerebral mouse
inoculation. The major advantage of this new procedure is that a final
result may be obtained in 5-6 days instead of the 12-14 days necessary
to complete the virus-neutralization test in the mouse.

A rapid neutralization test in cell cultures has been developed using an
immunofluorescence technique to detect the presence of non-neutralized
virus 24 hours following exposure of BHK-21 cells to a virus-serum
mixture. ‘

1 Details of these procedures are given in Kaplan, M. & Koprowski, H., ed. (1973)
Laboratory technigues in rabies, 3rd ed., Geneva, World Health Organization (Manograph
Series, No. 23).
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(2) Passive haemagglutination

This method has been evaluated by testing human sera following a pro-
phylactic immunization. Results correlated well with those obtained with
the virus-neutralization technique performed by mouse inoculation.

(3) Haemagglutination inhibition (HAI)

The results of this method and of the virus-neutralization test are com-
parable, although the sensitivity of the HAI test in detecting low levels of
antibodies seems to be inferior.

(4) Complement fixation

The complement fixation test can be used for the quantitative assay
of antibody. However, in most comparative studies it has been found that
this test is less sensitive than the virus-neutralization test especially in the
detection of early vaccine response or the titration of long-standing residual
titres (see also section 2.2).

(5) Indirect staining

Indirect fluorescent antibody staining has been successfully employed
for the detection and quantitative assay of peripherally circulating antibody.
The correlation of antibody levels detected by this method with the level
of neutralizing antibody may, however, be impaired by the presence of
antibody induced by nucleocapsids only.

(6) Radioimmune procedure for rabies-binding antibodies

A radioimmune assay procedure using!?*I-labelled virus for the detec-
tion of rabies antibodies has been described. The test serum is made to
react with the radioactively labelled virus, the complex is precipitated by
anti-immunoglobulin, and the radioactivity of the sediment is determined.
This procedure has been shown to be more sensitive than the virus-neutra-
lization test in detecting specific antibody.

(7) Immune lysis of rabies virus-infected cells

Cells in culture infected with rabies virus are lysed after exposure to
rabies antibody and complement. Lysis is demonstrated by the counting
of cells stained with trypan blue, by the colony inhibition technique, or by
release of chromium-51 from labelled cells.

Both Iytic and neutralizing antibodies have been found in the IgG
fraction of human and mouse serum. Study of the sera of animals either
immunized against rabies or in the incubation stage of the disease have
shown, however, that lytic and neutralizing antibody titres can vary inde-
pendently.
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(8) In vitro stimulation of lymphocytes following immunization with
live and inactivated rabies vaccines

Methods have been developed for measuring in vitro stimulation of
lymphocytes by rabies antigens, using the incorporation of 3H-thymidine
as an indicator of DNA synthesis in stimulated cells. Adaptation of this
method for cultures of human circulating lymphocytes could provide a
reliable and accurate test for measuring the state of resistance to infection.

(9) Immunodiffusion

This method allows the detection and identification of virus antigens,
as well as of different types of antibody.

3. PATHOGENESIS

3.1 Susceptibility of host species

The susceptibility of an animal to rabies infection is influenced not
only by the quantity of virus introduced into the animal but also by the
site of the bite or injection, by the age of the animal, and by the properties
of the virus strain involved. However, the evidence now available indicates
that it is possible to categorize many animal hosts for their susceptibility
to rabies infection, based primarily on the dose of virus injected and using
a limited number of virus isolates (see Table 1). Future investigations
might allow other animal species to be included.

TABLE 1. ANIMAL SUSCEPTIBILITY TO RABIES INFECTION *

Susceptibility

extremely high _ high moderate low
foxes hamsters dogs opossums
coyotes skunks sheep, 2 goats,@ and horses ¢
jackals @ and wolves ¢ raccoons nonhuman primates
kangaroo rats domestic cats
cotton rats bats
common field voles bobcats

mongooses ¢ and

Viverridae @

guineapigs

other rodents

rabbits

cattle

* Based unless otherwise indicated on the intramuscularly inoculated dose required to infect
at least 50% of the animals.

e Epidemiological evidence only.
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Human infection by aerosol has resulted from natural exposure (freetail
bat virus) as well as from laboratory exposure during vaccine preparation
(fixed virus), and wild carnivores held in some bat caves and in the Iaboratory
have also died of aerosol contact (freetail bat virus; see also section 12.2.1).

Oral infection of rodents, foxes, and skunks has been demonstrated in
the laboratory.

3.2 Mode of spread in the organism

The incubation period in the majority of human rabies cases is 3-8
weeks following exposure. In an animal model developed to give much
the same periods, it was shown that the virus remains at or near the site of
introduction for up to 2 weeks. Its location during this time, however,
has not yet been precisely determined, although it has been shown that it
may invade and multiply in muscle tissue. Determination of the site of
freshly introduced virus may provide the key to improved postexposure
treatment, and the explanation for its efficacy. Virus multiplication at the
site of introduction may not be necessary to initiate infection. It is thought
that virus invades the nervous tissue within a relatively short time of expo-
sure.

Evidence is unequivocal that once rabies virus leaves the site of introduc-
tion in experimental animals it customarily passes to the central nervous
system via the peripheral nerves. Pathogenesis in man is believed to be
essentially by neural transmission. Airborne infection of man has been
conclusively shown to occur, and oral infection has been demonstrated in
experimental animals (see section 3.1).

There is increasing evidence that following infection of the central
nervous system the virus may multiply in tissues such as the salivary glands
and other glands, and also in the kidneys, brown fat, and, in some species,
muscle and lung. In some infected organs virus is found primarily within
the nerves.

The role of neural and extraneural spread, as well as the role of anti-
body, and immune cell-mediated injury to rabies-infected cells, however,
require further clarification.

3.3 Mechanism of protection

Animals immunized before exposure to rabies virus are in general
resistant to the infection if virus-neutralizing antibodies are present in
their serum. The same is probably true for man, although in this case it
is very difficult to collect data of statistical significance. On the other hand
presence of virus-neutralizing antibody in the blood of an animal or human
subject treated after exposure to rabies virus with immune serum and/or
vaccine may not be a true indication of the protective effect of the post-
exposure treatment.
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Rabies virus is susceptible to the inhibiting effect of interferon (see
section 2.3.5). In experimental animals, interferon-inducing products have
been found to give protection when administered soon after exposure.

At present systemic factors involved in the mechanism of protection
against rabies after exposure are unknown. The time elapsing between
the processing of rabies antigen derived from vaccine and the stimulation
of cell-mediated immunity may be crucial for the protection of the exposed
individual. This problem and others possibly related to the mechanism of
protection merit extensive studies.

4. CHARACTERISTICS AND ROLES OF DIFFERENT SEROTYPES
AND VARIANTS OF RABIES VIRUS IN EPIDEMIOLOGY

It has been shown recently that “ classical > rabies viruses and several
virus isolates from the African continent contain a common nucleoprotein
antigen that can be detected by fluorescent antibody, complement fixation,
and precipitation techniques. They differ significantly, however, when
tested by virus-neutralization and cross-protection techniques, indicating
that the membrane proteins are different. On the basis of these findings
these viruses can be tentatively classified as follows:

Rabies-group of rhabdoviruses

Serotype 1 : prototype strain CVS, including the majority of field and laboratory strains
from different parts of the world and the newly recognized rodent isolates
from areas in Central Europe (see section 12.1.1).

Serotype 2: prototype strain Lagos Bat, isolated from pooled brains from fructivorous
bats in Nigeria.

Serotype 3: prototype strain Mokola, isolated on several occasions from shrews and
from man.

Serotype 4 : strains not yet classified, isolated from a horse in Nigeria and from
Culicoides spp. and Mansonia uniformis mosquitos.

Pathogenesis studies in experimental animals employing rabies viruses
of serotypes 1-3 showed almost identical patterns in the distribution of
the virus and in the development of the disease. The role and pathogenesis
of the 2 unclassified insect-origin viruses are not yet fully understood.
They are pathogenic intracerebrally only for suckling mice and multiply
in insect and mammalian cell cultures. Neutralizing antibodies against
one of the insect viruses are widespread among cattle in Northern Nigeria.
However, the virus has not yet been isolated from a mammalian host.

Some progress has been achieved in determining virus strain differences.
Methods available, however, are limited to strains adapted to cell cultures.
By employing cloned virus stocks and precise quantitative assay methods,
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virus strains may be distinguished by their  genetic markers * (see section
4.4), such as thermostability, host range in cell culture, capacity for replica-
tion at elevated temperatures, drug resistance, etc., or by the comparison
of their neutralization kinetics.

5. DIAGNOSIS

5.1 General considerations

In the hands of competent, well trained technicians, using satisfactory
equipment and reagents, the fluorescent antibody test is the best single
test currently available for the rapid diagnosis of rabies. However, micro-
scopic examination of brain tissue for Negri bodies, isolation of rabies
virus from tissue specimens, and, where necessary, the confirmatory serum-
virus neutralization test remain important techniques in the laboratory
diagnosis of rabies. They are particularly useful, under certain conditions,
as supplements to the fluorescent antibody test. Cell-culture methods for
the direct isolation of virus (and for serum-virus neutralization tests) remain
experimental.

5.2 Detection of virns antigen by immunochemical procedures !

5.2.1 Fluorescent antibody test (direct staining)

This test is based upon the microscopic examination of tissue specimens
for specific fluorescent staining when the tissue is placed in contact with
antirabies serum that has been  tagged > (or * labelled **) by the addition
of a fluorescent dye. Fluorescence is visual evidence of specific antigen-
antibody reaction. It has been shown that this test can establish a highly
specific diagnosis on test and field specimens within a few hours, and that
there is a high degree of correlation between the results of the fluorescent
antibody test and those of the mouse inoculation test.

It should be pointed out that the fluorescent antibody test has sometimes
given misleading results when introduced into a laboratory. The test should
thus be run in parallel with mouse inoculation for at least 1 year before
proficiency can be assured.

The use of live virus vaccines does not interfere with the laboratory
diagnosis of rabies by the fluorescent antibody test.

Recently, the fluorescent antibody test has been used to detect rabies
infection during the life of the animal. This application is based on the

1 Details of these procedures are given in Kaplan, M. & Koprowski, H., ed. (1973)
Laboratory techniques in rabies, 3rd ed., Geneva, World Health Organization (Monograph
Series, No. 23).
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demonstration of rabies virus antigen in corneal impressions, mucosal
scrapings, and frozen skin sections. The usefulness of the technique was
demonstrated experimentally and in naturally occurring cases of animal
and man. The positive test is indicative of rabies infection but a negative
result cannot rule out the existence of rabies.

Antisera for use in immunofluorescence work may be advantageously
prepared from virus nucleoprotein antigen, since such sera exhibit extremely
high specificity and titre (see sections 2.2 and 8.3).

5.2.2 Immunoperoxidase reaction

The direct and indirect immunoperoxidase staining techniques for
detecting the rabies antigen are promising procedures, which when further
evaluated may prove to be as valuable as the fluorescent antibody technique.

5.3 YVirus isolation

Intracerebral mouse inoculation coupled with the fluorescent anti-
body test or the microscopic examination of brain tissue for Negri bodies
is still one of the most useful tests in the laboratory diagnosis of rabies and
should be used whenever humans have been bitten by suspect animals and
the fluorescent antibody test is negative (see Laboratory techniques in
rabies, 3rd ed.). Suckling mice are generally more sensitive for virus isolation
and should be used if possible. The observation period may be shortened
by fluorescent antibody examination of brains of additionally inoculated
mice killed and examined 4 and 7 days after inoculation.

The Committee recommends that further studies should assess the value
of cell cultures for the isolation of rabies virus. Preliminary results indicate
that this method could be more sensitive for detection of rabies virus than
animal inoculations.

5.4 Evaluation of the immune state

The test for the presence of virus-neutralizing antibodies is considered
to be the most important method for evaluation of the immune state.

Several techniques can be applied (see section 2.5.2). The neutralization
test in mice is the most widely used. New procedures using cell cultures
can provide similar results.

6. VACCINES FOR IMMUNIZATION OF MAN

6.1 Vaccines currently in wide use

Many different techniques have been used and continue to be used in
the production of vaccines for immunization of man. Vaccines have been
of two main types; those derived from nervous tissue of adult animals
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(e.g., sheep, goats, and rabbits) or newborn animals (e.g., rabbits, rats,
and mice) and those derived from non-nervous tissue (avian vaccines).

The rabies virus for all types of vaccine is inactivated by a variety of
agents; the degree of inactivation, however, differs from residual infectivity
to complete loss of active virus. The trend has been towards inactivated
vaccines, because they lend themselves more easily to centralized production,
keep better under field conditions, especially when lyophilized, and provide
increased assurance of safety. Until recent years, the sole source of virus
for vaccine production was infected brain tissue—mostly goat, rabbit, or
sheep—and nervous-tissue vaccines are still the most extensively used.
The most common types of brain-tissue vaccine in use today are the Semple
type, using virus completely inactivated by incubation at 37°C in the pre-
sence of phenol; vaccines prepared from suckling animals, inactivated by
ultraviolet light or B-propiolactone; and Fermi-type vaccine, which is
incubated at 22°C in the presence of phenol and still contains residual infec-
tious virus. Virus grown in duck embryos and inactivated by B-propriolac-
tone has been widely used in the USA. In all instances, a Pasteur or similar
strain of fixed virus is being used for production purposes.

Duck-embryo vaccine has been developed in an attempt to eliminate
neuroparalytic factors contained in brain-tissue vaccines. Evidence today
indicates that although allergenic hazards have been reduced they have not
been completely eliminated.

The mass production of vaccines from suckling animals has been ini-
tiated in some areas, since the nervous tissue of newborn animals apparently
does not contain paralytic factors. Recent work, however, has shown that
the absence of these factors is strictly dependent in the use of suckling mice
under 9 days of age at the time of harvest. Production of this type of vaccine
should follow without change the procedures recommended in Laboratory
techniques in rabies, 3rd ed.

A vaccine obtained from virus grown in primary hamster cell culture and
inactivated by formalin has been employed on a limited scale in some
countries.

6.1.1 Recommendations for vaccines in current use

No vaccine that contains living virus should be employed in man; the
absence of such virus should be determined by the most sensitive test
available (see section 6.3). The Committee recommends that production
of Fermi-type vaccines, since they contain residual living virus, should be
discontinued.

Claims for absence of paralytic factors in nervous-tissue vaccines should
be substantiated by laboratory tests (see Laboratory techniques in rabies,
3rd ed.).
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Inactivating agents employed in the production of killed vaccine should
be safe for man and used in a concentration that will produce minimum
reaction in the vaccinated individual.

All vaccines should have passed one of the recommended potency tests
(see section 6.4).

Adequate antibody profiles of vaccinated individuals-—time, level, and
persistence of neutralizing antibodies—should be determined periodically
for different production batches of the vaccine with a view to assessing the
immunogenicity of the vaccine.

6.1.2 Strains for virus production

A carefully recorded passage history is essential before any candidate
strain can be considered for vaccine production. It is not po'ssible to know
the history of every passage of the fixed-virus strains used since the time
of Pasteur, nevertheless, the passage histories of several of these strains
have been recorded during the past few years and these may suffice.

It is essential to use a seed virus system. As the virus strains currently
available are relatively stable they may be used within 10 passages of that
passage level shown to be safe and immunogenic in man. For use in virus
production a strain should meet certain basic requirements:

(1) the strain should maintain constant behaviour when inoculated
into specified cell substrates (cell-culture vaccines), and give rise to an
expected degree of reaction when inoculated into laboratory animals by
specific routes; at the same time it should retain the maximum antigenicity;

(2) the strain must be neutralized by antirabies serum;

(3) if feasible on accepted cell substrates, the strain should be plaque
purified, and the characteristics of the plaque under specific experimental
condition recorded, preferably by photography.

WHO reference laboratories should check the characteristics of the
vaccine strains from time to time to ensure that none have changed.

6.2 Vaccines under development

Some progress has been made in the purification of nervous-tissue
vaccines by fluorocarbon extraction and other procedures. Further work
is necessary before any judgement can be made on the suitability of these
vaccines for human use. ‘

The aim of developing new types of cell-culture vaccines is to obtain
a product -that, being highly immunogenic, will permit the establishment
of a reduced dosage for vaccination of man, and thus minimize undesirable
side effects.
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Promising results have been obtained with pre-exposure and post-
exposure use of inactivated Vnukovo-32 strain vaccine grown in primary
hamster kidney-cell cultures in the USSR and Czechoslovakia. Experimen-
tal lots of concentrated purified vaccine have been prepared. Promising
results have also been obtained in France in pre-exposure prophylaxis
experiments with vaccine prepared in primary fetal bovine kidney cultures.
Preliminary experiments with both these vaccines showed their innocuity
and gave indications of a satisfactory rise in the level of serum-neutralizing
antibodies.

The Committee feels that further studies of these vaccines should be
undertaken in order to develop safety regulations for primary cell-culture
vaccines.

The Committee noted that experimental vaccines have been prepared
using adjuvants. However, this will be useful only if it permits good protec-
tion to be obtained with a very limited number of injections of the vaccine,
and provided the risk of serious postvaccinal reactions is not increased.

An inactivated vaccine produced in human diploid cells (strain Wi3g)
with a Pasteur-derived PM strain adapted to cell culture is being produced
in the USA and France. With a reduced dosage of 3 injections of this
vaccine, given 3—4 days apart in previously nonimmunized subjects, the
neutralizing antibody response is much greater than that produced by 12—14
daily inoculations of either nervous-tissue or duck-embryo vaccine. When
used as a single booster dose in previously immunized persons prompt
response is elicited, with much higher neutralizing antibody levels than
after 1 booster inoculation of duck-embryo vaccine. This vaccine therefore
offers great promise with respect to both pre-exposure and postexposure
immunization of man (see section 9.1.). It is recommended for pre-exposure
immunization of man particularly since its substrate, the human diploid-
cel strain Wi38, has been studied extensively in many countries of the
world and is used in the production of poliomyelitis vaccine.

Countries that wish to. employ cell-culture vaccines for postexposure
treatment are advised to use the same schedule of inoculations as is used
for presently employed vaccines.

6.3 Safety

Recognizing that cell-culture vaccines are now available, the Committee
recommends that any cell-culture system for cultivation of rabies virus for
the production of human vaccine should be of known origin and free of
any contaminating material, and that the cells should not undergo sponta-
neous malignant transformation during continuous cultivation in vitro,
and should show no evidence of marked karyological abnormalities.
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With the advent of cell-culture vaccines of other viruses for immuniza-
tion of man, safety requirements have been made more stringent, and the -
Committee considers that these stricter requirements should now also
apply to virus vaccines made from sources other than cell cultures. Ob-
viously, normal, healthy animals should be used in vaccine production.
Specifically, it is recommended with respect to established human rabies
vaccines that they should be free from extraneous agents and that the origin
of seed virus used for production of vaccine should be well documented
and its identity assured (see sections 6.1.2 and 8.4). In addition to the
routine use of bacterial sterility tests, consideration should also be given
to the development and use. of routine procedures for demonstrating the
absence of such contaminants as mycoplasma, toxoplasma, or agents indi-
genous to the species of animal whose tissue is being used for vaccine pro-
duction. Presence of these latter agents might be best detected by inocula-
tion of an inactivated vaccine or specifically neutralized live-virus vaccine
into the species in which it was produced, e.g., intracerebral inoculation
of sheep-brain vaccine into sheep.

The Committee considers that claims made that a vaccine contains
only inactivated virus should be substantiated by adequate tests. The
Committee calls attention to the dangers of preparing human rabies vaccine
from strains of street virus and fixed virus of uncertain history and expe-
rience. ‘ ‘

It was believed until recently that so-called < street viruses > were more
pathogenic for man than laboratory “ fixed > strains of rabies virus, which
were considered to be apathogenic by extraneural inoculation. However,
evidence is accumulating that fixed virus can be pathogenic for humans
and animals under certain conditions. Human deaths have been reported
after parenteral injection of antirabies vaccine inadequately inactivated,
and after inhalation of aerosols created during homogenization of infected
animal brains.

Detailed procedures for safety requirements are given in Laboratory
techniques in rabies, 3rd ed. In all instances it should be mandatory that
every vaccine batch is shown to be free of all living agents, including resi-
dual rabies virus, regardless of whether other safety requirements are
followed.

6.4 Potency tests

The Committee once again emphasizes the importance of establishing
the relative potency of every batch of production vaccine before its release.
.No production laboratory can assume that its product is potent. A variety
of types of potency test are now available (see Laboratory techniques in
rabies, 3rd ed.).
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Requirements for nervous-tissue and duck-embryo vaccines are under
consideration by the WHO Expert Committee on Biological Standardiza-
tion.

‘When testing newer, more potent, vaccines such as those prepared from
suckling mouse brain or cell-culture material, the relative potency should
be determined on a volumetric basis by the modified NIH test or the anti-
body binding test. Reference vaccine can also be used to monitor the
sensitivity of the test system if the Habel test is applied. In those cases in
which vaccines may exceed conmsiderably the requirements of the Habel
test, but fail in the NIH test (or vice versa) it is suggested that comparative
tests be run by a WHO Reference Centre for Rabies.

Adequate serum-neutralization antibody responses should be demons-
trated in man before any newly developed vaccine is tested in the field,
whatever its antigenic value may be. A vaccine must have sufficient stability
to be potent at the time of use and not merely when first produced, and it
is thus recommended that all production laboratories take particular care
to determine the proper expiry dates for their products.

7. VACCINES FOR IMMUNIZATION OF ANIMALS

7.1 YVaccines of established value

Several of the vaccines listed in Table 2 are of established value and
have been used throughout the world. These include chick-embryo vac-
cines prepared from the low egg passage (LEP) and from the high egg
passage (HEP) Flury strain of the modified live virus (MLV), as well as
inactivated nervous-tissue vaccines prepared from the brains of goats or
sheep infected with fixed strains of rabies virus.

When of proven potency, these vaccines have been found effective for
pre-exposure use under field conditions in large numbers of animals of
various ages and breeds. They have, however, contained large quantities
of the tissue from which the vaccine was prepared and as a result have been
responsible for undesirable reactions in many animals, especially when
repeated injections have been administered. The newer vaccines have
therefore been developed to provide safer but equally potent or more potent
products for use in animals.

7.2 Newer vaccines for animals

These include cell-culture vaccines and suckling mouse-brain (SMB)
vaccine (see Table 2). The MLV vaccines utilize special cells of animals,
either primary cell cultures or selected continuous cell lines. The strains
of virus used in the production of MLV cell-culture vaccines have included
the established LEP or HEP strains, the ERA strain, and the Vnukovo
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TABLE 2. CURRENT RABIES VACCINES FOR USE IN ANIMALS

Regimen recommended
Vaccine ugg‘gn Primary immunization
Booster dose
dose(s) animal’s age route
LIVE VIRUS
Chick embryo
low egg passage dogs 1 3 months & 1 year® i.m. every 3 years
Flury (LEP Flury)
high egg passage dogs 1 3 months i.m. annually
Flury (HEP Flury) cats 1 3 months i.m. annually
cattle 2 as required i.m. annually
(1 month
apart)
Kelev @ dogs 1 3 months & 1 year i.m. annually
cattle 2 as required i.m annually
Cell culture
canine kidney dogs 1 3 months & 1 year? i.m. every 3 years
(HEP Flury) cats 1 3 months i.m. annually
cattle 2 as required f.m. annually
(6 weeks
apart)
porcine kidney (ERA) dogs 1 3 months & 1 year? i.m. every 3 years
cats 1 3 months i.m. annually
cattle 1 4 months i.m. every 3 years
horses 1 4 months i.m. every 2 years
sheep, 1 4 months i.m. annually
goats
chick embryo fibro- dogs 1 3 months & 1 year? i.m. every 3 years
blasts (LEP Flury)
hamster kidney dogs 1 3 months & 1 year?| - i.m. every 3 years
(LEP Flury)
hamster kidney @ dogs 1 3 months & 1 year i.m. annually
(Vnukovo-32) cats 1 as required i.m. annually
cattle 1 as required i.m. annually
horses 1 as required i.m. annually
sheep, 1 as required i.m. annually
goats
INACTIVATED
Neryous tissue
suckling mouse brain dogs 1 3 months & 1 year i.m. every 2-3 years
(fixed virus) cats 1 3 months i.m. annuatly
cattle 1 as required i.m. annually
caprine, ovine dogs 1 3 months i.m. or s.c. annually
(fixed virus) cats 1 3 months i.m. or s.c. annually
cattle 1 as required i.m, or s.c. annually
Cell culture
hamster kidney dogs 2 3 & 4 months i.m. or s.c. annually
(fixed virus) cats 2 3 & 4 months i.m. or s.c. annually
cattle, 2 as required i.m. or s.c. annually
horses
sheep, 2 as required i.m. or s.c. annually
goats
porcine kidney @ dogs 2 3 & 4 months i.m.ors.c. every 1-2 years
(LEP Flury) cats 2 3 & 4 months i.m. or s.c. every 1-2 years
. cattle 2 as required i.m. or s.c. annually
horses 2 as required i.m. or s.c. annually
sheeps, 2 as required i.m. or s.c. annually
goats '

@ These vaccines have not been included in the comparative immunization studies on which
the recommendations for 'the other vaccines have been based. Recommendations for these
vaccines are based on the best information available to the Committee, according to the type of
vaccine described.

5 |n mass vaccination programmes the schedule of primary immunization can consist of only
1 inoculation given each year to all dogs between 3 months and 1 year of age.
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strain. Preparations of the inactivated cell-culture vaccines have utilized
animal cells infected with either fixed virus or LEP. Fixed-rabies virus
strains have been utilized in the production of SMB vaccine. These vac-
cines have been used in millions of animals during the past few years.

Recent comparative vaccine studies conducted in the USA in adult
dogs with MLV cell-culture and LEP chick-embryo vaccines showed that
a single dose of vaccine provided a duration of immunity of 3 years. A
single injection of the SMB vaccine provided protection of all the vaccinated
dogs for 1 year and of 80% for 3 years. Best results were obtained with an
experimental inactivated and purified brain-tissue vaccine, which using
the volumetric method of the NIH-test showed an antigenic value 10 times
that of the next best inactivated vaccine used. A single dose of the inac-
tivated hamster kidney-cell-culture vaccine, however, was not as effective
as the MLV cell-culture or chick-embryo types for either 1 or 3 years
duration.

Recent comparative vaccine studies conducted in Latin America in
adult cattle with MLV cell-culture and HEP chick-embryo vaccines, and
the inactivated SMB vaccine showed that a single dose provided a duration
of immunity of at least 1 year. The ERA vaccine provided protection for
3 years.

Newer vaccines including MLV cell-culture and chick-embryo vaccines
and the inactivated SMB vaccine are also available for use in cats (see
Table 2). They provide a 1 year period of immunity when used as recom-
mended by the producer.

7.3 Selection of animal rabies vaccine

In selecting the animal rabies vaccine that is most desirable, rabies
control officials of each country must realize that there are certain advan-
tages and disadvantages to each type. They can expect good results from
any of the vaccines listed in Table 2 in the species for which it is recommen-
ded, provided that the vaccine lot chosen has been tested and proven safe
and effective, and assuming that the vaccine is shipped, stored, and used
properly to maintain its safety and efficacy.

Generally, the primary concern of a veterinarian or rabies control
official is whether to use an MLV or an inactivated type of rabies vaccine.
In many areas, both types are useful. However, many officials in rabies
control programmes must rely on only one type of vaccine and therefore
need a universally acceptable type that is safe for use in any species of
animal yet has the necessary potency to provide them with dependable
protection. Such a vaccine should be stable enough under field conditions
to assure its potency for at least 12 hours without refrigeration. It should also
be economical for use in animals. In addition to the information given in
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Table 2 many data on animal vaccines including criteria for their proper
use are contained in various sections of this report.

7.4 Safety tests

Several types of safety test have been prescribed by national authorities
for the various MLV and inactivated rabies vaccines. Specific tests described
in the third edition of Laboratory techniques in rabies should be carefully
followed.

For inactivated vaccines, tests should be carried out for innocuity,
sterility, and physicochemical properties (pyrogens, pH, inactivating agents,
etc.).

For MLV vaccines, the maximum concentration of virus per dose
should be determined. This maximum should not be exceeded in production
lots because ample evidence is now available that pathogenicity is often
correlated with the amount of rabies virus inoculated into an animal.

It is recommended that all animal rabies vaccines be tested by direct
inoculation of the species for which they are to be used.

7.5 Potency tests

Standard potency tests for living and inactivated vaccines and the
general principles underlying them are described in Laboratory technigues
in rabies, 3rd ed. These principles and tests should be carefully followed.
Several proposals have been made for the use of different criteria for potency
tests, such as the infectivity, titre of modified live-virus vaccines and the
capacity to produce serum-neutralizing antibodies. The Committee empha-
sizes that such tests cannot be accepted as a substitute for potency tests
involving direct challenge of vaccinated animals with rabies virus. Only
by the latter procedure is it possible to obtain firm assurance that a particular
vaccine affords specific and adequate protection.

No vaccine should be approved for use in the field unless an adequately
designed experiment has demonstrated a duration of immunity of at least
1 year in the species of animal for which the vaccine is to be used.

8. REFERENCE MATERIALS AND VIRUS STRAINS

8.1 International reference vaccine

The stability of the current International Reference Preparation of
Rabies Vaccine, which was established in 1965, has been checked at regular
intervals. The results, reported annually to the WHO Expert Committee
on Biological Standardization, have not revealed any undue instability of
the preparation. ‘



SIXTH REPORT 25

National laboratories are urged to prepare their own stock of reference
vaccine, which should be calibrated against the International Reference
Preparation; it can then be supplied to routine production laboratories
within the country. Where it is not possible to establish a national reference
vaccine, reasonable amounts of the International Reference Preparation
will be supplied to countries wishing to test the relative potency of a large
production batch of a vaccine.

Ideally, national reference vaccines should be used in the potency test
of every production lot of vaccine by standard procedures as described
in Laboratory techniques in rabies, 3rd ed. Besides the Habel test and the
original NIH test, volumetric tests such as the modified NIH test are now
available for the calibration of national reference vaccines and determination
of the relative potency of a single dose for man of vaccines to be released.
The Committee draws attention to the fact that 1 ml of the current Interna-
tional Reference Preparation, when rehydrated as instructed (equivalent
to a 10% rabbit-brain suspension), represents a theoretical single dose for
man.

In view of the development of highly potent and purified vaccines, which
will permit, it is hoped, a considerable reduction in the number of inocula-
tions needed for postexposure treatment, the Committee recommends
that a relevant reference vaccine be developed to match the safety and
potency of each future vaccine type. Sufficient quantities of such candidate
reference vaccines should be prepared, and they should also be available
for comparative studies in man.

8.2 Imternational Standard for Antirabies Serum

It is emphasized that the established International Standard for Anti-
rabies Serum is intended for the assay of therapeutic antirabies serum.
The quantitative assay and potency test of antirabies serum is described in
Laboratory techniques in rabies, 3rd ed. National reference laboratories
should develop antirabies sera of specified potency, in terms of International
Units per ml, to be used for this test as well as for other tests, such as the
antibody binding test for vaccine potency. It is suggested that the potency
of such antirabies sera be determined in comparative studies carried out
at the national reference centre and at least one WHO Rabies Reference
Centre.

8.3 Reference reagents for diagnostic purposes

Since the rabies group of rhabdoviruses comprises different serotypes
that may be the cause of disease of the central nervous system (see section
4), reagents should be prepared and standard techniques be established
that permit clear differentiation of serotypes in the virus-neutralization test.



26 RABIES

Moreover a high-titre serum reacting in the fluorescent antibody and
complement fixation tests only with the common nucleoprotein antigen of
the rabies group of rhabdoviruses is urgently needed, to facilitate rapid
classification of agents that may otherwise be difficult to identify.

The Committee recommends that such reagents be prepared, that com-
parative tests be carried out in at least 3 laboratories, and that protocols
with results be examined by WHO with a view to the adoption of the
reagents as International Reference Reagents.

8.4 Seed virus strains

Care should be taken to check the virus strains maintained in individual
laboratories for potency and safety at regular intervals (see sections 6.3,
6.4, 7.4, and 7.5). Should it be necessary, fresh seed strains may be obtained
from one of the WHO Reference Centres (see Annex 2). The following
strains, which have been proved to meet the above requirements, are made
available through these Centres:

1. PV-11 strain of Pasteur rabbit fixed rabies virus; !

Paris Pasteur strain of rabbit fixed rabies virus;

CVS mouse-brain strain of fixed rabies virus;

LEP Flury (40-50 passages) chick embryo-adapted rabies virus;
. HEP Flury (227-230 passages) chick embryo-adapted rabies virus;
. Kelev (> 100 passages) chick embryo-adapted rabies virus;

N v oA W

. ERA strain of SAD virus (35-45 passages), porcine cell culture;

8. The Vnukovo-32 strain of SAD virus (90-100 passages at 32°C), in
primary hamster kidney-cell cultures, for live and killed-virus vaccine.

9. PREVENTION OF RABIES IN MAN

9.1 General considerations

Before any decision can be made with confidence regarding treatment
of the exposed person, information must be available as to whether the
biting animal was rabid. An important preliminary step in obtaining this
information may be the confinement and observation of the biting animal.
This should be for a period of 10 days for dogs and cats, preferably under
the supervision of a veterinarian. Biting wild animals should be killed after
they have bitten and examined using fluorescent antibody technique.

1 Also designated as the Pitman-Moore (PM) strain.
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The Committee also suggests that under certain circumstances unvac-
cinated dogs that bite without provocation may be killed for immediate
examination of segments of the brain stem, cerebellum, and Ammon’s horn
by the fluorescent antibody technique, in order to avoid human treatment
if the brain is negative. The decision to adopt this course should be condi-
tional on the following considerations:

(a) the presence of rabies in the area;

(b) the agreement of health authorities and the dog owner to kill the
dog;

(c) the presence of a reliable rabies diagnostic laboratory with fluores-
cent microscopy facilities.

Tnitiation of treatment in severely exposed persons should never await
the results of laboratory diagnosis; in any event, local treatment is usually
completed and serum and/or vaccine therapy instituted before the laboratory
report is received. A report from a reliable laboratory indicating absence
of rabies (see section 5) usually justifies cessation of treatment. However,
in some circumstances the physician may be justified in continuing or even
initiating treatment despite such a report, for example when a person has
been bitten by a wild animal or an unprovoked dog or cat.

The Committee emphasized that the most valuable procedure in post-
exposure treatment is the local treatment of wounds. This should be done
by thorough washing with soap and water, and the use of potent anti-
rabies serum applied locally and infiltrated around the wound.! Local
treatment of wounds is of maximal value when applied very early after
exposure (within minutes if possible), but it should not be neglected even
if several hours or days have elapsed.

The Committee expressed the conviction that the combined adminis-
tration of antirabies serum and vaccine, together with local treatment, pro-
vides the best possible prophylaxis of rabies in an exposed person. It is
therefore strongly recommended that this procedure be adopted in all
cases of severe exposure. It is not intended to suggest, however, that its
use is not justified in all genuine cases of exposure, even of a mild nature.
On the other hand, it must be recognized that long-term experience has
shown the use of a potent vaccine alone to be quite effective in mild expo-
sures. It is also important to realize that deleterious reactions are possibie
following the use of either heterologous antirabies serum or antirabies
vaccine. Reactions due to antirabies serum can be minimized if antirabies
serum of human origin is used.

The blocking by antirabies sera of the active antibody response to vaccine
has been confirmed. In view of this and other findings, the Guide for Post-

1 See Annex 1 for further details.
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exposure Treatment published in the fifth report of the Committee has
been slightly modified. The new version of this Guide is given in Annex 1.

Improvements in the safety and potency of rabies vaccine have been
made. On the evidence of studies to date, vaccines of cell-culture origin
for human use may now be used in postexposure treatment, since they
offer distinct advantages over existing products from the standpoint of
both safety and efficacy (see also section 6).

9.2 Local treatment of wounds

Prompt and adequate treatment of all bite wounds and scratches possi-
bly contaminated with rabies virus is of paramount importance. Immediate
first-aid procedures recommended are the flushing and washing of the
wound with soap and water, detergent, or other substance of proven lethal
effect on rabies virus (see Annex 1). Although judicious use of concentrated
nitric acid in puncture wounds has its advocates, there is no evidence that
this product is more effective than quaternary ammonium compounds or
20% liquid soap solution. Bite wounds should not be immediately sutured.

The local application of antirabies serum has been shown to be highly
effective in preventing rabies in experimental animals. Its use is recommen-
ded in all cases of human exposure. Sensitivity to serum should be deter-
mined prior to its use.

The application of ordinary antiseptics and antibiotics or antitetanus
procedures, when indicated, should follow the local treatment recommended
above.

9.3 Vaccine application

The vaccination schedule recommended 1in a given situation is still
dependent on the type of vaccine used and on its potency. In many coun-
tries today a full schedule of 14-21 daily inoculations is being used but
some countries have adopted reduced vaccination schedules of 7-10 daily
inoculations. Where such reduced schedules are being followed, it is most
important that 3 booster inoculations should be given 10, 20, and 90 days
after the last inoculation of the original series. In 2 countries, France
and India, this reduced schedule has been based on antibody profiles in
man (time, level, and persistence), antigenic vaccine values of 1-2 accord-
ing to the NIH test, and anindex of protection of more than 104 (10 000)
in the Habel test. Whenever a country is considering the reduction of the
vaccination schedule it is recommended that a similar procedure be
implemented. Booster doses are imperative when combined serum and
vaccine treatment is employed, regardless of the vaccine or schedule used.

For vaccines that pass the potency test, a dose of vaccine is defined as
that quantity indicated by the producer before the vaccine lot is subjected
to the potency test. This established dose should not be modified even if a
high potency test value is achieved on a particular lot of vaccine.
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9.4 Antirabies serum-vaccine application

9.4.1 Antirabies serum, heterologous origin (equine, rabbit, other animals)

Antirabies serum and its globulin fractions are of proven effectiveness
in preventing rabies. Potent antirabies serum has been produced in horses,
mules, donkeys, and other animals using different methods of hyperimmuni-
zation and of purifying and concentrating the resulting serum. It is suggested
that the antigen used for immunizing the animals should be of cell-culture
origin or from animals of a species different from that used for the prepara-
tion of vaccine for human use. The species used to prepare antigen for the
production of antirabies serum should be stated on the label of the product
when dispensed.

It is recommended that heterologous antirabies serum, when employed,
be given as promptly as possible, irrespective of the interval between expo-
sure and treatment. Serum should be administered intramuscularly in a
single dose of 40 IU per kilogram of body weight and followed by a course
of 14 doses of brain-tissue vaccine or of 14 doses or more of duck-embryo
vaccine. Because the administration of serum interferes with the produc-
tion of measurable antibody induced by the vaccine, booster injections of
vaccine are recommended 10, 20, and 90 days after completion of the
vaccination schedule.

9.4.2 Rabies immune globulin, human origin

This has now been prepared by current large-scale production proce-
dures and has been tested in a large number of human volunteers.

All lots of this preparation should contain 150 TU of rabies antibody
per ml, thus allowing for a simple standard calculation of the dose to be
administered. The dose recommended is a single administration of 20 IU
per kg of body weight, followed by a course of 14-21 doses of vaccine,
depending on the vaccine used, and 3 additional booster doses of vaccine,
as indicated for heterologous serum.

Until human antirabies immunoglobulin becomes more generally avail-
able, heterologous antirabies serum will have to be used in many countries
for people who have suffered severe rabies exposure. Where antirabies
sera are not now available, their production should be encouraged.

9.5 Guide for postexposure treatment

The guide for postexposure treatment published in the fifth report
of the Committee has been revised to take account of findings during the
past 6 years. The revised guide will be found in Annex 1.
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9.6 Pre-exposure immunization

Persons who run a high risk of repeated exposures, such as laboratory
staff working with rabies virus, veterinarians, dog handlers, field natural-
ists, etc., should be protected by pre-exposure immunization. Such immu-
nization consists of a short course of 3 injections of a potent antirabies
vaccine, preferably free from paralytic factor, at 5-7-day intervals, followed
by a booster injection of vaccine 1 month after the last dose. The presence
of virus-neutralizing antibody in vaccinated individuals should be ascertained
on a serum sample drawn 1 month after the booster injection. If negative,
booster doses should be repeated until antibodies become demonstrable.
Further booster injections should be administered at intervals of 1-3 years
as long as the exposed person remains at risk. ‘

Sufficient information is now available to permit the Committee to
recommend that a person who, as a result of pre-exposure or postexposure
treatment, has demonstrated an antibody response in the past, be given 1
booster dose when subsequently exposed to rabies. Persons who have
failed to develop neutralizing antibody after pre-exposure treatment should
receive a full course of antirabies treatment when exposed or re-exposed.
Persons who have previously received postexposure treatment with a proven
immunogenic vaccine but whose peutralizing-antibody titre has not been
determined should receive 4 doses of a potent vaccine on days 0, 10, 20,
and 90 after re-exposure.

9.7 Complications of antirabies treatment

9.7.1 Antirabies serum

Reactjons to antirabies equine serum, even though the serum is concen-
trated and purified, occur with approximately the same frequency as with
other sera of animal origin. Careful questioning about a past history of
allergy and the routine use of an intradermal or ophthalmic test for sensi-
tivity will avoid the risk of an immediate anaphylactic type of reaction.
If the sensitivity test proves positive, the usual precautions of desensitization
should be followed and, if possible, serum produced in another species
should be used.

Serum sickness occurs in approximately 15-25% of persons given
heterologous serum of equine origin; it is less frequent in persons below
15 years of age. Incidence can be reduced by the administration of a large
dose of an antihistamine drug simultaneously with the serum and further
sustaining doses for several days afterwards. Persons from families with
a history of connective-tissue disease, such as generalized chronic arthritis
or lupus, may require special considerations.

Among the large number of people throughout the world who have
received human immunoglobulin products other than antirabies products
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there have been a few isolated instances of angioneurotic oedema, nephrotic
syndrome, and anaphylactic shock after injection. Because of their rarity,
it is difficult to determine whether such reactions are incidental, or causally
related to the immunoglobulin. Slight soreness at the site of injection and
a slight rise in temperature may be noted at times. Sensitization to repeated
injections of human immunoglobulin is extremely rare, if it occurs at all.
No instances of transmission of viral hepatitis type B have been reported
following the use of human immunoglobulin prepared by the Cohn method
of ethanol fractionation.

9.7.2 Nervous-tissue vaccine

It is known that the incidence of neuroparalytic accidents following
a course of nervous-tissue vaccine varies from one country to another. The
Committee recognized that it is impossible at present to determine the basis
of these apparent differences, but any consideration must take into account
factors such as the population involved, the physiological state of the indi-
vidual, the species of animals used in vaccine production, the method of
inactivation of the vaccine, and the dosage schedule. The incidence of these
complications is sufficiently high in certain areas of the world to justify
further efforts to eliminate the factors responsible. It should be noted that
paralytic accidents have occurred when brain tissue from mice older than
9 days has been used for vaccine production (see sections 6.1 and 6.2).

When signs of neuroparalysis develop, the following possible procedures
are suggested, although scientific evidence of their effectiveness is not
available. If, in view of the degree of original exposure, the amount of
immunization already obtained is considered adequate, further vaccine
administration may be discontinued; if further immunization is indicated,
vaccine prepared from non-nervous tissue should be used in place of brain-
tissue vaccine.

9.7.3 Vaccines prepared from avian embryos and other non-nervous-tissue
vaccine

Persons known to be sensitive to egg protein should not ordinarily be
given vaccines of avian origin without proper precautions. Local reactions,
including lymph adenopathy, commonly occur when duck-embryo vaccine
is used, and neuroparalytic or other severe generalized reactions may also
occur, but less frequently than with nervous-tissue vaccine. Precautions
should also be taken with respect to cell substrates used in other non-nervous-
tissue vaccine.
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10. TREATMENT OF CONFIRMED RABIES IN MAN

Although rabies encephalomyelitis in man has until recently almost
inevitably ended fatally, it is the feeling of the Committee that modern
means of treatment might provide some hopes for recovery. A rabid patient
should be isolated in an intensive medical care unit and treated along the
following lines:

(1) Relieve anxiety and pain by liberal use of sedatives in a quiet envi-
ronment.

(2) Ensure respiratory function by means of tracheotomy and artificial
respiration.

(3) If spastic muscular contractions are present use drugs with a curare-
like action.

(4) Ensure hydration and diuresis by intravenous perfusions and the
administration of diuretics. Cardiac failure should be prevented by constant
monitoring, ‘

Personnel attehding rabid patients should be warned against possible
contamination, and should wear goggles, mask, and rubber gloves.

11. CONTROL OF RABIES IN DOMESTICATED ANIMALS

11.1 Specific immunization

11.1.1 Dogs

The Committee considers prophylactic vaccination of dogs against
rabies to be one of the most important weapons in rabies control and urges
countries where infected areas exist to adopt vaccination programmes
for their canine population. ,

To standardize rabies vaccination procedures throughout the world,
the Committee recommends that all dogs receive their primary vaccination
at the age of 3-4 months and a booster approximately 1 year later.? Any
of the vaccines listed in' Table 2 may be used. Recommendations for the
primary immunization of dogs are 1 dose of MLV or nervous-tissue vaccine
or 2 doses of inactivated cell-culture vaccine. Annual boosters are recom-
mended if any vaccine other than one of the MLV or SMB types is used.
With the exception of some adjuvant vaccines, the intramuscular route of
administration is recommended for every type of vaccine used. The dose
of vaccine to be injected should be indicated by the producer.

1 See also footnote ““ 5™ to Table 2, p. 22.
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When puppies less than 3 months of age must be vaccinated, inactivated
vaccine should be used. These animals should be revaccinated with any
potent rabies vaccine as soon as possible after they reach the age of 3
months.

As with the LEP Flury chick-embryo vaccine, there is no evidence with
any of the newer MLV rabies vaccines of cell-culture origin that there is a
danger of transmission to man or animals through saliva of the vaccinated
dog. The Committee also found no evidence for the existence of a street
virus carrier state in exposed dogs immunized with rabies vaccine,

11.1.2 Cats

Cats may be effectively immunized with any of the inactivated or MLV
vaccines, but the LEP Flury strain of virus should not be used since it
may in some cases prove pathogenic. Owing to the paucity of data re-
garding duration of immunity in cats, the Committee recommends annual
revaccination of these animals. As with dogs, cats should be vaccinated at
approximately 3 months of age with the dose recommended by the man-
ufacturer of the vaccine used.

11.1.3 Cattle

Rabies in cattle remains a serious economic problem in certain areas of
the world, notably Latin America. Mass vaccination of cattle is recommen-
ded in many of those countries where vampire-bat rabies is a problem. In
most other countries of the world, rabies vaccination of cattle is not routi-
nely practised. However, under certain conditions of canine or wildlife
rabies, mass vaccination of cattle may be indicated for economic or
public health reasons.

The ERA strain of rabies vaccine has proved to be effective in protecting
cattle from the disease. In laboratory and field studies it has provided a 3-
year duration of immunity following a single intramuscular injection.
Other vaccines listed in Table 2 have been tested in cattle and are quite
satisfactory when used as prescribed by the manufacturer.

All vaccines for cattle should meet the safety and potency requirements
discussed in sections 7.3 and 7.4.

11.1.4 Other species

The Committee strongly recommends that living antirabies vaccines
should not be used in any species of animal without previously determining
the safety as well as the efficacy of the vaccine for the particular species
in question. Vaccines containing inactivated virus may be safely used in
most if not all species, although the dosage required and the degree and
duration of immunity elicited are largely unknown. Vaccines listed in
Table 2 may be used as indicated in horses, sheep, and goats.
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Insufficient data are available to permit recommendations to be made
with respect to the efficacy of vaccines in wild animals. When such animals
are kept as pets or used in zoos or exhibitions, they should be vaccinated
with an inactivated type of rabies vaccine, since certain MLV types may
prove pathogenic in some species. The dose of inactivated vaccine to be
used should be in keeping with that recommended for use in domestic
animals of a similar size.

11.2 Control procedures in domesticated animals

11.2.1 Mass immunization of dogs and cats

Since approximately 1 month is required for canine vaccines of either
type to elicit a maximum level of immunity, restrictive measures (leashing,
confinement) for dogs during an epidemic may be suspended 30 days after
completion of the mass vaccination programme.

With regard to methods to rid an area of endemic or epidemic canine
rabies, no significant degree of success can be expected unless there is a
well organized, intensified programme for swift mass immunization in
addition to elimination of stray dogs (see section 11.2.2).

In national programmes of canine rabies eradication, high priority
should be assigned to areas that are known to be principal foci of the in-
fection. Such foci are usually constituted by the major metropolitan areas.
In such areas, emphasis should be given to the need to carry out the mass
vaccination of dogs in the shortest possible time.

It is recognized that canine rabies can constitute a constant problem in
countries with limited economic and professional resources to implement
large-scale programmes. Under such conditions, dispersion of effort,
resources, and manpower should be avoided, and the total effort should
be directed towards obtaining successful programme development in stra-
tegically important areas. Areas of secondary importance should not,
however, be neglected ; these should be the object of other activities related
to rabies control, such as health education, regular canine vaccination
clinics, and stray-dog control (see footnote on p. 35).

The programme should be directed towards the swift reduction of
susceptible animals, which can be achieved by the immunization of at
least 70% of the entire dog population of the area in the shortest possible
period. The use of tags or coloured plastic collars has proved very useful
in identifying vaccinated dogs and has contributed considerably to the
success of vaccination campaigns.

Canine immunization should be made an integral part of all long-range
rabies control programmes and, as a sound public health procedure, dog
owners should be encouraged to have their pets vaccinated as soon as
possible after they are 3 months of age.
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The Committee again stresses that all vaccines used for immunization
should have previously passed an adequate potency test (section 7.5).

In endemically infected areas, and in rabies-free areas faced with the
constant danger of introduction of the disease, continued programmes of
vaccination should be adopted that will at least provide for the vaccination
of previously unvaccinated dogs and for the revaccination of all dogs as
recommended in this report (sections 7.1 and 11.1.1).

Since rabid cats may present a serious problem, cat owners should be
encouraged to have these pets immunized. Furthermore, cats should be
included, if possible, in mass immunization programmes. Vaccines recom-
mended for use in cats are included in section 11.1.2.

11.2.2 Elimination of stray dogs 1

The stray dog remains a threat in the transmission of rabies and, there-
fore, an efficiently conducted programme for the elimination of these
animals is necessary. Such a programme requires the operation of a local
pound or animal shelter in which strays may be temporarily held, and if
unclaimed at the end of a short period, destroyed. In the event of an out-
break in previsouly rabies-free areas the elimination of stray dogs should
be begun promptly and continued with the maximum effectiveness.

The practice of making stray and impounded animals available for
adoption as pets should be suspended during outbreaks of rabies in a com-
munity. Prior to release, rabies vaccination and registration should be
carried out. Personnel responsible for the programme must be properly
equipped and trained in the care and management of animals, the basic
principles of animal disease control, and first-aid procedures (see also
section 9.6 and Annex 1).

11.2.3 Administrative aspects of rabies control

Experience has shown that the efficient organization of a rabies control
programme is best accomplished by means of a central authority headed
by a public health officer, preferably a veterinarian who has full executive
power and who devotes his full time to this work. The development of a
programme throughout a state or province under the direction of a public
health veterinarian can ensure effective uniformity of control practices at a
local level. In his capacity as coordinator of the state or provincial control
operations, this officer should also be responsible for the following activities
to ensure an effective programme:

(a) working closely with committees of all interested groups in disse-
mination of information on current control procedures;

1 This term is intended to include pariah dogs of South Asia and unsupervised dogs
found roaming the streets.
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(b) enlisting the support of all interested official agencies, livestock
organizations, animal protection societies, and kennel and sportsmen’s
clubs;

(¢) establishing surveillance of the disease (this includes the collection
and analysis of human and animal morbidity data and data on animal
bites, rabies exposure, rabies cases, vaccinations, and postvaccinal side
effects); ‘ '

(d) arranging regular exchange of information with neighbouring states
on the state of the infection and its control;

(e) developing and improving the reporting system and the interpretation
of findings in close collaboration with the diagnostic laboratory, and pro-
viding information on the geographical movement of infection throughout
the state;

(f) improving methods for shipment of specimens to laboratories and
methods for collection, impoundment, and destruction of stray dogs;

(g) conducting training courses and research projects in various phases
of rabies control;

(h) promoting a continual and energetic publicity campaign;

(i) selecting a satisfactory method of identifying vaccinated dogs and
cats;

(j) arranging for pre-exposure rabies prophylaxis for personnel work-
ing in field aspects of rabies control programmes (see section 9.6);

(k) arranging for some form of rabies control organization, especially
surveillance, to be continued where the disease is reduced or even eliminated;
a suitable structure should be maintained to deal with resurgence or reintro-
duction of the disease.

(D) extending the programme to include control of wild animal species
(jackals, coyotes, wolves, mongooses, etc.) and feral or pariah dogs, where
these play an important role in epidemics of canine rabies.

11.2.4 Handling of dogs and cats bitten by rabid animals

The Committee strongly urges that unvaccinated dogs, cats, and other
pets bitten by a known rabid animal should be immediately destroyed.

If the animal has been previously vaccinated within 3 years with live
rabies vaccines or within 1 year with other vaccines, revaccination and
restraint (leashing and confinement) for at least 90 days should be carried
out.

Rapid epidemiological investigation of exposed persons and animals
is most important so that immediate preventive and control measures can
be taken.
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11.3 International transfer of animals

"~ A rabies-infected area can be considered one where an indigenously
acquired rabies infection has been confirmed in man or animals at any time
during a previous 2-year period.

The following measures should be taken when animals are imported
from countries where rabies is known to exist.

Dogs and cats

(1) Countries now free from rabies should continue either to prohibit
the importation of dogs and cats or to subject them to a prolonged period of
quarantine, preferably 4 months or more, at the port of entry or at an
approved quarantine kennel. If the quarantine period is only 4 months,
leashing of dogs and surveillance for an additional 2 months are recom-
mended. The use of an inactivated vaccine soon after entry into quarantine
is recommended for both dogs and cats.

(2) Where strict quarantine measures are impracticable, as, for instance,
in countries with extensive land borders and with rabies already present in
domestic or wild animals, the following measures are recommended:

(a) Dogs and cats should be vaccinated not less than 30 days and not
more than 1 year prior to request for entry or disembarkation.

(b) Certificates of vaccination signed by the appropriate veterinary
authorities in the country of origin should accompany each animal
(see Annex 3). Where doubt exists as to the potency of the vaccine
used in the animal’s country of origin, the animal should be considered
to be unvaccinated.

(¢) Unvaccinated animals should be vaccinated upon arrival and quaran-
tined for not less than 30 days,! and should be kept under surveillance
and not allowed to run at large for an additional 60 days. Where strict
quarantine measures  are impossible to apply, surveillance and move-
ment restrictions should be imposed for 90 days following vaccination
on arrival.

(d) The Committee strongly recommends that WHO, in cooperation
with FAO and OIE, should develop an international rabies vaccination
certificate for future use in international transfer of dogs and cats.

(3) In countries free from rabies but where prolonged quarantine meas-
ures cannot beinvoked, measures 2 (a), 2 (b), and 2 (¢) above may be applied.
This recommendation should not be construed, however, as discouraging
the application of the more stringent measures recommended under (l)jabove.

! In special cases, e.g., for guide dogs for the blind (* seeing-eye dogs™), special
arrangements for supervision and restraint other than quarantine may be made for
humane reasons. Such special arrangements may even be adaptable to conditions in
rabies-free areas.
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Other mammals

The Committee noted that the number of reported rabies cases in wild
animals (namely carnivores and nonhuman primates) acquired as pets is
increasing. In view of this possible source of human exposure it is recom-
mended that national authorities either prohibit the trade in such animals
from endemic areas or institute adequate quarantine measures combined
with vaccination * (see sections 11.3 and 11.1.4).

Similar precautions should be taken when wild mammals from endemic
areas are acquired for zoos, exhibitions, medical research, or commercial
breeding.

12. CONTROL OF RABIES IN WILDLIFE

12.1 Terrestrial animals

12.1.1 Epidemiology and ecology of wildlife rabies

Rabies exists in two epidemiological forms: urban rabies, propagated
principally in dogs, and rabies in wildlife. 'Wild carnivores appear to be
the main transmitters of epidemic and endemic wildlife rabies. They are
highly susceptible and will excrete virus in the saliva; these conditions,
in conjunction with high population density and turnover and long incu-
bation periods, assure the maintenance of the infection despite its fatal
course in the animal. Within a given ecosystem there are apparently only
1 or 2 species responsible for the perpetuation of the rabies epidemic, e.g.,
the red fox (Vulpes vulpes) in central and western Europe and the red fox
and raccoon dog (Nyctereutes procyonoides) in eastern Europe. More or
less independent epidemics are maintained in various parts of North Amer-
ica by foxes (Vulpes fulva and Urocyon cinereoargenteus), skunks (predo-
minantly Mephitis mephitis), and raccoons (Procyon lotor). A comparable
role appears to be played by mongooses (including meerkats), jackals,
wolves, and stray dogs in the tropics and subtropics and by polar foxes
(Alopex lagopus) in arctic regions. Other wild carnivores do not appear
to maintain a rabies epidemic in the absence of rabies in the main host
but they may be important, together with the main species, in the trans-
mission of the disease to wild herbivores, domestic animals, and man.

The introduction of the small Indian mongoose (Herpestes auropuncta-
tus) into some of the Caribbean Islands has resulted in the propagation
of the disease and this species now represents a major public health pro-
blem, since it attacks domestic animals and man.

1 These measures are equally applicable to movements of animals within national
boundaries.
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Latent infection has not been found in foxes or Mustelidae in Central
Europe or the USA, nor has strong evidence for abortive infections been
detected. The annual reproductive capacity of foxes provides a new gener-
ation of susceptible individuals amounting to approximately 70% of the
total population. Vulpine rabies is highly dependent upon population
density. With a high fox density (as measured by hunting records) rabies
spreads rapidly and kills up to 60% of the fox population, while in low-
density areas rabies tends to become undetectable or to disappear; at an
intermediate density an endemic state is reached.

Examination of thousands of small wild rodents in endemic rabies
areas in the Americas has revealed no rabies infection, indicating that
these animals do not serve as reservoirs of the disease in nature. However,
in parts of Europe repeated isolations of rabies viruses with unusually
low virulence in early mouse passages have been made from wild rodents
(Microtinae and other Muridae). These have not been obviously associated
with fox rabies and their epidemiological significance has not yet been
determined.

12.1.2 Reduction of density of animal populations

Before any campaign to reduce wildlife populations is started a careful
study should be undertaken to determine the main reservoir species. The
massive reduction of this host in circumscribed areas may stop the spread
and markedly reduce the number of rabies cases; at the present time this is
the only method available for wildlife rabies control. The choice of tech-
niques for carrying out these programmes depends on the animal species
involved, the local topographical conditions, and legal restrictions. The
use of various poisons has proved feasible for small host species (e.g., sodium
fluoroacetate and thallium sulfate for mongooses, strychnine for skunks
and coyotes). Protected bait stations have to be used to eliminate the
danger of accidental poisoning of humans, especially children, and of
domestic animals. The Committee expressed concern about the increasing
numbers of legal restrictions being enforced in certain countries for the use
of poisonous substances that are necessary for control programmes where
rabies is a major public health hazard and an economic burden. Trapping
and shooting as population control measures are usually ineffective and
very costly. Hormonal sterilization has been proven effective experimentally
but has not yet been applied successfully in the field.

In Cuba, Dominican Republic, Grenada and Puerto Rico the mongoose
has found an empty ecological niche, since no native wild carnivores exis-
ted previously in these countries. Consequently it has multiplied very
rapidly and efforts at population reduction have been unsuccessful. Much
ecological and virological research is necessary before control of the disease
can be obtained in this animal.
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Den gassing has proved to be the most efficient single method of redu-
cing fox populations in Europe, provided that most of the den locations
are known, that 75% or more of the fox litters are raised in these dens, and
that the gassing operation is carried out over large areas during the whelp-
ing season. In mountainous areas, however, many of the dens are inacces-
sible to gassing. ‘ , :

Continued disturbance at fox dens often causes foxes to avoid them
for whelping, so that gassing procedures, however drastic, can never result
in the extinction of the species. Although no increased fertility is seen in
foxes with a low population density the annual rate of reproduction is
sufficiently high to result in normal popu'lation levels returning within a
few years.

The -inclusion of secondary hosts in the reduction campaign does not
appear to be justified in most instances.

It should be emphasized that, for maximum eﬁectlveness, a reduction
programme should be directed by professionally trained predator control
specialists, familiar with the area. The success of gassing operations also
depends to a large extent on the cooperation of farmers, game wardens,
and hunters in locating dens, a procedure that should be carried out every
year. Cyanides and hydrogen phosphate compounds are equally effective,
but the latter are less hazardous.

12.1.3 Protective zones of low density of host species

Such zones have been established in certain parts of Europe by den
gassing in limited areas with suitable topographical conditions, and where
foxes are the principal hosts. These zones should have a width of at least
60 km. No obvious increase of movement of foxes from the surrounding
areas into these low-density zones has been observed.

It may also be desirable to create zones of low host denSIty in smaller
areas where wildlife rabies is endemic and where human populations and
1nfected animals may be in close contact.

12.1.4 Monitoring wild animal populations and surveillance of infection

Surveillance efforts should be concentrated on the main host species.
In Europe, hunting records in a large area and over long periods of time
have proved useful as an indicator of fox population density, despite
several shortcomings; in those areas where the fox population was con-
trolled by hunting only, a “bag record > of approximately 1 fox per km?
per year was obtained. In areas where the population density was reduced
by gassing or by both gassing and rabies to yields of 0.2 foxes per km?,
rabies either disappeared or was not introduced. In those countries in
which an annual estimate of the fox population can be made, it may be
possible to forecast the potential danger and intensity of rabies outbreaks.
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Surveillance of infection can be best achieved through routine examina-
tion of the brains of dead or abnormally acting reservoir animal species by
the fluorescent antibody or mouse inoculation techniques. Serological
surveys based on neutralization tests are impractical and of doubtful value
in foxes, but may be useful in other species such as raccoons and mongooses.

12.1.5 Immunization of wildlife

Immunization of wildlife is not yet practicable but may become so
in the near future. Studies in this direction should, however, be intensified,
because effective population reduction is only possible in suitable, limited
areas. Immunization could reduce the susceptible host population to a
point where no further rabies spread is possible.

The most promising possibility is the oral immunization of foxes with
ERA strains. So far no other wildlife species has proved as amenable to
this treatment as the fox. However, the use of vaccine in baits under prac-
tical conditions as well as the possible pathogenicity of the vaccine virus
for the fox and other wildlife species requires special attention and much
more investigation. If this method eventually proves practical it appears
that at least 75% of foxes should be immunized for effective control, but
annual revaccination would be necessary since this animal has a high
population turnover.

12.2 Bats

12.2.1 Epidemiology and ecology of bat rabies

In the Americas bats of numerous species have been found with rabies
infections, but epidemiological investigations in many areas have shown
that such infections are independent of other mammalian cycles.

The most important epidemiological question concerning rabies in
bats is the possible transmission of the virus to terrestrial wildlife species
by ingestion, bite, or aerosol. The disease is readily transmitted by the bite
of vampire bats (Desmodus rotundus) during their normal feeding to sus-
ceptible cattle and other domesticated animals. Over 170 human rabies
deaths attributed to vampire-bat bites have been reported from several
Latin America countries since the Trinidad outbreak in 1929.

Rabies in insectivorous bats has also been transmitted to man by bite
in the USA, Canada, and some Latin American countries. However,
natural transmission of rabies from insectivorous bats to other terrestrial
animals by biting has not been observed to date. Experimental transmission
from rabid bats with infectious saliva to other susceptible animals by the
bite route has proved extremely difficult.

Two persons who entered Frio Cave, a large limestone cavern near
Uvalde, Texas, USA, where rabid insectivorous bats had been identified,
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subsequently died of laboratory-confirmed rabies, and their disease was
not thought to be due to transmission by bite (see also aerosol transmission
to wild carnivores 3.1.) There are indications that various species of wild-
life utilize bat caves in search of food, and the possibilities of transmission
should be further investigated.

Overwhelming evidence indicates that vampire bats generally die of
the disease although there are early reports of the salivary carrier state.
This subject, however, merits further investigation. It is not known whether
the outbreaks in vampire bats are due to seasonal movements, increased
bat-to-bat contact, increased pathogenicity and salivary excretion of the
virus, or other factors. Insectivorous bats do not appear to be true carriers
of the virus, and no salivary gland isolate has been obtained without con-
current presence of virus in the brain. It appears as if solitary bats may be
as heavily infected with the disease as colonial bats. Surveys of thousands
of bats for rabies virus during the past 10 years in Asia and Africa have
yielded negative results, with only a few cases in Europe, including Nyctalus
noctula, Eptesicus serotinus, Rhinolophus ferrumequinum and two other
unidentified bats.

12.2.2 Control of bat rabies

Vampire-bat rabies continues to exact its bovine toll in Latin America,
with hundreds of thousands of cattle dying annually. The Committee empha-
sizes that mass vaccination of cattle still remains the principal weapon of
control. It has recently been found, however, that Desmodus rotundus is
sensitive to small amounts of certain anticoagulants, such as diphenadione
(2-diphenylacetyl-1,3-indandione). After the inoculation of a single dose
of 1 mg of this compound per kg body weight the blood of treated cattle
is lethal for vampires for at least 3 days. This has been shown in certain
areas to reduce the number of vampire bites on cattle by more than 90%.
Another technique for the application of this compound relies on the
preening habits of bats: vampires are captured, smeared on their backs
with the anticoagulant (mixed with petroleum jelly), and then released.
These treated bats contaminate others in their colony by contact. Limited
field testing of this technique showed its efficacy to be even greater than the
cattle inoculation method.

The Committee emphasizes that the innocuity of this product must be
adequately demonstrated in cattle, especially by the lack of harmful residues
in meat and milk. Moreover, it should be noted that vampires roost in
wells in some areas and contamination of well water could easily occur.
More information is also needed on the safety of anticoagulants to other
bat species sharing the same roosts, as well as to carnivores that may con-
sume dead vampires. :

Other control techniques, such as fumigation of wells, merit further
investigation.
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Vampire bats were probably not numerous before the introduction of
cattle into the Americas during the colonial period, and the present high
populations appear to be linked to the increasing cattle population, which
provides their main food source. It has also been observed that the incidence
of bat rabies decreases in certain areas as they become industrialized, and
grasslands are converted to agricultural use. More information is needed
on these ecological interactions.

Insectivorous bats should not be controlled by massive indiscriminate
killing; the rabies prevalence rate is usually no greater than 2%, so that
the vast majority of animals killed would be healthy and beneficial. Insec-
tivorous and fruit-eating bats may be kept from certain buildings either
by covering up their entrance and exit routes during a time when they are
not in their roost, or by applying an irritating repellant at the roost.

Protection of man should include the warning of the public not to pick
up or handle sick or strangely behaving bats. The prophylaxis of people
at high risk is discussed in section 9.6.

13. EXCHANGE OF INFORMATION AND TRAINING
IN RABIES

13.1 Collection of epidemiological data

The Committee is pleased to note that in addition to the yearly world
survey of rabies, episodes of more urgent interest, such as the appearance
of the disease in rabies-free countries, are being noted in the Weekly Epi-
demiological Record. The Committee appreciates the importance of this
mode of dissemination of information and urges rabies control workers
and other scientists to send their reports promptly to WHO for circulation.

The Committee also noted the joint and individual efforts of FAO,
the International Office of Epizootics, and WHO in the collection and
dissemination of statistics on rabies in animals and man in the Animal
Health Yearbook, in the OIE Bulletin, and in the World Health Statistics
Reports.

The case-record form recommended by the Committee, which has
proved very useful in the compilation of rabies statistics, is reproduced
in Annex 4. The information gained from the careful keeping of such
records is of great use not only to the recording institute but also to national
and international authorities concerned with rabies. Since many problems
regarding the prevention and treatment of paralytic accidents, serum sick-
ness, and the efficacy of postexposure treatment remain to be solved, the
periodic compilation and analysis by WHO of results obtained in different
countries will be of great value in assessing the effectiveness of the measures
employed. The Committee urges, therefore, that the case-record form
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reproduced in Annex 4, or a suitable modification, be used in all antirabies
treatment centres and that close collaboration be maintained with WHO.

The Committee noted with satisfaction the setting up of a regional
surveillance system in the Americas by the Pan American Zoonoses Center,
as recommended in the fifth report. 1 - It covers the more important features
of the infection in man and in animals, and the information gathered is
disseminated once a month. This activity is bound to improve reporting in
participating countries and provides a useful basis for planning, conducting,
and adjusting control programmes. The Committee was informed that
a similar programme with adjustments to suit local needs is in the ad-
vanced stages of planning for Europe. The extension of such surveillance to
other regions is strongly recommended and should eventually replace the
yearly world survey in its present form.

13.2 Seminars, group training, and fellowships

The Committee noted with satisfaction that regional and inter-regional
seminars and training courses in laboratory methods held by WHO and
FAO have continued to include rabies. In addition, research training
grants and fellowships have been provided to individual workers to improve
their knowledge of advances in rabies. The importance of these activities
for the adoption of recommended and improved methods of control cannot
be overestimated. The Committee therefore urges endemic countries and
WHO/FAO to continue to give high priority to the training of workers
in all aspects of rabies. ‘ o , ,

Specially trained auxiliary workers could be extremely valuable in
field control operations, especially in mass campaigns. Their training
should be a part of any training programme in rabies.

14. FUTURE RESEARCH

The Committee recommends that research should be undertaken or
intensified in the following areas:

1. Basic research on rabies virus
() investigation of the antigenicity and immunizing capacity of struc-
tural and nonstructural virus-specific proteins;

(b) investigation of virus-host cell relationships, e.g., enzyme systems
involved; mechanism of metabolic inhibitors; incomplete virus replication;
state of latency;

1 Wid Hith Org. techn. Rep. Ser., 1966, No. 321.



