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INTRODUCTION

Parenteral vaccinatjon has for years been the basis for the contrel and
prevention of rables in domestic animals, especially doge. This technique, while still
useful in the developed world, has not been successful as regards unowned or
uncontrolled degs or for vaceination of wild animals. In recent years, attempts have
been made to reduce the dog and wild animal populations in the hope that this would
break the chain of natural transmission of rabies. Experience has shown that this does
not work. The important species have reproductive capacities that exceed our ability
to remove animalz from the standing population. Further, the mass killing of animals
on the 'scale required to control rabies is no longer tolerable in modern society.

The only technique available today for control of rabies in those animals that
remain out of physieal reach is eral rabies vaccination (ORV}. While ORV has proven
guccessful Iin the laboratory, and iz proving se In the field enviromment, this' -
technique is subject to new szafety and public aceceptance problems.

In order to provide guldance for the use of the ORV technique with specific
ragard to safety and fileld application requirements, a WHO consultation was held in
Geneva frem 1 to 2 March 1989. (The list of participants is included in Annex 1). The
following report of this consultation is necessarily incomplete in areas still in the
process of definition, but its guidelines should help to organize control and tésearch
efforts in a safe and productive direction for the next several years,

It should be noted that the guidelines must represent a compromise between
unattainable abseclute safety and complete freedom for research and development with no
regard for safety. The guidelines should permit continued development of new
technology in a knowledgeable and responsible fashien.

These guidelines are divided into four parts:; the first part deals with planning
and organization of an ORV project; part twe addresses the issue of vaccines to be
used; part three deals with bait configuration and application; and part four eentains
research recommendationy.

This document is not issued to the general public, and Ce decument n'est pas desting 4 2tre distribué au grand public
all rights are reserved by the World Health Qrganization et tous les droits y afférents sont réservés par I'Organisatinp
{WHO). The document may not be reviewed, abstracted, mondiale de la Santé (OMS), || ne peut 8tre comments, résums,
quoted, reproduced or tranglated, in part or in whole, cité, reproduit ouw traduir, partiellement ou en totalité, sans
without the prior written permission of WHO. No part une autorisation préalable écrite de I'OMS. Aucune partie
of this document may be stored in a retrieval system or ne doit &tre chargée dans un systdme de recherche documen-
transmitted in any form or by any means - electronic, taire ou diffusée sous quelque forme ou par quelgue rmayen
mechanical or other without the prior writtan permission que ce s0it - électronique, mécanigue, ou Autre - sans UNE AULD-
of WHQ, risation préalable écrite de 1"OMS,

The views expressed in documents by named authors are Les opinions exprimées dans les documents par des auteurs
solely the responsibility of those authars. cités nommeément n'engagent que lesdits auteurs,
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1. RECOMMENDATIONS FOR PROJECT FLANNING AND ORGANTZATION

1.1 Introduction

Project planning must precede actual fleld application of baits, and
telated administrative activities will vary in struecture and detail depending
upony political and other variables. Planning and organization are vital to
the success of the programme,

1.2 Preparation of field trialsg

A project proposal must include background information on the area teo be
treated using the ORV technique, esztimated costs and benefits of the project,
dates of sequential events, safety considerations, methods for post-baiting
evaluation, and relevant data on target population. The proposal should be
distributed te concerned ingtitutions well in advance for consideration. A
scientific committee should evaluate the projeetr. Upon request, WHO may help
. in providing the necesszary expertise,

i
Epldemiclogical data based on reliable surveillance and laboratory studles
must be available before field trials can be initiated.

1.3 Implementation of field trials

1.3.1 Selection of field trial areas
(a) Gaographical locatien

If several areas could be selected, priority should be given te thoze
surrounded by natural barriers and/or where one can rely upon community
copperation and logistic support. The rabies situation in nelghbouring areas
should alse be taken inte account. The selected areas should be readily
accessible to central government veterinary/medical services.

(k)

Areas should be selected according to the frequency of wildlife rabies or
the number of dog cases and human exposures, Dog vaccination campaipgns can be
initiated at any time; fox rables vaccination campaigns starting during the
decreasing phase of an epizootic are more successful and less expensive.

{c) S5ize of the area

In the case of dog rabies, the area should be based upon dog population,
dog ecology and the human-dog bond. In the casze of wild carniveores, the size
of the %rea to be covered by the ORV technique should not be lezs than
2000 km*.

1.3.2 Froject implementation

The field application of oral immunization against rabies should be based
on a comprehensive plan whiech deseribes the objectives, justificatiom,
technical and organizational details and budgetary requirements of the project
and defines the responsibilities of the collaborating institutions.




WHO/Rab ,Res . /89.32
page 1 :

{a) Responsibilities

Responsibilities for project implementation should rely upon the existing
agencles, preferably Inter-ministerial commissions or an Advisory Committee. Their
responsibilities will be to provide guidance and coordination for fileld programmes
within a stare or country; to assume responsibility for programme activities: to
act as liaison between other activities:; and to interact with news media and the
public on issues relating to the project.

(b) Budget

Adequate funds should be ensured before initiation of any fleld projects, .
These must alse include funds for post-baiting evaluation and surveillance during a
minimum of three years.

(c) Legal aspects

Legal requirements and regulations of local, national, and supranational
jurisdictions should be fulfilled.

(d) Time ule for oral v nations

See Ammex 2.

1.3.3 Vaccine application strategies

In the case of dog rabies, vaccine strategles should be decided upon according
to results obtained after a study of efficacy of the methods used. The prasent fox
rabies epidemiological situation in western Eurepe requires two vaceclnations per
year over a peried of two years. Spot vacecination may be necessary to finally
eliminate rabies from some aress. Establishwment of immune belts should be
considered for protection of a rables-free araa.

1.3.4 Infrastyucture requirements
(a) Community participation

Community participation requires information, promotion and, in some instances,
training for baiting and disease surveillance. =

{(by Field services

Medical and veterinary practitionmers should be aware of the campaign so as to
take apprepriate measures in case of accidental exposure to the vaccine. An advisory
group should alsc be established at central level, :

{e) Laboratorvy services

Bampling of specimens should be carried out under appropriate conditions.
Laboratery facilities should be readily accessible in order to monitor vaccine
safety. Luboratories must be able to carry out the tests for evaluation of the hait
uptake, and seroconversion rates and to diagnose rabies. :
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(d) idemiologic ation grow

Speclalists should be assigned to the campaign to investigate the
spldemiological situation both In man and animals before, during, and after the
implementation of the project, and should report to the responsible authorities on a
regular basis.

1.4 JIpternational cooperation

As rabies does mot recognize national berders, it is necessary for governments
to cooperate at all levels to achieve effective vaccination programmes. Adjacent
countries should carefully coordinate their activities aleng common borders, If
field trials reach a country border, local administrative staffs from both eountries
should coordinate their efforts at the national level. WHO may be particularly
helpful in assisting in coordination of rabies vaccination programmes invelving
borders between countries.

Oral rabies vaccination generates new epidemiological eoncerns. For this
reason, research should be coordinated by the inclusion of at least two Independent
WHO Collaborating Centres in the planning and execution of field trials and
post-balting evaluation,

The establishment under WHO auspices of a group of consultants for assisting
countrles in the preparation and submission to funding agencies of their project
proposals for ORV should be considered later on. This group should also collaborare
with countries during the subsequent implementation and evaluation phases.

1.5 Evaluation of the project

After each campaign, evaluation of the results is of the utmost impertance in
order to define the future stratagy, Methods of evaluation should be used as
deceribed in =zection 3.4 of this document.

2, RECOMMENDATIONS FOR VACCINES

2.1 Introduction

Twe types of oral rabies vaccines have been used in experimental and field
gtudies, namely modified live vaccines and recombinant vaccines. Extensive field
exparience has been acquired with the use of modified live vaccines in European
foxes.

Oral vacclnation is now contemplated for other species such as degs, skunks,
raccoony, mongeose, jackals, raccoon dogs, and other wild carnivores. A variety of
rabies vaceines, both attenuated and recombinant, are being developed for use in
these species. Safety considerations for non-target specles and humans are basic te
the field use of these vaccines.

Thesa recombinant vaccines for which innocuity in the intended species is
established (as by genetic modification) may be considered of reduced wvirulence in
other species. This in ne way implies that further studies in other species should
be curtailed. In addition, special studies (in the case of recombinant vaccines)
are indicated in species which are known to be particularly susceptible or sensitive
to the parent carrier virus.

Carefully planned field trials should be strongly encouraged omly when the
efficacy and safety of newly developed vaccines have been laboratory in the
laboratoxy.
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2.2 dified 1iv ines (MLV
2.2.1 fficaa 4 =safet ally adm stered MLV

Many MLV have been used in attempts to immunize foxes orally, They include two
which ?£§ not effective at high concentrations of virus, tfiamely CVS and HEP
Flury. The one strain which has consistrently been shawn to(BegaE)effective
oral immuncgen for foxes is the SAD strain or its derivatives. (' The firsg
field trial with SAD was carried out in Switzerland, baginning in 1978, and its use
(in chicken head balts) has zince then resulted in the virtual elimination of rabies
from that country. In Switzerland, continual surveillance detected three ani?g§
cases of vaccine-induced rabies (one cat, one stone marten and one baby fox).
No other vaccine deaths were noted in over 900 rabid animals examined., So far,
approximately 1 000 000 baits have been distributed in this country. :

In the Federal Republic of Germany, a SAD derivative called SADB19 was
developed by selectign in cloned BHK cells. The vaccine is an effective immunogen
In foxes at the 1x10"TCIDc;/ml level, and its use (in Tdbingen fox baits since
1983) has resulted in a 63% reducrion of fox vabies in that country, No case of
vaccine-induced rabies has been found in approXimately 10 000 rabid animals "
examined, after the placement of over 8 000 000 baits in nine European countries. A
laboratory experimenr on racguon dogs has shown 100Z seroconversion and pretection
after oral application of 10 TCIDSO/m17of SADB19 vacecine In fox baits. Afrer
field vaccinations with a dose of 5x10 TCIDgn/ml, 80% of 80 raccoon dogs showed
sercconversion. gnalimited experiments this vaccine also effectively immunized 75%
¢f7r§ccoons at 107" "TCID;4/ml, and gave approximately 50% protection at
107 --TCID o/til. The raccoons did not develop antibodies and were not Protected
after orai aduinistration of the ERA strain,

Cnly limited studies have been carried out on the efficacy of 3AD and SAD
derivatives in dogs. ERA (BHK) has gnly limited efficacy when administered orally
to young adult dogs at a level of 10°MICLD-,/ml (approximately 30%); in
contrast, 3SADB1Y9 hasz been administerad orai?y te 40 dogs in thﬁ Eﬁbingen laboratory
(with Tibingen baits) and found to be effective at doses of 107° TCIDgh/ml. All
dogs developed serum neutralizing antibodies (range at levels of 2-20"1.U./ml). ‘One
Puppy (4-5 weeks old) inadvertantly took the bait and was fmmunized - no digeage
developed,

2.2.2 Safety yequirements of modified live vaccines

The candidate vaccine strain should be characterized according to classical
procedures,

A Innocuity testing ‘
Dogs= i

(a) The vaccine chesen should not produce any disease in 10 young dogs (3-6 months
old) when administered orally at a 10-fold concentration of the quantity recommended
for fleld u=e, : o

. e
(b} To trace the possible excretion of vaccine virus in saliva of orally wvaccinated
dogs, 10 dogs administered 10 times the field concentration of vaccine should be
swabbed daily for three days and no virus should be present after three days., Any
virus recovered should be characterized by monoclonal antibodies.
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(c) To test for possible latency, 10 dogs given 10 times the field concentration
orally should be sacrificed and brain and salivary gland examined at 6 months. Any
vaccine strain leading to latency should be rejected.

Other target specles

Analogous procedures for other target specles should be applied as described
under the sectlion on Dogs, above,

Non-target species

{a} Wild rodents. Where feasible, at least 10, and if possible, 50 of each of the
most common local rodent specieg should be administered 0.05 ml of the recommended
field dese of vaccine by two routes: oral and intramuscular. No more than 10% of
the animals so vaceinated should develop sickness or death attributable to vaccine
(in Europe the rodents tested have included Rattus and Apodemus),

(b)Y Wild or demestic apimals (other than redents). Five of the most relevant
local wild or domestic animals that may take baits should be adminisrered the field
concentration of vaeccine orally in the volume indiecated in Table 1. (For example, in
Futrope, the common epecies are wild boars, stone martens, badgers and cats.) No
animal given that dose should show signs of vaccine rabiles.

Table - Vo e of Vaccine/A
Weight VYolume
< 300 g. 0.05 ml.
500 g. - 1 kg. 0.10 ml,
1 - 4 kg, 1.00 ml.
4 - 20 kg 2.00 ml.
> 20 kg 5.00 ml.

Any results obtained by the production laboratory or a WHO Collaborating
Centre on Rables (regarding oral vaccination of dogs or other wild carnivores)
should always be corroborated by another WHO Collaborating Centre on Rabies.

B. Risk asgessment
(a)  Humang

An intense surveillance system should be established to detect any
possible human exposure to vaccine. Humans acclidentally in contact with the
vaccine (by mouth, nose, eye or wound) should receive rabies postexposure
prophylaxis. Similarly, persons working with the vaccine and at risk of
exposure to it should receive pre-exposure immunization.

(k) wild a

Any rables virus isolated from animals in vaccination areas should be
examined by monoclenal antibodies to ensure that mo vacclne-induced rabies has
occurred,
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2.3 Recombinant_live wirus vaccines (RLY)
2.3.1 Innocuity testing

This section deals with the intrinsic safety aspects, i.e. the innocuity of a
RLV preparation for the vaceinee. A firset evaluation of residual virulence of the
candidate strain should be performed by standard laboratory methods, ¢.g. oral and
parenteral inoculation of laboratory animals. Subsequently, oral vacecination of the
target specles should be performed (e.g. fox, raccoon, dog). The same general
guldelines should be followed as have been indicated for Modified Live Vaccines
{section 2.2.2). Appropriate laboratory tests (e.g. pock markers, epitopes
recognizable by monoclonal antibodies, genetic probes) can be useful for perisdic
monitoring of virulence, once its genetic basis has been defined. ‘

Innocuity can be expected from vaccine strains where either genomie deletions
or insertional mutagenesis has led to the Inactivation of virulence-relevant
gene(s). It has been shown, for instance, that inactivation of the thymidine kinasze
gene leads to vaceinia virus mutants of reduced virulence; the same approach should
be followed for other candidate vector viruses,

2,3.2, sk assessm non-tar es

Here, other safety aspects are considered, i.e. the innocuity of & vaccine for
non-target species and for man., Where possible, the transmission of vaccine virus
to humans should be tested.

Real and hypothetical risks must be differentiated. The real risk for
non-target species can be definitely established by inneculty testing of non-target
species In the laboratory. Aspects of pathogenicity of the candidate vaceine strain
can and should be studied in appropriate laboratory animals, the non-target species,
the most relevant wild vertebrates and in man, if possible. Thus the courge of
infection by the RLV must be known, such as Iits spread from the szite of entry,
excretion, transmission, contaglousness, and virus persistence, Where approved human
vaccines against the carrier virus exist, their use should be conszidered for those
perseng invelved in vaccine production or distribution. L

In the case of vaccinla vectored rabies glycoproteln vaccine (as now
developed) where the rabies glycoprotein gene is inserted at the thymidine kinage
position in the vaccinia DNA, this vaccine may be considered non-infectious for
rabies, and pre-exposure or postexposure rabies vaccination is not recommended for
persong exposed to this vaceine. Rables risks frow other recombinant vaccines must
be evaluated on an individual basiz as such vaccines are devaloped.

A hypotherical risk is the recombination of the RLV vaccine viral genome with
that of another virus, with the resulting recombinant possessing higher virulence
and greater epidemiological potential. The realization of this hazard has not been
borne out for poxviruses either in the laboratory or in nature. Nevertheless, the
possibility of other RLV's to vecombine, to cause persistent infections, or to
become oncogenie should be kept in wmind and Investigated. This applies especially to
other potential vector viruses whose DNA replication is in the mucleus.
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2.32.13. Geperal considerations on rigk

In summary, a safe vaeccine virus candldate sheould:
(a) not acquire virulence during replication in the vaccinee;
{(b) mnot be oncogeniec in the vaccinee;

(c) be apathogenic for non-target species {lneluding humans) and met cause
persistent Infections;

{d) not recombine with viruses occurring in nature to result In viable progeny,
{e) demonstrate that Its possible excretion has net been shown to be hazardous;

(f} bear at least one genetle marker for identification (for instance, the

B-galactosidase gene).
3. RECOMMENDATIONS FOR BAIT CONFIGURATION AND APPLICATION

3.1 nelral recommends = for bajting

Major carnivores for which oral vaccinatien techniques are desired inelude:
dog, red fox, arctic fox, skunk, raccoon, racceon dog, mongoose and jackal species.

An oral vaccination tachnique for the dog is elearly the mest Important of
these.

Baiting system guldelines will vary widely depending upon climate, target
species ethology, target and nmon-target species characteristics, and urban versus
rural environments.

Virhin one animal type, the dog, several variables have been identified which
might alter the type of bait delivery system recommended, e.g. prasence or absence
of an effective parenteral vaccination programme, accessible or inaccessible dog
population.

Whereas specific recommendations can be issued for rabies vaceination of dogs,
this 1s not pessible for wildlife which is composed of many different animal
species.

If an adaquate parenteral rables vaccination programme exists in the area, oral
rabies vacecination may not be necessary and may actuslly be detrimental to
comprehensive deg vaceination.
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Geperal considerations;

The ideal bait should;

3.2.2

not Interfere with vaccine efficacy;

lmmedlately attract the target species;

not attract non-target specles, including humans;

deliver the vaccine into the oral cavity:; ‘

be free from adventitious agenrs:

protect the vaccine under field conditions;

be producible in standard form under local conditions;
contain a biomarker:

withstand environmental and storage conditions:

be safe for target and non-target species if many baits are cnnsumed,
retain physical integrity when applied by aerial balting;
be economical to produce.

Attractants

A proper attractant should:

1.2.3

present optimal stimuli (e.g. visual, tactile, olfactery/gustatory) for
target szpecies while minimally attractive to non-target speciss;

be compatible with bait and vaccine and adherent to the bairt; oy
remain palatable for a dafined period: '
withstand temperature extremag;

be economical and producible under local conditiens.

omarkers

In general, markers in current use can be grouped as follows:

(a2} surface markers (rhodamine B, other dyes);

(b} tissue markers (iophenoxic acid, ete);

{(¢) ealeiphilic markers (tetracycline).

Biomarkers should be:

compatibla with other bait components;

safe for target and non-target species;

detectable using technically simple, cconemical and locally available
assay methods in target species for a defined peried: \
absent or minimally present in subject populatiun

econcitical to produce; ‘ :

3.3 Bait distribution techniques R : C t

There are several balt delivery systems. FEach has different efficacy and
safety implicstions. More than one technlque may be necessary te ensure. optimal
cost-effectiveness. The number of baits distributed will depend on several factors
such as the estimated density and habitat characteristics of the target species,
competition for baits between target and non-target species, ete,
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3.3.1 Technigues for dogs
(a) Aerial hajting

Large-scale bait broadeasting 1s not generally recommended except when dogs are
otherwise accessible.

Terrestrial baiting techniques include:

non-specific distribution (e.g. from a moving vehicle such as a biecyele,
automobile);

apecific, manual placement without racovery of baits at selected sites to
maximise target and minimize non-target (especially humans) uptake;

specific manual placement with recovery of baits at selected sites iz labour
intensive but further improves target species exposure and minimizes hwnan
exposure;

hand-feeding of individuals facilitates identificatien of vaccinared animals but
may increase risk to human handlers.

3.3.2 Techniques for wildlife

The basic techniques are the same as for the dog, but there may be greater
emphasis on aerial bait distribution and non-specific bait distribution, whereas
hand-feeding is not applicable.

3.4 Baiting evalustion
3.4.1 Pre-baiting evalunagtion

Prior to bait application the following data should be sbtained in target and
1o - t&rg&t SPECiES :

(a) background biomarker levels;
{b) results of several placebo bait trials;
(c) antibody prevalence to relevant antlgens (e.g, rables and vaccine vectors).
3.4.2 Post-balting evaluation
After baiting application, the following should be investigated:
(a) proportion of target/non-target animals ingesting baits by blemarker analysis;

(b) proportion of target animals vacclnated;

(¢) antlbody prevalence to relevant vaccine antlgens in non-target species;

(d) disappearance or disturbance of baits, especlally if specles responsible can be
determined;
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(e) Identification of virus type, inclusive of vaccine strain, when relevant in z
rabid animal:

(f} morbidity or meortaliry in target or non-target specles which may be caused by a
vector agent or potential natural viral recombinants;

(g) Impact of oral wvaccination on the natural occurrence of rabies.
4, RESEARCH RECOMMENDATIONS

Much progress has been made in the development of the oral rabjes vacecination
technique, and its application iz resulting in the elimination of rabies from a
growing number of areas. Nevertheless, much research tremains to be done,
particularly with new vaccine types which offaer hope for more effective
Imminization. Areas identified as important for research include:

4.1 Frogrammatjc reseapch
Research projects should be initiated on:

(a) ILwproving epidemiological surveillance techniques, Including use of
computer-based data systems,

{b) Techniques for relevant information dissemination to the public.

4.2 Vaceine research

Additional studiez should be carried ocut in order to:

(a) Identify new MLV vaccines which effectively immunize other target species (in
addition to the fox) and arxe as safe as the present fox vaccines. .

(b) Develop Inactivated vacecines for oral administration,

{c) Obtain more information on the distribution of orthopoxvirus or other vector
viruses In wild fauna and the pathogenesis of oral and parenteral infectiom in these
spacies.

(d) Attenuate further the virulence of vector viruses without impairing their
immunogenicity; alase, Insertion of foreign genes (e.g. lymphokines) to reduce
pathogenicity for immune-compromized individuals.

(e) Assess pre-existing lmmunity te the vecter virus and its potential impact on.
(re)vacecination efficiency by the RLV?

(f) Investigate recombination between poxviruses (or other potential vectors).

(g) Select other potential vectors for recombinant virus vaccines, especially for
oral immunization of dogs.

(tt) Test the feasibility of including multiple gene insertions in virus vectors to
Immunize against other diseases In addition to rabies,

(i} Experiment techuiques for slow release of viral vaccine within the animal,
especlally within the intestinal tract.
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(a) Improve aconomical biomarkers and assays for live animals and pozt-mortem
use Iin target and non-target species.

(b) Develop and evaluate improved attractants and baits for all target specles.

{c) Davelop and jlmplement improved techniques for determining population
parameters foxr all target speciles,

{d) Ectablizh most effactive target speclasz/balit raties, especially for dogs,
in different environments,

{e) Determine the risk to humans from oral wvaccination of dogs under different
cultural settings.

(£) Assess influence of oral rables vacclnation upen vaccine coverage by
conventipnal parenteral metheds,

{g) Evaluare cost-effectiveness of different vacecinatrion techniques and
distribution methods.
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ASNEX 2
IME SCH v ATY
(A typical fox vaceination programme)

Days pr Activities
aﬁte; Vﬂgg;nﬂ;ign

Immediately - General planning; responsibilities

-  Budget
-12 to -6 (months) - Information of govermmental authorities

(health, agriculture, hunting and
forestry, police)

-60 to -14 (days) - information of Wmters and game wardens:
asslgnment of duties of all persons
concerned (e.g. staff rasponsible for
aarial distribution of baits)

=30 to -10 - Transportation of baits to place of
storage (-20°C)

-7 - Information of schools
-4 - Information to news media
-1 - Preparation of balts for distribution

(storage at +4°¢)
/00 - Izsue of balts and maps to distributing
teams

- Distribution of baits

+, +8, +14 - Control of baits for uptake in special
control areas (hand placement of baits)

+1 to +200 - Virological, serelogical and
tetracycline testing (see handouts)

- Evaluation of information

- Inclusion of experience into furure
trials




