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ABSTRACT

Two aspects of rabies problemin Plateau State of

N geria nanely the ecol ogy of the domestic dog,
including attitudes towards dog ownership, and its
possible role in the perpetuation of rabies, and anti-
genic characterisation of rabies virus isolates were
studied. The dog ecol ogy study was carried out by
direct street counts and questionnaire survey of 10%

City streetsin Jos selected by stratified random
technique. It was found that the estinmated overall
popul ati on was 4,200 dogs by the street count technique,
and 10,560 by the conpound questionnaire nethod. Dogs
were nost numerous in the Jos Township and Native Town
(Jenta) which are in the centre of town and fewest in
the low density Governnent residential area (GRA). The
overall dog to human ratio was 1:4 but ranged from 1:3
in Jos Township and Native Town to 1.6 in the GRA The
average nunber of dogs per conpound was 4. Dog bites
were nost common in residential areas with high dog
popul ati ons. Dog ownership was nore common anong ci Vil
servants and farnmers, conpared with traders businessnen
and sem-skilled, self-enployed artisans (nechanics,
wel ders, truck drivers, carpenters etc). Protection
and Security ranked hi ghest anong the reasons and fear
of transmssion to humans was the nost inportant

deterrent to dog ownership. Stray dogs were regarded



as a major problemand was attributed to bree by
owned dogs which then escape fromtheir conpoun

because of poor care. The visibility c. stray dogs has
given the inpression of overpopulation in certain
sections of the town. Immnization rate for rabies in
dogs and veterinary service utilization were highest in
Jos Township and the overnment Residential Area (GRA
but |Iess in Angwan Rogo. However, the entire comunity
appeared to recogni ze the inportance of imunizing dogs

agai nst rabi es.

Bet ween 1970 and 1981, a preval ence rate of rabies
based or specinmens submtted to the | aboratory was
22.6 percent in the State. About 43.1 percent of the
376 positive cases were from stray dogs. the
period, a total of 52,391 dogs were reportedly vaccinated
and 35,505 dogs were licenced. The frequencies of rabies
were high in March-April and Septenber-Cctober. The
di sease appeared to be nore prevalent in Jos and Barkin
Ladi Local Governnent Areas. The dog accounted for 87.5
percent of all positive cases. A so 5,379 dog bites
I n humans were reported and the bite rate per 10, 000
hunman popul ati on ranged between 3.2 in Nassarawa to
46.7 in Jos, wth a nmean of 12.24. nly 1360 of 4311
persons requesting antirabi es postexposure treatnment
were given antirabies vaccine. The age groups 10-14

and 15-19 of both nmale and fenal e sexes were at hi ghest



risk of dog bites. Twenty-six human deaths due to

rabi es were reported.

Prospective surveillance study between January

1982 and Decenber 1983 showed nore rabies cases in each
of the two years than any other year, since 1954. The
I nci dence of rabies was 35.4 percent in the state with
hi gh di sease incidences in Jos, Barkin Ladi, Pankshin
and Langtang. The cases peaked only in Septenber and
Cctober in contrast to the two peaks as observed in the
retrospective study. An annual exposure rate of 133
per 100,000 persons was recorded in the 2 year period.

Twel ve cases of human rabies occurred during the period.

The antigenic conposition of 41 isolates of rabies
virus obtained frompredomnantly the dog was determ ned
with a panel of 80 nonocl onal antibodies. Characteriza-
tion of the isolates using a panel of 36 antinucl eocapsid
nonocl onal anti bodi es showed all the isolates to
rabi es, however antiglycoprotein neutralization wth a
panel of 44 nonoclonal antibodi es grouped the virues
into 7 antigenic variants. |n vaccination-challenge
test in mce, Pitnman-More human rabi es vacci ne.
protected against only one of the seven variants but the
| ow egg passage (LEP) Flury vaccine used for dog
vaccination, in N geria protected gui nea pi gs agai nst

challenge with all the seven variants.



INTRODUCTION

Canine rabies control programmes in developing
countries, based on models from technologically
developed couniries, have frequently been ineffective
even if matcrials and funds were available (Beran, 1981).
A major causc has been insufficient basic information
on the ecology of the local dogs and their relationship
to human scciety. Studies on the ecology of dogs in
different ‘egions and some studies in each country are
needed to design ecologically and socioclogically
appropriate programmes, Rabies control programmes must
be based on a knowledge of the epidemiology of the
disease in specific countries (Beran, 1970a & b).
Neither data nor procedures applicable in one country
can be transferrec to another. Data on reservoir host
ranges, population densities, and distribution of dog
and other domcstic animals ownership in urban and rural
areas of the countries, the societal patterns which
influence transmission of the rabies virus are essential
prereguisites for planning control programmes (Beran

et al., 1968; leran and Gregorio, 1966a & b).

Although there are good reasons to encourage
studies on canine populations and associated public
health problems, such a study is seriously lacking in
Nigeria. Rabies is a major health problem in Higeria
(Nawathe, 1980, hnosa et al., 1980), however the rabies

problem remains unclear from several aspects.



Official discase reporting is rudimentary, honce
information is lacking on the prevalence and distiribu-
tion of the diaeaSer Mo wildlife reservoir host has been
clearly identified although sporadic cases in wildlife
have been reported (Ckoh, 1976; Kasali, 1977). The
domestic dog secms to be the major source of numan

exposure to rabies, and perhaps also the reservoir host.

Additional benefits can be derived from accurate
estimates of the pet numbers in a given geogrephical
area. Health agencies can better cvaluate their rabies
control prosrom.es (Anderson and Cameron, 1965).
Population ostimates alsc assist in the planning of
stray animal coptrol. In addition, petl animal populatione
can serve as resources for epidemiolugical research
of acute and chronic diseases, for example salmonellosis
(Kaufmann, 1366} und Leukemia (Dorn et zl., 1967). The
prectical importance of investigation dog populations
seems clear Irom studies carried out in differcut parts
of the world {(Lorn et al., 1967; Marx and Furcolow,

19693 Beck, 19735 Scett and Causey, 1973; Franti and
Kraus, 1974; rronti et al, 19744 Beck, 19743 Anvik et al.
1974; Schneider and Vaida, 1975; Beck, 1975; Griffiths
and Brenner, 1976; Heussner et al., 1978; Heussnur and
Grant, 1378; Franti et al., 1980; Nassar and Mosier,
1980; Rangel et al., 1981; Beran, 1982). However, in

Nigeria studics of dog ecology and man-dog interrelations



have not been corried out.

Responsiblc pet ownership has become an increasing
concern of gedical professionals and national, state
and community officials (Selby et al., 1979). This
concern includes the environmental impact of pet's
solid and liquid wastes and the more specific problems
associated with free-roaming or stray animals in a
community. OSome officials argue that "irresponsible
owners" are a major reason for pet overpopulation,
free-roaming vets, and associated community health
problems (Djersssi ¢t al., 1973; American Veterinary
Medical Association, 1974; Hummer, 1975; Collins, 1976).
Before a practical solution can be found, or the
problems pronerly defined, one must determine attitudes
of people regarding issues such as irresponsible pet
ownership, overpopulation, and potential comrunity
health problems resulting from stray or free-roaming
animals, as well as possible solutions to control of

pet prpulations and stray animals.

The problem of canine rabies control in Nigeria
might be more complex by the isclation and identification
of rabies-relioted viruses namely lMokola and Lagos bat
viruses from this geographical regien (Boulger and
Porter-field, 1958; Shope et al., 1970; Familusi et al.,

t al., 1972, 1973b). Recently, Foggin

C*_

19723 and Kenn



(1983} reported the isolation of Mokola virus from one
dog and several cats in Zimbabwe. B Some of these rabies- -
related viruses could be conlfused clinically with
paralytic rabics (Remﬁhgg al., 1972) especially as tho
current routine diagnostic methods for rabies may not
differentiate rebies from rabies-related viruscs (Shope.
1975). The extent to which they cause problems in man
and the rolc of rebies-related viruses in canine in
Nigeria has not yet been determined (BEzeokoli and

Schnurrenberger, 1977; Umoh et al., 1984).

There are several uhcbnfirﬁed'répbrts of anti-
rabies vaccine failures in Nigeria {Okoh. 1981, 1933),
The possibility exists that the vaccine failures couls
be due to rables-related viruses (Umoh et al., 19843,
Hybridoma antibhodlies have heen produced against rabies
and rabies-related viruses and their components
(Koprowski and Wiktor, 1980). Hybridoma antibodies
against nucleoccapsid antigens of rabies and rabics-
related viruses heve been used for differentiating
members of the lyssavirus éroup (Flamand et al., "980a.

1980b; Wiktor ¢t al., 1980).

P

Since routine rables vaccines do not protect
against the rabies-related viruses (Shope and Tignor,
19724 Foggin, 1982; Crick, 1983), their existecnce ia the

canine pepulation in Nigeria could hamper the rabies



control effort. It is therefore necesgary to determine
the existence of these rabies-related virusecs, and
variants of the classical rabies virus in our canine

population.

The objectives of this study therefore arci-

(a) o obtain basic information on dog
pepulation dynamics in Jos, for a clearcr

understanding of rabies epidemiology.

(b) To characterise the rabies problem in
Plateau State by retrospective and

prospective studies of cxisting data,

(¢) To Stdﬁy the éhtigenié'éﬁaracteristics

of rabiles wvirus isoclatesg s0 as 1o detiermine
presence or absence of rabies-~related
virusés or variants of rabics viruses in

the canine population.



REVIEW OF LITERATURE

History

Rabies has always been associated primarily with
dogs and descriptions of the disease in these animals
in Ancient liesopotamia date from the Third Century E.C.
(Johnson, 1959; Tierkel, 1971), and in China from about
555 B.C. (Theorides, 1974, Miller and Nathanson, 1977).
It was also known to the Greeks and Romans who recognised
that the disease could be transmitted in the saliva of
a rabid dog by biting. The Romans described the infectious
material as a virus (the Latin word for poison) (Steele,
1975), and Celsus in the first century A.D. appears to
have bean the first to associate rabies in animals with

hydrophobia in man (Irvin, 1970; Steele, 1975).

From this time until the 19th century the pattern
of the disease in kurope appears to have been of outbreaks
in wild and domcstic dogs followed by infection in other
animals and in humans. It is probable that these
outbrenks may have been preceded by epizootics in foxes
(Anon 1972; 3hope, 1976). There are many accounts of
people and domestic animals being attacked by rabid foxes
and other wild animals (Zinke, 18043 Irvin, 1970; Anon,
1971; Steele, 1975); for example, Johnson (1959) and
Irvin (1970) cited wolf rabies in Western Europe in 1271.

At least seven epizootics are known to have occurred in




foxes between 1203 and 1928 (Galtier, 1881; Anon, 1971).
One major outhrezl in which this species was implicated
occurred during the period of the Napoleonic Wars, but
after 1880 the disease in wildlife appeared to wane,
However, rabies continued to occur in domestic animals,

particularly dogs, until the turn of the century.

In view of the fear engendered by the disease, it
is perhaps not surprising that it became common to
adopt meny curious and superstitious practices to avoid
its inevitable outcome (Theorides, 1974; Steele, 1975;
Miller :nd Hzthanson, 1977). Yet some scientific
progress towards its understanding was also made.
Severa. workers, of whom the first was Zinke (1804)
succeeced in trensmitting the disease to healthy dogs
by inoculation of infected saliva, while Galtier (1879)
by intravenous inoculation of the same material was able
to protect shucp against subseqguent chnallenge. CGaltier
also showed that the rabbit was a useful experimental
animal for the study of rabies (Pasteur et al., 1884),
He thus paved the way for Pasteur and his co-workers to
develop virus attenuated for dogs but huving @« unilorm
(fixed) incubution period in rabbits and to prepare the
first nervous tissue vaccines for immunization of dogs

and man (Plasteur, 1885).



The experiments of Zinke and Galtier (Zinke, 18043
Galtier, 1881) convinced authorities that rabies was an
infectious disease and that the control of dogs might
lead to its elimination, Early in the 19th Century
quarantine regulations, elimination of stray dogs, and
muzzling were introduced in Scandinavia and by 1826
(Galtier, 1381) this area was free from dog rabies. Dog
control regulstions were also applied successfully to
other urben centres in Europe, but these areas frequently

became re¢-infected after a few years (Galtier. 1881).

A brief historical review of rabies in Asis was
given by Tierkel in 1971 (Tierkel, 1971). 1Irn the mid 19th
century several reports of the disease in dogs in China
were maile by resident Europeans and the disease in man was
well known to Chinese physicians (Steele, 1975). However,
the stucy of the disease in the East did not really begin
until the early 1900s when Fasteur Institutes were
established in India, Iran, Vietnam, and Indonesia
(Tierkel, 1971). In India, shortly after this time
Semple (1911) produced the first fully inactivated rabies
vaccines and in 1920 Japan became the first country to
practice the large-scale vaccination of dogs (Meno and
Doi, 1921). This, combined with other control mceosures,
led to the final eradication of the disease in that
country in 1956, after a massive outbreak of canine

rabies from 1948 to 1950 in the Kanto district which



includes the Tokyo metropolis (Shimada, 1971).

Rabies has been known in North Africa since ancient
times and was wentioned by the School of Alexandria
(Theorides, 174). In 1858 preventive measures were
introduced in Algeria to control the extensive spread
of the disease, which a few years later was reported as
enzootic i Lthiopia (Steele, 1975). Curiously,
travellers sucli as Burrow in 1806 and Livingstone in
1857 comaented on the complete absence of the disease
(Bisseru, 1971) and in 1893 the first outbreak known to
have occurred in South Africa was caused by a dog
importei from England (Bisseru, 1971). This paucity of
reports of rabies in the African continent is particularly
interesting in view of the fact that rabies may have

originaied thcre (Shope, 1976).

Resies ic thus one of the oldest and most feared
diseasc¢s in recorded history, having been reported as
early s the 2300 years B.C. (Tierkel, 1959). This
dreade ] disease heas survived over 500 years inspite of
concerted efforts to control it. The apparent failure
to el minate rabies from our environment is not due to
lack >f technological know=how, as several other great
epidemic diseases namely plague, small pox, typhoid have
controlled or eliminated in the intervening period.
Rabiwe:s, howvever, possesses certain epidemiologic

attributes that render elimination of the virus from



from the environment difficult.

Host Range

Though rzbie¢s affects all warm blooded animals,
they are not cqually susceptible (Chalmers and Scott,
1969; Kaplan, 1969; Kaplan and Koprowski, 1980). As
stated before, birds and opposums are highly resistant.
Rodents, l:rgermorphs, deer, wild dogs, have an
"ecological® rusistance, because of their small size or
peculiar’tiecs of habitand habitat, they are¢ very ra~ T
infected (Chalmers and Scott, 1969; Winkler et al.,
1972a; Eernard, 1979). Laboratory-reared rodents are
rarely, if ever infected, hence bites by laboratory
mice or mts are usually not considered exposurc, (ev~
rodents 1sed in rabies diagnosis or researchk). The
susceptibility of bats appears to vary from place.
Apart from thc vampire bats of Central and South Amcrica
(Pawan, 1936b) rabies has been reported in 26 out of 40
species of inscctivorocus and frungivorous bats in North
America (Constantine, 1966; Constantine and Woodall.
1966). Bat rebics is rare in Europe, Asia and Africa
(Turne:, 1276,. kabies related viruses have been
isolated from bats in Nigeria and Scuth Africa (Shope
et al., 1970; Kcredith et al., 1971; Tignor et sl.. *27°
The role of the bat as reservoir of infection for other

animal specics has not yet been clearly delineated,
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Feral wild animals such as coyotus, foxes, racoons,
skunks, civet cats, mongoose, jackals (Chalmers and
Seott, 1969; Kaplan, 1069; Turner, 1976a; Bernard,

1979) are hi hly susceptible and important in the
natural history of the virus. The relative susceptibi-
lity of these animals depends on the strain of rabies
virus. For instance, a strain of virus isolated from a
fox requircs 100 times less virus to infect a fox then
a skunk, but foxcs are more resistant to rabies of hat
origin than skunks (Sikes, 1962; Constantine and
Woodall, 1965). The cow is perhaps the mast anceer+ >’
of the domestic animals {Koprowski, 195%). Swine are
less susceptilbl: than the dog or cow, andthe cat is
more resistanlt than the dog to street virus but not to
the Flury strain (walker and Crawley, 1959; Cabasso et al,,

1965). o

i

Man is relatlively resistant to rabies, only about
20 per cent ol untreated persons bitten ©y unknown ra™i-s
animal: develos the disease (Clark et al., 1975). Some
of the human rusistance may be attributable to non-
biclogical factors. Protective clothing and post
exposure first «id tend to reduce exposure of the wound
to virus-—iaden saliva, and human beings are often not

as severely bhitlen as smaller animals.
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The incidence of human rabies generally correlates

with canine rabics; control of canine rabies usually |

results in drastic reduction in the incidence of huma$

rabies regardlcss of the incidence of wildlife rabiesI

(Turner, 1976a). Children are at the greater risk of

rabies (than adulis) partly because theyoung are more
susceptible tc infection with the virus. More |

importantly, children have greater contact with dogs

and wildlife because of their uninhibited curiousity, |
and are usually iess capable of escaping a rabid animaﬂ
(Shope, 1975). Mo racial, genetic or soci~cconomic ‘
differences in susceptibility have been reported,

domestic and stray dogs and cats are involved whereas

Rabies is maintained in two interrelated phases

described as urbesn and sylvatic. In the former,

in the “atter infected wild animals transmit the
disease. .Jven dog rabies was considered by Johnson ;
(1959) to be primarily a disease of wild canine speciei,
domestic dogs having no role in the maintenance or spread
of the disease¢s before the 18th century, when
industrialization began in Europe and America. The ‘
increase in urbon rabies became more of a problom as
cities incressed in size. Nowadays it is rigorously
controlled in thosge parts of the world where the
efficient applicetion of public health measure is
possible (Steele, 1975).
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Sylvatic rabics, on the other hand, prosents a

much more introctable problem and a constant threat tb

man and his livestock. Rabies epizootics in wild 1ife
have been reported since the Middle Ages but have only
been extensively studied, chiefly in Europe and North
America, since the current upsurge began. ‘These

eplzootics arc characterised in particular locaticns by
the predominance of one¢ or two carnivore specics as tﬁe

main victims and reservoirs (Chalmers and Scott, 1969;

Steck, 19074) and the pattern of the epizcotic in an area
remains stable over many years. The red fox is probahly
the animal most susceptible to rabies (Chelmers and
Scott, 1969) and it has been implicated in several
major epizootics, inciuding the present one in Burope.
Since the Sccond World War, there have been large-scale
agriculiural ond industrial change in Northern Lurope,
to which the fo» has proved more adaptable than its

natural competitors. Furthermore, the number of foxes

inereased during the war, presumably due to the suspend

gion o) hunting so that the population became better

suited for the maintenance and spread of rabies (taylor,
1976a). A few other animal species, including badgers)
martens and doeer, are regularly found to be infcocted,
but these are regarded as having no sigrnificsnce in
maintaining the current outbreak. The isolation of

rabies like viruses in rodents in Central Europe
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(Sodja et al., 1971) is also considered to be of no

epizoological iuportance (Forster'gj.g}., 1977). \

Among other animals known to be important in
maintaining rabics are the Jjackal and mongoose in
parts of South Africa and the wolf in Southecastern
Europe, the I[liddle and Near East, Mexico, and Nerthern
Canada (Bissscru, 1972). Rats are still regarded as :
a potential source of human infection in Lebanon and }
parts of liorth Africa (Turner, 1976a), and enzootic
rabies in rodents has also been reported from Thailand

(Hummeler ct al., 1567). I

Epidemic Models |

Two epidemic models have been applied to explain
the persistence of rabies in wildlife (Chalmers and
Scott, 1969; Lzcon and Mcdonald, 1980). According to
the first and pcerhaps more popular model, rabies virus
is maintained @s mild, silent, smouldering epidemics |
(or epizootics) in the wildlife host reservoir (Ticrkei,
1959; ¥aplan, 1969; Shope, 1975). These hosts vary |
from place to rlace, foxes in Europe, skunks, racoons,i
foxes in the Americas, mongoecse in Scuth Africa and |
the Caribbean Islands. Regardless of the specific host,
rabies is thouglht to be maintained by continucd

interaction between infected animals and new

susceptible hosts. According to Kendals threshold
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theorem, if the contoct rate between infected and
susceptible animeals is such that an infected fox
infccts more than one susceptible fox, the frequency

of disease would increase exponentially and an epidemic
occurs., Convcrsely if each infected animal meets and
infects less thoen one susceptible animal, the frequency
of disease docreasces exponentially and the virus should
disappear from the environment. If, however an
infective aninal meets and infects on the average only
one susceptible host before it dies, the virus will
"smoulder’ definely in a steady-state endemicity as long
as suscecptible hosts are available. 1t has been
suggested that a population dersity of one susceptible
fox per square kilometre is sufficient to maintain
rabies in this manner. To eliminate the virus thus
maintained, the fox population must be reduccd to one

per 4 or 5 square kilometers (Kaplan, 1969).

The success of this model depends o a great extent
on the availability of new susceptible hosts and
efficivnt transmission. In real populations of finite
size, susceptible hosts may not alivayvs be available.
Foxes for cxamplc, breed only once a vear and rabies
can occur at any time (Bacon and liacDonald, 1980). If
a rabies epidemic destroys a lot of foxes rapidly, the
birth of ncw foxes may not be able to replace susceptible

host rapidly e¢nough. Thus according to the model above,
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the frequency of the disease will decline unless new
susceptible hosts accumulate. Hence the incidcnce of
rabies would be expected te oscillate with changes in
“he population of susceptible host.

The current epidemic of fox-rabies going on in
Europe is an exccllent example of the 'Smouldering
epizootic' model described above (Kaplan, 1969; Bocon

and MacDonald, 1580).

Cha_.mcrs and Scott (1969) have proposed an
alternative mouel in which rabies virus is seen to have
survive« by adaptation of certain preferred hosts such
that a mutually non-dctrimental ecological balance or
"climar" is established. They described four such
climaxe: := thc Desmodontied (Vampire bat) climax in
Central and South America; the Musterlid climax in
North Aserica, Greenland and Europe; the Viverid |
(mongoose) climax in India, South Africa and the
Caribbt an, and the Canid (dog) climax in Africa, India
and South #dast Asia. Infection of these climax hosts
may occasionally result in overt disease and death, but
generally in inerparent infection or in transient ill-
ness with recovery. Such infected and recovered animals
became "hcalthy" carriers capable of transmitting the
disease to other animals. Thus the virus is maintained

in a "natural" cycle of infection within the climax host.
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Occasionally virus infection spills over from the
climax hosts into other less adapted hosts, producing
an “aberrant® cycle of infection which is generally
manifest as cpizootics in wild animals. Rabics in
Canidae (Foxes c¢tc for example, is regarded as an
overspill from the mustelid climax. Accidental infec-
tion of derdend hosts such as man and cattle occur
sporadical y during the epizootics in the¢ aberrant cyl
cycle hosts. These dead-end hosts do not usually
participate in the transmission of the virus and are
irrelevart as fer &s survival of the virus in the

environrent is concerned.

Th: fact that rabies has survived through 5000
years i: good evidence for its ability to adapt to

hosts.

The climaxes should be regarded as dynamic systems
subjec: to chenge as a result of environmental
pressu~es and human interference. It is likely that
old climaxes disappear under the pressure of environ-
mental change, ond new ones replace them., The enf-ne*
described in Lhe past and the pressnt may be thce evelu=-
tionary process for the cstablishment of new, stable
climaxes systew following long term disruption of former

climax associations (Lloyd, 1976).
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Biological Propertics Influencing Epidemic Behaviour

The epidemiologic pattern of rabies is also
influenced in somc incompletely understood way, by
vertain biological properties of the virus. The long
incubation period (Debbie, 1974) provides for easy
introduction of the virus into rabies-free area by
infected ardimwls not yet showing signs. Long incubation
periods in the wild allows time for new sugsceptible
hosts to accumulste, sustaining the smouldering
epidemic: wnich may maintain the virus in the wild.
Neurotrcoism and the shedding of the virus from
exocrin: glands zre two other biclogical properties
which e hance survival of the virus. Neurotropism,
particilarly the relative selective locelization of
virus in the limbic system, provides the basis for
behaviciral changes which maximise successful tronsmis=
sion. ‘riendly and paralytic behaviour in rabid animal
ensure infuction within members of a greup of animals
since :uch hehaviour will result in a high index of
indivi tual contoct., The furious form of rabies promotes
spread of the discase to other groups and specics,

since the fury drives the animal to attack other spccies.

The sccretion of the virus from the salivary glands
combined with the bite provides an extremely efiicient
method of inoculating the virus into the host with

little risk of exposure to the environment.
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Geographical Distribution of Rabics

In Britain, geographically isolated from mainland
Europe by the sea and appparently free from wildlife
rabies, the authorities were much slower to introduce
measures for dog control. Although the disease had
been present in the country for most of recorded
history and in the 19th century was presenting z scerious
problem in industrisl midland towns, (Johnson, 1959;
Anon, 1971; lisseru, 1972, Steele, 1975) no attempt was
made to deal with it on a national basis until 1831,
when a bill wes introduced in Parliament to "prevent
the spreading of canine madness". The bill did not
become Jaw but local authorities were later given
various powers to control dogs (e.g. muzzling, destruc=-
tion of strays ctec). (Anon, 1971; Bisseru, 1972; Steele,
1975). It was not until 1897 that legislation requiring
a quarantine pcriod for infected animals was introduced,
yet by "903 Britain was free from rabics. Apart from an
outbreak between 1918 and 1922, probably caused by the
illegal importation of dogs by servicemen returning
from the First World War, the country remaincd free
from the disease until 1969 and 1970. In each of these
years 21 dog became rabid after being released from
the statutory six months in guarantine. Fortunately,
nejither of thuse incidents led to cases of sccondary

infection and despite the importation of about 5000 dogs
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and cats per yoear into the country, Britain has
returned to its rabics-free status (Anon, 1971;

Bisseru, 1972; WHCO, 1977a).

. 1

With the exception of Scandinavia and Britain,
complete elimination of rabies from Western Lurope
proved virtually impossible hecause of i1ts persistence
in the wildlife. Despite its apparent disappeararice
from some arecas for long periods, it has emerged at
intervals with the conscquent spillover into dogs and
other domestic onimals. Two major roesurgences of the
disease in Ccniral and Western Furope have boeen
associsted with the First ond Second World Wars. As
Schoop (1966) hos pointed out however, in the first,
from 1518 teo 1922, dogs were mainly implicated, while
in the second, which started in 1939 and is still

continuving foxves are the main cause of dissemination.

At the beginning of the Second World War, numerous
cases of rabi.s in foxes and badgers were reported in
Polanu; in 1948 the disease reached Czechoslovizkia and
Austraia, and by 1950 was present in West Germany.
1t was temporarily halted at the Rhine in 1960, but
has cince continued to sprevad westward. Its presence
in Belgium and ILuxuembourg was confirmed in 1967 and in
1968 it ontered France. In Germany and Denmark which

became reinfectcd in 1964, the discase has boen
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contreclled but not eradicated by drastic reduction
of the fox population, but in France this procedure
has been less successful and the disease has continued

" te spread wustward (Anon, 1971).

Rabies wazz unknown in the American Continent until
the mid - 16th century, when it was probably imported
by European scttlers taking dogs with them. The first
reports of rabics in the Western Hemisphere was of an
outbreak in dops and cattle in Barbadoa in 1741 (Steele,
1975) and in dogs in Virginiz in 1753 (Shope, 1976).
The first major epizootic in North America was reported
between 1763 and 1771 when foxes and dogs spread the
disease to pirs and other domestic animals, and by 1775
dogs rrhics was widespread in all the colonial states.
Wildlife rabics was also recognised in the eastern
states in thc 18th century and after the €ivil War,
dog rabiecs wns prevalent in most of the U.S. (Bisseru,
1972). Caninc control measurcs were introduced
unsucce:ssfully at the beginning of the 20th century and
it was not until the 1950s when a policy of widespread
dog v~zcination was adopted that urban rabies was

successfully controlled (Stecle, 1975; Tierkel, 1975).

In South America a major eépizootic was reported
in Poru between 1803 and 1808 when man, domestic

animals, and even fowl were said to have been infected
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(Steele, 1975). Although the epizeotic subsided, the
disease remaincd endemic. Rabies was also reported

in Argentina in 1806, Uruguay in 1807, and Chile in
1838 (Fleming, 1972). The discease also occurred in
Colombia in the¢ carly 19th century where intensive
measures to conircl dogs were taken in order to curtail

the outbreak (Disseru, 1972).

The wroblem of rabies transmitted by bats, which
is almost oxclusively confined to the Americas,
congtitites a rceent chapter in the history of the
disease (Cholmers snd Scott, 1969; Bisseru, 1972).
There arc a number of reports by the carly Spanish
coleonists of vampire bats attacking other animals and
men, and of deaths caused by such bites, but it is
only since 1921 thot vampire bats have definitely been
associated with rabies, particularly the paralytic or
dumb form secen in cattle (Pawan, 1936a; Bacr, 1975).
Derriengue is the common Spanish name for this form of
the digease in cattle, the history of which was described
by Jornson (Galiicr, 1879). The first diagnosis of
rabies in a non~hematophagous bat was made in Trinidad
in 1931 and since then regular diagnoses of rabics in
insectivorous and frugiverous bats heve beon made in

various parts of the American continent {(Baer, 1975).
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Rabies is still present in most parts of the world
except Australia, New Zealand, and Antartica, and
countries such as Eritain and Japan which have
succeeded in vliminating thc disease remain frec from
it because of their geopraphical isolation and strict
control measurecs (Kaplan, 1969; Anon, 1971; Shimada,
19713 Nobuto, 1€71; Bisscru, 1971: Blamire. 1973 and
Acha and Hubberd, 19759). In other countries such as
Denmark (WHO, 1959) which have frecd themselves of
rabies, thce disease has reappeared after varieble periods
of time. In 1959 the Veterinary Public Health Unit of
the World Heulth Crganization (WHO) began regular surveys
of rabi:s (WHC, 1959) which since 1969 have becn
supplem:nted by a monthly surveillance of the disease
in the americas carried nut by the Pan American
Zoonoses Center (FAZC) in Buenos Aires. In addition,
the yearly incidence of rabies is published in the
annual wnimal Hcelth Year Book, published jointly by WHO,
Food arni Agriculture Organization (FAQ), and the Office
Internstional dcs Epizootics (OIE) (Anon, 1960 - 1975).
Unfortunately the number of countrics sending
statictics to WHC is declining (WHO, 1977); furthermore,
the accuracy of reporting varies from country to country,
so that the world picture presents an impression rather

than 2 precise record (Turner, 1976a).
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Compared with many other discases which occur on
a global scale, human deaths and animal losses from
rabies may not be striking although they are far
from insignificant. Most of the cost is involved in
preventive mcasures, from the rounding up of stray
animals to thc jrovision of massive veterinary vaccina-
tion programmecs and postexposure treatment for man
(Kaplan, 1969). Howcver, it is e¢stimated that in the
area between tropical Mexico and North Argentinz the
scarcely credible number of 1 to 2 million animals die
each year from vempire bat rabies, at an annual cost
to the farming incustry of 80 to 250 million dollars
(Linhart, 1975%) and in the last few years appreciable
losses of cattle infected with rabies have also been
reported from Canada, U.S., and South Africa, and in
Europe from France, Germany, and the U.S.S.1l. (WHO,
19593 Chalmers cnd Scott, 1969),

Animal spccies currently important in the
maintenance and spread of sylvatic rabies are discussed
in the works of Baer (1975) and the¢ spread of fox rabies
in Burope has been discussed in at least three lengthy
articles sincc 1976 (Lloyd, 1976; Toma and Andral, 1977;
Wachendorfor, 1978). However, foxes are not usually
considered to be a direct hazard to man (Kauker, 1975).
The dog still remains the animal likely to infect man
(WHO, 1959; Ticrkel, 1975; Turner, 1976a). Despite the
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decline in the laét 20 years or go in the incidunce

of infection in dogs in the U.S5,, it is mainly this
specles whose bitesg cause 30,000 postexposure treatments
or man to be gilven each year (Corey and Hattwick, 1975).
Kappus (197¢) has pointed out that this specivs should
gtill be regarded as important in rables transmission
te humans ' n North America, chiefly in rural arcas

where ther: is contact with infected animals.

In Africa, particularly in the north and west of
the continent, Asia, Southeast Europe, and Central and
South Arerica, urban rabies remains of overriding
importance oand it is in these arcas that most human
exposurass occur (WHO, 1959). 1In India and the
Phillipines, the situation is of particular concern
(WHO, 1959; Ticrkel, 197%; Turner, 1976a). 1%t has been
estimat:d that in India there are more than 18,000
deaths from robies each year, while more than 3 million
people reccive postexposure vaccination (Schwabe, 1971)
with norvous tissue vaccines (Semple, 1911) a
procedure which itself entails considerable discomfort

and no 1ittlec risk to the patient (abdussalam and

Bogel . 1971).
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Rabies in Nigceria

In Nigeria, the evidence of the long history of
rabies is containcd in the fact that every Nigerian
language has a name for rabies in dogs: "Ciwon Kare"
(Hausa) "Digbolugi% (Yoruba), "Ginnaji" (Fulani)

(Nuru, 1573). It has been reported at one time or a
other from all sections of Nigeria (Owolodun, 1969;
Banerjee and Elcgbe, 19703 Nuru, 1973; Ezeokoli et al.,
1981; Ikede and Adeyefa, 1982) and comprehensive reviews
of the discasc were given by Umoh and Belino (1979) and
Fagbami c¢t al., (1982). Many animal and human cases

are probably unreported especially in rural areas where

veterirary and hospital facilities are inadeguate

(Nuru, 1973).

Dificulties in obtaining reliable data on rabies
in Nigeria have been encountered by others (Nuru, 1973).
However, reports from ether parts af the country
(Owolodun, 1969; Elegbe and Banerjee, 1970; Fagbami
et al., 1981) have implicated rabies as one of the

major public health problems in the country.

Reservoir lHosts

How rabics virus is maintained in Nigeria is not
clearly elucidated. Although exhaustive screening for
wildlife rabics has not been carried out, ecvidence

available from cpidemiological surveys (Lzeokoli and
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Schnurrenbcrger;.ﬂ977; Beran,.1981) and samples
submitted to the dizgnostic laboratory indicate that
wildlife plays a negligible role in the maintenance

of rabigs in Nigcria (Tomori, 198C). There were no
cenfirmed Snses of rables in over 2000 wild animals
tested between 1923 and 1970 (Boulger and Hardy 1960;
Banerjee aid flugbe, 1970). However, 94% cases occur
in dogs and the virus therefore appears toc be maintained
primarily in dogs (Owolodun, 1969; Nawathe, 1980}, It
is estimated that Nigeria has a population of 2.3
million -dogs (C.D.C., 1973), although no national or
individial state canine census has ever been conducted
in Nigeria., Recently, straing of rabies virus wore
isolated from a monkey and twe hyraxes in Ibadan, and
one eachl from a caracal lynx and a civet cat at the
Ibadan and Jos Zoological gardens respuchively (Anpual
Reperte, University of Ibadan Virus Rescarch Laboratory
1969, 1972 Ckch, 19763 Kasali, 1977). 1In addition,
two rabies-reloted viruses, Meokola virus lsolated from
wild shrews caught in Ibadan (Shope et al., 1970;
Kemp ¢t al., 1972) and Lagos bat virus.isolated from
fruit bats in Yalia, Lagos (Boulger and Porterfield,
1958) arc known to exist in MNigeria. However, rabics
viruc has not been Isolated from bats or shrows and
possibility of wildlife reservoirs in some of these

animal species hoas buen expressed but not proven

N
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(Okoh, 1976; Tomori, 1980). The report by Kemp ct al.,
(1973b), that shrews can be experimentally infected

with Mokola virus by several routes and that such shrews
can transmit the virus by bite, focuses renecwed
attention on the role of wildlife in the ecology of
rabies infection in Nigeria (Tomori, 1980),

McMillan and Boulger (1960) reported that the

ground squirrcl (Xerus crythropus) is susceptible to

experimental infcction with street robies virus. The
Hausa and Fulani people of northern Nigeria genuinely
fear the bitc of the ground squirrel and firmly believe
that madness culmination in death, would occur 1 to 6

months after thc bite (Zwart, 1969).

The available circumstantial evidence supports
the rabies-canid climax model of maintenance of rabies
in Nigeria. The evidence include (a) the well accepted
existence in West Africa of 'Oloufato' (Bouffard, 1912),
a non-fatal disecasc of dogs which has been identified
as rabies (Chalmers and Scott, 1969) (b) occasional
reports of human rabies resulting from bites of apparently
normal dogs (Anon, 1932), (c) the lack of dircctional
spread of rabics e¢pidemics which should be expected if
the virus was maintained by sequential spread among
suscepteble hosts, as secn in fox rabies in Europc. On

the contrary, rabics outbreaks in Nigeria occur in a
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random manner consistent with independent, local
initiation. 1ltiorec concrete evidence such as the cxistence
of animals that heve recovered from infection or are
healthy carricrs, is required to buttress the canid-

climax model.

Prevalence

While the dog remains the most important animal
host in Nipgeria, livestock are also involved though to
a relatively small cegree (Boulger and Hardy, 1960;
Owolodun, 1968; 1969; Elegbe and Banerjee, 1970;
Banerjee and Ilegbe, 1971). Over a 15-year period
(1967-1981), 354 samples werc received from states in
the south-westcrn part of Nigeria for diagnosis at the
Department of Veterinary Pathology, University of
Ibadan. Twenty~three percent ~anine cases were found
putrid and unsuiteble for examination while 232
(65 percent) of the remaining 331 specimens werc found
positive for rabies, These consisted of 218 dogs
(94 percent); 6 cats (2.6 percent); 2 cattle (0.86
percent); 3 sheep (1.3 percent); 1 goat (0.43 percent);
and 2 caracals (0,86 percent) (Ikede and Adeyefa, 1982).

The rabics diagnostic results of the National
Veterinary Rescarch Institute Vom (1968 - 1977) indicate
that of the 1,655 specimens received from the ten States

in the northern part of Nigeria, Bendel and Cross River
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States, only 608 (36.7 percent) were positive for
rabies (Anoss ct al., 1980). This consisted of 572
dogs (94 percent); 10 cats (1.6 percent); 11 cattle
(1.8 percent); 5 sheep (0.8 percent); 3 goats (0.5
percent); 2 pni;s (0.3 percent); 2 donkeys (0.3 percent);
1 horsc (0.2 percent) and 1 ferret (0.2 percent). In
both cases, though the sampling may be biased in
favour of caninc rabies, this is probably bocausc the
disease is morc recognised in dogs than in tho other
species. ‘Mlevertheless, the data indicate that the
domestic dog is still the major factor in the¢ urban
pattern of rabics in Nigeria. However, thc incidence
of rabi:s in livestock is worth noting c¢nough it would
appear that most of this havc been due to dog bites
(Owoloduin, 1968; Elegbe and Banerjee, 1970; Okoh,
1981).

The National Veterinary Rescarch Institute, Vom
“recorded 538 cases of rabies diagnosed between 1970 and
1978; 94 percent (504) of cases were dogs, cats and
cattle accountucd for 1.6 perceat each, and the remaining
0.5 percent wes spilt between rat, lynx, civet cat and
monkey (Nawatbh., 1980). The virus therefore appears

to be maintaincd primarily in dogs.

Recent evidences which have highlighted the

possibility of occult and chronic forms of rabics as
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well as post vaccinal clinical disecase (Fekadu, 1972;
Fischman and Strandberg, 1973; Doege and Northrop,

1974) makes the situation precarious and calls for a
reappraisal of currcnt reports of rabies occuring in
dogs within a year of antirabies vaccination (Okoh, 1981,
1983). Some factors such as poor handling and
administration cf snti-rabies vaccinas, poor immune
responses duc to innate factors and immuno-suppressive
diseases in vaccinated animals as well as poor

immunogenicity of the vaccine are likely factors.

The potential hazard of rabies in Nigeria has been
described by several workers (Thorne, 19543 Boulger and
Hardy, 1950; Owolodun, 1969; Ezeokoli and
Schnurr.nberger, 19773 Umoh and Belino, 1979; Fagbami
et al., 1981). The recorded number of people bitten and
subsequintly recciving anti-rabies treatment annually
has inc-eased from 6,000 persons (Boulger and Hardy,
1960), to 7,549 victims (Fagbami et al., 1981) but it
is estimated that over 10,000 persons are involved
annually (llawathe, 1980). The reported number of human
deaths attributcd to rabies has incressed from 120 in
1925 to 340 in 50 years (1928 to 1978) (WHO, 1984).

One hundred and sixty-ndine cases of human rabies were
recorded in 2 survey of 38 hospitals and five
epidemiological units nationwide for a 10-year period,

1969 to 1978 (Fagbami et al., 1981).
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There are several superstitious beliefs as to the
cause of rabics in doys and thesc vary from state to
state (Fagbami €t al., 1981). Also native treatment
measures, way a@lso play a role in under-=reporting of

the disease (Fegbami et al., 1981).

Rabies in Platcau State of Nigeria

The ristory of rabies in the present Plateau
State, appcars to be very long as evidenced by the
fact that every tribe of the state has a native name
for rabics in dogs, for example "Rou Vu" (Berom);

"As Titar® (Angas) and "As Georun® (Ankwai).

P-ior to 1955 (Anon, 1957) whe¢n the rabies
diagncstic scrvice was set up and served mainly
PlateaL. Province, rabics had been a health hazard to
the perple of the area. Very serious outbreaks of the
diseasc occurrcd in Jos township and the neighbour-
hood ¢nd it would seem rabics was either on the
incresnse in the province or was attracting more
attenzion (Ancn, 1927; Beaton, 1928; Henderson, 1929;
Anon, 1930 - 25; 1966 - 70)., The rabics diagnostic
services continued its work and became to be relied
upon as a main rabies diagnostic centre in Northern

Nigeria (Anon, 1964 - 65).
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Canine rabics is widespread in Plateau State but
the true annual incidence and geographical distribution
on the disensse are lacking. Earlicr examination of the
problem (Owolodun, 1969; BLanerjee and Elegbe, 1970)
have been bascd on laboratory data which did not

necessarily rcflcct the populations at risk.

Cases of dog bites inflicted on people appear
frequently in Plateau hospitals and hcalth clinics
(Anon, 1977, 1978). There are very few attempts made
towards epidemiological study of dog bites locally and
nationwide (Kelc, 1977; Fagbami ¢t al., 1981). The
frequency of thi administration of pest-exposurc
prophylaxis (PLF) in Plateau Statc remains to be studied
although a hospital survey of the problem betwecn
1970 - 1980 gave a figure of 7,549 over the ten-year
period retrospectively cxamined (Fagbami et al., 1581).

Control of Rabics

The ultimete solution to the rabics problem is
predicated on thc control and eventual e¢limination of
the diseasc [rom animal populstions. Preventioq'in
human beings, livestock amd in the reservoir hosts is
basecd primarily on breaking the cycles of transmission
in the reservoir hosts and, secondarily, on protecction
of thesc altcrnate hosts from € xposurce or infection

(Beran, 1981),
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Control may be accomplished by the setting up of
transmission barricrs principally by mrss animal
vaccination, climination of stray dogs, and the

reduction of c¥cessive numbers of wildlife reservoirs,

Vaccination Against habies and Dog lLicensure

When compulsory rabies vaccination programmus
are institutud, rabies in dogs decline (Tierkel, 1959;
Sikes, 1'68; Glosser c¢t al., 19703 Ticrkel, 1975a;
Nielson =t al., 1979). The objective of vaccinating
dogs agninst rabi-s is to eliminate dogs as the
primary source of human € xposure. Vaccination lovels
of 70 percent of & given population are postulatcd to
protec: against outbreaks of rabics in that population
(Kappus, 1976). This hypothesis requircs that the
70 percent of vaccinated dogs oe randomly distributed
in the population, In real 1ife, most dogs vaccinated
against rabics are generally well cared for, and are
more c¢r luss confined and, thereforc, not likely to be
exposcd. I[iaking vaccination a prerequisite to
licensure (Glosser et al., 1970) further identifics
licersure 25 a function of dog rabie¢s control. At the
same time, howcver, licensure will concentrate the
rabics contrecl effort on the low-risk (owned) dog
population rathcr than on free-roaming feral dogs.

The critical pert of thedog population for contrsocting
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rabies is thc pereccntage of unvaccinated free-roaming
dogs. The control of the latter category of dogs is

a complex issu., not to be resolved through lcgislation
combincd with continuing education of the dog-owning
public (Taylor, 1976) on the values and responsibilities

of pet dog owncrship.

Mcthods of dog vaccination campaigns
(a) Continual dop vaccination at private or governmental

Vetcrinary Clinics to which dog owners take their
dogs

It is the responsibility of dog owners to
obtain first vaccination at 3 - 4 months old, a
second dosc one ycar later and booster doses
every 2 - 3 years thercafter with live or
inactivatcd and adjuvanted virus vaccines
(Bech-Niclsen et gl., 1979). The advantages
of this method are that little government c¢ffort
or expense is needed where veterinary clinics
already exist, It works well in conjunction with
mandatory licensing and taxing of dogs with the
requircment thet valid certificates of vaccina-
tion ¢ furnished by the owners. This mcthod
is most applicable where there are few unowned
dogs 2nd the population will voluntarily follow

the regulations. When fully implemented, it
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continually waintsins a high immunc level within
dogs, ensuring against focal outbreaks of rabics

(WHO, 1584),

The disadvontages of the method are that it does
not reach unowncd dogs and becausc¢ of the owner
efforts and cxpcnses involved, it encourages people
to declare their dogs unowned. A high level of
compliance by upper and middle class owners of pet
dogs may m=s't & low level of vaccination coverage
in the 1l.wer class neighbourhcods and non~residential
urban arc¢as wiere rabiecs 1s being maintained

endemicnlly.,

(b) Dog vaccination campaigns through neighbourhood

vaccination centres

Cormunity-wide campaigns are usually conducted
every 2 years or when focal outbreaks appear between
regularly schuduled campaigns. The personnel are
commonly government employees, trained for their work,
pre-exyj osure immunized against rabjes, and temporarily
assigned to the rabics control programme. The
advantages of this method arc¢ that neighbourhocd
centrcs arce morc conveniently located for most ddog
ownurs than arcv veterinary clinics. They are
relatively casy to publicise and frequently civic

organizations &nd local mass media may c¢ffectively
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participate in community education and by
announcing schedules., Neighbourhood centres are
relatively cconomical to operate and if neigh-
hbourhoods arc well mobilized, can be very
efficient in vaccination time, Vaccination
centres mzy be the only feasible approach when
housel:nld compounds are not open to vaccinators
to enter and vaccinate dogs during times when the

masters of the hou eholds zre away (WHO, 1984),

Tha disedvantages are that vaceination clinics
rely on owner initiative to bring their dogs.
Unowned dogs, and owned dogs which may be difficult
to managzce off the owner's premises will not be
brought. This method encourages people to disclaim
ownership of dogs which may live on and cven
receive food on their premises, Dog owners may
be hesitant to mingle their dogs at vaccination
centres, recognizing hazards of animal fights,
picking up of fleas or ticks, and transmission
of infectious diseases. In mixed neighbourhoods,
high compliance by some portions of the neighbour-
hood may mask low compliance of th¢ most critical

portions.
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(c) House to housc dog vaccination campaign with
complete coversge of residential areas and

selcected dog removal

Communitics are usually systematically
covercd cvery 2 years or when focal outbreaks
appear between regularly scheduled campaigns.

The caunpaigns are bascd on vaccination of all dogs,
bith owned and unowned, in residential
neishbourhoods, and on vaccination or removal

of dogs in non-residential areas. Usually dogs
arc vaccinaeted during campaigns without charge

to residents. The vaccinators follow set house
tc house schedules. They must both convince the
Jocal risidents of the importance of dog vaccina-
tion as well as vaccinate the dogs, so it is
irportant that they be well acqueainted with and
preferasbly from the arcas where they are working

('HO, 1984),

The adventages of this methad are that a
sufficicnt percentage, usually at least 90
nercent, of all dogs in communities are vaccinated.,
lesidents arc encouraged to claim dogs owncd or
at least rcecognized, Vaccinators become highly
proficicent in capturing and veccinating dogs.
Comnunity acceptance is maximised by not killing

dogs cxcept on special request (WHO, 1984).
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The disadvantages of the mcthod are that
training ond pre-exposure immunization of the
vaccinators are costly. House to house vaccination
does not work well in large urban centres where
neighbours do not know each cother, and does not
work well if owners are charged fecs for dogs

vaccinated (WHO, 1984).

Hous¢ to house dog vaccination campaigns with

entire comnunity coverage and no dog removal

This modification involves complete
systematic coverage of entire communitics by
vaccinators going houte to house in residential
neighbourhoods. In addition the vaccination teams
capture, vaccinate and release all dogs at non-
residential places such as a plaza, markcets,
abattoirs, food processing centres, garbage piles
and other areas providing food and harborage to
dogs. Usually at least S0 percent of the dogs in
all arcas of control communities are vaccinated,
Surveillancce must be continuous, and prompt
action taken upon any re-entry of rabies.
Campaigns are usually repeated every 2 years or

when rabics reappears (WHO, 1984).
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The advantages of this method are that there
is minimal disruption of normal community functions
and comaunity acceptance will be high, Only one
agency, the government service vaceinsting dogs
is involved, compared with programmes in which
animal pstrols, police and other agencics muast
folloi thic viccinating teams, Codrdination of
multiple agencies may be more complex than
operation of a single agency. Continuous control
actions, which are always difficult to fund angd
ma’ntain, arc not applied between campaigns

The disadvantaecs arc that this method is
least effective where natural barriers to rc=entry
of rabics into control arcas exist, Surveillance
mu it bC continous and campaigns promptly
re=instituted upon re-entry of rabics, Howcver,
it must be kept in mind that social, economic
and educational differences influence whethor
¢r not a particular type of rabiecs control
rogramme is going to work in a particular area

(Sikes, 1971).



Types of Rabies Vaccines
Vaccines for use in Animals

Widespresd use of inactivated nerve-tissue vaccines
prepared from fixed viruses in the brains of mature
goats or shcep, and in more recent years, of modified
live-virus (ILV) vaccines prepared from low e¢gp
passage (LUP) cnd high egg passage (HEP) Flury strains
in chicken cembryes has significantly reduced the
occurrence of rebics in many countries (Tierkel, 1959;
Sikes, 1975; W.C, 1984)., LEP, HEP, Strevet-Alaboma-
Dufferin (SAD), Challenge Virus Standard (CVS), and
other strains of virus have been adapted to grow in cell
culture or havce becn propagated in the brains of neonatal
animals rathcr ithen mature animals. This has rcsulted
in potent vaccincs containing less tissue mass and

with fewer neuroallergic problems.

Increasing use of inactivated vaccines for animal
immunization can be expucted as a result of recont
improvements in veccine production technigues (Wil0, 1984).
Although th: use of MLV can be Jjustified in arcas with
extensive rabics in domestic species (Tierkel, 1959;

WHO, 1984), imrunization with inactivated vaccincs is
to be preferred when the disease has been brought under

control (WHO, 19&1).
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Human Vaccincs

(1)

(2)

(3)

There arc three types of human vaccines

those derived from nerve tissue of adult animals
(e.g. shcep, goats, rabbit) or newborn animals
(e.g. rabbit, rats, and mice);

those derived from avian tissues (e.g. duck
embryo); .nd

thosc prepared in cell culturvs (e.g., human
diploid cell strains or animal cell cultures),
In nost instances a Pasteur or similar strain

of virus is used for production purposes, although
sp:cific adaptation to different culture systems
is required. For all types of vaccine, the
virus is insctivated by one of a variety of
physical or chemical agents, €.g., ultraviolet

light, pchenol, or B-propiolactone (WHO, 1984).

Virus grown in duck embryos and inactivatud by

B-propiolactone is also used as a vaccine, This vaccine

was developcd to avoid the neuroparalytic factors

contained in brain-tissue vaccines.

Jaccines prepered in cell-culture are now

available and appcar to combine safety with high

antigenic content, A vaccine developed from an

adapted Pasteur strain of virus grown in a human

diploid cell strain and inactivatced with
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B=propiolactone is producud commercially in France

and the Federal kepublic of Germany. Following
successful clinical trials in thse countries, and in
Iran and the United Kingdom, it is now licensecd for
use in a numbcr of countrie¢s for both pre and post-
exposure inmunization., In the USA a subunit vaccine,
prepared from the Fasteur strain of rabics virus grown
in human diploid cells, disrupted with trien-butyl
phosphate and inactivated with B-propiolactone, hos
been lic:nse¢d itor both pre and post- exposure use in

human beings (WiC, 1984).

Al-houghi the incidence of side-cffects following
the administrotion of celle-culture vaccine is extremely
low, improved rcthods of vaccine purification and
concentration are being sought. The possibility of
using pwrified virus glycoprotein for immunization is

being examined in several laboratories (WHO, 1984).

Vaccecini:s for use in Wildlife

Aitempts to immunise wildlife species with
inactivated vnccines by the oral or enteric route have
been unsuccessful (WHO, 1984). Recently, modified
live-sirus vaccines for the oral immunization of foxes
have been developed and tested in the field, first in

Switzerland and then in the Federal Republic of Germany
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(Meyer et al., 1972; Black and Lawson, 1973; Steck
et al., 1982).

The problems and limitations of rabies vaccines
are varied whehter for animal, human or wildlife use.
Safety can be a concern when MLV is used in animals
that are likely to be immuno-suppressed as a result
of recent sdministration of steriod or the presence
of immunosuppressive disorders such as feline lcukemia
(Bellinger et al., 1983). LEP and SAD viruses have
caused a number of vaccine-induced rabies cases in dogs
and cats respectively, and in some countries are no
longer ecommended for use in these species (Dean and
Guevin, 1963; Vaughn and fGerhardt, 1965; Kappus, 1976;
Humphrey et al., 1978; Pederson et al., 1978; Crlewein,

19813 Es1 et al., 1982; Bellinger et al., 1983).

Use of MLV veccine in a species for which is not
explicitly rccommended can result in cases of vaccine=-
induce¢ rabics, Farenterally administered modified
live~virus vaccines are not recommended for use in

wildlife animals kept as pets or in zoos (WHO, 1984).

Contaminating agents can also be a problem with
MLV veczceine, Farvoviruses have recently been
recognised as extraneous agents in I1V cell-culture=-

propaiated vaccines, probably because these viruses
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are prescnt as contaminants in trypsin or in the
mammalian seru used in vaccine manufacture, Because
the viruscs are small and highly resistant to heat
inactivation, they survive measures that eliminnste

less hardy contaminants (Sikes, 1975).

Vaccines prepared from adult central nervous
tissue (Semple type of vaccine in which the virus is
completely inactivated in the presence of phenol and
the Fermi type in which the virus is only partially
inactivated by phenol treatment and the vaccine
contains living infective virus) contain ncuro-
paralytic factors such as myelin. To reduce the hazard
from th - se substances, vaccines are now prepared on a
large s:ale from the brains of sucking animals, since
these ccntain smeller amounts. However, to ensure
a low livel of these factors, it is necessary, in
the cas~ of mousc. sucklings, to use animals under 9
days of agz at the time of harvest (Kaplan and

Koprowski, 1973).

The production of nerve-tissue rabies voccines
from the brains of adult animals has been discontinued
in recent ycars in a number of countries (WHO, 1984),
The Expert Committee on Rabies supports the trend to
limit or abandon completely, where economically and

technically possible, the production of such
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encephalitogenic brain tissue vaccines, and strongly
advocates thce production and use of inactivated cell-
culture rabics veaccines in beth developed and developing

countries (.10, 1684),

Vaccincs such as duck embryo vaccine were developed
to avoid ncuroparalytic factors but the indications are
that althouvgh neuroparalytic hazards have bcen reduced,
allergenic risks still exist. It is less dangerous
than the brain tissue vaccine, but also less antigenic

(Koprowslii, 1966),

Recently 2 dog and several cats died in Zimbabwe
from Mokola virus infection even though the dog had been
given a- inactivated rabies vaccine (Foggin, 1982).

The Zimtabwe episode suggests that it is possible to
conceive that some of rabies diagnosed in dogs and cats
in the »ast could be infections with rabics-related
viruses. Thc report from Zimbabwe supports the view of
Shope o¢nd Tignor (1971) that a polyvalent vaccinc or
appropriate combined vaccine regimen should be available
for us: in certain areas where rabies and rabies-

related viruscs exist.

Fostexposure treatment of rabies is not 100
percent effective (wikter, 1980). Failure occurs even
when the vaccine can be assumed to be potent and the

treatment prompt (Hattwick et al., 1972, CDC. 1976).
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Antigenic differcnces among strains of rabies virus
have been susptcted to be responsible for such failures

(Wiktor and Koprowski, 1980).

Stray Dog Control

Masg vaccinction will not reach the stray or
ownerless dog, & factor which remains a potential
threat in “hc transmission of rabies (Ticrkel, 1959).
An efficiently conducted programme requires the opera=
tion of @ locnl pound or humane shelter where stray dogs
may be k:upt for a few days and, if unclaimed at the
end of that period, destroyed humancly. Collcction
of stray dogs should be carried out by tcams of dog
wardens and assistants in animal patrol vehicles
usually Jjeeps or pickup trucks equipped with cages,
dog catching and restraining devices. Personnel
responsible for this activity should be qualificd and
trained (Tierkel, 1959). Licencing or registration of
all dogs is often a valuable adjuvant as if properly
enforced, it identifies the ownerless strays (Tierkel,

1975).

Methods available for humane dstruction of stray
dogs include (1) chemical methods using either gases
(e.g. carbon monoxide chamber or employ=-inhalant
poisons notably ecther, chloroform, Halothane, Hydrogen

cyanide and carbon dioxide) or compounds given as



48

intravencus injcctions are considered appropriate for
euthanasis if restraint facilities and trained
personnel are available for administration.
Pentobarbital, of immediate action and relatively low
cost is the most used barbiturate. Compound T-61, a
combination of 3 drugs is effcctive for intravenous or
intracardial euthanization. Lethal drugs such as
succinyl-choline=~chloride can also be used by direct
muscular injection using distance propelled syringe
darts (WHO, 1984). (2) Rapid decompression chambers
produce rypoxia by evacuation of air to 68,8 mm of
mercury or lower., (3) Electro-lethalators arc also

availabl: in somc¢ countries for destrucvion of stray

dogs.

Destruction of Dogs without initial capturing

The methods include (1) Shooting: In residential
areas dcg can be killed either with a shot-gun or
preferehly a long rifle equipped with a silencer. In
rural cceas dogs and cats can be killed when found far
from houses, using a shot-gun or rifle; (2) Capture guns
use ccrpresscd carbondioxide or percussion caps to
propel syringcs or darts to inject target dogs with
immobilizing drugs. (3) Oral poisoning: in urban
residential arcas meat and fish baits or chicken heads

are commonly uscd. Strycnmine and sodium cyanide are
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are frequently uscd and are cheap but very hazardous
and inhumance. In non=residential areas, shooting

and capture gun methods arc preferable. When all dogs
which have token poison baits are dead, the carcasses
and remaining baits must all be collected and deeply
buried to prevent any scavenger animals or persons from
accidental poisoning. Stray dog control has its __;;
problems ard limitations. Animal pounds are costly fo
build and opurate, They are practical in large urban
centres in which unconfined and unowned dogs may wander

through neighbourhoods and dog removal is¢ needed as an

owner vaccination and control of dogs. ﬁ
. _ . |

adjunct to

e

Alernative methods for euthanizing dogs require
épecialized facilities and training of personnel, While
some inhalant poisons 1like chloroform are cheaper and
nonflammable, others like Nitrous oxide gas is
relatively expensive for animal authanasia; and, others
like Hydrogen cyanide, constitute a persconnel hazard
that should probably be used only where pounds may be
located in uninhabited open areas. Shooting though
the cheapest method and can be applied at long distances
requires spoecial material, great caution and skilled
marksmen, Oral peisons such as strychnine and sodium

cyanide are very hazardous and inhumane.
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wildlife Control
Techniques available for population reduction
programmes include poisoning, gassing, trapping and

hunting: The most efficient and certainly most

economical tochniques have been poisoning and gassing.

r_ These methods must be applied with extreme caution,

especially in arcas of dense human and domestic animal

populations. Use of polsons has proved more frasible

< with small rescrvoir species for example strychnine-

- treated eggs for skunks and thallium sulphate for

mMONgoos:s,

Reduction of Excess Numbers of Wildlife Heservoirs

Outbreaks of rabies in Wild animals occur generally
when the population of the species becomes particulariy
dense in an arca (Tierkel, 1959; WHO, 1972; Wanderler
et al., 1974; Mclean, 1975b). Organised trapping and
peisoning programme are the most effective means of
reducing this overpopulation to a safe level in areas
menanced by wildlife rabies (Lewls, 1975; Tierkel, 1975).
Any predator control toechniqe should be directed not
toward extintion of a reservoir specics but toward
reduction of & species population to a level too low

to support an cpizootic of rabies (8ikes, 1975).
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Many limitations of cost and danger restrict the

effective wide scale use of trapping, poisoning,
gassing and hunting. Trapping reservoir speciles such
a8 foxes and mongooses has been uscd in some arecas

but this is both cxpensive and less effective than
poisoning animals or gassing dens (Sikes, 1975).
Trapping is frequently the method of choice in most afeas
because it is safcr than poisoning (Tailor, 19663
lLewis, 1975; DBateman, 1976). For many species, _
poisoning is far more efficient and ¢conomical than
trapping;, the latter being quite ineffective (Marx,
1666), Where poisons have been used it was possible

to devise protected bait stations, thus minimizing

the danger of accidentel peisoning of children and
domestic animals. Gassing of dens is applicable oo a
seasonel basis for short periods of time when the
familius of reservoir animals are together. If
reduétion programmes are not continued with persistonce
year efier yoear, wildiife populations tend to rapidly

returr to previgus levels.

As a result of the above problems and limitations
in wildlife control, other principles of control, such
as developing a practical, safe and effective oral
vaccine for use in terrestrial wildlife had to be

investigated (Sikes, 1975). Promising results hove been
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obtained in expcriments on immunizing foxes with
vaccine (Schmidt and Sikes, 1968; Baer, 1971; Dibbic
et al., 1972; Black and Lawson, 1973; Baer, 1975) and
the procedurc has also been applied in field conditions
namely in Burope and Canada (Wachendorfer, 1968;

Meyer et al., 1972; Steck et al., 1982). Vaccination
has receivid increasing attention as a potential

means of wildlife rabies control (Bacr, 1975; Winkler

and Baer, 1976).

The~e arc, of course, many questions still to be
answered bcfore such a product can be used in moass
vaccination campaigns for foxes and possibly other
species. These include as discussed by Baer et al.,
(1971); (1) A pathogenesis study to determine the
precise sitc of primary replication of the viccine
(2) safety testing in foxes, in which vaccinated
animals are tested for possible excretion of virus in
saliva, lacrimel sccretion, urine or feces, and a test
of any virus isolated for enhanced virulence. This
would nlso include further tests in foxes to be sure
that none develop clinical rabies, including uninoculated
contacts along with vaccinates to see if contact
transnission would occur. (3) The course of infection
with ERA virus in other animals to sec if any developed
clinical rabi.s (4) The survival of virus under field

conditions and development of a suitable bait.
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Another possibility is the principle of population
control by interrupting the reproduction cycle through

the use of hormones (Baer, 1975; Sikes, 1975).

Ecology of the Dog

Before¢ any rabies control programme is initiated,
data should be cbtained on patterns of dog ownership
relationship of animals to human society, population,
density, a;;¢ structure and turnover, habitat,
relationship of dogs to other reservoir specics, etc.
(Beck, 1373; Sclby et al., 1980; 1983; WHO, 1983; WHO,
1984), Priority should be given to obtaining such
ecological data from areas where the risk of exposure
and the likelihood of spread of infection are greatest.
Wide variations c¢xist in the relationship of dogs to
human society trhoughout the world and the success of
a canire rabics control programme in a specific
country will Jdepend largely on its adaptation to
local 2cological and social patterns (WHO, 1984;
Beran, 1981). In broad terms, dogs can be divided
into “hree distinct groups, on the basis of their

relationship to human society:

(1) Owncd dog: considered as the property, or
part of, a especific household to which it provides
economic or social value. An owned dog may be

restricted or unrestricted in movement. In rabies
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control programmes, these dogs may be vaccinated and/or
harbourage, at lcast during part of the year, from

more than one household. Depending on the society,

such dogs may be veaccinated or removed at the initiative
of the community, but not of the individual. In many
developing countries, these dogs hold the key to the

success or failure of programmes.

{(3) sStray dog: an owned dog that is not wanted
by residents of the community. Stray dogs may be found
individually or in packs. In rabies control programmes,
they can usually be removed without producing objections

from the public (WHO, 1984).

The acquisition of knowledge concerning dog
population along with sociclogical and demograpiiical
data regarding dog=human relationships will result in a

signifizantly better understanding of the following:

(a) The incidence and persistence of dog rabies
in urban and rural communities in relation to

d>g populetion densities and demography.

(b) The rclationship between dog movement, dog
social intcractions, and rabics transmission
between individuals within populations and the

spread of thce disease into new arcas.
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(¢} Regional and local sociclogical and

cultural practices that result in the prescnce

of dog population susceptible to rabies and
cultural activities leading to endemic dog rabies

situations.,

(d) Dog behaviour and human attitudinal and
cultu al jproactices as rcelated to the effectiveness
of doz control and rabivs vaccination programmes
(Selby ct al., 1979; 198C, Beran, 1982; WHO, 1983;
WHO, 1984),

Data from population studies of pet animals and

their owners have several important uses including:

() Planning for veterinary services, including
definin,; the neced or lack of need for certain

specialties.

(2) Developing data for control of canine and

feline diseascs (Andcrson and Cameroon, 1955).

(3) Providing base~-line data in studying incidence
and prevalence of zoonotic disease (Schnurrenberger,
et al., 1961; Dorn, 1967; Anvik et al., 1974) as canine
and feline nopuletion data are indispensable in
estimating the potential threat of these diseases to

man populations.
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(4) Providing quality control and comparison data

for diseas¢ studics. With detailed descriptive data

on animal populations, it is possible to generalise

more broadly thc findings from intensive study of a

limited sawple within that population. ?3
(5) Determining the impact of domestic animals on
the environment, particularly with reference to polliution,

nolse and nuisance factors (Senn and Lewin, 1975; Kahrs

et al., 1978 Heussper and Grant, 1979). = .~ )
: : o - |

(6) Comparing changes in zoographic patterns, both
in terms of describing various aspects of the animal
population as well as in how changes in pet animal
populations rcflect concomitant urbanization and changes
in behaviour or style of living among human populations

(Feldman, 1577).

L.

I
. . - ¥ |
(7) Pacilitating compaorison of various animal
health -characturistics among geographic-political units.
Listribution differences can provide useful clucs
concerring etiologic factors in similar human diseases,

such as certain site-specific cancers (Cohen ¢t al.,

. " b

PR

1969; Priester, 1979).
In order to enswer these and related questions,

large scalé, multicentre, co-ordinated studics probably

would be nceded. For the reasons given earliocr and

i
. - v L - "
; AT - w e o
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because of the intriguing questions raised by findings
from recent surveys of dog and cat popul:tions, many
researchers belicve pet ownership as a phenomenon
concerning the¢ health of both human and nonhuman
populations deserves continucd and intensified study
(Senn and Lewin, 1975; Feldman, 1977; Heussner and

Grant, 1978).

In most of the world and especially in tropical
countries, the animal reservoir of rabies is the dog,
and the magnitude of the problem of human rabics depends
basically on thc relationship of dogs to people. The
maintenance of the disease essentially reflects transmia-
sion of the virus from dogs to other domestic animals,
and to man, with human beings as dead-end hosts. The
most cost-cffcctive and logical approach to the control
of the discasc is via the animal reservoir host (WHO,
1984). IMuch as the study of the ecology of the dog is
essential, it has not been studied in Nigeria, Reliable
and accuratc dog population data are not readily
available for most parts of the country, snd in view of
the increascd concern with pet pepulation growth, such

data eare vitally nceded.

In ecologic2l studies it is often necessary to
estimate the number or abundance of animals (Beck, 1973).

There are various techniques for doing this (Zippin,
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1958; Hanson, 1968; Beck, 1973; Schemnitz, 1980) but
enly some are prectical for use in rabies control and
when assessing the effectiveness of a dog control
programme (Beck, 1983, 1984). These methods are
modifications of ecological techniques developed for
wild specics and precise validity must be stressed.

No practical mecthod can determine the exact number of
dogs in a copulction size (Beck, 1973, 1983). At this
time, the bust velidation will be to use several methods
with the same populstion (Beck, 1983). Estimates of
abundanc: tcnd to be validated when several methods,
differing conccptually give comparable rcsults (Hanson,
1963), As a gencral rule, free-ranging dogs are best
surveytd in thc carly morning, a time of dog activity,
less hunan activity, and good visibility (Beck, 1973,

Fox et 1l., 1975).

Dcg abundance is related to different epidemiolo-~
gical situations, to different culture areas, to .
differ:nt rural and urban habitats, to arcas of
differ :nt human settlement patterns and also to
different social strata of human rural and urban
pepulations (WHO, 1983). Dog pecpulation density is
commcnly indicated as a dog to human ratio, occasionally
also as dogs per household. In many situations it would
be more meaningful to express it as numbers of dogs

per unit arca, or to have it related to both surface
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area and human population (WHO, 1983).

Various metheds are available for estimating'the
number of free-roaming carnivores, all of which are
based on two assumptions (Davis and Winstead, 1970;

Caughley, 1977):

(1) that mortality, emigration and recruitment
inte the population are minimal during the perioed of
census, or thot corrective factors can be incorporated

into resultant estimates;

(2) +that all individuals within the population to

be estimated heve an equal chance of belng counted.
Technigques that have been uscd to obtain estimates

of dog densitivs include:

(a) Total or dirvct counts: This method simply
consists of moking direct visual counts of individual
dogs in a defined geographical arca and within a
limited pericd of time in order to meet the assumptions
mentioned above., Direct counts are not practical over
large geographical areas nor in sizeable cities but can
be uscd in small communities and rural situations where
dog populations are small (Gipson, 1982). Under
certain conditions, estimates of density may also be
cbtained by counting dogs along stratified samples of

randomly sclected streets or in quadrants (Gipson, 1982;

R
)
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WHO, 1984). These data can then be estrapclated to
the entire study area. In some circumstances, data
derived from this technigque may also be used to compare
dog densitics between areas when expressed, for example,
as the mean number of dogs obscrved per unit of land

area {c.g. dogs/hectare). - 3 . -

W

{r) Istimates from rate of capture: Assuming
certain constraints such as a closed population, equal
intensity of capture effort and probability of capture,
and unvaricd e¢nvironmental conditions, estimates of dog
populations can be obtained by plotting on graph paper
either thc sum of daily capture, the cummulative sum
of capture, the probability of capture or the catch-
effect required (Beck, 1983), Plots can be smoothcd
and/or extrapolated to provide estimate of dog popula-
tion size, ilore complete explanation of thuse procedures
are detailed by Coughley, (1977); Davis and Winstcad

(1980) Scnemnitz (1980).

(c) Estimntes from recaptures: The reliabilify of
these cechniques are dependent upon the same constraints
as mentioned in (b) above. They are commonly known as
the "Perterson~Jackson" or "Linceln" index and are based
on the use of o« simple ratic cbtained by capturing a
number of individuals, marking or tagging them, and
releasing them back into the population. The population

5
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is subsequently sampled again by trapping and total
dogs caught and the numbers that are marked are
determined (Beck, 1973; 1983). The population cstimate

is then obtaincd as follows:

Estimated dog population - No. dogs subsequently
caught
No. dogs caught, marked No. marked dogs
and r«eleascd recaptured
OR

Estimated Jdog population = No. dogs initially
trapped, marked and
released

X

Total No. of dogs subse-
gquently caught
No. marked dogs recaptured

Tk statistical procedure currently described as
the mos~. suitable for analysis of capture-recapture data
arc des:ribed in several works (Jolly, 1965; Caughley,
1977, B:xck, 19€3).

(d) Photographic "recapture" method: Dogs in
urban ireas do not have to physically captured in order
to mar< them. Studies by Beck (1973), Heussner et al.,
(1978), Daniel (1980) used a method whereby dogs were
"marke:d" by photographing them, Subseguent sampling
then determincd the number of "recaptures" on any
giver. day based on the number of dogs that had bcen

photographed previously. In other studies a modification
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of Schnabel's stetistical analysis for multiple
recaptures (Day et al., 1980) was used (Hanson 1967;
1968; Beck, 1982). This technique has the advantage

of reducing saupling error since capture ratios are
averaged (Beck, 1973). Photographic recapturc has
several advantages over actual capture as there is no
possibility of developing trap shyness or proncncss as
the animal douvs not know he has been trapped., -, * =
Photogzraphing the dogs 1s faster and c¢asier than trapping

and is aceptable to the general public (Beck, 1983).

The work of Beck (1973) employed several altcrnate
methodg ‘or ustiriating dog abundance and compared the
numberical valucs derived from each as a measure of
their availabiiity. Such comparison are rccommcnded
when uncertainty cxists as to which method of population
estimating is most suitable for a given situation
(WHQ, 1983}. VWhile the phtographic multiple rocapture
method may be suitable for smallcer areas where the dog
population consists of mixed bresds and individuals can
be distinguishcd on the basis of colour, identifying
markings and size. Native dogs in some geographicsl
areas arc morc physically uniform in appearance and
distiriguishing individuals would be difficult or
impossible. 1In such area physically marking individuais

may be necussary {(Beck, 1973, 1983). - _fJ-?#;
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(e) 1Indices: The techniques involve establishing
a relationship between the numbers of animals present
in an area and some measurable environmental factor.
So far the only published attempt to e¢stablish reclative
figures of dog abundance and distribution in o city
used the numbcer of sightings of dogs at large by school
children in Bristol, United Kingdom (Harris, 1981).
Another index which could possibly be used is the widely
recorded frequcency of reported dog bites in relation
to the dogs present in an area. But this figure
depends on a great variety of factors (Marr et al., 1979).
Indices of relative abundance generally require less
effort to obtain than actual densities and are
particularly valuable for determining changces in
population size over time or for comparisons between
environnentally similar areas. As with all other
techniques previously discussed, certain assumptions,

must be made in order to cbtain valid indices (WHO, 1983).

The density oand distribution of dogs, whether in
urban or rural areas vary depending upon environmental
factors, availability of food, water and shelter, and
human cultural prectices and customs. DBecausc of these
variations, the selection of sampling units or methods
of stratification of study areas, the results of which
are later extrapolated to estimate total densitics, have

to be carefully considered (WHC, 1983). For example,



the commonlf Qsca procedure of sampiinglfo obtﬁih a dog
to human ratio and epplying it to the total human
population ih a éity to estimate total dog numbers, ﬁi;
does not tnke into account variations in the freguency
of dog ownership as a result of such factors as economic
status. Sampling procedures are therefore an extremely
important component of population estimation technigues

(wHO, 1983).

(f) Gstimetor for unidentificd individuals: The
various methods for estimating animal populations by
actual removal of animals can be analogously applied
by mathematical removal (Hanson, 1968). Lbasically,
removal uses various formulae that estimate the slope
of the lino generatoed when the daily removal is plotted
against the number previously removed. This lince can
be extended to cross the theoretical point on the graph
of total removal, that is, the population that must be

present (Beck, 1983), v

If the removal of dogs lowers the population, it
is theoretically possible to calculate the decline to
estimate the total number of animals that could be
ﬁtheoretically“ removed. Flotting the numbers removed
each da&jagainst the accumulated total removed to date,
could be extended to the point where, theoretically,
all animals are removed, that is, the total population

L
R



65

that was present in the area (Davis and Vinstead,

1980).,

Unless the capturing significantly lowers the
population faster than it can recover, this method is
less useful than the recapture methods previously
discussed (Bcck, 1983), The method is biased slightly
downward, but the bias becomes less as the sizc of the

sample plots is made smaller (Beck, 1983).

(g) Questionnaire and Household Survey: The
number of owncd dogs may be established by questionnaire
surveys, or from the records of licensing of dogs
(Schnurrenberger ¢t al., 1961; Marx and Furcolow, 1969;
Kelly, 1980; liassar and Moiser, 1980; Rangel ct al.,
1981; Beran, 1932).or during vaccination campaigns
(Beran ¢t al., 1972). If there is any indication that
a sizeable proportion of a dog population escapcs these
censusing procedurecs, the techniques used for estimating

wildlife abundence have to be applied (WHO, 1983).

Also, in rccent years canine and feline population
estimates of different households in urban, sub-urban
and rural localities have been made from stratified
random sampling or completely random sampling of either
the rural or urban communities (Schneider and Baida,
19703 Franti et gl., 1974a Wilbur, 1975; Franti et al
1980).
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The assumptions implicit with any method should
be met and statistical confidence limits, which give a
statement regarding the¢ probability th=st a population
estimate is within certain limits, should be developed,

whenever possible (Beck, 1G84).

Rabies=Related Viruses

The rabics=-related viruses have all been isolated
in Africa, a finding which supports the idea that
rabies virus itself originated in that continent
(Shope, 1976). Lagos bat virus (Boulger and
Porterfizld, 1958) was isolated in 1956 from the brain

of a fmgivorous bat, Eidolon helvum on Lagos Island

in Nigeria. In 1974 the virus was also isolated in a
rodent, pussilus in the Central African Republic

(Bishop, 1979). Lages bat virus has recently also been
recovered from a number of sick bats in Natal (Meredith
and Standing, 1981). Three isolations of iokola virus
were made in 1968 from the viscera of shrews (Crocidura
sp.) captured near Ibadan in Nigeria (Shope ¢t al., 1970)
and ancther isolete in 1969 (Kemp ct al., 1972). Another
isolate from shrcws was made in 1974 in the Cameroons
(Bishop, 1979). Mokola virus was also isolatcd in

1968 and 1971 from two young children suffering from
central nervous system disease one of whom dicd

(Kemp et al., 1972; Familusi and Moore, 1972; Familusi
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et al,, 1972); from humans or domestic animals, birds,
bats, or shrews in Nigeria (Shope and Tignor, 1971;

Kemp et al., 1972).

ThQHQifué nevertheless can"inféct adultsjéé
demonstrated by the recent infection of a laboratory
worker in West Germany. Fortunately, the individual
concerned had a high level of rabics neutralizing
antibody prior to infeetion, which may have aided his

recovery (Bishop, 1979).

Also recently Mokola virus was obtained from
several cats and 2 dog dying from [Mokola virus infection
in Zimbabwe (Foggin, 1982). The dog had been recently
vaccinat:d with a potent inactivaved rabies vaceine
which had, as would be anticipated from cross- -
neutralization tests (Shope et al., "970) failud to :

o

protect it against infection.

Duvehage virus was isolated in 1970 from the hrain
of a man in the Republic of South Africa who developed
a rabies~like illness after being b.tten on the hip by

1., 1971). Duvenhage virus has

a bat (Meredith et
been isolated from two bats near Hamburg and presumed
to have been carricd by sea from South Africa -

(Schneider and leyer, 1981).
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could no longer be regarded as a single sorological
entity when he demonstrated that Lagos bat virus and
Mokola virus, isclated in Africa, werc rclated toe rabies
virus. The interrelationships were demonstrated in
both serum neutralization and complement fixation

tests and Schrnieider and Schoop (1972) suggested that
the twe new viruses, together with Nigerian horse

virus (Portorfield ¢t al., 1958) should be regarded as
new serotypes sharing commeon antigen on the ribonucleo-
protein which was responsible for the cross-reactivity
observed in complement fixation and irmunoflucrescence

tests. .

&

. . S . R
The results of cross-neutralization tests within

the Lysea proup, however, seem to vary betwoeen
laboratorics and crosg-protection testg to determine
antigenic relationship between rabics, iagos bat, and
Mokola viruscs have also proved difficult to interpret
(Tignor and Shopc, 1972; Bishop, 1979). There seems to
be difficultics such as interference and prozone effects

inherent in the tests (Bishop, 1979).

Tignor et al., (1973) showed that the cross-
reactions among the Lyssaviruses make it difficult and
often impossible to differentiation them by routing

serologic tests, including fluorescant antiboedy (¥4)
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tests., Som: differentiation was achieved with highly
specific antisera produccd by immunization with

highly purificd viral glycoprotein antigens (Schnoider
et al., 1972) but this technique was too involved to

be used for routince laboratory diagnosis. A relatively
rapid assay technique for laboratory differcntiation

of the viruscs was recently described (Ezeokoli and
Tignor, 1982) who suggested that the rabies serogroup
viruses can bc differentiated by means of the complemente
mediated cytotoxicity assay. This is because the
asymmetric (Onc-way) patterns of cross-relations among
tested viruscs were similar to the patterns of cross-
protection observed in vaccination challenge tosts
which hitherto is the most reliable method of differen-
tiating the scrogroup viruses (Tignor et al., 1973;
Tignor ¢t al., 1977). Furthermore, the cytelytic
aetivity apncarcd to be a better estimator of the
protective propcrties of immune serum than the in-vitro
virus neutralisation test. Therefore the cytotoxicity
assay is said to have potential application not only

as rapid diagnostic tool for differentiating between
the rabies-serogroup viruses, but also a more effective
alternative (than the in-vitro neutralization test)

for assessing thc effectiveness of rabies vaccinces,
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Therc arce ot least 4 serotypes in the genus
Lyssavirus. Serotypc 1 has the prototype strain CVS
and includes the majority of field and laboratory strains
from differcent parts of the world and the newly recognised
rodent isclates from areas in Central Europe. Scrotype
2 has prototype strain Lagos bat, isolatcd from pooled
brains from frugivorous bats in Nigeria (Boulger and
Porterfieli, 1958), and South Africa (Meredith and
- Standing, 1981) and Central African Republic {Crick,
1983). Serotype 3 has Mokola isolated on several
occasions from shrews (Kemp et al., 1972) and man
(Familusi ¢t al., 19723 Crick, 198%). In Nigeria,
Cameroorn, and Zimbabwe (Foggin, 1982) as the prototype.
Serotype 4 has as its prototype strain Duvenhage
isolatel from a man bitten by a bat in South Africa

(Meredith et al., 1971).

Other possible serotypes are hotonkan virus from

- Culicoides specics in Nigeria (Kemp et al., 1973) and

Obodhiang virus from Mansonia uniformis mogguitocs

in Sudan (Shope, 1975).

Prelimihary results indicate that selected
moneoclonal nuclecocapsld antibodies allow for differentia-~
tion between the serotypes of Lyssavirus and also
between certoin variants of the serotype 1 viruscs

(Flamand ¢t al., 1980)., Antiglycoprotein monoclonal






