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ABSTRACT

Foot - and- nmout h di sease (FMD) is endemc in
N geria. Lossess resulting fromoutbreaks of the
di sease could not be estimated and no neani ngf ul
control neasure could be enbarked upon because
information required for the formulation of FMD
control policy is not adequate. This has been due
to poor disease reporting and the nature of ani nal
husbandry practices anong the fulani pastoralis who
control majority of Ngerian cattle.

This study examned historical docunents and
data relating to FMD in N geria since 1925 and
conducted interviews with State and Federal Covernnent
QO gans of disease control as a neans of establishing
what is so far known about the disease. This
I nvestigation established an apparent 0.012%i nci dences
0. 05% preval ence and 0.3% nortality rates and that
Type A, SAT; and SAT, viruses are still active in
the field.

Serol ogi cal survey was conducted using virus
infection antigen (MA) and 146S whol e virion antigen
inindirect ELISA to detect antibodies to FMD and
thus establish the true incidence and preval ence of
the disease in the field. COverall incidence of the
di sease anong sanpl ed popul ati on was 9.8% whil e
preval ence was 55%. Incidence and preval ence

varied wdely fromState to State.



Recent isolates of the virus fromN geria

(Type SAT;. Nig. 4/81, Nig. 581, Ng. 10/81,

Nig. 11/81 and Nig. 13/81) (Type SAT, (N g. 6/81,

Nig. 881 and Nlg. 2/82), were conpared serologically
W th one other and with standard vaccine strains for
each type, to establish their rel atedness and the
ability of the vaccine strains to protect against

I nffection caused by recent N gerian strains.

Al Type SAT; isolates of 1981 are closely
related and coul d be regarded as belonging to the
sanme subtype. The 1981 and 1982 Type SAT, isol ates
studied were al so cl osely rel at ed.

Strain Nig. 2/82, the nost recent type SAT-

isolate was nore closely related to Nig. 6/81 than

Nig. 8/81l. (oss neutralisationtest invitro
showed that the standard vaccine strains coul d
provi de a neasure of protection against infection
caused by N gerian strains wi th which they were

conpar ed.
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CHAPTER 1

GENERAL INTRODUCTION

Foot-and-mouth disease (FMD) also known as
Fievre Aphteus (French), Maul und Klauenseuche
(German), Fiebre Aftosa (Spanish) and Afta
Epizootica (Italian) is a very important disease,

It is a highly acute and contagious disease affecting
all cloven footed animals (Callis, 1979).

Countries that are endemic or report the disease
sporadically spend lots of resources to rid their
livestock of the disease (Bachrach, 1981). Its
importance stems from losses that could result from
mortality, loss of milk production, loss of condition,
depressed growth, abortion, subsequent infertility
and cost of control or eradication (Callis, 1979).
Any country that wants to partake actively and
economically in international trade takes FMD
seriously (Sellers, 1981),

The disease is characterised by the formation
of vesicles and erosions of tongue, nose, lips and
other mucous membranes of the mouth and on the skin
between the hooves and around the coronary band above
the hoof, Vesicles may be found on the teats of
nursing sows and are frequently found on the snout and

may sometimes extend into the nares in swine., In sheep,



goats and deer, foot leslons are characteristicy
those inzgguth may be small and unnoticeable. 1In
cattle, vesicles are most often seen on the feet and
tongue, There is usually a drooling of ropy saliva
and a rupturing of tongue vesicles leaving raw
haemorrhagic eroded surfaces with ragged fragments
of necrotic epithelium attached. Soreness of the
mouth and tongue severely limits or prevents eating
and foot lesions cause lameness. When secondary
infections do not occur, the lesions tend to heal
very rapidly (Bachrach, 1978).

The importance with which FMD is regarded by the
- Veterinary Authority of a country depends largely on
the economics of livestock production to individual
livestock owner and the political influence of
livestock producers. It is no suprise therefore,
that countries that have economically important
livestock sectors yielding substantial foreign
exchange from trade in beef, dairy products and other
livestock products, take the control of FMD seriously,

FMD is known to be widespread in Nigeria (Anon,
1975). The distribution of the disease is not completely
known (Owolodun, 1971, Asagba, 1982), because the
system of disease reporting is not very efficient
(Anon, 1975). This lack of sufficient information on
the disease and its impact has made the formulation

of control policies difficult,



The effect of FMD in Nigerian livestock has been
described as mild with low mortality resulting from
it (Owolodun, 19743 Smith, 1971). The low mortality
has tended to make Fulani herdowners think of FMD
as a transient nuisance. Losses to them are strictly
based on mortalities resulting from infectious
diseases., A disease like FMD that produces little
or no mortality 1s therefore not reported and not
regarded as a threat unlike Rinderpest or CBPP whichl
is associated with devastating mortality.

It is evident from the studies of Owolecdun, (1971)
and Durojaiye, {(1981) that what is reported is only
a small fraction of total incidence of the disease
and that economic losses resulting from loss of
condition, retarded growth, abortion and infertility
and loss of milk production could run intoe millions
of naira (Smith, 1971; Nawathe and Goni, 1976},

The low ratio of animal protein to plant protein
in total intake in the diets of Nigerians has long
been recognised {Olayide et al., 1972; Oyenuga, 1974
and Ademosun, 1976). The adverse effect of this low
protein intake on nutrition, growth and human
productivity level has also been reported (Collins
et al., 1961, Platt, 1954 and Oyenuga, 1967). Demand
for beef and other livestock products has been surging

upward in proportion to the growth in population and



increased affluence and economic wellbeing of the
Nigerians., Nuru (1981) reported that because of the
inadequacy of the traditional (extensive) system of
animal production, demand for animal products outsirips
supply in Nigeria. As a result Nigeria accounted

for about 20 and 21% of the total Argentine beef

export to African in 1976 and 1977 respectively. The
huge foreign exchange involved in the importation of
beef alone was ¥2.,7 million in 1978,

In an attempt to increase the supply of beef and
animal products from Nigerian livestock, it has been
proposed (Nigerian National Development Programme,
1980~85) that production methods have to become more
intensive and local breeds has to be improved with
exotic high producing breeds. Supporting this proposal
Nuru (19871) has proposed establishment of intensive
cattle production systems, Along with improvement
in livestock breeds, procduction methods and productivity
of the animals, improved disease control measures are
called for. Emphasis will continue to shift from
Rinderpest and CBPP to FMD and it would grow in
economic importance once these "Kjller" diseases are
firmly under control. The exotic breeds imported at
very high costs for improvements of dairy and beef
cattle would be in serious danger from FMD,

For any disease control measure to be meaningful

and successful, it is important to understand; the



disease agent, its envircnment, its mode of transmission
and its survival in nature, This is why this study
on the epidemiclogy of foot«and-mouth disease in

Northern Nigerian was undertaken.

Three major antigens are produced as a result
of the replication of FMD virus in tissue culture
or enimals. Whole virions (1463), subunits (1238)
and virus infection associated antigen (VIA) (Newman,
1979). Antibodies are generated ageinst all the
three antigens after infection; those against the
structural capsid protein (1465 and 12S) are type
specific whereas those against VIA antigen are not.
Antibodies produced against VIA antigen do not react
with purified virus or subunits of it, The VIA
antigen has been shown to be the wvirus polymerase VP
56 on polyacrylamide gel electrophoresis (Newman,
1979) .

VIA antibodies produced in infected animals
peaks at about 9 = 14 days post infection and then
decays at the expected half life of immunoglobulins.
Thus it is possible for one to detect antibodies
against VIA for g0 -120 days following infection
(Lobo, 1976). In this study therefore, the VIA
antigen is chosen to detect the antibodies to FMD

virus to determine the incidence of FMD infection,



In the same manner the 146S antigen was chosen
to determine the overall prevalence of FMD infection.

Objectives

1. To investigate outbreaks of the disease,
occuring during the study period and
isclate the virus causing current
infection in the field,

2. To determine the distribution of foot-and-
mouth disease in Nigeria by determining its
incidence and prevalence among Nigerian
cattle,

3« To determine antigenic relationship of
recent Nigerian isolates of the virus and

to compare them with standard vaccine strains,
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CHAPTER 2

REVIEW OF LITERATURE

History
Foot- and-Mouth disease (FMD) was first described

in an outbreak in Italy in 1514 (Brooksby, 1982).
Foot and Mouth disease occurs in most livestock
producing areas of the world at the present time

with the exception of U.S.A. Canada Panama,

>
Australia and New Zealand, The last outbreak of FMD

in Australia was in 1872 and in North America in 1954
and it has never occured in Central America, North

of the Panama = Colombia border (Callis, 1979). Ireland,
Norway, Greenland, Iceland, Japan and most of the
smaller Islands of Oceania and the Carribean are free

of FMD. England is free of the disease for years at

a time, The largest and most costly epizootic in
England occured late in 1967 and early 1968, This
outbreak involved more than 2,300 premises and

resulted in the destruction of 430,000 animals before

the disease was brought under eontrol (Brooksby, 1967).

THE AMERICAS

The United States has experienced 9 outbreaks
of FMD, the first in 1870 and the latest in 1929,
The disease was eradicated in each instance by slaughter

of the infected and exposed animals (Callis, 1979).



Type O, FMD virus escaped from a laboratory puilding
at the Plum Island Animal D%sease Centre in September
1978 and infected cattle in;nomal cattle holding
area, There was no evidence that the virus escaped
to the mainland (Callis, 1979). FMD occurred in
Canada in 1952 but it was eradicated within weeks,
The disease occured in Mexico in 1946, and the country
was not declared free of the disease until 1954,
after nearly one million animals were slaughtered
and approximately 60 million vaccinated (Callis,
1979).

The Type A24 and O, FMD virus are responsible
for enzootic disease in Colombia, Venezuela, Ecuador
and Peru, In Brazil, 6,061 outbreaks caused by
types ), A and C in 1978 were reported, The country
still remains enzootic with 1,033 reported outbreaks
in 1983 one third of the number of outbreaks reported
in 1982 (3,014), Bolivia reported five outbreaks of
type O virus and four outbreaks of Type A virus in
1978, In the last three years, outbreaks!sve remained
at a low level, In 1983, 23 ocutbreaks were registered
in which FMD type O, Aoy and 03 were diagnosed, No
epizootic situation was reported in the country in

1983 (Anon, 1983).
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Paraguay experienced 8 outbreaks of type O and
two outbreaks of type C virus in 1978, Type C virus
has not been isolated since 1979 (Anen, 1980). In
1983, 10 cases of type A and O were diagnosed., The
incidence of the disease in Chile has dropped in
recent years., In 1978 there were only 2 outbreaks in
cattle imported for slaughter, Chile was however
declared free of FMD in January 1981, The Agriculture
and Livestock Raising Services (SAG) has been implementing
a rigorous external disease preventive programme with
special emphasis ogn FMD., There were 28 outbreaks in
Uruquay in 1978, eaused by types A, O and C. In 1983,
20 outbreaks of FMD were recorded in the country Jjust
like 1981, The disease is widespread in the oriental
region of the country (Anon, 1983), The three types
are still prevalent,

In Colombia in 1983, 1,120 outbreaks were recorded,
a figure notably higher than the annual record for
1981 (785) and 1982 (597). More outbreaks were
recorded in 1979 (1693) and in 1980 (1765). Type O
and A virus were diagnosed, During 1983 and 1984
Canada, United States of America, Mexico, Panama,
Guyana, Chile and the countries of the West Indies
reported no FMD outbreaks, (Anon, 1979, 1981, 1984),



EUROPE

Although FMD continues tec occur in Europe, the
disease is at a low incidence in many European countries,
It last occured in Finland in 1960, in Norway in 1952,
Sweden in 1966 and Ireland in 1941, The disease has
never occurred in Iceland and has been reported in
the United Kingdom in 1982 (Anon, 1982a).

Foot-and-mouth disease caused by type O virus
occurred in France in March 1979 and caused the
government to destroy 514 pigs, 1,619 cattle, 17 sheep
and 4 goats, There was an outbreak of FMD in
Switzerland in 1978, the German Democratic Republic
and the European part of the Soviet Union caused by
type C virus, Albania has been free of the disease
since 1960, Cyprus since 1964 and Malta since 1975.
The incidence of FMD in Europe has been reduced by
the strict annual application of well produced and
tested trivalent vaccines (Anon, 1983c).

Spain, Turkey, Portugal and the European part
of the USSR still remain endemic areas., Turkey
reported a total of 856 outbreaks in 1980 in cattle
and sheep, 836 outbreaks {n 1981 also in cattle and
sheep, 604 outbreaks in 1982 and 406 in 1983 in cattle,
sheep and goats, Types O and A were implicated in
these outbreaks. Portugal reported the outbreaks

of type C virus after nearly ten years of freedom
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from FMD, Type C outbreaks were reported in May 1980
as a result of illegal importation of piglets from
Spain, Type C virus was reported in cattle again in
1981 with a total of 303 outbreaks, In 1983, subtype
A5 were reported to have caused 164 outbreaks in
cattle, sheep, goats and pigs (Anon, 1981),

In Spain, type C was reported in pigs in 1980
and type A has been reported in the years 1980 through
1983 in sheep, cattle, goats and pigs. A mass
vaccination campaign with trivalent vaccine A, Oand C
was implemented (Anon, 1983c).

The USSR has consistently reported type O
outbreaks in the past three years in Georgla, Armenia,
Azerbaijan and the South Eastern provinces. In Denmark,
one outbreak of type O was reported in cattle in January
1983 in the Island of Fumen. Stamping out and strict
sanitary measures were carried out and the country was
declared free of FMD in February 1983, In the
Netherlands, Subtype O1 was reported to have caused
outbreaks of the disease in cattle in December 1983
but it wes quickly stamped out and the country was

declared free from FMD in March 1984 (Anon, 1984Dp),

ASTA
The Asian continent has remained basically an
enzootic region with the exception of Japan, Korea

and the Island of Taiwan which have remained free
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of FMD (Anon, 1980),

lsrael which had no report of FMD for a short
period up to 1977 reported new outbreaks in 1978 and
1979 and type ¢ and A were recorded in 1980. Israel
however, did not report the disease between 1981
and 1983 (Anon, 1983)--Type 0 was reported in 1985 and 1986.

In Kuwait, 454 cases were reported in 1977,
1,710 cases in 1978 and the disease outbreaks were
reported in 1979 and 1980 (Anon, 1980). Type C virus
was reported for the first time in Kuwait in 1982
(Anon, 1983). The disease was reported in Bahrain
in 1978 and 1982 (Ancn, 1983)}. In Iran it was enzootic,
with a total of 194 outbreaks for 1978, 1979 and 1980,
Types A and O were isolated (Anon, 1981).

In Saudi Arabia, 967 outbreaks were reported in
1977 and the outbreaks continued into 1980. Types A
and O were prevalent. In 1983, type O1 caused out-
breaks in Saudi Arabia, In Oman, Yemen and United
Arab Emirates, types A and O viruses caused outbreaks
in 1977 and 1978 and continued to cause outbreaks in
19808, Iran experienced 58 outbreaks in 1977 and 37
in 1978 caused by type O, SAT Types 2 and 3 have not
been reported in Iran at all while SAT 1 virus has not
been reported in Iran since 1964 (Anon, 1979). Syria
reported type O outbreaks in 1977, 1978 and 1979 and
types 0, and A,, in 1980, 1981 and 1983 (Anon, 1983).
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In India, FMD is enzootic, with an average of 6,000
outbreaks per year, Although cattle and buffaloes
are the most commonly affected animals, the disease
also affects sheep, goats, pigs, captive animals and
wild animals, Type O, A, C and Asia 1 are prevalent
in most parts of the country but type O outbreaks
predominate (Anon, 1979, 1982, 19a4),

Malaysia, Laos and Indonesia reported FMD due
to type 0 in 1977 and 1978 and the disease remains
enzootic in these countries, The 1980-81 outbreak
in Malaysia was brought under control by vaccination,
restriction of movements and other measures., FMD
eradication programme in Indonesia launched after 1974
with assistance from Australia reduced the incidence
of the disease from about 11,000 cases in 1974 to only
one reported case in 1979 (Anon, 1979). From 1980-1982,
there were no outbreaks reported, However in 1983,
one outbreak was reported on the Island of Java
(Anon, 1983),

In Hong Kong, FMD was first recorded in 1954/55,
The disease has been reported in cattle, pigs, buffaloes
and deer, Type O, A and Asia 1 were reported in the
fifties and sixties, Since 1970, typeQO virus has
remained predominant. All the outbreaks occuring in

1983 were due to type O (Anon, 1984),
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In Bangladesh, the disease is enzootic and occurs
throughout the year, FMD virus type O, A, C and Asia I
have been identified. The last outbreak caused by
type C ocurred in 1975 but types A, O and Asia 1
continue to be isolated, The disease occurs mostly
in cattle especially those involved in mass movement,

In Pakistan FMD is widespread and occurs through=
out the year in areas of high livestock density
particularly in the irrigated area of Punjab. Type O
virus is predominant (Anon, 1984), The disease is
enzootic in Sri Lanka with a seasonal incidence largely
during the monsoon between November and February,

In recent years, only type O has been recorded in
cattle, pigs, buffaloes and goats (Anon, 1980, 1981,
1983).

AFRICA

Foot-and-mouth disease was first described in
Southern Africa in 1795 by Le Vaillant (Brooksby, 1982).
Galloway in 1948 discovered that there were three
different types of foot and mouth disease virus active
in Southern Africa and not similar to the existing
European types. These types were subsequently called
Southern Africa Teritories SAT1, SAT2 and SAT3. SAT

Foot and mouth disease virus types are still the major
cause of FMD outbreaks in Southern Africa even though

types O, A and C have occurred elsewhere on the
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continent (Mannathoko, 1982),

Morroco in North Africa which was free of FMD
since 1965 reported 1,611 outbreaks caused by type A
in 1977. (Bolekali, 1982)., This epizootic continued
to 1979 and may have been responsible for the outbreaks
in 1982, 1983 and 1984,

Algeria reported 23 outbreaks of FMD in 1977
due to type A virus. Type A virus caused FMD in Libya
and Egypt in 1979 and type O virus in Egypt in 1977,
1978 and 1979. Libya still continues to report
outbreaks of type O FMD in 1981, 1982 and 1983 (Anon,
1983).

In Western and Central Africa, Gambia reported
type SAT, outbreaks in 1979 and 1980, Sierra Leone
and Liberia have not reported FMD. Senegal reported

outbreaks of type SAT, in 1980, 1983 and 1984 (Anon,

2

1984), Ghana reported outbreaks of SAT; and SAT2 in

1974 and 1975. Type SAT, was identified in Niger

in 1976, 1978 and 1979. In Cameroons, Type A virus

caused outbreaks in 1976, 1978 and 1979. Upper Volta

experienced outbreaks in 1976 and 1978 due to type SATq .
In East Africa, types 4, 0 and SAT, caused

outbreak in Sudan in 1977 and 1978 and type O in 1981,

1982 and 1983, Ethiopia reported FMD in 1978 due to

types 0, A end C, Type O was alsoc reported in 1982

(Anon, 19682), In Kenya, types O, A, C, SAT, and SAT,
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caused outbreaks in 1976, 1977 and 1978. No virus
has been isolated from outbrezks in Kenya in recent
years (Ngichable and Chema, 1982), FMD is enzeotic
in Somalia; types O and A are prevalent,

In Uganda, FMD types A, O, SA‘I‘1 and SAT2 have
been reported in 1978 put in recent years only type
O virus has been reported. Zambia had no reports
for five years, the disease reappeared in 1975,

It was caused by type SAT2 thought to have been
introduced by wild buffaloes, Type SAT3 caused
disease in Mdlawi in 1976, SAT; in 1981, SAT, in 1981
and 1983 while type O was reported in 1981 (Anon,
1983, 1984).,

Tanzania has never been free of the disease since
it was introduced into the country from Southern
Africa., Types A, O, SATy and SAT2 viruses have been
responsible for outbreaks in 1975, 1976, 1977 and
1980 (Anon, 1980)., Type SAT3 was reported in 1955
reappeared in 1975 (Anon, 1975). Mezambique reported
types SAT1 and SAT2 in 1979 and 1980 and SAT2 in 1981
and 1982 (Mannathoko, 1982). Botswana did not report

FMD between 1968 and 1977. Types SAT, and SAT

1 2
caused outbreaks in 1977 and 1978 (Mannathoko, 1982)
and the country has not reported FMD again,

No outbreak has been reported in Swaziland
since 1970 and in Angola since 1974. In the Republiec

of South Africa, however, FMD types SAT, and SAT2
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continued to be reported, Zimbabwe has reported
outbreaks due to types SAT, and SAT3 in 1981, 1982
and 1983 (Anon, 1983).

NIGERIA

The earliest recorded history of FMD in Nigeria
dated back te 1924 when the then colonial government
was setting up Nigeria's embryonic veterinary service
(Anon, 1925). Before that period, FMD probably
existed in Nigeria but was undocumented. In the 1924
report of the veterinary department of Nigeria,
mention was made of the lack of information on the
disease in the country. Since no reported outbreak
was brought to the notice of the colonial veterinary
department, it was concluded that if FMD occurs in
Nigeria at all, it must have been of such mild nature
to escape clinical detection.

FMD was detected and diagnosed clinically among
trade cattle in Borno Province in 1929 (Anon, 1929).
In the following year the disease spread widely
throughout Nigeria. Adult stock suffered mildly,
mortality among suckling calves in some infected herd
was high (Anon, 1930). The outbreak was reported to
have died out towards the end of the year, Clinical
detection of FMD continued in trade cattle along
several trade routes {n the Northern part of Nigeria

in the thirties and in the forties but no control
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measures were introduced (Anon, 1943), The colonial
authorities paid little attention to the disease since
it did not have the same economic importance it has
in British livestock. In 1943, there was an increase
in the number of outbreaks reported from most provinces
in the North, No records were kept about the number
of outbreaks occuring or the number of animzls involved
in each outbreak (Anon, 1943), Several outbreaks of
FMD occured at immunisation centres and high mortality
among young stocks reacting to rinderpest immunisation
were attributed to FMD (Anon, 1943), It was noted that
certain herds that had passed through an attack of FMD
in December 1942, did not contact the disease when
exposed to new infection again in September 1943,
The disease was reported among pigs at one government
farm. No mortality was reported among adult pigs but
some piglets lost one or more hooves (Anon, 1943),
Sporadic outbreaks occured in 1946, 1947 and 1948
among trade cattle. Outbreaks in trade cattle was
mostly in young stocks which became infected during
the dry season, Ten scattered outbreaks were
reported in Bamenda area (now part of Cameroon) in
trade cattle from Adamawa Province and the Mambilla
Plateau (Anon, 1948),
The outbreaks of 1955 and 1956 were important

because of their severity and the epizootic nature
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of the disease during that year. Unlike previous
sporadic incidences, the disease was reported to have
spread rapidly throughout the country. By 1957 there
was a remarkable reduction in the incidence of the
disease, It was reported in seven minor outbreaks in
two provinces,

Four samples were dispatched to the World
Reference Laboratory - Pirbright, for virus isolation
and typing., Type O FMD virus was isolated from three
of the four samples, During 1958/59 only a single
outbreak of the disease was reported, It was brought
to the highland of the Mambilla Plateau from the
Cameroon by trade cattle, Trade cattle originating
from Mambilla in turn carried the disease to the Benue
Province (Anon, 1959),

The nineteensixties witnessed an improvement in
the compilation of information on the disease, The
veterinary department began routine despatch of samples
to Pirbright for virus isolation and typing. In 1960,
the disease appeared in epizootic proportion in the
Eastern half of the country but it was reported to be
of a mild nature, The disease was recognised mainly
among trade cattle and it spread along cattle trade
routes, Aphthisation was used to spread the disease
quickly among incontact animals, In that same year,
two severe outbreaks were reported in Benue Province

and one severe outbreak in Jos, In the former, out



of 774 cattle exposed to the disease, 128 died, In
the Jos outbreak,characterised by very unusual severe
symptoms, some animals died. No specific figures on
mortality and morbidity were recorded. Type A FMD
virus was isolated from one such severe outbreak in
Gombi in Adamawa Province, In 1961 the disease was
seen in almost all the provinces in the North, It was
not reported in most cases by herdsmen. Type A virus
was again isolated from an outbreak in Jalingo (Anon,
1961),

During 1962/63 outbreaks were reported in nearly
all the Northern provinces; thirty eight outbreaks
were documented, 7495 animals were involved and only
41 deaths were recorded (Anon, 1964)., Type A FMD
virus was again isolated during the year, During the
same period, Type SAT2 virus was appeared in Nigeria
probably introduced by movement of animals from Chad
to Nigeria, Type SATz FMD virus was isolated from
a severe outbreaks in Sardauna Province. Libeau's
(1960) review of the foot-and.pouth disease situation
in Africa in which he reported only 10 sporadic cases
of FMD in Northern Nigeria and no outbreaks of the
disease in Eastern and Western Nigeria characterises
the scanty nature of information on FMD in Nigeria at

that time,
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As a result of improvement in the collection and
despatch of field samples to the World Reference
Laboratory, Pirbright, more virus isolations were
made from several outbreaks in many of the Northern
Provinces. During 1963/64, 45 outbreaks were reported
officially involving 8,149 animals and 53 mortalities.
Type A FMD virus was isolated from an outbreak in
Adamawa, Type O virus from an outbreak in Bauchi
Province, Type SAT, from outbreaks in Bauchi,Borno
and Zaria Provinces., Type SAT2 was isolated in Zaria
Province (Anon, 1965).

During this period SAT1 was isolated in Nigeria,
The virus spread across the continent of Africa
through Sudan in the course of 1963 and it entered
Nigeria through Maiduguri with trade cattle from Chad
in December 1963, From there it spread to Bauchi and
Zaria Provinces in 1964, Reviews of FMD outbreaks
in Nigeria (Owolodun 1971, Anon, 1975; Nawathe and
Goni 1976 and Asagba 1982) have documented what little
information is available on FMD in Nigeria, These
reviews of FMD virus distribution tend to indicate
that before the early 1970s FMD outbreaks had been
limited to mostly the Northern states of Nigeria and
among trade cattle moving from south either on hoof

or in trucks or train. From 1972/73 however, outbreaks



of FMD were reported at Agege and the University of
Ibadan Farm where dairy herds, pigs and sheep were
severely affected (Anon, 1974). In 1975 outbreaks

of FMD were reported at Obudu Cattle Ranch and other
parts of the Cross River State. Thousands of cattle
were involved but mortality was low, (Anon, 1976).
Between 1975 and 1976, cattle from presumably foot-
and-mouth disease free Mambilla Plateau came down with
FMD after attending a livestock show in the Cameroons
(Osma, 1976).

The clinical picture of FMD is described by
Tomori et al., (1974) and Smith (1971) appear
consistent with the clinical picture described for
cattle in other areas of the world, Smith (1971)
described an outbreak at Vom involving both Friesians,
white Fulani and Wadara breeds, The Friesians showed
all the classical clinical signs and symptoms,
Morbidity rate was higher (72.8%) among Friesians than
the White Fulani 33.,3% and Wadara 65%. The disease
was more severe among Friesians and milk yield dropped
drastically from a daily average of 23.4 lbs to 13.4 lbs
per animal per day in about 12 days. The drop in milk
yield was highest in Friesians, Smith (1971).

Centrol practices have been based on quarantine and
restriction of movement of trade cattle., Vaccination,

limited in scope, has been carried out in some exotie



dairy herds e.g. (Kano State 1975, 1976; University

of Ibadan Farm 1965, 1968 and 1972; Agege Farm 1970,
1971 Anon, 1971, 1977). Vaccines against FMD had

been imported on an adhoc and emergency basis from
England. Some of these imported FMD vaccines were

not formulated strictly based on the prevalent type
variant predominant in the field at the particular
time (Anon, 1975), and consequently performed
suboptimally in most cases under Nigerian conditions
(Mowat et al., 1975). Vaccines strains used for
vaccine production for East Africa were used in
formulating most of the vaccines imported earlier into
the country, Studies conducted at Wellcome Laboratcry,
Pirbright had shown that Nigerian SAT; and SAT2 virus
types are serologically different from virus strains
used for producing vaccines for East Africa and
Southern Africa (Forman, 1974), Nawathe and Majiyagbe
(1981) found that two commercial polyvalent vaccines
formulated from non Nigerian Type A, SAT1 and SATZ
viruses did not give satisfactory results in Nigerian
cattle, Limited studies had been carried out on the
suitability of Nigerian field strains for the
formulation of vaccines for use in Nigeria. Mowat

et al., (1975) and Preston et al., (1982) have shown
that suitable vaccine could be made from Nigerian
strains. Nichells et al,, (1983) reported satisfactory

protection of Nigerian cattle using inactivated



vaccines formulated with Nigerian strains,

FMD Serotypes in Nigeria.

No consistent and systematic classification or
subtyping of FMD virus strains isolated in Nigeria
has been carried out., This in part is due to the
little interest shown in particular FMD virus strains
that do not constitute a threat to Europe where the
typing and subtyping reference laboratory is located,
and in part te the absence ef a clear centrol peolicy
en FMD in Nigeria.

Vaccines have been produced for use in Nigeria
en a number of occasions (Mowat, et al., 1975,
Preston, et al., 1982 and Nichols,et ale., 1983). In
each instance, a group of Nigerian FMD virus isolates
were examined and serologically compared with existing
vaccine strains in use elsewhere in South and East
Africa, Forman (1974) examined a group of 1974 field
isolates of type A, SAT; and SAT, and found that they
were not related to existing vaccine strains in use
in Africa. Type A NIG. 5/72, SAT, NIG. 9/72 and SAT,
NIG. 10/72 were chosen on account of their ability te
produce high yields of antigen in 24 hours in BHK-21
cultures (Mowat et al., 1975). Preston et al,, (1982)
cempared Nigerian and other West Africa subregional
isolates of 1974 - 1976 in an attempt to select vaccine

candidates for use in Nigeria. As a result of that
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study Type A NIG. 10/76, SAT, NIG. 8/76 and SAT,
NIG. 1/74 were incorporated into vaccine. Type A
NIG. 10/76 tissue culture harvest did net show complement
fixing activity agalnst antiserum raised against type A
NIG. 5/72. Arrowsmith (1984) (personal communication)
has shown in serelogical comparison with other reference
type A strains that A NIG. 10/76 may be a new subtype.
Nichols et al., (1983) selected strains 3AT,
NIG. 4/81 and SAT, NIG. 6/81 for the formulation of
vaccines for current use in Nigeria based on a comparison
of strains recently isclated in the field from 1980 %o
1981, The vaccine provoked sufficient antibody in
Nigerian cattle to effect proteection provided
revaccination is carried ocut every six months. This
vaccine has not however been used widely for the control

of FMD in Nigeria and outbreaks continue to occur,

Aetiology
FMD virus is classified under the genus Aphthovirus

within the family Picornaviridae (Cecper et al., 1978),
This classification is based on various characteristics
of the virus. It has naked gapsids, is ether=-
resistant and acid labile, has an icosahedral symmetry,
is 20-25 nm in diameter and contains a single stranded
linear RNA genome {Bachrach et al., 1964) with a
melecular weight (Mw) of 2.6x106 (Wwild and Brown, 1970).
The RNA is infective and acts as messenger. RNA
(Polatnick and Arlinghaus, 1967; Lazarus and Itin,

- T
¥
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1974)., Mature virions contain a major polypeptides
resulting from the post-translational cleavage of a
single precursor (Vande Woude and Ascione, 19743
Black, 1975). Viral synthesis and maturation occur
in the cytoplasm: , independent of cellular DNA
function,

Infective particles of FMD virus have a sediment-
ation coefficient of 146S in sucrose gradients
(Strohmaier, 1971) and a bouyant density of 1.43g/ml
in CsCl gradients (Trautman and Breese, 1962), The
tetal molecular weight is estimated to be 8.3 x 106
(Talbot and Brown, 1972; Vande Woude et al., 1972).
The 1468 infective particle dissociates into subunits
and viral RNA when the pH is lowered to 6 {Bachrach
et al., 1957). Mussgay, (1959) or by heating at 56°C
(Brooksby, 1953; Brown and Crick, 1958; Brown and
Cartwright, 1961). The subunit has a sedimentation
coefficient of 125 in sucrose gradients and a mol,
weight of 2.65 x 10° (Talbot and Brown, 1972).

Capsids devoid of RNA {(empty particles) occur
naturally in some FMD virus cultures {Graves et al.,
1968)., These have a sedimentation coefficient of 758
in sucrose gradients (Graves et al,, 1968; Rowland
et al.,, 1975) and a density of 1,31g/ml in CsCl

gradients (Graves et al.,1968),
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Structure and Chemistry of the Virus

Although Loeffler and Frosch (1837) speculated
on the particular nature of the virus, as opposed to
the contagium virumfluidum concept, the next 30 years
saw little advance in thought on the nature of the
particle. It was seen to be readily filterable and
well below the resolution limits of the conventional
light microscope. Attempts were made, by Barnard
and Elford (1937) to use the greater resolution of
the UV microscope, which had demonstrated the
elementary body' of the pox viruses, but particles
of FMDV were not seen. Elford {1937) had made another
approach through the preparation of a series of
colloidon membranes, of decreasing pore sizes, the
Gradocol membrances and applied them to the determination
of particle size of a range of viruses, By this
method, Galloway and Elford (1937) estimated the size
of FMDV as in the range of 8-12 npm. That this was
about half the actual size was due to the application
of a falsely high factor for the relation between
particle size and the pore diameter of the limiting
membrane through which the virus passed, All viruses
studied by Elford (193 7b)in this lower range were
subject to the same error, perhaps most notably the
dysentary bacteriophage (Y6R) which, having the same

particle size as FMDV, was used as a control in many
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experiments, With larger viruses the size estimations
were closer to those which have been obtained by
direct observation, Thus the virus of vesicular
stomatitis was estimated to be 70-80 nm in diameter,

a little greater than the diameter of the bullet
shaped particle. Elford himself speculated that some
virus particles were not spherical and even in 1941
discussed the possibility of a filametous form of
FMDV (Elford et al., 1941),

Another attempt at the determination of particle
size in the 1930s followed Sverdberg's development of
the ultracentrifuge for estimating the size of proteins.
In so far as animal viruses were concerned, the
concentrations available gave no hope of detecting a
sedimenting band by cptical methods, and animal
virologists were envious of their ccolleagues in plant
virelogy and their observation on the sedimentation
of such viruses as tobacce mosaic virus, For the
animal viruses, the measurement of sedimentation rate
depended on virus titretion in samples of suspension
that had been centrifuged. Collection of these samples
without disturbance was difficult enough but an even
more serious problem was the titration of virus., In
the case of FMDV the standard deviation of the end
peint using 5 guinea pigs per dilution in 10-~fold series
of dilutions would be of the order of leg 0.5. 1t says
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much for the technique of the workers concerned that
the size value calculated from the studies was 20 nm,
which was approximately correct (Elford and Galloway,
1937; Schlessinger and Galloway, 1937). Traub and
Mohlmarn (1946) had made a new approach to the use

of complement fixation test in FMD and it was shown
that it could be made more reproducible than it had
been in the hand of Cuica 12 years earlier, Traub and
Pyl (1943) applied the test to samples of centrifuged
antigen and found that 50-70% of the complement
fixing activity of a virus suspension remained in

the supernatant even after prolonged centrifugation
at speeds which would deposit 99% of infective virus,
30 called soluble antigen had been demonstrated in
vaccinia (Craigie and Wishart, 1932) and in influenza
(Craigie and Wishart, 1936), but with FMDV, the
particles of which were already so small, the term
seemed to be a misnomer, and most worker tended to
think of smaller complement fixing material as wviral
subunits. Bachrach (1950) in Denmark and Bradish
(1952) in England followed up Traub and Pylt's (1943)
ebservations. The estimation of infectivity was still
difficult and even the estimation of complement
fixation, although much more precise, was hampered by
the need for larger volumes of material than could be
readily obtained from the ultracentrifuge. Nevertheless
by 1953 it had been established (Bachrach, 1952),
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(Bradish, 1952) that virus suspensions contained not
only the virus particles sedimenting at approximately
140S and responsible for the infectivity and for about
50% of complement fixing activity of freshly harvested
virus, but also a smaller particle associated with
the remaining complement fixing activity, This had
a sedimentation coenstant of about 123 and an antigenic
type specificity that was less than that of the large
particle (Bradish, 1952),

It was found that the larger particle could be
disintegrated, with loss of infectivity, by aging,
by mild heat treatment or by exposure to adverse pH
(6.5 or lower). The main product identified in the
disintergrated virus had a sedimentation constant of
125 and appeared to be identical with the small
particle found in fresh virus preparations.,

The complement fixing activity of the virus
particle increased by 30-50% on disintegration,
and it was postulated might consist of a structure
ef 128 subunits which when separated, exposed new
antigenic sites of less specificity than in the intact
virus particle., The small particle was also
deficient in another important respect feor it failed
to produce an immune response, |

Work on FMDV proceeded in parallel with that on

other picorna viruses, and the identification of the
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structural proteins and the study of the viral genome
were the common goals of biochemist working on polio
virus, encephalomyocarditis virus and other viruses
of the family, A first step was the concentration
and purification of the virus, and suitable methods
were developed by Brown and Cartwright (1960, 1963).
Brown and Crick (1959) demonstrated the importance

of preserving the 140S particle intact during the
inactivation of its infectivity if the product were
to immunise animals effectively. They also confirmed
the earlier data on the relation between 1405 and

12S antigens and the lowered antigenic specificity

of the 125 component,

Other components were detected in virus
preparations. Planterose and Ryan (1965) found a
65S particle which fixed complement with antisera
against either 140S or 12S antigens.

Cowan and Graves (1966) produced evidence for
yet another antigen, VIA (virus infection associated),
which they detected in concentrated virus grown in
BHK cells and in concentrated extracts of infected
cells disrupted before the appearance of 140S or 12S
components, This antigen was specific for the virus
of FMD but not specific for serotypes, Cowan and
Graves suggested that the VIA antigen might be an

enzyme involved in virus replication, This has



- 32 -

subsequently been established and the antigen is now
recognised as an RNA polymerase (Newman et al., 1979).

The demonstration of separate antigens of varying
specificity stimulated attempts teo separate the
antibody species and to prepare antisera. Brown and
Graves (1959) had provided an explanation of the lack
of serotype specificity in sera collected in the early
convalescense when they showed that 1gM, which
predominated in sera 7-10 days after infection, was
of much lower specificity than the later developing
1gG. Brown and Smale (1970) combined the serological
approach with a study of morphology in the electron-
microscope, by photographing virus with attached
antibody of both 1gM and 1gG species, 1gM was shown
to combine with sites at the vertices of the particles
and believed to be the location of the immunogenic
antigen of the virus, 1gG also attaches to this site
and to two others, on the margin and surface of the
icosahedral structure, These pictures, while failing
to resolve the detected surface of the particle, do
imply the distribution of surface antigens in a
pattern consistent with icosahedral symmetry (Brown
et al., 1970).

Investigation of the viral RNA began when Gierer
and Schramm (1956) succeeded in obtaining infective

RNA from polio virus by phenol extraction, A similar
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technique was employed on FMNV. and infective RNA

was demonstrated in 1958, almost simultaneously by
workers in England (Brown, 1958) and Germany.
Subsequently the viral genone was established as
single strand of RNA of molecular weight about

2.8 x 106. The complex structure referred to as the
replicative intermediate, involved in the reproduction
of viral RNA has not been completely understodd,

The use of polyacrylamide gel electrophoresis
opened a new chapter in the study of the viral proteins,
Wild et al., (1969) used this technique to demonstrate
in FMDV the four major polypeptides, (virus protein)
VP, - VP,, recognised throughout the picornavirus
groups. La perte (1969) presented similar evidence
and went on to identify the terminal amino acid residues
in each. VP1 was found to be cleaved by trypsin and
identified as the immunogen. Laporte et al., (1973)
and Bachrach et al., (1975) found that the isclated
and purified VP, would produce an immune response in
prigs, though a much greater dosage was needed than
for the same antigen in the intact but inactivated
virus particle., Talbot et al., (1973) compared the
patterns in acrylamide gel electrephoresis and showed
that VPA was common to all seven serotypes but that

the pattern given by VP,, VP2 and VP3 could be used
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to differentiate the serotypes and even strains
within a given serotype. The sequencing of the
polypeptides continued and differences between
serotypes were established - (Bachrach et al, 1973;
Strohmaier et al., 1978).

These studies have led to major development in
the last 10 years, the biochemical map which links
the base sequence of the RNA and the amino acid
sequence of the polypeptides, The gene order has
been established, as it was for Poliovirus (1971)
and EMC virus (1972) (Brooksby, 1982) and the primary
proteins which are the precursors of Ve, - VPQ have
been identified, Recently, its mapping information
has been used in recombinant DNA experiments
(Brooksby, 1982), and Kupper et al., (1981) have
produced evidence of the production of immunising
antigen VPH in Escherichia ¢gli containing a plasmid
carrying the appropriate codon,

Virus stability

Various authors have investigated the viability
of FMD virus strains in tissue culture under controlled
conditions of pH and temperature, and in the presence
of chemical inactivating agents (Bachrach et al,,
1957; Brown et al., 1963; Bachrach et al., 1964),
The virus was found to be stable at neutral pH but

could readily be disrupted at acid pH (Bachrach et al.,



1957). However, virus inte grity could be maintained
at pH 5,25 at a NaCl tonic strength of 2.8 and a pH
9.5 when the tonic strength of NaCl was 10-4
(Bachrach, 1968),

Virus suspensions maintained at a neutral PH

may remain infective for 18 weeks at &oc, 11 days at

20°c, 21 hours at 37°C, 7 hours at 43°C, 1 hour at
49°C, 20 seconds at 55°C and 3 seconds at 61°C
(Hyslop, 1970).

The effect of freezing and thawing or freeze-
drying on stability of the virus varies with the
preparation (Bachrach, 1968), Virus from mouse
muscle was reported to withstand several cycles of
freeze-thawing when diluted in glycerine, phosphate
or tris buffer or in saccharose (Storz, 1958). Virus
in tissue culture fluid containing serum was found
to withstand repeated freeze~thawing cycles without
loss of infectivity., When freeze dried and stored
at 4°C it 1ost 10°°8 mouse lethal dose 50/ml (LD50/ml)
per year and was rapidly inactivated on storage at
23°%C (Fellows, 1965; Ramyar and Traub, 1967).

Highly purified virus in 0,05M phosphate at pH
7.5 was unstable on freezing unless protected with 1%
sodium ethylene-diamine tetra-acetate (EDTA)

(Trautman and Breese, 1962). Lucam et al., (1964)



investigated the action of 21 common disinfectants

on the virus and Sellers (1968) described comparative
tests on the inactivating properties of several
chemical compounds. N - acetylethyleneimine (AEI)

is commonly used as virus inactivant in vaccine

production (Brown et al., 1963).

Virus growth in tissue culture

FMD virus has been grown in embryonic guinea pig,
bovine, porcine and ovine tissues (Maitland and
Maitland, 1931). Frenkel (1951) used fragments of
bovine tongue epithelium to propagate FMDV for large
scale vaccine production, Brooksby and Wardle (1954)
used bovine tongue epithelium for the titration of
virus infectivitye.

Sellers (1955) demonstrated that FMD virus produced
cytopathogenic effects in monolayers cultures of calf
and swine kidney cells and used this for the titration
of infectivity by plague formation.

Ubertini et al., (1960) used primary calf kidney
cultures for the industrial production of FMD vaccine
and Mowat and Chapman (1962) introduced the use of
baby hamster kidney 21, clone 13, cell line (BHK-21)

in FMD virus research.
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The variability of different cell cultures in
their sensitivity to FMD virus is of interest. Sellers
et al,, (1959) showed that some strains of FMD virus
were less pathogenic in calf kidney cultures than in
cultures of pig kidney., Cottral et al., (1965)
compared the sensitivity of calf Kkidney cultures,
cattle, unweaned mice and guinea pigs to 16 strains
of FMD virus., They found that guinea pigs were
insensitive to all strains and that calf kidney cultures
were more sensitive than cattle or mice. Snowdon (1968)
has shown that calf thyroid cell cultures are more
gsensitive to FMD virus than are pig kidney cultures,
BHK=21 ¢ells, cattle or unweaned mice,

when ¥MD virus randomly encounters a susceptible
cell, the particle attaches to a receptor site
(Cavanagh, 1976)., Adsorption of the virus to cells
was shown to be temperature ~calcium jion dependent.
The half time of penetration at 3700 is 30 seconds
(Thorne and Cartwright, 1961; Thorne, 1962; Brown
et al., 1962},

ITreatment of FMD virus with trypsin greatly
decreased the ability of the particles to attach to
host cells, resulting in a 100 fold loss of infectivity
(Wild and Brown, 1967; Wild,et al., 1969; Cavanagh,
1976}, Cavanagh {1976) has shown that only 20% of the
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virus attached to cells could he recovered but these
had a lower sedimentation coefficient and bouyant
density than that of the native virus, and he suggested
that this might be due to the association of the

virus with cell membrane components,

Virus penetration is feollowed by a latent period
of 24 hours (Cartwright and Thorne, 1959), at the end
of which, infected cells start producing virus,

Within 3 hours the cells begin to retract from one
another and cell sheets become fenestrated (Pay,
1957). Four to five hours after infection, many cells
produce large bulbous crytoplasmic protrusions which
gradually coalesce, Finally, large spherical cells
are produced which resemble cells showing hydrepic
degeneration found in the early stages of a developing
vesicle in the epithelium of infected animals (Pay,
1957). Pay also reported that certain cultures of
adult bovine tongue epithelium continue to produce
virus at a constant low level for more than 30 days,

Antibodies to FMD virus

Antibodies to the 146S virus particle and the 755
and 125 subunits are produced in animals after a
disegse or vacclination. Antibodies to virus infection
antigens (VIA) are usually found in convalescent
animals (Cowan and Graves, 1966). However Dawe and

Pinto (1978) and Pinto and Garland (19739) detected
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antibodies to VIA antigen in repeatedly vaccinated
cattle, but not in cattle vaccinated once against FMD,
Early antibodies of the 1gM class are detectable
in cattle infected with FMD virus within 3 to 5 days
post infection, reaching a peak at 7-14 days and
gradually declining within a month (Brown et al.,
1964; Cowan, 1966), This antibody has a sedimentation
coefficient of 198 (Brown, 1960) and is sensitive to
cleavage with 2 = mercaptoethanol (2 - ME) (Brown
et al,, 1964)., It neutralises and precipitates the
virus but does not fix complement to any appreciable
extent (Brown and Graves, 1959; Cowan, 1966), At
10=-14 days post infection, a second class of antibody
is detected (Brown and Graves, 1959) which reaches a
peak at about 28 days and can persist for some years
after infection (Cunliffe, 1964; Cowan, 1966; Graves
et al., 1972). The late antibody belongs to the 1gG
class of immunoglobulins, having a sedimentation
coefficient of 7S (Brown, 1960; Cowan, 1966) and being
resistant to 2 - ME (Brown et al., 1964). This 7S
antibody shows neutralising, precipitating (Brown and
Crick, 1958) and complement fixing activity (Cowan,
1966).

Cattle response to vaccination with inactivated

FMD virus vaccines closely resembles that described
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as following infection (Mckercher and Giordano,
19673 Chappuis et al., 19713 Garland, 1974),

New born calves from vaccinated dams are
essentially devoid of antibody but acquire protective
antibody within a few hours after ingesting colostrum,
The transferred colostral antibody appears to protect
young calves until they are 2-4 months of age (Graves,

19633 Sruban, 1966).

Measurement of antibodies

Antibody to FMD virus has been detected and
measured by serum neutralisation test (SNT) (Brooksby,
19494 Skinner, 1953; Brooksby and Wardle, 19543 Van
Bekkum, 1959; Capstick et al., 1959; Gelding et al.,
1976), complement fixation (Brooksby, 1952), agar
gel immunodiffus ion (Brown and Crick, 19583 Cowan
and Graves, 19663 McVicar and Sutmoler, 1970), indirect
haemagglutination (Warrington and Kawakami, 1971;
Warrington and Kawakami, 1972) and radioimmunoassay
(Crowther, 1977), and by indirect enzyme-~linked
immunosorbent assay (ELISA). (Elzein and Crowther,
1978).

The 1463, 123, 758 and VIA antigens react in
complement fixation, agar gel diffusion and radio-
immunocassay tests but only antibodies to 1465 and 75S

antigens appear 1o neutralise virus infectivity
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specifically. Antibodies against intact 1465 are
mainly typre specific, whereas antibodies to the
subunits {125) and VIA show a considerable degree of
cross reaction between types in precipitin and

complement fixation tests (Brown and Crick, 1958).

Serotzpes
vallee and Carree (1922) were the first to

recognise the difference in serotype between strains
of an animal virus. They observed reinfection of
animals in the field and conducted cross immmity
experiments with the then prevalent French Strain
and a Ynew' strain throught to have been isolated in
Germany. The two serotypes from these experiments
were labelled O {from the department of Oise) and A
(from Allemagne)e The finding was confirmed by
Waldmann end Trautwein (1926) at the Insel Reims,
with strains which they 1labelled A and B and a third
which they described in 1926 as C, This led to
arguments and discussions which were later resolved
at the Office International des Epizootics in Paris
and the three types were labelled Vallee O, Vallee A
and Waldmann C., As the situation stabilised, the
names were dropped and the three serological types
have since been known as O, A and C till today.

The arrival of FMD samples from gouthern Africa

led to the discovery of the hitherto unknown sero types.
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several strains from the then Rhodesia and
Benchuanaland had been examined from 1931 onward at
Pirbright, and cross immunity experiments had given
equivocal results., The development of complement
fixation test for FMDV in 1948 led to re~examination
of some of the old isolates from Southern Africa.

In the 1948 tests, two new serotypes were found among
field specimens, SAT, (Southern African Territories)

from Benchuanaland and SAT., from Rhodesia. SAT3 Sero-

2
type was identified in a Southern Rhodesian sample
in 1937, The final discovery in the serotypes came
in 1954 (Brooksby and Rogers, 1957) when type ASIA 1
was detected in a sample from Pakistane

Seven serotypes and 65 subtypes of the virus
exist. The degree of difference between them is such
that animals immune to one type, remains susceptible
to other six types. Because of antigenic drift, each
type contains a number of subtypes distinguishable

on the basis of cross immunity and serological tests

(Brooksby, 1982),

Typing and Subtyping
Virus samples were typed by cross-immunity tests

in guinea pigs or cattle until Traub and Mohlmann
(1943) applied the complement fixation (CF) test to

the detection of virus from bovine materials,



- 43 -

The nethod used in the Wrld Reference Laboratory
(WRL) at the Animal Virus Research Institute (AVRI),
Pirbright, for typing FMD virus sanpl es were descri bed
by Brooksby and Rogers (1957) and by Buckley et al.»
(1975) .

Pereira (1977) proposed that subtyping of FMD
virus for epidem ol ogi cal purposes nust take into
account ™" rather than "R' val ues; so, for a virus
to be considered a new subtype, he suggested that "r"
value relationships with all existing subtypes nust be
lower than 0.25 in both directions. He also suggested
t hat new subtype designation should be [imted to
strains of epidemological inportance. As for vaccine
sel ection, Pereira (1977) suggested that a |ist of
ref erence vaccine strains shoul d be selected from
the smal | est possi bl e nunber of viruses covering
current epidemol ogical situations and that field
strains should be related to reference vaccine strains.
A know edge of the subtype situation is inportant
especially for the selection of correct vaccine and
also in revealing the existence of newy evol ving

strai ns which may cause outbreaks of disease in

ani mal s al ready i nmuni sed.

QG her serol ogi cal techniques for typing FMD virus

have been described, such as passive haenaggl utination-
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inhibition (Warrington and Kawakami, 1972) and
flourescent antibody tests (Sugimure and Eissner,

1976),

Methods of Subtyping

The methods used for differentiation of FMD
subtypes are based on reciprocal antigenic relation-
ships as demonstrated by the use of in vitro serological
techniques or by crossprotection tests in vivo, The
antigenic relationships are based on difference between
homeologous and heterologous reactions expressed as
ratios, For each pair of viruses two ratios (r1 and
rz) of heterologous and homologous serum titres are
obtained and a reciprocal relationship is calculated
as percentage: R = r; x r, x 100 (Ubertini et al.,
1960; Archetti et al., 1950).

On the basis of such relationships obtained by
CF test, Brooksby (1968) proposed that strains related
to each other by 70% or more should be considered as
belonging toc the same subtype, by 32% to 70% as
different subtypes, by 10% - 32% as widely different
subtypes.,

Anderson et al., (1974), Arrowsmith (1975) and
Forman (1975) have proposed lower 'R' values (25-40%)
for subtype differentiation and have suggested the
formation of subtype groupings related to selected

reference strains of existing subtypes in such a way
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that given isolates may be classified into more

than one subtype groupe.

Transmission and Persistence

FMD virus is spread primarily from infected
animals (Bachrach, 1968). Virus is present in all
organs, tissues, secretions and excretions of
infected animals,

Virus has beenm detected in ambient air surrounding
cattle before and for two weeks after clinical onset
of disease (Hyslop, 1965). During the 1967-68
epizootic of FMD in England, high titres of virus
were found in milk collected from cows in the prodromal
stages of the disease., Although the spread of this
particular epizootic has been attributed to winds,
the transportation and marketing of virus ladden
milk might have been a contributory factor in the
spread of the disease (Burrows, 1968; Hedger and
Dawson, 1970), Virus in dried blood, milk, carcases,
hay, farm equipment, shoes and clothings can remain
viable for long periods of time and serve as sources
of infection (Cottral, 1969). The disease has also
been disseminated by wind (Sellers and Parker, 1969),
Aerogenous dissemination may result in the spread of
the virus over distances as great as 60km (Hugh-

Jones and Wright, 1970). The velocity of the prevailing
wind and its direction and the of rainfall at the
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time affect the spread. There are peaks of spread

at dawn and dusk (Hugh-Jones and Wright, 1970).

It seems probable that the portal of infection with
aerogenous spread is the respiratory tract (Norris

and Harper, 1970). Infected animals shed maximum
quantity of virus when the vesicles in the mouth and
on the feet rupturesPigs are known to excrete the
largest quantity of virus followed by cattle and

sheep (Donaldson et al., 1971). There are variations
in the quantity of virus shed in case of infection by
different strains of virus (Donaldson, et al, 1971),
Infected animals are seldom infective to other animals
for more than four days after the rupture of vesicles,
except in so far as the virus may persist in the skin
or the hair, however, some animals may remain as
carriers for very long periods and the intermittent
shedding of small quantities of virus may lead to

the establishment of new outbreaks, The virus has
been reported to persist in the mammary gland for

3 to 7 weeks (Burrows et al., 1971). The transmission
of FMD is exacerbated by the more than 30 animal species
that are natural hosts of FMD, Not all these species
are however equally important in maintaining the
natural chain of transmission of FMD (Martinic, 1977).
Many species of wild animals have been reported as

having been infected with FMD (Macaulay, 1963) and FMD
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virus has been isolated from some species in the
natural state (Meeser, 1962) while serological
surveys (Condy, Herniman, and Hedger, 1969) have
suggested that other wild ungulates are susceptible
to FMD, Studies carried out in Botswana and Zimbabwe
{Hedger, 1970) have proved that the African buffale
is the carrier o¢f the virus in that area,

Man may be a vehicle for transmission of FMD
virus (Sellers, 1970). The virus has been recovered
from the nasal mucosa of persons working with infected
cattle for up to 24 hours after contact. Nose blowing
does not eliminate the virus and cotton face mask does
not prevent the infection. All tissues including
bones remain infective for long periods especially if
quickly frozen but to a less extent in meat frozen
slowly. The survival of the virus is closely associated
with pH of the medium, The development of acidity in
rigor mortis inactivates the virus but quick freezing
suspends acid formationm and the virus is likely to
survive (Bachrach, 1977). However, on thawing, the
suspended acid formation recommences and the virus
may be destroyed., Prolonged survival is more likely
in viscera, bone marrow and in blood vessels and lymph

nodes where acid formation is not so great.



to infect susceptible cattle by direct exposure with
carrier animals have been unsucessful to date.
Factors which are incompletely understood such as
immunological deficiencies, physiological imbalances
and physical stresses in recipient or carrier animals

seem to trigger off the infection.

Control

Many factors influence the procedures used to
control FMD in an infected country, Measures short
of eradication are complicated by a number of
intractable characteristics of the disease. These
characteristics and other considerations such as
climate, geographical isolation, wildlife and livestock
populations, international trading status, technological
and economic development, past experiences in control
programmes and political consequences are used in
formulating control programmes for FMD (Bachrach, 1968),

In poor countries where the disease is enzootic,
cattle owners practice little more than aphthisation,
which is the practice of synchronizing an outbreak
by rubbing virus from infected cattle onto the tongue
of all cattle in the herd (Bachrach, 1978). Indirectly,
recent evidence suggests that this method may be a way
of preventing the formation of new subtypes. For

example, the passage of FMDV in immune or partly
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immune cattle has been reported to induce the
formation of distinctly new virus subtypes (Hyslop
and Flagg, 1965).

Systematic vaccination with inactivated vaccines
is used to control FMD in many countries of Europe,
South America, Asia and Africa, and the Middle East
(Brooksby, 1982). The short lived immunity in FMD
complicates these vaccination programmes, After
infection or vaccination, the immunity of cattle to
virus of the same type generally lasts not more than
1 year and rarely more than 3 years (Frenkel, 1964),

Nevertheless, in enzootic countries, systematic
vaccination of cattle once or twice a year with
inactivated vaccines of proven potency have been shown
to bring the disease under control and to interupt
the natural chain of transmission (Brooksby, 1982).
Such programmes in Heolland and other European countries
in the past 25 years have been responsible for a
remarkable drop in the incidence of FMD. However,
some Western European countries still experience
sporadic outbreaks, especially of type C FMD in swine
(Sellers, 1982). The systematic vaccination has not
been practical because vaccines adjuvanted with
aluminium hydroxide gel protect swine for only 2 months,

Extensive swine outbreaks can be controlled either by
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a single dose of monovalent Frenkel or calf kidney cell -
derived vaccine containing four to ten times the
antigenic mass required for cattle or by two doses
of regular strength Frenkel vaccine spaced 2 weeks
apart (Ubertini et al., 1964; Van Bekkum et al.,
1967). Because of antigenic variability of subtypes
of FMDV, vaccines often have to be made from the
same virus subtype (especially for subtype A) that is
present in the field.

The ability to adapt FMD to unweaned mice, day
old chicks, chick embryos, rabbits and other small
animals and tissue cultures led to the development of
experimental live attenuated FMDV vaccines, The
testing of such vaccines formeriy received considerable
attention, but because of real and potential dangers,
live attenuated FMDV vaccines are now only used in
Venezuela (Olascoaga, 1982). Their use is prohibited
in Western Eurcpe (Sellers, 1982), Most, if not all,
attenuated FMDV vaccines are too virulent for swine
and for cattle under stress, Also, the danger exists
that some of the many natural hosts of FMDV may
induce live attenuated viruses to revert to virulence,

Stanping out or slaughter method has been practiced
in several countries (Bachrach, 1982). Farmers,

livestock men and veterinarians often receive
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informations to keep them aware of the need for early
recognition and reporting of suspected outbreaks of
FMD , and a capability for its rapid diagnosis if
maintained at all times. In the event of an outbreak ,
government supervised guarantine measures are imposed
as quickly as peossible within and surrounding the
affected areas., Infected animals and all exposed
susceptible livestock are killed and buried or burned
on the premises, When all available signs indicate
that the outbreak has been stamped out, the premises
are cleaned and disinfected. Contaminated areas are
sprayed with alkali or other approved disinfectantj
materials that may by be damaged by such treatment are soaked
or fumigated with formaldehyde and those of little
value are burned or buried, Thirty days later, a few
susceptible animals are placed on the premises (farm)
by the government for 30 days. If no signs of the
disease develop in the animals, the farmer graduzally
acquires new stocks. All restrictions are removed if
FMD deces not occur during the next 90 days (Anon,
1974), (Anen, 1981),

Outbreaks in the USA and the one in Canada in
1952 have been eradicated by stamping out (Anon, 1953),
England also relies on stamping out method, even though

the disease has a history of being reintroduced at
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varying intervals, In the 1967-1968 stamping our
campaign, about 500,000 infected and exposed animals
were slaughtered and destroyed many of them by burning
(Great Britt, 1968),

Most countries of South America and Western
Europe in which the disease is enzootic or which are
exposed repeatedly from without,éusually try to control
outbreaks principally by quarantine and vaccination
(Sellers, 1982). A method that combines the slaughter
of infected animals with ring vaccination around the
focus of infection was practiced in Denmark and in the
extensive outbreak in Mexico in 1946-1954 (USDA, 1955).
Stamping out alone was used during the first years
of the Mexico campaign, but it was unsuccessful and
impacted heavily on the social and economic structure
of the country, Consequently ring vaccination has to

be incorporated into the eradication programme,

Differentiation of FMD virus Strains

Traub and Mohlmmann (1946) showed that immunogenically
different strains could be differentiated by complement
fixation test. Groups of cattle vaccinated with one
strain withstood homologous challenge but were only
partially protected against challenge with a heterologous
strain, Similar qualitative results, were obtained by
Henderson et al., (1948), Martin et al., (1966), Hyslop,
Davie and Carter (1963),
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The complement fixation test first described by
Cuica, (1929) has been used from 1947 onward for
comparison of strains of foot-and-mouth disease virus,
It has been found that the reproducibility of results
obtained in the complement fixation test and its
convenience are of advantage when a large number of
strains of virus of one type have to be examined,

Traub and Mohalmann (1946) used the CFT to demonstrate
differences in the titre of immune sera reacting with
homologous and heterologous antigens. Brooksby, et al.,
(1948) used the amount of complement fixed as a measure
of such reactions. Graves, (1960) combined the
titration of complement with the titration of antisera
in order to compare homologous and heterologous

antigen - antibody combination, Bradish, et al., (1960)
and Bradish and Brooksby (1960) made detailed
examination of the reactions of foot-and-mouth disease
antigens and antisera in CFT and established working
principles for the comparison of virus strains,

They demonstrated that the amount of complement
fixed by two or more strain; specific antisera in an
excess of one antigen allowed a more sensitive detection
of differences between strains of virus than when two
antigens and one antiserum were used,

The CFT as currently used is based on the basic
procedure developed and described by Brooksby (1952)
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and modified by Buckley, et al., (1975) based on a
microtitre technique described by Takatsky (1955) and
subsequently modified by Casey (1965). The CF test
has been the method most widely used to differentiate
FMD virus strains (Brooksby, 1968; Forman, 1975 and
Pereira, 1977).

However the CF test is reported to suffer major
setbacks in that it involves non immunogenic, non
specific as well as immunogenic antigens (Cowan, 1973).
Its specificity is reported to be influenced by the
method of antiserum preparation in guinea pigs (Cowan,
1973). Type and subtype differentiations are based
on complete or partial lack of crossprotection respectively
between given FMD viruses. Antigenic relationship are
based on differences between homologous and heterologous
reactions expressed as ratios. Brooksby (1968)
proposed that strains related to each other by 70% or
more should be considered as belonging to the same
subtype, by 32 to 70% as different subtypes, by 10 to
32% as widely different subtypes and by less than 10%
as different types. The criteria has provided a useful
baseline for serological differentiation of FMD types
and subtypes. 1t has been felt however by many workers
that strict adherence to the above criteria would lead
to an excessive number of subtypes and would obscure

important epidemiological relationship (Pereira, 1976).
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Other immunoassays have been examined to
determined their suitability in the differentiation
of strains of FMD virus, Such new approaches include
the use of ELISA (Crowther, 1978) for the subtyping
of FMD virus and for the titration of FMD antigen
(Ouldridge et al., 1982), Crowther (1978) also
explored the use of radioimmunoassay for the subtyping
and differentiation of FMD virus strains., Of the
several methods proposed, the virus neutralisation
test has been advocated and accepted as the preferable
reference in vitro test (Anon, 1981) because of its
correlation with animal protection tests (Bekkum,
19593 Pay et al., 1977). The international Associatjon
of Biological Standardisations permanent committee on
FMD has endorsed the suggestion that the virus
neutralisation test should be regarded as a reference
in vitro test against which other tests could be
standardised (IABS, 1982).
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Serological surveys in epidemiology

In the 1920s and earlier an apparently insoluble
problem that confronted epidemiologists was a means
of measuring degree of susceptibility and resistance
to disease in human and animal hosts. The usual way
for the inquisitive physician to find out whether a
given individual was resistant or susceptible to
measles or chickenpox for example was by asking the
patient or his parents whether he had experienced those
common contagious diseases, To find out whether an
individual had been vaccinated against smallpox, a
similar approach could be used, with a search for a
vaccination scar, Measuring immunity in the population
as a whole was a different matter,

By the 1920s however, advances had been made in
testing immunity to some infections, and two tests,
the Schick and to a lesser extent, the tuberculin
skin tests were available, Such skin test survey
measured tissue reactivity and indicated the presence
of some degree of immunity based on previous infection
with the causative agents,

When serological tests were introduced, naturally
they were first used for diagnostic purposes on
individual cases, Williams (1920) did routine Wasserman
test on all patients attending his prenatal clinic with



- 59 -

the sole aim of mapping out the distribution of
syphylis in segments of urban population of Baltimore,
The year 1930 saw the development of the neutralisation
test for the detection of antibodies to Poliovirus,

The test was used to determine immunity patterns of

a given population (Aycock and Kramer, 1930),

In the field of arboviruses, the earliest
serological survey was conducted by Soper and his
associates in 1933 in Brazil on the prevalence of
antibodies to yellow fever virus, Serclogical surveys
for influenza antibodies also date back to the mid
1930s., Swine infuenza virus was first isolated in 1931
and human influenza virus in 1933, A neutralisation
test in ferrets and later in mice permitted different-
iation of two strains and demonstration of antibodies
in human and animal sera, In 1935 a survey for swine
and human influenza antibodies in different age groups
in individuals from Great Britain, United States and
Alaska was made by Andrewes et al,, (1935). Similar
surveys were conducted in the USA at about the same
time by Francis and Magill (1936), Shope (1936), and
Brown (193%6).

By the middle of the twentieth century the World
Health Organisation was quick to adopt surveys as part
of its programme in epidemiology. Not only in the field
of poliomyelitis where it has made its biggest impact
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but in a number of others, particularly wviral diseases,
This approach has proved to be a far more accurate
indicator of susceptibles and immunes, and of how
widespread a given infection might be in a given
population, than is indicated by reports of clinically
giagnosed cases. With the availability of a variety
of serological techniques, the immune status of a man
or an animal can be measured with resonable accuracy
in respect of many infectiocus diseases,

Advances in serology and serodiagnostics
epldemiology has been adapted for various animal viral
diseases, Serological surveys have beer fouhd | )
useful in understanding how widespread a given
disease is in a given animal population where essential
data of mortality and morbidity rates are lacking.

In the field of veterinary research, serological
surveys has been used to determine the immune status
of Nigeria's National herd after the major anti-
rinderpest vaccination campaign, (Taylor and Ojeh,
1981), distribution of African horse sickness in
Nigerian horses (Parker et al., 1977), to show
evidence of Pest des Petits Ruminant (PPR) infection
in small ruminants {Durojaiye, 1982), {(Zwart and
Rowe, 1966). In Foot and Mouth Digease research,

serological survey has been employed in a variety of
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test systems to demonsirate the role of wild life

in the spread of the virus. Antibodies teo FMD virus
in wild lifehave been reported by a number of authors,
Macauley (1964), Hedger et al., (1972) and Grosso
(1977)

Lobo et al., (1977) using the double agar gel
diffusion test established a 12% prevalence rate of
virus carrier cattle in Northern Colombia, Serological
surveys are of immense value in Nigeria in the study
of epidemiclogy of many infectious diseases since the
digease reporting system is inadequate,

Various substances related to epidemiclogy of
a given disease can be measured in the serum. The
number and variety of such substances and the number
of tests used to detect them have increased steadily
ahd continue to increase, Among the many methods that
can be used to detect antibodies to foot and mouth
disease virus in cattle are complement fixation test
(CFT), serum neutralisation test (SNT), Agar gel
diffusion test (AGDT), Enzyme linked immunosorbent
assay (ELISA) etc.

Enzyme - labelled immunosorbent assay (ELISA) is
a serological technique which depends on the assumption
that an antibody or antigen is linked to an enzyme while
retaining both immunological and enzymatic activity

in the resultant conjugate.
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Since the 194035 there has been a phenomenal
increase in the number and variety of immunodiagnostic
tests performed on various disease agents, One of the
reason for this has been the development and perfection
of methods which used labelled antigens or antibodies,
resulting in tests with very high levels of sensitivity
and specificity, Flourescent labels have been attached
to antibodies, and these conjugates are very useful
for the rapid identification of organisms responsible
for infectious diseases as well as for measurement of
antibody levels especially in infectious and autoimmune
diseases (Nair, 1976). Isotopes were found to be
suitable, especially as labels on antigens and radio-
immuncassay becomes a method of choice for sensitive
assays of both small and large molecular weight
substances (Sonksen, 1974). These assays were of
speclal value for steroids (Cameral et al. 1975).

However, both immunoflourescence and RIA have
their limitations. Immunoflourescence is tedious,
time consuming and not easily automated so it can only
be used for small batches of tests., In contrast, RIA
is particularly suitable for large scale operations
but. the short shelf life of reagents, the rather

sophisticated and expensive equipment coupled with
strict regulatory controls on the use of ilsotopes have

tended to exclude RIA from any small laboratories,
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These considerations led workers to search for
alternative labels for antibodies and antigens.

Many candidates were proposed for this role, for
example, bacteriophages (Haimovitch, et al, 1970),
metals (Cais, et al., 1977) and free radicals

(Leute, et 2l, 1972)., Enzymes have been found to
fulfil that rele better. The enzymes can be linked
to antibodies or antigens such that the complexes have
immunological and enzymatic activity. Degradation

by enzyme of a chromogenic or flourogenic substance
yields an amplification factor, which enables accurate
and sensitive detection of the presence of enzyme.

The precursors of ELISA are the homogenous enzyme
immunoassay (EIA) (Rubinstein, et al., 1972), enzyme
labelled assay (EIA) (Sanders and Wilders, 1974),
competitive enzyme linked immunoassay (CELLIA)

(Yorde, et al., 1976) and enzyme linked immunosorbent
assay (ELISA) (Engvall and Perlmann, 1971).

Enzyme labelled antibodies have been used in
histopathology to detect virus antigens in tissue
sections since 1966 (Nakane and Pierce, 1966; Avrameas
and Uriel, 1966) but their use in quantification was
introduced by Engvall and Perlmann in 1971, when they
used an assay for determination of rabbit IgCG using
plastic tubes as solid phase in a way in which the

reactivity of the immunoclogical components was retained.
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This formed the basis of the ELISA technique,

ELISA has been used widely in parasitology to
detect both antigens and antibodies. The test was
developed in malaria research (Voller et al., 1974),
Schizostomal infections in man {(Voller, et al, 1976b),
babesiosis (Purnell, et al, 1976), amebiasis (Bos,
et al., 1975) and in detecting trichinella spiralis
in man (Engvall and Ljungstrom, 1975).

It has also been suscesfully applied to the
study of bacteria and rickett4id] diseases. Carlson,
et al., (1972, 19795, 1976) introduced its use in
bacterioclogy and were able to assay antibodies to
salmonella antigens, for assay of antibodies to
Pasteurella haemolytica in sheep sera (Burells et al.,
1979), for antibody assay in vibrio cholera (Holgren
and Svennerhold, 1973) for detection of antibodies
to mycobacteria tuberculosis (Nassau, et al., 1976).

The introduction cf ELISA into medical virclogy
by Voller and Bidwell (1976) has opened a new chapter
in the field of virus research., Most of the application
of ELISA in animal virology have been in the clinical
testing of human viruses and has enabled the testing
of many dirty samples such as faeces in which antigens

may be present in minute guantities,
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The application of ELISA to influenza research
has demonstrated that it is more sensitive than the
CFT (Lambrei and Kasluri, 1979) and superior to
haemagglutination jnhibition test in the measurement
of antibodies to influenza (Delia et al., 1977).

The screening of animal sera for heg cholera antibodies
by ELISA was reported to be sensitive and rapid
(Sanders and Clinard, 1976, Sanders, 1977). Detection
of antibodies to respiratory syncythia virus by ELISA
was reported by Richardson et g;.,(1978) to be 100
times more sensitive than the CFT. Souvres gt al,,
(1979) used ELISA with success for the quantification
of poliomyelitis virus D antigen,

Its use in detecting foot-and-mouth disease virus
antigen has been described (Yolken et al., 1977;

Ellenc and De Leeuw, 1977, Crowther and Abu El zein
1979a), Double sandwhich ELISA for FMDV has been used
for typing from epithelial samples and with appropriate
antisera and dilutions, cross reactions due to subunit
and non structural proteins (which present problems in
CFT) could be avoided (Crowther and Abu Elzein, 1979b),
ELISA has been adapted for the serology of bovine
rhinotracheitis (Payment et al., 1979; Harring,

et al., 1980),
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Soluble antigen prepared from African swine fever
(ASF) infected cells was used to develop an ELISA
which could detect 5Sng amounts of ASF - antibody
(Hamdy, et al., 1979) and produced good differentiation
of normal and convalescent pig sera (Wardley et al.,
1979). Description of assays for other veterinary
viruses have included those where herd screening for
evidence of infection may be particularly required,
rather than individual diagnosis. Aujesky's disease
and Enzootic bovine leucosis can now be tackled using
ELISA methodology (Braire et al., 1979; Ressang et al.,
1978)., Anderson and Rowe (1982) also applied ELISA
for large scale epidemiological surveys of field
sera to detect antibodies to rinderpest virus,

Cowan and Graves (1966) first described virus
infection associated (VIA) antigen in foot-andemouth
disease and showed that although this antigen is
virus specific, it is not type specific. It has now
been shown that VIA is identified with the RNA -
dependent RNA polymerase (Polatnick, et al., 1967),
(Newman, et al., 1979) and that it contains a major
virus coded protein of molecular weight 56,000
(Sangar et al., 1977, Lewe and Brown, 1981), Much
of the available information on antibody responses

to VIA antigen has come from double immunodiffusion
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(DID) studies in sera from domestic animals

(Mcvicar and gyttmoller, 1970), (Fernandez et al.,
1975, Rosenbery, et al., 1977). In these studies

the test for antibogy to VIA antigen provided a useful
and accurate method}?gifferentiating animals immunised
by inactivated vaccine from those that have experienced
infection. Lobo et al., {1977) using the double agar
gel difussion test to detect antibodies to virus
infection associated antigen established a 12%

prevalence rate of virus carrier cattle with VIA

antibody in Nerthern Colombia,
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CHAPTER 3
—_——

INVESTIGATION OF OU'I‘BREA,}I{ OF FMD IN NIGERIA
BLTWEEN 1981 - 1984

Introduction:

Foot -and«Mouth disease is enzootic in Nigeria
(Nawathe and Majiyagbe, 1981), Outbreaks occur ed
sporadically in the Northern part of Nigeria before
1960 (Owolodun, 1971) and in epizootic proportion since
then, Four virus types 0, A, SAT1 and SAT2 have so
far been isolated from outbreaks in the field (Asagba,
1982),

Outbreaks occur every year around the country
but not all outbreaks are reported (Durojaiye, 1981),
No systematic attempts to control the disease have
yet been undertaken probably because of the existence
of more deadly diseases like rinderpest and CBPP
(Smith, 1971). Occassionally requests for the supply
of vaccines for the control of the disease have been
made and vaccines have been imported to meet such
demands, These vaccines have not been strictly
formulated to meet the requirements of Nigeria,

In an attempt to increase and improve the production
and supply of beef, it has been suggested by Nuru (1981)
that improvement in production method will have to go
on hand in hand with improved disease control measures,

It is expected that rinderpest and CBPP would be
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controlled if current mass vaccination programmes
are carried out successfully and that other less
important diseases would assume prominence,

It is the objective of this study to carry
out thorough investigation of outbreaks of foeot-
and.mouth disease occuring during the study period
in order to understand the socurces of infection
mode of tramnsmission and the types of virus causing
outhreaks and why nomadic herd owners do not report
outbreaks of the disease. It is envisaged that a
better understanding of the disease would enable the

government to formulate a good control policy.

Background Information

Livestock Husbandry Methods

Livestock production in Northern Nigeria is
5till under the traditional transhumace methods,
This age old cultural method of livestock production
reflects long term adjustments to limitations
imposed by unfavourable climatic and ecclogical
factors and diseases.

At the begining of the dry season October/
November, the local herdsmen reduce the size of their
stock and move them southwards in preparation for
the long dry season., In their place, herdsmen from
Niger, Chad and Cameroon migrate inte Nigeria from

their arid areas around the Saliara desert to take
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the places vacated by Nigerian herdsmen whe had gone
southwards (Jiya, 1974; Khalil, 1974)., These
patterns of movement of nomad herdsmen has subjected
lands in these areas to overgrazing all the year

round.

The Nomads and Settled Fulani

The migratory Fulani's major occupation is rearing
livestocks The settled Fulani on the other hand
combines livestock keeping with some amount of arable
land cultivation, planting such crops as millet, guinea
corn, maize and other crops. The nomad sees his cattle
as his wealth and therefore places more emphasis on
quantity rather than quality., The nomad rarely parts
with his animals except in cases of disease where he
has to dispose of an animal to pre-empt its death,

The settled Fulani on the other hand parts with some

of his animals and places less emphasis on quantity,
This is because the settled Fulani has more material
needs to satisfy, housing, transportation (moto rcycles,
cars) and education of their children.

Both the settled Fulani and the migrant ones do
occasionally hire herdsmen from outside their family
circle, These hired hands take animals over long
distances and are required to return and report to

the owners regularly., These movements back and forth
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constitute a major problem in disease control,

Hiring of herdsmen is a far more common practice among
settled fulani who usually divide their large herd
into smaller herds in different locations as insurance
against disease and shortage of grazing land,

Grazing time varies between the seasons during
the wet season, grazing starts when the sun is already
high in the sky and some of the dew on grasses has
evaporated and may continue until dusk, During the
raining season, animals of both migrant and settled
Fulanis depend solely on grazing., In dry season,
fodder is provided by the settled Fulani in addition
to grazing on remnants of plants that have not dried up,.

In terms of disease control, the settled Fulanis
are more aware of the need to visit the veterinary
services and therefore do more to control diseases than
the migrant Fulani., The settled Fulanis do have more
disease problems and hence patronise government
veterinary services more frequently. The migrant
nomads tend to move away from danger zones i.e.
diseased areas and depend more on herbs for curing
their animal diseases. They have the perpetual fear
that the government might restrict their movement or
destroy their animals during an outbreak of a

contagious disease.
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Government Ranches and Livestock Investigation
and Breeding Centres (LIBC)

The government ranches are mainly cattle fattening
centres, They operate as a cowmmercial enterprise -
purchasing stocks from different areas of the
Northern States subjecting them tc extensive feeding,
raising them to certain market weights after which
they are sent for slaughter,

The ranches have clearly demarcated and limited
territory and hence feeding of animals is based on
grazing on the l1imited grazing land and provision of
supplimentary feeds. The origin of animals coming
to these fattening centres vary a great deal. Most
0of them are purchased from cattle market in the
extreme north, Animals of such markets are from
both settled and migrant nomads,

Animal health services are readily available
from the State governments, Outbreaks of contagious
diseases are not very common except on occasions when
nomad c¢attle stray into the ranches or an animal
incubating disease l1s purchased into the fattening
Eroup,

The LIBCS were established by state governments
as breeding centres for upgrading stocks or as dairy
centres, Animals in these LIBC's are usually under

the care of the state's veterinary and livestock



- 75 -

services and hence their performances vary according
to the amount of funding which the ministries receive

from the state government,

Private Ranches

The emergence of private ranches is a recent
develcpment in Nigerian livestock industry. The
ranches are still very few., The private ranches
visited are still not organised on specialisation
basis. They practice a mixture of cattle fattening
and breeding, The large ones have resident animals
health officers who look after disease problems,

Animals in such ranches are not confined soclely
to their territory. In extreme dry season conditions,
some of tThem are taken out to graze like migrant
Fulani herds. Supplimentary feeds are provided in

addition to grazing,



-7 -

MATERIALS AND METHODS

The Area under study and its geography:

Nigerian's border states of Sokoto, Kaduna,
Kano, Borno and Gongola were the main target states
in this studye. Other Northern states with a sub-
stantial cattle population (Benue, Bauchi, Plateau
and Niger) were sampled. The border states are
the major portal of entry of livestock and diseases
from our neighbouring countries of Niger Republic,
Chad and Cameroon,

The area under study lies between 7°
and 14° latitudes north of the equator, A good
proportion of this area, especially Sokoto, Kano
and Borno States fall within areas of the world
described as arid or at least semi-arid as the
area comes within the Sahel region of West Africa
(UNESCO, 1958), These are the four main states
of Nigeria with the largest livestock population
and production capacity. These areas are known
for the vital trans-sahara trade link dating
back as far as the 18th and 19th century when
African Empires flourished (Ukwu, 1981), The five
states are strategically important because they share
borders with Chad, Niger and Cameroon and also serve

as major livestock trade link with these countries,
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Livestock raising is a major occupation of peasants
in these areas and the main cattle rearers are the
nomadic and semi nomadic Fulani and Shuwa  Arab
pastoralists. Drought greatly affects livestock
production in these areas, Rain starts by late
May - early June and stops late in September =
early October, Areas still further north of latitude
12° have rains starting by July and August and these
may even be erratic (Khalil, 1974). Ambient |
temperatures and humidity vary according to seasons,
The maximum temperatures can vary from below 30°¢C
by December/January to between 40°C and 450 by
April/May, Relative humidity varies between 0-5%
by December/January to about 40=45% by July/August,

Reporting of Qutbreaks

Letters soliciting the help of veterinary
investigation officers of the National Veterinary
Research Institute (NVRI) and the Chief Veterinary
Officers (CV0) in the study areas were sent
out before the study started. The officers were
requested to notify the invesftigator at the NVRI =~
Vom, by the quickest means, about outbreaks of
FMD in their states,

Any information about outbreaks of FMD that were
brought to the notice of the investigator were

cfficially documented as required by the disease
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reporting regulation and investigated,

Investigation of Qutbreaks:

The herdsmen, in case of an outbreak in a
migrant herd, or the veterinarian/animal health
superintendents in case of an outbreak in a government
or private ranch were questioned on the following:
(1) Movements of their animals, if any, before

the outbreak of the disease.

(2) Any previous history of FMD in the herd
before,.

(3) Contact if any with any other herd diseased
or healthy.

(4) History of the particular outbreak - The

day signs were first noticed. How long had

the disease signs lasted before the

investigator arrived,

(5) Number of animals at risk,

(6) Number of animals showing signs (morbtidity).

(7) Number of deaths if any

(8) Clinical signs

{9) Measures taken by veterinary authorities if any.

(Details in Appendix 1).
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Laboratory Samples:

Samples for culture = taken from vesicular
fiuid and epithelial scrappings from ruptured
vesicles were collected in buffered glycerine and
kept in an ice chest until trensfered to the laboratory.
Blood samples were also collected for serclogye
Samples of tongue epithelium were stored at =-20C

before processing,

Virus Isolation:

Virus isolation was undertaken at the Animal
Virus Research Institute Pirbright using primary calf
thyroid cell culture, Tongue epithelium scrappings
were ground and made into a 10% (w/v) suspension in
Veronal buffer., The suspension was used to infect
primary calf thyroid cells, Two or three blind
passages Were carried out on each specimen, The
cul tures were discarded if no cytopathic effect (CPE)
was observed after three blind passages. In a case
where CPE was observed, the cell culture fluid
containing virus was tested in a complement fixation
test (CFT) with known positive antisera against FMD
whole virion, If the result was positive, the virus
isolate was then typed using complement fixation

test and serum neutralisation test (SNT).
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RESULTS

Qutbreaks reporting

Outbreaks of FMD were reported directly to the
investigator from 12 locations in the following
states - Benue, Plateau, Gongola, Sokoto, Borno,
Niger, Kaduna, Kano and Bauchl, during the course
of the study. Two outbreaks each were reported from
Gongola, Borno and Sokoto states respectively.
In addition, 6 outbreaks were reported from other
places in the states under study but these particular
outbreaks were investigated by the veterinary officials
of the states, 8 other reported outbreaks that were
not investigated were cases where information about
the outbreak reached the investigator too late and
in the judgement of the investigator, the outbreaks
would have resolved and the migrant herdsmen would
have moved away. The investigator learnt from herds-
men that many more outbreaks occur in the field but
were not reported for fear of restrictions of movements.
In addition, herdsmen do not bother to report the
disease because no help had been rendered by the
veterinary authorities when they had outbreaks in

the past.
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Investigation of Outbreaks:

The 12 outbreaks reported above were investigated,
In seven cases in Borno, Sokoto, Kano, Gongola and
Niger states respectively, the investigator arrived
at the location of reported outbreaks only to find
that the herd involved had moved away and samples
had been collected by the state authorities,

In the remaining five outbreaks, the investigator
was lucky to find the herd where they were restricted
at the onset of the outbreak. The results of the
investigations are set out in a tabular form in

table “*o

Finding from investigation of outbreakss:

Outbreaks occurred among migrant herds along
trade routes in 19 cases out of a total of 26 cases
that were reported officially between 1981 and 1984,
4 outbreaks were reported among herds owned by
settled Fulanis., 2 outbreaks were reported among
herds in confined territory on ranches,

Contact with infected animals was the major mode
of infection, In 23 cases out of 26,contact with an
infected animal either during grazing or at watering
points was cited as the source of the infection.

In two cases movement of the animals or contact

with already infected migrating herd was responsible



for the outbreaks. Only in one case was an infected
herd reported to have c¢rossed an international border
from a neighbouring country.

Mortality rate during the outbreaks investigated
was low varying from ¢ - 2,1%, Mortality was reported
only in young calves whose ages were below eight

months., Morbidity rate ranged from 5 -~ 58%.

Clinical findings:

Among indegenous cattle herd, the spread of
the disease was usually gradu2l., 2 or 3 animals were
affected at the onset and these spread the disease
to the remaining animals in the herd., There was no
significant difference in the rate of spread of the
disease noticed among different breeds of indigenous
Zebus. The rate of spread among exotic breeds e,g.
Santa Getruda at Benue Carney ranch, was rapid.

The signs were Typical in the exotic breeds -
profuse salivation, smacking of teeth and lameness
in some cases, In the indigenous breeds, the signs
observed among young animals were typlical of foot-and
mouth-disease, In older animals, salivation though
always present was not so profuse, Formation of
vesicles was more pronounced on the gum and palate
and less on the tongue, Some of the vesicles
ruptured easily on examination revealing raw eroded

surfaces,



Viruses Isolated:

Two virus isolates NIG. 13/81 and NIG. 2/82
were obtained from samples collected by the
investigator, Six other virus isolates were obtained
by the AVRI from samples collected and dispatched
the World reference centre by the Veterinary
authorities of the states viz NIG. 4/81, NIG.5/81,
NiG. 6/81, NIG. 8/81, N1G. 10/87 and NIG. 11/81.
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CHAPTER 4

STUDY OF OFFICIAL RECORDS ON FMD

Introduction

The keeping of records on animal diseases started
in Nigeria after 1925 (Anon, 1926). Accurate records
were kept on important notifiable diseases which
were brought to the attention of the colonial
authorities., Foot and mouth disease did not feature
prominently in reports earlier than 1930 because it
was presumed that the disease did not exist in
Nigeria because it was not reported by nomadic
herdsmen (Anon, 1930),

Records of outbreaks of Foot-and-mouth disease
were kept from 1932 onward, No virus isolation
was attempted before 1954 because of infrastructural
difficulties of lack of appropriate laboratory
to handle samples from such outbreaks,

This study was therefore to undertake
retrospective examination of accumulated official
data on FMD inorder to determine its apparent

incidence and prevalence in the country,
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MATERIALS AND METHCDS

Documents examineds:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Records of diseases diagnosed at the National
Veterinary Research Institute - Vom from

1925 - 1985,

Annual reports of the National Veterinary
Research Institute - Vom from 1925 - 1985,
Ammual reports of the Veterinary services of
Northern Nigeria from 1948 - 1967,

Annual reports of the Ministry of Agriculture
and Animal Resources of all Northern States
from 1968 - 1985,

Statistics on Livestock trade and movements -
Federal Livestock Department, Kaduna from
1972 -~ 1985,

Summary of recorded Incidence of disease of
cattle in Nigerian Abbatoir 1972 to 1985
(Federal Livestock Department),

National Bulletin on Livestock Diseases in
Nigeria (Epidemiological Department, Federal
Livestock Department, Kaduna),

Virus Isolations and Typing 1940 - 1985, The
Animal Virus Research Institute - Pirbright,
UsK,
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Visits

Yisits were made to the Ministries of Animal
Health of the Northern States, The Federal
Livestock Department = Kaduna, National Veterinary
Research Institute -~ Vom and The Animal Virus
Research Institute = Pirbright, U,K,

In each case, the incidence, prevalence, morbidity
and mortality rates of FMD and animal movement records
were examined,

The Chief Veterinary Officers of the Northern
States were interviewed on their state¥s FMD outbreaks
and contreol programmes in their state,

The Epidemiological Officer at the Federal
Livestock Department was interviewed on the method
of disease reporting from the states. Disease
reporting forms (Returns of outbreaks) were examined
to determine deficiencies in the disease reporting

System.

Analysis of Accumulated Data

Data collected from sources described above were
analysed to determine:
(1) Incidence (annual) and Prevalence rates of FMD,
(2) Morbidity and mortality
(3) Quarterly movement rates of animals on hoof,

by rail or by truck,

{(4) Quarterly movement of imported cattle
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(5) Quarterly (3 monthly) distribution of outbreaks
of FMD.
(6) Methods of spread of the disease

(7) Breeds and species of animal affected,
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RESULTS

THE DISEASE

Outbreaks, Morbidity and Mortality

Table 2 shows the distribution of cutbreaks
annually since 1969 as officially reported throughout
Nigeria during the periods, The origins of the main
epizootiological types (SAT,, SAT, and A) of FMD virus
that had infected animals in Nigeria were reported
traceable to Chad, Cameroon and Niger Republics and
Nigerian states that share a common border with these
¢ountries, No virus typing was undertaken earlier
than 1950, Between 1950 ~ 1960 only Type 0 virus was
isolated in Northern Nigeria,

Thus type A FMD virus apparently entered Nigeria
in 1960 from Chad and Camerocn via Adamawa province
of the present Gongola State = and from there it spread
rapidlY to other states in the Federation. It became
the predominant type until 1968 when type SAT, first
appeared in Nigeria presumably through Chad following
the Westward spread of SAT1 eplzootic accross the
continent of Africa. The entry of a new type of the
virus was generally marked by increased number of
outbreaks involving several thousands of cattle
(Table 3)s In 1964, a total of 68 outbreaks were

reported officially, 21,223 animals were involved,
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This marked a sharp rise in the number of outbreaks
and number of animals involved when compared with
figures recorded for the previous five years

before 1964,

A similar trend of an upward surge in outbreaks
and morbidity rate was noticeable in 1968, This
was as a result of the entry of SAT1 virus which
caused outbreaks alongside type A which had before
then become more or less enzootic. Between 1973
and 1974 there was another noticeable rise in the
number of outbreaks and morbidity rate. In that
year type SAT2 first appeared in Nigeria and caused
epizootics alongside type A, and SAT1 which had
now become entrenched in the country., The number
of outbreaks decreased gradually until 1979 when
there was another rise in the officially reported
cases of FMD, This rise was apparently due to
reintroduction of a new subtype of type SAT1 from
Niger Republic., A similar trend was noticeable
in 1981 with the introduction of a new variant

of type SAT, from Chad (Fig 12),

2
Table 2 shows the distribution of outbreaks
of FMD on a three monthly=-quarterly basis, Oute

breaks occured throughout the year, No seasonality
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But the last quarter of each year (Cctober - December)
which marks the beginning of the long dry season in
Northern Nigeria and the begining of the movement of
cattle southwards in anticipation of the dry season,

has a higher frequency cf distribution of outbreaks,

Disease Reporting {FMD)

The problem of reporting of outbreaks of foot
and mouth disease is part and parcel of the animal disease
reporting system in Nigeria. The regulations governing
the reporting of classes A and B disease (FAO, Rome)
are well spelt ocut in the various animal diseases act
of Nigeria and Northern Nigeria in particular prior
to Independence in 1960, A variety of problems
complicate the reporting of epizootic diseases in
Nigeria thus making official statistics on animal
diseases inadequate and sometimes unreliable,
Infrastructural difficulties are experienced by
field officers in trying to reach areas where
communication is poor. Most traditional herdsmen
move and migrate about over vast territories where
only foot tracks are the only acess available, This
inaccessibility makes it difficult in most cases for
them to get veterinary assistance when there is an
outbreak of disease. The attitude of a traditional

herdsmen to animal disease depends largely on the
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severity of the disease in question in his herd.

If the disease spreads gquickly and kills large
numnbers of animals)the herdman goes out of his way
to seek veterinary assistance. In cases of mild
diseases, the herdsman does not regard it as potential
threat to his animals. FMD runs a mild course in
zebus, Morbidity may be high or low depending on
herd immunity but mortality is generally very low
in adult animals, usually less than 0.7%. Thus
Fulani herdsmen do not usually report outbreaks of
FMD.,

Samples for diagnostic purposes were collected
from a small proportion of the reported cases, and
only a few of these had viable virus. Between 1963
and 1973, 60 samples were submitted to the World
Reference Laboratory, virus was isclated in
only 17 cases, Many of the samples were probably
poorly collected or inadequately preserved while in
transit to the laboratory,

In 1979, a total of 22 outbreaks of FMD were
reported throughout Nigeria but diagnostic samples
were collected from only 7 cases out of which two
different types (type A and SAT,) of FMD virus were

isclated, In like manner 25 cases were officially
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reported in 1981 but samples were collected from only
8 cases. It is therefore clear that official
statistics may not reflect the true epizootiologiéal
picture of FMD in Nigeria. The inadequacy of
information on FMD coupled with its mild course in
local cattle has created the impression that FMD is
of no economic importance in Nigeria, Table 3
illustrates the number of ocutbreaks reported officially
over a 20 year period (1964 - 1984),

Information avallable at the Epidemiological
Unit (FLD = Xaduna) and Diagnostic Department (NVRI =
Vom) show clearly that most of the disease reports sent
in from the Veterinarians in the field do not give

sufficient information on outbreaks,

Animal Movement

Fulani herdsmen move their cattle South towards
the coast every year at the onset of the dry seasons
and North again during the rains mainly in search
of better pastures but aiso for purposes cof trade,
The contrast in climatic conditions between the North
ang South of the country has created an inbalance in
animal population between the North and the Socuth,

As a result, livestock especially cattle, sheep and
goats have become important articles of trade between

the North and the South, Trade cattle are moved






