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ABSTRACT

Serum samples were eollected from 425 cattle,
210 sheep, 407 goats and 64 camels slaughtered in
abattoirs or kept in institutienal farms in Zaria,
Kaduna, Sekoto, Dirnin Kebbi, Gusau, Katsina and
Ketorkoshi in Sckoto and Kaduna States of Nigeria, The
samples were tested fer the presenee of antibody teo
bluetongue virus by the agar gel immunodiffusion test.
Bluetongue precipitating antibodies were found in 21.6Y
ef the ecattle, 27.6; of the sheep, 21.6); of the goats
and 17.2: of the camels tested, At the Livestock
Investigation and Ereeding Centre Koterkeshi where the
disease was first confirmed in sheep antibodies existed
even in six months old goats, The prevalence rates of
antibody to bluetongue virus in cattle, sheep and goats
but not in camels, were higher in Sokoto State than in

Kaduna State.,

Sokoto red goats and Ouda sheep, indigenous to
northern Nigeria, inoculated by the subcutaneous route
with bluetongue type 40 virus did not develop disease,
Only mild febrile response was observed which was
apparent in more goats than sheep. Viraemia was not
detected but both species developed complement fixing
and precipitating antibodies, On the 31st day post=-
infection, gross or microscopic lesions were not observed,
Complement fixing antibody developed earlier than precipie
tating antibody.
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The 1106 samples were alse tested fer the presence
of antibody to Rlift valley fever by the agar gel
immunodiffusion methed. The antibody prevalence rates
were 2,9, in cattile, 6,75 in sheep 1.0% in goats and

3.1% in eamels,

The same serum samples were tested fer the presence
of antibody to Orungo virus by the complement fixation
test. Complement fixing Orunge virus antibedy was
found in 26,7,. of the sheep, 6.8). of the eattle, 30,7%
of the goats and 37.5% of the camels tested. The
antibody titre ranged from 1:5 to 1:40., Hitherto,
Qrungoe virus infection has not been reported in goats

and camels in this country,
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CHAPTER ONE

INTRODUCTION

In Nigeria and other parts of Africa, arboviruses
are of great economic and public health significance
(Fabiyi, 1980). They serve as potential agents of
infection to livestock and could spill over to the

human population,

i Epidemics of Rift wvalley fever which occurred in
South Africe (Schulz, 1951), Sudan (Eisa and Obheid,
1977), Kenya (Daubney et al,1531) and Egypt {(Imam

et al, 1979 a and b) were devastating to both livestock
and man, Ir BEgypt over 18,000 men and 100,000 animals
were affected and about 700 fatal human cases were
recorded (Mediterranean Zoonoses Control Center, 1981).
A severe outbreak of the disease in imported sheep

has been described in Nigeria (Ferguson, 1959).

E Bluetongue was reportcd frem Duudawa fa}m,

Kaduna State in 1943 with a mortality rate of 75%
(Henderson, 1948). Several outbreaks of bluetongue

in import¢d sheep were also reported from the Livestock
Investigation and Breeding Centre, Kotorkoshi, Sokoto
State betwcen 1966 and 1973 with high mortality among

yearlings and pregnant cwes (Bida and Eid, 1974).

Boetween 1966 and 1973, 8 straing of Orungo virus

were isolated from febrile patients and one strain from



mosquitoes in ligeria (Tomori, 1978). The virus has
been assocliated with three epidemics of a human iJlness
characterised by myalgia and fever of 3-7 days duration

in Nigeria (Fabiyi et al, 1975).

Arboviruses may be invelved in many "fevers of
unknown origin' affecting man in Africa (Fabiyi, 1980).
There is need for a continuous surveillance study on
the activity of these viruses in the livestock and
human population. This will provide a baseline informa-
tion for the formulation of control strategics. When
clinjcal evidence of infection may not be apparent, the
recognition of the presence of viral activity is
usually achieved hy antibody studies (Fabiyi, 1980).
This study is aimed at determining the present status
of bluetongue, Rift valley fever and Orungo viruses
infection in the domestic ruminants of Sokoto and

Kaduna states of Nigeria,



CHAPTER TWO
LITERATURE REVIEW

Bluetongue

Bluetongue (BT) is an arthropod-borne disease
affecting sheep and occasionally goat, but seroconversion
occurs in other infected domestic and wild ruminants

(Erasmus, 1975).

The first outbreak of bluetongue in Nigeria occurred
in Daudawa farm in Kaduna State in 1943 among imported
sheep with a mortality rate of 75% (Henderson, 1948).
Bida and Eid (1974).,described several outbreaks of
putative bluetongue with high mortality among yearlings
and pregnant ewes of imported sheep at the Livestock
Investigation and Breeding Centre (LIBC), Kotorkoshi in
Sokoto State between 1966 and 1973, A serological
survey for antibodieg against BTV in domestic ruminants
slaughtered in azbattoirs in some eastern and northern
parts of Nigeria between 1973 and 1974 showed antibody
prevalent rates of 47.7%, 28.4% and 29.4% in cattle,
sheep and goats respectively (Taylor and McCausland, 1976).
Moore and Kemp (1974) reported antibody prevalent rates
of 43,44 in cattle, 27.5Y in sheep and 21.0% in goats at
Ibadan, wherees rates of 45 in cattle and 33.8% in sheep
and goats in the University of Ibadan farm were reported

by Durojaiye (1979).
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Bluetongue virus belongs to the Orbiuirus taxon
(Theiler and Downs, 1973). About 20 serotypes of the
virus have been recognised in different parts of the
world (Nawathe, 1980), In Nigeria, types G, 10 and 16
were isclatled from Culicoides midges, type 7 from ..
Crocidura species and serological evidence was found for

types 2 and 12 (lLee gt al, 1974; Moore and Kemp, 1974).

h Bluetonpue is naturally transmitted by Culicoides

midges; C. imiceola in South Africa, €. imicola and

€. milnei in Kenya, C. variipenis and C. pallidipenis in

the the United States of America (Du Toit, 1944; Dipeolu,
1977), Dipeclu (1977) identified 33 species of midges
trapped in many parts of Nigeria and found a preponderance
ot C, imicola and L, milnei which are potential vectors
of bluetongue., The sheep ked Melophagus ovinus has been
found to harbour the virus and transmit the disease and
other haematophagus insects like Tabanus and Stomoxzs
could bhe considered as potential mechanicsl vectors
(Luedke et al, 1965). Transplacental infection of the
virus has been reported In sheep and suggested as an
overwintering mechanism {Gibbs et al, 1979). Jochim

et al, {1965) reported that sheep could also be infected
through the ingestion of infective material., Bluetongue

is transmissible through semen (Luedke gt al, 1975).

In the United States of America sheep arg shown to
harbour the virus at high concentrations for about 31 days

f
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goats for longer periods tham sheep, and cattie for as
long as 300 days (Luedke et al, 1969; Luedke and Anakwenze,
1972). Also, wild ruminants like blesbuck, buffalo,

Bast African grester kudu and antelopes are susceptible

to the virus and could act as reservoirs (Erasmus, 1975 )4

The incubation period in sheep following artificial
inoculation varies from 2-15 days whereas that of natural
infection is about 7 days (Erasmus, 1975). The signs
inetude pyrexia (41°C - 42°¢) lasting 6=% days, hyperaemia
of bucal, nasal and eyelid mucosa; cedema of tangue, lips
and intermandibular space; protrusion and dark hlue
discoloration of the tongue. Later there is necrosis and
excoriation of the epithelium of the dental pad, hard
palate, gum and lips; occasional haemorrhagic diarrhoea,
laminitis, coronitis and lameness (Erasmus, 1975). Goats
are less susceptible to bluetongue disease than sheep
(Erasmus, 1975). During an extensive ocutbreak of the
disease in Isreal Szanen goats were observed to show
clinical signs {(Barzilai and Tadmor, 1971). Sapre (1964)
reported an outhreak in India in which goats were affected.
Inverso et Q;.(1980) isolated 3 strains of BTV from
clinically_ill goats in the United States of America.
Luedke and Anakwenze (1972) on the contrary chserved no
cbviocus signs when they infected 18 Saanen goats intrader-
mally and subcutaneously with six American strains.
Between 1960 and 1973, BT virus was isolated from 73 ¢ -



cattle herds in the United States bf America; mést of
them from clinicel outbreanks of bluetongue - like
disease reportcd by Field vetcrinarians (Hourrigan and
Klingsporn, 1975). Luedke et al, (1969) reported

viraemia in on experimentally infected cattle, with

no overt disease,

Moulton (1961) ohserved the following pathologieal
changes in the bluetongue - infected sheep. There were
oedema of the digestive tract, respiratory tract and
body cavities as well as generalised lymphoudencopathys:
becoorhages and pecrosis of skeletal and heart muscles;
ercsion and ulceration of the oral and nasal mucosa,
inflammation of goronarybands and lamina. He also
observed edema of lymph nodes with wvxcessive neutrophyll
and macrophage invasiong distortion and hyalination of
skeletal and cardiac nmuscle fibres; pulmonary
atelectazis and alveolar emphysemaj hyperaemia of the
spleen anvd centirilebular lipldogis of the liver as well

as tubular nyaline casts in the kidneys,

When BYY wes inoculated intravenously into sheep,
the #irus had affinity for the endothelial valls, and
pericytes of capillaries, caused necrosis and regenerative
hyperplasia o1 there wells which resulted in vaacular
occlusion and exudation of fluid into the extracellular

space (Stair, 19468). The virusg concentrated leter in



the reticulo-endothelial cells of the lymph node
especially those draining the head (Stair, 1968). When
the virus was inoculated subcutaneously, it concentrated
and replicated first in the lymphoid tissues before the
onset of virsemia (Fini, 1974). Concerning the distribue
tion of the virus in the blood Pini et al (1966) reported
that the virus was associated more with the buffy coat
than the plasma. Spreull (1905) observed that sheep
serum was as infective as the whole blood., Other very
interesting phenomena were the very early appearance of
neutralising antibody and the co-existence ol high titres
of virus and neutralising antibody (Stair, 1968; Leudke,

1969, and Pini, 1974).

When Saanen goats were inceulated experimentally
with BTV Luedke and Anakwenze (1972) observed leucopenia
that lagted 2 to 13 days but no overt signs of disease.
Lymphocytes and neutrop. ilk: decreased earlier while
eosinophills decreased later, There was also progressive
anaemia and haemoglobinemia. lMonocytopenia developed

earlier follgwed by marked monocytosis.

BTV is related to the viruses of epizootic
haemorrhagic disease {(®HD) of deer and Ibaraki disease of
cattle (Frank and Willis, 1975%; Inaba, 1975). Both BT
and EHD viruses produce dlsegse 4n deer but EHD virus
does not produce disease in sheep., (Frank and Willis 1975).



When ruminant serum samples and mouse brain antigen are
used, there is no serclogical crass-regction by égmple-
ment fixation, agar gel precipitation, flourescent
antibody and plague neutralisaticn tests between BT and
EHD viruses but A%ght cross-reaction exists if immune
mouse ascitic fluid is wewd, (Frank and Willis, 1975).
Ibaraki virus of cattle may precduce low grade viraemia
end neutralising antibody in sheep but no overt disease,
Sheep BT antisera does not fix complement with Ibaraki
arirus antigen (Inaba, 1975).

Rift Valley Fever

Rift valley fever is a haemorrhagic disease
characterised by hepatitis, high mortality and webortion
in livestock, and a dengue=likedisease sometimes accompanied
by visual disorders, liver lesions and complications of
the central nervous system in man (Mediterranean Zoonoses

Control Centre, 1981).

The di~vr=zz had existed since about 1912 in Kenya
under the mistaken identity of malaria in man, baccillary
infection in lambs and heart water in ewes (Basterday,
1965). Rift valley fever was first described in 1931
following an epizootic among sheep in a farm near Lake
Naivasha in the Kift Valley region of Kenya (Daubney

et al, 1931). Be'tween 1950 and 1951 a major outbreak



occurred in South Africa affecting about 20,000 people
without mortalities but abont 100,000 deaths wirc recorded
of sheep and cattle (Schulz, 1951)s In 1953 and 1956

new outbreaks occurred in South Africa (Weiss, 1957).
Another outbrecl occurred near Untebbe in Uganda in 1960
without concommitart cases in livestock (william et al,
4960). Larse c¢pidenices of RVI occurred in the Keeti
district of Sulun in 1973; near Khertoun in 1975

(Etsa gt al, 1977) and in Egypt in 1977 and 1978 (Imam

et al, 1979a, 1979v). The prescnce of antibody cgainst
RVF virus hac becn reported in animals end man in many
other African countries  Easterday, 1965). In Nigeria

the disease was first described by Ferguson (719%92) among
Merino sheep imported te Vom in Flateau State. Lee (1970)

isolated the Nigerian strain of the virus from o pool of

Culicoides midges and Culex antcnatus mosquitoes collected
at the University of Ibadan dsiry farm.

Rift vallcy fever virus formerly.regaided a8 an. ungrouped
virus (Casals, 1957) is now classified in the family of
Bunyaviridae, genus phlebovirus (Mediterranean Zoonoses
Control Centr#}-106i), It 1s an KA virus, svherical,
enveloped with spikes, mansitive to ether, stabdle in
neutral pH; viable for 4 months at roon tempercture, 1 vear
at 4°C to -~ 40°C but destroyed at 56C for one hour
(Mediterrancan Zconoses Control Centre, 1961). VI virus

isolated from animgls ond mosyuitoes iz cons...i.d to be
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hepatotropic, viscerotropic or pantropic but not
neurotropic (kosterday, 1965). The natural hepatotrepic
virus, howcvier, has ncurotropic propertics thet may be
developed vxperimentally by 30 intracercebral passages

in mice to increose the neurotropic ¢ffcet and deercase

the hepatotropic effect (Mackenzie and Findlay, 1936).

Isolation of RVFV could be attempted from blood,
placenta, liver and other organs of afficted hosts as
well as from mosquito vectors (Shope, 1981), Susceptible
laboratory aniumals used for isclation include baby mice,
adult micc, hamsters and lambs; baby mice being the
animal of choice (Shope, 1981). Alternatively, baby
hamstcr kidnoey (BHK-21), vero, CER, bovine fetal muscle
and primary loob testis cultures mony be used (Davies and
Otema, 1973; Cocckley, 1965) mice can be inoculated
intracercbr-lly, intrapcritoneally, intravascularly and
subcutancously; if extrancural routes are uscd, younger
mice are prcferred but if neural routes are uscd the age
of the mice makes no difference {llims, 1956), The most
satisfactory mcthod of epg propagation is the usc of 8
day old cmbryvonated egg incubatcd at 34°C 2 tfer yolk sac
inoculation, Inoculotion of mice with neurotronic yellow
fever virus, ncurotrepic or pentropic RVFV inactivated with
ultraviolct light, ether treatment or killed, or with
Rinderpest virus, interfers with subsequent growth of

inoculated «VF virus (Findlay and Howard, 1951).
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Epizgotics of RVF in domestic and wild ruminants
Including antelopes usually preceed outbreaks in human
beings (Mediterranean Zoonoses Control Centre, 1981),

A serological survey among wildlife in Kenys showed that
3.2 of blue wildebeests, 6§ of grants gazelles and

2% of bubzl hartobeests (Devies, 1975); had antibodjies
against RVFV., In tge Egyptian epidemic RVFV was also
isolated from rats (Iyam et al, 197%a).

The most frequent foxm of transmission from animal
to animal ia through mosquite bites and this is why
excessive rains increasc the number of cases during
outbreaks in livestock (Mediterranean Zoonoses Control
Centre, 1981), The species of mosquitoes experimentally
proven to e able to transmit the disease In Africa

include, Aedes caballus, Aedes cleupluteolus and Qulex

theileri in Soutu Africa, Culex antenatus in Nigeria,

Culex pipiens fotigans and Taeniorhynachus brevipalpis

in Kenya, liansconia species in Uganda, Eretmopodites

specles in East Africa and Culex pipiens in Egypt
(Maditerranean Zconoses Control Centre, 1981). Infecticu
of mlqe with NVFV by the rospiratory route hos been
descrihed (Brovi et sl, 1981). 1In some instances, human
exposure has occurred through contact with dead animals,
aborted foetuses, or viscera meat (Hoogstraal et al,

1979).
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.buring an epidemic, those at highest risk of RVF
infeetion are butchers, slaughterers, herdsmen,
veterinarians and laboratory personnel. Respiratory
route of infection is considered probable:in . thesc
individuals (Van Velden et al, 1977). The disease in
man is characterised by sudden onset of fever, severe
myalgia especially of the lower back, headache, retro-
orbital pain and anorexia with a duration of 4 ~ 7 days
(Peters and Meegan, 1981). A smell percentage of cases
in Egypt developed Jaundice and haemorrhagic manifesta=-
tion followed by death or slow recovery (Shope, 1981),
The virus can alseo though rarely (less than 1% of patients)
cause encephnlitis resulting in mexbal confusion,
paralysis, salivation, teeth grinding, visual hallucina-
tions, choreal movements, coma and choricretinitis with
transient or permanent blindness (Mediterranean Zoonoses
Control Centre, 1981}, The 1950 and 1951 RVF epidemic
in South Africa affected about 20,000 people and in
Egypt in 1977 and 1978 about 18,000 people were affected
and about 700 deaths were recorded (Mediterranean Zoonoses
Control Centre, 1981}, In Nigeria, no human case has
been recordod but the prasence of RVFV antiboedy in man

has been reported (Tomori, 1980).

RVF in sheep occurs in peracute, acute, subacute,
mild or irappsrent forms and affected ones have signs

like fever, vomiting, mucopurulent nasal discharge and
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bloody diarhoea (Basterday, 1965). Abocut 93y mortality
occurs in lambs after 24-36 hours of onset, 20y in ewes
but almost all nregnant ewes dc abort (Bruner and
Gillespie,. 1%73)., Mortality rate is 70% in calves and
15% in adult cattle; signs include high rate of abortion,
agalactia, laboured respiration, salivation, fetid
diarrhoea and exeretion of virus in milk (Easterday, 1965).
The disease in goats is similar tc that of sheep; pigs and
eats show viraemia but no overt signs of disease while
monkeys produce a mild disease on experimental infection

(Easterday, 196€5),

RVFV antigens can be detected in infected tissues
by agar gel immunodiffusion tests (AGDT), immuno= -
fluorescence test (IFT), enzyme linked immune assay
(ELISA), enzyme linked fluorescent assay (ELFA) and
radio-immuno-ascsay (RIA) (Shope, 1981). RVFV antibody
in the serum can be detected by IFT, ELISA, ELFA,
haemagglutinaticn inhibition test (HIT), Plague reduction
neutralisation test (PRIT), mouse neutralisation test
(NT), complement fixation test (CFT) and AGDT
(Mediterranean Zoonos=s Control Centre, 1981). Cross=
reactions occur between RVFV and other viruses of the
phlebotomus fever subgroup depending on the method of
antibody detection (Shope et al, 1980). The PRNT, CFT,
ELFA and ULISA are more specific while HIT and IFT are

least specific and detect antibodies to other members
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of the phlebotomus fever group (Shope, 1981). The
AGDT has been used satisfactorily in Zimbabwe and its
sensitivity can be emhanced by using the counter-
immunoelectrophoresis modification of the test (Shope,

1981).

Orungo Virus Fever

Orungo virus was first isolated from a pool of 13

Anopheles fenustus meosquitoes caught at Orunge in the

Teso District of Uganda in 1959 during an investigation

‘ of a» Tmyeng=-nyong fever epidemic (Haddow gt al, 1960).
Tﬁé,virua was also isclated from the blood of a febrile
child at the University College Hospital, Ibadan in 1966
(Tomori, 1978). Beforc the year 1975 other isolations
were made Irom different parts of Nigeria, 8 from patients
with non=descript febrile illness and one from Aedes
dentatus mosquitoes (Tomori, 1978). Isclations of Orungo
virus have also been reported in Central African Republic

and Senegal (Fabiy3}, 7980);~f } o

The wvirus belongs to the orbivirus group'fTomori et al,
1976) and has an estimated particle size of between 1Q0nm
and 220nm (Tomori, 1976). It is inactivated when heated
at 56°C for 8 minutes or 37°C for 12 hours in phosphate
buffered saline suspension but stable for 18 months at

- 70°C in 5% bovine albumin (Tomori and Fabivi, 1977a).
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It has very lov sensitivity to lipid solvents like

ether, chloroform and sodium deoxycholate; stable between
pPH 5.0 and pl 7.0 and keeps at 4°C for at lecast 12 months
if lyophylisud (Tomori and Fabiyi, 1977a).

Orunge virus can be propageated in vero ecll ecultures
(Temori and Fabiyi, 1975); in BHK=21 monolaycrs (Tomori
et al, 1976) but fails to replicate in duck embryo, new=
born rabbit kidney (MA=111) and Acdes albopictus cultures

(Tomori, 1977). The susceptibility of mice to lethal
infection by intracercbral inoculation of Orungo virus
is highest in the ncw=born and decreases with agc of the
mice but intraperitoneal and subcutanecus inoculation do

ne kill mice and hemsters of any age (Tomori ct al, 1976).

Neutralising antibodies to Orungo virus wns detected
in 50 of sheen, 245, of monkeys and 14% of cows vhile
none of th: ponts, horses and camels tested in Nigeria
between 1967 snd 1971 showed antibodics (Tomori and
Fabiyi, 197C). FExperimental infection of rabbits, sheep

(Tomori, 1975) ond Erethrocebus patas monkeys (Tomori,

1978) with orungo virus produced neutrelising antibodies
without any overt disease, All birds experimentally
infected showed neither circulating virus nor ncutralising

antibody (Tomori, 1976).

Human infection with Orungo virus is pruvalent in

Nigeria and is associnted with both mild and scvere human
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disease (Tomori, 1976). Of the 10 Nigerian Orungo
virus isolates, & were reocovered from the bloeod of

1 - 14 years old children with non~descript febrile
illness at _baden; one [rom the cerebro-=gpinal fluid of
g seriously ill child with fever, diarrhoea, convulsion
and flaccid paraiysis of the lower extremities, in a
hogpital at Tbadang and three from blood of febrile
children at the out-patient clinics in Enugu {Tomori,
1978), During and epidemic of Orungo virus in Jos in
1975, a serological survey conducted showed an antibody
prevalence rate of 433 in the exposcd human population
(Tomori and ruviyi, 1976). A nationwide serological
survey also showed that about 23% of Nigerian had anti-
body to the virus; the highest prevalence rate was |
observed in *the Guinea aavanngh zonce and the lowest in

the rain foresi zone (Tomori and ¥abilyi, 1976).

The serological detection of Orungo virus antigen
gt antibady con be achieved by agar gel immuicdiffusion
test, complement fixation test and neutralisation test
(Tomori, 1974). Haemagglutinating «ctivity was not
detected when 2 sucrose acetone extracted Orungo virus
antigen (even after protamine treztment) was tested
against guose, soat, shoep, human O, patas and Rhesus
monkey rod bleod cells (Tomori and Fabiyi, 1977a). A
study of tha serological reaction hetween Orungo virus

EERLEY: S A T
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and other arboviruses by complement fixation and
neutralisation tests showed that there may he no
antigenic rclaticonship between the virus and other

viruses (Tomori, 1976).



CHAPTER THREE

A SEROLOGICAL SURVEY FOK BLUETONGUE ANTIBODY IN
RUMINANTS OF SCKOTO AND KADUNA
STATES OF NIGEKIA
Summa
Serum s mples collesated from 1106 ruminants in seven

different locntions in Sokoto and kaduna States of
Nigeria wer: tisted for the presence of bluctongue anti-
body by agar gel immunodiffusion test. Thesc states
represent the part of the country where the first clinical
cutbreaks of the disense in sheep were reported,
Bluetongue antibodics were found in 21,60 of the cattle,
27.6/. of the shuep, 21,6, of the goats and 17.2.. of the
camels tested, At the L.I.B.C. Kotorkoshi where the
disease wos first confirmed in sheep, antibodics existed
even in six nonths old goats. The differences in

bluetonguc ~ntibody prevalence in the various ruminants

species anu locotions are discussed,

Introduction

Bluctonguc is an arthropod-=borne disease affecting
sheep and occasiorally goats, but seroconversion occurs
in other inficted domestic and wild ruminants. The
clinical discase in sheep is characterised by hyporaemia
of the muzzlec, lip, tongue and palate, ulcerative and
necrotic stometitis, enteritis and lamencss, © (Bida and

Eid’ 197&; liawnthe 1980)'
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About 20 serotypes of the virus have bcen recognised
in different perts of the world (Nawathe, 1980). 1In
Nigeria types €, 10 and 16 were isolated from Culicoides
midges, type 7 from Crocicura Spp. (Lee et al, 1974)

while serclogical evidence was found for type 2 and 12

(Moore and Kemp 1974).

The first clinicelly diagnosee outbreak cf blue-
tongue in Nigeria was reportcd from Daudawa farm in
Kaduna State in 1943 with a2 mortality rate of 75%,
(Henderson, 1948). Bida and Eid (1974) described several
outbrecaks of putative bluctonguc in imported sheep at the
Livestock Investigetion and Brceding Centre (L.I.B.C)
Kotorkoshi in Sokoto State between 1966 and 1973 with high
mortality emong yearlings and pregnant cwes. Serological
evidence for bluetongue virus in domestic ruminants from
various parts of Nigeria has been reported (Taylor and

McCausland, 1976; Moore and Kemp, 1974; Durojaiye, 1979).

This study is designcd to determine the present
status of bluctongue disease in Sokoto and Kaduna States
of Nigeria where a high perccentage of the nation's
livestock population exists and where the first reported

outbreaks of the disease in shecp occured.
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Materials and Methods

(1) Collection of Samples

A total of 1106 serum samples from cattle, sheep
goats and camcls were collected during visits to abattoirs
or in institutional farms between February and July 1981,
The samples v2re stored at -20°C until tested, The r <1
species, breeds, sex and ages for animals from institu-
tional farms, were recorded during sampling. The breeds
included Bunaji, Rahaji, Gudali and few exotic and
crossbred, cattle, Ouda and Balami sheep and the Sokoto

red goats.,

Three locations were selected each from Sokoto and
Kaduna States for sampling and the seventh location was
the L.I.B.C. at Kotorkoshi in Sokoto State where the
first confirmed outbreak of the disease in Nipgeria occurred
These locations represcnt the major livestock rarkets
where most of the animals pooled from the surrounding

areas are usually sold for slaughter.

(ii) Virus Antigen and Control Lyperimmme Serum

Bluetongue agar gel immunodiffusion (AGID) antigen
and positive control serum were obtained from Dr. G, M.
Brown of the United States National Veterinary Services,

Ames, Towa U,S.A,.



(iii) The 4GID Test

Agar gels for the AGID test were prepared on pree
cleaned 25m: x 75mm microscope slides using 0.9, ngarese
(Sigma Type 2) in 0.85; sodium chloride and 0.01) sodium
azide, pH 7.6, Glass slides were precoated with 2%
agarose in C,85, sodium chloride and nir-dried before
pouring thc ~oar gel., 7Two sets of seven well clusters
(one centrnl nnd six peripheral) were punched in each
slide as described by the committee on bluetongue of
Americon Associntion of Veterinary Laboratory
Diagnosticians (Joachim and Fearson, 197S). The gels

were preparcd fresh for each test,

Each serum sample was tested in duplicate and each
cluster includcd two wells of positive control scrum,

The test were observed from 24 to 72 hours.,

Results

In geners-l, 22.5~ of all domcstic animals were

found to bec ppsitive for bluctongue antibody (Table 3:1).

About 21,6, of the 425 cattle sera tested were
positive. The highest frequencies 29.1)¢ and 27.5%, were
in Birnin-Kebbi and Sokoto town respectively while the
lowest, 10,. cnd 9,1, werec in Gusau and Katsina

respectively (Table 3:2),
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Of the 210 sheep sera tested, 27.6i6 were positive
The highest vrevalence, 36.5% and 36.,4% were in -i
Birnin-Kebbi and Sokoto while the lowest, 4.3, was
from Gusau, In Kotorkoshi L.,I.B.C. antibodies were

detected even in 6 months old kids (Table 3:3).

Seventuen point two percent (17,2%) of the 64 camels
tested were yositive, Apart from Zoria where the two
camels tocse.d were positive the'hijphest prevalonce

(22.,71) w:s in K-tsina. : '}

Discussion

In this study, positive results were obtained in
the four spocics of domestic ruminants tested, They
may be invelved in the maintainance of blucteongue virus
in Nigeria, Although cattle, camels, sheep and goats
are all immuriclogically responsive to the virus only
sheep and jocts, especially sheep, show clinical signs
(Nawathe, 1950). Sex does not seenm te affect the

prevalence of bluctongue antibody in those livestock,

Except for camels, the proevalence rate of bluetongue
antibody wns gcnerally higher in Sokocto State than in
Kaduna State. The differences in the species specific
prevalence rates obtained in this study may be reclated
to the host preference cof the vectors available in these

localities, The lilnei group of Culiccides which prefers
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cattle to snucp and goats constitutus o lower percentage
of Culicides j.opulation in these two Northern Stotes

but are mo:c¢ co'mnon in the Scuthern States (Dipeolu, 1977).

At the L.I.1'.C. Kotorkoshi where the disensc was
first confirmcd in ligeria in 1974, antibody e¢xisted
even in 6 montls old goats, however, only the oldest ram
(9 years old; had bluetengue antibedy. This was probably
becaus< all the other shuep were recently brought to

the farm c¢xcept that ram which survived the 1974 outbreak,

The spor gel immuncdiffusion test weas selccted for
this survey vecause it is more sensitive for the
detection of bluctongue antibodies than complement
fixation tost, (Coackley et al, 1980). It demonstrates
group antibody and has an added advantage of dctccting
long standing sntibodies since precipition antibodies
to bluetonguc last for up to 400 days, 2s long as

neutralising antibodies persist (loore and Kemp, 1974).

Bluetoniuc virus is transmitted by Culicoides
midges, Thc feeding and brecding activities of these
vectors in llijceria are highest in arcas with high
rainfall, high relative humidity (85=95%), low wind force
(2 knots), iiirh population of definitive and reservoir
hosts and mucrn height temperature of 22°C since they feed
mainly at night (0100-0500 hours), (Dipeclu, 1977
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These findings suggest that eattle, shecp, goats
and camels ar. involved in the epidemiology of
bluetonguc virus in lorthern states of Nigeria but the
mechanism is not clear cut, Furthermore, nlthough the
diseasc¢ h:s “u:un reported sporndicnlly in shcoep, it
appears that bluetonguc virus does not produce scevere

clinical diseese in this area.



CHAPTER FOUR

RESPONGE OF SOKOTO RED GOATS AND OUDA
SHEEP TO EXPERIMENTAL INFECTION WITH
BLUETONGUE VIRUS

Summary

Sokoto red goats and Cuda sheep, indigenous to
northern Uigeria were inoculated subcutaneocusly with
bluetongue virus type 10, Lo frank @{sgasc wags okhsanved in
both species following infection. However there was
mild pyrexis which affected more goats than sheep,
Viraemia was n-i detected but both species developed
complement fixing and precipitating antibodies. On day
31st post-inoculation no gross and microscopic lesions
were observed in the lungs, liver, kidney, heart,
abomagum, muscle, intestine bladder, spleen and lymph
nodes, Complement fixing antibody developed earlier
than precipitating antibcedy and complement fixing

antibody titr. was higher in goats than in sheep.

Igtroducjicu

The cerroc of susceytibllity of sheep to bluetongue
disease vari¢s with the breed {(frvsmus, 1975). The
indigenous S»uth African breeds, the Afrikander and
Persian are Jess susceptible than the Merimo whereas
most exotic %reeds such as the European mutton breeds
are more suseeptible than the Merino (Spreull, 1905;
Neitz, 1948).
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Goats are markedly less susceptible than sheep
(Erasmus, 1975). Spreull (1905) did not observe any
clinical symptem in the experimentally infected Angora
goats but goat blood cnllected on the 5th and 20th
days after infcction proved infective for sheep, In
outbreaks of bluetonguec in India (Sapre, 1964) and
Israel (Erasmus, 1975) indigenous goats were reported
to have shown clinical signs. In Nigeria bluetongue
disease hac been reported only among imported breeds
of sheep in Daudawa farm in Kaduna State (Henderson,
1948) and in the Livestock Investigation and Breeding
Centre (LIBC), Kotorkoshi in Sokote State (Bida and
Eid, 1974). Tcmori (1980) reported only low level
viraemia in thc West African dwarf sheep of Southern
Nigeria that were experimentally infected sub-
cutaneously with an indigenous strain of bluetongue
virus. There is very 1little information about the
susceptibility of the northern Nigeria breeds of sheep
and goats to bluetongue despite the fact that the
disease was first observed in exctic breeds imported
into that gecgrephical area, This study is aimed at
determining the response of Sakota red goats and Ouda

sheep to blucteongue infection,

Materials and Method
‘Virus
Bluetongue virus type 10 was obtained from Yale

Arbovirus Research Laboratory, United States of America.
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The virus was propagated by intracerebral inoculation
of 2 day cld suckling mice. The stock virus (10%
mouse brain suspension of the virus in sterile
physiological saline) titre was 10%*? mouse LDgq per
0.02ml by thc méthod of ,Reed amd Muench, 1938.

Antigen and Positive Control Antisera

A 105 suspension of the harvested mouse brain in
physiologicol saline, inactivated at 56°C for 30
minutes ond stored at -20°C was used as antigen for
the complement fixation tests (CFT). Positive control
antiserum for the CFT in the form of immune mouse
ascitic fluid (IMAF) wes prepared using the method of
Tikasingh et 21 (1966).

Bluetonguc agar gel immunodiffusion test antigen
and positive control antiserum were obtained from
Dr. G, M. Brown of United States National Veterinary

Services, Ames, Iowa, U.S5.A.

Experimentzl Animals

Six Oude sheep and six Sokoto red goats were used
for the study. Four animals of each species were used
as experimuntal animals while the remaining two were
used as controls, The animals were kept for five weeks
before virus inoculation. During this periocd, they

were examined for viraemia by intracerebral inoculation
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of blood samples into baby mice; precipitating and
copplement f{ixing antibodies by agar gel immunoe.
diffusion and complement fixation tests; pyrexia and
clinical signs. All were free from blood parasites

when the blood thin smears were examined microscopically,
and negative ror clinicel, virclogicand immunoclogie

evidence of Lluctongu. infection,

Experimental Incoculation

All amimals in the experimental group were

inoculated subcutaneously at the posterior end of the

left shoulder with 2.0ml of bluetongue virus suspension

%
containing 100'5 mousc¢ LDsQe

Temperature Dazgqmination

Rectal temperstures were taken twice daily
(morning and evening) throughout the pre-inoculation
and post-inoculatien periods and the mean daily

temperaturcs recorded,

Collection of Serum and Blood Samples

Heparinise¢d whole blood and clotted blecod for
serum samples were obiained by jugular venipuncture at
weekly intervals during pre-inoculation and daily at
post-inoculation until the 12th day: then at 4 days
interval until the 24th day and daily thereafter until
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the 31st day.

Virus Assay

Viracmia was determined by the intracerebral
inoculation of a & day old suckling mice with the sheep
or goat hepariniged whole blcod mixed with an equal
volume of OCC preservative solution and stored at.4°C
All blood samples were tested within one week of

collection,

Serological Tests

The serum samples were tested for the presence of
bluetongue.antibodies by the agar gel immunodiffusion
method described by Jochim and Pearson, (1979).
Complement fixation test was alsc perforged using the
microtitre technique of Sever (1962). Positive samples
were further tested at serial dilutions to determine

the complement fixing antibody titre.

Pathological Changes

The experimental and control sheep and goats were
euthanised on the 32nd day post=inoculation and
subjected to detailed post-mortem examination. Samples
of lungs, liver, kidney, heart, abomesum, intestine,
muscle, bladder, spleen and lymph nodes were obtained

for histopathological examination.
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Results

Clinical_Observgtions

Neither experiméntal nor control sheep and goats
showed obvious c¢linical signs. All goats and one sheep
showed mild febrile response varying from 40.17C to
B0 4°C as againat their average normal temperatures of
23,6 - 40°C between the sixth and eleventh day (Table
4a1). |

Virus Assavy

Viraemia w=s not detected in any of the sheep and
goats throushout the pre-inoculation and rost-incculation

chservation period.

Pathological Changes

All animals were in good condition and showed no

gross or microgcopic lesions.

Serologica] Tests

Complement fixing antibedins to bluetongue
developed in hoth the experimental sheep and goats on
the Qth day post=-inoculation and cprecimiteting -antibodices
were detected on the 20th and 25th day in goat and
sheep respectively {Tahle 4.2). The CF antibody
titre ranged from 1:5 to 1210 in sheep but from 1:5 to

1320 in goats, CF antibody titres of 1:10 and 1:20

ﬂ&+_ .
o b - -
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persisted up to the 31st day post-inoculation in goats.
Two of the experimentol sheep had no CF antibody by
that day. MNone of the control shecp and goats had CF

or precipitating antibodies,

Qisgggsion

The absence of overt bluctongue disease and the
antibody response in sheep observed in this study is
partly in ngrecment with previous reports on Nigerian
breeds (Tomori, 1980; Bids and Eid, 1974). Tomori
(1980) reported low level viraemia (1079 to 107°?
mouse LD50) in the West African dwarf sheep experimentally
inoculated with 109+ MLDgsn of bluetongue type 7 virus.
He also reported the developement of CF and neutralising
antibodiirs but neither febrile response nor overt signs
of illness in the same breed. Bida and Eid (1974)
reported over 40% mortality due to bluetongue in the
imported black--headed Fersion ond Wiltshire Horn sheep

and no overt discase in the incontact indigenous sheep.

The result obtasincd in Sokoto red goats compares
favourably with that obtained in goats in some other
parts of the world (Luedke and Anakwenze, 1972. Spreull,
1905). Lucdke oand Anckwenze (1972) reported a high
titre viraemiz in Saanen goats inoculated with bluetongue
type 8 virus ond low titre viracmia in those inoculated

with bluetongue type & but none of the goats developed
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overt illness, llowever, 13 of the 18 goats dcveloped

BT precipitin antibodies 21 days post=inoculation,
Spreull (1905 did not ohserve any clinical symptoms

in the experiientally infected Angora goats but goat
blood coliected on the 5th and 20th days after infection

proved infec.ive for sheep,

The hi;her development of CI antibodies and the
relatively iiore febrile response observed in goats than
in sheep indicate that the Sokoto red goats may be
immunologically more responsive to BT virus than Ouda
sheep. It still remains to be determined whether a
similar res onse will be cobtained from the same breeds
if inoculated with other strains of BT virus, a higher
dose of the sawe strain, or if other Nigerian breeds
of sheep and ;ocats like Balami and Yankasa are inocu-

lated with LV type 10 virus,

The result of this study further suggests the
innate resistance of Nigerian sheep and goats to
bluetongue disease., Although these indigenous breeds
are not clinicelly affected, they should be considered
in control .essures =specially in impeortation of

more suscertille exotic breeds to improve the local ones,



CHAPTER FIVE

A SEROLOGICAL SUKRVEY FOK RIFT VALLEY FEVER
ANTIBODY IN FOOD ANIMALS OF KADUNA AND SOKOTO
STATES OF NIGERIA

Summary

A total of 1106 serum samples from cattle, sheep,
goats and couels were collected from Kaduna and Sokoto
States of Nigeria. These were tested for the presence

of antibody to Rift Vailey fever virus by the agar

gel immunodiffusion method,

The antibody prevalence rates were 2,85%% in cattle,

6.67% in shecep, 0.98% in goats and 3.13% in camels.

Introduction

Rift valley fever (RV.) virus is an ungrouped,
arthropod=-borne virus which affects man and a wide

range of animals especially ruminants (Easterday, 1965).

RVF was first described by Daubney et al in Kenya
in 1931 following an epizootic of the disease that
resulted in high mortality in lambs and calves and
abortion in pregnant farm animals. Subsequent
epizootics of the disease have been reported in Scuth
Africa (Schulz 1951) Egypt (Imam et al, 1979) and
Sudan (Eisa et al, 1977). The presence of antibody
to RVF virus has been reported in many African countries

(Easterday, 1965).
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In Hireria the disease was first described by
Ferguson (1959) among Merino sheep imported to Vom in
Plateau Scate, Lee (1970) isclated the Nigerian strain
of the virus from a pool of Culicoides midges and
Culex antenztus mosquitoes collected at the University

of Ibadan dairy farm.

Althou;lh KVF has been experimentally produced in
a milder fory in the indigenous West African dwarf
sheep (Fagbeni et al, 1975) no natural clinical disease
has been described in the Higerian indigenous livestock
and human porulation, However neutralising antibody
to RVF virus has been detected in some Nigerian human

and animal sera (Fagbemi et al, 1973; Tomori, 1980).

This study is aimed at determining the presence
of RVF virus antibody in cattle, sheep, goats and
camels in " orthern Nigerian where a high proportion of

the nation's livestock population exists,

Materials and Methods

Collection of Samples

The sompiles used are same as those described in
the serologicel survey for bluetongue antibody (Chapter
three),
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Virus and .ieference antiserum

RVF virus strain IB Ar 55171 and its ruference
antiserum were obtained from Dr. C. Tomori of the
Virus Rescorcii Laboratory, University of Ibadan,
Ibadan, M:..8 virus was originally isclated from pools

of Culicoifes midges and Culex antenatus mosquitoes

collected (rv i1 the dairy unit of the University of

Ibadan fari: (Lee, 1970),

The virus was propagatcd by intraccerebral
inoculation of 2 day old suckling mice. A 10 suspen-
sion of thu hwrvestedaruse brairn in physiological
saline (pss) inactivated at 56°C for 30 minutcs and

stored at -20°C was used as crude antigen for thc test.

Immunc rouse ascitic fluid (IMAF) was prepared

using the method of Tikasingh ct al, (1966),

Agar Gel Iruwunodiffusion (AGID) Test

The sanples were tested as described in the
serological survey f£'r bluetongue antibody (Chapter

three).,

Results

The results are shown in tables 5:1, 5:2, and
5:3. In Sokoto State, the RVF antibodv prevalince

rate in the tested sera was highest in sheep (8.11%
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followed bv cuttle (143¢), goats (0.5%) and none in
camels. HBui in Kaduna State the prevalence rate was
highest in can.ls. followed hy .onttle and o~ts and rone
In shuep. lHowever a combined result of both states
depicts a2 i hest antibody prevalence retc in sheep
(6.7.) folloved by camels (3.1) »nd cattle (2.8%4) but

least in rorts (1.0%).

Discussion

The reported epidemics of KVF in various parts of
Africa hove indicated that the disease is of great
economic and public health importance. available
evidence support the concept that animals are infected
through mosquito bites whereas human beings acquire
the infoction mainly through direct contact with infected
livestock or their tissues (Basterday, 1965). lowever
there is evidence of peossible RVF infection in mice

through the respiratory rcoute (Brown gt al, 1981),

The stucy reported herc shows that KVF virus is
present in .i-<rian livestock but at relotively low
levels of ~ctivity. Fagbemi et al (1973), also reported
relatively low levels of viral activity in a ncutrali-
sing antilbiody survey of Nigerian livestock, Using
sera collcctod between 1964 and 1968 they found the
prevalence rates to be 2% in cattle and goats, 9% in
sheep and 12%. in camels whereas the present study

observed prevalence rates of 3% in cattle and camels,
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7% in shecp ond 1% in goats., Since the population
sampled in the two studies are rot exactly the same,
the possibility of a changing pattern of the discase

in the intervening twelve years between the two studies
cannot be properly deduced from a comparison of their
species spicific prevelence rates, However it appears
that shecep is geining in pre-cminence as the most

susceptiblo,

Some of the unanswered questions include the source
of the Nigcrian strain of the virus, how it is maintained
in the couniry and why the prevalence rate is not
higher thon observed since RVF virus generally spreads
rapidly in 2 susceptible population as demonistroted
in the Egyptian epidemic of 1977 (Imam ¢t al, 1979).

t 21 (1975) have shown that the

£

Studies by Fogheni
West African dwarf sheep may have some innate rusistance
to the clinicsl RVF disesase when infected, This would
not account for the low prevalence of antibody since
even such she.p showed sero=-conversion., Vector popuia-
tion; life span and scasonal variations in their
survival and mcchanisms cf transmission may contribute

to the low antibody prevalence observed in this study.

It may be interesting to conduct similar transmis-
sion studies with shecep breeds common in Northern
Nigeria to determine if they possess such innate

resistancc, It is a2also important to note that such
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low level o viral activity being reported in

Nigeria was cbscrved in Egyptian shecp prior to the
devastating coidemic in 1977, Therefore Nigeria still
stands thc risk of RVF epidemic despite the nresent low
level of vircl activity, This may be possible in

the event of introduction of another strain of the

virus or foreign brecds of susceptible livestock.



CHAPTER SIX

COMPLEILL'T FI.ING ANTIRODIES TO CRUNGO VIRUS IN
FOOD AL-IMALS OF SOKOTC AND KADUNA STATES
Y5 AN DF NIGERT.L .ZA

Summary

Serum somplces were collected in 1981 from 1106
domestic ruiinsnts in seven different locations in
Kaduna ~n’ Sokoto States of Northern Nigeria, These
states repr-scnt the part of thoe country where there has
been no reports of clinical disease or antibody to
Orungo virus. Orungo virus antibodies were detcected in
26,7% of thc sheep, 6.8 of the cattle, 30,7i of the
goats and 37.5% of the camels tested by the complement
fixation mcthod, The antibody titre in the various
positive sanmiles were also determined. Hitherto, Orungo
virus infection has not been reported in gonts and

camels in this country.

Introduction

Orun, o virus is a relatively new viral discase
agent in ili;cria, It was isolated first in Uganda from
mosquitoes (Tlcddow et al, 1960) and subscquently from
man and moscuitoes in Nigeria (Tomori and Fabiyi, 1975).
Between Aurust 1966 and Junc 1973, $§ strains of the
virus were isolated in Nigeria, 8 from paticnts with

non-descript febrile illness and onc from Acdes dentatus

mosquitocs (Tomori, 1978). The virus was considcred

as a member of the Orbivirus taxon (Tomori, ¢t al, 1976).
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The virus hos boen associnted with thrce epidenics

of a human illness characterised by nausea, myalgia
and fever of 3=7 day duration in Nigeria (Fabiyl ¢t al,
1975)s [Follouing a report of en eplidemic of febrile
illness associnted with the virus in Jos, 1latecu
State in 1275 ¢ serological survey was conducted which
yielded an ontibody prevalence rate of 4%’ in the
exposed hu .an population (Tomori and Fabiyi, 1976).
Although thire has becn no report of any clinicnl Orungo
virus infection in animals, there 1s evidence of the
existence of antibodies in some Nigerian monkeys,

sheep and cettle {Temori and Fabiyi, 1976).

Littlc is known about the role of other domestie
animals in the maintenance and transmission cycle
of the virus cspecially in the northern statcs wvhere
there is o iuch greater percentage of the Nigerian
livestock population and o much closer mane=-gninal
relationship. This study is therefore aimed at
determining, the extent of involvement of these food

animals in the epidemiology of this viral disease agente

Materials :nd Method

Collection of Samples

The sawples used are same as those described in
the serolo;iczl survey for bluetongue antibody

(Chapter thrce),
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Virus eni «wforence antiserum

The indirenous Orungo virus strain IbH13019,
isolated fron o febrile 4 yenr old boy at the
University College Hospital, Ibadan, Oyo State, in
1973 (Tomori :nd Fabivi, 1976) and Orungo virus
refercnce intiserum were obtained from Dr. Oyewale
Tomori o thc¢ Yirus Resenrch Laboratory, University

of Ibadan, Ibsdan, Nigeria.

Antigen and Control intiserum

The virus was propagated by intracerecbral
inoculation of 2 day old mices A 10/ suspension of
the harvestod mouse brain was made in sterile
physiologic:l saline, sonicated, inactivatcd at
56°C for 30 minutes, stored at =20°C and used =s

antigen,

Immunc mouse ascitic fluid (IMAF) was prepared
using the method of Tikasingh et al (1966) and nlso

inactivated ¢t 56°C for 30 minutes.

Complement [Fix=~tion Test

The complement fixation tests were performed in

plastic pl:ites using the microtitre technique of Weinbrein
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(1958). The test sera were inactivated at 56°C for 30
minutes and tested at a dilution of 1:5., Positive serum
samples were later tested at 1:5, 1:10, 1:20, 1:40 and
1:80 to determine the antibody titre. All dilutions were

made in veronal buffer.

Result

The prevalence rate of Orungo virus antibody in food
animals in both Kaduna and Sokoto States as well as the
distribution of thc virus complement fixing antibody
titres in ihe various animal species studicd are shown

in tables, 6.1, 6.2, 6.3 and 6,4,

In Kaduna State, when all the animal species tested
were considered together with respect to location, the
highest antibody prevalence rate (35.6%) was found in
Kaduna town while¢ the lowest {12.7%) was found in Zaria,
Similarly, in Sokotc State the highest (27.7%) was found
in Sokoto town while the lowest (12.6%) was found in

Gussau.

In Kaduna State, the highest species specific
antibody prevalence rate (37.5%) was found in camels
while the lowest (10.4%) was found in cattle. A similar
pattern of distribution of gpeeie speeific antibody
prevalence rate was obtained in Sokotgo State where the

highest (37.5).) was also found in camels and the lowest
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(3.9%) found in cattle. When all the species tested

were considered together, chi-square analysis did not
show any statistically significant difference between the
antibody prevalence rates of 23,0% and 19.8% obtained in

Kaduna and Sokoto States respectively (P»0.05).

The distribution of complement fixing antibody
titres followed a similar pattern in 211 the species
studled, WYhile a greater percentage of the positive
samples had antibgdy titres of 1:5, only a smaller
percentage had antibody titres of 1:40, and none of the

samples wzs positive at the dilution of 1:30.

Qiscussion

There has been reports of epidemics of human illness
associated with Orungo virus (Fabiyi et al, 1975) and
neutralising antibodics to the virus in both animals and
man in parts of Nigeria (Tomori and Fabiyi, 1976).

Tomori and Fabiyi, (1976) found neutralising antibodies
in 14 out of 99 cattle, 23 out of 44 sheep, 9 out of 38
Cercoplthecus species of primates and none out of 48
goats, 12 horges and 10 camels serum samples collected
between the years 1967 and 1971. However, none of these
positive samples were collected from Sokoto and Kaduna

States of Nigeria,



The result presented in this communication shows
the high activity and widespread circulation of the
virus in cattle, sheep, goats and camels of these two
northern statcs cf this country. The antibody preva-
lence rates of 6.8% and 26.7% found in cattle and sheep
respectively for both states were lower than the values of
14;1% and 52.3)' respectively obtained by Tomori and
Fabiyi (197€) for both spuciess However, this study
shows that in addition to these species, the goats and
camels may also play a part in the epidemiology of Orungo
virus in Nigeria, O©Orungo virus is belleved to be
transmitted by mosquito vectors (Tomori and Aitken, 1978).
The high activity and widespread circulation of the virus
in the domestic ruminants in these parts of the country
may be related to the activity and distribution of the
mosquito vectors in these areas. Further studies should
be done to determine the extent of human clinical febrile
illness caused by this viral agent in these states and
the exact specics of mosquitocs ussosiated with its

transmission cycle.
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CONCLUSTION

This study shows that cattle, sheep, goats and
camels in Sckoto and Kzduna States of Nigeria possess
precipitating antibody against bluetongue virus, Some
of these anirals possess antibody cven egrlicr in life
as observed in six months old goats at the Livestock
Investigatica and Ereeding Centre (L.I.B.C), Kotorkoshi.,
Bluetongue type 10 virus did not produce diseasec in
Sokoto red goats and Ouda sheep. These breeds appear
to have an innate resistance to the diseasc and

therefore a low risk of bluetongue cpizootic.

Antibody to Rift valley fever virus is also
present in these domestic ruminants in the area of study,
but at a re¢latively lower level. The relationship
betwecn low antibody prevalence rate and KVF epidemic
in Nigeria is still uncertain since such low level of
virus activit’ was reoported in Egypt prior to the 1977
epidemic,

This study also shows that in addition to the
cattle and sheep that are already known to have antibody
to Orungo virus in Nigeria, goats and camels are &lso
infected by *his viral disease agent.,
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Summary of Results of ¥arious Animal'Epecies Tested fer Bluetongue

Table 3 1
Virus Antibody By AGDT .

SPECIES TUTA gasULT SOKOTO STATE KADUN& STATE

Number Mumber rercent Humber Numzer Percent Number Nuaber Fercent

Tested Positive Tositive Tested Pesitive Posgitive Tested Pozitive Positive
Cattle 425 92 21.6 233 53 22 192 39 20,3
Sheep 210 58 27.6 173 53, 2046 37 S 13.5
Coat LO7 88 21,6 185 48 25.9 222 40 18.5
Camel 64 i1 17.2 4Q 4 10 24 7 2G.2
TOTAL 1106 249 2245 6F1 25,0 475 1 16.2

15€
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Table 3.2: Summary of Resilts of Cattle Serum Samples Tested For Bluetsngue Virus

Antibody B, AGDT

‘ .

MALE

FEMALE

TOTAL

S?ATES RESULTS

Number MNumber Parcent

Number Number Percent

Mumber

Number Percent

Number Nunmber Fere

LOCATICN Tested FPositive Foeitive Tested Reitive FPositive Tosted Fositive Positive Teated Resdtive Posi
BIRNIN L T o - #
KEBRI ) 50 14 28 1 . - 0 51 14 . 2745 g
GUSAU 36 ¢ 16.7 34 1 2.9 70 7 10 g 233 53 22
KOTORKOSHI 26 7 26.9 - - - 26 ¥ 26 § "
KADUNA ' &2 10 16,4 26 8 30.8 88 8 .5
KATSINA g 2 20,2 1% - 0 22 2 3.1 8
L B192 39 2C

SOKCTO .51 17 33,3 35 8 22.9 86 25 291 g

e . =

ZARTA 54 1% 25,5 X 6 19,4 8z 19 23,2 gz




Table 3.3: Summary of Res:ilts of Goat Serum Sampl

Antibedy By AGDT

es Tested For Bluctongue

HALE PEMALE TOTAL STLTES RESULTS
Numbsr Number FPorcent Number RNumbens FPeorcent HMNumbsr Number Porcont Number Number
LOCATTION Tested Peogitive Fogitive Tested Posgitive Positive Tested Tositive Pugitie Tested Positive ]
BIRNIN e -
KERBT 1 % 100 21 7 33.3 22 8 F6 L4 E-};'
_ ' &4
. : 15}
WSAU - £ 5
CUSAD a7 1 3.7 19 7 5.3 he 2 “3 o qes 48
S
KOTORKOSHT 15 2 171 47 17 36,2 65 19 29.2 %
_ - A
SOKCTO 14 1 7.1 38 18 47 4 = 19 75,5
KADUNL 18 3 16,7 38 4 10.5 56 7 12.5
KATSTME €2 8 12,9 %9 4 10,3 101 12 11.9 2 202 40
. =
ZART4 46 14 3.4 19 7 36.8 65 21 32,3 8
TOTAL 186 30 1641 221 58 26,2 L7 8 2140
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Table 3.4: Summary of Results of Sheep Serum Samples Tested For Bluetongue
Virus Antibody By AGIT. - o

MALE FEHALE TOYAL STATES RESULTS

e Ry p——

Humber  Humber  Fercerwrt Mumber  Number Percent  #Hunmbter Humber Percent Munber  Number  Fer
LOCATION Tested Fesitie Peltbtive Tested Fositive  Iositive Tested Tesitiw ositive Teated resitive Posi

QUEAY 4 - 0 20 2 10 26 2 8.3

LW
N

KOTORKOSHI 20 18 -0 2% 9 o3

L Y

- 173 53
31 10 32.3 37 12 3244

R
Lo
M
-
Ao

SOKOTO . 6

SOKOTO STATE

BIaNIN : '
KEBRT 17 g . 52.9 72 29 40,3 &G 38 Lot

EATSINA 4 - ‘-_: o 9 1 1.1 13 1 77

STATE

K.DUNA 2 = 0 a4 2.6 16 4 25 37 5 g

ZARIA 3 - o

wm
!
©
o
\
©
- HADUN..

oD 169 46 27.2 210 58 2745

]
jisl

TOTAL -~ 41 12
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Takle 4.1:

Pattern of Febrile Response in the Sheep and Goats
Experimenteally Infected With Bluetongue Virus

Animel Nuzher Mmmwoxm Days Dzy Day Da Day Doy Day Dey
Normal 1-5 6 7 8 9 10 11 12
Rectal Temp.
Experinental Sheep
] 40,0 39,9 40.0  39.9  39.6  40.0 40.€  39.9 0.8
2 39,6 35,9 39.7 *0,2 40,7 40,3 40,3 40,2 40,0
3 39.G 39.8 39.¢ 39.9 39.6 3G.8 40.0  33.9 43,0
4 3C.7 39.8 39.6 29.5 39.7 3G.7 39.8 39,5 35.7
Centrol Sheep -
1 357 39.9 39.8 39.8 357 35.8 2.8 39.8 2G5
= 39.5 39.9 40,0 39.8 39.%2 39,9 40,0 39.9  39.9
Experimontdl Goats .
B 1 LGLO 39.9 40,0 40,2 40,3 40.2 40.0 0.0 39.9
2 39.8 39.7 40.0  40.4  4D,0 39,9  39.6 39.7 2.7
3 3S.9 40,0 40,0 403 40,2 40.1 4Lo.C 40,0 39.8
4 2G.7 40.0 4o.2 4H0.3 40.3 40,2  40.9 32.8 A5.8
Contrcl Goats - - - -
1 39,6 39.8 39.8 39.6 29.5 39.5 39.7 35.3 39.6
2 39.6 3.6 39.8 39,5 3S5.5 39.6 39.7 39.7 3C.7

#*Only temperatures above 40,0°C are regarded as febrile response
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Al

26~31

CFT
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Table %4.2: Development of Precipitating and Complement Fixing Antibodies
in Sheep and Goats Experimentally Infected with Bluetongue Virus
Dzys 0-8 Day G Day 10 Day 11 Day 12 Day 13-24 Day 25
AGDT CFT ACDT CFT ACDT CFT AGDTI CFT AGDT CFT 2GDT  CPY AGDT CFTL
Exporimentsl. Sheep
_ 1 - - - - - - - 45 - 410 - +10 + 5
2 - - - +H% - +5 - +10 - +10 - +10 + +5
3 - - - +5 - +5 - +10 - +10 - +10 - +5
4 - - - 45 - +5 - +10 - 45 - +10 .
Control Sheep
4 - - - - - - - - - - - - - -
2 -~ - - - - - - - - - - - - -
Expeprimcntil Goats
: 4 - - - +5 - +5 - 410 -  +10 4+ +10 + +10
2 - - - - - +5 - +10 + +20 + +20 + +10
3 - - - +5 - +5 - +10 + +20 * +20 + +20
4 - - - - - - - 45 - 410 4 +10 + +10
Control Gozts - - — - . _ _
. 4 - - - - - - - - - - - - - -
2 - - - - - - - - - - - - - -

-
(%]

+
A

#* Figures represent reciprocal of CF antibody titre



Table 5:+1:

Tota™ Number of Animals Tested and Percent Positive

By AGDT . In Kaduna State Of Nigeria

for RVFV Antibody

LOCATTION CATTLE SHEEPR GOATZ CAVIELS TOTAL,
No Pogitive Percent o Dositive Percent No Dositive Percorat FPositive Percent No Positive Peroccoat
No Tested Positive o Tested Fositive No Tested Positiv: Tested rfositive Ho Tested Iositive
KADUNA 0/88 g 0/16 9 0/56 O - - 0/22 QO
ZARTA 8/82 9,76 0/8 G 2/65 3,08 o/2 Q 10/157 6.%¥
KATSTINA 1/22 4.55 0/13 0 1/101 0,99 2/22 9.09 4/158 2.53 @
TOTAL 9/192 4,69 0/2y 0 3/222 135 2/24h H.453 14/4L¥5 2.55

No

I

Munber
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Table 532: Total Number of Animals Tested end Percent Pos:tive For RVFY Arntibody

By AGDT In Sokoto State of lNigeria Eg
[ g
Q0
0
N
LOCATION CATTLE SHEEP GOATS CAVELS TOTAL

No Fositive Percent ko Pogitive Percent No Positive Porcont Neo Positive Porecent Ko Positive Fercont

Mo Testod IFogitive Ho Tested lHositive No Zusted rusitive o Tested reltive  No Tested Fositive

GUSAU 0/96 o 1 /47 2.25) 17147 09,90 - -  2/254 0.¥9
SCKOTO 1/36 1.5 2/37 5. 47 0/52 0O /27 O 3/202 1.49
BIRNIN _ _

KEBEBI z2/51 3.92 11/89 12.35 0/22 0 0/13 o 13/175 ¥.43

/7233 1,29 146173 8,09 1/185 0,54 0/40 0 18/631 2.85

No = Number



54

Yer of Animals Tested and Percent Positive For RVFV Antibady

In Both Sckoto &4nd Kaduna Stotes of Nigeria

OCATION

CATTLE

e

SHEEP

CAMELS TOTAL

No Peeitive Percant

ho Tested

Iositive

No Focitive FPercont
No Tesgted Fositive No

I\I O P X:-ic:« ‘E. Vg
Tested

Fcercent
treibive

AT -
N

Mo Tested

Positive Perce No Positive Percen

No Tested Positiv

SOKQTO
STATE

K. DUNA
STATE

14/1¥3

8.09

$/185

0/40 18/63%1 2.85

14 /475 2,595

TOTAL

12 /425

14/210

6.EY

4/L07

0,98

2/64 32/1106 2,89

No

= Number
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Table 6,1: TIrevalence of Orungo Virus Antibody in Kaduna State ° o "
LOCATCH CATTLE ' . SHEEP -~ = GOATS - CAMELS w TOTAL

.

*pNo Fozitive Percent No lositive Percent Lo Fositive Percent No Positive Percent No Fogitive Percent
No Tested Pogitive No Tested Pogitive No Tested Positive Ho Tested Positive No Tested Positive

KADUIA 16/38 18,2 8/16 50.¢ 33/56 58.9 - | -  57/160 35.6
ZARIA 282 2.4 4/g 50.0 13/65 20.0 1/2 5040 20/157 12,7
KATSINA 2/22 9.1 1/22 Lo 21/101 20.8 8/2z 36,4 72/158 20.3
TOTAL . 20/192 10,4 13/37 35.1 67/222 30.2 9/ 24 5745 109/4Y5 23,0

i . . % No = Number



"jﬁr Table 6.2: Prevalence of Orungo Virus Antibody in Sokoto State | | ?15_;:¢_ l@-

e

LOCATIN CATTLE . - SHEEP ' GOATS ; . CAMEL3Z & ¢ TOTAL

#io Pocitive Percent No Positive Fercent No Positive Percent Neo Peitive Porcent Ho Tositéve Percent
No Tested Positive HNo Tested Pogitive NHeo Tested Positive Mo Tested Pogsitive ko Tested Positive

- ——

GU3AU 1/96 1471 10/47 21.3 21/111 18.9 - - zZ2/254 12.6

SOKOTO 4/86 4.7 - 9/37  ob.3 30/52 57,7 13/27 w2 567202 21,7

BIRNIN _ ' ' L

KEBBI 4/51 7.8 24/89 26,0 Y/22 31.8 2/13 15 .4 37/175 21.1

TOTAL ' 97233 3.3 434173 24.9 58/185 314 15/40 375 125/631 19,8
5

#MNo = Number



Table 6,3:

Prevalence of Orungo Virus Antibody in Both Sokotc and Kaduna States

LGCATION

CATTLE

HEEP

o

GOATS

CAMELDS

TOTAL

*No Fositive Percent

40 Fositive Pereent No Positive Percent

Mo Iogitive Percent

o Fositive Percent

No Tested Pozitive No Tested BRgltive No Tegted TFositive Ne Tested Fositive Fo Tested Positive
SOKOT0
STATE S/233% 3.9 L3/173 24.9 58/185 31,4 15740 575 125/631 19.8
KADUNA
STATE 20/4192 10. 4 13/ 37 35,1 67/222 30,2 9/ 24 370 109/4L%5 23.0
Potal 29/425 6,8 564210 26,7 125/407 30.7 2b 6k 3745 234/1106 21.E
*No = Number
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6:4: Di-tribution ¢ Hrungo V1 4o Antibody Titre 11ithin Various Spucies

COMFLEMNTNT FIXTNG ANTIBOD. TITRES

w8 e —————— i gnimiaihos —
Species ®l0 1o I ositives % Pesitives P Pocicives 04 Fositives ¥
‘ected Rsitive with: 1:5 W™ ith with 1:1C with vtk 1:20 witd writh 1:40 with
__Titre “{tre Titre Titre ' -lZI€ Titre  Titre Titre

425 29 1% Ll 8 4 13.8 6 20.’ ¢ - 20.7

0
——
o
-
—

210 56 26 4o, 4L 13 23,2 8 14,3

5.6 35 28.0 19 15,2 ik 1332

N
D
un
~J
I~

407

b 2h 8 . 2 20,8 © 25.0 5 20.8

¥ No = Numbur



2

3e

5

Te

REFERENCES

Barzilai, i.; and Tadmor, A. (1971), “"Hultiplica=
tion of bluctongue virus in goats following

experimental infection," Refuah Veterinarian,

28: 12-20,

Bida, 5. L. ond Eid, F. I. A. (1974), 'Bluctongue

of shecp in northern Nigoria,” Journal of Nigerian

Veterinzry ledical sssociation, 3: 12«16,

Brown, J. L.; Dominik, J. W., lHorrissey, R. Re.
{(1981), "nespiratory infectivity of a recently
isoloted strain of Rift valley fever virus,

Infection #nd Immunity, 33(3): 848-853,

Bruner ond Gillespie (1973), Hagan's Infections

-

Cornell University Press, Ithaca and London,

Casals, J. (1957), "Viruscvs: Versatile parnsites
I. The artinvopod berne group cof animal virusesh,

Transactions of the New York ncademy. of Scicnces,

19: 219235,

Coakley, -« (1965), "Alteration in virulence of
Rift Vallcy fever virus during serial passage in

lamb tusts cells,® Journal of Pathologfy nnd

Bacterioloyy, 89: 123-131,

Coackley, 'ie; Maker, D.; Smith, V. W.; (1980).

"A serolojical survey for bluetongue virus



8.

.

10.

R

12.

13,

60

antibody in Wegstern Australia," Australian

Veterinary Journal, 56: 487-491,

Daubney, R; Hudson, J. R.3 Garnham, P. C. (1931),
WEnzootic nepatitis or Rift Valley fever. An
undescrined virus discase of sheep, cattle and

man from Bast sfrica," Jarnal of Pathology and

Bacteriology, 34: 545«579.

Davies, F. G. (1975), "Observations on the
epidemioclogy of Rift Valley fever in Kenya,"

Journal of Hygiene, Cambridge, 75t 219.

Davies, F, G. and Otema, C. (1978), "The antibody
response in sheep infected with a Kenya sheep and
goat pox virus," Journal of comparativec pathology,

Dipeclu, C. C. (1977), "Potential vectors of

bluatongue,% Bulletin of Animal Health and

Producticn for ifrica, 25(1): 17-23.

Durojaiye, 0. .., (1979), "arer pel precipitation
antivody %o Bluectongue virus in Nigerian cattle
sheep and posats," Nigerian Veterinary Journal,
8(2): 64~67,

Du=Toit, R. M, (1944), "The transmission of

bluetongue and horssgickness by Culicoides®,

2 g R



14,

15,

16.

17.

18.

19.

&

Onderstepoort Journal of Voterinary Scicnce and

Anirel Industry, 19: 7-16.

Easterday, D. C. (1965), "Rift valley fever,"

Advances in Vetcrinary Science, 10: 65-127.

Eisa, M; Obeid, H, M, A.; El-sawl, /. S. 4.
(1977), *Kift Valley fever in Sudan: Results of
field investigation of the first cplzootic in
Kosti District,1973," Bulletin of Animal fealth
and Production for Africg, 25(4): 343-347,

Erasmus, L. J. (1975), "Bluctonguc in sheep and

goets,” Australian Veteripnary Journal, 51(%4):

165-1 ?C).

Fabiyi, 4. (1980), "Epidemiology of ..rbovirus
zooneoscs in West, East, Central and South Africa;

J. Vesenjak-Hirjan ct al (edsa), Arboviruses

in the mediterranean countries, Z2bl, bakt, Suppl.

9. Gustev Fischer Verlag, Stuttgavt, New York,

Fabiyi, A; Tomori, 0; »nd El=DUayoumi, M, S. V.
(1975), “Epidemic of febrile illness assocciated
with Ugnp 359 (Orungo virus) in Nigeria," West

African Medicel Journal, 23(1): 9-41,

Fagbami, 4. H.; Tomori, 0; Kemp, G. By (1973),
A survey cf Nigerisn domestic and wild agimals

for serum neutralising antibedy to indigenoug



20.

21,

, | 62

I
!

Rift valley fever virus," ‘Nigerian Veterinary

Journal, 2(%): 42-48,

Fagbami, ... H.; Tomori, O,; Fabiyi, A. (1975},

xperinentbsl Rift Volley fever in West africon

dwarf shoer, Hesearch in Veterinary Scionce, 18:

334=335.

Ferguson, J. (1959), "Identification of Rift valley

fever in Miperin," Bulletin of Epizootic Dis¢occes

" for Africa, 7: 317-318.

22,

‘23,

24,

25,

f

Findlay, G. Lej and Howard, E. M, {1951), "Wotcs on

Rift valley fever:; Archiv for dic gesomte

Virusforschungo, 4: 411-423,

Frank, J. I, and Willis, N. G. (1975},
"Bluetonygue~like disease of deer,"FAustralian

Veterinary Journal, 51(&4): 174-177.

Gibbs, Iie ¢e J.3 Lawman, M. J. F.; and Herniman,
Ke Lo Jo (1979), “Prelininary observations on
transplacental infection of bluetongue virus in

sheep - a possible overwintering mechanism,

. *
Research in Veterinary Scicnce, 27: 118=120.

Haddow, As J.; Davies, C. W.; ond Walker, A, Jd,
(1960), “Unyon-nyong fever: an epidermic discase

in East africa," Tronsuctions of the Hoyal Society

of Tropicol Medicine and Hygiene, 54: 517-522,

bl
;



63

i

26, Henderson, W. V. (1948), "Veterinary department of
Nigeria', Annual Reports 1943, Government Printer,

Lagos, peSe

27. Hoogstraal, t.; Meegom, J.; Khelil, G.; JAohom, F, K,
(1979), ~ihe Rift valley fover epizootic in Lgypt
1977=78, 2, i.cological and Entomological studies,"

Transactions of the HKoyal Society of Tropical

Medicine -nd Hygpienc, 73(6): 624-629,

28, Hourrigsn, J. L.; ond Klingsporn, A. L. (1975),

“Bluetonpuc: The disease in cattle," Australian

Veterinary Journal, 51(4): 170-174,

29 Imam, Z, ii, I,; Darwish, A, M.; El=Karamany, R.
(1979a) “4n epidemic of Kift valley fever in Fgypt I,

Diagnosis of Rift valley fever in man,"™ Bulletin of

World H:-lth Organisation, 57(3): 441-443,

30 Imam, Z., s I.; El=Karamany, R.; Darwish, A. T
(1979b), ~an cpidemic of Rift valley fuver in Egypt.
2+« Isolation of the virus from animal,” Bull:otin of

World Hec-lth Organisation, 57(3): 441=443,

31. Inabn, Y. (1975), "Ibaraki Discasc and its relatione-
ship to Bluctongue," Australian Veterinary Journal,

51(4): 17.-185,

32, Inverso, l:,; Lukas, G. N.; weidenbach, S. J, (1980),
#Caprinc cluetongue virus isolations," American

Journal of Veterinary Research, 41(2): 277-278,




&4

33. Jochim, M. M.; Luedke, A. J.; and Bowne, J. G.

(1965}, "The clinical and immunogenic response

of sheep to oral and intradermal administrations

Veterinary liesearch, 261 1254-=1260,

i’
!

S of bluetungue virus, ¥ American Journal of
ﬁ

B

Jochin, T, M.; and Pearson, J. B. (1970),
"Protocol for the immunodiffusion test for

bluetongue,” Froceedings of Annual Meeting of

-

American Associstion of Vetet;gary Laboratolvy .

Diagnositicians, 22: LE3-4T71 .,

]
|
}
P
e
|
f
:

35
i
5
!
y

26

Rt S —

7.

L e .

L B8,

Lee, V. i3 {1970), "Ceneral mosquitoe collections

1970,% University of Ibadan, Arbovirus Research

projects 1970 Annual Heport pp. 29-30,

Lee, V. !l.; Caugey, O. R.s and Moore, D. L.;

(1974}, “Lluetongue and rielated viruses in
Ihadan, Nigeria. Isclation and preliminary

identificatinn of viruses," American Journal of

Veterinary Kesearch, 35: 1105-1108

Luedke, 4. J. (1969}, "Bluetongue in csheep.

Viral cssey and viraemia," American csournal of

Veterinary Desenral, A0: 499-509,

Luedks, A. J.; and Anakwenze, B. T. (1973),

fBluetongue virus in pgoats,® American Journal of

Veterinary Besearsh, 33: 1739-1745,




39,

40,

41,

42,

43

65

Luedke, L. J.j Jochim, M. M.3 and Bowne, J. Go
(1965), *Freliminary bluetongue transmission

with the sheep ked melophagus ovinus (L)x,

Canadian Journal of Comparative lledicine and

Veterinary Science, 29: 229=231,

Luedke, A, J.; Jochim, M. M and Jones, e He
(106€3), “iluetongue in cattle: Viraemia,®
American Journal of Veterinary Research. 30:

511=51%

Luedke, A. J.; Walton, T. E.; Jones, Re He (1975),
wDetection of bluetongue virus in bovine semen,"

Proceedings of the Worlgd Veterinary Congress,

20: 239-2042,

Mackenzie, K. D.; and Findlay, G. M. (19%6),
A production of a neurotropic strain of Rift

Valley fever virus," Lancet, 230: 140-141,

Mims, C. A. C. (1956), "Rift Valley fever Virus
in mice. I. General features of the infection,®

BRritish Journal of Experimental Pathology, 37

110-11%

Moore, Do L.; anrd remp, G. E. (1974),
nBluetongue and related viruses in Ibadan nigeria
Serologic Studies of domesticated and wild

animals, % american Journal of Veterinary




Research, 35: 1115=1120.

45, Moulton, Js E. (1961}, "Pathology of bluetongue

of sheep in California," Journal of American

Veterinaery Medical Association, 138: 493-498,

k6., Mediterranean Zoonoses Control Centire, Proceedings

of consultetion on Rift valley fever, MZCC/R/81.1

Athens, Creece, 1981,

47, Nawathe, D, R, (1980), "Bluetongue in Nigeria,"

Billetin, of the International office of Epizootics,

92(7-8): 423-489,

48, Neitz, W. O. (1948), "Immunological studies on

Bluetongue in shcep," Onderstepoort Journal of

Veterinary Science and /rimal Industrics, 2-: 93-136.

49. Peters, C. J. and Meegan, J. M. (1981), "Rift
valley fever® in Steele, J. !I. (1981) Handbook

Seriesg in Zooncses. Section B, Volume I CRC Press,

Boca Ratoen, Florida, U.S.A,

50, Pini, i., "The rathogenesis of bluetonrue
virus infection in sheep," M, Med. Vet. (Virology)
Dissertation, University of Pretoria, South

Africa, unpublished 1974,

¥4, Pini, ie.; Coackley, W.; and Ohder, H. (1966),

"Concentration of bluetongue virus in



67

experimentally infected sheep and virus
identification by immune fluorescence technique,™

Archiv fuer die gesante Virus forschung, 28:

385=390,

52, Reed, L. J., and Muench, H. (1938), ¥A zimple
method o estimating fifty percent end-points,"

American Journal of Hygiene, 28: 493=-497,

53, Saprey, B, N. (1964), "An outbreak of bluetongue
in goais and sheep in Maharashtra state;" India

Veterinary Resord, 15: 69-71.

54, Schulz, K. He (%g51), "Rift valley fever in
South Africa," Special report lio. 5/51, Union
Departmnent of Health-Plague Research Laboratory,

pt 1"2{7-'.

85, Sever, J. L. (1962), "application of a micro-
technijue to viral serqQlugical investigations,”

Journal of Immunclogy, 38: 320-329,

56. Shope, R. E. (1981), "Rift velley fever,
Available methocologies in animals and man

including laboratory diagnosis,” Werld Health

Orgepisation Consultation on Rift valley fever,

Geneva, June 30 -~ July 3.

*57. Shope, R. E.; Peters, C. J.; and Walker, J. S,

(1980), “Serological relation between Rift valley



60,

6%

&2,

; 68
.{’I.

H
o

fever virus and viruses of the phlebotormus

fever serogroup," Lancet 1{173): 866—887.

|
Spreull,; J. (190%), "Halaria Catarrhal fever
Rluetonrue of sheep in South Africa,® Journal

of Comparative Pathology 18: 321-337.

n

Stair, B. Z., "The pathogenesis of bluetongue
in sheew. 4 study by immmolfluorescence and
histopathology, " unpublished Ph.Ii. Thesis, Texas

A and M University, 1968, U.S.Ai.

Taylor, W. P.; and McCausland, &. {(1976),

"Studies with bluetongue virus in Nigeria,h

Bulletin of Animal Health and Production for

Africs, 81 169173,

Theiler, . and Downs, ¥. G. (1973), "rhe

arthropoed-borne viruses of vertebrates, Yale

University Presgs, New Havel, U.5.4.

Tikasingh, E. 8.3 Spewmce, L.; and Downs, W. G.
(1966}, 9The use of adjuvant and Smscoma 130
¢ells in the production of mouse ascitic fluids

to erboviruses," Amerisan Journal of Tropical

Medicine and Hygiene, 96: 380-382,

Tomori, O., Orungo {UgMP359) virus: "A hitherto

undescribed virus.., Bioshemical, Biophysical



&4,

67.

68,

69

and Epidemiolcgical Studies," unpublished Fh.D.

Thesis, miversity of Ibadan, Nigeria, 1876,

Tomori, 0. {1977), "Growth of Orungo virus in

various tissuc cultures," Archives of Virology,

553 181186,

Tomori, O. (1978), "Respense of Erythrocehus

patag momkeys to expoerimental infection with the

orbivirus Orungo virus," Transuctions of the

Royal Society of Tropical Medicine and Hygiene,

72(5): 250“233«

Tomori, C. (1980}, "Rift velley fever virus

infection in man," Journal of Medical Virology,

5: 343-300,

Tomori, C. (1980), "Bluetongue and related viruses
in Nigeria., EBExperimental infection of West
African Dwarf Sheep with Nigerian strains of the
viruses Lpizootic Haemorhagic disease of deer and

bluetongue, ' Veterinary Microbhiology, 5: 177-185,

Tomori, C.; and Altken, 7. H. C. (1978), “Orungo

virus: Transmission studies with Aedes albopictus

and Aegdes aegypti," Journal of Medical Entomology,

14(5): 523-526.




709

716

720

7%«

7”. }

70

Tomori, O.; and Fabiyi, A. (1975), "Adaptation

and propagation of Orungo virus in Vero cell

cultures - Ceroopithecus kidney line," Cytobios,

13: 201-206, o

Tomori, O.; and Fabiyi, A. (1976}, "Neutralising
antibodies to Crunge virus 1in man and animals in

Nigeria," Zrolical and Geographical Medicine,

28: 233w238, I.

Tomori, O.,; and Fabiyi, A. (1977a), "Orungo virus:

An orbivirus from Africa., Effects of physical

and Chemical agents," African Journal of Medical

Science 6: 33~38, _

Tomori, O,; Fabiyi, A.; Murphy, I'. A. (1976),
'Characterisation of Orungo virus. An arhovirus

from Uganda end Nigeria,® Archites of Virology,

51: 285-298. o
' i

Van Velden, J. J.; Meyer, J, D.; Olivier, J.;
Gear, J. }. 8.3 Melntosh, B. (1977}, “Rift valley
fever affecting hmmans in South Afriea,™ South

Africa ledical Journal, 51: 867.

Weinbren, W, (1958), "An improved method for a
somplement’ fixation test using small quantities

of reagents," Last African Virus Hescarch

Institute Report, 8: 38.




75

71

Welss, K. E. (1957), "Rift Valley fever: A

review," Dulletin of epizootic disease for

Africa, 5: 431-458,

wWilliam, M, C.} Wecodall, J. P.; Knight, E. K.;
Corbet, F. S.; and Haddow, A. J. (1960), %An
outbreak of Rift valley fever oecurring near
Entebbe, ¥ Last African Virus Research Institute,

Annual Report 195%-1960; pp.24-28.



