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ABSTRACT 

Natural outbreaks of Ncwcas1.1e disease wer"' investigated 

in dificrcnt parts of Nigeria and samples for virus 

isolations were collected from vnccinated and unvaccinated 

commercial farms and indigenous chickens. llloven NOV 

isolates were recovered from a total of 37 samples 

collected from chickens and one isolntc was recovered 

froni a parrot. All the 12 isolat1.:s were characterized 

as velogenic strains. 

1'�0 types of clones - sm�ll a.nd large were isolated 

from the velogenic strains. nesult.s of the pathogenecity 

characterization of the clones showed a significant 

di!ference in the degree of virulence between the small 

and large clones. I\ clone o! low virulence UI-10·1-S 

similar to a lentogenic st.rain was successfully isolated 

from a vologcnic strain, A further po.thogenecit.y t.cs: 

on this clone is suggested with tho aim of developing 

an attenuated live vaccine from it. 

eight o! the isolated clones were antigt?nically 

compared with the 2 vaccine st.rains in 11,;e jn Nige1ia 

by the cross t,nerungglulinnlion test, plaque reduc1.ion 
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xlx, 

neutralization test, polyacrylamide gel electrophoresis 

and cross protection test, 1\11 the in vitro tests showed 

significant antigenic differences between the clones 

derived from field samples nnd the vaccine strains. The 

i!l vivo cross protection test did no"t howc"1er reveal 

any significant antigenic diversity between the strains. 

The susceptibility of chicken-; vaccinated with tha 

throe live vnccinas in use in Nigeria to chall<'n9c hy 

Nioerian valooenic st ra:i ns was studied. Between O to 30% " 

of birds vo.ccin.:ited with the NDV-i/o vaccine died after 

challenge with the field virus. While no mortality was 

recorded in bird vaccinated with NOV i/o and boosted 

with NOV-Lasota., 40 out of 90 birds showed mild nervous 

signs. Birus vaccinalad with NOV i/o 1,asota and Komarov 

vaccines resisted ch.>..llcngc and showeJ no nervous signs. 

This result showed lh .. t the lenlogcni.c vaccines .i.n use 

in Nigeria are not immunogenic enough to confer the degree 

of immunity required to protect chicke1,s 11911.l.nst the 

prevalent virulent viscarotropic velogenic strains. There

fore it is recommended that the Vom racommendation on 

vaccination programme be strictly adhered to. llowever 

bec.iusc of the prevalence of the cxtrc,mcly virulrnt vc-lo9cnic 

viscerotropic strains o! the virus a reapf)r:iisnl oC the 
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existino vaccines and vaccination procedures is advocated. 

It is therefore recommended that the use of inactivated 

oil emulsion vaccine be introduced in Nigeria. 

Four experimental inactivated oil emulsion vaccines 

were prepared from two selected clones, UI-104-L .::i.nd 

UI-104-S derived from Nigerian velogenic field strain 

and two vaccine strains currently in use in Nioeri.::i.. 

Result of immunooenecity and challenoe tests showed 

th.::i.t the oil emulsion vaccines prepar<'d from the Nigerian 

strain UI-10-lL and the vaccine strain Komarov stimul.::i.ted 

the highest antibody response in chickens. Birds 

vaccinated with these two vacclnes resisted challenge 

at 10 and 20 weeks a!te1 challenoe. 

Results obtained from the study with the live and 

inactivated vaccines showed a similarity in their response 

and suggest that vaccines prepared from the moderately 

virulent and virulent strains ar<? more e!.Cectivc than 

those prepared from the less virulent strains. Based on 

this, a comparative study o[ the duration of immunity 

of vaccinated chicl<ens usino both the live vaccin<'s and 

inactivated oil emulsion vaccines is suooestod for 

further study • 

' 
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CHAPTER ONE 

l.O INTRODUCTION 

Two decades ago, the poultry industry in Nigeria was 

mainly backyard based, even though one or two commercial 

houses were already operating in the country. The advent 

of the oil boom during the early seven�ies brought 

changes in many spheres of Nigerian life resulting in 

rapid urbanization and unprecedented demand for better 

quality nutrition among the ever increasing Nigerian 

population. The poultry industry responded magnificiently 

to this challenge, and an era of huge commercial, highly 

intensive ventures started. As the industry skyrocketted 

so also did the problems of intensivism. 

Between 1976 and 1983 an average o! N20 million was 

disbursed annually as loans for poultry production in the 

country (Nawathe, personal communication). Despite this, 

the poultry industry in Nigeria has not done well as 

evidenced by the high cost of eggs and other poultry 

products. Two major constraints face the industry in 

Nigeria, and these are high cost of feeds and disease, 

On one hand, the high cost o! feeds can be attributed to 
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-

-

the importation of raw materials needed for feeds production, 

while on the other hand, the various poultry diseases -

viral, bacterial and po.rasi tic - have continued to talce 

their toll in the poultry industry and this has limited 

the expansion of the industry. 

One of lhe earlier diseases to be recognised was 

Newcastle disease (ND) and presently it is th. single most 

dreaded disease of poultry industry. l!vcr since its first 

recognition in Nigeria in 1953 (llill � al) ND hns since 

spread widely and now constitutes the m:i.jor threat to the 

industry in Nigeria. Between 1977 and 1978, 21 out of 02 

reported disease 011 I brl!alts in l>i rds were due to ND. Out of 

49,931 birds with ND, 26,348 or 52.7 per cent died. This 

represent 77.6 per c�nt of all deaths due to reporteu 

disease outbrenks, By 1982, o.nd despite improvement in 

v�ccine delivery and better education, ND still accounted 

for 17 out of a total o! 57 poultry disease outbreaks 

involvin9 a total of 133, 73,1 birds out of which mortality 

due to ND was 17,789, This r<'pccsents mortality rate of 

74.7 per cent of all birds dying !com reported diseases in 

Nigeri:i. in 198� (Table 1). 

1he ccono111ic losses due to the c.Jise:.sc, is enormous in 

terms of oortality rat�, reduced moat and egg production 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Vewcaatle 
dieeuo 

Owlboro 
Dieeue 

Powl Pox 

larelte 

Dieeue 
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Dieeue (CBD) 

Powl TJ'phoid 

Coociclio•i• 
!.Dperplloaie 

.&.Yim L.ricoeia 

Total 
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... 
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19 
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-

-

-

-
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' ' 

! 

11 

�]> 
0 ...

0
• > 

.2 ,IJ !l 

49931 

62123 

5272 

5900 

-

-

-

-

-

123226 
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�-.i .....a�.........'" i��_g �· �

26348 (52.7) 77.6 

7202 (11.5) 21.2 

258 ( ,4.8) o.8 

130 ( 2.2) 0.4 

- -

- -

- -

- -

- -

33938 100 

� 
o<j

p •
.... u t .;!�0 '"

i� ,IJ • !l �... .......
.e c5 � ... !l

17 62621 17789 (28.3) 

21 28488 4962 (17.4) 

3 5700 37 (o.64) 

- - -

1=-' ,J 

2 2000 18 (0.9) 

5 9432 808 (8.6) 

6 7000 128 (1.8) 

1 10000 54 (5.4) 

2 8500 17 (0.2) 

57 133743 23813 

IA 
.a ....� 
�� 

j E<

74.7 

20.8 

0.2:0 

-

0.08

3.40
0.54 

0.23 

0.07 

100 

- • Vo 011tbrealc reported. SO\ll'c:01 Federal Livoetock Dopo.rtaont, Xeduna. 
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resulting from poor feed c.onversion, impaired growth and 

listlessness (Nawathe, 1983). 

ND is a contagious viral disease of chickens turkeys 

a.nd various other birds, Man could :i.lso be rlfected 

(Utterback and Schwartz, 1973, Onunkwo and Momoh, 1980). 

The disease is caused by the Newcastle disease virus (NDV), 

belonging to the genus Paramyxovirus of the Paramyxoviridae. 

Today one or more forms of NO arc present in all poultry 

producinCJ countries of the world, DependinCJ on the strain 

causing an outbreak, mortali t.y rate amonCJ you1,g nnd adult 

birds can be as high as 50-100 per cent. (Kranelvcld, 1926, 

Doyle, 1927; Sahai, 1937; Corncl, 19-10; K.:,.shula, 1961; 

Reid, 1961). Many clinical forms of the disease have been 

recognised, Clinical presentation of the dise.:,.se could 

be a very mild disease with transient respiratory signs, 

or a fatal disease with respiratory signs, 
, 

In some cases, severe Jisease may be characterised 

by neurologic signs, total paralysis and death, In other 

severe forms, the disease may be characterised by haemor

rhages a.nd necrosis o! the gastrointestin.il tr:-1ct o.nd a 

lnck of nourologic signs (Beard ancl BruCJh, 1975), Tho 

rospira tory a.,d nervous forms arc corru11()n in Eu rope and 

North l\lneric.:,., while thl! entcric for," is common in the 

• 

• 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



s. 

tropics. In recent years, there had been severe 

epizootics starting in South-East Asia and spreading to 

South and central America, Europe and South Africa, 

killing 100% of unvaccinated and 20% of vaccinated birds. 

The new strain of ND virus responsible for those 

epizootics have been designated as viscerotropic viruJ.ent 

Newcastle virus (WNDV) because of its high pathogenecity 

and the production of lesions in the form of necrosis of 

the reticulo-endothelia system and viscera1 organs 

(Cherille il !.1,, 1972). In ... ,,Pria, the disease is

essentialJ.y acute and peracute type, exhibiting enteric 

form resembling Asiatic type (Kaschula, 1961, Majiyagbe 

and Nawathe, 1981). 

There is no treatment once the disease has set in. 

The major measure of control of the disease in Nigeria 

today is by vaccination, using the three types of vaccine 

produced in the National Veterinary Research Institute, Vom. 

The increased 

is attributed to:-

recurrence of ND in vaccinated poultry 

1. Poor management and debilitation through

latent intercurrent diseases
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2, Possibility of immunological difference 

and difference in pathogenecity and degree 

of virulence between the vaccin strains and 

the existing wild (but unknown) strains, and 

3. Improper use of availab�c vaccines (Nawathe, 1983).

As �he ND vaccines used in Nigeria nre produced from virus 

seeds isolated from Holland and Israel, it is speculated 

that this may account in part for their failure. It is 

possible that the available vaccines are no longer 

adequate to protect the birds from subsequent chjtllenge by 

the velogenic strains available in the country, 
-

-

There is therefore an urgent need to determine strain 

distribution of NOV in Nigeria and compare their strain 

and antigenic variations with the vaccine strains in use, 

and if significantly different from the available vaccine 

strains, to produce a vaccine from a local Nigerian strain, 

1,1 Objective of the Present Study 

The aims and objectives of the study arc:-

(a) To survey for and isolate Newcastle disease

virus strains from different parts of Nigeria,

.. 
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(b) To characterise antigcnically and compare the

isolated strains with the vaccine strains

currently in use in Nioeria; and

(c) To prepare and test a vaccine from a local

Nigerian strain found to be significantly

different from the available vaccine strain in

terms of virulence and palhogcnecity •
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CHAPTER 'IWO 

2.0 LITERATURE REVIE.W 

History of the Disease 

• 

The agent of ND was first described by Doyle in 1926 

(Doyle, 1927) following the isolation of a filtrablc agent 

from diseased birds. The epizootic spread over the 

northern English coast around Newcastle-Upon-Tyne (from 

which the common name of the disease was derived), In 

England (Doyle, 1927),,Java (K.raneveld 1926) and Korea 

(Konno�&, 1929), where the disease was first recognised, 

it first occurred in and around seaports apparently as a 

result of comme.rcial movement by sea. Only much later in 

these countries did it appear further inland away from 

the seaport, Accounts of the various facts of the history 

of ND including its recognition in other areas and possible 

mode of spread have been summarised and reviewed by 

Brandly� al, 1946; Beaudette, 1951; Hanson, 1964; and 

Lancaster, 1966, 

•
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2.2 Origin of the Virus 

Three hypotheses exist for the origin of Newcastle 

disease virus (NDV) and indeed any other virus (Hanson, 

1972). 

l. That the virus originated at some point in time and

place as a result of a major mutation or series of

mutations from a related virus.

2. That the virus existed in its present form in

other species, probably a vertebrate animal, and

only contact ,vi th domestic chickens introduced

the virus into the poultry populations, and

3. That the virus has always been present as an

unrecognised and presumably mild virus disease

o! chicken and that changes in the nature of host

population gave rise to viral mutants of greater

virulence which in its turn gave rise to the

present overt and destructive disease (Hanson, 1972).

While the third hypothesis seemed to be most tenable, it 

is however premature to decide which of the hypothesis 

best accounts for the origin of the virus • 

• 
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Three hypotheses exist for the origin of Newcastle 

disease virus (NOV) a.nd indeed any other virus (Hanson, 
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1. That the virus originated at some point in time and

place as a result of a major mutation or series of

mutations from a related virus.

2. That the virus existed in its present form in

other species, probably a vertebrate animal, and

only contact with domestic chickens introduced

the virus into the poultry populations, and

3. That the virus has aJ.ways bean present as an

unrecogn.ised and preswnably mild virus disease

of chicken and that changes in the nature o'f host

population gave rise to viral mutants o'f greater

virulence which in its turn gave rise to the

present overt and �estructive disease (Hanson, 1972).
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2,3 Incidence and Distribution 

ND was first recognised in three widely separated 

countries Java (Kraneveld, 1926) England (Doyle 1927) and 

Korea (Konno ll & 1929). The disease was later reported 

in India (Edwards, 1928) and the Phillipines (Farinas, 1930). 

\�ithin 10 years after the first report of ND, the disease 

had been reported in Austral.ia, (Johnstone, 1931), Japan 

(Nakama et al, 1933) and East Africa (Hudson, 1937). By 

the beginning of the world war II, ND had appeared in 

several. countries of the Middle East (Komarov, 1940) and 

almost all the countries of Europe (Ecker', 1957). The 

disease was first recognised in the United States in 1944 

(Minard and Jungherr, 1944) and c ... ,ada in 1948 (Walker, 1948). 

Today one or more forms of NO are present in all poultry 

producing nations ot the world, 

In Nigerin, n tentative diagnosis of the disease was 

made in April 1951 in two outbreaks in some poultry fnrms 

in Eastern Nigeria (Kirby, 1951), Howovor, it was not 

until 1952 that outbreaks o! ND were first reported and 

confirmed !£om Ibadan o.nd other pnrts of \�estern Nigeria 

(Hill .!U, .!!,, 1953), p:esently ND constitutes one 
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of the most dreaded fatal poultry diseases of economic 

importance in Nigeria (Uzoukwu, 1967; Fntunmbi and Adene, 

1979). Bet,•reen 1981 and 1985 confirmed outbreaks of ND 

ranged from 8 in Borno State to 74 in IAgos State 

(Annual Report, Nat. Veterinary Research Institute, Vom, 

1981-1985) 

2.4 Aetioloov of the Disease 

The causative agent of ND is a tiltrable virus. It 

is a paramyxovirus, and has an estimated particle size 

of 80-120mu (Burnet and Fenny, 1934). Ll.l<c other members 

of the paramyxoviruses, it has an ether sensitive envelope 

with projections and spikes which contain the antigenic 

components responsible for the p=oduction of the haema-

gglutin inhibiting (HI) and virus neutralizing antibodies 

(NA) (Rott, 1964). 

Newcastle disease virus possesses a number of 

biological and physical properties by which it may be 

distinguished from other myxoviruses and by which strains 

of NDV may be distinguished from each other. Foremost 

among the biological. properties is the ability to adsorb 

to the surface of red blood cells and induce their 

aggregation (haema99lutination). The haemgglutination 

properties of NOV was first described by Burnet (1942) • 
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The inactivating effects of chemicals on NOV is 

dependent on the suspending medium; £ormalin, beta

propiolactone (Mack and Chotisen, 1955) and phenol have 

been used to destroy the infectivity without severely 

damaging the immunogenecity of the virus. The virus may be 

inactivated in one minute at 100
°
c and in 30 minutes at

6o
0
c. At 37

°
c, NDV activity declines in a matter of days.

The virus is destroyed by ultraviolet light as well as 

several chemical disinfectants. NOV is stable ,vithin a pH 

range of 2 to 10 (Moses![!&, 1947). 

2.5 Pathooenesis and Eoi2ootoloov 

2.s.1 Natural and E:xperinental Hosts 

Domestic chickens and turkeys a.re most susceptible 

to NOV. However, the virus has been isolated from 

starling (Gillespie, £1 &, 1950); dove (Hanson and 

Sinha, 1952) and sparrow (Gustafson and Moses, 1953). 

NDV has been isolated from migratory water fowls such as 

swan, geese and ducks (Asplin, 1947; Palmer, 1969; 

Majiyagbe and Nawathe, 1981). The disease may be mild 

or acute in this group of birds depending on the immune 

status of the birds and the strains of NOV. Experimental 
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infection of these birds via the natural routes however 

often Yesults in transitory infection. Such birds become 

carriers shedding the virus in either the nasal secretions 

or in faeces and later develop antibodies £ollowing 

convalescence. There is no substantial evidence of 

seasonal differences in the prevalence of ND. The virus 

is known to be present in all seasons in both temperate 

and tropical regions. 

2.s.2 Transmission and Carriers 

The primary mode of transmission of l\'DV within a 

floe!< is by aerosol. Within 2 days a!'ter exposure and a 

day before showing clinical signs of disease, the iiuected 

birds begin to release virus in the air through either the 

nasal. secretion or faeces. Within a short time the 

population of infective virus builds up considerably in the 

air (Sinha ct !1• 1954). The virus remains in the air 

through the turbulent activity of the birds, Larger 

particles settle at night while the smaller particles 

remain air-borne for days. 

Dissemination between flocks over long distances has 

been frequently related to (a) movement of carriers 
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(Jungherr and Terrel, 1946). (b) introduction of diseased 

tissues such as offals into feeds (Dobson :i..nd 

Simmins, 1951) and (c) contamination of feed and water 

(Gustafson and Moses, 1953). The disease may be trans

mitted mechanically by man through clothing and foot gears 

and artifacts such as cro.tes , feed sacks and truclcs 

(Jungherr and Markham, 1962), I't is not clear l'lhethc.r 

the virus can be passed from the egos to the hatchling 

however evidence abounds that infection and death of embryo 

from eggs laid by diseased birds may occur du-ing the first 

4-5 days of incubation.

Other domesticated fowls may serve to transport and 

perpetuate the disease, Turkey which usually suffers less 

severely than chickens have been suspected of being lhe 

initial foci of epizootics in certain regions. In Nigeria, 

the local free roaming chickens have been shown lo be 'the 

constant source from which the more virulent vclogenic 

strains continue to challenge the more susceptible exotic 

birds (Nawathe et al, 1975, Adu£!&, In Press), In other 

instances, incompletely inactivated vaccine, (Placidi, 1956; 

Spalatin and Hanson, 1968) or active virus (Hanson £1 !.!., 

1967) contam:inating o. vaccine may be the source o! i1uection 

in flock, 
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It has been shown by Rogoff£_! & (1977), that flies 

were able to transmit NOV for as long as 6-10 days post

exposure to the virus. 

2.5.3 Clinical Sions, Morbidity and Morta1ity 

The incubation period of ND following exposure has 

been reported to vary from 2 to 15 days. The incubation 

time as well as severity of the disease vary with the 

age of the birds (Hanson, 1972). An outbreak of ND may 

be so acute and severe as to kil.l all or nearly al.l the 

birds in o. flock within 3 to 4 days. On the other hand, 

the disease may be so mild that symptoms arc scarcely 

noticeable. 

The clinical. signs, symptoms, morbidity and mortal.ity 

of ND vary depending on the virulence of the strains 

causing the disease, environmental conditions and state 

of the flock (David West, 1972, Hanson, 197S). Four forms 

of the disease arc therefore recognised: 

(a) Doyle's form which is characterised by sudden

onset of the disease in which birds are !ound

dead without having shown any signs (Iyer, 1943).

Often the birds may appear listless with laboured

•
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respiration. A profuse watery greenish diarrhoea 

may be noticed, weakness becomes �ore appaient, 

and death, preceeded by prostration, occurs in 

5-7 dQ.Ys. 

• 

(b) The Beach form - The Beach form is characterised by

sudden onset and rapid spread of the disease with

respiratory distress, coughing and gasping more

marked than in the Doyle's form (Beach, 1943).

Birds are off feed and egg production may drop or

stop completely. Diarrhoea may not be ooserved,

but nervous signs characterised by paralysis of the

legs and wing and torticollis appear within a day

or two after the onset of the disease. In this

form mortality can be as hlgh as .5<Y,o among adult

birds and 90 per cent in young birds (Bins� al, 1949),

(c) The Beaudette form is an acute respiratory disease

with coughing but rarely gasping. Egg production

may fall or cease completely, and occasionally

birds do not return to normal production (Platt, 1948).

(d) The Hitchncr form of ND is the mildest of all tho

forms and is characterised by rales. This !om is

often inapparcnt in adult birds (13a.nkowski, 1961)

a.nd death losses arc uusually negligible, although

in young t,irds, mortality may be as high as '10 per
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cent, particularly when it is complicated with 

other infections {Asplin, 1952). Nervous signs .ire 

not usually associated with this form. 

2.6 P;itholooy 

The patholo9ical changes found in ND vuy grcntly 

from bird to bird, !lock to flock nnd from one 9co9rnphical 

region to another. Among the factor• that create these 

differences nre the virus strains involved, the route 

of exposure, the severity of exposure, the nge and 

breed of birds nnd the environment. Readily recognizable 

changes are seldom found in inapparent forms and are 

almost invariably found in birds that died of the severe 

forms of the disease. Truly pathognomonic lesions have 

not been recognised for ND. If gross lesions arc to be 

useful in diagnosis, it is important to remember that 

all the changes found in ND also occur in other diseases 

and that the overall patterns encountered arc more 

significant than are individual changes. 

In£o:cmations on the pathology of ND have been 

documented by Jungherr and Minnard, 1944; Jungherr et al, 
-

19461 Jungherr, 1964 •
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The Doyle's !orm of the disease is characterised by 

dark red or purplish red haemorrhagic lesions in the 

intestinal wall presenting themselves as small red areas

having definite but somewhat irregular borders. Tho 

diphtheroid necrotic inflammation o! the intestinal mucosa 

simulates the "button" ulcers of hog cholera and is 

considered t o  be thoroughly suggestive of Newcastle disease. 

Haemorrhages are sometimes seen in the entcric form. 

In other forms of ND, the primary lesions are found 

in the respiratory tract. A serous or catarrhal exudate 

is present in the nasal passages, larynx o.nd trachea, 

Haemorrhages may occasionally be found in tho trachea, 

Lungs arc usuaJ.ly normal, although the lower anterior 

portion may sometimes be pneumonic (Beard and Hanson, 1984), 

Few, if any, gross lesions are observed in older 

chickens that die from velooenic visccrotropic Newcastle 

disease (VVND) with a history of vaccination, However, 

haemorrhagic and necrotic ovaries and ruptured yolks in 

the peritoneal cavity are frequently seen in non-immune 

hens. I:f chickens have low levels of immunity from an 

earlier vaccination, they may survive in:fection with WNO 

virus for 2-3 weeks before developing nervous signs that 

•
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clincally appear indistinguishable from those resulting 

from Eeach1s ncutropic virus strain (Beard and Hanson, 

1984). 

Histologica1ly, hypaeraemia, oedema, haemorrhages 

and other blood vessel changes arc found in variouc organs. 

Other vessel changes consists of hydropic degenerations 

of the media, hyalinization of capillaries and arterioles, 

development of hyaline thrombosis in the smn.11 vessels and 

finally, necrosis of the ondothclia cells of the vessels. 

Details of histological changes in the trachea, lung, 

liver and intestines have been well documented (Jungherr, 

£! &• 1946, Decock, 1954). 

Encephalitis is not present in the inapparcnt forms 

of the disease, and may not be present in some birds 

a£fec�ed with more severe enteric !orms; however, 

abnormality of the central nervous system (CNS) seems 

to be the most histologically significant features of 

a.l.l the forms wherever they are present. It is generall.y 

believed that glia foci, neurotial degeneration, peri

vascul.ar l}llllphatic infiltration and hypertrophy of 

endothelia cells are found in CNS of affected chickens • 
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Lesions are fairly distributed throughout the CNS except 

the cerebrum (Benrd o.nd Hanson, 1984). 

2.7 Immunity 

All NDV strains arc capable of provoking antibody 

:.-esponse in chickens, rabbit nnd othor species into which 

they are introduced. The ND virion contains several 

o.ntigens. The antigens that induce the virus neutralizing 

antibody and the hncmngglutinnting antibody are associated 

with the envelope of the virus. The nucloprotein (NP) or 

soluble antigen is associated with the nucleoprotein 

portion of the virus and is distinguishable from the HA 

antigen and the virion associated antigen. 

The virus neutralizing antibody effectively blocks 

the ability of the virus to total.ly infect chickens. 

chicken embryos nnd cell cultures. Such birds may develop 

subclinica.l infection and shed the virus for a short 

period of ti.me, Resistance to reinfection is usually 

associated with tho presence of moderate to high titre 

of neutralizing antibodies (Levine£! al, 1950), Antibodies 

appear in the scrUD of chickens 6-10 days and reach peak 

titre 3-4 weeks a!ter introduction of infection • 
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Minor antigenic di!ferences exist among NPV st.rains 

(Upton� aJ., 1953). Strains can be distinguished on the 

basis of the gel diffusion lest, and tl1c virus noutr.ili.!:a-

tion tests. These differences aro both qualitative and 

quantit.ativo in nature (Schl.oer, 196•1), 

2.8 Oiaanosis 

The unequivocal met.hod of dia9nosin9 ND is the isolation 

and identification of the causative agent, and subsequent 

reproduction ot t.he disease in susceptible chickens. The 

virus can be easily isolated from the trachea and cloaca 

of live �irds and the lungs, brilin, spleen, liver, kidney 

and bone marrow of deceas<>d birds. 

Various systems and tests have been establi�hed for 

the diagnosis of NO. The embryonated chicken e99s is 

pr1?f1?rred for isolation, r-ertill? eggs from healthy non

immune hens which have been incubated for 9-11 da}•S at 

1 37
°

c arc injected with suspensions o! suspected tissue 

into the allantoic ch:unber. Antibiotic agents usuaJ.ly 

a mixture of penicillin and streptomycin arc added to 

the inoculuci to suppress any bacterial ngent which 111.iy 

be present, 

Newcastle disease virus can be readily propa9ated in 

primary cells ot avlttn orJ,Jin and in som1. ma'llm,,linn priiaary 

colls (Top.:icitl, 193•11 Chanock, 19!.5). IIQwovor, chicken 
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embryo fibroblast or chicken embryo kidney cells grown as 

monolayers are more commonly used for isolation of the 

virus (Bankowski, 1964). 

The Hacmagglutination (HA) and Haema9glutination

Inhibition tests (HI) have provided a simple and useful 

diagnostic method. 

The !luorescont antibody procedure allows more rapid 

detection of �'l)V infection than HI or regular e99 

inoculation (Mo.estronc and Caf!in, 1961). The procedure 

has been used in the studies of pathogenesis of the 

disease (Beard and Easterday, 1967). However, the wide

spread use of the viable vaccines has made the demonstra

tion of NOV antigen by the FA test in diagnostic applica

tions of limited significance. Mcferran et .!!_, ( 1978) 

have reported the use o! electron microscopy in identifying 

NDV in avian clinical specimens. 

Other diagnostic tests include ELISA (Synder, £1 !1, 

1983; Miers, et al, 1983) and peptide mapping of the NOV 

proteins (Naggi £..! !1, 1985�. 

2.9 Prevention and C.Ontrol 

The simplest and most logical measure against ND is 

to prevent contact of the virus with the susceptible birds. 

Another is by vaccination which gives the bird a d�ree 

of protection against infection. The latter is most 

•
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significant and generally accepted means of control, how

ever a combination of sanitary mana9ement (to reduce 

chance of exposure) and a vaccination programme is 

required to combat a highly contagious disease such as ND 

\Vherever it has become widely established in a community, 

region, or country, 001.h measures must be systematically 

carried out on an area basis if control is to be 

reasonably effective, 

2.9.l Vnccination 

Control of ND by the use of vaccines will only be 

fully successful when vaccination itself is fully effective, 

Programmes of vaccination must be such that an effective 

immune response is achieved as early in lue as possible 

and factors affecting vaccinations must be more clearly 

understood and controlled. 

Patterns of immunization developed in different areas 

depend on the nature and virulence of the local field 

strains, In tropical and mediterranean countries, the 

field virus has tended to be more virulent, and a system 

involving primary vaccination with a mesogenic form of 

the virus has been found to be more effective. 

TWo types of vaccines - live attenuated vaccines and 

inactivated vaccines a.re generally in use, Uve NOV 

•
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vaccines are usually prepared by growing in cmbryonating 

eggs modified or "weakened" strains of the virus (Brandly 

ct al, 1946; Hitchner, 1964; Lancaster, 1964), or 

naturally occurring strains of lentogenic and mesogenic 

origins {Hitchner and Johnson, 1948; Winterfield.£! al, 

1957), Avian cell cultures have also served as a source 

of ND vaccine (Bankowski and Boynton, 1948, Bankowski 1950). 

Inactivated or killed NOV vaccines arc prepared by 

growing suitable antigenic strains of the virus in embryo

nating eggs, harvesting the dead or dying embryos and 

tissues (Hanson, ll tl, 1951; Hofstad, ll tl, 1963) and 

inactivating the virus usually by chemical agents such as 

formaldelhyde (Brandly ll al, 1946) or beta-propiolactone 

(Mack and Chotiscn, 1955), Adjuvants arc usually added 

to inactivated vaccines to prolong and increase the 

immunising dfects (Traub, 1944). 

While both live and inactivated vaccines will stimulate 

a substantial. degree of immunity in a large proportion of 

healthy :fowl (Levine and Fal.scricant, 1952), both vaccines 

have some advantages and disadvantages over each other. 

Live vaccines are easy to apply and are usually required 

in smaJ.ler doses while inactivated vaccines are more 

labour intensive in terms of application, and require 

usue.lly higher titre of the virus to stimulate immune 

respon•e. The titre evoked by living vaccines are usually 
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higher than those by inactivated vaccines, yet, only the 

later may be relied upon to prevent some undesirable effects 

of vaccination in laying flocks or in stocks suLferin9 from 

other diseases (Gross, 1961). Inactivated vaccines .u:e 

more likely to withstand less favourable environmental 

conditions than the live vaccines. 

Many workers have recently reported oil emulsion 

vaccines to be effective in inducing long lasting high 

titres of haemagglutination inhibition (HI) antibodies 

in chicks that had low level of maternal antibodies (Box, 

1965; Cessi and Narcelli, 1974), Other reports show the 

effectiveness of oil emulsion vaccines when administered 

either alone or in combination with live vaccines 

(Phillips, 1973; Partadiredja, et!!,, 1979). 

Since the first reported case of ND in Nigeria, the 

National Veterinary Services, had adopted several prophy

lactic measures, the most significant of which is 

vaccination. NOV vaccine was introduced into Nigeria 

ever before the disease was recognised (Hill,£!!!_, 1953), 

Following outbreo.k of the disease in the neighbouring 

Congo, the Komarov vaccine (Komarov and Goldsmit, 1946), 

was imported from South Africa to protect the local flock. 

For quite a long time, the Koma.rov vaccine was the only 

one in use. Difficulties encountered with the imported 
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Komarov vaccine from South Africa as a resu.J.t of poor

transportation net\11ork within the country eventually led 

to the beginning of local production of the vaccine in Vom 

in 1953 {Crowther, 1953). 

In an attempt to find a mild vaccine, devoid of the 

disadvantages of hot strain vaccine, the intraocular 

vaccine strain obtained from Israel was introduced into 

Nigeria {Thorne, !U_ al, 1960). This ,vas t'ollowed in 1964 

by the p4oduction of the Lasota vaccine, (O.Voloduc 1968) 

the seed virus of which was obtained :from Holland. 

Through continued research work, a comprehensive policy 

of immunization was established using the three vaccines 

now produced at the National Vctcrino.ry Research Institute, 

Vom. 
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3.0 CLASSIFICATION OF NIGERIAN ISOLATES 

OF NEWCASTLE DISEASE VIRUS 

3.1 Tntroduction 

NOV isolates are classified on the basis of virulence, 

biological and physical properties into three strains -

the lentogenic, mesogenic and velogenic strains (Hanson 

and Brandly, 1955). However, individual member of each 

strain shows genetic heterogeneity and exhibits 

differences in ability to induce diseases and respond to 

laboratory test (Granoff, 1964; Hanson and Daniel, 1968). 

The lentogenic strain is the nvirulcnt form and is 

the strain used for producing vaccines for young chickens. 

The mcsogenic strain is a milder strain of moderate 

virulence and is the strain used for vaccine production 

for older chickens, while the velogenic strain is the 

strain with the highest viru1ence and is often used as 

challenge virus. The three strains exhibit differences 

in their pathogcnecity tor adult chickens. While both 

the lentogenic and mesogcnic strains will cause a drop in 

egg production with rapid and complete recovery, the 
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velogenic strain wil1 kiii the chicken in 4-14 days. 

In this present study, isolations from ND outbreaks 

in vaccinated and unvaccinated poultry flocks in Nigeria 

were studied, using the different techniques as described 

in "Methods of Examining Poultry Biologics and !or 

identifying and quantifying Avian Pathogens" (National 

Academy of Sciences, Washington o.c., 1971). 

3.2 Materials and Methods 

3.2.1 Sample Collection 

Naturai outbreaks of ND were investigated in different 

parts of Nigeria and samples for virus isolation were 

collected from vaccinated and unvaccinatcd flocks in 

commercial fa_rms and backyard poultry farms. Exotic and 

indigenous breeds of chickens were involved in these 

outbreaks. Samples which included spleen, trachea, liver, 

intestine and brain were collected separately in universal 

bottles and preserved in ice until transported to the 

laboratory. UNIV
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3.2.2 Embryonated EQ9s 

Nine to �en day-old embryonated eggs used for virus 

isolation were supplied from the flocks of the National 

Veterinary Research Institute, Vom. The flocks were 

certi£ied free of pathogenic organisms and negative for 

NDV antibodies. 

Virus Isolation 

1\venty percent organ suspensions i.n phosphate buffered 

saline (PBS) were made and centrifuged at 3000 rpm for 15 

minutes at 4
°

c. The suspensions were supplemented with 

250 I.u. of penicillin and 250mg of streptomycin per ml. 

f 10-1 . One-tenth ml each o a dilution of the suspension

was inoculated into the allantoic sac of the embryonated 

eggs, using 10 eggs per specimen. 

Inoculated eggs were incubated at 37
°
c and candled

twice daily for 15 days. Dead embryonated eggs were 

separated and chilled over-night before ready for harvest. 

Allantoic fluids (AF) were harvested by first disinfecting 

the eggs with 10% iodine tincture. Using a sterile pair 

o! scissors and forceps, the eggs were cut open and the 

AF were gently sucked out with a sterile 20ml syringe. 

Allantoic fluids were clarified by centrifugation at 

3000 rpm for 15 minutes at 4°c and subpassaged undiluted
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at a volume of 0.1ml into a new set of 9-10 day old 

e.mbryonated eggs. Three to four eggs passages were 

done be£ore virus identification. The viruses were 

identilied by the haernagglutination (HA) and Haemaggluti

nation Inhibition (HI} Tests. 

3.2.4 
I 

Haemaaalutination (HA} and Hacmagalutination 
Inhibition (HI) Tests 

The haemagglutination test was done in 96 - well 

Linbro U-bottom microtitre plates (Linbro Scientific, Inc) 

using SO microli tre droppers and diluters. Serial two 

fold dilutions of the viruses were made in 0,85% normai 

sal.ine starting from 1:5 dilution. Fifty micro litres of 

0,5 per cent red blood cells (rbc) were added to each well 

and the plates were allowed to stand at room temperature 

for 30-60 minutes before readings were taken. The HA 

titres were recorded as the dilution of the viruses 

showing SO percent haemagglutination (Allan and Gough, 

1974, Allan�&, 1976), This was used to calculate 

the 4 hac.magglutination unit used in the HI test. 

The beta method i.e. constant antigen varying serum 

dilution method was used in the HI test. Serial two fold 

dilutions of a known NOV posilive serum was made in 0,859. 

normal saline starting from 1:5, Each well contained SO 
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microlitres of the serum. An equal amount of the virus 

diluted to contain 4HA units was added to all the wells, 

and mixed by shal<.ing. Fifty microlitres of 0.5% rbc were 

added to each well and the plate was incubated at room 

temperature for 30-60 minutes. A control test, using a 

known NOV negative serum was done simultaneously and both 

results were read at the same time. 

3.2.S Virus Stock Preparation and Titration 

Stock viruses were prepared in 9-10 day old Clllbryonated 

eggs. Each of thirty 9-10 day old embryonated eggs was

inoculated with O.l ml o! a 10-S dilutior o! NOV isolate

at the 4th passage and incubated at 37°c. Eggs were 

candled twice daily. Dead and mo-:ibund eggs wore chilled 

overnight at. 4°C until ready for harvest. Eggs were

harvested described above and the I\F were collected as in 

centrifuge tubes. The AF were clarified at 3000 rpm for

15 minutes after which the clarified /\F was supplemented 

with 250 1.u. of penicillin and 250mg ot streptomycin

per ml. 

The AJ, from each isolate was titrated in 10 day old 

embryonated eggs. TOI' !old serial dilutions oi 10-S Lo

10-15 o.C the I\F was made in PBS and O.lmJ of C!i\Ch dilution 

inoculated into fivo embryoni\tcd eggs. The coos were 
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incubated at 37°c and candled twice daily. The titre of 

each isolate was calculated by the method of Reed and 

Muench {1938). 

3.2.6 Characterization of NOV Isolates 

Strain characterization of isolates was done as 

described in "Methods of examining poultry Biologics and 

for identifying and quantifying Avian Pathogens. Controls 

were the vaccine strains - NOV i/o, NOV-Lasota and 

NDV-Komarov and one chal.lenge strain - NDV-Herts 33/56. 

The following characteristics were tested for: Mean Death 

Time {MDT), Minimal Lethal. Dose (�n.o), rntracerebral 

Pathogenecity Index (ICPI) for day old chicl<s, Heat 

stability of haemagglutinatinin; Rate of elution, 

Hae.magglutination of mammalian erythrocytes and plaque 

formation in cell culture monolayers. The procedures of 

the tests are given below. 

Determination of Mean Death Time (MDT) 

Ten fold serial dilutions of the /\F were made in PBS 
-1 -10

and o.1m1 of the dilutions from 10 to 10 were each

inoculated into five 9-10 day old embryonated eggs at

8 a.m. 
. 70 

The eggs were incubated at 3 c.
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At 4.00 p. m., fresh serial dilutions of the AF' were 

made and inoculated as described for the 8 a.m. 

innoculation into five 9-10 d3y old cmbryonated eggs ill1d 

similarly incubated at 37
°

c. By inoculating five embryos

per dilution at 8 a. m. and repeating the titration with 

the same dilutions at 4 p,m., observations of the death 

time were made at O hourly intervals within the usual 

work day thus <1voiding the error of unequal observa1.ion 

periods. Both sets of inoculated eggs were candled nvice 

daily at intervals of 8 hours (8 a.m. o.nd 4 p.m.) beginning 

24 hours and terminating 126 hours post inoculation. 

l!mbryo dying at 2•1 hours were counted. Dead eggs were 

recorded against the hour post inoculation. The Mea.n 

Death Time was calculated using the foro.ula. 

MDT = (No. of dead eggs at I\ hours) X ( /\ hours) + 

(No. of dend eogs at B hours) X (B hours) +

(No. of dcild i>gc,s at N hours) X (N hours\ etc 

Total number of d<:!ad eggs. 

Where 

/\, B and N arc the respccti·Jc hours post inoculation 

when dead eggs were observed. 
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3.2.6.2 Minimal Lethal Dose (MU>} 

The highest dilution at which all the inoculated 

embryos died 111as ragarded as the minimal lethal dose. 

3.2.6.3 Intracerebral Pathog�necitv Jnrlcx (ICPTl 
i'or day oJ rt chi clcs

0.05ml of a 10-l dilution of the AF was inoculated

intracerebrally into each or ten 1-day old chicks. Chicks 

were observed d.u.ly for 8 days. l\t each observation, 

birds were obsarvad :!or state of health and scored as 

£ollows: 2 for dead, l for birds sick or showing signs 

of ND and O for normal birds. 1\11 dealhs wcr<? considerod 

�pecific since NOV can kill intracerel>rally in less than 

24 hours. Birds that died in previous observations wera 

always recorded as dead at each subsequent observation. 

The ICPI was calculated as the total sum of the values 

divided by the numbers of observations. 

3.2.6.4 Hc-n t Stahi 1 i. tv of 110\c:>m:-.n(Jl tun i h

one ml each of unJilulcd v.ii:us prcp:\ralions wns pl.iced 

in a lyophilizing ampoule ru,d £lano-sc.-iled. l\mpoul es were:-

Or �.,-',c. submerged in a water b.i.Lh ,. -v 
One o.r.,;x,ulc was removed

l" 30, 60 and l:?O m.Lnutcs �Jat a tiMc interval of O, �, 
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tested for haemagglutinin by the standard methods described 

above. Samples removed at O minute were used as control. 

Absence of haemagglutination at a dilution less than 1:5 

was considered negative, and not stable at the given time 

interval. 

3.2.6.5 Absorption of Haemagglutinin by Brain Cells 

Brain cell suspension was prepared i'rom the heads of 

12 day old chicl<:s. \vhole brains from 25 chicks were 

washed in PBS to remove the membranes and debris. The 

brains were mercerated in a 10 ml syringe and resuspended 

in 10 ml of PBS. The suspension 111as centrifuged at about 

3000 rpm £or 15 minutes at 4
°
c. A 1:10 dilution of the 

supernatant in PBS was used for the absorption experiment. 

To o.s ml of undiluted AF was added 2 m1 of the super- . 

natant in a tube. Absorption 111as allowed to take place 

at 4
°
c for l S minutes in an orbital shaker, and the 

tubes 111ere centrifuged again at 3000 rpm al 4
°
c .for 15

minutes. J-IA test was done on both the absorbed and 

unabsorbed virus preparation. The di!.Cerence belween the 

HA titre ot the unabsorbed and the absorbed virus represents 

the amount of haemagglutinatinin absorbed. 
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3. 2. 6. 6·. Haemagglutination of Mammalian Erythrocyte

o.s percent rbc from whole bovine and equine blood

cells in normal saline were used in HA tests as described 

above. The plates were incubated at room temperature 

and the HA titre of each virus was read. Haemagglutination 

is considered negative if the HA titre is less than 1:5. 

3.2.6.7 Ra 'te of Elu 'tion 

A standard hae.magglutination test was performed on 

the virus at 4
°
c and the HA titres were determined .uter 

the chicken erythrocytes had settled. Incubation was 

continued at 4
°
c for 24 hours when the titre was read 

again. The erythrocytes were then resuspended and the 

-� 
0 

d 
. titres were read again ..... ter 2 hours at 4 C an again 

left for 24 hours before the final titre was read. All 

procedures were carried out at 4
°
c :for reproducible 

results. The rate of elution was determined by the length 

of time agglutination persisted, 
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3.2.6.8 Plague Formation in Cell CUlture Monolayers 

Chicken embryo fibroblast (CEF) cells were prepared 

from 9-10 day old embryonated eggs, The eggs were 

disinfected with 10% iodine tincture, and cut open with 

sterile scissors. The embryo was carefully removed and 

placed in  a beaker containing Hank•s medium. 

The extremities and the heads were removed and the 

remaining \Vashed in Hank I s medium to remove celJ. debris. 

The washed embryos were marcerated by passing through a 

10 ml syringe, and further washed in Hank's medium, 20ml 

of 0.259; trypsin was added to the cell in an Erlenmenyer 

flask containing a magnetic stirring rod. Trypnization 

was done for 1 hour at 37°c on a magnetic stirrer. Cells 

were passed through a sterile muslin and centrifuged at 

3000 rpm for 30 minutes at 4°c. The supernatant was 

discarded and the cell. precipitate was diluted in medium

E. 199 containing 10 percent calf serum and supplemented

with 250 I.U. penicillin, 250 mg stcptomycin and 250mg

of fungizone. Petri dishes (60 mm) were seeded with 5 ml 

of cell suspension containing 250,000 cells per ml, and 

incubated at 37°c in an atmosphere containing 5" CO2 for

24-48 hours. confluent CE.F were inoculated with 0.1 ml

of virus dilutions containing between 10 to 10,000 units 
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of virus per ml of the isolates ands ml of E. 199 

containing equal amount of twice concentrated E. 199 and 

supplemented with 5% calf serwo and 1.6 percent Noble 

Agar were added, Plates wore incubated at 31
°

c for 3 days 

in 5 percent CO
2 

after which another 5 ml of a medium 

containing equal amount of 2X E.199 supplemented with 2% 

calf serum, 1.6% Noble Agar and Neutral Red at a final 

concentration o.f 0.01 percent were added. Plaque type 

and morphology was read 2-4 hours after. 

3.3 Results 

3.3.l Virus Isolation 

A total of 38 samples (37 from chickens and l from a 

parrot) were collected between 1980 and 1983). Eleven NOV 

isolates were recovered from the chicken samples while the 

only parrot specimen yieldad another NOV isolate. Three 

isolates were recovered from Oyo State while two isolates 

each were recovered from Anambra, Plateau and Imo States. 

Sokoto, Kano and Kaduna Slates recorded one isolate each. 

Details are shown in Table 2 • 
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Table 2. Ne\Ycastle Disease Virus Strains isolated 
in different p.::u:ts of Nigeria. 

C: 
0

'M ...
0 .. Loc.:i.tion of 
I. " Isola'li.on Isolate Organ Source 
e '6 

(St.:ite) Cl Ill 
>-

1980 Sokoto B.i.ckyard 
(Sokoto Stale) SLS - 1075 Lung poultry 

1980 Kano Indigenous 
(Kano State) K - 1090 Lung lOC.\l 

chicken 

1980 Bukuru Pool 
(Plateae State) NOV - p O.cgo.n P,1rt:ol 

1982 Ibadan C<.. M!C!J:Cial

(Oyo State) UI - 10-1 Brain poultry 

1982 Kadun.i. Splean/ Commercial 
(Katluna State) K - 100,1 Li.var pout lry 

1983 Ibad.:in Commerci.:il 
(Oyo State) NY - l Intestine poul lry 

1983 Ode-Omu Spleen/ Vaccinated 
(Oyo Stat.e) OM - l Lung Commercial 

poultry 

1983 Vo111 Intestine/ B.ickyard 
{Pla'leau State) Kn Lung poultry 

(Broilers) 

1983 Umud:ike InJi!)t'nOIIS 
(Imo State) UM - 651 1 uno lcico. l 

chick.:>n 

1983 Umud:ike \lncci.n.it.e<I 

(Imo Stale) UM - 151 1.11ng Co1nmc .cc J ·,1
pout tr>• 

1983 Orji River Vaccinated 

( \nrunLrn State) OJR - 3fJO 1.iver poultry 

1983 Orji River 
Commcrclul 

(l\n11111bra Stole) OJR - 75'.3 Lung pt)Ultry 

' 
C: " 

QI ... c:: 
°' 
OIi .... >, 
tit Cl M 
C/1 :,. 

��� 

-l 

4 

-I 

4 

-I

•I

4 

4 

•t

-I 

4 

•I
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3.3.2 Virus Identification 

The 12 virus isolates were identified as NOV strains 

by the demonstration of haemagoluLinin which in HI test 

was inhibited by a known specific NOV anliseruro. The HA 

titre ranged between L.0927 •3 
and LOg .,9.3 IIA -

50' and were

all inhibited by the NOV specific antiserum at a dilution 

of 1:320. 

3.3.3 Characl:cri.2ation of NOV Isolates 

Results of strain lyping of the ficlcJ isolates are 

swTUDarised in Table 3. 

3.3.3.l Mean neath Time (MOT) 

The MDT of all the :field isolates ranged from 45 to 

56 hours which is similar to the MDT of NOV-Hens. The 

MDT of the intraocular, Lasota and Komarov strains are 

120, 120, and 68 respecLlvcly. 

3.3.3.2 

I\] 1 

which is 

Minim:.l l.CLhal OOS<' (MLD) 

d •1LD l>hlwecn 1c,-
9 

and 10-10,lhc isolates ha nn ,. " 

similar to the MLO of tIDV-11crls. The intra-

-u -0
ocular, 1,asola and Kom.1rov 

:uid 10-
7 r��pectivcly.

sLr.:iins had MLD of 10 , 10
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Intracerebral Pathogenecity Index (ICPI) 

ICPI of the field isolates ranged from 1.3 to

1,9. The ICPI for the intraocular, Lasota, Komarov and 

Herts were 0,00, 0,00, 0.53 and 1,5 respectively. 

3.3,3.4 Heat Stability of Haemagglutinin 

All the isolates were stable at 56°c for 120 minutes 

except K-1090 and OM-1 which were stable for 15 and 10 

minutes respectively. NY-1 was not stable at any of the 

given time. The intraocular and the Lasota vaccine 

strains were not heat stable but the Komarov and the 

Herts strains were stable for 120 minutes at 56°c. 

Absorption of Haemagolutinin 

The percentages of the HA of the field isolates 

absorbed by the brain cells were between 57:5 and 99,5 

per cent. The HA of both the intraocular and Lasota was 

11ot absorbed by the brain cells, while 85.5 and 99.3 per 

cent o! the HA ot NOV-Komarov and NOV-Herts were obso.cbcd 

respectively. 
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3.3.3.6 Haemagolutination o:f Mammalian Erv1:hrocv'tes 

Six of the isolates (UI-104, SLS-1075, K-1084, 

UM-151, 0.1R 753 and NY-1) failed to agglutinate both the 

bovine and equine erythrocytes while three (OM-1, K-1090 

and OJR 360) agglutinated both erythrocytes. KB and 

UM 651 agglutinated either of the mammalian erythrocytes. 

Among the vaccine strains, the intraocular and the 

Lasota agglutinated erythrocytes from both mammals but 

Komarov did not agglutinate any of the erythrocytes. 

Both erythrocy1:es were agglutinated by the Herts strain. 

3,3.37 Rate of El.ution 

Those strains that did not agglutinate the chicken 

rbc in all dilutions 24 hours bef'ore and after resuspension 

were considered .fast eluters, while those strains where 

agglutination persisted 24 hours bef'ore and a.fter resus

pension were considered slow eluters. 

All the isolates except K-1084 were slow eluters. 

Th · 
l and , �sota strains were fast elutcrs whilee intraocu ar ..... 

Komaxov and Herts were slow eluters. 
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Plague �ormation in Cell Culture 

A.11 the 12 isolates formed small and large plaques 

in CEF. The plaques were either red or clear types and 

were round or oval with diameters ranging from 0,7 to 4.5mm, 

Both the intraocular and Lasota did not form any 

form of plaque under the condition of the experiment. 

Komarov formed only :,mall plaques while the Herts strain 

formed plaques similar to the field strains. Figure l 

shows the ui.fferent plaque forms of some of the straini:. 

3,4 Discussion 

In nature ND virus exhibits gre.:i.t variation resulting 

in mild moderate and severe forms of ND depending upon 
I 

their virulence and ability to spr\?ac.l. Based on their 

pathogcneciLy, virus strains ;ire grouped into vclogenic, 

mesogenic and lentogenic p.:i.tholypes. 

The velogonic or hlgl,ly pathogenic s tr.lins have .\n 

�IDT o[ 1 css than c,o llou rs, an ICl�I o! mor1.: than 1. S, o.re 

heat stable for al least 1� minutes. They give S0-100 

percent absorption of IIJ\ and .ire unalJle to t\Q<Jlu t in.itc 

•
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• 

F'ig. l. 

B, 

c . 

Plilquc !o.rmalion lJy lhc <ll!fcrcnl strains 
o! 1,c11c.:i.s ll c <lisc.:lSC virus: 

(A) one lypc o! plilquc c. C NDV-Komilrov

(0) Small antJ lnrgc plnq11c of l he field

isol;itc 

-

(C) !lo plnq11c by NOV-L:l&Oli\,

• 

... 
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Table III. S�rain characterization of Nigerian Isolates of Newcastle Diseases
virus 

Isolates 

UI-104 

SLS-1075 

K-1090

NY-1 

OM-1 

K-1084

KB
ur-1-151

U?-1-651

OJR-360

OJR-753

Komarov
Lasota
Intraocular

QI 
0 QI 

e 
� •.-4 
QI ... 

51.3 
54.9 
46. 7

49.0 
56.6 
48.4 

52.3 
44 

48.9 
45.5 

so.a 

68.4 

120 

�20 
52.� 

'id 
.c 
.. 
QI 
.J 

�� 
-� 8
C:
....
::;:

9 
10 

9 
9 

10 
10 
10 
10 

9 
10 
10 

7 

0 

10 

I '"' >, 
.... f 

d .. 
,... HA o 1-1 ·ri 
·ri u Mammalian .D u 
.DO Cl QI X 
r.s ,o, -erythrocytes A 1-1 c: QI
.. If\ 9-----...------1 Cl QI '0
CJ) � UCIC: 

.. , d O •ri 
+'11'� . •,.1-1.C <d Bov1.ne Enqui r, ., ., 
QI >, C: Q 
:C .,> LI n 

120 
120 

J.5 
0 

10 
120 
120 
120 

60 
120 
120 

,120 
0 
0 

-

+ 

+ 

+ 

+ 

+ 

+ 

-

-

+ 

110 1120 

+ 

+ 

+ 

+ 

+ 

+ 

l.7 
1,6 
1.3 
1.3 
1,3 
1.5 

1.9 
1.8 
1.5 
1.3 
1.7 

0.53

o.oo

0.00

_h 5 
Herts 
Leoends: A= No. haema99lutination; +=doubtful

-

L = Large plaques; C = Clear plaques; 

NP = No plaques. 

O 111
•ri r-4 
.. rl 
0. >, ti
k J:l u 
0 
Ill < C:
DX •ri 
n! n! 

I .... 
l,j

ts� n n 

87.5
99.2
93.7 

99.0 
87,5 

87.S 

99.S
99.2
88.6
87.S

98.4 

85.5 

o.oo

o.oo 

... 1/1 
0 Cl 
Cl CJ'
0. d 
>, .... 
... 0. 

SLC 
SLCR 

SCLC 
SCLC 
SLC 
SLC 
SL.CR 
SLCR 
SLC 
SLC 
SLC 
SC 
NP 

NP 

... C: 
00•ri 
QI ..
.. :, 
d...i 
C: ti

CJ a. 
>,
I-< 

Slow Velogenic 
Slow 11 

Slow 11 

Slow "

Slow 11

Fast 11 

Slow " 

Slow " 

Slow 11 

Slow " 

Slow 11 

Slow Mesogenic 
Fast Lentogcnic 

Fast 11 

99,3�LCR !Slow IVC?logenic

haemagglutination; 
R = Red plaques, and UNIV
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mammalian erythrocytes but £orm two types of plaques 

in CEF. 

The mesogenic or moderately pathogenic strain have 

an MDT of 70 to 100 hours, an ICPI of between 1.0-1.s and 

variable heat stability, absorption by brain cells and 

the agglutination of mammalian erythrocytes. This group 

contains isolates that show greatest variation and there 

is no sharp line of demarcation between this and the 

lentogenic group. They however, differ from the lentogenic 

strain in that they form one type of plaques, 

The lentogenic or very slightly pathogenic strains 

have an MDT of more than 90 hours, an ICPI less than o.s.

Most of them are heat labile and lack HA absorption by 

brain cells, but are able to agglutinate mammalian 

erythrocytes. The lentogcnic strain does not form any 

form of plaque in CEF in the absence of magnesium ions. 

There seemed to be a degree of overlapping among the 

three strains in the properties enu.mera-t.ed above. However, 

a number of workers (Schloer and Hanson, 1968; Schlocr ;ind 

Hanson, 1971; i.omiczi, 1975) 1 
have shown the relationship 

between plaque size and virulence and have concluded that 

plaque forming capacity can to a certain degree be

r d d 1 Sl.• ve i· n differentiating the strains.egar e as cone u 
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On the basis of this, all the 12 Nigerian isolates can be 

classuied as velogenic strains. 

Two of the isolates OM-1 and UM-151 were recovered 

from vaccinated commercial farms, Result obtained from 

the characterization of these two isolates indicated that 

the viruses were not the vaccine strain, but a challenging 

velogenic strain, Although the birds were said to have 

been vaccinated, the immune status of the birds were not 

known at the time of the outbreak, It is quite possible 

that the HI titre of the birds had dropped to the non

protective level, A titre of between l,20-1,40 may not 

protect against a highly virulent strain (Beard and Brush, 

1975; Allan£! al, 1978). 

Although Nawathe il !,! (1975) had earlier classified 

13 Nigerian isolates into velogenic strain, it was still 

necessary to assess NOV strain distribution i.n the country 

following reported vaccine failures from the �ield. 

The viruses isolated by Nawathe il al (1975) were 

from the Northern and Eastern States of the country, The 

virus strains isolated in this study were recovered in 

different locations all over the country, Tho findings 

in both studies confirmed the earlier findings (Ann, 

Rep, Fed, Dept. Vet, Res. 1955-1956) that isolations of 
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new field strains of the virus have shown no divergence 

from the usual extremely virulent strains • 

• 
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4.1 lntrnd1ctinn 

NQwcutle diae&ae virus str&in.s, with t- c,cccpt.ion.5 

are hotctr09cnoua population of plaque ait�ts. In a 

aeri .. ot viral ocnetic studies w.ino plaqu a.t..t1'e.ra. 

Granoff (1959, 1961, 1962 and 1964) dcscr.ilM,d t 

type• occ:urrino in atraina of �tl disoaso "•irus. 

Olirlnc, the courae ot tho• atudl s, lt was (ow,d that 

conalderabl variation in a n.unlM!r ot vin,a proportios 

«xlatod not only bo&WC!·on rola&od strain• ot � but within 

virua population• of individual atraln• •• wcll. It•••

alto diecovured that hot r09 n ily ot fllllf1U population 

ta particularly charact�rtstlc of all v log nic atraina. 

Plaque 110rpholoOY h•• been uacd •• • dlstlngulahlno 

toaturo ot NOV atralno. Th v loO nlc atralns d�volop 

both laroo and .. 411 plaque• whil tho• 100 nlc etralns 

dovolop only eaa.11 plaqu••· On tile oth r h&nd, tho 

lontooonic atraJ.na do not dovelop plaques (Hanson, 1967, 
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Daniel il &, 1968 and Schloer and Hanson, 1971), although 

recent developments have shown that plaque assays can now 

be performed on avirulent strains (Nagai!! al, 1976). 

Furthermore, Daniel!!.!!_ (1068) and Schloer and 

Hanson (1968) have shown that the virulence ot the strains 

bears a direct relationship to the plaque size; Large 

plaques being associated with high virulence and small 

plaques with reduced virulence. Previous reports have also 

shown that 1vith mutants of NO virus, slight antigenic 

differences do occur (Schloer, 1974). Estupian (1971) 

and Schloer (1974) isolated stable clones which differ in 

biological characteristics, virulence, cell affinity and 

antigenecity from mixed plaque populations of NOV. This 

chapter describes the plaque purification and pathogenecity 

of isolated plaques from the Nigerian strains of Newcastle 

disease virus. 

4,2 Materials and Methods 

4,2.1 Viruses 

Four of the field strains - NDV-104, NDV-P, NDV-SLS,

.,..,., . str�;ns NDV-K and NDV-L were used.
nuv-KB and two vaccine � 
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Isolated history of the viruses h d a already been presented

in Chapter 3 section 3.3.l. 

4.2.2 Chicken Embryo ribroblast {�F} 

Chicken embryo :fibroblast cells were prepared as 

described above in Chapter 3 section 3,2.6.a. 

Plague Assay and Isolation of Clones 

The procedure for obtaining the plaques had been 

described in Chapter 3. Small (0.75-2.Smm) and large 

(2.6-4.Smm) well separated plaques were individually picked 

as described by Granoff (1964). Briefly, a sterile cotton 

wool plugged pipette, fitted ,nth a rubber bulb, was gently 

flamed and cooled. The pipette tip was dipped into the 

centre of the plaque holding the pipette at right angle 

to the petri dish, This was sucked gently and carefully 

into the pipette such that the agar plug sucked out was 

Close to the tip. The content ot the pipette was immediately 

e>Cpelled into 0.1ml ot the suspending E.199 medium in a 

bijou bottle and mixed thoroughly with the aid of the

pipette. This was then inoculated into another confluent

i di h Cells were again incubatedIIOnolayer in a 60mm petr s •

at 37o
C in an atmosphere of 5" CO2• After 75'i of the
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monolayer has been destroyed, cells were frozen at _2o
0

c,

thawed and centrifuged at 3000 rpm for 15 minutes. The 

supernatant was stored at -20
°

c and designated small (5) 

or large (L) first clone passage depending upon the size 

of the plaque. 0.1ml of each clone was inoculated into 

another set of confluent monolayer and overlayed as 

described above. Plaques were checked for characteristic 

morphology and then picked as described above. 

1\'10 types of plaques were normally observed. These 

were the clear and the red plaques, however only the clear 

plaques v1ere picked. This is because the clear plaques 

have been found to  be more stable and their rate of 

mutation, if any, lo1�er than the red plaques (Estupian 

and Hanson, 1971). The procedure was continued until 

uni.form and stable clones were derived from the parent 

strains. 

4,2.4 Clone Stock Preparation 

After stable clones have been obtained, stock viruses 

were prepared :from the isolated clones by inoculatino

i i to thirty 9-10 day old 0.1ml each of the clone preparat on n 

e::ibryonated eggs. Eggs were candled twice daily and
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dead eggs were separated and chilled before harves. Eggs 

dying 24 hours post inoculation were discarded. Allantoic 

fluid were harvested as already described and stored at 

-7o
0
c until used. All lhe AF were designated s or L clone

derivatives of the paren� strain. Clone stocks were 

titrated in embryonated eggs and in 24 woll pl"\tes to 

obtain the ELD
50 

and plaque forming unit (PFU) respectively. 

Pathogenecity Characterization of Clones 

Virulence of clones were determined by the mean death 

time!, intra.cerebral pathgeneci ty index for day old chicks 

and effect of clones in CEF cells. Details of the first 

two tests have been given in Chapter 3 sections 3.2.6,l and 

4,2,5,1 Cythopatic Effect of Isolated Clones on CEr 

Viral clones were diluted in cold PBS to contain 

approx.imately 50 PFU per O,lllll, and 0.1ml each was 

lno CEF Cultures in 60mm petri dishes,culated into monolaycr 

using five replicates per clone. 

•
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Virus absorption ,vas allowed to take place at 37°c

for 1 hour. The monolayer was then washed with PBS pH 7.4 

to remove any unabsorbed virus. The monolayers were covered 

'9ith 5ml of medium E.199 supplemented with 2� calf scrum, 

and observed daily for cytopathic effect. 

4,3 Result 

4.3.l Isolation of Clones 

Monolayers were examined !or plaque size .. nd morpho109y 

on day three p.i. Two types of plaques we�e detectable among 

the field strains at the first passage in CEF - large plaques 

with mean diameter ranging between 2.61111t1-3.Smm and 3.0mm-4.Smm, 

and sma] l plaques ,vi th mean diameter ranging from o. SOmm-2. 5mm 

to O.BOmm-2,Smm. The mesogenic vaccine strain, NDV-Komarov 

formed only small plaques, while NOV-Lasota under the 

condition o f  this experiment formed no plaque. At the first 

passage in CEF the ratio of large to small plaques ranged

between 3:1 and 5:1 (Table 4). At subsequent passages, 

•hen large plaques were inoculated, the ratio of large

to small plaque increas�d until at the 4th or 5th passage

no sma11 plaques were observed. Similarly, when small
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Table 4: Plaq':'e morphology or Nigerian Strains of NOV Isolates at firstin Chicken Embryo Fibroblast,
passage 

Type of 

Plaque 
Inoculum 

L s 

UI-104 + + 

NDV-P + + 

NDV-KB + + 

SLS + + 

NDV-Koma.rov - + 

NOV-Lasota 11 - -

Source of inoculum 

L 

s 

+ 
-

= 

Size of Ratio o! 
Plaque (mm) L to S 

Plaques 

L s L s 

2.6 - 4.6 0,75 - 2.5 4 l 

2,6 - 4,0 o.50 - 2.5 3 l 

3.0 - 4,5 0.75 - 2,0 5 1 

2.6 - 3,5 0,80 - 2.5 3 l 

- 0.5 - 2.0 - -

- - - -

= 4th egg p assage of parent 
stock in embryonated egg. 

t.a.rge plaque 

Small plaque 

Presence of plaque 

Absence o! plaque 
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plaques increa.sed until no large plaques were observed. 

Stable clones which did not revert from large to small and 

vice-versa ,verc observed during five subsc. t 1ucn passages.

4.3.2 Mean Death Timo and Intrdccrebral. 
Pathogcnecity Index 

All the L--clones had MDrs similar to their parent 

strains while the S-clones had MDTs of either mcsogenic 

or lentogenic strains. Four of the S-clones had MDTs 

bet\veen 60. 5 and 67 .o hours which fall within the �IDT of 

a mesogenic strain, while one UI-104-S had an MDT of 105

hours which is similar to the MDT of a lentogcnic strain. 

the MDTs for the veloge:nic and lentogenic 5trains are 

60 and 120 hours respectively while the MDT for mesogenic 

is 70-100. No signi.ficant difference was observed in the

ICPI of the L clones and the parent strains however,

significant differences were detected between the ICPI 

of the S-clones and the parent strains. The JCPI of the 

P.trent strains ranged !rom 1.6 to 1.9, while the ICPI of the 

S-cloncs ranged between o.35 and 1.0. The velogenic strains 

have an ICPI above 1.5, mesogcnic strain between 1.0-1.5

•bile the ICPI for lentogenic strain fall between

,e1ulta o! both tests arc shown in Tables •

• 

0.1-0. s. 
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Viruses 

UI-104 

NDV-P 

KB 

SLS 

NDV-K 

NOV-Lasota 

58. 

Mean Death Time (IIIDT) and Intracerebral 
Pathogenecity Index of Nigerian Newcastle 
Disease Virus Clones. 

Mean Death Time Intracerebral 
Pathogenecity (Hours) 

Parent 
Clo1 es Parent 

Strain Strain 

51.3 

46.3 

52,3 

54.9 

68.0 

120 

53.7 

53.1 

53.1 

60.0 

-

-

L 

s 

= 

= 

- =

s 

105 1.7 

67,0 1,6 

60,S 1.9 

62.2 1.6 

66.9 o.53

- o.oo

Large clones 

Small clones 

Not tested 

''ndex 

Clones 

L s 

1.5 0,35 

1.6 0,75 

1.7 0.9 

1.3 1.0 

- 0.49 

-
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Cytopathic EfLect of Clones on CEF 

All the clones show c�opathic effect on CE.F. 

Complete cytopathic effect with L-clones occurred in 48 

hours while with the 5-clones it took 96 hours and abov9

The mesogenic Komarov strain destroyed the celJ.s in 96 

hours while the lentogenic Lasota strain did not show any 

cytopathic effect on the CEF monolayer. 

4.4 Discussion 

Many wild strains of NDV isolated from different 

geographical areas exhibit hetcrogenei ty in plaque 

morphology (Granott, 1964; Schloer, !.!, tl• 1968 and 

Schloer and Hanson, 1968). Similar rcsuJ. ts wore obtained 

in the present study for NOV strains. Plaque hetero

geneity was more commonly shown with the velogenic strains. 

Only one type of plaque was observed with the mesogenic 

Komarov strain. Tho lentogenic Lasota did not develop 

Plaque under the condition of this cxporimont. 

Plaque size diversity is thought to be a reflection 

of genetic differences within a strain (Schloer and Hanson,
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1968). In the present study all 0£ the vel.ogenic NOV 

strains exaati ned were genetically llli.xed popu1.ltions of 

small and large clones. This is in agreement with the 

earlier findings of Schloer and Hanson (1968). According 

to Granoff (1955) and Schloer (1968) the presence of la.rge 

plaques within a viral population is related to virulence 

of strains of NDV even when these plaques were a minor 

component of the population. While the presence of the 

sciall plaque mutants did not appreciably reduce virulence, 

the absence of large plaques either in clones or strains 

was associated with reduction in virulence for the chick 

embryo. This was clearly demonstrated in the present 

study where L-clones had MDTs and ICPis similar to the 

parent strains whereas the S-clones were loss viruJ.ent. 

In the same vein there was a significant difference 

between the behaviour of  the Land S clones in CEF mono

layers. complete cytopathic e£fect by the L clones was

detected in tho CEF monolayers 24 hours earlier than the

S clones. According to Kato�!.! (1972), thero is an

inherent difference between the intracellular multiplico.-

ti Small Si•e of the s-clones, wore
on of the two clones. • 

not due to inhibitors, but are probabJ.y due to the rate
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at which the virus was synthesized in CEF cells and

released from infected cells. This appeared to be one 

of the factors responsible for the difference in plaque 

size of the Land S clones. 

No reversion from small to large plaques was observed 

in the present study, although there had been reports of 

isolation of large plaque revertants from a clone of small 

plaques (Granoff, 1961; Granoff, 1964 and Thiry, 1964). 

In this study, a clone, UI-104-S of low virulence 

was successfully isolated from a Nigerian velogenic strain. 

This is the first time a clone of lo,v virulence is being 

isolated from a Nigerian velogenic strain. It is speculated 

that attenuated strains of NOV must have arisen in a 

situation where small plaque mutants with extremely low 

rate of reversion to large plague size arose and persisted. 

If this speculation is correct the isolation of a stable 

clone of a low virulence from a velogenic wild Nigerian 

NOV strain is a first step in developing an attenuated 

live vaccine from locally isolated NOV strain. It is on

0� natural mesogenic or lentogenicrecord that no isolation • 

strain had been reported in Nigeria.
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CHAPTER FIVE

5,0 ANTIGENIC AND STRAIN VARIATIONS OF 

NIGERIAN NEWCASTLE DISEASE VIRUS CLONES 

5.1 Introduction 

Antigenic differences in Newcastle disease virus

have been reported by several workers (Waterson et al
--

1967; Schloer and Hanson 1971; Alexander and Allan, 1973; 

Gomez-Lillo � !!_ 1974; Schloer il !!_ 1975). The 

magnitude of the differences arc similar to those found 

among strains of the type l polio virus (McBride, 1959; 

Osaki il &, 1965). Consequently the strains are there

fore placed in a single serotype. Antigenic differences 

in NDV apparently involved the two envelope antigens, 

the neuraminidase (NA) and the haemagglutinin (HA). 

However, the study of antigenic diversity of NOV isolates 

is complicated by the presence in roost field isolates

as well as most laboratory cul tu res of plaques with 

differing character (Grano!!, 1964, Estupian and Hanson

1971). several methods including reciprocal cross

· neutralization test and neutralization test, the kinetic 

th · •est have been used ine haemagglutination inhibition • 
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the antigenic characterization of dilfcrent isolates of 

ND, and in detecting the .intigenic relationship between

different strains and clones of NOV (Bankowski and 

Kinjo, 1965; Schloer, 1974; and Schloer and Hanson, 1975). 

The reciprocal plaque reduction test has also been used 

by Gomez-Lillo £1 & (1974) to evaluate between the viscero

tropic velogenic strains and some vaccine strains. 

Lancaster il &, wo:cking at the Central Veterinary 

Laboratory, \-Jeybridge (1978) used both the plaque reduction 

and the HI methods and the cross challenge test to determine 

the serological differences between 14 isolates of NDV. 

Nagy and Lomniczi (1984) employed the one dimensional 

peptide mapping to serologically differentiate the du'ferent 

strains, of NDV. All of the workers came to the conclusion 

that antigenic variations exist among NOV isolates, and 

that the antigenic variation :found among mutants is similar 

to that found within a serotype. 

b ak Of ND in vaccinated flocks The often repcrted out re s 

in Nigeria may be due to the presence of antigenic

differences be't\veen the vaccine strains in use and the I 

i.ndi ex].·sti.·ng i·n the country. Limited
genous wild strains 

,_� about the antigenic relationship
--m:ormation is available 
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between the vaccine strains and the prevalent wild velogenic
strains of the virus existing in Nigeria (Nawathe cl al,

--

1975; Adu ,!tl il, 1984). 

To provide more information concerning the strain 

variation oi Nigerian isolates of NOV, 0 clones derived 

from lhe velogcnic st.rains and l1vo vaccine str.l.l.ns were 

oompared serologically and anligenically using the plaque 

reduction, the haemagglutination inhibition, the cross 

prot,•rlir,n ,, .. �,._ :11,rl 11 t,, pnly:irryl:1111i rl,• rJf·l r•l,•rlrnphnr,..._j,; 

11elhods. 

5,2 

s.2.1

Materials and Methods 

Reagent r-or Protein Determination 

(i) Reagent A: It was 

• 
I • 11 ..... v I uq . •ttm• I'' ,•11,11 ,.,1 l,y I 11 •. ., 

Co 
· 

10ml of O.lN NaOH and of Na
2 3 

l.n 

subsequently adding 90ml of O.lN 

NaOH. 

(ii) Reagent 8: 2� No-K-Tartaratc. The 2S. Na-K-

made by dissolving Tartarate was 

. reagent in 100ml of
2 gms o! this 

distilled wntor.
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(iii) Reagent C:

(iv) Reagent D:

(v) Reagent E:

65. 

1% CuS04.SH
2
o. This was made by 

dissolving lgm of copper sulphate 

in 100ml of distilled water. 

Reagent D was made by mixing the 

above three reagents in the following 

proportions: 50ml of reagent A, 

0.5ml of reagent Band 0.5ml of 

reagent C. Reagent B was added 

first to avoid cloudiness. 

This is the Folin-Ciocalteu reagent 

which consists of phosphomolybdie

tunstic complex (Li.S04) and bromine 

\Va ter. The reagent is COIIIIDercially 

available as a 2N solution and is 

diluted to lN with distilled water 

just before protein assay • 

• 
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5.2.2 Rcaoents for rolv�cryl�midc n�J - .,.. Fl ec t rophorc!'>i.s

S.:?.:?.l Runnino 9c1 ;'Incl Slackinr, n .. 1 

The runnin9 and stackinn n�Js. ., ..,.. a re pre pa red as 

detailed below.

( i) 3e>r.; I.J/V /\crylam.idc-,
o.ar.; bis-ctcryl,"lmjdo 

(ii) 1. !im Tris-l-lCl, Om Mf:.DT,\
o. 4% sodium doclcc}•l

Ru nn i nr, 
0(! l 

8ml 

Sul ph.i tc ( SDS) CIIJ (C112)11 OS03N.1) !illll 

(iii) N N, 1N. l N. lN. l
tctra.met.hylc-lhylcnc-
uiamine (1 EMCD) 0.01 

(iv) Dist.illc<l waler (IL,O) 6.9 

(v) lO;o l\mlllonium pcrsulphatc
(N11

4 
)
2

s2oa) 0.1 

(vi) rina.l concentration 12% 

.. 

Slackinc, 
Ot>I 

1.3ml 

2ml 

0.005 

4.60 

0.16 

The J\llll!lonium pcrsulphatc- which acts as the cat.ltyst

to promote gelaLion oC the acrylam.idc o.nd l>is-acryJ;unidc

is added just l>efore use.

• 

• 

•
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s.2.2.2 Electrode Bu£fer 

The electrode buffer is made from the following 

reagents: 

Tris Base (C4H11No3)

Glycine (N2NCH2co
2

H)

Sodium dodecyi sulphate 
(CH3(CH2) 11oso3Na(SDS)

Ethylenediamine tetracetic 
acid (EDTA) 

s.2.2.3 Sample Buffer 

24gm 

ll5.2gm 

4.0gm 

2.7gm 

This is prepared as a 3X concentration using 

following reagents. 

0.5M NaP, pH 7.6 

Glycerol (HOC�CH (CH) (�OH) 

SOS (CH3 (C�)ll OS03Na)

Dithiothreitol (H�CH 
(CH)CH(CH)CH

2
SH) 

Bromophenol group (BrC6H40H)

Distilled water (H
2

0) To make

up to 

1.2ml. 

6.0gm 

l.Sgm 

30gru 

10 

20ml 

the 
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• 

S.2.3 Virusc>s 

EiCJht clones from the parent velogenic fielrJ strains 

nnd one clone each from the mesoCJenic ctntl 1cntoQC1nic vaccine

strains were Uf:Cd, The methoclc; for isoJ.1tino the clones

from their parent strains had boon rlcscribcd in Cht1ptci: 

Four Section 4,2.3.

5,2,4 tn.fection o.f 811bryonaled llcu1s 

!;ach virus clone was diJuted to contain between 

50-100 Pr.'U per 0,1 1111 ant.I inoculaled into 9-10 day old

embryonatcd eggs using 60 e99s r,er clone. ThP inoculated 

l!gCJS were incubated nt 37°c ant.I were canl.Jlcd twice daiJ.:1. 

Dead and moribllnc.l egl)s were chilled overnioht :i.t 4°C 

Lefore harvesting, all embryos dyinlJ before 24 hours were 

discarded, Allantoic fluids (AF') were harvested and 

clarified at a speed o.f 3000 rpm for 15 minutes at -i0c. 

s.2. s Concontr.:itinn and Purific:\tion of Viruses 

The f\F' were concentrateJ t,y contri!ugation at 40,000 

ri- .for l hour in an MS!! 65 cold centri.fuoe type rotor

43ll•i-::o. 1 t rcsuspcndod in one-fortieth
- • The virus pel c · was 

the original volume in Tris buffer•
•

• 

-

•

• 
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• 

ruri fication of the virus wns i carr ed out by lQycring

lr.l of 1.he conccntr-, lcd vj rus on o. 10-50:o Sucrose: cushlon

and centrifuging at a speed of 30,000 rpm · 1.n a swing out

type rotor 43127-115 rotor. Virus !t:11ctions 11cre 

identified in a sphC?grophotometcr nt an optical cJcnsi Ly 

oC 450nm. Virus iracti.onc; wc>ro thc-n rc-ntrif11occ1 nt 

50,000 rpm !'or l hour nnc.l the pcll ..:1t suspondr>d in 1ml Tris 

buffer. J\11.i.ntoj c fluid h.lr\•es tcd from 11n i nnc11l.11 ad <l-10 

day old ambryonatcd c99s wore si.milnrly conccntr.:.tcd and 

purified and used as control. 

s.2.6 Protein Dc•termin,"ltlon of P-1rificd C"lona5 

The protein dcl.crminarion o.f tho purified clones w:1s 

done according to the method o! Lowry (1950). 

A set of 16 ('lairs of tubes were used in the cietermination 

of protein. The firs:: five puirs of tubes , .. re used !or

the standard, while the remaining 11 pairs were for the

virus samples. Tho protocol (incl udinl) l.he vol.1uncs of 

standard reagents and t.esl sa.mples used for detc-rinining

the protein conccntrntion) is show11 in Tnble 6, Tubes 

11ere illlowed to slnncl for 30 JT1i.nut.cs, and llle optical

d- i The me�n OD \\.lS co.lcula tcd
, .. s ty (OD) rend at 750nm. ... 

f'r The meftJ\ oo of the l,lank was
OQ each pair of tubes. .. 

&ub1tracted !roe the me.1n OD of the DSA to ot,tain the OD

•
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{or each sample. The result 1var, plotted .igo.inst the 

oicrogr:un or protein. The OD values of Scllllples wc.-re plotted

against protein conccnl.ration and calcul,ted from the formula.

Gr.idicnt of graph = protein concentration (ug) (r,ig. 2)
on. 

5.2.7 Anti.scra 

Antiscra 1·1erc prepared in ac.Jult white rabbits obl.ained 

from the Small Animal Division oI 'the National Veterinary 

Research Institute, Varn. Each rabbit received two injections 

of 0,5ml of tile pur11-ied virus at 10 d.iys <-1pnrt. Two weeks 

after the second injection the animals were sacrificed and 

blC?d to dcuth throngh the jugular vein. The clotted blc.>d 

were incubated at 31
°

c for 3 hours and subsequenl.ly kept 

overnight at ,1
°
c. Scrum was separated by centrifugation 

0 at a speed of 3000 rpm for 15 minutes and stored at -20 C 

until used. 1\11 sera were inactivated at su0c -for 30

ainutes beiore use in the III and plaque reduction neutra

lisation tests.

• 

• 

•
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1'Al!LZ: 6: ,•rotocol Dete:-:11:,a�lon or 1):-otein ccnce�tra�lo:\ in vil'\lo clonea (tO'r.yL_ l2';:>} 

IteQo 

Vol�a or Bo·,ine 
SorU!I Jltu:iin (ul)

Vol•J:la ot' ,irJo 
olGnes p: <1pa.->-
t ion (ul) 

Voll.:llo of wr. e:
(cl) 

Volut:1-, of' 
Ro11oent j) (:il) 
Vol•.:.::e of 
Rc��nt E (1:11) 

ODl ( 750 ll'.l:l) 

OD2 (750 It.'.!) 

Mell..'l OD 

Mee.-, OD - Bla.nlc 

Protein Concentr3,
tion (cg/mt) 

. � . � . � -- - - - -
. 

T u b o a

l 2 ) 4 5 6 7 8 9 10 11 12 ll 14 15 16 

C-,ntont:i 

S'l'A:li:>ARl: lO�SI su:-:i ?L I PS I !Cti. I ;a;s ll04L \':LS-1. l!lDV-4:m -I I U.l! 

0 10 20 ;O 40 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 JO JO 30 30 30 JO JO )0 30 30 

• E() 1. 5?1, 581, 57 I, 561. 571. 57 I• 57 I• 57 I• 57 I� 57 I• 57 I• 57 I• 57I• 57 I• 57

3 

.3 

3 

.3 

3 

.3 

) 

.3 

3 3 3 

• 3 .3 .3 

.otSa .120 .153 .180 .216 .073 .083 

.066 .122 .153 .184 .218 .081 .o69 

.067 .121 .151 .162 .217 .077 ,086 

o.oo .054 .086 .115 .150 ,032 1.041 

3 3 

.3 .3 

.103 ,220 

.114 .246 

.109 ,233 

.064 .188 

3 

• 3

.137 

.154 

.147 
.102 

3 

• 3

.159 

.181 

.170 

.125 

3 3 3 

.3 .3 
I 

.3 

.119 .220 .181 

.137 .183 .192 

.128 .202 .187 
.o&l .135 .120 

3 

• 3

.185 

.157 

.171 

.104 

3 

.3 

.057 

.062 

.059 
,olJ 

0.34 10.44 11.� 12.02 I 1.1 /1.34 /0.96 f2.11 11.90 I 1.6J /0,15 UNIV
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e 

::i 

C: 0 .,.; "' 

... 
., 

.. 

s., 
... 

0 u �

0 

C: 0 
� ... 
Cl 
.. 

0 

0 
-

• 

72. 

r1,. 2 - tul&>r•inal.1on or pr�l•ln oonoenlrvt1en 
of Vlnao clo�••-

, 

DradJeot or areJ')) • 

- :,4: • ,,� .s
o.c.l

I 

I 
- - - - -J

12 ,. 1� 

..OJ;'J�O :C I Cf' 

• 

• 

•
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5.2.8 Cross Haemagglutination Inhibition Assay

The beta (constant antigen varying seru.at dilution) 

method was used. Each of two fold serial dilutions ot sera

was reacted with 4HA units ot virus • antigen (Allan and 

Gou9h, 19741 Allan��. 19781 Brugh!! !l, 1978). Each 

serum was diluted in o.as,g normal saline and tested in 

triplicates in a 96-well U-botton Linbro microtitre plates.

Equal amount of o.os m.l 4HA units ot either the homologous 

or heterologous antigens were added to each plate and mixed 

by shaking. o.osm.1 of o.s,g rbc was added to each well and 

the plates incubated at room temperature for 30-60 minutes. 

Negative and positive serum controls, the rbc control and 

back titration ot the virus antigen were run for each test. 

Results were read after incubation and recorded only 

if control tests reacted appropriately. The titre was 

expressed as the reciprocal of the highest dilution of 

antiserum which caused� inhibition of agglutination

of the rbc. The geometric mean antibody titre of the

antisera was obtained from three determinations. The

Antigenic relationship between clones was determined

the mea.n HI titre by the method of Archtetti and

Horsfall (1950) •

1'rom 

•

• 
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5.2.9 Plague Reduction Neutralization Test 

Plaque reduction neutralization test was carried out 

in Linbro tissue culture plates, Cells prepared from 9-10

day old embryonated eggs as described above ,vere suspended 

in MEI-I medium supplemented ,vi th 5% calf serum, 250 1.u. 

penicillin, 250mg o:f streptomycin o.nd 100mg fungizone. 

Cells were diluted in t-lEl-1 medium to contain 75 x 103 cells

per ml. Each well ,vas seeded ,vith 1ml of medium and incubated 

at 37°c in an atmosphere of � co2 and used for the PRNT

24-48 hours ,vhen they ,vcre already confluent. 

For the neutralization test, the beta method was used. 

two fold serial dilution of homologous or heterologous sera 

were made in MEM medium ,vithout calf serum. Virus prepara

tions were diluted to contain approximately 100 PFU per 

o.1ct1. o. 5ml. o:f the virus preparation was added to an 

equal volwue o:f each o:f 2 fold serial dilution of either 

the homologous or  heterologous 

cti.xtures were incubated at 37°C

sera. The serum virus 

for l hour. Three wells 

each Of the Serum-virus mixturewere inoculated with 0.2ml

and incubated at 37°c for another l hour. cell were over-

l Contain1• ng equal amount of 2 x M&t
ayed with 1ml medium 

and 1,6% Ionagar as earlier desribed above. virus control
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.,,�s run for each replicate. Both � control and experimenta.l 

plates were incubated at 37°c for 72 hours after which a
, 

second overlay containing neutra1 red at a fina.l concentration

ot 1:100,000 was added. Plaque reduction neutra.lization 

antibody �itre of the serum was determined as the highest 

dilution of serum which reduces the average number of 

plaques in the control well by 8°"· 

5,3.0 Antigenic Relationship Between Clones 

The antigenic relationships among the clones were 

determined from the result of the cross haemagglutination 

a.nd the plaque reduction neutra1ization tests. The degree 

o! relatedness was computed from the titre ratios using 

the formula of Archetti and Horsfall (1950) which states 

that r = /r1 x r2• The ratio r reflects the extent of the

antigenic differences between 2 clones when both clones 

and both antisera were used in reciprocal cross-serological 

reaction. 

The ratio r1 was found by dividing the hetcrologous

titre of virus 2 with the homologous titre of virus 1•

The ratio r was found by dividing the heterologous titre 
2 
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of virus l by the homologous titre of virus 2. Where there

is no antigenic difference between two clones', the value of

r is 1. Because the ratio r is the geometric mean o£ the

t'lfO rati�s obtained with heterologous viruses and homologous 

viruses and homologous sera, it yields a value which gives 

equal weight to di£:ferences found in either direction. The 

ratio is expressed in % in order to simplify the data. 

5,3,l Polyacrylamide gel Electrophoresis of NOV Clones 

Preparation of Slab gel 

The running gel was degassed using a suction pWllp 

for 5 minutes and poured into the gel assembly to a level 

of about 3cm below the maximal f'illing level. It was

allowed to polymerise for 1-2 hours. The top of the 

PC>lymerised gel was rinsed ,vi th water f'or 1-2 minutes

and allowed to drain. Five ml 0£ the stacking gel was

carefully layered with a pasteur pippette, and the

a.sseinbly comb was inserted to obtain slots of the desired

depth. 
•
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77. 

S,3,3 Preparation of Samples 

I 

The concentrated and purified clones containing the

determined amount of proteins were prepared before loading

into the· slab gel. The samples were calibrated in such a

way to contain equal. amount of protein using the sample 

bu.ffer and water. The samples were allowed to sit at room 

temperature for 20 minutes. 

An SDS molecu1ar weight marker (Sigma Chemicals Company, 

Missouri, USA) containing 13,5mg of a lyophilized mixture 

of the following 6 proteins with their approximate molecular 

11ei9ht was used as standard \Yhile an uninfected a1lantoic 

fluid which was concentrated and purified in the same way 

�s the clones \Yas used as control, 

Protein 

Lysozyme (Egg white) 

H-Lactoglobulin (Bovine MVK) 

t'yPsinogen 

Pepsin 

Albumin, Egg (Oral.bumin) 

Albumin, (Bovine plasma) 

• 

• 

Mol. Weight 

14,300 

18,400 

24,000 

34,700 

45,000 

66,000 

•
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78. 

o.s ug of Gamma globulin (Ktl 220,000) was incorporated 

into the above solution to  provide high molec\ilar weight 

aarker. The procedure £or the preparation of samples be£ore 

loading into the gel is presented in Table 7 •. 
• 

5,3.4 Loading and Running of Samples 

Between 20-40 ul 0£ each sampl.e and the standard was applied 

into each well of the gel with a Hamilton syringe, The gel 

slab was then clamped into the electrophoresis chamber 

and both chambers were £illed with the electrode buffer. 

The gel was run at a constant current and voltage of 

30::iA and SO volts at 4
°
c for 16 hrs using the continuous 

buffer system of Laemmli ( 1970).

• 

5,3.5 Staining 

After the run, the gel was £ixed for 30-60 minutes

in 10% Trichloro-acetic acid (TC.A) and 501i methanol. The

9el was further rinsed and stained £or 1-2 hours with

0•25'. Coomassi blue, so,g methanol and 7 • � acetic acid.

. 
. dlt was de stained in 20'5 methanol and 7. 51' acetic aci 
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tabl• 
7 •

Saple 

10,4,-L· 

10+,3 

�L 

SLS-S 

� 

P..L 

P-S 

L 

Uil' 

• 

79. 

Preparatian of laaplea before l"acfing into ,.i •lab

I> 

, 

u« 
Saple 

Protea, Vol. ul Water (w.) Blltrer (w.) 

)00 312 88 
" 

" 

" 

" 

II 

II 

" 

" 

" 

206.9 -

141 59 

379.7 20.3 

178.6 21.4 

HD ND 

148.5 51.5 
I' 

183 17 

159 4l 

441 -

OAF • Oninf'oot od ala.ntoio fluid.

100 

50 

50 

100 

50 

ND 

50 

50 

50 

59 

•
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5,3.6 Cross Protection Test in Susceotible Chickens 

The I.rclones and the two vaccine strains were used 

for this test. The virus preparations were inactivated 

with Beta propiolactone (Sigma Chemical Company) at a

final concentration of l :1000. Each of 140 three week old 

NOV-susceptible chickens ,vas inoculated with one of the 

inactivated virus preparation in the thigh muscle in 0.51111 

a130unts. A group of 140 unvaccinated susceptible chickens 

served as controls. 

Twenty-one days post-immunisation birds from each of 

the vaccinated and control group ,vere challenged intra

nasally ,vi th either the homologous or heterologous virus. 

Ten .fold serial dilutions from 10-1 to 10-
7 

of each 

Challenge virus was prepared and o. 2ml of each virus 

dilution ,vas inoculated into 5 vaccinated and 5 unvaccinated 

control chickens. The challenge birds ,vere observed daily 

for 15 days. End point -titres were calculated by the method 

of Reed and Muench (1939)' and the protective indices were 

Calculated by substracting the titre in the vaccinated

Chicl(ens from the titre in the control vaccinated chickens.
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5.4.0 Results 

I 

Protein Determination • 

The conce.ntration of protein in the virus preparation 

ranged from 0.34-2.ll for AF of virus infected embryonated

eggs and 0.15 for the uninfected allantoic fluid (AUF) 

(Table 6 ). 

5.4.2 Cross Haemagqlutination Inhibition Test 

Result of HI test showed a wide variation in the 

inhibitory capacity and titre between the heterologous and 

the homologous sera. HI titre for homologous strains 

ranged from 40 to 290.7. The heterologous HI titre differ 

from strain to strain. For example, the heterologous titre 

between UI-104L and the other strain ranged between 80 to

290 while the heterologous titre between NDV-Lasoto. and

the other strain ranged between 5 and 20. Three of the

clones had higher heterologous titre than their homologous

titres. Clone 104-S had a heterologous HI titre of 80

"1th clone 104-L from the same strain and heterologous

titre of 100. 7 with clone KBL. Clone SLS-L with a homologous

tit . f 1-"6 g and 290. 7re of 100.7 had a heterologous ti�re O � • 

• 

•
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nth 104-L and PS respectively. Cl.one PL had a heterologous 

titre of 100. 7 with SLS-S and PS. NDV-Lasota' had an HI 

titre al.most four-fold less than its homologous titre with 

All the field strains, except SLS-5 and 104-L. Heterologous 

titre ranged as l.ow as 5 with the other field strains. In 

the same way, NDV-Komarov had HI titre comparatively low 

to its ho1DOlogous titre. Heterologous titres with the 

other field strains ranged between 20 and 40. Resul. ts of 

the haemagglu tin a tion inhibition test are shown in Table a.

S.4.3 Antigenic Relationship Between Clones 

The antigenic relationship between strains were 

calculated from the HI titre ratio (Table 9) using the 

method of Archetti and Hors:fal.l. The HI test did not 

reveal any de:fini te antigenic patterns among the clones.

However the degree of relatedness in order of departure

from the homologous titre is less evident among the field

clo NOV-Lasota maintainednes than the two vaccine clones. 

a · h' with all thes19nificantl.y low antigenic relations 1p 

!ield strains except SLS-5 and 104-L where the r-values

are 52 and 63 respectively. In the same manner,

hDv-Komarov clone only exhibited close antigenic relationship
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TAll.E !! 

Sona 

• 

104L I 
104,S I 
SLS-L I 
SLS-6 I 
lCBI, 

JCBS 

PL I 
PS I 
'lfIN-IC I 
H171-L I 

Recrul t ot Hu1141glutination-Inhibi tion Teet of b011ologouo and botorologoua olonia 

1041, 

290.7 

8o 

126.9 

50.9 

40 

8o 

8o 

40 

40 

20 

• 

Viruoo o

1048 SLSL SLSS 

290.7 201.5 201.5 

50.9 50.9 50.9 

290.7 100.7 50.9 

6.2 50.9 50.9 

6.2 50.9 50.9 

40 15.8 8o 

8o 8o 100.7 

20 40 20 

40 20 40 

6.2 25 20 

xm. lCBS 

290.7 290.7 

100.7 50.9 

74.2 74.2 

50.9 50.9 

50.9 50.9 

50.3 50.3 

8o 8o 

20 10 

40 40 

5 6.2 

PL 

290.7 

50.9 

290.7 

6.2 

20 

40 

40 

40 

20 

5 

(a} • Geomo1:rio mean BI ti tree of throe doterminAt:iono. 

PS X ' L 

290.7 ao.o 290.7 

50.9 50.9 50.9 

40 8o 8o 

50.9 20.0 8o 

8o 50.9 50.9 

40 40 20 

100.7 40 100.7 

40 40 25 

40 104 40 

5 25 8o 

•
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TAU 2.

Sar1a 

104L 

1045 

SLS-i, 

s� 

KBL 

llS 

PL 

PS 

X 

L 

• 

'1'i tre ratio (a) aaong olonea calou.lated t:l:''0111 KI ti treo. 

Viruo e o

104L 1045 SLJ!L Sl.SS Kl!L lCBS PL PS K 

• 1 1 0.7 0.7 1 1 1 1 0.27 

1.6 1 1 1 2.0 1 1 1 1 

1.26 2.86 1 0.50 1.45 1.45 2.86 0.39 0.79 

1 0.12 1 1 0.78 0.12 1 0.39 0.39 

0.78 0.12 1 1 1 0.39 1.57 1 1 

1.57 0.78 0.31 1.57 1 1 0.78 0.78 0.78 

1 1 1 1.25 1 1 0.50 1.25 0.50 

1 0.5 1 0.5 0.5 0.25 1 1 1 

0.38 0.38 0.19 0.38 0.38 0.38 0.19 0.38 1 

0.25 0.07 0.3, o.06 0.07 0.07 o.06 o.06 0.31 

{a) D Val.- ob,,..1no4 qy divi� -tho hotorolo,;ow, ti.tro or vtr-uo1 wi-t.!J -t.lJo
ht:• ol.o.,oua 'ti.trio o� vi.r\18 • 

L 

1 

1 

0.79 

1.57 

1 

0.39 

1.25 

0.62 

0.38 

1
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tri th 104-S, KBL and KBS with r values of 62, 62, and 54

respectively. I

• 

The field strains exhibited closer antigenic relation

ship amo!1g themselves than with the two vaccine strains. 

For example clone 104-L showed a considerable antigenic 

relatedness with all the clones except the two vaccine 

strains where the r values were 10 and 52 respectively. 

In general clones derived from the same strain demonstrated 

close antigenic similarity between themselves than with 

clones from other strains. 

The degree of relatedness between the clones is 

presented in Table 10. 

5,4,4 Plague Reduction Neutralization Test 

Result of PRNT showed a wide variation in the neutra

lising capacity and titre of the heterologous and ho1110lo9ous

sera, Homologous titre among the strains ranged from 340

to 900, Heterologous titres among strains varied with

1ndividual strains. The heterologous titre between 104-L

Ind the other field strains ranged from 300 to 860 while

the heterologous titre between the vaccine strain NDV-Komarov
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• 

TAUU:1 10 Antigenio Nlationohip botwoen llIN olonoo oxprooood OJ) 11D r--'Voluo and
-

ooloul.Gtod b"OCI m ti troo. 

' 
.&lat lllU'IUI I 104 104 

s
Sl.S 

L L 

104-L f 100 126 94 

104-6 100 170 

SLS-t 100 

SLS-6 

D-L 

0-6 

P-L

P-6

IC. 

L I 

Clo ne a 

SUI 

s 

84 

35 

71 

100 

• 

Kl!L 

L 

88 

49 

120 

100 

100 

-

i.'.BS 
s 

125 

88 

45 

111 

100 

100 

PL 

L 

100 

--

100 

170 

39 

62 

88 

100 

PS 
s 

100 

71 

62 

71 

87 

44 

71 

100 

IC. L 

10 52 

62 26 

39 49 

38 63 

62 24 

54 16 

30 27 

24 19 

100 34 

100 

.,
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ranged between 340 and 570 (Table 11). ........_ .. wv clones 104-S

&nd KBS had higher heterologous titres of 6ds and 505

respectively with clone KBL. 

NDV;-Lasota was not used in the ffiNT because it did 

not form plaque under the condition of this experiment. 

5.4.5 Antigenic Relationship Between Clones 

The antigenic relationship between the clones based 

on PRNT was calculated as described above using the 

Archetti formula (Table 12). The PRNT revealed a wider 

antigenic variation among the clones. NDV-Koma.rov exhibited 

a closer antigenic rel ationship with the field strain with 

r value ranging from 32 to 77 (Table 13). 

The degree of antigenic divergence between homologous 

and heterologous titres vary with the different strains 

but less pronounced in clones derived from the sa.me strain

than clones originating from other strain, 

•

• 
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TABLe 11. Result of Plague Reduction t�eutralization Test

--------1-----------------------------------------------------------------

Sorum 

I Cl o n e s
1-----------------------�---------------------------------------

I 104 
I L 

104 
s 

SLS 
L 

SLS 
s 

KBL KBS PL PS K 

------------------------------------------------------------------
104-L

104-3

SLS-L 

SLS-S 

KBL 

KBS 

PL 

PS 

K 

I 860 
I 
I 500 
I 
I 380 
I 
I 240 
I 
I soo 

I 
I 480 
I 
I 405 
I 
I 400 

I 460 

860 

5'JO 

310 

530 

550 

400 

400 

206 

390 

340 

300 

680 

840 

600 

480 

360 

450 

520 

380 

500 

600 

900 

380 

300 

500 

350 

340 

340 

605 

280 

380 

600 

505 

450 

340 

400 

300 500 480 400 

380 480 400 500 

320 480 480 450 

400 600 500 580 

300 320 410 480 

340 400 380 200 

600 840 840 440 

402 600 640 308 

570 530 460 640 
------------------------------------------------------------------------------. 

Highest serum dilution that neutralized 801 of the oboorvod plagues UNIV
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TABLE 12. Titre Ratio (a] of Plague Reduction Neutralization Teet

------- 1-----------------·-----------------------------------------------

Serum 

104-L

104-S

SLS-L 

SLS-S 

KBL 

KSS-S 

PL 

PS 

K 

C l o n e s 
1---------------------------------------------------------------

I 104 
I L 

104 
s 

SLS 
L 

SLS 
s 

KBL KBS PL PS K 

________________ , _____ _, _____________________________________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l l 

l l 

o.55 o.45 

0.26 o.58

o.83 o.92

1,4 1.2 

0,48 0.47 

0.62 0.32 

0. 71 0. 6'.) 

o. 39

o.6 

l 

0.93 

l 

1,4 

0.42 

o. 70

0.01 

0.44 

l 

0,88 

l 

o.63

0,88 

o. 60

0.54 

0.53 

o. 39

1.21 

o.41

0,42 

l 

1,5 

o.54 

o. 53 

0.63 

o.34 o.se o.ss

o.76 o.96 o.ao

o.47 0.10 0.10 

o.44 o.66 o.ss

o.so 0.53 0.68

l 1.2 1.1 

o. 71 1 l 

o.62 o.93 1

0.90 0.83 o. 71

Q.46 

l 

0.66 

o.64

o.a

o.5e

o.s2

o.46

l 

------------------------------------------------------------------------------

[a) • Obt�ined by dividing the heterologous titre of virus l with 
• 

the homologous titre of virus 2. •
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T.11,BLE 13. Antigenic relationship between NOV-Clones expressed
as r-values and c3lculated from the Pla�ue reduction
neutrali:z:ation test

--------1---------�-----------------------------------------------------

I C l o n e s 
1-------------------------- ---·-----------------------------------

, I 
Serum I 104 104 SLS SLS KBL l(BS PL PS K 

I L s L S 
----------------------------------------------------------------------------

104-L I 100 100 46 34 57 69 52 SB 32 
I 

1�4-S I 100 51 76 105 95 67 51 77 
I 

SLS-L I 100 90 64 Bl 54 70 73 
I 

g_
SLS-S I 100 51 62 62 54 58 

KOL f 100 87 53 60 70 
I . 

K95 I· 100 92 83 68 
I 

PL I! 100 96 65 
I 

PS I· 100 57 
I 

K I 100 
-------------------------------------------------------------------------------

•
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5,4,6 Result 0£ Polacrvlamide gel filectrophoresis 

All the clones had distinct polypeptide patterns, No 

polypeptide band Y.•as however found in the uninfected allantoic 

fluid. Although position 0£ virus protein 1 {VPI) was

found to be common to all the clones, all the other clones 

had specific bands that slightly distinguished them from 

each other. Clones KBL and KBS shared identical peptide 

bands and therefore exhibited the greatest similarity 

among the different clones originating from the same strain, 

The positions of VP2 and VP3 ,vere shared by clones KBL, KBS,

NDV-Komarov and 104-L, ,vhile positions VPS, VP6 and VP7 

were shared by NOV-Komarov and 104-L. The position of VP9 

was shared by NOV-Lasota, KBL and KBS and SLS-L ,vhile the 

position of VPlO ,vas shared by NOV-Lasota, NDV-Komarov 

and SLS-L. The greatest disimilari ty ,vas exhibited by 

clones 104-S and NOV-Lasota {Fig, 3). The diagramatic 

representation of the polypeptide patterns of the clones 

is shown in Fig, 3a,
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Fig. 3 - Polypeptide patterns of Newcastle disease clones 
in polyac ry !amide ge I. 
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Fig. 30 - Oiogramatic representation of fig 3 showing the positions of 

the different virus proteins. 
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In-vivo Cross Protestion Test

Chickens immunised with inactivated viruses and 

challenged with either the homologous or heterologous viruses 

were pro-tected al though -few deaths were recorded in the lower 

dilution of both UI�04 and NDV-P in those birds immunised 

with the mesogenic and lentogenic strains. However, the 

LoglO protective indices ranged between 6.8 and 7.3 with 

the homologous strains while the Log 10 protective indices 

among the heterologous strains ranged between 6.6 and 

7,3 (Table 14). 

S,5.0 Discussion 

b·1·t of vi·ruses raises some serious Antigenic insta i l. Y 

problems o-f wide theoretical interest and obvious practical 

implications relative to disease epidemics, identification, 

• · Using four differentcla.ssification and iJD1Dun1.zat1.on. 

. th haemagglutination inhibitionlaboratory techru.ques - e 

reduction neutralization test, the test, the plaque 

h resis and the in vivo cross
polyacrylamide gel electrop O -

f antigenic variations among
the �vtent 0 protection test - .,.,. 

. rian NOV virulent strainsclones isolated from some Nige 

•
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Table 14•

• 

Cb&llenge 

vuuaoa 

104-L 

SLS-L 

IBL 

PL 

• 

95. 

Cro•• Proteotion Ten ot Chiclcen• 1-uni•od with 
in&otivated viruae• 1111d Clh&Jlenged with boaiologou• 
and beterologoll• Newoutle dieeue vi.nlll •trw• 

• 
Log 10 Proteotion Index 

104,-L SLSL IBL JJDY-fl. NDV-lt NDV-L 

7.2- 7.2 7.2 7.2 6.5 6.3 

7.3 7.3 7.3 7.3 7.3 7.3 

6.8 6.8 6.8 6.8 6.8 6.8 

7.3 7.3 7.3 lal 7.3 7.3 

• Lo 10 Protection Indox • Difference
« 

L 10 titre of tho Srrcm1ni>:edbetween og 

-

group an.d Log 10 titre or the

unim:llunizcd group.

Pr__.eotion Inde.x undcrlinod.
Homologous u• 

•

• 
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•ftd the two vaccine strai·n h �· s ave been elucida�ed. In all

tests, antigenic di.f.ferences ,ver � e �0und among these NOV

Clones and vaccine strains. Thi·s · is in agreement with

the finding or earlier workers. Upton .!U & (19S3) and 

Bankowski!!.! al (1965) observed that there is a great 

diversity in the antigenic components among the strains 

of ND virus. Schloor (1974) and Schloer .!U & (197S) 

using the kinetic neutralization tests f urther observed 

antigenic differences between mutants of ND virus. 

There is a marked variation in the inhibition 

activities of the different sera despite the £act that 

the same pool of sera was used in all the tests. 

Results presented in this study showed that antigenic 

and strain variation was greatest .unong clones from 

different strains, and to a lesser extent between clones 

from the same strain. Of particular interest is the 

antigenic relationship of the t\,� vaccine strains to 

the fiel.d strains. Antigenic divergence was exhibited

by these two strains in both th8 haemagglutination

the Pn•rr as �vnressed by the r va.lues
inhibition test and "''� �.-

•""v-Komarov exhibited a closer
for both the tests, al though .. ., 

• RNT than in the HI test,
�tigenic relationship in the P 
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It is quite apparent that the antigenic patterns of the 

highly velogenic strains and the two vaccine 'strains ca.n 

be differentiated. The clones derived from the velogenic

strains .
had closer antigenic relationship among themselves 

than between the vaccine strains of lower virulence. 

This antigenic divergence is probably due to the fact 

that antigenic variations are the functions of the external 

proteins which determine some of the biological functioning 

o! the virus. MacPherson and swain (1956) observed that 

even though the major antigens were shared by both the 

highly virul.ent strains of NOV, and the less virulent 

strains, some of  the antigenic components of the virulent 

type are lacking in the less virul.ent strains of ND virus. 

This is clearly seen in the peptide pattern of NOV-Lasota 

in relation to the other field clones (Fig. 3). Such may

be the immunological situation of ND in Nigeria where the

field strain is the very virulent velogenic 

strain in contrast with the lentogenic nnd mesogenic

vaccine strains •

• 

•
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one of the problems associated with an antigenic

classification of ND is the avidity factor associated with

11,\JlY of the clones within a strain (Bratt and Gallaher I

1972), Cross reactions between some NOV strains may be

due to the presence of some mutants which react more 

broadly with heterologous viruses (Bratt and Gallaher, 

1977). In this present study 4 of the 8 clones (104-S, 

SLS-L, PL and KBS) had higher r values with heterologous 

strain than with the homologous strains. There.fore in 

addition to antigenic differences bet\veen strains 

differences in avidity are also detected. The data 

presented above clearly show antigenic divergence in 

addition to avidity. 

It has been suggested that the changes and differences

in the external proteins might have a definite correlation

with the evolution of strains with different pathogenecity

( responsible tor the di£ference
Nagai � � 1980) and may be 

• A review of the
in virulence of the different strains.

Patterns of NDV reveals
Previously published protein 

viral 91ycoprotein
strain dependent differences of "the

ult \·•as obtained in
res • 

A similar

i d in PAGE were
•tudy where the peptide bands obta ne 
(Lomniczi, 1971 ) • 

this 

specific 
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for each strain a.long, apart from the high molecular weight

protein which seemed to be co111mon to all thp clones.
Nagai !,! al (1976) observed that virulent and avirulent
strains exhibit specific di!.ferences 1.· n the1.· r glycoprotein

• 
which proved to be of high importance �or thft b. ... .. 1.olo9ical 

activity of the virus. 

Newcastle disease virus has six major polypeptides,

three of which are associated with the intemal RNA genome:

the neucleocapside protein (NP) the phosphoprotcin (P) and 

the largest ( L). The other three are membrane-associated 1

a large glycoprotein possessing both the viral haema99lutina

tin9 (HA) and neuram.inidase (NA) activities, and a smaller 

protein (F) which is required tor cell !using activity and 

a third protein (M). While there is remarkable structural

hQmology in the internal proteins, a variety of changes was

revelaed for the external glycoproteins, thus, the external

proteins would represent the regions o! the virus which might

d It is these structural changesun ergo structural changes. 

in � the 111ut•nts that account !or the
the glycoproteins o,. .... 

Although NOV may be a single
antigenic distinctions. 

f s are found to 
serotype, su.:fficient antigenic dif erence 

1 isolates and strains.
c early distinguish aJDOD9

•

• 
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In an attempt to confirm the i!!. vitro antigenic
variations observed in the HI, PRNT and the PAGE, an
f!! vivo cross protection test was done in three week old
NDV susceptible chickens. R s  lt ! e u s o  the in vivo cross

- .;..;;� 

protection test has shown that antigenic variations 

observed in vitro occur as a serological phenomenon 

only, as in this study the in vitro differences observed 
-

between the clones were not detected in the in vivo test. 

The antigenic dissimilarities expressed in al.l the tests 

between the clones may as well provide confirmatory 

evidence for the concept that antibodies measurable 

by in vitro techniques are not identic.al with those 

measurable by the in vivo procedure. Even though there 

were a fe-.v death among the birds vaccinated with the 

1:10derate and avirulent vaccine strains when challenged 

with velogenic strain of lower dilution the protective 

index was not significant. A protective index higher 

than l is regarded as significant. The i�plication of

such a finding is that birds vaccinated with the less

·th the disease if virulent strains can come down wi 
• • . f the velogenic strains.

exposed to high concentration ° 

in the field, but it is
This appears to be the case

subject to confirmation. 
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CHAPTER SD( 

6,0 STUDIES ON LIVE AND INACTIVATED VACCINES

6,1 Introduction 

Results obtained so far in this study have shown 

significant antigenic variations between the wild field 

strains of the prevalent Newcastle disease virus and the 

vaccine strains in use in Nigeria. Significant differences 

have also been observed in the pathogenecity and virulence 

of the two strains. These factors may be responsible £or 

the frequent post-vaccination outbreaks often reported from 

the field. Severe mortality attributed to ND outbreaks 

in vaccinated flocks has continued to occur. There has 

been occasions ,vhen post vaccination reactions following 

the use of the current vaccines have assumed alarming 

proportions. For example, Ugochukwu (1982) reported a

J)Ost vaccination ND outbreak in a farm in the Eastern

State with a mortality of 1288 or (l�) of 121000

vaccinated birds. The first reported outbreak of ND in

Nigeria (Hill, 1953) was reported in flocks vaccinated

"1th th vacc1· ne !rom south Africa.
e NDV-Komarov 

Although 
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' 

it is seldom necessary to select a vacc•ne• according to 

the antigenic type of  the field virus � occurring in any 

locality (Buxton, 1977), an appraisal. of the existing 

vaccines. and vaccination proceedures may b ecome necessary

if vaccination programmes that have once protected chickens 

against ND are no longer adequate in protecting birds 

Crom subsequent challenge by the existing viscerotropic 

and neurotropic velogenic strains. 

From field report, it is likely that the present 

vaccines in use in Nigeria have not proved sufficiently 

i1:1111unogenic to give the birds the degree of protection 

against the velogenic strains of NOV responsible for most 

of the outbreaks. Because of this it was decided to 

test the efficacy of the current live vaccines in Nigeria 

in protecting birds against these virulent viscerotropic 

velogenic strai.ns and to compare the e£ficacy of currently 

available vaccine with a vaccine prepared from a local

Nigerian strain.

I hi are reported the response of vaccinated
n t s Chapter, 

chic.kens to experimental challenge with the Nigerian

v l as well as •he prepa.ration and testing
e egenic strains, 

� 

of inactivated oil emulsion (OE) vaccines prepared from

Velonenic strain and two vaccine
•elected clones of Nigerian • 

ltruoa.
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6,2,0 Experiment I: 

Response of chickens vaccinated with live NOV vaccines 

to experimental. chal.lenge by wild isolated Nigerian 

velogenic strains of Newcastle disease virus, 

6,2.l Materials and Methods 

6.2.1,l Vaccines 

The three live vaccines - the NOV intra ocular (i/o), 

NOV-Lasota and NDV-Komarov were supplied by the Virology 

Division of the National Veterinary Research Institute, Vom, 

ND i/o Batch No, 135 had an Ero50 of LOg 10-6 •5

NOV-Lasota Batch No. 240 had an Ero50 of t..og 10-8•6 while

f l.09 1010.3,
the Komarov vaccine Batch No. 85 had an EID

50 
o 

6.2.1.2 Challenge Viruses 

Nine of Nigerian velogenic strains were used. The

characterization of the strains had been described in

Chapter 3 Section 3,2.6,UNIV
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6.2.1.3 Chickens 

A total of 540 white Leghorn day old chicks , supplied

by the Poultry Division of the National Veterinary Research 

Institute were used £or this study. Birds were fed ad lib 

with mash ration and were housed in semi-isolation rooms 

with adequate heat supply. 

6.2.l.4 Vaccination 

The birds were divided into throe groups of 180 each. 

Each group consisted of 90 test and 90 control chicks, At

day old, the test birds in all the groups received one 

drop each of NDV-i/o into each of the eyes. The control 

birds received the same amount of sterile diluent in each 

of the eyes, 

At day 21, the test birds in group II and group III 

were vaccinated ,vi th NDV-L,asota dissolved in chlorine free 

water after they had been deprived of water for 8 hours.

The control birds were given the same amount of chlorine

free wa'ter.

At day 42, the test birds in group II[ were vaccinated

With the NDV-Komarov. Each bird received in 0.2ml of the

va 1 The control birds rccoivC?d
cc ne in the thigh muscle.
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the same a.mount of sterile diluent. The vaccination schedule
is shown in Table 15 • Five h.ck , c 1 ens randomly picked from
each of the test and control birds were bled for serum

before �ach vaccination. Sera were tested for HI anti

bodies and the Geometric mean HI titre calculated, 

6,2,1,5 Challenge Test 

Ninety birds each were picked from the test and control 

birds of each group and 10 birds each were challenged with 

one of the velogenic strains at the appropriate day, Birds 

in group I were challenged day 21 post-vaccination while 

birds in groups II and III were challenged on days 42 and 

63 respectively. The birds were given im 0,2ml of the 

h 
-6 

lc allenge virus containing 10 ELD50 per m • 

6,2,1,6 Results 

Between o and 3 (0-3os;) of group r birds vaccinated with NDV-i/o 
•ftd d w;th a velogenic strain died,-· subsequently challenge • 

All deaths occurred between 5 - 10 days poSt challenge,

All the surviving birds in  the vaccinated group had nervous

i All the control unvaccinated
• ons and stunted growth.

bi The GM titre of sera from
rd.a. died between 3-7 days• 

•
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Table 15 r 
-

vaccination 
Schedule 

NDV-i/o 

NDV-Lasota 

NDV-Koma.rov 

• 

106. 

Vaccination Schedule of Chickenswith three Uve NOV Vaccines

Day o-£ G r 0 u p

Vacci-
nation I II 

T C T C T 

0 + - + - + 

21 - - + - + 

42 - - - - + 

+ 
- Vaccinated-

= Not vaccinated

T • Test Birds

C = control Birds

III 

C 

-

-

-

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



107. 

the NDV-i/o vaccinated birds at the time of challenge was
5.6} N d S2 (L09 2 • o eath was recorded in group II birds

vaccinated with NDV-i/o and NOV-Lasota, however 40 out 

of 90 bi.rds, had mild nervous signs, torticollis and retarded

growth. All the control unvaccinated birds in this group 

died between 3 to 10 days post challenge. The GM titre 

of the vaccinated birds at the time of challenge was 294

(Log 2
802 ). Group III birds that received all the three 

vaccinations survived challenge with no death or abnormal 

signs. All the control birds died between 6-12 days, The 

GM HI titre of sera from the vaccinated birds had risen 

from 294 to 1060 ( Log 212 • 5),

The control birds were negative for ND HI antibody 

titre, Results of challenge test are presented in Table 

16, All death were confirmed as ND by necropsy and 

isolation of ND in embryonated eggs, 

6.2,1.7 Discussion 

obtained in this experiment have shown that birds
Results 

Vaccinated \vi th NDV-i/o alone will succwob to clinical

. between 0-3� whenND and a m.ortali ty ranging 

exposed to  virulent field velogenic ND

no death was recorded when the NDV-i/o

strains, Although

was boosted with
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NDlf-LASota, 40 out of the 90 birds showed mild clinical

disease when challenged with the velogenic strains. NOV-

Komai:ov con!"erred a solid immunity on the birds. Al though
a.namnes:ic response was noticed uter vaccination in each

case, it would appear that the level of immunity produced

by both the NDV-i/o and NOV-Lasota is not enough to

protect the birds from NOV infection when challenged by 

the virulent velogenic strains. The condition may even 

be worse on the field where post vaccination titre may 

not be as high as those obtained under the ideal experimental 

condition described above. The choice of ND vaccines 

varies from one country to another. In countries where 

the disease is under control the vaccine of choice ��uld 

be a lentogenic strain, but in countries like Nigeria where

the disease is endemic more virulent strains are used as

vaccines. The finding of this study clearly supports this.

It is therefore suggested that in order to build up enough

antibody level to withstand the virulent velogenic strains

the mesogenic vaccine should always be used alongside

the two lentogenic vaccines.
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6.3.0 Experiment I I 

Preparation of Experimental Inactivated Oil Emulsion 

(OE) Vaccines from selected Clones of Nigeria 

Velogenic Strains and 1\vo Vaccine Strains. 

6,3.1 Materials and Methods 

6.3.1.l Viruses 

Two clones UI-104L and UI-104S obtained !rom the 

parent strain UI-104 and two vaccine strains NOV-Komarov 

and NOV-Lasota were used for the preparation of the 

inactivated vaccines. Procedure for obtaining the clones 

and the properties of the clones have been described in 

Chapter Four, Section 4.2.3. 

6,3.1,2 Chickens 

1· d Newcastle disease susceptible chickens were supp ie 

from the Egg Production Unit o! the National veterinary

l!esearch Institute, Vom. UNIV
ERSITY O
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6.3.1.3 Reagents 

6.3.1.3.1 Beta-propiolactone (BPLl 

Beta-propiolactone was obtained from Sioma Chemicals
at a dilution of 0.1� in PBS as the

company, and was used 

inactivating agent • 

6.3.1.3.2 Arlacel A (Mannide Monooleate} 

Arlacel A obtained from Sig111a Chemicals Company was 

used as the oil phase emulsifier. 

Liguid Paraffin 

Liquid paraf'fin was obtained locally and it provided 

the source of mineral oil. 

Tween 80 (Monooleate Sorbitan) 

Tween 80 was obtained from Sigman Chemicals Company, 

and was used as the aqueous phase emulsifier. 

6.3.1.4 Preparation of Antigen 

Antigens were prepared from allantoic fluids of 9-10 
day old embryonated eggs. The eggs were inocul.ated with 
0,1ml each of the clones or vaccine strains containing
approximately 106

ELD50• Eggs were incubated at 37°c
and candled twice daily, Dead and moribund e99s were
chilled at 4o

C overnight before ready for harvesting.

Allantoic fluids were harvested, tested tor haemagglutinin, 

and titrated in embryonated eggs. The different allantoic 

•
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tluids were diluted to contain approximately 1010
ELD

per ml. The antigens we_re inactivated with o.l'5 beta-

propiolactone in PBS for 2 hours at 31
°

c. Inactivation 

•as test.ed and confirmed by three blind passages in

eabryonated egg. The allantoic fluid was certified free

ot live virus after the third blind passage, if no haema-

99lutination activity was detected. 

6,3.1.5 Preparation of Oil Emulsion Vaccine 

The OE vaccines were prepa_red according to the method 

described by Stone il .!!. (1978). An oil phase was first 

prepared by mixing 72 ml of liquid paraffin with 8ml of 

Arlacel A, while the aqueous phase was prepared by mixing 

19.2ml. of the inactivated a.llantoic fluid antigen with 

0,81111 of the 'I\veen 80. Both phases were then combined by 

adding drol)\vise to constantly stirred oil phase the aqueous

phase. This mixture contained 20% of the AF antigen and

resulted in a final concentration of LOg 109' 3ml of each

virus in the emulsion. Emulsification was done by combining

drop.vise the aqueous phase with the oil phase to give a

final aqueous to oil ratio l:4. EJDulsi!ication was done

in a "Virtis 4511 h mogenizer (The Virtis Company' Gardiner,

New 0� 30 for 30 seconds and completed
Y?rk) first at a speed � 
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at a speed of 50 for 60 seconds. The procedure for the 

preparation of the emulsion vaccine is presented in

Table XVII • 

6,3.1,6 Determination of Ei?u�sion Type, 
Viscosity and Stab1i1tv of the Vaccines 

The physical. characteristics of emulsions were deter

s:uned by the drop test according to the method described 

by Cessi and Nardelli (1973). Two drops of the vaccines 

were dropped separately on a clean microscope slide. 

One drop was mixed with one drop of oil and the other 

with one drop of water, The drops were observed for some 

few seconds, A water-in-oil emulsion should blend readily 

with oil but not ,.,ith water. 

The relative viscosity was determined by the pipette 

aethod. A 1ml serological pipette was filled with the

vaccine to the zero mark, and the time taken for the

l!tlulsion to discharge 0.4ml was taken. This was repeated

thrice with different pipettes, and the mean of three

detenninations was taken.

determined by accelerated aging
Emulsion stability was 

•t o Tubes were observed d.1ily,• 3? C in close glass tubes. 
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at a speed of 50 for 60 seconds. The procedure for the 

preparation of the emulsion vaccine is presented in

table XVII • 

6.3.1.6 Determination of �u�sion Tvpe, 
Viscosity and Stability of the Vaccines 

The physical characteristics of emulsions were deter

nincd by the drop test according to the method described 

by Cessi and Nardelli (1973). Two drops of the vaccines 

were dropped separately on a clean microscope slide. 

One drop was mixed with one drop of oil and the other 

with one drop of ,va ter. The drops were observed for some 

few seconds. A water-in-oil emulsion should blend readily 

with oil but not with water. 

The relative viscosity was determined by the pipette 

aethod, A 1ml serological pipette was filled with the

vaccine to the zero mark, and the time taken for the

l!l:lulsion to  discharge 0.4ml was taken. This was repeated

thrice with different pipettes, and the mean of three

detel"lllinations was taken. 

determined by accelerated aging
Emulsion stability ,vas 

�t o Tubes were observed daily,
a 37 C in close glass tubes. 
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Step 21 

Step 31 

Step 4: 

114. 

Procedure tor the Pre arat· of Inactivated Oil Em�ls1.·on1.
o
v
n ot_lOOml. 

C di accine a cor ng to Stone et al 1971:f 
- -· . 

Prepare oil phase: 

(a) 

(b) 

Liquid paraffin 

Arlacel A 

(c) Mix thoroughly A and B 

Prepare aqueous phase: 

(d) 

(e) 

( :f) 

Antigen 

Tween 80 

Mix thoroughly D and E 

Combine aqueous and oil phases1 

( g) Add aqueous phase dropwi.se to

constantly stirred oil phase.

72.0ml 

8.0ml 

19.2ml 

0.8ml 

Emulsify combined aqueous and oil phases 1

(h) Homogenise mixture to obtain the 

emulsion vaccine • 

• 
•

• 
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and the time it took for the emulsion to separate into the
aqueous and oil phases were observed, The emulsion was
regarded a s  stable if it did not separate into the two
phases of oil and \Vater, 

6,3.1.7 Vaccination of Susceptible Chickens 
with the Oil Emulsion Vaccines 

Four hundred 3-week old NOV-susceptible chickens were 

divided into 5 groups each of 80 birds, Birds in groups 

A and B were inoculated with vaccine prepared from clone 

104-L and clone 104-S respectively. Those in group c 

received vaccine prepared from NDV-Komarov \�hile group D 

birds received vaccine prepared from Lentogenic strain 

Lasota, The last group served as the control group. Each 

bird received O,SmJ. of the appropriate vaccine subcutaneously 

in the neck region, thus bringing the .!JllOunt of virus 

injected into each bird from the LOg 10
903ml of virus 

L09 109,0, Group E birds contained in the vaccine to 

were inoculated with o. 5ml of normal allantoic fluid,

Birds were housed in semi-isolation rooms and were

bled for 10 weeks, starting from the
at weekly intervals 

second week, 
· · d a1 chicken was 

The immune response of ind1v1 u 

geometric mean titre ofmeasured by the HI test and the

e d from the results,ach group of birds calculate

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



r 
116. 

6,3,1,8 Cha1lenge Test 

The vaccinated birds were challenged at ao and 2o

-eeks post vaccination. On each occasion, 20 birds from

each of the vaccinated group was challenged with either

NDV-Herts or KAD 1077. Each bird received intranasally 

0,2ml of the challenge viruses containing 106•0 ELD.so

per ml, Birds were observed for 15 days for signs of 

Newcastle disease. 

6,4,0 Results 

6,4.l Viruses 

All the viruses grew to a high titre in embryonated 

eggs when inoculated at a 10\'1 multiplicity, Infectivity 

titre ranged from 11,1 (104-L) to 13,2 (Lasota)• The HA

titre of the respective allantoic fluid 

ue NDV-Lasota, 11.0, NDV-Komarov, 9,3, 

104-L 8, 9 (Table 18) •

• 

in Lo92 titres

104-S, 10,8 and
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table 18 I

• 

Clones 

UI-104-L 

UI-104-S 

ND-Komarov 

NOV-Lasota 

117. 

LoglO 
ELD

50 
and Log2 HA Titres of the

Allantoic Fluids used in the Preparationof Oil Emulsion Vaccine • 

• 
• I 

Titre of allantoic 
fluid in Embryonated 

Egg (LoglO ELD50) 

11.1 

13.0 

11.6 

13.2 

HA titre of harves
ted a.l.lantoic fluid 
(Log2 HA50 )

8.9 

10.8 

9.3 

11.0 
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6,4,2 Physical. Characteristics of Vaccines 

The prepared vaccines were of the water in oil types, 

All the vaccines readily blended with oil. A water-in-oil

eJ:1Ulsion vaccine will readily blend with oil. It took 

between 8.0 to 8.3 seconds for the vaccine to discharge 

o,41111 from a lmJ pipette. The standard average for 

emulsion vaccine is between 3 to 15 seconds. The vaccines 
0 were stable at 37 C and room temperature for 11 weeks and 

8 months respectively. A stability of 6 weeks and above at 

31°c is general.ly acceptable. The vaccines were tolerated 

by the birds and were easy to inject (Table 19) • 

6,4.3 Result of Vaccination 

The GM titre 2 weeks a.fter vaccination ranged from 

Log 23•3 for OE-Komarov to Log 26•4 for OE--l04L. Peak

titres were obtained at 10 weeks (Log2 9.1) for OE-l041.,

8 weeks (1.o92 8.7) for OE-Koroarov 8 weeks (Lo92703) for

OB-104-S and 6 weeks (1.09 26. 6) for OE-Lasota. The weekly 

�� titres are shown in Fig. 4 • 

• 
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table 19:

vacc:i.nes 

OE--l04L 

OE--1045 

OE--NDV

Komarov 

OE--NDV

Lasota 

• 

119. 

Physical Characteristics of the 
Oil Elnulsion Inactivated Vaccine 

Viscosity 
Test in 
(Secs.) 

e.o

e.o

e.o

Eluulsion 
Type 

Ble.nd readily 
with oil 

Blend readily 
with oil 

Blend readily 
with oil 

Blend readily 
with oil 

Stability 
Test (Weeks 

at 37oC) 

11 

11 

11 

11 

•
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6,4.4 Result of Challenge Test 

All the birds resisted challenge by both the NDV-Herts 

and Nigerian velogenic strain KAD-1077 10 weeks after 

vaccination. At 20 \oJeeks post vaccination, 1 out of 20

birds (5%) vaccinated with the OE-104-S and challenged 

with KAD-1077 died, representing 9.5% protection. No 

death was recorded ,vi th birds challenged with Herts 33/56. 

Three of the 20 birds vaccinated ,vi th OE-Lasota and 

challenged with Herts died 20 weeks aiter vaccination while 

5 out of 20 birds challenged with KAD--1077 died. These 

represent 85 and 75 percent protection respectively (r-i9. 5), 

6,4,5 Statistical Analysis 

The result discussed in section 6.4.3 was further 

subjected to conventional statistical analysis, The 

aethod of .i.nalysis is the standard analysis or variance.

The result is calculated from the HI titre stimulated

by the different OE v.i.ccines.
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calculated F = s.20

Tabulated F
(
J, 36, o.OS) = 2,86

calculated F> Tabulated F at 0,05 significant level 

The Null hypothesis (Ho) states that 

Ho= Mean l04L = Mean 104S - Mean OE-K = Mean OE-I..

The Alternative hypothesis states that 

Hl = Mean l04L f Mean 104S f Mean OE-K I Mean OE-I..

Reject Ho that the means are equal and accept the 

alternative hypthesis that the means are not equal. 

Result of statistical analysis confirl!IS the result 

expressed in Section 6,4.3 and represented in Fig, 4 that the 

differences in the HI titres stimulated by the OE vaccine

are significant.
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6.5.0 Discussion 

There has been an increased · t in erest in the use of
inactivated oil-emulsion vaccines in recent' yea.rs in
£Urope and AJDerica where both field and laboratory evidence
suggests that these vaccines induce high levels of protection
against clinical VVND (Hofstad 1963; Box and FUJ:111.inger,
19751 Stone !! al, 1978 and Edison, !! !!., 1980). However 

the use of such vaccines ha.s not been introduced into 

Nigeria. There i s  the urgent need to consider the use of 

inactivated OE vaccines considering the rapid expansion of 

poultry industry in Nigeria. Control of the disease in  

Nigeria is by vaccination using the three live vaccines 

produced at the National veterinary Research Institute. The 

use of these vaccines have not been without problems. Post 

vaccination reactions such as drop in egg production and 

outbreak of overt clinical disease a.re often associated 

with these vaccines especially in partially immuned chickens.
Apa.rt from the diversity in antigenecity and the differences
. 

one other factor that may1n pathogenecity and virulence, 

b Of these vaccines in thee responsible for the failures 

field may be due t o  loss of Of the live vaccines due
potency 

t and the improper storage.
0 -the·hot tropical weather 

shown that the 
However recent findings by Patrick <1986) have

vaccines a.re relatively stable under field
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conditions. These two problems may be solved by (1) preparing 

a vaccine for local use from a local strain. ' (2) preparing 

an inactivated vaccine that will be able to withstand the 

hot tropical climate • 
• 

There a.re at present a number of methods of obtaining 

vaccine strains from wild ND strains. Reeve_!!� (1974) 

derived a less virulent but comparatively immunogenic strain 

from the wild Essex 70 by the limiting dilution. Lomniczi 

(1975) obtained a less virulent clone from the Hertfordshire 

strain by the plaque purification method, while Smith and 

Parsell (1977) obtained a temperature sensitive mutant 

from the wild Essex 70. Thiry (1964) chemically induced 

small plaque mutants by using Na.N02• In all, it has been

demonstrated that through some laboratory manipulations, 

it is possible to obtain a vaccine strain from wild field 

strains. In this study, two clones isolated from a Nigerian 

velogenic strain, and two vaccine strains currently in use 

in Nigeria were used to prepare inactivated oil emulsion 

vaccines. The two clones were found to stimulate high 

antibody level in vaccinated chickens. One of the good 

qualities required of a strain to be used as inactivated 

vaccine is the ability of the strain to grow into a high 

titre in the embryonated egg. The two clones derived from 

•
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the Nigerian velogenic strain grew to high titres (ll.l 

and 13.0 ELD50) in the embryonated egg. No further

concentration of the AF was needed before use in the 

preparation of the OE vaccine. This was achieved by 

repeated passages of the clones in embryonated eggs at 

low multiplicity dose • 

The immunogenecity of a strain of NOV as a live 

vaccine is dependent on the ability of that strain to 

multiply and subsequently contain viral particles 

sufficient to stimulate elevated immune response. In 

contrast, the immungenecity of inactivated vaccines is 

dependent on the antigenic mass o! the NOV strain 

introduced into the organism. However, the ability of 

each antigenic mass of the different strains to stimulate 

immune response further depends on the stability rather 

than the virulence of the antigenic material (Gough and 

Allan, 1974), This probably explains the differences 

in the immune response obtained in this st.udy where equal 

amount of virus was inoculated into the chickens. Earlier 

reports have sho1m that the haemagglutinin of the virulent 

strains are more stable than the less virulent strains 

(National Aca. Science, 1971) • 

• 
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Results obtained from the antibody response of the 

chickens following vaccination showed that u;-l04L, 

NOV-Komarov and UI-104-S stimulated HI titre significantly 

higher than NDV-Lasota. Result of stability test carried 
• 

out on the viruses in Chapter 3 Section 3.2.6.4 showed 

that the haemagglutinin of UI-104 and NDV-Komarov were

stable for 120 minutes at S6°c while the Lasota was

not stable at all. In a similar work, Gough and Allan 

(1974) found that the Ulster 2C strain was superior in 

activated vaccines than the F, Bl and Lasota strains because 

of the relative stability of its antigenic material. Nedelicu 

et o.l 
--

(1982) also observed differences in the antibody 

level stimulated by four strains of ND virus. The difference 

in their result was attributed to the "intrinsic immuno9enic 

value of a fixed number of viral particle", i.e. the 

ability of the viral particle to remain immuno9enic. 

The result obtained in this study indicated that the 

UI-104L obtained from a Nigerian velo9enic strain is better 

than NOV-Lasota as an OE vaccine. Antibody response 

developed rapidly, a titre of Log26.2 in 2 weeks, in  chicke.ns

vaccinated with OE--l04L. This property will make it a 

•
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vaccine of choice during an epizootic. One of the greatest 

disadvantages of using virulent strains in inactivated 

vaccines may be the possibility of introducing the disease 

into a flock as a result of incomplete inactivation. 

This problem can however be taken care of by thorough 

and well tested inactivation. 

There is a similarity in the result o! protection 

tests with both the three live vaccines and the four 

inactivated vaccines. With both live and inactivated 

vaccines chickens reponded with higher antibody response 

.follo1vin9 challenge with virulent strain than with 

non-virulent strains. In live vaccines, the moderately 

virulent strains multiply faster and attain higher titre 

in the orgo.nism, while in inactivated vaccines, the 

haemagglutinin which is responsible for the antigenecity 

seems to be more stable with the virulent strains. 

It can be seen that from the challenge test with 

the live vaccine that birds vaccinated with NOV i/o and 

Lasota, if exposed to very virulent strain of NOV may 

likely respond with clinical NOV. In a similar result, 

all the birds vaccinated with the four inactivated 

vaccines were protected when challenged with two velogenic 

strain 10 weeks after vaccination; however between� and 
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25'5 mortality was recorded among birds vaccinated with 

OE 104-5 and OE-Lasota 20 weeks a.:fter vaccination. It is 

likely that the immune response stimulated by both 

OE-Lasota and OE-104-5, had already declined below the 
• 

protective level at 20 weeks while the immune response 

stimulated by OE-104L and OE-Komarov was still very 

high at the same time (Fig.4). Comparative studies on 

the duration of immunity of such vaccines will be 

necessary in future. Patrick (1986) using the existing 

live ND vaccines in Nigeria observed that the moderately 

virulent Komarov strain elicited a higher antibody response 

(Log 29 •7
) than the Lasota strain (Log 2608

) . He however

recorded a mortality of l()sg when the live Komarov was 

used alone as a result of post vaccination reaction. 

While the result obtained with the inactivated vaccines 

is similar to what Patrick (1986) observed in this study, 

the inactivated vaccine however had an advantage over 

the live vaccines as far as post-vaccination reactions 

are concerned. 

At present it seems there is no satisfactory 

information on the duration of immunity of either the live 

vaccines or inactivated vaccines to the Nigerian velogenic 

strains of NDV. This is an area that requires further 

investigation. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



131. 

CHAPrER SEVEN 

7.0 GENERAL DISCUSSION AND CONCLUSION 

Newcastle disease will remain a big threat to 

poultry industry in Nigeria for a long time to come. 

The disease is endemic in the country, and the prevalent 

ND strains in the field are the virulent velogenic strains 

to which the exotic birds are exposed. These virulent 

strains are maintained by the free roaming Nigerian local 

chickens (Nawathe � & 1975, Adu��. In Press). 

It has been established through this study that the 

most prevalent strains of NOV in Nigeria are the highly 

virulent velogenic strains. Serological and pathogcnccity 

tests have also shown variations in  antigenecity and 

virulence between virulent strains and the vaccine 

strains in use in Nigeria. It is likely that the high 

virulence and extreme velogenic nature of the Nigerian 

strains has contributed to the difficulty in establishing 

the required degree of protection in vaccinated flocks. 

These may be one of the major contributing factors of 

vaccine failures often reported from the field. Allan 
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chickens to response to challen9e with Herts 33/56 found 

that birds having Lo9 22 or less will suffer•lOC)Sg

mortality while birds with HI titre of between Loo 2
2

to Log 25 wil.l record a :nortali ty of l()ll5. Birds with

titre of Log 2
6 to Log 2

8 may not su.ffer any mortality

but serious drop in production may be recorded. There 

is every likelihood that when vaccinated chicks are 

challenged on the field by these virulent strains, the 

extremely velogenic nature of the challenge virus 

causes a drop in the antibody level below the protective 

level ra.ferred to by Allan (1978) and since the challenge 

virus is still available to attack the chicken, the 

clinical disease often results. This postulation was 

further strengthened by the finding of Beard and Brush 

(1975) who claimed that al.though vaccination can confer 

su.fficient flock immunity to protect a9ainst lethal 

infection with virulent viscerotropic NOV, however such 

birds may shed large amounts of virus and come down with 

nervous signs 18 to 21 days after exposure. A similar 

situation may be occurring in the field in Nigeria. 

Field experience has shown vaccine failures in NOV 

vaccinated birds in recent times. Three reasons may 

be easily deducted from this (1) either faulty preparation 
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of vaccin� or (2) the vaccines do not stimulate enough 

immune rcs()Onse as a result of many facto�s or (3) illltibody 

titre in these birds had dropped below th-2 acceptable 

protective level as a result of challenge by these extreoely 

virulon t strains. In this stnc.Jy it was found tha
1

t a ti trc 

of LOg 25
•
6 

did not protect uetwcen 0-30:'o of the vaccinated 

cliickcns when challcn9ed with the t1i9erian velogenic strains. 

While� mortality w.:is recorded M10n9 birds with titre of 

LO() 2
8

•2, -10 (·1·1i'i,) of the- l>irds showed mild clinical signs

0£ l'IDV. This is i11 aorcemen t with the f .indinos or Beard 

and Brush (1975) and All.in� at (l'l78). In view or the 

above, and in order to control NO effectively, a reappraisal 

of the existing v.:1ccjnes and vaccination pro�rr=es in 

Nigeria may have to be Ut:(Jcntly lool<cn into. This is where 

the introduction or inactivated OE v.:iccines will be o! 

advantage especially when combined w:ith the live vaccines. 

1-/ht,?n combjned with live vaccjncs, OE v.i.ccines will be able 

to maint.iin lhe high antibody level nccd�d to 

with the virulent firld �trains, bccnuse 

resist rhallenge 

of their 

adjuvilJ'lted nature o.nd grudual rele.:1se of their unligenic 

m.:1ss. 

rt is also very neccss.:1ry to undertake a study on the 

duration of i111J11unity conferred by the existing vo.ccincs 

against the Ni9eriru1 v�lo9cnic slrains. 

Si()ni.Cico.n l ilJ'I Li9enic vnt·i.:itions ho.vc been established 

in this study uctwC!cn the velogen ic s I r.i ins , I the 

vaccine slra.ins. This di£.fercnce was however not detected 

in the in vivo test. The factors leatl.in(J to no.tural 

selection of a given virus .:ire lac<Jcly unknown. Although 

NOV is kno1•m to be a sjnglc sc.t'otypc, the-re cemnins :i

• 
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possibility that the viral. glycoproteins may undergo 

some minor antigenic drifts that escapes detection by 

the conventional. neutralization and haemagglutination 

inhibition tests. Therefore, it will be of interest 

to elucidate the detailed relationship between the 

changes in primary sequence of each glycoprotein and 

its antigenic structure employing more discriminating 

serological probes such as the monoclonal antibody 

technique, Since it has been suggested that structural 

changes in the external glycoproteins might have a 

definite correlation with the evolution of strains with 

different pathogenecity, the monoclonal antibody technique 

may as well be the perfect tool for use in the development 

of a specific glycoprotein related vaccine for future 

use in Nigeria. 

Result obtained during the course of this study 

has shown that the N'DV i/o and NOV-Lasota vaccines are 

not immunogenic enough to confer the degree o� immunity 

required to protect birds against the Nigerian velogenic 

strains of NOV. It is therefore recommended that the 

National Veterinary Research Institute, Vom recommendation 

on vaccination programme should be strictly adhered to 

meanwhile. It is therefore sugges�ed that on no occasion 
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should the lentogenic vaccines be used a.lone. While

the live Komarov vaccine elicits higher antibody level 

than the two lentogenic vaccines, the adverse post 

vaccination e£fects frequently noticed in vaccinated 

chickens has limited this advantage. It therefore seems 

logical that the immediate answer to the problem may be 

the introduction of inactivated oil emulsion vaccine 

prepared from a moderately virulent or more virulent 

strain. The ability of oil emulsion vaccines to remain 

immunogenic for a long period and to continue to stimulate 

high immune response as a result of the gradual release 

of the antigenic mass will be of great advantage in 

situations where high antibody level is required to 

protect against highly virulent wild strains. There 

is therefore an urgent need to introduce inactivated 

oil emulsion vaccine for use in Nigeria. 

In this study, the following findings were established:-

1. The prevalent strains of ND in Nigeria is the

velogenic strain.

2 Variat�on between the vaccine, There is antigenic • 

strains in use and the prevalent velogenic strains.

3 Vacc�nes used for vaccination in
• The lentogenic • 

Nigeria are not immunogenic enough to confer the 
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degree of immunity required for ptoection against 

the prevalent velogenic strains. I 

4, A clone of low virulence (UI-104--5) was isolated 

from a Nigerian velogenic strain • 

5, An experimental inactivated oil emulsion vaccine 

prepared from UI-104L, a clone isolated from a 

Nigerian velogenic strain stimulated higher antibody 

response in vaccinated chickens than the corresponding 

vaccines prepared from the two vaccine strains in 

use. This vaccine also conferred l� protection 

on chickens when challenged at 20 weeks with 

both NDV-Herts 33/56 and a Nigerian velogenic strain 

KAD-1077. 

The following recommendations are there.fore put 

forward: 

l, Because of the preva1ence of the viscerotropic 

velogenic strains of NOV in Nigeria, it is sugge5ted 

that a reappraisal of the current vaccines and 

vaccination procedures now practised in Nigeria 

should be re-Q)(amined. 
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2. Birds should not be vaccinated with the lentogenic

vaccines alone, but should al1Yays be accompanied

with vaccination :from a more virulent strain.

3. There is the urgent need to introduce inactivated

vaccine prepared from a more virulent strain in

commercial basis in Nigeria. It is therefore

recommended that a nationwide test of such

vaccine conducted on a large number of birds be

embarked upon in the nearest future.

4. There is the urgent need to detenninc the duration

of immunity of NOV vaccines against the Nigerian

velogenic strains of NOV following vaccinations,

s. A further pathgenecity test should be done on the

UI-104-S clone with the aim o:f finally obtaining

a vaccine strain from it.

6. A further serological tests to determine the detailed

relationship between the strains of the virus in

Nigeria should be undertaken using a more discrimina

ting method like the monoclonal antibody technique.

This may enable the isolations of specific glyco

protein that will be of :future use in vaccine

production in the country.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



137. 

2, Birds should not be vaccinated with the lontogenic 

vaccines alone, but should always be accompanied 

with vaccination from a more virulent strain. 

3. There is the urgent need to introduce inactivated

vaccine prepared from a more virulent strain in

commercial basis in Nigeria. It is therefore

recommended that a nationwide test of such

vaccine conducted on a largo number of birds be

embarked upon in the nearest future.

4. There is the urgent need to determine the duration

of immunity of NOV vaccines against the Nigerian

vologenic strains of NOV following vaccinations, 

S, A further pathgenecity test should be done on tho 

UI-104-S clone with the aim of finally obtaining 

a vaccine strain from it. 

6, A further serological tests to determine the detailed 

relationship between tho strains of the virus in 

Nigeria should be undertal<en using a �re discrimina

ting method like the monoclonal antibody technique. 

This may enable tho isolations of specific 9lyco

protein that will be of future use in vaccine 

production in the country. 
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