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AIlSTRACT 

Three laboratory trials Wert: conducted in commercial broiler chit:kt,:ns \0 dd~nllilll.! Ih!.: 
efficacy of the heat-resistant NDV-12 vaccine (similar to V4 vaccine). and to compare the 
NDV-I~ vaccine with conventional vaccines (HBI and LaSola). Sorghum and barley were 
tested fo r their suilabiJity as vaccine carriers for oral administration. Further on dght field 
isolates of NOV were tC::ilCd for thei r pathogenicity and nine NO outbreaks between 1983 and 
1995 in state poultry farms in Ethiopia were studied retrospectively. 

In Ihl.! vaccination 1rials, chickens were vaccinn tcd twice or three timcs with NDV- i2 and 
conventional vaccines via the ocular and/or the drinking water route, and via feed with 
parboill.!d and untreated barley and sorghuill as carriers. Sera wcre colle-c tcd al wc\:kly 
intervals up 10 the end of the tri:11s and were tested for haenugglutinatioll.inhibition (! II) 
activi!y. The protcl:lion lewl was assessed by challenging the chickens intramus..:ul<lrly by a 
locatly isolated velogenic strain of NDV. 

Strain characterization was carried out by the standard methods for dctamining mean deat h 
time (~IDT) in 9-day -old embryoJ1[tted eggs . by calcu lation of Ihe intracerebral pathogenicity 
index (JCPI) in one-day-old chicks and the intravenous pathogenic ity index (IYPI ) in 5i.x ­
week-old ch icks. Further monoclonal antibodies (Mabs) was used lor Ih!.! differentiation of the 
field NDV isolates. 

In the retfospectiw NO outbreak study, farm data were grouped aecording 10 study 1~!fIns, 

season, type ami age of the l:hil:kens, typc and frcC]uency or vaccination and concurrent 
diseases, and were analyzed for cfude and specific mortality rates due 10 ND. A[so. the 
possiblity of association between ND occurrences and husbandry factors wert: eV:.1lu<l1t:c1. 

The n:sults of the vaccinatio n trials showed that conventional (HO I and La Sota) and the 
Ihermostabk NDY-1 2 vacci nes guve simi lar antibody responses anJ protection against 
challenge when given via the ocular and the drinking W<l1<.!f route. The oral application of 
NOV·1 2 was also shown to be effective with barley as vaccine carrier if barley was pretreated 
by parbo iling. In contrast, untreated barley and both unl r\!uted and tre;lIi.:d sorghulll h[ to a 
rapid decrease of the virus titre and gave no serological response and protection against Ilw 
challenge vi rus. 

The characleriz.."1tion of th\! 8 field isol<l1es by mean death tim!.! (MDT), intracerebral 
pathogenicity index (JCPI) and intravenous pathogenicity imk.x (lVPI ) demonstrated that all 
isolates, including the challenge strain (Alemaya) were vdogcnic strains of NDV. The 
monoclonal antibody test (Mabs) !"c:vealed that, all isolates diner from c:lch other c.xccpt 
Oembi I anti Ol.!lll bi 2, indicating that diJ"ferl.!flI \dogcnic :Hraills orN!)V an.: circulating inthc 
country . 
The retrospective study of £) field outbreaks of ND which had occ urred between 1983 and 
1995, revealed thai tben: was no seasonal pallern to lilt.: outbreab, thallbl! Ji:-;ease was m;linly 
attributable to managcment and feeding [,]lilts, and that the NO sy mptoms were aggravated by 
concurrent diseases. ! lumans played a role in the spreading of thl! disCJsc. Till.! usC" of an 
inactivated vaccine: substantially decreased mortality and egg produc tion losses. 
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PART 1.0 INTRODUCTION AND OBJECTIVES 

A large proporti on or the hum;)11 world population Loday is insufficiently supplied wilh ljll:llily 
protein in the diet. This is particularly true fo r a large part of tile population in Ethiopia. 
Poultry occupies a unique position through ils contribution to the supply of va luahle food 
protein as weI! as by providing income to the families in developing coun tries. 

One of the main faclors impairing poultry production is disease. The current diseasc-rdated 
morlality from egg \0 adult chicken age is est imated between 20% and 50%. During some 
spect:::lcular epidemics mOrl31ilies as high as 80% were recorded. Added \0 Ihi s mllst be the 
loss of production of Ihl.! surviving sick birds (Alama rgol, 1(87). 

In most deVeloping countries Newcastle disease (NO) appears to be the 1ll0S1 im portant av ian 
disease . Virulent strains are widdy distributed and seriously inlarerlC with the development of 
the pou lt ry industry. Farmers consider NO as a serious constraint to investing in the poultry 
business. 

In Ethiopia it is apparent that village chickens are marc important than modern inlensive 
poultry production, both with regards to total numbers and to meat and egg production, 
despite the poor productivity o!"village chickens. They are us ually kept in sm:ll1 numbers. they 
leed on leftovers, they require liule atten tion and spend most of their lime scavenging around 
the compound. They require no specific housing, breed nalur:.llly, receive no health care and 
are usually not vaccinated. 

Newcaslle disease in commercial or village chickens is a problcm throughout Ihe year 
although it is more serious at the beginning of the r:liny season. The spread of NO in rural 
areas may be enhanced by selling or giving away sick birds, by carrier birds and by the 
roaming of chickens in search of feed. !n contrast to commercial ch ickens. no efforts have 
been made in Ethiopia to control NO in village chickens. 

The use ofCOt1Venlionat vaccines for control of NO in village birds poses a ditlicult problem. 
Effective vaccination with conventional vJccines involvl.!s maintaining. a cold chain. catching. 
and handling each individual bird (\\hich is time-consuming and laborious), llsi ng skilled 
vaccinators and repeating the whole procedure sufficiently olien to cnsure thut every bird 
receives at least l\vO dosl!s of vaccines at different times. In addition, the vaccines thcmselves 
can produce complications which may reduce the birlls · productivity or even resu lt til clin ical 
disease. 

Protec,ion or the immunogenic potential of the thermostable V-l strain of Newcastle disease 
virus (NOV) was reported by several workers (Fre nch el (I/. , 1967; SclMlkoort and Spmdbrow, 
1980; Ibrahim C:f lI/. , 1981; S'l!:;ild anti Sp.datin, 198:2; Westbury, ]9).;4: Spradbrow, 1')1)1). 

Also many foou stuffs have been tested as carriers of the vacc ine and 110t all were found \0 be 
suitable, some haw even proved unsuitable. I lowcver, some feed stuffs have not been studied 
in detail, such as sorghum, millet and other small grai ns (Spradbrow, 199:2). 



OBJECT! VES 

The main objectives of this study were: 

to study whether the heut -resistalll NDV·1 2 st rain ofNewcaslk disease vaccine g ives 

adequate prorcction against velogenic strains ofNDV. 

2 to compare the heaHcsistant NDV- I ~ Newcastle disease vaccine with the conventional 
vaccines (H131 and LaSota) in terms o f immunogenicity and protection. 

3 to test the suitability of sorghum and bnrley as vaccine carriers. 

4 to characle rile field isolates ofNcwcastle disease viruses frolll Ethiopia. 

:5 \0 study retrospectively NO outbreaks \\hich had occurred b~l\Vcell 1983 and 
1995 in State Pouliry Farms in Ethiopia. 

PART 2.0 LITERATURE REVIEW 

2.1 Poultry Production in Ethiop ia 

Poultry raising has a long tradition in Ethiopia. Many people both in rural parts and urban 

centers of the country arc engaged in keeping small numbers of chid,ellS in thL"ir backy:::trds to 
produce eggs and poultry meat for home consumption and (0 earn some oee:::tsion:ll income 
(Alemu, 1985). 

The most recent estimnte of Ethiopian chicken population is about 58 million (fAO, 1993), 
out of which only one paeent is found in large and small scale modern farms under induslrial 
management. The o tber 99% of Ihe flocks are raised under lraditional or backyard conditions 
(Alamargol. 1(87). Ewn though chickens arc found in all parts of the country. densities dif,cr 
from region 10 region. According 10 the 199-1./5 census of the Central St:::ttistics Office. the 

highest number of ehid..ens are found in the regions of Oromia and Amhara. 

The poultry sector in Ethiopia is based on chicken production . o tller domesticated birds (e.g. 
turkey, guinea fowl, pheasants, ctc.) are almost unknown to the m'Uority of the people. The 
sector is primarily concerned with egg production, \\hile poultry meat production can bl..' 
considered a byproduct of egg productitlll. There are three main types of produca ... : the 
traditional subsistence produce!"s, small scale and large scale commerci:::tl producers. 

Tb~ bal.:kyard syskm is characterized by minimum inputs from thl..' owners, with bi rJ ... 
scavenging around the 1:1rm or belonging to hOllseholds using no major inputs other than 
occasional grain feeds and hOlLsehold wastes (Alemu, 1985; Tadelle, 19(6). The standard of 
housing varies greatly. In some areas primitive poultry houses are built li'om simple iocnlly 
available materials, whidl in most areas the chickens share with their human 0\\ Ilcrs at night 
(Alemll, 1995; Tadelle, 1996; Nasser, unpublishl'd). Nesting materials are ofk"ll provided to 

simplify the collection of eggs and to allow the control of bro~)(ling. Fertile eggs :I re hatched 
under broody hens and the hens attend the clutches of chicks. oftl..'ll without human 
intervention (Alemu, 1985; Nasser, unpublished). 
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From observations made so far, indigenous birds are very low producers of poultry meat Llnd 
eggs. The annllal production of 1I natiw hen is about 40-60 eggs with an average weight of 
39-46 grams (Alelllll, 1985). Tadellc (1996). after reviewi ng studies of n.: search stations. 
stated that the average annual production of a native hen was 36-60 eggs lJ!lder vi!lnge 
conditions but Ihis could be improved to 80-100 eggs under sImian conditions. The study fit 

the Asela livestock fJrm revt:aled that the average production of local birds nround "rsi was 
34 eggs per hen per annum, with an average egg weight of 38 grams (I3rannang and Persson. 
1990). In regards to meat production, indigenolls male birds reach an average weight of 
\.52 kg in about one )Car (A!elllll, 1985). Another study, conducted on fiw different local 
chicken str:lins, showed 1.38 kg within six months under research conditions (Teketel, 1987). 
Besides low genetic potential, malnutrition. diseases and poor management probably 
contributt! most to this low productivity (Alamargot, 1987). 

On the other hand, in Ethiopia thl.: commercial poultry industry is still in its rudimentary stage. 
It is import-dependent fo r breeds, premixes, drugs and poultry equipment. Lack of qua lity 
food and of .1 market organization are also ant! of the presellt shortcomings (ilabte, 1987; 
Nasser, unpublished). Sma!! scali.: cOIll!l1l:rcial systems keep mainly broilers and are found in 
the surroundings of the cities, especially around Dcbre Zeit. Addis Ababa and Nazreth. They 
are usuaUy operations of about 100-10000 birds in simple open-sided houses with wire mash 
on two sides. In contrast large scale poultry farms are owned by the state and are integrated. 
combining breeding, hatching, pulkl raising and egg and broikr produc tion (Nasser, 
unpublished. Alemu, 1985). 

In Ethiopia almost the entire production of eggs and poultry meat is dcri'oed from indigcnous 
flocks. Rural poultry prodlh..:tion represents a significant part of the national economy in 
general and of the rural sector in parlicuhlr. [t contributes 98.5% and 92.5% of the national 
egg and poultry meat production, respectively (AACMC, 1984). Annual output is estim:lted at 
72300 metric tons of meat and 7800 metric tons oft!ggs OLeA, 1993). According to th~ Wall 
poultry year book of 1991, Ethiopia in 1990 productd 1978 million eggs, 92 million ~hick~ns 
were slaughtered, and 7-+000 m~tric tons of poultry meat wen.:: produced with nn average 
carcass weight of 0.8 kg. In 1981. Ethiopia produced 73800 metric tons of eggs and 6000 IOns 
of poultry meat (F AO, 1981). The contribution of improved br~eds was estimated to be 1000 
tons of eggs and 500 tons or poultry me:l.t. In 1986.77300 tons of poultry meat \H:re prodUCed 
(Anon, 1989). Presemly, poultry accounts for 15% of the total pen:apitu meal consumption in 
the country (FAG, 1993). 

Different estimates were made regarding the average numbl.!r of chickens per household. 
AACMC (1984) e~timatC'd six birds, Tadelle (1996) 7-10 mature birds and FAD (1993) 6·10 
birds. A small proportion of this is available for consumption by th~ family. The rest of the 
eggs and chickens is solJ by the rural people to buy essential household items su..:h as salt. 
soap, coffee, to pay scbooll~es and to buy ~cJlOol materials (Mebratu, unpublished). 

Different poultry diseast!s have be~n recorded in Ethiopia. The major economic losses arc due 
to: Newcastle disease, s<llmonellosis. nutritional ddiciency diseas~s, coccidiosis. 
mycoplasmas is, rowlpox, lymphoid leucosis (Alamargot, 1987. pasonal communication). 
Other diseases such as necrotic enteritis. omphalitis, external and internal parasites, and 
aspergillosis cause severe losses (Nasser, unpublished). 
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2.2 Newcastle Disease 

2.2.1 Dcfiniiio n ami his tory 

Newcastle disease (NO) is a highly contagious and destruclive illness in chickens, tLlrkeys nnd 
many mher birds (Hanson, 1978; Nonnewitz, 1986). It is characterized by tht! lesions in the 
respiratory tract, visceral organs and brain and causes moderate 10 seven: mOrlality and 

mo rbidity in suscepti ble flocks. 

The disease was first repo rted o n the island o f Java, Indonesia ( Krant!veJd. 1916) and 
Newcastle up on Tyne, Eng.land (Doyle , 1927). It is from this town that the disease has its 
name. According to Spradbrow ( 1987) and A lexander (1988) the di sease \Vas recogni zed in 
other parts o r Asia (Korea, Philippi nes and India) in the same and subsequen t yea rs. However. 
sevt::raI reports exist in the literature of dist!ase outbreaks which predated th t.: year 1926. 
Hanson ( 1978) and Alexander (1988) reviewing the literature. staled that NO firs t occurred in 
and around sea ports, apparently as a result of commercial activities by sea, and then sp read 10 

the interior of the cOllntries much later. 
Alexander ( 1988) described th ree pUllzootics of NO since ils firs t recognition. Lancas ter 
(1966) reviewed the worldwiJe spread o f the disease from 19:26-196 .. L Hanson (1978) 

grouped the theories on the origin of the: NO virus into three categories: the fir~t theory 
assumes mutation of the virulence of a rdated chicken virus. Ihe second hypothesis is 
infection of chickens with a virus already virulent for th em and originati ng from o tller av ian 

hosts and the third theory suspecls ch:mges in the genetics and husbandry of hoslS. None of 
the hypotheses were ever fully pro ved. 

2.2.2 Eti ology, classific:.tio n a n ll morp ho logy 

The causative agent of NO is a virus belonging to Avian Pammyxovirlls type I (A Pf-.1 V- !) 
serogrollps which, wi th viruses of the other eight APf-. IV SerOl) pes. have been placed in the: 
Rubia virus, sub fam ily paramyxov irinae, family pn ramyxoviridae order mono nga virales 
(Rima e/ ClI., 1995). It is an e nveloped RNA vi rus, which shows helical capsid symmetry. It 
possesses n non-segmemeJ single-stranded genome of negative polarity. undergoes capsid 
assembly in the cytoplasm and is budded from the cell surface in an envdope of modified cell 
membrane (Alexander, 1991). 

The shape of the v irus is roughly spherical, although pleomorphic forms are c0l1l111onl) seen 
(Allan e l (1/.,1973). The \'irus partich:s are bet\\ een 100 and 300 nm in dialllt!t';! l" (i\ lcrchant 

and Packer, 1977). Alexander ( 1991 ) described the g~nome as ver) pleomorphic. Virus 
particles are genaally rOlllldeJ Ilnd between iOO -500 nm in diameter. Th..: envelope Ihls spikes 
and contains tlte antigenic componen ts that stimulate the hos t to produce haemagglutinin ­
inhibit ing (HI) all(\ virus neutralizing antibodies (Rott, 1964; A!e .xamler, 1938). 

2.2.3 n eac l io ll to d iffercnt jl hvs ic:li anll dH..' IIliC"al ;I f' cnIS . . 
NO virus inrl'ctivity, immunogenicity anJ the abili ty to agglutinatl.: rl.:d bluml L·.:Jb can bl.: 
destroyed at varying rates by t!xposure to chemical and physical ngcnls (I lansoll . 1918; 

AlexanJer, 1991). The virus is readily inactivated by formalin. a1r.:ohuI, lipiJ solvents and 
Iysol. Thermostability varies among strnins, the majority o f strnins resist 56°C fo r 30 minutes 
(Allan ell/I., 1973). All activities of the vi rus are destroyed within one milllHl..' at !OO°c. At 
56°C, infectivity, hacmagg!utinity and immullogenicity are destroyed within 5 to 6 ho urs. At 
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3rc, hours and days are req uired to induct! such changes (I-I anson. 1978). The Ncwcastk 
disease virus is quite stabk at a wide range of pH (Merchant and Packa. I 977). 

2.1....1 P:lth utypcs 

Although no signiiicant serologic differences between strains exist. a wide range of 
pathotypes can be ditlerentiated. Isolates may vary from being av irulent for a wide range of 
avian species to being highly kthal for fo\\ ls {Altan el al., 1981; Spradbrow. 1987}. Hanson 
( 1978) described four forms of the disease: Doylt!'s, Beach's, Beaudellc's, and lIitchner's. 
Nonnewitz ( 1986) classilied NOV into five different pathotypes: Doyle, Beach, Mesogenic, 

Hitchner and atypical strains (psittaci ne strains). 

NOV is conventionally classiiit:d into three types al:cording to the virulence of the virus strain 
namdy: lentog,enic, mesogenic and vetogenic (Anon .. 1971 a). H<1llson and Brandly (1955) 
classified DV into three groups on the basis of the time taken to kill chicken embryos, alH.! 
according to the intracerebral index in day-old chickens ami the intravenous index in six -\\cek 
old chickens. Other tc;:sts includl: plaque formation in many eel! cultures (II anson, 1(75 ). To 
the above three conventional pathotypes, avirulent strains of NOV can be added. Such strains 
rarely kill embryos and are not pathogenic in chickens or cytopathogenic in cell cultures 

(Spradbrow, 1987). 

Schloer .u al (1975) In over forty cultures of a group or 1971 -72 isolates of NDV. 
distinguished three to five subpoputations in monolayers of chicken embryo fibroblasts. 
Various strains of ND \\ere shown to vary in virulence. in haemagglulinating activity against 
various mammalian erythrocy tes and in heat stability of the haemagglutinating property 
(~Ierchant and Packer, 1977). Upton el at. (1953) reported immunological differences in tht! 
degree of cross-reactions in serum neutralization, haemagglulination-inhibition and 
neuraminida.se-inhibtion tests. Ho\\ever, none of them showed \ariati on in antigenic structure 
which would be significant in cross-protection studies. The dt!wlupment of the monoclonal 
antibody technology permitted a new approach 10 antigenic differentiation ofNDV strains and 
isolates (Russel and Alexander, 1983). 

2.2.5 Epidemioiot!)' 

2.2.5. 1 Suscept ible s pecies 

According to Kaleta and l3aldauf ( 1988) virtually all species of birds are suscepti ble 10 NDV. 
Ho\\e\er, of the approximate!) 800 kno\\n avian species, only :lbollt 236 species h,ne a 
record of NDV isolation. Toe disease is seen most frequently in domestic pouliry. including 
guinea fov-I, a species more susceptihle than turke>s and pc.lfowl (Allan cl al. . 1973). Ducks. 
geese, partridges, and quail are relatively r<!sistant (Higgins, 1971; Allan ef al .. 1973). The 
most resistant species appear to be aquatic birds. while toe most sllsceptible are gregarious 
birds forming temporary or permanent tlocks (Kaleta and l3aldauf, 1988). Most cases of 
infection in wild birds are the result of contact \\Ith infected poultry (Allan ('f al .. 1973). 
Recovered domeslic chickens appear not to bt.'come 10ng-tCfm carrit:rs of NDV in contrast 10 

some psittacine hirJs (Spradbrow. 1987). 
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2.2.5 .2 T rans miss ion 

NOV dissemination between nocks over long distnnces is frequen tly related to the mllvcment 
of apparentl y normal pou ltry (Junghcrr rlnJ Terrell, 1946) a nd poultry products (Dobsonc and 
Simmon. 1951). It mny also be accomplished by the in[roductio n o f d iseased tissue sLlch as a 
poultT) offal in [0 feeds or by contamination of feed or water ( Kaschuia. 1952). Ingestion of 
fm:cal material from infected birds will also result in the transmiss ion o r the disease. 1 his may 
be the method of bird-to-bird spread for avirulent enteric NOV and of the spn:ad of the pigeoll 

variant virus (Akxnnder el 01 .. 1984). 

The primary mode of trnnsmission of NOV within a flock is by aerosol (Beard and Hanson. 
1984). While aerosol transmiss ion between farms is of minor importance, air-borne tmnsport 
of NOV within a farm is possible up to distances of 200 meters (NonnewitL. 1986). Spread 
between countrics is orten medimed by birds, migratory birds, caged birds, mcing pigeons or 

domestic chic~ens. Spread within a country is often nHribu ted to the 1ll00cmeIH of birds, .:ith~r 
domestic or wild (Spradbrow, 1(87). 
The introduction of NO in a villagr.: is most likely \0 occ ur when infected live chickens are 
introduced. Li\e bird markets are pr0bably the major source of spread (Alexander, 1988), 
particularly since many village r.:hic~en owners take their birds to market as soon as they 
become sick in an atlt:lllpt to salvage some \alue from them. Other means of spreaJ indudl: 
wild birds . infected birds being transported through the village. in fected carcasses and 

rnlWemellt of cOlltaminmed objects from an infected site (Alexander. 1988). Vaccination 
crews moving from farm to ftlrtll Iw.ve bl!cll implic:l.ted in the spread of NDV (Uue rbnck and 
Schwartz, 1973) and incomplete illrlctivation (Spnlotin and Hanson, 1966) and contamination 

(Beard ~f (11., 1970) of vaccines may further r.:ontribuie to the sprend of N DV. 

Airborne spre:ld from nock to nock is probably unimportant among vilbge chi(;~ens since a 
dense populatiun of inli:<.:tI!J birds is necessary LO g~nemte a sufficil.'llt dosr.: of aerosol fur such 

transmission to occur (t\ lartin, 1(92). 

2.2.5.3 Dislribution 

Spradbrow (1988), reviewing the 1985 animal health year book of the Food tlnd Agricultural 
Organization of the United Nations (FAO), summarized that kntogenic or mesogellic strains 
of NOV were present in most countries of Asia, Africa , America and Europe, and in the 
USS R. More than one third of the cOllntries of Asia and one fiftb of the counlries or the world 
acknowledged the presence of velogenic strain of the virus. In contrast. the countries or 
Oceania were n:lativel) free of NOV. Som~ large countries recogni7ed the prescncl.: of th .. : 
avirulent strains of the \irus, \\hile many of the island stnlcS \\cre appnr~ntly li'ec from <Ill 
pathotypes of NDV. Newcastle disease is also absent from some island ~talo.:s o f America and 
in some European countries. Alexander (1991) staled that cOlLntries with predominantl} 
village chicke n noc~s have greater problems than those where the industry consists almost 

exclusively oflarge commercial flocks reared in confinement. 

2.2.5 .... NCH'C:ISl lc d isc:ISc in Et hi opia 

Newcastle disease is the most important cause of economic loss in poultry produr.:tion in 
Ethiopia. The disease has different loe.1! namr.:s, but the most commonl} used is Fcngh: 
(Tadelle, 1996; Mebratu, unpublished). The first doc umented evid..:nce of ND in lithi\\ pia 
dates back 101971 and was rr.:portcd in Eritrea. which was then part oCthe llorthl!rn p:lrt of till..' 
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country. The NOV invo lv~d was a velogenic strain and caused so me 80% mo rtality . Ilow the 

virus was introduced to the country is still a mystery. It is clearl y known that the disease 
spread to the othet" parts of the country at a tremendous speed. In 1972, outbre~ks had 
occurred in Addis Ababa, in 1974 in Harer in the poultry farm of the Agricultur~l Uni versi ty, 
and in the Sho la ~md D~bre Zeit poultry farms (NV!, 1974). Vac cinati o ns against the disease 

were not practiced until 1974 (Lengeri sh el ul., /(91). Since 199 1 the National Veterina ry 
lnstitut~ (NVI) hHS produced more th an 12 million doses of vaccine, half of which was sold to 

commercial poultry farms (l'vk bratll, unpub lished). 

Despite routine vaccinmions \\i th lIBI and LaSot:l strains in one orthe biggest poultry farms 
(Dembi. Oebre Zeit ), at least nine outbreaks of NO have bet:n reporto.!d since 1984 which 
affected more than hal f a million birds and kill ed mor..: than 20% or them (Nasser, 

unpublished). 

The epidem iology of NO in village birds is poorly understood. This is dw.: to the faillln! 011 the 
part of the backyard owners to notify o utbrenks. Farmers cons ider the losses as normal ami 
natural (personal observation). Although chi<.:'ken mortality in nlr~l areas is as high as 80%), 
village people sell their chickens between the months of ,\..by and July, since they be lieve that 
Ne.wcastle disease outbreaks occur mainly during the rainy season (Mcbratu, unpuhlished). 
They altempt to sdl at! the b!rds 011 seeing. th:! first signs of NO. The other reason for thl' high 

mortality is lack of understnnding on the side of owners and lack of a . disease monitoring 

capacity of the Department of Vet erin :try Services. 

In 1995, NO outbreaks in the surrounding areas of Oebre Zeit. Nazreth <Ind Addis Ababa 
killed almost 50% of the local birds (N:tsser, unpllblished). A recent serological survey 
conducted in six villages aro und Oukem (non-vaccinated birds) revealed a hi:4h prevnlenct: of 
NOV antibodies ( t'-Iebratu. unpublished). 
NO outbrt:aks occur during the rainy season, i.e. at the end of t'-Iay and beginning. of JUll\!. but 
after the star! o f the villagizrHion program in 1984 this remained a problem throughout the 
year, even though they nrc mo re serious at the beginning of the rainy season (Tadelle. 1996). 
Data on NO outbreaks in state poultry farms (personal data, unpublished) support these 
outbrenk problems showing, that NO outbreaks are distributed throughout a year. 

2.2.6 C linkal s igns 

Clinical signs of NO are extremely variable and depend upon Ihe virulence and dose of the 
infecting virus, thc degree of immunity of the birds, Ihe agt: of tho.! birds :1I1d on \;JriOllS 

physical conditions such as outside Il.!mperature (COUIIS, 1981; ;vlcFe: ran and r-.kC'mcken. 
1(88 ). Sainsbury (1980) stated that the incubat ion period of NO is ilround 2 to 7 days. 
although in some cnses it can cxtend up to 3 weeks. According to ]Janson (1978) it is 2 to 15 
days or longer. Oains ( 1979), Ocard and llanson (1984) and Nonnewitz (1986) class; fied the 
clinical symptoms into five fo rms: I) Doylc's fo rm. an acute klha! inti.:ction of :i11 agt:s, 
characterized by haemorrhagic lesions ortlle digt:slive Irac t. 2) Beach's form, an acute l\!Ibal 
infection of all ages characterized by respiratory and neurologic signs. 3) Beau(kttc's form. 
\\hich is less pathogr.nic, where deaths arc llsually seen in young birds onl), 4) Hitchner' s 
form, characterized by a mild or inapparent respiratory infection, and 5) all Asymplom:l1ic­
enteric form of infection with the virus causing no obv ious disease. The virus in the lalIL'r case 
appears to be located chieny in the gut. McFerran and McCracken (1988) c,lIegorized clin ical 
signs infO five groups, namely: gene ral ized, reproduc ti ve, respiratory. enteric lind nervous 
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ell!.!ClS, while Allan et al. (1973) grouped them into subac lIte , acute and perncute signs. and 

Ille virus being ei LllCf neurotropic o r viscerotropic. 

Re viewing clinical r!'!ports, bi rds are noticed to be q uict, dull, to stand huddled <lnd wilh 
ru ffled feathers. Where neurologic signs predominate. leg and wing wcaJ...n!.!ss may be seen 

with muscular twitching. dropping Jim one, then both wings, twisting of the neck. and lin~llly 
paralysis. A greenish di~lrrhea is almost always seen. In the pneumonic fo rm then.! is generu!ly 
difficulty of breathing and other respiratory signs, including gasping, gurgling and coughing. 
and there may also be mucoid nasal discharge. Recove red birds often show torticollis. 

In laying birds any of the above signs may be accompanied by a drop in egg produelion. In 
birds with p<lnial immunity or those affected by a milJ vi rus, a prodw..:tioll drop wi th SO[I· 
shelll::d and shell-less eggs and loss of egg shell pigmentation may bc the only signs of ND. 

2.2.7 Cross lesions 

A number of well recognized pathological changes occur in NO, the severity of \\hic h vary 

according 10 immunity, s train oflhe infecting virus and other factors. As ",ith cl inical signs. 
non!.! of the lesions fuund art! pathognomonic for NO (il a nson, 1978: COUIIS, 1981 ; 

Alexander, 1991). 

Beard and I-1a nsun (1984) d(.·scribed haemorrhagic lesions in the proventriculus. tlte 5m::1I1 

inlestines anJ caeca. Gross les ions are not observed in the central nervous system of birds 
infecleJ with NDV, regardless of the pathotype (McFerran and McCracken, 1988). Gross 
pathOlogical changes an: nOI always present in Ihe respirator) Imct, but, when observed, they 
consist predominantly of h~lemorrhagic lesions and marked congestion of the tmchea 
(Alexander and Allan. 1974). Airsaculitis may be presem even afler infection \\ilh mild 
mains (Beard ami lIanson. 1984). Coutts ( 1981) described inflammation of the traehea, 
haemorrllJges in the heart fat ~l!ld gizzard. In laying flocks, inlernal 1.1) ing and egg peritonitis 
increases. On occasions the diphlheroid necrotic inflammation of the intestinal mucosa 
("butlon ulcc:r") is considered 10 be suggest ive of NO (I i.:lnson, 1978). 

2.2.8 Diagnosis 

2.2.8.1 Clinic:I I signs :11lf.J lesions 

Nonl! of Ihe clinical signs or lesions seen in birds infected with NO can be reg;;mkd as a 
suspicious of [) (Allan el l/I., 1973; All!x antier, 1991). \\hik i3alns (1979) suggc:-.tL'd th:11 
serological and pathological examination may suffice to conlirm suggestive histories and 
signs in regions \\hert' ND is endemic. !\ final diagnosis can be made by virus isolation and 
identilication or by sc:rological means (Hanson, 1978; Allan iII al., 198:!). 

2.2.8.2 Virus iso lat iun 

a) Specimen 
Vi rus can generally best bt.' isolated from the Irachea. other tissues, such as bone marrow and 
brain on occasion yield virus readily (Co litts, 1981). Bains (1979) indic~lIed that swabs from 
Ihe Irachea and cloaca and specimens from o ther visceral organs and the brain yield virus on 

eulture. Hanson ( 1980) pointed out that virus C:1n be iso lated casily by tf<lcht.'al and e1o:lc'll 
swabs in almost nil instances, sometimes from both, and from the brain evt.'11 whcn Ihe virus 
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has disappea red from the other si tes . [ Ianson (1978) also men ti oned that strain s or low 
vi rulence or vacci nal strains can bl! recovered most readily from the trachea. In cases of mori! 

virulent strains successful isolation CJrl be made from the trachea, lung, spl een, bone marrow 
and bmin. Alexande r (1989) stated thm successfu l virus isolation can be mnde from faeces or 
faecal swabs and that the second most important si te is the respiratory tract. Tracheal swabs 
and faecal material should be included in the sample, regardless of clinical signs. Allan ('/ (fl. 
(1982) stated that isolation of virus is facilitated if specimens are wken during the vir:lemic 
phase (3 to 7 days after infection). In contrast, Heuschele and Eastl!rday (1970). st:Hed that 
explam procedures make replicab le isolati on of virus from trachea amj brain ti ssue possibk as 

long as 2 months after antibodies are detectable . 

b) El11 bl")'onal cd eggs 
Hanson (1975) pointed oU1th'H the embryonated chicken egg is preferable to the chickL'n or 
other animals for isolation. Alexander ( 1991) also stated that embryonated chicken eggs 
represent an extremely sensitive and convenient vehicle for the propagation o f NOV and art; 

10 be used almost universally for diagnosis. 

Fertile eggs from spr (specific pathogen free) nocks are preferred, but eggs free from NOV 
antibodies can also be. used (Alexander, 1991). Embryonated eggs, preincuba tt.:d for 9-11 days 
at 37°C, are injected into the allantoic fluid with a filtered suspension or the sllspel:ted tissue. 
The eggs then are candled twice daily for 5 10 7 days (Alexander. 1989) or until death ot" al! 
embryos. The allantoic fluid is then collected and tested fo r haemngglutinatioll (HA), 
fo llowed by the haemagglultnation-inhibition (HI) tesl \\ith NOV positive serum, in cases 

where the 1-1.-\ is positive. 

c) Ccll culture 
NDV can replicate in a wide r:mge of cells. Lancaster (1966) listed! 8 primary cdls and II 
I.:cll lines as suit.lbk. The mo~t extensiw cdls used for isolation are either I.:hir.:kr.;n L'mhryo 
fibroblasts or chicken embryo kidney cdls grown as monolayers on glass o r plastic 
(Bankowski, ! 964). Barahona and Hanso n (1968) sho .... ed some relati onship belwl'l!J\ pbque 
size and NOV stnlin. Alexander (199 1) stated that cdl cultures can be ad vant ageolls by be ing 
free o f external agents. Ilowever, rclalively poor growth of NOV in most cell systl.'lllS m~ans 

that (hey are generally impractical for primary virus propagmion. 

2.2.8.3 Serology 

Serological tests for NOV may b~ used to demonstrate previolls infection or to monitor 
vaccination results (Alexander, 1988). Allan el al. ( 1982) pointed out tl1<1t serological 

diagn.)sis is prac tical in a non-vaccinated flock, but is difficult in vaccinalcd fl ocks, and, 
should be lIsed as an adjunct rather than a primary means of diagnosis in such cases. 

Alexander (1991), referring to d in~rent workers, summarized thai NDV antibodies can be 
ddected by a variety of tests (single radial immunodiffusion, single radial haemolysis, agar 
gel precipitation, virus neutralization in chick embryos and plaque neutralization). In recent 
years, cnz) me linked immunosorbant assays (ELISA) have becollll.' popular, espe .. :ially as a 
part of a semi-automated flock monito ring proct=du re. Conventionnllv. antibodies to ND\' 
have been detected and quantified by the III (cst. . 
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II acm aggl u t in a tio n - i n II ib iti o n les t 
The haemagglutination-inhibition lest (HI ) is tbe mos t frequentl y used serol ogical Icst to 
demonstrate inft!c ti on or to monitor vacci nation (Miers el (II., 1983: Alexander, 1988). The 
most prominent features of the I II tc!st are its simplic it y and economy. Materia ls tlnd tcchnical 
rt!quin.::ments Jor the \I.!sl are minimal and micro-methods to JUcilitatt! l11i.lI1ual or sl:tlIi ­
automatic processing oflarge lHlln bcrs or samplc!s are available (A[la n ;lIld Gn ugh. 1974). The 
I tl test is also simpler and f<lSler tban the virus nelilralization test (VNT) and also <1 measure oj' 
the immune response, while the laller is not rOlltindy lIsed ror NOV serology because thl: 
VNT is more time consuming tlnct costly than III tests (Oeard and I bnson, 1984). Severa! 
reports about the rdulionship between titre of the HI antibodies and the en~ct of challenge 
(Allan el a/., 1973) are available. lIowever, even though the HI test is simple to perform, it is 
difficult to standardize among bborato rilo!s (Beard and Wilkes, 1(85) and the test is not 
equally sensitive for antibodies 10 all strains of NOV. 

In recent years ELI SA tests bave been developed (Miers et a/ .. 1(83). Studies on thl' 
sensi ti vity and specificity of ELISA results and on the corre lation with HI test results have 
produced variable results. Several workers showed that there is a high degree of correl;lI ion 
between mean ELISA and J-lltitres (Snyder el a/., 1983; Miers ef (II.. 1983; XLI, 1996). On the 
other hand, some workers inJit.:3ted that the ELISA is able 10 detect much lower levels or" 
antibodies than the III test (Miers el al., 1983) . Still, with regards to protet.:tion, th~ ELISA 
does not give much more inrormation than thl...' HI test (Mie rs el (11., 1983) .. 

2.2.8.-1 Virus ch:lractcriz:llion 

The isolation or NOV rrom birds showing disease 5i::,:n5 does not confirm NOVas the 
causative organism even if the signs are typical for NO (Alexander. 1(88). Allan eill/. (1973) 
pointed out thut, serologic:t1ly NOV isolates do not vary in antigenic composition. The ability 
to agglutinate mammalian blood ce1!s and the heat stability of the haemagglutinin at 56°C 
have been used to characterize individual strains bu t were not round to be confirmatory. 
neither was the pathogenicity of the virus on susceptible embryonated eggs or on chickens. 
Currently. common practice. of virus characterization involves the d~terminution of mean 
death time in 9-10-day-old embryonated egg (MDT), orthe intracerebral pathogenicity index 
in day-old chicks OCrl) test and of th e intravenous pathogenicity inde.x test in 6-w('eks-old 
chicks (IV PI) . Also, some modification of the above methods have been made, such as 
swabbing or the doaca and the conjunctiva. 

Other conJirmatory methods involve in vitro tests. based on e.g. the ability or NOV isotatl!s to 
forl11 plaques in cell culture systems in the absence or trypsin (Rotl. (979). In I"l!cent )cars. 
mouse monoclonal antibudies (Ntlbs) arc: emploYl:d for characterization and group isolntion, 
apart from their USe in routine diagnOSis (Russel, 1988). Virus properties sllch as strut.:tural 
polypl:ptide profiles, oligomu.: leolide tingcrprints, amino acid scq ueIlCl':s, polymerase ck.tin 
reClction (peR) rind leci tin binding activities, have been liSl!J \\ ilh Slll.;CCSS to dl!lllonstfatc 
simi larit ies or differences between NOV isolates (AI('xantier, 1991). 

2,2.9 Inllllun il), 

Atl NOV strains aft: l"ap,lblc or provoking an antibody response in chickens. raohits ,lilt! othcr 
speci!.!s into which they arc introduced. The antigens inducing neutralizing and 
haemagglutinating antibodies are associated with the envelope of the virus (1Ian50n, 1(78). 
foor assessment of prmection, espec iall y for the response after vacci n:nion, the! [I tl...':)t is 
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commonly used (Allan I!I al., 1978). Arter nat ural infection or vaccination of chickens SCrLltn 

antibodies appear within 4-\ 0 days (Hanson, 1978; Allan, \ 982; Nonnewitz. 1986; Alexander, 
1991) while signs o f clinieal disease are st il l apparent. Peak rl!sponsc occurs after 3-4 weeks 
(Hanson, 1978; Alexander, 1991). The decline in I II lil re is ini ti :J.lly slow but becomes more 
apparent after 3-4 l110mhs and detec table antibodies generally have disappeared in 8-12 
months (J !anson. 1978). After rcco ... ::ry from infection with mesogenic vi rus.:s. III antibodies 
may still be detected lip to a year (,\llan. 19n). 

Locall y prod uced ami bodies in the respiratory and digestive tract .:lppenr at the same time .:lS 
humoral antibodies. These antibodies have an effect on the protection against respiratory tract 
infections (Nonnewitz, 1986). The initial response to in fection with NOV is ccll -mcdi<tted and 
occurs as early as two or three days after infection with live vaccinc stra ins (Ghumlllan ;"!nd 
Bankowski , 1976). Ilowever, the importance of thi s local protection afler vaccination is not 
ckar and a strong secondary respo nsc to challenge, similar to that of hwml10rat antibodies, 
does not seem to occur (Timms and Alexander, 1977). 

AC'Cording to Spradbrow (J 987), levels o f I-II antibody correlating with protection c:J.n be 
determined with standard tests. Chickens with high kvels of antibodies will usually be 
refractory to infection, but no st atement can be made for chickens with lower antibody titres. 
Some birds will resist infection even without detec table ant ibody. Th is oc.:urs part icu la rly in 
chickens \\hich \\ere recently vaccinated. but such resistance also is observed after vuccine­
induced antibodies have waned. Chickens free of antibotlies and with no exposurt: 10 virus art: 
nOI protected. 

Allan et al. (1973) pointed out that the kvel of passively acquired (materna l) antibodies in 
young chickens gener.:llly declines at a constant mle and has a half lift: of approxima tely 4.5 
days. However, Spradbrow (1987) stated Ihm NOV alllibodies would persisl longer in the 
slowly growing progeny of village hens lhan in lilat of commercial hens. 

The exact tunction of local immunity is not clear (Holmes, 1(79) it was proposed Ihal the 
protection of the rcspir:nory tract is independent of humoral immunity . Spradbro\\ (1987) 
suggested that the immune barrier at tht: mucosal surface probably involves cell ular 
components or the immune system .:lnl! secretory antibodic:s. 

2.2. 10 Prevention a nd con trol 

Effective control of ND requires good sanitation, management, qU:1rantin~. an appropriate 
vaccination program, and monitoring and reporting system, including serotyping and 
pathogenicity testing of isolated virus (Nleulemans, 1988). According to Ilanson (1978) <I 

minimum of 70% of Ilocks in high risk areas must be included in sanitary and combin\!d 
vaccin:l1ion programmes if control is lO be efleclivc. 

2.2. 10. 1 Vaccinalion 

Vaccination against ND can b~ pcrfofllwd using eilher liv\.! or inactivated vacl.:ino.:s 
(Meulemans, 1988). The eff~ctivcness of ND vaccines in the control of the disease. wbeth!.!r 
under closed commerci;"!l, .semi-closed intensive, or under free runge rur:!! systems in tropical 
countries, dep~ncls on the virulence of Ihe lidd strain the immtlnolo~ici1J stale uf Ih>.! birds , -
and the method of vaccine application (Meulemans, (988). 
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2.2. 10.2 Vacdn:ltion with live vaccine 

Live virus NO vaccines have been used by the poultry industry for more tho.n JO years 
(Meukmans, 1988). NO live virus vaccine strains belong to two categories. lentogr:nic and 
mesogcnic strains (Alexander and Allan, t 97-1- ). 

a) Live Icnlogcnic s lr:l ins 
The best known strains o f li ve 1cntogenic vaccines are: 1-181, F, ond LaSota (Palaya and 
Rweyemamu, 1(91 ). In recent years other Il!ntogcnic strains have:: been examined for usc as 
vaccine. such as [he Australian V..J. and CT (Turner ef (1/., 1977; Kim and Spradbrow, 1978; 
Idris ef ai., 1990), Ihe Ubter 2C, the Iraqi AbuGrabi 68 anJ the I1ungarian NDV-6 (Palaya 
and Rweyemamu, 1991). 

The B I and Ihe F strains both an: mild and call be ust!d safely and effectively in all classes of 
chickens (Allan el (1/., 1978; Sainsbury, 1980: Nonnewitz. 1986). Tht! LaSota s\win is mort: 
invasive and immunogenic than the lIB I st rain and has a good booster effect but it also can 
cause adverse reactions (Sainsbury, 1980; Allan ef ai., 1982; Nonnewitz, 1986). The strain 
can abo spread from birt! to bird within a hOllse (Spalatin and ilanson, 1976). Allan et al 
(1(82) and Nonnewitz ( 1986) recommended Ihe LaSoHl sirains to be uset! for the second 
vaccination to boost imlllunity. Allan et al. (1973) repon~d that the rand 131 vacc ines til) nl)t 
cause ne rvous disease in day-olt! chicks unless given intracerebrall}, but may e<lust: mild and 
Iransitory respiratory symptoms. The F strain causes the leasl reaction, the 131 strain gcn~rall} 
has little or no clinical effect, whereas the LaSota strain causes more post-vm:cinal respiratory 
symptoms. 

Recently, a new live vaccine, \\ hieh can estnblish long lasting immunity in the respirmory 
Iract of newly hatched chickens, was de\ doped (Zoby I!I (II. . 1995). Furthermore, an in-o\"o 
or in~cgg type injectable vaccine \\as testt!d and fOl1nd to be effeclive under 1,lborntory 
conditions (Stone, 1996). A thermostable lentogenic Australian virus isolate V..J. was selected 
and successfutly used in tvblawi, where LaSota and Komarav \accin!.!s wl..:re ineflicient in 
conl rolling ND (Sagild Jnt! Ilaresnape, 1987). The immullogenic potential of Ihis vm:cinL' was 
reported by se\·t!fi:l.l \vorke rs ( French I!I al., 1967: Schalkoon and Spradbraw, 1980: 
Tantaswasdi el al.. I 99:!). 

Live vaccines can be administrated using indi\ idual or mass methods. Individual Il1dhod of 
application produce more consistent protection in more birds than mass vacci nation methods. 
1I0wevt!f, individual methods are uneconomic in broilers nnd limited to the I!~rl~ \ nl:(;ination 
of replacement la~ ers and breeding slOck, if necessary (lvkulemans. 1988). 

Live r,'eeze dried vllc..:incs C:Ul be stored at 4°C for a year witlllllH signillcant loss of thl..: titre 
(Anon, 197Ib), but they should never be held above SoC for mon.' than 1-2 hours bdon.! use. 
Care must be taJ...en that during transportation of bulk supplies to local storage facilitil.!s the 
temperature does not exceed this limiL 

b) Live mcsogcnic strains 

The mOSt widely used vaccines included in this cntegory are: Roakin, Komarov, IIertlordshirL' 
(J1ens), MK 107 and Mukio:swar (Palayn and Rweyemamu, 1991). The Roakin, Komarov. 
I-Ierts and Mukteswar sirains are widely used Ihrougilout Afrjc~. Ihe Middle East, ~ll1d SOllth 
East Asia (Meulemans, 1988). Thes!! vaccines are administered by the parenteral route anJ arc 
not recommended for immunization of chickens under 8-weeks of age nor for young. pullets or 
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adults nOI prev ious ly immunized wilh lentogcnic vi rus. They could produce serious problems 

in fully susceptible poultry (Meulcmnlls, 1988). 

2.2.10.3 Killed or ill:lc li"!lled vaccine 

During Ihe last Iwenty years. oil-based inactivated N O vaccines have been developed 

(tvlt!ukmans, 1988). The efficacy of oi l-emulsion ND vacci nes depends on Ihe fOrlnul:ttion 
(Brought and Siegel, 1978). The inac tivated oil based vacci nes give a tong-lasling high I'll 
antibody lilre after priming wi lh live vaccine v irus (Nonnewi lz. 1986). 

2.3 Oral Ncwcaslle Disease VOiccin:lIion 

2.3. 1 Thcrmoslable Newcaslle Disease Vaccines 

Heal inactivation or conventional ND vaccines and the charnc teri sticat behaviour of vi llage 
chickens hampered Ihe ddivery of convent ional vncc ines in tropical and sub-tropical cO lllHries 
so f<l r (Spradbrow, ! 992) . The sdect ioll of varions lor heut-resistan ce has been practict!d tor a 
long time (Spradbro\'v. 1993/4). Hofstad and Yoder (1963) noted that virus strains of NOV 
possess different ht:ilt-stability when prepared as frecze-dril.!d vacdnc. They postu!ateu that it 
might be possible. to select a stable V4 vaccine wilh hent stabili ty that retained 
ill1munogenic ity. 

French (1964) conducled Ihe firs! serological survey fo r NOV in Australia. Alier isolal ion of 
the V4 strain in 1966, he demonstrated the avi ru lcnce of the: virus, its ab ility to in fect chickens 
when delivered orally with food, and its potential usefulness as a vacci ne (Spradbrow and 
Sabine, 1995). The first thermostable strain of NDV selec ted specilically for use as vaccine 
was probably the V4 selected by Scbalkoort in 1979 (Spradbrow. 1993/4). Vol is not the only 
stmin Ihal responds to seleclion for heal stability. Spradbro\\' and Sabine (1995) ca rried out 
experiments with fony-flve recently isolatl!d strains of NOV and Vol. Neithe r V4 nor allY of 

the new vaccines produced detectable clinical signs. All viruses produced an antibody 
response and spread by COnIaC I and some oflhe newly iso lated viruses produced a mort! rapid 
serological response than Ibe V -I virus. 

2.3.2 Oral Newcas tle di sease vacci na tio n 

Food baits seemed the most appropriate method fo r intrOducing hent·stable Nc\\ castle disease 
vaccine to village chickens (Spradbrow, 1993/4). The V-I strain ofNDVappcars to be adapto;;d 
to faecal-oral spread and transmission by the respirmory route seems 10 OCC ll!' as well (Turner 
and K:)Vesdy, 197-1). Spradbrnw el (II. (1988) compared Ihe antibody response of food-born l! 
vaccinl! [0 thai inullcl!J by similar va.:cint! dos(!:s gi \ l!ll by oth..:r routes, as ils ~hO\\l:d Ihat 
vaccination via feed could produce satisfactory lilres o f HI an ti body to NO. Althougb Ih~ Ieee! 
vaccination does nO! produc!! higb ini tial alllibody levels, antibodies did persis!. and \ :lccine 
viruses giv~n via the drink ing water o r \ i3 tbe feed were a]1parcnlly ahead in limes of alkr tbe 
second application. Spradbrow Itl lit. (1977) dt:lllonsiratcd Iha[ ncarly all chi\,:kI!ns vaccinated 
with a high doses of Vol \ accine by Ihe oro -trachea l rou te and challt'lI!.!cd :soon att.:r 
v~ccinat ion resisted challcngl! "ith a \irlls that produced 100% 1ll0rl ,::lli ty in unv<lccinaled 
controls. Subsequent researchers showed tha! Australian strains used live \':lccinl! conferred 
immuni ty in bird:s chaJ!engcd under laboratory conditions (TUrtleI' Itl (//., I 977). 
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Cumparativl! Irial5 (Wl!!.tbury el a/., 1(84) wilh Australian strains against recogniL~d viH,:cinc 
st rains as well as work by $palatin and Hanson ( 1976) showed that the levels of protection 
wcr~ comparable to conventional vaccines. Morl!o ver, it was found that the virus vaccine 
could give protection not onl y to directly vaccinated birds but a lso to birds in contact with 
them (Ki m el al., 1978; ldris e/ aI., 1987, Jayawaradene el al., 1990). Jayawaradene and 
Spradbrow (1995) demonst rated in more detail that vacci nation with Y4 virus inducl! s a 
mucosal immunity by producing virus specific !gA which was detected in the tracheal and 
intestinal washings, bile, lachrymal fluid as \veJl as in serum. Ibrahim ef (Ii. (1991) undertook 
several experiments to tes t the efficacy of the feed pellet vaccine . Broilers were su ffic ientl y 
pro tected afler two applications and village chickens, which were kept under simulated 
conditions, were found substantia ll y resistant to challenge aCier two vaccinations and under 
field conditions 60% ortbe vill age birds resisted arti fi c ial challenge. 

2.3.3 Foot..! carriers for OI';:Ji \,:lcci ni..'S 

Spradbrow (1992), after inlcns ivdy reviewing the literature on feed carrie rs for the delivery of 
oral Nt:wcasl1e disease vaccines, sta~ed that further work would be required on the trealment 
of feed grains to ensure Ihe atlachmt:nt o f vaccine virus and its survival for a suitable length of 
time. Dest results have so far been obtaint:d wilh wheat based vaccines in Malaysia . ewn after 
prolonged storage, and in other countries with vaccine based on un husked (paddy) rict'. 
Protection "'as best \\hen the vaccine~co~lIed feed W:l.S fed soo n alh:r preparm io n. Trials with 
othc r types of grains are necessary and there have not yet been Jew.iled trials wilil millet, 
sorghum or 01 her small grains. Recently, Clllllming ( 199:2) and his group reported on methods 
for trealing grain that allow recovery of virus from it afte r 18 hours and that reliably produce 
antibodies in chickens when fed after this time. Some we!! and rain wa ter proved to bc a 
suitable dilutent, and poly\inylprolidane was the most sllccessful additive to prole!.:! vaccine 
virus nfter application to grain. 

PART 3. GENERAL MATER IALS AN D METHODS 

3.1 Experimental Si te 

The experiments wen.!. carried Oul at Lemlem Poultry f;\rm and the National YL'tcrinary 
Institute (NY I) in Ocbre Zeit, Ethiopi:l. The distance between the two sites wns 7 kll1. 
Separate houses each with an area o f 11m! for each treatment and challenge group wen~ used. 

3.2 I' reparatio n of Expcrimcntal l·louscs 

All experimental hOll ses wen: thoroughly washed \\ith \Vat..:r tinct tktl:rgent. soakcd with -l l}o 
call::;til: soda, and the interior p~lrts 01" the hollS!.:s w!.:re disinfi:cted with I'X. f;xnwlin. st<lrting 
from ceiling, walls tlnd linal!y to (he floor. The surrounding of th l.! hOllses were also 
disinfected tlfler cleaning. After allowing time to dry, clean new liHcr (lei/straw) WIlS spread 
to tI depth of 7 cm over the floor area and a 1% lormalin solU!ion was sprayed over it. 
Equipmcnt, inc1uJing drinkers, fCl!ders, buckcls, ctc. was ckanl!d and disinfected and 
introduced \0 the houses. Then the houses were closed until the arrival of the ch icks. 
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3.3. Ma na gement of ell icks 

All experimental chicks were brooded in one house until rourteen-days old. Then the chicks 
were randomly split into treatment gro ups. During brooding the room and the brooder 
tt:mperature was mainwincd betwc:en 21 to 28°C and 28·35°C, n:spcctivcly. An antibiotics 
(Oximid) and vitamins (Allvit MA ) were sllpplied via the drinking water for the first five 
days of life and bteron every week for 3 days at the time of bleeding. Cocc idiostat was given 

via the drinking water when a coccidiosis outbreak was suspected o r diagnosed. 

Water and feed was given aJ lilli/filii. Starter feed for the fi rst 28 days (protein 21%. energy 
3020 kcal) and finisher ration (Prote in 19.:2%, energy 3160 kcal) was supplied by tho.: Bora 

Feed Processing Enterprise, Debre Zeit, Ethiopia. 

Feed consumption and mortality were recorded dnily while the average weight was measured 
every week for each group. Daily room temperature was recorded three times a day at 8 am. 

12 am and 4 p.m. 

Four different colors of leg tags we re uSl!d for identification of each treatment group and 
individual birds were identified by their leg lag number. Individual and separate altend~nts 
and poultry equipment were assigned for each trentment group th roughout the experiments. 

3A Diag nos is and Sa mpling of S ick and DC:H.I Ui nis 

All experimcnlUi chickens were kepi und~r the same management condition as dl!scribcd in 
section 3.3. The chickens were visited by the veterinarian every olher day. Dead and sick birds 
v.rere subjected to a clinical and/or postmortem examinntion. Depending on the tl'J1tatiw 
diagnosis or laboratory test results, treatments were carried out accordingly. In c~ses of 
suspected Newcastle disease a detailed postmortem examinations, parti cularly for lesions in 

Ihe trachea, proventricuills, intestine, spleen. caecal tonsils and brain was carried Ollt. 
Appropriate s<lmples from dead or sick birds were collected for \ irus isolntion. llsing standard 

techniqut!s. 

3.5 Vaccines 

Two types of vaccines were used in these experiments . They were I) conventionally us\,'d 
vaccines in Ethiopia and 2) the thermostable vaccine. 

Conve,nional vaccines, used wl.!re: llitebener Bl (I [131) and LaSota, live freezL: Jried vaccin!;:;: 
in 500 and 100 dose viab, produced by NV I, Debre Zeit, Ethiopia. The Ibermostabk vacdm: 
NDV-Il was also a live freez~-dried. produced in 500 dose viols and was kindly gran lt!d by the 
Pan Arrican Veterinary Vaccine Center (PANVAC). i'his vaccine is the same as the heat­
resistant V-I Newcastle disease vaccine. (The 11 seed virus was ohtained from Qlh . .'cnsbnd 
University> Brisbane, Australia). 

IS 



.3.6 :l. Preparation ufTen-Fold Dilutillll Series. 

Nine ml of PO S was added to each o f 10 bottles using a 10 ml pipl!lIe. Ench bOll1t~ was 

marked from 10.1 to 10. 10
. 

One ml of the vi rus material to be assayed then was transferred into the firs t botlk, ll s ing a 
2 1111 pjp~ttt:. The contents of the bottle were mix ed using an agitat or ur a pipette filling and 
emptying ten times. Using the same pipelle, I ml or the virus dilution ( I: I 0) was transferred 
from tht! fi rst bottle to the second, mixed well as described above. between each tell fold 
dillltion step the pi pettt: was changed. This se ri al opemtioll was repeated to the last bonlc 
(10-'"). 

3.6 b So urce of Eggs a mi ineub:ltion p.-occdurcs 

Fertile local chicken eggs \\II.:: re pun.:hased from tht' loca l market. [)efore incubatiun. the eggs 
were cleaned with 70% alcohol and checked fo r the size of the a ir sac and for dc.:td embryos. 

Initially. eggs were incubated in an incubator at a temperature of 38-39°C and a rdative 
humidity or 60-70% . The eggs wcre turned fou r times daily for proper development and to 

prevent adhesion of the embryon ic membrane. Eggs \vt:re usually incubatt:d for 9-10 days 
before being inoculateu. Alia 5-6 days of incubation the eggs were calldld 10 scpar<lt~ li.::rli h.: 
from non-fertile eggs. Before inoculation. eggs with weak embryos or with abnorma.l air sac 
size or position were discJ.rded. Candling was performed in a dark room. using a locally made 

candling box. 

3.7 Sa m ple I)rcp:lration 

Tissue samples wl.'re pn:pareu :"IS a 10-10% suspensiun by grinding by mort:lr and pistik. 
Swabs wl!re diluted in 3S small a volume as required for test ing (3-4 1111) and then were 
mortared to expel JS much virus material as possible from the s\\ab fibers. Sw.:tb and tissll~ 
suspensions wen: cClllrifugalccI at 1500g for 20 millllles in a refrigerated centrifuge (-1·1 DOC) 
\0 sediment tissue debris and most bacteria. The supernatant was then aseptically rcmo\'cd :md 
placed in two appropriate vials for egg inoculation and storage. Antibiotics we re added to the 
specime:ns which \\'e:re kept at room temperatun::: for 1-'2 bours before egg inoculation. 

Specimens , considen:d to be heavily contaminated with bacteria that could not hI..' cllntrnlkd 
by antibiotics or centrifugation, wcre til tt: red through a 450-nm Illillipon:: Ii Iter. 

3.8 Inoculation of EmhrY tJnatcu Eggs and lIaf'v('sl ing uf A lla nto ic Flu id 

3.8.\ In ocu la titJlI 

Ol!fore inoculation, all embryos were ..:andled and cht!cked for viability ,mJ Ill)rmal position or 

air cells. The sitc of inoculation was disin(.!ctecl with a Calion SW£lb with a soluti o n of 70 % 
cthyl alcohol containing 3.5'Vu and 1.5% sodium iodid~. The eggs wt.."re pJ.:tceJ in tin !.!gg flat. 
air cell up and cleaned anJ d isinfectt.."d. A small hole was drilled through the egg shell along 
the center axis at the lOp or the egg using a poi nted s tenl. Using 2 ml sterile syringe Ii lied with 
11 25 gauge 1/8 inch nt:t!dh:, 0.1 o r 0.2 ml of the suspensio n was inoculalt:d per egg by 
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inserting the needle verlically thro ugh the hole, the en tire le ngth o r th..: net!dle. The hole was 
then sealed by wax and the egg returned back to the incubato r. 

3.8.2. Co llection of :lllantoic fluid frolll in oculated eggs. 

The egg·shell over the air cell was cracked by tapping the egg shell wi th the blunt end of 
sterile forceps. Then the cgg·sht!1I covering the air cell was removed. DifTcn;J\1 forceps wert! 
used to tear the egg shell membrane, the chorioallanlOic membrane (CAr\,'!) and the amniotic 
membrane by depressing the membmll": over the yolk sac with forceps. The amnioallantoic 
nuid (AAF) was allowed to collect above the forceps. Using syringe and needle, the nuid was 
aspirated and placed into a vial. The AAF was clarified by centrifugation at 1500g ror 10 
minutes and tested for evidence of virus using the haernagglu!ination (lIA) test. A loopflll of 
the AAF was cultured for bacte ria, usi ng blood or nutrient agar pbtes. 

3.9 Se rology 

3.9. 1 Serum sam ple co ll ect io n 

Prior to vaccination, in ordt'r to obtain base line information on maternal immunity anJ the 
declining !t:vds of passivdy acquired immunity, bleeding of 40 chicks w::~s dOll!.: at tilt! • .\ge or 
1 and 7 days. 

From thereon, bleeding was carried out at \,"cekly intervals, bleeding was carried ou t from all 
experimental chickens until the end or the experiment. This was {Q get inrormation on Ihe 
devdopment of immunity oVl.!r time after the series of vaccinations. and on the le\d of 
immunity of surviving chickens 14 days after ehalkngc. 

3.9,2 l\ let hods uf sc rlllll coil ec ti ull 

Bleeding was done by exposing and plucking a fl!w feathers IrOl~ the ventrnl surface or the 
humeral regi on of the wing. Tht:ll Ihe skin WrlS \\elled \\jth 70% alcohol and the needle 
inserted into the wing vein. Ont: ml or blood was collected and placed in a clean tube \\ hich 
was laid nearly horizontally until the blood clotted. After clotting the tube was returned to a 
vertical position to permit the serum to collect. Then the sample was held at 3r'C for several 
bours or the sample was left overnight before the serum was removed. If the serum \\3S not 
tested immediately, it was filled into SC'fum storage bottles (micr~centrifuge polypropylene 
with s.nap·top cups) labeled (tag number and treatment group) and stored a! _~O°C until the 
hal!magglutination-inhibition test WrlS perJbrmed. 

3.9.3 Prepara tio n or 1 'Yo, RIl CS 

Blood was collected from four or five chickens older than 3·weeks anJ serologically negativ~ 
10 ND. Bleeding was done with a syringe containing Alsever's anticoagulant solution (equnl 
volume). After gentle mixing, the blood wns transrerred to n large conical centrifuge ror 
waShing. The red bloot! cells were washed three times by gentle centrifugation in 
physiological saline (1500g revoltnions per minute for five minutes), and by pouring ofT the 
supernatant and by adding 20 to 30 volumes of physiologicat saline to the packed cells. This 
procedure was repeated once or twice until the supernatant was dean. The final suspension 
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was stored at 2 to goC if not used immediately. Then a I % erythrocyte working suspension 

was made in PI3S by mixing I ml of the packed cells with 99 Ill! P!3S. 

3.9A Preparat ion of hacmaggl utina till g :lllligCIl 

0. 1 tnl of the LaSota strain v irus suspens ion was inoculated into the allantoic cavi ty of ni ne­
day-old embryonated eggs. The eggs wen! candlt:d twice daily and all c.:m bryos dead during 
the first 2-1 hours werc discarded. Seventy two hou rs post inoculation the eggs wen.: chilled 
overnight at 4°C in a refrigerator. Thl! amnio-allantoic fluids (AAF) werc harvested 
aseptically taking care 10 avoid cOlHamination with a lbumen or yol k. Tht! antigen (AAF) then 
was tested for ils titre as dl!scribt!d under 3.9.5 and stored at 4°C o r -20°e. 

3.9.5 Titration fo r haem agglutinating acth' ity of th e an tigen 

50~d antigen was added in well onl:! and 25~d PBS in Ihe subsequent wells 2 to 12. Dilution in 
two-fold dilution steps was done by transfl!rring 25~tl of Ihe antigen from well I to the other 
wells of Ihe lirst row and by tho roughly mixing each dilution step approximately !O times 
between each lransfer. Finally, 2 5~d from the last well \vas discarded. Then 25pl PDS was 
dispensed into each wdl (1-12) and Jastly 50pl of the 1% erythrocyte suspension was added to 

each wel l. 

T wo or more wells wae selected as erythrocy te controls which only contained SOpl P13 S and 
50~tl 1 % erythrocyte suspension, but not antigen. The plate was kepi in the refrig~r<ltor fo r 30 
minutes and was read 3-5 minutes after the plate wns taken from the refrigerator and left 
st:mJing at room tempt: rature. A magnifying mirror was used for n:uding the reaction. 

Int erpretati on 
The plaks \\ere tilted and the erythrocytes left to flow. Sedimented erythrocytes (i.e. no! 
haemagglutinatt:d) now to the bottom of the wells' edge forming [I"nose" with a cross bar. 
Ilaemagglutinated ery throcytes do not /l ow. The II A litre is the reciprocal or the last antigen 
dilution with complete haemagglutination. 

3,9.6 Contro l ufihl' IlA utlits 

25 pI PBS \\as dispensed into all wdls of the first 3 columns (A,D ,C), with the exct:ption of 
wells 5 10 8 of the first column (A5, A6, r\ 7 and AS), which received 3Jpl, and the four last 

wells of the same column (A9, A 10, All and Ad which received 40~ll. 25~d PBS was 
dispensed in 2 othe r wells (1-1 11 , 11 12), which served as RBC cont rols, Then the antigen was 
added into the wells of the first column, 25~d in the first 4 wells. (AI> A2. AJ A" ) 17 pi in (ht! 
next 4 wells (A:,), A b, A 7. As), and I O~II in the remaining 4 wells (A9, A 10, AI J . A 12). 

The contents or the first column (A) were mixed well and 25~d were Ir:lllsf~rreJ to th~ 
neighbouring well situated in the second column (0 ). Th is was COlllinul!d in thl! same wny 
between Band C co lumns. 25pl wns discarded from the last dilutiull. This gave a two-fold 
dilutioll 

112,114 and 1/!:i in thl:! first row (I) 
113,116 iJnd 1112 ill thl! next row (2) 
1/5,1110 and 1/20 in the las! row (3) 

18 



25 pi of the RI3C suspension was displ!nsed to each well, the contents were gent ly mixed by 

handshaking and the plate was kept at a room temperatu re fo r 30 minutes. 

In tcrprcta tion 
The adjustment was accepted if all wells containing ~ 1/4 (AI to A4 and 8 1 to B~) showed 

ta la I haemagglutina!ion. 
The anli ge n adjllsted to -ll-IA unils was stored (2 10 SoC) in a re frigc ralOr. 

3.9.7 Test sc ra 

Test sera were obtained from experimt:lllal chickens at weekly in tervals as described in 
section (3.9.1) rind storo;:c\ at 2 to SoC fo r some days or ,H -20°C for longer periods. 

Decompkmelltrltion ofthc sera was not done. 

3.9.8 Contro l se ra 

Negative control sera were prepared by collecting sera from NV I SPF chickens and were also 
obtained from Germany. The SPF chickens were known to be negal ive for NO antibodies. 

Positive control sera were prepared by col!eeting sera from surviving chickens Ihat had 
survived natur31 outbreaks or were from the challenged chickens. Reference: pos itive sera \\Crl' 

also obtained from Germany. [3oth negative and positive control sera were kept at1-8°C. 

3.9.9 Titration of the ha cll1agglutinal ion inhibition 

SO~d of test serum was adJed to row AI colum n 1-11 , of a microtiter plate with U-shaped 
bOliam. Row AI, column 11, received 50pl working haemagglutinin. Walls 12 G/H n.:mained 
free for red blood cell controls . Using a multi-channel pipettl! 25~.tI PBS W<lS added into all 
wells of rows 8-11. Us ing a mic ropipene 25~tl \\ias transferred from each serum or 
haemaggllllinin dilution. respectively, from top to bottom, leoving 12 G and 12 H wells for 

red blood cell controls. 25~d diluted serum and haemaggluti nin W<l5 discarded from tht: last 
well of each dilution. 

2Spl working haemagglutinin was added to column I and 25~d PI3S instead of working 
haemagglutinaling an ti gen in column 1. 

The plates were shaken by hand and air bubbles at the well bottom were removed by st ilette, 
then Ihey were incubated at room temperature for 10 minutes and 50~tl of pns \\ as added to 
the red blood cell controls in wells 12 G and 12 II. 

Finally, 50~d of the red blood ce ll suspens ion was added to each well, including 11 G and 
12 II. Known positive and negative control sem were included. Then the microplate was 
incubated for 30 mimlles in a refrigerator. 

Infcrpn' t!l ti o n 

The plates were tilted the erythrocytes were left to flow and the flow of sedimented 
erythrocytes li .e . no haemagglutinated) to the bollom of the \\e!I's edge forming a ·'nosI;! " 
with a cross bar was observed. The HI titre was the reciprocal of the last serum dilution thaI 
co mpletely prevented haemagglutinatiun. The test was read within 5-1 0 minutes aJie r removal 
of the plate from the re frigerator. 



The test was not interpretablt: if the following condit ions were not Ill!.! t: 

I. Towl sedimen tation of control RBes 
2. No alte ration of the images or ROC agglutination wilh control serum. 

J. The negative control serum had a titre of < 1/8 
4. The known positive control serum showed a titre near 10 the already 

registered titre. 

3. 10 C h:lll cngl! 

3. 10. 1 C hall enge \!irus se lec lion 

Among tbe NDV isoiatt!s of Ethiopia, a viru lelH strain was sdcl..'tco according 10 the mean 
embryonic dt!ath time (t"l. IDTJ in 9-d<ly-old embryonated I!ggs and to the intravenous 
pathogenicity index (IVPI) in six-wel!k old non-vaccinated chickens. 

3. 10.2 Titration of the ch;lIl enge virus (£ 1051.1) 

The test procedure followed the- recommt!ndalions by Allan el 01 ( 1978): 
I. Seven univ!.!rsa! bOllll!s were filled with 9 ml POS containing antibiotics and were 

marked. -I to-7 
2. FOLlr more bottles were filled \\ilh 8 ml PBS containing ant ibiotics and marked -7.7.-

8.4, -9.1 and -9.8 
3. The se lected virus material (allantoic fluid) was transferred from bottl!.! one to 

seven, diluting the virus ten-fold with each transfer 
4. From bottle 7, :2 ml w!.!re removed and transferred to bottle 7,7 (this will makt.: a 1:5 

dilution for which the log value is 10.77
) 

5. The five-fold dilutions were continued by serially IransfelTing 2 ml up to and 
including Ihe test boule -9.8 

6. 28 eggs were marked and D.! 011 of the dillilions of -7.7, -8.-1-. -9.1, and -9.8 \\cre 
inoculmed into allantoic cavity using seven eggs per dilution. The eggs were st.:ak:d. 
incubated and the death was reco rded. 

7. The Spearmfln-Karber formula was used for calculation of th..:: end point. 
(Annex, page 115). 

3. 12.3 Challenge p rocedure 

In experiment one, three weeks alia the second and the third vaccinations, 25 chickt.:ns from 
each treatment groups and all experimental chickens three and two weeks after tht.: second 
vaccination during the second and the third experiments were inli.::ctcd intramuscularly by 
inoculating each chicken with a dose of 106 EID50 of the locally isolated vdogenic NDV 
(Alema)a strain). 

The challenged birds Wt.:l .... : observed lor a period of two weeks for the {kvdoptlh..'nt of dink'a! 
signs of Ihe diseuse 3nd/or mortality during each challenge. The time of death for each bi rd 
was also recorded. The disease was diagnosed tentatively on the basis or clinical signs <lnd 
postmortem lesions. Trachea, proventriculus, sph:en and brain samples \verl! laken for virus 
isolation and for identification of the vi rus. 

20 



3.13 S I~llis tic:J1 Analysis 

3.13.1 Feed based Newc :l stlc Disease vacc ine tr i ~l l s 

Prechallenge mean I [I antibody titres were compared by {he Kruska!-Wall is ant! way analysis 
of variance on ranks. Where the results were significant, Dunn's or Student Ncwman-Kculcs 
multiple comparison tests were done to establish differences in antibody r,;:sponse between 
pairwise treatments. The Mann-Whitney rank tl;':::;( was used for comparison of results between 
individual weeks. Mortality after challenge between treatment groups was analyzl!d by thl:.' 
chi-square test. Kruskal -Wallis one-way-analysis of variance on ranks was done to test 
differences between treatment groups fo r the mean death lime from ch::l.lknge to J~ath. 

3. 13.2 Retros pectivc studics or NCWC:1 stlc Disease outhreaks in s tate pouilry rarms in 

Ethiopia 

Pearson moment correlation was used to analyze the correl.lIions between age and mortality 
rates and between frequencies of vaccination and mortality rates. The student t- test was used 
to compart:: production losses between chickens vaccinated either with live or inactivated 
vaccines. The Mantel -Ilaenszel test for odds ratios was carried out to evaluate the str~ngt h of 
protection afforded by the inactivated vaccine over the live vaccine and to control the effects 
of conrounding lactors (concurrent diseases) on the mortality rates. 

PART.j . ORA L FOOD BASED NEWCASTLE DISEASE VACCINE 

.t.t.o Introduction :lnd Objectives 

Newcastk disease· is the most important <!vian pathogen in many countries. including 
Ethiopia. Virulent strains are widely distributed and seriously interfere with the development 
of the poultry industry. Comrol ofND in commercial chickens is done by the use or vaccines. 
However. conventional vaccines and conventional ways of vaccine delivery methods make 
ND vaccination innccessible (0 village chickens, because the vnccines n.:quires cold-elwin, 
cold storage and IHlndling of individual chickens. 

The recently developed hent-resistant V4 va~cine does not need a co ld chain. It can be 
delivered by the oral route and can be applied by unskilled personnel, under labor:ltory and 
field conditions. Several workers confirmed that the V4 vaccine is highly protective when 
given by conventionnl roules. The efficacy of V-I vaccine ns or.11 feed vaccine was tc-sto.:U in 
many countries tinder labof3tory and lielt! conditions on dirrerl!nt grains as carriers. Ilo\vewr, 
contrary to conventiomt! application methods, the results with feed as vaccine carriers were: 
variable. Some grains were found to be suitable vaccine carrie rs, others not. The r.:-:cent report 
by Cumming and his group (1992) indicated that short heating, washing, drying and crad..ing 
led to the recovery or the vaccine virus from grains as late as 18 hours after mixing. 

The present three trials we re undertaken consid~ring the situation ofND in \ illage chickens ill 
Ethiopia, adv~ntages of the V-I vaccine and the positive experiencl' of some countries in the 
control ofND in village chickens by using the V-I vaccine. The objectives of this study were: 
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1_ to study whether the heat-rl.!sistant N"DV -1 2 gives aJl.!quate protectio n against 
velogenic field strains of Newcastle disease viruses in Ethi opia. 

2- to comparc the immunogenici!y and protecti on potcntial ofNOV-1 2 with that of 
conven tional vacc ines (l In I and LaSota)_ 

3- to test the suitability of sorghum and barlcy as NOV-I1- vaccine carriers. 

-'-2.0 i\lalcrials and MClhoJs 

4.2.1 Experimcnta l des ign 

The expe rimental design was a complete random design. The complete random design was 
preferred becausc of its simplic ity in regards to the byOllt, bllt abo because rnndolllization 
gives every group orille experimen tal material an equal probability of rece ivi ng tr\:a\l1\cnl. 

The trial was conducted to compare the heat-resislilllt NOV-12 vacc ine strain of NOV with the 
conventional vaccines to test different ways of vaccination with the NOV -1 2 vaccine, and 10 

assess the suitability of barley and sorghum <IS vaccine carriers as wdl as the stabili ty of th e 
vaccine virus in these feed carrias . 

.... 2.2. Es lima ti ng the EI050 of the thermoslable (NDV-11) vaccine 

Titration of the thermostable vaccine was performed in 9-day-old embryonated eggs. For this 
test, thirty viable 9-day-old embryonated eggs, 5 each, were marked from 10-5 to 10- 1°. Five 
further embryonated eggs were kept as a negative control. 

0.1 ml of the virus dilution was inoculated per egg starti ng from tht! 10-IU dilution using st~ril~ 
I-ml all glass tuberculin syringes. The control groups received P(3S and were inoculated !.lSI. 

Following illoculntion , all t:'ggs were sealed with wax and incubated at J7°C. They were 
candled daily and embryos dead wilhin the first 24 hOLirs wert: disca rd~d. Becallse the 
thermostable virus causes Ellie monality in chicken embryos, the 50% embryo lethal Jose 
(ELD) could not be calculated. Instead, infected eggs were harvested after 4 days of 
incubation and the al!antoic fluid was examined for NOV haemagglutinin, using chicken red 
blood cells_ The fif,y percellt embryo infectious dose (EiOso) was calc ul ated by th e method oj" 
Spearman-Karber for determination of the end point (Annex !) . 

.... 2.3 Stability of the Ihcnnoslabic vaccinc (NDV- 12) 

The st1bil ity, infecti vity and hacmagglUlination acti vity of the NOV-12 vaccine was tested 
after reconstituting the vaccin!! with distilled water and mix ing it with parboiled and lIlltreatt.!d 
sorghum and barley. 

The vaccine mixed feed and the reconstituted v<lccine solution were k~pt at room tClIlpl.:r:l111re 
for periods of 0, 1,6 and 14 hr. The. infec ti vity was assayed by mixing 10 g or the feed 
Ivaccine mixture wi th 10 Illi of PBS. Th is was centrifuged at 1000 rpm for 30 Illinutes. Tilt: 
sllpernatan! was collec ted and liltcred through a 0. 45~l millipore Jilter. 0.1 III I of the 
supernatant was inoculated into five 9-day-old embryonated eggs pl.!r group and incubated al 
37"C. Four days post inoculation the allantoic fluid was collected and tested for HA and I II by 
known antiserum. 
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-4 ,2...1 Prcpar:llion of pa rboi lctl sorghum am.! b,lr!cy 

This was done according to the recommendations of Cumming 1992. 
1. Bo il fo r 2 minu tes i.e . bring water \0 boi l, pu t in grain at I kg per J liters ofwatt!f­

bring again [ 0 boi l, then leave for 2 minUies. 
2. Cool do wn let water go off, bo il and when cool enough 10 move (in about 5 

mi nutes) coo l do wn under runn ing lap water. 
3. Dry again-i .l! . get as much water oras possi ble by slm.i ning and pu t g rain in 

plastic on bc n~h in as much sunl ight as possib le and all ow 10 dry. T his takes up 10 

48 hr. 
4. Crack gra in using a ho use hold blender. Blend fo r 3 seconds about 100 g at a lime. 
5. Soak grains-place grai ns eithe r cracked or wholc into a co ntai ner 011 00 g /400 ~ of 

water. Soak all day - pour off twiCI! with funn ing water and rt:pe3 t overn ight. 

6. Dryas in step 3 3bove . 

.. U .O Expe rim ent A 

.. 1.3. 1 Experimental dt ickcns :wd \'a cc in:lIion 

Four hundred day-old broiler chicks purchased from the local hatch~ry (AL Er..1 A) wen: 
brooded together for 1-l-days in one house. After 14 days thre:.! hundred of them were 
randomly split in to five equ:11 trcatlll l.! nt groups. Each bi rd was tagged nnd identified by n tag 

number. 

C roupA I. 
Chickens in this group \\ere vaccinated with co nven tional vaccines (HBI and LaSotn) by 
intra-ocular and drinking water methods as recommended by lite producers of the vaccines. 

The first vaccination was carried out at the age of 14-days with J-I B I by eye drop. 100 doses 
of HB I vaccine were reco nstituted in '2.5 ml of distilled water and one drop ('25 ~tl) of th~ 
vaccine solution was instilled into one eye . 

The second and the third vaccinations were done at the age of 35 and G3 -days of age 
respectively. 100 doses of Ihe LaSoto strain vaccine were reconstituted in '2 liters of well 
water and 20 ml of the \ accine solution were given to each bird accounting fo r the numbo.!r of 
bi rds during lhe vaccination procedu re. The birds were deprived of water overnight be/on: 

vaccination. The approximate dose orthe vaccine wns 10
7 

EID3U per chicken. 

Group .\ 11 
T he first vaccination was carried OUI by the int ra-ocular method m I-l--days or ag~. fo r this. 
500 doses orlhe NOV-I , tho.! rmostablc Newcastle diseasl! vaccine \\ t! re reconslilllted in 11.5 
ml of distilled water (Th-e approximate dose per chicken was 107 ElDso). One drop (25pl) of 
the vaccine solution was instilled into one eye. 

The second and the third vaccination were done :\1 35 and G3 d ::lYS or age res pectiwly. Tho.! 
500 doses of vaccine were reconstituted in 10 liters o f well wnter and 10 ml or the vaccine 
So lUl ion were g iven po.!r chicken. Defore vaccination, the bi rds \\cre deprived of wate r 
overnight. 

2l 



Croups A III :lntl A IV 
l3i rds in these groups were vacc inated by the thermostable vaccine NDV-12 mixl:d with 
husked ground barlt:y and ground sorghum. To v::lccin::lte chickens. 500 dos~s of the vuccin~ 
were reconstituted in 12.5 ml of distilled walcr (25~d of tht! vaccinc solution per bird \\hich is 
approximately 107 ElDso \ irus per chicken). r- unhcr 2 Illi of the reconstituted vaccine- solll li\Jn 
were diluted with 198 ml of distill~d wate r, then th l.: diluted vaccine solUlioll wa~ vigorously 
mixed in a po lythene bag with 800 gills of previously prepared huskcd ground b~lrky fir 

ground sorghum respectively. Thl: vaccine feed fmix ture wen.: kept overnight at room 
temperature (I-l hr.) ~fore feeding to chickens fasted overnight. The vaccine W:lS 

administrated accounting for the number of birds in the experimental group calculated dose 

was 107 EIDS\l p~r 10 g of feed vaccine per bird. 

Second and the third vac~inutions \.vent carried out in the same manner as the first vaccirKllion 

with 109 of vaccine freed rni.\ture per bird. 

G roup A V 
This group was kept ullvoccinaleJ, but the birds were fed barley and sorghum during t.!vcry 
vaccination procedure emd half of the group received 25~d of distilled water into one eye 
during the \1! vaccination of tht: tr~atrnent groups . 

.tA.O Expcri lll l' nl 13 

4A. l Experimc n tal chickcns :1111.1 vaccina ti on 

160 day-oJJ broiler chicks, purchas~d from the local hatcher). w..:re brooded together in \JIll' 
house. until l-l-d<ly-o ld. Later on, I~ O chicks \.\ae mndomly dividt.!d into six treatment groups 
and vaccina tcd . The n:maining 40 chi~ks \\ere trnns ferred to NYI from the I;}.perimcnto.i silt.! 
and were renn:d till si x \\ccks of age until the intravenolls pathogenicity index ( I VPI ) tt!st was 
carried out. 

G roup B I :1I11.1 B III 
Girds in these groups were vaccinated by mixing the NDV-12 vaccine sol ution \\jtil Illrskcd 
and ground untreated barley and sorgh ulll for group I and 111. reSpeCll\L'1y. To v<lccinatt.! tht.! 
birds, the vaccine sulution was reconstitU{c:d with distilJ~d \\ater as d~scribed in :.r..:ctioll 
-l .1.5. 1. Then 1 ml of the \accinc solution was fc:constituteJ in distilled water as d..:scribcu in 
section .t.2.5.1. Thl! diluted vaccine solution was vigorously mixed wi th gOO gms of sorghum 
or barley in a polyth~nc bo.gs. 109 of the vacc ine feedfmixture (107 EID5U per 10 gill) per bird 
were fl!d immediately to chickens which had fasted O\'ernighl. The se..:ond vaccinfltion \vUS 

carried out in the same mann..:r J weeks after the first vaccination. 

C roup 3 Jl and B 1\' 

These groups were vaccinated with the NOV-I! vaccine mixed with sorghum anu barley. 
respectively. To vaccinate lhe chickens the vaccine-feed-mixture \\as prepared like for group I 
and III, but fl.!euing W:'IS done after k~!,:ping the vacci ne fc~d-rnixturc lor 1-1 hr. ~It mom 
temperuture . 

G r OUJl 3 V 

This group received the I ,) and the 2nd vaccinations via the oculd.f rou te. 1 drop (25pl) of thl' 
vaccine solution (N DV- 12) was instilled into the eye as described in section -1.3.1. 



Group B VI 
This group served as unvaccinated control, it only recei ved pure sorghum and barley orally 
and distilled wmer via the ocula r route al the time when the other grou ps were being 

vacci nated. 

4.5.0 Experimen t C 

.t.5.1 Experim ental chickens :l1ll1 vrlccin'llion 

Ont: hundred day·old 110Il4V(lccinal':u broiler chicks were purchased from lhe 1000:al 1li.tIL:hery 
ilnd reared in isolation until the first \'accil1a1ion. The parent stock was vaccimncd ngains l ND. 
Parboiled sorghum and barley were pn.:pared as explained in section 4.2.4. Vaccine 
concentrate conwining 500 doses per v i~l was diluted in 500 ml o f disrilkd water, then 20 ml 
of the vaccine solution \vas further diluted in another 100 ml of distilh:d water. The 110 Illl of 
diluted vaccine solution then was mixed with 100 gms of either parboikd barley or sorghUll! 
in a plastic bowl. The 10 gm of vaccin~>mixed4feed per bird represented approximately 10 
EID,o virus per chicken. This feed was I~d immediately or six hours after mixing to chickens 
which had fasted overnight. 

Grou p C I "nd C III 
These groups of chickens received vaccine-mixed parboiled badey immediatdy after IllIXll1g 
and six hours after mixing, respectively. 

C roup C II :l nd C IV 
These groups o f chickens received vaccine-mixed parboiled sorghum immediately after 
mixing and six hours after mixing , respecti vely. 

GrO Ujl C V 
This group remained unvaccinated control, chickens received pure parboiled barley and 
so rghum during times o f the vaccination procedure of the treatment groups . 

.t.6 Serology 

Prior to vaccination. in ordt!r to obtain some bnseline in lormation 011 maternlll Immunity 
status, blood sJmples \~ere caUected from 40 chicks at the age of I, 7 and 1-1 d:t~ S in 
experiment A, and ill 7 and 14 days of age in experiments Band C. 
After vaccination, sera \~ere collected from all experimental chickens at weekly intervals up to 
the end or the experiments and 14 days after challenge of the surviving chickens or all three 
experiments. 
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-' .7 C hallt:ngc 

In experiment A IWO cha lh:nges were carried oul three weeks after the sl!co nd and Ihe Ihird 
vaccinations, each li me 25 ch ickens from each treatment g roup wen: challenged. In 
experiments D and C, 20 chickens from eac h treatml!nl group were cha llenged Ihn: e and two 
weeks after thl! st!cond vaccinations, respectively. Thl' chalh:ngc virus \\ as JPplieJ 

intramuscul:lrly. 

-' .8 Results 

-'.8.1 Titration of the vaccine vil'us :llld the ch:ll ienging virus 

The lit re of the \accine was 1095 
EIDso pe r mi . " hile the titre orthe challenge virus \\as 10" 

ELDso per Ill!. 

-' .8.2 Vaccine virus s tabi lity 

Results of assessments on the stabi lity of the NDV -I 2 vacc.:int: \ irus thai is mixed with 11011-

boiled and parboiit:d sorghum and barley <!s well as tht.: vaccine suspension kepI at room 

tt:mperJtu rc for \ arious periods before inoculation arc sho\\ n in Table I. 

T:tble I. S uni\:J1 of ND\'~ll v!lcc inc ,irus 0 11 non-boil ed :I nd parboilcll baric) alllJ 
sorghum kept :It room temperature for ' :lrious IH.' ri ods o f time befo re 
inocul !l tin" int o embryonated egos • • 

Storage time Non-boiled Parboiled 
(in hours) sorghum barley \ lrus sorghum barley virus 

sllspension suspension 

0 yes· yes yes yes yes yi!S 
1 no '" no yes yes yes yes 
6 no no yes yes yes )es 
14 no no yes yt.!s yes yes 

• -) e::. - recovered (sun 1\' cd) 
· no = not recovered (nol survived) 

Boiling. wlIshmg and drying of the grains significantly extended sun iV~11 of Ihe \ irus 011 Ih~ 
parboiled grains and recovery of the virus from the allantoic nuid \\as possible as IJtc [IS 1-' 
hours when kepI at room temperature. Recovery of the \ irus from unboiled grams \\<1S 

possible only immediately "fler mixing (0 hour). 

·U .~ .J £~"crimelll A 

lilc geometric mean III antibody litfcs indw.:ed by vaccination" illl com emional \'at.:cines via 
the ocular and drinking water routes of tile th!.!rmostablc vaccine (NDV-I,) \ia the ocular :lIld 
drinking wal!.!!' rotllc~, ilnd of the vaccine mixt.:d sorghum and bit!"!!:y as ca~ric:rs alld applied b) 
tile oral route arc ::.110\\ n in Table 2 and Fig I. 



Table 2 Antibody responses (geometric mcan titre (GMT) ± s tand:lrd deviatiun (S.d» of 
chickens vaccinated with convent ional vaccines, with NDV- I ~ and with NDVI ! 
feed mixes (so rghum & barley) via oral or ocu lar and drinking water routcs 

(III -Test) 
,1,1~lc",al Firs! ,a;~I11~!"m S"onJ '·~~~"laUO!l l llllJ vJ~~lI1al",n 

IIllmUnu) 

Tn:~llll~nl 1 , "~c~ 0 ""~~ 1 ,, ",~2 ""C~ 3 "cc~ ~ "c~~ j "cd.. 6 "cc~ 7 " ceL!; ",·~L <) 

group;; 

COIl'cnnon31 " ) , 12 Jl , 8 " " )9 3 S 28 )7 , ; 
(11ll1 & (.!.I I) (.!.1) (±I I) (.:: 1 2) (':0.9) (:: 1 3) (.::1 I) (.!. I 2) (.::1 2) (.!.I J) I±I n (.:u S) 

LaSota) 

NOV-II " " " " J9 " )9 J9 " ' . -, )0 ) ) 

(.::11) (:1) (:1 2) (.::I I) (tl 1) (.::11) (rI2) (.::1 J) (±I 4) (::10) (:I I) (.::1 J) 

SO/ghum " ) , 12 OJ 01 01 00 00 0 0 0 0 

(::1 I) (:1) (:1 2) (.tU 1) 

B31k) " ) ) 12 01 00 00 0 0 0 0 <I 0 

(.::11) (:1) (.::1 I) (.to 3) 

Cool/ol " ) , Il 01 01 00 0 0 0 0 0 0 

(.::1 II (.:: I) (.tIl) (::0 J) 

TC;I~J '0 " 60 60 60 60 60 60 60 )0 )0 )0 

chidcns Jl<!! 

gf()\lP 

t\gc at 1 - " 21 l8 JS " " 56 " '" " 
hkcJU\g 

(JJ)s) 
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EXllcrimenlai we eks 

Figure I. Antibody res ponse of chi ckcns (gcom etric mean tifrc) vacci na ted with 
cO IH'cu lional a nd N DV-I! vaceincs vi a th c ocula,' ;IIH.I drinldllg walc" rout e 
:lIId vacci na led orally wilh Ihe NDV-I ! va t'ci ne mixed wilh unl,'c:ll ed 
so rghum and hadcy as v:l cc in c c:llTiCl"s (III T es l). 

Day-old chicks stllted with a maternal antibody titre of log 2 ~ H whi ch dropped to log 2' ~ by 
the third weeks of age. As from there, antibody titres of unvaccinated control chicks and of 
chicks vnccinated with untrented sorgh um and bndey as NDV-I2 carriers dropped to zero from 
the second week afler the first vaccinati on, they were suscepti ble to the first and the second 
challenge infection (Table 4). Vaccinations with NDV- I ~ and II BI and L1Sota stra ins in 
contrnst led to an increasl! o f the HI-antibody titn.:, beginning one week and reaching pl!aks 
two weeks uftl!r thl! first \accination for convent ional vaccines (I [[) I and l.aSota) ::tnd thrLe 
weeks for NDV- 12 ocular routl!. Thus, therl! was no HI antibody response in the groups 
vaccinatl!d with NDV.11 ora lly on untreated sorghum or barley. 

For NDV-12 and conventional vaccines, antibody titres decn:asetl art!.!r til...: second vaccin.ltion 
until thl! Ihird vaccination (boostl!r dose) was given. As from thl!rc , the I I! antibody titrcs 
gradually increasl!u n .. acbing a maximulll II! titrl! of log / ~ for NDV·1 2 an d l og2~l for 
convention,,! vacc ines at wl!ck tLIl . 

The Kruskal-Wallis onL-way of analysis o f vnriance on ranks revcah:d a stat ist ically 
significant difference (p < 0.05) in Ihe median values among the treatment groups. In orcl l'l" to 
isolate groups that diflt:rcd li'om others, pairwise IllL!hiplc cOlllp~lrison lest (Student Newman 
Keul s) was used. The results nrc shown in Table J. There was ~l significallt dil"ll:r.:nce 
(p= 0.05) between the trl!atmLn t groups except for conventional vs. NDV-11 
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Table J. I) aircw isc compariso ll s or vaccination r esu lts ( III Tc!>1 gcu mctl'i<.: lIl e'lIl til rc~) 

between Ihe trcatnH,'nl groups in experiment A 

(Student Newm::ln Keuls Test) 
Experimen tal vacci nation and control groups I Significant differem:e at p<O.05 

Conventional vs. Sorghuill 
Conventional \'5. Control 
Conventional vs. Barlcy 
NDV-I, 
NDV-I , 
NDV- [~ 

NDV- I, 
Sorghum 
Sorghum 

vs. 
\5. 

\IS. 

vs. 
\5. 

vs. 

Conventional 
I3arley 
Sorghum 
Control 
Darley 
Contra] 

yes 
yes 
)'l:S 

no 
yr.:s 
Yes 

)es 
no 
no 

The Mann-\\ 'hitney rank test shows that the geometric mean titres at \\ eel.. I aner the lirst 
\'accination was significaml!y higher (p <0.0001) Ih~Hl al \\eek 0 for the com.:nlionai \'accines 
and the NDV·12 ocular and drinking water group, but not the sorghum, barley and comro] 
groups. Also (GMT) vaccination titres diffen:d statisticall) significant (p ""0.0001) at week 7 
after first \accinalion when compared to titn:s 6 weeks after the first \·accination. 

The distribution ot III antibod) tilres a! time::; of the firs t and seconJ chall~n~es e.\prl.!s::ied b) 
the percentag~ of chickens \\ith an III titre:?: log / and by the percentage of bi rds proteclCd 

are recorded in Table 4. 

Table -l Distribut io n of H I titrcs nt tim es of fir st and s eco nd challenges three \\ t!eks :l ftcr 
second and th ird v'lccin 'lIi ons " lId the dC " l'ee of prot cc ti 011 confcrrcLl . . . . • 

I HI titres (log 1) I 
T rt:alln~nt No. 0 1 J • 5 6 Gi'>IT % III Protection 

Challenge groups chicks 2::log~ 
; 

11'0 

tested 
Conventional 0 -

- ) - 0 II I I I 3.5 97 100 
0 

DV-I, 0- 4 12 9 ' 7 ~~ IOU - ) - - - ~.-

First Sorghum ?" - ) 
0-
-) 0 0 0 0 0 0 0 • 

(56 days) Barley 0-
-) 

7-
- ) 0 0 0 0 0 0 0 0 

Control ?" -) 
7 -
- ) 0 0 0 0 0 0 0 0 

Comenllonal 25 - - 9 7 3 6 4.2 100 100 
i'-lOV-11 7- , 10 7 • 0 3.4 8~ 100 - ) - 0 

Second Sorghum , -
- ) 

7 -
- ) 0 0 0 a 0 0 0 12 

(S.da)s) Bark) 7 -
- ) 7 -- ) 0 0 0 0 0 0 0 8 

Control 7 --) ? -
-) 0 0 0 0 0 0 0 0 

8-1 -92% of chickens vaccinated with NOV-I, \itt the ocular and drinkino water routes and 01" - . 
the conventional vacc.ine groups had HI antibody titres :?: log / during the first ch311enge and 
8-1-100°0 of the! chickens of these groups had titres 2:: log 2

3 at the time ortht: second chalkngt:. 
Chickens in the control group and in the untreated sorghLlm and barley groups had no 
measurable HI antibodies at the times of lhe two challengt:s. ,. 



The level of immunity, indicated by the I II titfe 2: lo~ / does ,not corrt!s~ond to Ihelmtection 
obtained by tbe two chalknges. It was noted that cillckens wHh an I I[ tltn.! < log 1 .1I1d SO llle 

chickens without dett!ctable II! antibodies from vaccin<Hed groups survived the challenges. 

T IlJle 5 Rcsults of cil"llicllucS ·IIlUme·ln dC·lt b l imc :I t 56 'wd 84 (hys of :1°C , . . • . . . • 
Challenge Fi rst Sewnd 

Trt!atmenl Surv/Chalknge MDT (days) Surv/Cha1ienge IvIOT (days) 

groups d (%) d (%) 

Sorghum 1/25 4.85 3m 5.5 

untreat~d (4) ( 12) 
Barley 0125 5.16 2125 5.5 

untreated (0) (8) 
Co ntrol 01'25 4.64 0(25 5.3 

unvaccinated (0) (0) 
NOV-I , 25125 25/25 

(100) (100) 
ConveOlional 25125 25/25 

(100) (100) 
. 

~IDT - mean death tnne ( trom chalknge to death) 

100% of the chickens vaccinatl...'d by the conventiollnl vaccines and by NDV41: Ol.:ubr and 
drinking water route \\ere protected against the two challenges with locally isolated virulent 
Newcastle disease virus. In contrast, all chickens in tht! control group and 88-100% of 
chickens of the untreated barley and sorghum groups died after the first anJ the second 
chal lenges. 

The comparison of tn.:atmeJ1l groups in reg:mls 10 mortality showed st:ltistlcally signilicant , 
differences bet\\een trcalmelll groups for the first and second challenge. (X4 =12 1. P < 0.0001 
and X~ = 106.8, P < 0.000 1) respectively. The levd of protection o f the sorghum anJ burley 

groups appeared to be relatively better during the second challenge than during the tirst 
challenge, bUI the Mann-Whitney rank on SUIll test (p <0.05) n:vealed Ihat this difli:n: ncc was 
not statistically diffen.'lll Jj·om the first cllalk·nge, Also , the KrtLskal Wallis one-way nn.11ysis 
of variance by ranks shO\"t:d that tht: levds or protec tion ob t:lincd <.It first and sctund 
challenges in the untreated barley, sorghum and unvaccinated control groups \\fcn: n()t 
statistically significanl (p = 0.12 and p= 0.75 respectively, for the firsl and sel.:oml challenges). 

The longest mean death limes were 5.16 nnd 5 .54 days. Ihe shortest mean Jemh times 4.64 
and 5.3 days for first and second cballenge respectively. The Kruskal4Wallis one-way analysis 
of variance on ranks indicated that there were no a statistically significant dilTe rences (p=O.1 J) 
.md (p :0.754), rcspcl.:tivdy, in regards to MDT lor first and secollJ challenge be{\\cen the 
sorghum barl!.!) and the ullvaccinated control experimen tal groups . 

-t .8.-1 . Experiment B 

The geome tric mean \\eekly II! lilres of chickens vaccinated t\\ice with NDV-I:> \i,l lh~ ocular 

route, with the NDV 41:o vHcl:ine on untreated sorghulll amJ barley as carriers 01" the NDV-I:> 
vaccine and of the unvaccinated control group arc sho\\n in Table 6. 
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The 7-day old chickens started with a GMT of log / S maternal immunity kvel, tbis val ue 
dropped to almost zero by 4 weeks of age in all treatment groups, except for the NDV-I~ 
group vaccinated by the ocular route. The groups receiving vaccine with immediatdy after 
mixing (barley 0) or barley and sorghulll , 14 hours after mixing (barley [4, sorghum 14) and 
the unvaccinated control groups did not develop antibodies up to the end of the ex periment 

(56-days of age) . 

Increase in antibody tilres for the NDV-[2ocu]ar gro up in contrast were obse rved staning from 
the first week afler first vacc ination and continuous to increase (Q reach the peak two weeks 
after the second vaccination. From then on thus slightly dropped by week 6 anef the first 

vaccination. 

The Kruskal-Wallis one-way analysis of vJriance on ranks showed that the median V:lhH';S of 
the III anti body titres among the Irt!atmelll groups was stat istica lly signi!ican t (p<O.05). 

Tnblc 6. 1-11 antibody res ponsc (gcomet r ic mcan till·c ± sta ndard deviation) or chickens 
vaccinaled twice with thc Nn V- I ~ vaccine by di ffc l-cnt routcs :lnd of the 
ul1 v· .ccinlltcd cOl1 tl·o l g roup . , 

Treatment Maternal First vacci na tion Second vaccination 

groups immunity 
wl.:ek 0 I week I I week 2 week 3 I we!:k 4 I week 5 T week 6 

Sorghum 3.5 1.1 0.2 - - - - -
14 '* (±I) (±0.9) (±0.4) 
Barley 3.5 I.l 0.2 0 0 0 0 0 

14 '* (± I) (±0.8) (±OA) 
Barley 0 '" 3.5 1.4 0.7 0.1 0.1 0 0 0 

(± I) (±0.8) (±0.8) (±0.3) (::0.3) 
Sorghum 0 3.5 1.3 0.8 0.1 0.1 0 0 0 

• (±I) (±0.9) (±09) (±0.2) (±0.3 ) 
Control 3.5 1.4 0.2 0.1 0 0 0 0 

(±I) (±0.8) (±0.4) (±0.3) 
NOV-Iz 3.5 1.4 2.2 3.2 ' , 3.9 4 ' 3.4 J.J .J 

ocular ± (±0.5) (±0.9) (± 1.1) (±0.8) (±0.8) (±0.7) (±0.9) 
Chickl!lls 40 20 20 20 20 20 20 20 

tested 
Age at 7 days 14- 2 1- 28- 35- 42- 49- 56-

bh:eding days days days days days days days 

."'= untreated, given orally 14 hours after mixing with the NDV- I, vaccine 
• =untreated, given orally immediately ana mixing with the NOV-I , vaccine 
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Figure 2. HI ;lutiLwdy res ponse (geome t ric mea n ti t r cs) uf chickens vacc inatl' tl wi th 
NDV-Iz viii thc ocul:lr, of NOV-I ! orally on untrcated sorghum and barlcy as 
vacci ne carri c rs am.! of th e unvaccinate<.l (ontrol gro up. 

Further analysis of the geoJlletric Jll!.!<ln III titres by Dunn's multiple comparison test inorde!" 
to isolate the group or groups wbich differed from others, indicated a statistically significant 
diff!.!rellce (p <0.05) between the NDV- I2 and the other treatment groups (Table 7). 

Tab le 7. Compal"ison of vaccination ,·cspo ll se of treatment gru ups vs. th e N DV-12 ocular 
ruule gruup. 

(Dunn's multiple comparison test) 

Comparison groups 
Barley 14 vs. 
Control vs. 
Sorghum 0 vs. 
Barley 0 vs. 

NDV-12 ocular 
NDV- 12 ocular 
NDV-12 ocular 
NDV-12 ocular 

! significant difference at p <0.05 
yes 
yes 
yes 
ye5 

Exce~t for the .NDV -~1 ocular group, where 94% of the chickens had attained an 1!J tilre of 2:: 
log 2 at the lIme 01 cha ll enge, all chickens of Ihe olher trcatrnl:nt groups showed no HI 
antibodies at all crable 8). 



Table 8. DistribUfion of III antibod y titres (geometric m ea n titn.:s) at th e time el f 

I lie 19' xp "cssed "\5 log (21 lhys 'lft er- th e second v'lcci Jl"l t io n) C 1:1 , e, c. . , . . . 
Age at T reatment No. of III distribution log 2 at the time of GMT % III 

bleeding group chicks cilalknge. 2: 10g}J 

tested 

0 I I J2 13 14 15 
Bartcy 14 20 20 0 0 0 0 0 0 0 

56 days Badey 0 20 20 0 0 0 0 0 0 0 
Sorghum 0 20 20 0 0 0 0 0 0 0 

Control 20 20 0 0 0 0 0 0 0 
NDV-12 19 0 0 I II 4 

, 
3.5 94 J 

ocular 

Tabk 9 shows tht! I"t!suits or the challr.:nge, carri ed out at 56 days of agt!, i.e. three weeks aner 
the second vaccination, and of the mr.'an death lime (days from challenge to death) for each 

treatment group. 

The challenge test showed that 100 O/OJ of the unvaccinated control chickens and 90-95% of the 
chickens vaccinated with Ul1lreatcJ barl ey and sorgh um as NOV-I2 carriers died aft!.!r intra­
muscular challenge with virulent Newcastle disease virus (Akmaya strain). 94.7% of t11l.! 

chickens vaccinated ocubrl), with NOV-I2 were protected. 

T a ble 9 Res ults of NeH cast lc Disc :l se vi ru s challenge of 56-Jay-o ld vacciualctJ and 
un' accinatetJ chickt' ns, three weeks arter secunu vaccinatio n anti IIIC ;111 uealh 
time (1\ 10'1') fr ol1l c h;lllen gc to (kith. 

Treatment groups ! No. survival/no, challenged I % survival I iYIDT in days 

• 
** = 

NOV-12 ocular 18/19 
Badey 14 ... 1/20 

Darley 0 • 2/20 
Sorghum 0 • 2110 

Control 0/20 
(unvaccinated) 

94.7 
5 

10 
10 
o 

6 
- 7 
).-

5.1 
5.1 
4.8 

Untreated, gIven orally immed13tdy after mIxing \vJth the NOV-12 vaCCllle: . 
Untreated, given orally 14 hours aliI![ mixing with the NOV-11 vaccine. 

In regards to mortality dilTt!rences between treatment groups were statistically signiJicallt 
(X

2 
= 68.2, p<O.05). The shortest mean death timt! was 4.8 days (u nvaccinated control group). 

tht! longest was 5.18 days (barley 0 group). Howeve r, the Kruskal \Vallis one-way analysis 011 

ranks test showed that the differences bdwecn the median values of the mean (k:alh times 
among the treatment groups o/" sorghum O. barley 0, bar Icy 14 and unvaccinated controls were 
not significant (p=0.S7). 

The: level of immunity, indicalCd by an III titre;.:>: log 23 (Table 8) does not correspond to tIll.: 
protection shown by the challenge results Crable 9). Some chickcns without a ddcClahk 
antibody titre from the vacci nated groups survived tbe chalknge:. 

JJ 



-t.8.S. [xperimcn l C 

The wt!ekly geometric mt!all III antibody tit res induced by vaccinat ion of chickt.:ns at 14 anu 

35 days of agt! wit h tilt.: N DV-ll vacc ine and parboikd sorgh um and barky as carriers and of 

un-vacc inated control chic kens arc shown in Table 10 and Fig 3. 
Maternal antibody levels or both vaccinated and unvaccinated groups dropped frolll I II titre of 
log 211 at seven days of age to log 2° by 3 weeks or age. Chickens which had n:cl: ived the 
NDV-12 vaccine mixed with parbo iled barley imml.!diatcly a fte r mixing (ba rl ey 0) and 6 hours 
after mixi ng (barley 6), responded pos itively to the vaccination ana the booste r dose had 
been given, while the sorghum 6 group and the utwaccinatcd controls Jid no t Jl.'vclop 
antibodies up to the end of the experiment (49 days of age). In the sorghum 0 group, 3 to 5 
chickens showed only very low III antibody titres throughout the cxpe riment. Peak I-II 
antibody titre for the barley 0 i:lnd barley 6 vaccination groups we re obserwd two weeks after 
the second vaccination (Tabk 10, Fig 3). 

Tabk 10. HI Antibody res pull ses of chici{cns (Ceo llletri c 1111.':1 11 titrcs ± s talldard 
devia tiun) vaccina ted twice with the NDV·12 vacc ine mixc!.l with parhoilcli 
sorghu lIl ·lIll.l barley ·U1I.1 of II ll v'lcc ilnted contro ls . . . . 

Maternal first v<lccinatioll 
immunity 

Treatment \\leek -I week 0 wc;ek I week 2 
groups 

Barley 0 • 2.2 0.8; 0.2 0.3 

(±0.7) (±OA) (±O A ) 
Barley 6 ., 2.2 0.8 0.2 0.2 

(±0.6) (±OA) (10.4) 
Sorghum 0 , 2.2 0.9 0.3 0.1 

(±0.6) (10.3) (±0.3) 
Sorghum 6 2.2 0.6 0.2 0 

" (±O.;) (±0.2) 
Control 2.~ 0.8 0 0 

unvaccinated (±0.7) 
Chickens 20 20 20 20 

testc;d 
Agl.!m 7 14 21 28 

bleeding , , . -

**= 
Given ordll} lmll)l.;dldte!y alter nllxlllg wllh the Val:l.!lnc. 
Given orally 6 hours after mixing with the vaccine. 

Second vaCCiJl:.Jlion 

week 3 week -t 

0.4 2.6 
(±O.6) (±l.2) 

0.3 1.2 
(±0.4) (±0.9) 

0.1 0.3 
(±OJ) (±0.4) 

0 0 

0 0 

20 20 

35 42 

week 5 

3.-t 
(±I';) 

2.5 
(±l.I) 

0.2 
(±0.4 ) 

0 

0 

20 

49 
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Figure .3. III Antihutly respo nse of chickens (Geo metric me:ln litrcs) vacci n:lt cd OI'ally 
with the ND V~ I ! vaccinc mixct.! \\i th parboilctl sorghullI :l nt.! barlcy, and of 
un vaccinated contro ls. 

The Kruskal-\Vallis one way analysis of variance on ranks showed that then: W<lS a 
statistically significant difference (p = O.029-t) in the median values among the treatment 
groups with respect to Gi\rr. In order to isolate the groups thaI differed from cat.:h other, 
Dunn's multiple comparison test was carried out (Table ! I). 

Table II. Pain\ise comp:lrison of treatment groups. 
(Dunn's multiple comparison test) 

Comparison groups Significant difference al p < 0.05 

Bark)' 0 VS. Control vcs 
Barley 6 VS. Control yes 
Sorghum 0 VS. Conlrol no 
Sorghum 6 '.'s. Conlrol no 
Sorghum 6 VS. B<lrley 0 ycs 
Barley 0 \s. Barley 6 no 

The G~IT oflhe groups barley 0 vs. barley 6, sorghum 0 vs. control and sorghull1 6 \'5. control 
groups were not statistically signilicam (p<O.05), bUI differences significant \\ere bet\\ccn thc 
groups barley 0 \s. control, barley 6 VS. control and sorghum 6 vs. barley O. 

The dislribution of I II ~lJllibody !itr~s at the lime of challenge (t\\O \\('('\.;s ;dicr Ihc s('coml 
vaccination) and the percentages of chickens with HI mUihody titres 2! to log / were shown in 
Table 12. 
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Table 12. lJisl ribu tio n of III :lIl liboJy tilrcs :lt l ime ofch:lll cngc (Ino wl' cks pOS I second 

v'lec ill'lIion) 'm d pcrecnt' l"cs of chickens with ' I n I-II > 10 10" ,J , , , 
'0 

, - o. 

Age at Treatment No. of HI distri buti on log 2 GHr % birds 

bleeding group chickens wi lh an III 
( in days) tested lilr~ 

~ to log! 
J 

0 II 11 13 14 1 5 

Darky 0 10 1 . 1 6 4 6 3,4 80 
49 Barley 6 10 I 1 7 6 4 0 7 • _., 50 

Sorghum 0 20 17 3 0 0 0 0 0. 15 0 
Sorghum 6 20 20 0 0 0 0 0 0 0 
Control 20 20 0 0 0 0 0 0 0 

Table 12 shows thai 80% of the chickens in the barley 0 and 50 % of barley 6 group had an J [I 
titre ~ log / at the time o f chalk:nge, In cont rast, the sorghum (j <lnd thl! con trol groups Her~ 
\ ... itholH detectable III antibodies and 11m:!.! oul of the twenty chic kens in the sorghu m 0 group 
sho\\cd \cry low HI antibody liues at the time ofchatknge, l lo\\cwr. somc birds \\jlh III 

IIU!:!S ~ log / still \\!:!re protecled against challenge as Ihe challenge results and the menn death 
times from challenge to dl"ath (Table 13). 

T :lblc 13, Res ults of NDV dlall c n~e of chickens vacc in:t leJ twin' a nd challenged al 41) 
J 'I)S of'l"e ·lIld the IllC'lIl J ("ll h lime from clrlllelllJC lu JC 'Ith , ' 0 , ' . . 0 

T reutment groups No, sun i\ ed no. % survival Mean de-3th time ill dJ)'s 
chalh.'nged 

I3nrley 0 • 20nO 100 . 

Darky 6 .. 19120 95 6 
Sorghum 0 • 6/20 30 4.9 

Sorghum 6 . ' 0/10 0 5 
Control 0,20 0 4.8 

(unv:.\cci Ilated) 

• Gnen orJlly Imml!uwte1y rlfter nmnng \\Ith the vaCCJrle, 
H"" Given ornlly 6 hours ath:r mixing wilh the vaccine. 

95·100 % of the chickens from the barley 0 and barky 6 groups \\ere protl!cteJ against 
challenge with \irulent NDV, 30 % protl!ction was also obtainl"d in thl! sorghulll 0 group. 
\\hile birds from Ihe ullvaccinated control and so rghum 6 groups \\ere nOI prolec\l!d. 

The comparison bel\\l!l!il all Irl!,HmCIlI groups showed statist ical signi ti cant dill\:l'l!nces 
(X

2 
=6-1.1 and p <0.05), but no signilic:l1lt differt'llces \\cre dctel!ted oct\\ el!ll bil l' l~y 0 nnd 

barley 6 and also bemeen sorghum O. sorghum 6 and control groups in rcs~ct to mortalil). 
The shortest mean dl:!'ath time was 4.8 days (cont rol) and the longest was 6 {Ltys (sorghum 6). 

ll o\\cver, no stiltistic .. 1 significant di fferences in mean death time between sorghum O. 
sorghum 6 and the un\'acdnated control groups cou ld be established, 

In all birds Ihat died afler challenge, gross pathological lesions suc h 35 hal!llIorrhages ant! 
necrosis in the proventriculus, trachea, inteslinl! and caecal lonsil. a nd the form:niol1 of 
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annula r ring pl:lqw: in the intestine wen: found at IlGcro psy, Ilomogenatt:s o f brain, tracht.:a 
and liVt . .' r samples from these de;lu chickens were positive for NDV in embryonated eggs. 

4.9 Discussion 

The objectives of these trials were to evaluate \\ hethc r the hem resistan t NDV -12 vncc.i l1 <.! gives 
adequale prOlection ngninsl velogenic sirains o f NOV. to compare Ihis vaccine wi lh 
conventional (1-1131 and LaSota) vaccine types and to assess the possibil ity or using barley and 
sorghum as carriers of NOV -1 2 vaccine for oral applica tion. 

The results indicate that chickens vaccimncJ with the thermostable NDV-12 vaccine vi a tht: 
ocular and drinking wnter routes or orally with parboiled barley as vaccine carri er wcre 
substantially protected ag:linsl challenge wi th a virulent NOV strain equally as with the I-IB I 
and LaSota strain via the ocu lar and drink ing water route. This con fi rms results of prev iuLls 
workers (Ibrahim el lll., 1980. 198 I; Bcll et aI., 1991; Copland and Spradbrow, 1997), who 
reported about the enicacy of the V-t vaccine strain, whic h is identical to the NOV-I! strain. 
They determined that this vaccin!!, appl ied by intranasal, intraocular route or given as aeroso l, 
spray or via the drinking water, resulted in seroconversion and protected the vaccina ted birds 
against challenge with virlll~nt NOV. 

In our work we also comparl!d the erticacy of the NOV-12 vaccine with the conventional I [BI 
and LaSota vaccines. The results indicate th~u with respect to seroconversion and protection 
against challengt.: with viruh:.nt NOV there is no statistically significant difference beh .... ecll tht.: 
IwO vaccine types when given via the drinking wate r and the ocui:lr rou te. Three weeks artcr 
first vaccination a peak titre of approximately log;): J I, was recorded for the ocubr[y vaccinated 
groups. This corresponds 10 the peak of log ./0 reponed by IJris e{ al. (1987) and Bell ef (/1. 
(1995) 2 weeks after a single vaccination with a V 4-UPM heat-resistant clonl'. 1\ similar penk 
titre within 2-4 weeks after vaccination wns reporte~l by Spradbrow and Sarnud (1987). In 
contrast, Westbury (1984) indicated that the V4 v.1ecin.: was less dTective than til.: 11 131 ami 
LaSota vaccines, based on the proh.'ction afforded by aerosal vJl'cinmion under laburatory 
conditions against increasing challenge virus doses injected intramusclilarly. Similarly. 
Biswas t!llli. ( 1996) also observed sligh tly better protection with conventiona l vacc ines than 
with the thermostable vaccine NOV41IR. Since Allan and 130rland (1980) observed 
differences in Ihe immunogenicity of different commercial v:lccines b.1sed on the virus sirains 
used , il is wt::11 possible Ihm the immunogenitity of Ihe J-l B I and LaSota preparations lIsed by 
Westbury (198-l) differed from those ofcl.>mmercinl vaccines availab[e nowadays. Our results 
certainly sho\\ the potential of the NOV-I:! vaccine when applied via the ocular and drinJ...ing 
water routes are in fully agreement with the findings of Kim nnd Spradbrow (1978). Ibrahim 
(!/ al. ( 198 1), amll3d[ o!l al. (1995). 

Chickens vaccinated with the NOV-Il or lIB I and LaSotu strains and surviving the cha!lengl' 
must nevertheless have been infected wi th virulent vi rus because they shov"eJ rising alllib(H.I) 
tit res. Turner and Kovesdy ( [974), Spradbrow el al. (1980), Ibrahim (!{ al. (1981) and 
Westbury (1984) reported tl\:l.( surviving chickens showed no respiratory illnl'ss during 14 
days of obsen·ation and yet exhibited a marked rise in th~ antibody titres following chnlll'llgt:. 
This indicates that tht:') hilt! been infzcted by the challenge vi rus. This agn~es with Sprtldbro\\ 
(t 993/4) statement thot oral Newcastle disease vaccine will prevenl di sease but nm infection. 
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Applying the DV v<lcc ine orally via vaccine-treated f!!ed appears to be an attractive 
alternative [ 0 the com entional ::lpplicalioll Illetbods in situations where poultry are roaming 
freel) most of the lime, sllch as in the case of village chickens in South East Asia and Africa. 
Samuel t.'f al. (1992) and Cumming (199'2) found that uncooked grains as vaccine carriers 
weTe not entirely satisfactory and showed that vnccine, washed orf immediately after h:1\ ing 
been added to grains, hJd lost at least 90% of its initial virus titre. They assumed Ihm these 
grains probably conlO,incd water soluble antimicrobials, possibly phenolic compounds, \\hich 
are necessary to protect the grain seeds after planting in moist soil until successfull) 
germinating. Cumming (1992) therefore suggtsted that .shon boiling and washing the grain 
would significantly extend the slinivul of the virus on the grain and that comse cracking. 
\vould extend its sun ivai lime. A possible mechanism might be that this treatment leads to a 
bella ::machment or absorption of \i!'Us to the interior pm1s of the grain. r:uher th<ln to the 
outside of the grain \\ here the antimicrobials are concentrated. 

The pres.;:nt \\ork sho\\s thaI uncooked barley and sorghum were unsuiti.lb!e \i\ccine carriers, 
vaccine virus could not be recovered in embryonated eggs. except immediately after (0 hours) 
of mixing \\ith the grains. In contrast. \o'ccine virus wns recovered even after 14 hours, i r the 
barley hJj been pretremed by parboiling. Also, birds \accinated with non-parboiled grains Jid 
nm seroconven anti were unprotected, \\ hi Ie chickens vaccinJ.tcd \\ ilh parboiled bartey 
serocom-erted and \\ere \\ell protected against challeng.e with virulent NOV. On the OIhcr 
hand, \'ac~ine adJed to parbuiled sor~hum, did not stimulate nlly production or nottbody anJ 
birds were susceptible to challenge. Cumming (1992) J.l.so round J high corrdation bt:!\\een 
recovery of virus from eggs and serocollversion in chickens ns well as and sUl.:cessfull) 
slimulated seroconversion only \\hen the sorghum \\as consumed \\ ilhin two hours of mixing. 
Copland and Spradbrow (1997) reported thnl the 12 \'accine ueli\.:red by thc oculdr and the 
drinking water in Tanzania indicated about 70% efficacy unde r field condition in contrast 
when Ihe vaccine ddivered on boiled sorghum was kss effective. 

A previous \\'ork carrit!u out in Ethiopia by Rushton (1995) sho\\ed that vaccine mi"ed V-I­
\\ ith bdrle). resulted in sc:roconversion and protected I OO%~ or the \accinateJ chick<:ns [If tel' 
tht: third \ accination. This linding was not confirmed by the present work. Vaccinc virus 
mixed ..... iIh untre:-tleJ bark) was not recoverl!'J one hour aner mixing and chic[..en:. neither 
seroconverted nor \\ere prott:cteJ against challenge \\ ith virulent NO\' \ irus. 
The study thus sl1o\\$ that chil:kens vaccinated \\ith tht: ll13l and LaSuta v'H.::cines anJ \\il11 
the t";OV-1 2 \<lccint: vi.:! the oculJr and drinking water route, only ocularly, and also orally 
after mixing, NOV-I! \\iLh parboiled barley were substantially protected against cilallt'nge 
\\ltll \' irulent strains of NOV. It was. ho\\e\-..:r. surprising lhat some. chickens with a hm or 
e\-en an undC:Lectabl..: NOV-III titre aftl'r \accin~lIion ne\erthdc:ss \\-cre pro!t!clc:d "gainst 
challenge with the \elogenic NOV challenge strain used. pUl"thermorc. a numbc:r of ~hickt:llS 
in the vaccinated groups showed 10\\ antibod) ltlres. bdo\\ log / . bul. Here fully protl.:..;tetl 
against challenge three \\et:ks after the secund or tbt! thirJ \nCCinalion \\hile all birds or 
simibr age from tht.' unvaccin,Jled groups dieJ afta challenge. Ibrahim t!I til. (11)81) 

concluded thai no correlation c:xisted bet\\c:en the I J! antiboJy titres due to NOV-I- \ <Iccination 
i1nd resistance to challenge. Similar obser\alions \\cre also reported b) other \I.orkcrs 
~\\,interlield c/ al .. 195-. Spradbrow el ul., 1977; Westbury. 198-1-; Dell t:f ill.. 1(91). Timms 
and Ale;mnder (1977) suggested that local immunity and cell mediated immunity plays <I rolt­
in the protection of \ accinated chickens against velogc:nic ~O \ iruses. Ghumman and 
Banko\\ski (1976) staled Iha! the initial response to infection \\ith NOV is e.:ll medialt;!J and 
occurs as e:\rly as t\\O or three days after infection with live strain::;. Spradbrow and Samuel 
(1991) postulated thaI oral \accinatioll may induce lhe production or sect"l.:tory 
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imnluno"lobulins by stimulati on the intes tinal lvmphoid ti ssue. I-Iohnes (1979), staled that lht! • • • 

exact func tion of humoral immunity is not dear and it was proposed that prott!ction of the 
respiratory traCI is independent of hummoral immunity and JayawarreJane and Sprodbrow 
(1995) pointed Ihot there was no correlation be!\\'een HI an tibody titres and Civil r~spo nse. 
The laner would contr:l.dici the statement made by Allan el (II. (1978). who daimed a strong. 
:lssociation between III titre and chJllenge protection. It would, however, agree \-\ilh the 
conclusions by 8eard and I3r~lgh (1975) that antibody ti tres only renee! the l ot:ll imllllllll': 
response to \ 3(;cination. Thus, the presem results seem \0 indicate that a low NDV~I [I 
antibody titre Joes not necessarily mean slJsceptibility 10 virulent NOV. especially not in older 
chickens. where age rl!sistance might also be involved. I ligh antibody titn.:s, on tl1<: otht.:r 
hand, usually indicate protl!clion (Ibrahim el al.. 1981). 

The results of experiml!llt A show that ill both tremment groups (conventional and DV~ I. 

vaccines) the booster dose gi\en three \'<eeks after first vaccination did not lead to a rise in 
antibody titres. Instead, antibody titres gradually declined un til third vaccination. Tht.: reason 
for this obser\'ation might be that revaccinmion with lentogenic vaccines in the pre~ence of 
high levels of residual anti bod) did not stimulate immunity. Al lan d al. ( 1(78) also stated that 
if the time interval between primary and secondary vaccinntion is Il!ss than 21 days. the 
antibodies produced by the first vaccination are likely to interfere with the multiplication or 
the second Jose of vaccine virus. This phenomenon is well known to occur after vaccination 
against otht:r (1vi(lO discJses, sllch 35 Marek's Disease. Infectious Bursal Disease. Generally, 
the serological re:;pollse to repe.:.lted applications of lentogenic live \accine tlllls is poor. 
Then:fore, in countne~ \\ ith a high prevaknce of virulem ND. meso genic strains of NOV nre 
general!) performed for booster vaccinmi\1Ils. l-!o\\ever, experience \\ith the latl!st \'eJogenic 
NDV outbreak in Europe had shov.n that the availabk' lemogenic \accine stnlins olTt.:r 
sufficient protection against clinical disease, as long as lhe> are applieu correctl) and 
frequently (Lohr, pers. communic3tion). 

In these trials lht' G)'lT ofille ~DV~ 11 vaccinated chickens via the ocular ond drinking \\iIter 
routes \\ere approximately one two~told dilution step lo\\er than are gcner:lled h~ the 
conventional \accines. Also, the G. IT in the barley -6~group was one l\\o~rold dilution step 
lower than in the barley~O group. However. this difference was statistically not signific:1111 and 
there was no difference in protection. 

In experiment C, no III anti body respons..: \\as observed until the thiru \\eel.: after Ihe fir::.t 
vaccination and in the barley group a rising NDV~HI antibody litre was only observed after 
the second vaccination, Similar results were also rt:ported by other \\or!"t:rs (Juris ,'I III.. 1987). 
SprJdbrow (1993.4) stated thut protective immunity is of len not apparent umil 3ftcr the 
second dose of ora! vaccination. This delayed response mig.hl be e"plained by the varying 
amounts of feed eaten by the chicks anu by tbe time required to consume the feed Tht.: 
chic!..en age at the time of vaccination in this instance might play 311 important role. It was 
obsened that during the first vaccination it took young birds more thnn tWO hours to consume 
the vnccine-tn:atc=d feed. while during second and third vaccinmiolls it was con~umed in les:. 
thJn 30 minules. The prolonged exposure of the vaccine feed mix at first vaccination mi[!ltl 
affect the survi\ubility or the \a(,:cine .. iru~. pnrticularly unJl.' r extreme environmental 
conditions. Alier all. the amount of vaccine virus taken per bird is a critical l:ll':lOr. 
furthermore. the results of tbis study indicate that generall) a single Qral vaccination l11ight 
not be sufficient to confer immunity because a high percentage of birds were \\ ithout 
detectable immunity after first ora! vaccination. This linding agrees with previous results 
(Ibrahim el u/., 198 L Idris el al .. 1987). who observed that a high percentage of chickens 
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v<Iccinated only once died from the eball"-'!ngc. [n another study of Spratlbrow (J 987) 011 the 
other hand birds were given vaccin"-'!-coatl!d food pellets <Iud were reported to have devdopcd 
high levds of III antibodies withi n two weeks after first vaccination. 

It could be summariz::d that a singlc ora l vaccination is insurficie rH and that the immune 
response needs to be boosted with at least ant.! further ora! vacc ination. The question. of the 
duration of immunity after oral vaccinati on and thus the frequencies of revm:cinations 
required to maintain full immu nity has to be observed by further resen rch. 

PART 5. ST RA IN C HARACTERIZATIO N OF FIELD NOV-ISOLATES 

I N ETHIOPIA 

5. 1 Introdu cti nn a nd O hj ccti\'cs 

The purpose of this study was to charactt'rize fie ld NOV-isolates from Ethiopia. 
Differentiation of NOV isolates is import~mt because strains vary in pathogenicity. A[so, some 
NO viruses of low virulence for commercial poultry are prevalent enzootic in Jernl birds and 
live vaccines are almost universally used. In addition, more specific strain idl!ntiliciltioll can 
be usefully employed in the ep izootological tracing or outbreaks. 

Several pathogenicity tests for tile identi!ication of high and low virulence in the laboratory 
have been dt:\ised. The tests cmployed in this study wert: the mean death time (i\iIDT) in 
embryonated eggs, the intravenous pathogenicity indl!x (IVPI) in six-\\ eck-o lcl chickens. and 
the intracerebral pathogenicity index (ICPI) in day-old chicks. Furthermore. Dr. O. Werner 
from the Bundesforschun gsanstalt. Riems Germany, used tvlOlrsc- monoclonal <lntihndics 
(Mabs) to further differentiate eight lie ld isolates of NOV from Ethiopia. 

5.2 Materials an d Methods 

5.2 I Samples 

Samples from trachea, prowlltriculus, intestines, caecal tonsils, spleens, bmins. and swabs 
from trachea and cloacas from birds showing clinical signs of acute NO. were collected 
aseptically in sterile equipment. Samples from previous years from the collections ofthc NV I 
\\ cre also invcstigalcd. 

5.2.3 O ri gi n orthc sa mp les 

Half of the samples were collected from the 1996-1997 outbreaks around Debre Zeit and other 
parts of the country. The other samples wen: older isolates from the Eastern part ot" the 
country and li·om around Ocbre Zeit. Places and years of collection of the isolates arc given in 
Table 14. 
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T:lble 1-' O r igins ;1111.1 years of co ll cctio ll or Ncwcas tl c disease fi eld virus- isoh.t cs 
Serial No. I Sample I Place of origi n I Year of collection 

1 Lab Koka 1997 
2 Walayeta 
) Oembi 1 
4 DI.!mbi2 

5 Lemlem 

6 Kebel..:. 2 
7 Akmaya 

8 Market 

S.lA Embryonated Egg cu h urc 

Maji 
Oebre Zeit 

Ocbre Z~it 
Debre Zeit 
Debre Zeit 

Hnrar 
A rsi 

1997 
1987 

1996·97 

1996 
1984 
198.l 
1997 

Tissue and organ samples were finel y minced and placed in cdl culture medium (Dulbecco or 
RPM!) to which Penicillin ( 100 \U/ml) and streptom}cin ( 100 mg/mt) were addt:d. Tbe 
suspension \\as held al roollliemperalllre fo r about two hours before centrifugation [It 1000 g 
for 10 minutes. A volume of 0.1 to 0.2 ml of the supernatant from Ihl! :mmple was then 
inoculated into the allantoic cavity of 9-day-old embryonated chicken eggs. The eggs w~n: 
placed at 3JOC and candll!d twice daily. Embryos that died during the first 2.f hours were 
discarded. Eggs dead or dying :n a minimum of four and a maximum of seven days after 
inoculation were chilled at .foe and the allantoic Ouid was harvested' and tested for HA 
activity. AI! ItA positive fluids were tested for sterility from bacteria and fungi by culture. An 
HI test using known positive ND serum (NV I-De bre Zeit) was performed with each H . .1, 

positive allantoic Ill/id to exclude influenzJ virus and other haemagglutinnting agents. 

5.2.5 ~ 1 ~an death lime in ('llIbryonatcd chicken eggs. (;\ IDT) 

Tenfold dilutions of freshly infected allantoic fluid were made in sterile physiological salin.: 
containing antibiotics as described in section (3.6a). Dilutions ranging from \0-1 to 10-

9 wer~ 
prepared. Thirty 9-day-old embryonated eggs of equal size were candl\!d and marked for each 
virus iso late. Ten eggs were marked for each dilution inlhe series of 10.

7, 10-S and 10"1. riY\! 
of the eggs wen: marJ...ed "A" for the morning inoculation and the n:mainda "8" for the 

afternoon inoculation. 

At 8:00 a.m. groups of five eggs were inocu lated into tht: allantoic en\ ity using O.! m! of each 

dilution. The hole in the shell was sealed with wax and the eggs were illl.:ubawd at 37°C. 
Following these inoculations tht: remaining virus dilutions wen~ maintained at +.f0c. and in 
the late afternoon the "8" series of eggs was inoculated . All eggs were candled twice d:lily <It 
8:00 a.m. and 6:00 p.m. The time of death of each embryo \·vas recorded. Eggs wi th dead 
embryos were examined for Ihe presence of Newcastle disease naemaggilltinin. 

The te51 was continued lor seven days, and <It the end of the time all remaining eggs \\~n! 
chilled and tested for haemagglutinin. 

Thl! minimum lethal dose \\Ins the highest dilution thai kilkd all Iht: t:mbryos in hoth sds nl" 

eggs. and thl! mean death time of embryos was record~d. 



I nl crprct.llion 
NO V stra ins were classified on the basis o f MDT as described by All an et al. (1978), 
accord ing to which vdogenic strai ns ha ve a mean de~lth ti llle o f less tha ll 60 hours. m..::sogenic 

strains of 60 to 90 hours, and lentoge nic strains o r mo re than 90 hours. 

5.2.6 Intrave nous p.lIh oge nicir), irllJ cx (IVPI ) 

5.2 .6.1 C hi cke ns 

Forty one-da)-old broikr chicks wl;':re purchased from a 10c;)1 halchery and reared in isolation 
fo r six weeks. At weekly intervals blood samples wen: colh:cted from nil ch ickens to 

determine the HI antibody levels. 

At the end of the sixth week all birds w\!re confi rmed completdy negative l'or 111 ulltiboJi..:s 
\\ere divided randoml) il1lo Ihree treatmcIli groups. Each group comprised of 10 chickens for 

the tests, 2 chicks per group served as negati\t controls. 

5.2.6.2 T r eatmen t grou ps 

from the eight field isolates of NOV three w(:re selected for this lest bas;!d on the o rigin ortlle 

isobtes, they were namely: The A!;!!l1aya strain from the Eash:rn part of Ethiopia. the 
Welayew (ld:lji) si.rain from the southern pan of Ethiopia and the Kebde 2 ([kbrl! Zei t) strain 

from the ct!ntra! pan of Ethiopia, 

S.2.6.3 T cs r procedure 

For the [cst, a freshly infected allantoic fluid was dilutt!d to 10-1
• 0, I ml of this virus dilution 

was injected intra\ enallsly into e:!ch of t('n six-week-old chicktns for eJ.ch trealment. 

The inoculated chickens \\ere abserved daily at the time corresponding to the time of 
inoculation far ttn days, and the results \vere recorded. For this test Ih(' birds were rated as 
healthy, sick, p'l.ra!ysl!d, or dl!ad. Dead birds were recorded cllmul:uively. Birds were 
classified as sick iftbey huddled togl!lher, were disinclined to mo \ e, feed or dri nk. but did not 
sl1o\\ any market! signs of wing. or leg paralysis and as paralysed if thl!Y wen.' prostrated anti 
sho\l.ed clear incoarciin;)lion of\\ings or legs. In this test a normal bird was \\.eighted zero. a 
sick bird I , a paralysed bird 2, and a dead bird 3, CAHan Itl aI., 1978). The IVPI was c,dculnted 
as the sum 01' tht \\.eigiut:J \ alues ovt:r the number of observations. 

In tcrprl'l a t io n 
Virulent strains of NOV gl\e IVPI-values close to three. \\hile viruses of 10\\ and 
intermediate \ iruknce give values oro. 

S.2 .7 In t ra cerehra l p:l thogcuidty iod e.\: . 

0.05 Illl of fresh infectl.:d aHantoic fluid diluted \0 1: 10 with stl!rile physiological salin\! 
\\ !thout antibiotics \\ as injcctt:d interacercbrally in each of len o!li>d3y-oIJ chicks. The \ i!'lrs 
dilulion under test \"'as plated OUl for bacterin! sterility. T\\o addition;)l chicks were indudd 
as a negalive control and were inoculated \\ith sterile diluent only. The inocul.ttions were. 
carried OLlt \\ith a line hypodermic ne.edle (a needle 0 .45 mm in diamel cr and 5 mIll in length). 
The: inoculum was injecled into the caudal aspect o f the cranium. 



The test was read daily by inspection of the l:hicks "t the same hour of tht! day as the original 
injection. Chicks were scored or rated as normal (alert, mov ing without incoordination), sick 
(including chicks that exhibited signs of pamlysis or were prostrate, but excluding chicks that 
were only dull), and dead. Care wns taken to distinguish bt!twet!1l chicks rccordt:d incorr..:ctly 

on which thus disinclind to move and chicks affected by the virus. 

The test was continu..:d ror eight days, and the results r..:cordt:d as describl:d by AII;')n er (1/. 
(1978). The ICP! was expressed as the weighted mean over the number of obse rva tions ll1[u.k 

5.8 Res u lts 

For characterization of the eight field isolates of NOV in Ethiopia, the mean death (MDT) 
lim..: in 9 -day-old embryonated eggs, intracerebral pathogenicity index (ICPI) in day-old 
chicks, a mouse monoclonal antibody lest (Mabs) (the latter two were perfonned in Gt!rmany) 
::md the intravenous pathogenicity index (lVPl) in six-week-old chickens were established. 
The mean dt':Jlh time was performt!d in duplicate. The n:su!ts arc shown in Tables 15 and 16. 

Table 15. l\ le:l1l Dea th T illlc (i\ IDT), Intr:H;c r cbra l Ilath ogc niciry Ind cx ( l e PI) a nd 
In lr'IVcno us 1)' lthoncn iti ry Index ( IV PI ) o f N OV fie lt.l isohtcs fro m E thio p ia . . 0 

. 
Field isolate Origin Date of ivIDT ICPt IVPI 

co llection 

Lab Koka 1997 49.9 1.80 n.d 

We!ayeta ivlaji 1997 54.2 1.86 2.4 

Ocmbi I DebT!..' Zeit 1997 5~.8 1.83 11. 0 
Oembi 2 Oebre Zeit 1987 56.1 1.79 n.t! 

Lemlem Ocbre Zeit 1996 -7 -)_.) 1.64 n. d 

Kt:bek 2 Dt.:bn: Zeit 1984 55 1. 73 7" _ . .J.J 

Markel Arsi 1997 55.4 1.79 n.d 
Alemaya Harer 1984 51.1 1.84 2.51 

n. d not done 

Ta ble 16. R es u lis of examina t ion of N OV f'j " ld iso lat es fr OIll E th iop ia in th e M o nucl una l 

"\ O( ibod y in the HI test . 
Reaction with Mabs in ! Illest 

Isolate 10 I 27 I 33 I 39 I 51 I 61 7 
Lab - + + ~ T + 

Welayeta - ± ~ + - + 
Dembi I - - - - - -
Dembi 2 - - - - - -
Lemlem - + - - + + 

Kebele 2 - + - - T -
MJrket + + T + + + 

Alemaya + + - - + -
Pigeon type PMV-] - - + + - + 

German NDV - - - - - -
1993/94 

German NDV 70ies + + - - + -
- > Performed by Dr. Wernl.:r, Bundesforschungsanstalt, Rlcms. 
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The MDT ranged from 49.9 to 56.1 hours. The sho rtl:!s t MDT was calculated fur tht! Lab 
isolate (Koka) and the longest for Dembi 2 isolate. Mark.:t, Kebde 2, Dt:m bi 2, and Wdaycta 
isolates had t-.IDT between 54.1 to 56.1. Alemaya, Lemkm and Dembi I had MDT bdwecn 
51.1 and 52.8 and MDT fo r the Lab isolate was 49. ') hou rs. The MDT for test I and test 2 iJnd 

also for morning and afternoon sets of eggs showed very little va riatior: [or each isola te. 

The I VPI for Alemaya , Wdayetn and Kebele 2 isolates was 2.51, :!.48 and 2.33 respecti\ ely. 
All chickens inoculated with the Wdaycta. Alt:maya and Kxbde 2 isolates died within -I, 5 
and 5 days, respectively. Out of 10 chickens from each group, 8, 9 and 10 chickens from 
Alemaya, Kebell! 2 and Walayeta, respectively, we re paralyzed before death. The two control 
chickens from each group which had received PBS did not show any clinical symptoms ulitil 

S"'d . I' tbe ay post mOCl! allon. 

The Ie PI values for all tested isolates were above 1.5 ranging from 1.64 to 1.86. The highest 
lePI value \\as for the \\'clayda isobh! (1.86) and the lo\ ... est tor the Lemkm isolate (1.6-1). 
Reaction with t-..labs in the HI test indicated that all isolates difti:r from cw.:h othe r t:.\cept 

Dembi I and Dembi 2. 

5.9 Disclissiu n 

The isolates used in this stuU) \vere colk'ctt:d from birds clearly showing disease .'>igns. or 
they were frolll old specimens from NV!. Pre liminary cell anJ egg cultures and lateron HA 
and III tests carrieu out at NVI Debrc Zeit. Ethiopia, and in Germany at Nationales 
Refernzlabor, fUr Newcastle Disease um.! <lvi~ire Intluenzn Inset Riem s. confirmed tllat aJJ the 
isolates cont3ineJ avian paramyxo viruses of the AP~IV-I serotype. All eight NOV isolates 
had MOTs of Ie:ss than 60 bours leilis values of greater than 1.5. and the tim..:\! isolaks 
Alemaya, Kebc:1e: 2 and Web)t!I.l had IVP I \ alues greater than two. Based on Ihe eomlllon 
criteria tor Ihe cbssilit.:;llion of NOV as published by Ii allson and Brelluly (1955) and AII<l11 e/ 

at. 11978), the prt!sent isolates haw to be classified as \elogenic strains. The presenl n.."sul t 
confirms previous work on the Alemaya-isolate by Lefevre and MMld (1975). Th e: Mabs tL'st 
showed that only Dembi I o.nd 2 seems to be identical strains "hile the others differed. 

Apart from the results of pathogenicity tests, the history of the eight iso lates was that they 
\\ere highl) ... irulent to chickens. The Dembi I and Lemlem isobtt.:s caused high mortality in 
vaccinated chickens (Nasser, unpublished) and isolates Kob. Lab and i\rlarke:, caused WOu/a 
mortality in local e.I(perimental chickens (Nasser, unpublished). The Wdayeta strain also 

caused high mortality in unvaccinated local chickens around i\laji lAweke, pl!!"sonal 
commuilication). The isolates Dernbi 2 and Kebek 2 \\ere responsible for the I C)S4 and 1987 
NO outbreaks at Dembi farm and had caused 37.4% and 65.8% monnlities ill vaccin:LteJ and 
unvaccLnated chickens. respectively. The Alemaya isolate finally was used as challcnge virus 
in our feed-based vaccination trial and caused 100% mortality in unvaccinated control 
ch ickens. For comparison, the t-.IDT I(PI and the IVPI values of some knowll ND virus 
strains are sho\\11 in Tabk 17. 



Til 17 E Ic ~ of p'l lhoocnicity indices of Slr'ti ns of NOV a ) C • X:lmp , • . 
Virus strain I Palhotype I MDT I lePI I IVPI 

Hitchner Bl knlogenic 120 0.2 0 

LaSola ienlogenic 103 OA 0 

Mukel5war mesogcl1JC 46 1.4 0 

Rankin mesogcmc 68 1.45 0 

G.O Texas velogenic 55 I. 75 '2.7 
r."lilano vdogenic 50 1.9 2.8 

AJemaya 5l.1 1.8~ 2.5 1 
Welayel<l S·L2 1.86 2.48 

Kebele 2 55 1.73 J" _.J'} 

. -MD r Mean death ume (m hours) 

JePI ::; Intracerebral pathogenicity index 
IVPI = Intravenous pathogenicity index 

The isolates groups Akmaya and Lab, Dembi I and Lemiem, and Wdaycta, Dembi 2, M.u"kel 
and Kebelc 2 showed similar ~IDT values, but none of Ille isolates had similar [e PI values 
and the iVlabs test sho\\ed except Dl!mbi I and Dt'mbi 2 all difft:r from each other. Also the 
test result with Mabs indicated lhal the Ethiopian NO outbreaks were caused b) difli:n:nl 

strains ofNDV. The Alemaya isolatt! seems to be identical to the German NOV isolates from 

the 70ies and Dembi I and Dembi 2 seem to be identical to German NOV isolatl.:s from th~ 

1993/94, but none of the isolates resemble the pigeon type PMV -I (Table 16). 

PART6 RETROSPECTIVE STUDIES OF i\EWCAST LE DIS EASE 
OUTBREAKS IN STATE PO ULTRY FAR.\1S IN ETHIOPIA 

6. 1 Introdu ct ion 

The poultry sector provides relati vely cheap anima! protein 10 the human popUlation. lienee. 

efforts to promote it have received attention in most countries. [n Ethiopia. in order to 
improve the genetic make-up of indigenous breeds, upgrading work has been undertaken since 

1950 (Alemll, 1985). Modern commercial poultry production bt!gan most probably bl.:mcen 

1960-1970 ( llabte , 1987). At present. the poultry industry is represented by two main SCl:tors. 

namely the private sector and the Government sector. 

The governmental POllltry Development Enterprise was established to rendt:r services to the 

residents of Addis Ababa. and to the main cities in the country to convert cereal grains and 

byproducts into eggs and poultry meat. However, the enterprise did nOt achieved its targt.:!s. 

because it depended on imports for breeds, premixes, drugs, poultry equipment. and there was 

also a lack of quality rt!ed Jnd market organizalion and, above all, recurr\!n! diseases that 
could not be controlled. Among Ibe epidemic diseases. Newcastle disease appears to b"" most 

importa1\! and re-occ urring every year. Although vaccination ngainst ND, llsing J 113 J. LaSot:1 

and sometimes an inactivo.tt:d vaccine is practiced. outbreaks or NO \\t!r(' repo rlnl almost 
every year. 



The objectives of this rclrospet:tivc study wert:: 
I. to asses the importance and desc ribe the occurrence of Newcastlc disl!<lse in tcrms of 

season, agl!, strains of affected bi rds, vaccine types used, vaccination frequency and 

concurrent diseases. 
2. to assess Ihe contra! methods used. 

6 .2 l\'iatc ri a ls anLi i\'l c th o<1s 

6.1.1 S tudy fa nns 

6.2.1.1. Demui poultry farm 

Dembi Poultr)' farm was established in 1983 by a loan obtained from the Agricultural and 
Industrial Devdopment Bank o f Ethiopia. The farm is a complex comprising of 

a) a breeding uni t consisting of broiler and laye r parent stock, recently changed to a rcari ng 

uni l. 
b) a rearing unit consisting 0(9 houses entirely used for rearing of commercial layer 

replacements for Dembi and Sholn farms. 
c) a commcrci:lliayer unit consisting of 8 batlery houses. This unit produces only tabk 

eggs in cnged hOllses. 
d) a hatchery this unit produces day-old layer and broiler chicks. 

Capacities: 
Rearing = 17.000 x 2 cycles = 23-1,000 pulkts 

Layers"" 18710 x 2 blocks = 37,-1-10 
18140 x 6 blocks = 109,-1.-10 

Total = 146.880 layers 

Hatchery = 1.7 million chicks per year. 
No physical separution I.:.xi!:;ts between units. ThL" total area is 26 acres. 

6.2.1.2 S hob poulll) ' I'a nn 

The Shala poultry farm \Vas established in 1966 under the Animal Production Division \\ithin 
the former Ministry of Agriculture. The objectives of thl! J3rm were [hen to twin in[erestt:d 
farmers in improved methods of poultry kee ping and production and [0 distribute improved 
bn::eJs 10 peas."nts and urban !:llllilics. In aJdilion, it was intr.::ndr.::d to SL·rv~ as a Irial station !'or 
observmg adaptability. dis..::ase r..::sislancc and production erficicnc} of ron:ign breL"ds undn 

Ethiopian conditions. 

Simla poultry farm spl.:cializes in table egg production . it consists of -I hOllses \\jth a capacity 
of 13680 la) ers/hoLlse. thLls a total of 54710 layers. 

6.2.1.3 Lcml clTl pO Ult ry farm 

Lemlem poultry farm was established by two former Alemaya College graduates Ethiopian 
nationality before tbe revolution, then was nationalized in 1977. The expa nsion of this farm 
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took place in 1983. It is specialized in broiler production and the capacity is mort! than 
400,000 broilers per an num using 12 poultry houseS. The area of the farm is 7 acres. 
Addit ionally, the farm was also lIsed for rearing of parent stock. A man llal slaughte r house is 

located on one of the sides of the pn: mises. 

6.2. 1.4 Loca ti on of the fafm s 

Shola farm is located about 10 kill from Addis Ababa city, a long the Ocss ie road. Lcmlcm and 
Oembi farms are locatt!d in the outskirts of Debre Zeit and both of them ::m: situated 

42· .. 0 km from Addis Ababa. 

6.2. 1.5 Cl ima te 

The poultry farms are located at elevmions ranging from 1932 to 2-+ 08 melers above sea level 
with an annual rainfall ranging from 850.7 to 1185.8 mm. The mean annu:.l1 temperatures of 
the three farms \vith their minima and mean maxima are summarized beluw. 
The mean minimum :1nd maximum temperature for Oebre Zeit and Addis Ababa 11.1, ll.-+':>C 

and 23, 26.rC, respectively. 

6.3 M a nage me nt Co nd itions 

6.3 .1 Breeds, breed ing a nd source ofch il: ks 

The birds maintained to date at Ihe st:l1e poultry farms include. egg types such as Yurkoll, 
Starcross or Shaver 288, Shaver 585, Isa Brown, Babcock, Bovans white and bru\\n. The 
mea! lypes include Starbro, Anake, lsa vedClll!, Avian F.:trms .. rind I hibbard the above birds 

were imported from Israel. England , Holland, und Egypt. 

Some years ago the Poultry Development Enterprise used to keep egg and meat type pan.:nt 
stock at one of lbe three J~lrms but mainl y at Dl.!mbi farm. H()\~ever, due to repeated outbreaks 
of Salmonellosis, the maintenance of parent stock \\as stopped tlnd egg-type commt'rci;:rl 
layers as wei: as eggs for hatching were imported from the above mentioned countries. Broiler 

breeders are maintained mainly at Lemlem poultry farm. 

6.3.2 Feed ing 

Poultry maintained on the lanns were fed concentrateu feeu, containing mainly llHIIze, o il 
seed meals, meat meal , bone meal and various milling by-products. 

These mixed feeds, which wae prod uced by the fOflner POllltr} Dcvelopment and Fectl 
Processing Enterpri se andlo r by priv<lh: (ced procc::>sing planls, usually \\!.!rc tHH corn.:clly 
formulated duc to discontinuities in supplies and variations in composition of ingrcdi!.!nb, 
shortages of amino acids, vitamins, mine rals and premixes. Feed were permanently deJicient in 
energy and protein in relution to (he nutritional requirements of the types of poultry 

concerned. 
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6.3.3 Kecp ing sys tcm :lnd hygiene 

Except for Dl!mbi Poultry fann, the IwO other f~rllls are constructed near th~ main road. All 
fa rms lack proper isolation from the surrounding villages. Dogs and other wild animals etHer 
the fa rms frecl y. Also, there is no physical isolatio n between units. Dead birds are disp0:ied in 

pits located within thl! farms. 

The three farms do not prJctiee an all-in-all-out system. tvluhi-age groups have been ll1an~ged 
in one farm. Different age groups and male anJ femaks were sometimes managed in the same 

house. 

Layer replacements an::: reared on the Il oo r. Dl.!nsity \aried from 11 to 16 chicken/n{ 
Broodi ng is dont: for 30 days alld feed is given by automatic feeders. Commercial layers are 
kept in batleries. Eggs afe collected by hand , feeding and \\':ltering is done automatically. 
I3roilers are t:ntirt:ly kept o n the noor, feeding is done by autollwtic feeders, brooding is done 

for 30 days. 

t-.I::magers and supervisors frt'<]ueJIIly visit the fnrms and farm Uil it without changing boots and 
overalls betwc:en units. Overalls and boots are only su pplied twice a year. The aHenJ;.Il\ts 
fredy move from one site to the other withou t rl'sIriction. Many of the workers have 1L)l..:a! 

chickens at tbeir homes. 

6.3.4 Vaccination (Preve nti ve mC:lsures) 

Even though many different poultry di:iL:3ses have bet:n re!;ordeJ on the farms, the mqjor 
causes of e(.'onomic losses are Newcastle di:icase, nutritional deficiency dise,\ses, coccidiosis, 

and salmondlosis. 

Preventive measures against Nc\\castk diSC3:ie. fowl pox and Man:k' s disease by vnccill<llion 

are carried out. 

With regard to the ND vaccination program, b yers are vaccinated 5 times during the renring 
period and e\·cry 3 months during the laying period. Recent!y, an inactivated NO vaccine was 

occnsiona!ly llsed for layers, pan:nt stock and also for broilers. 

Vaccination progr:ulI for NO 
- at day olJ 
- a121 days 
- at 35 da~s 
- at 60 daY:i 
- a l poim of lay 

I hereafter ewry three months 

Application of Vaccines 

Hil i 
LaSota 
LaSota 
LaSo ta 
LaSo ta 

Fo r day old chicks the \accin!.: is delivered via the ocubr or via the drink ing wah..:r nlutc uncr 
depriving the birds of watef overnigh t. The other vaccinations are always donc via the 

drinking water, except for the inactivated vaccine, \\hieh is given subcutiUlcou:ily. 



6A 5 IUdy Matcrials and M cthOds 

6.-t I C h:mu: tc ri zat ion of the data 

Daily mortality records, monthly, quarterly and yearly reports, individu~!l flock records and 

laboratory diagnost ic results were used in this study. 

The records and reports provide tentative diagnoses made at the fJ rm level by the farm 
veterinarian and also contain laboratory results. Whenever a disease like Newcastle dis\;":lse is 
suspected, it is always ob ligatory to send specimens to the InborulOry for confirmation. Onl) 
when the disease was confi rmed, it also was put in the records. 

The data were grouped for individual farms, i,e. Dembi, Lemlcm. and Sholn. lor type and age 
of birds, season or month of the outbreak. type of vaccine used. number of vaccinations given, 

concurrent diseases, and othe r management failures. 

6.5 An:l lysi s of the Data 

The data \\e-re analyzed after calculations or crude and specific mortality ratt;!s. Associ:ltions 
between particular rates were calculated as follows (Thrusfield. \995 ). 

Total no. of animals that develop disease during a specified 

Attack rate (A.R) = 

Crude mortalilY rate 

Age specific mortality ralc = 

Cause-specific mOrlalit) rate = 

lime period rollowinl: e;xpnSlln; X 10l 
Towl number of animals exposed 

TOlal death in a time period X IU~ 

Average population at ri sk in lime period 

No of deaths among animals in 
sreci fied a~e group X 102 

Average no. in specified age group 

No of dc-aJhs from a s recinc CilllSt; 

A verage population at risk 

6.6 Temporal Pattern of the Outbreak 

The temporal pattern of disease event is represented by an epidemic curve for each outbreak. 
The curves illustrate the magnitudes or the problem and the rapidity \\]th which Ihl.! epidemics 
progressed. The frequencies of new cases were plotted on the ordinate (y-axis) over a lime 
scale on the abscissa (x-axis) for each outbreak. 
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6.7 S p;lliai Dis ldbu tioll 

The dist rib ution of the disease o r the spn:ad of the d isease w ithin one outbrea k has r ! olt~d 
graphically fo r the farm, indicating the flock size of the bi rds affected and the distribution of 

the disease with lime. 

6.8 Results. 

From 1983 to 1995, n ine Ne wcastll! d isease o utbreaks had occurred in the three farms o f 
interest (De mbi. Le lll h:m and SllOla) . Yenrs o r o utbreaks, affected !:lrms. Hoc ks and affected 
floc k size, mortaliti es, functi onal and affected houses during Ihe out breaks arc sho wn in Table 

IS. 

Ta blc IS. Demog raphic data of Newcastle Discase out b r·c:ll.::s at Dcmbi, Slwla and 
Icmlclll pouhry farms in Ethio pi;1 bctween 1983 to 1995, showing affectcd 
flo ck s ize m ort·ll il)' YC·I" ·tod mo nth of the outhn:·tks , . , " , , 

Year of I\·tonth of Affected FlUlclionil1 Affect ed Flock ~ize Siz~ of I"' ona!it} 95~(> C. I 

outbreak outbreak f:lflll houses houses during the affcctl'd abso lute • for 

during thc absolute OlltbrC:lk nock :I!ld (O' i.) llIo l1;llilY 

oUlbr.:ak and ('~Q) and (%) 
of !lock 
involvo::d 

198J l\ovo::mbc shola J J 38,165 38,156 2,370 D.:! .. 
, 1100) ( 100) (6.1) 

198 .. March dembi " 
, 91,18 I 40,454 26.61 :\ 0. -1 6 

(16.7) (44.4) (65.8) 

1987 Decembe dl.!lI1bi II I 120.000 15,376 5.759 0.76 
, (9.1 ) tI2.8) (37.4) 

1988 (l.lay do::rnbi 10 I 130,000 1-I,-l:!1 281 U.13 
(10) (I 1.1) ( 1.9) 

1989 July dcrnbi " II 197,000 13), .. 1.50 11,057 0.15 

{78.6) (67.7) (9.03) 

1991 March dembi " 10 112,535 101,079 -1,651 0.13 
(8.3.3) (83) (46) 

1992 January dembi 8 " 90,309 30.289 18.JS-I 0.55 
(50) (33.5) (60.7) 

199-1 April dcmbi ]) 10 150.2l) 11-1,190 12.275 0.17 
(76.9) (82.7) (9.9) 

1995 Juno.! Icmll'lIl 17 17 12-1 ,296 11-1.196 10.037 o 15 

& sImI;! ( 100) ( 100) ('.11 
Totat 1.06.3,699 611,721 92.-129 

(58 5) (1 -1 9) 

• . , ,. C.I cOn fi OcJH':1,; \ dltH.: 

Out of 1,063.690 cl1i(.:kcns. 621,721 (58°;,) wen: arli:l,;tl:d and ,Hllllllg tl1..:s..:. 9~ ... 121) (I .. L9'J!,,) 
died dltring tl1..: outbrr:aks. From 100 fUllct ional hOllses, 58 were arfect~d. The a ttack r;l lc 
\ ariel! from 11.1 to 100%, whi le Illortal ity rat<.:s ra ngl,;c! from 1.98 1065.8%. It" ind ividll:tl 
houses are considered . the mortal ity approached 100 % d uring th~ 1992 outbreak . \,;hen 
chickens were concurrent ly seve rely affec ted by avitaminosis and coccidiosis. From the nine 
outbreaks, seve n. two and one ou tbreak \\ ere recorded at Dem bi, Sholn and Lctnkm poult ry 
farms, respectively. 
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459,260, 74,870 and 87,591 chickens \vere affected in Dembi, Sholn and Lemlcm farms, 
respectively, duri ng the outbreaks. 80,022, ( 17.4%),2,598 (3.47 %) and 9,809 (11.2 %) dit:d 
in the above respective farms. The highest rate of mortality was recorded during thl! 1984 
outbreak (65.8%). In this outbreak, 78.4 % of unvaccinated and 39.1% of vaccinated birds 
died. The lowest mortality rate was in 1988 when only 281 (1.98%) birds of the affcctt:d nock 
died and tilt: disease did not spread to other houses, Age. specific mortali ty in Tabk 19. and 
Fig 4 shows the mortality rates with respect 10 the ages of the I!gg-typc chiL:kens during th..: 

outbreaks. 

T ab le 19. Age-s pec ifi c mortality ra ics for broilers and egg type birds during thl' 1983 tu 
1995 ND out breillu in st'll e puu] try rums in Ethioph , . 

Type of chickens (age) Production Affected Mortality Mortality 95%C[ 

type flock size (no. birds) (%) for mortality 

of 
chickens 

Chicks (1-60 days) egg type 154,598 61,765 40 0.24 

Pullels (61-140) egg type 162.768 13,951 8.6 0.14 

Layers (> 140 days) egg Iype 216.664 6,904 ' , 0.07 ,.-
Starters (1-28 days) meal type 11 ,356 2,·.p9 11.6 0.-13 

Finishers (> 28 days) meat I,PI! 61.378 7,213 11.8 0.26 

Breed~rs Illl;!ut type 4,857 ! 13 > ' _., 0.42 
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Figure ·t Ag~-s)lec ifi c mortality (%) during the 1983 10 1995 :\' 0 outbrca ks III s tat e 
poul try farms in Ethiopia. 



Almost 40% of chicks, 8.6% of pullets, 3.2% of layers and above 11.6% of broilers died 
during the outbreaks. The highest rate of mortality \vas in chicks and th~ low~st was in 
brt!f.:der slOek, where only 2.3% died. There was no difference in tht.:: mortality rate b";IWCl!ll 
starters and finishers. In egg-Iype chickens the mortality ratt! decreased with increasing age. 
Mortality was negatively correlated with age (r "'" -0.926). The comparison of fn:qucncy or 

vaccination V.I". mortality is shown in Table 20 and Fig 5. 

Table 20. Frcq ucncies of vacc ination vs. mor tality rat es during iSD olltb rc:ll .. s in s lale 
poult ry f'lrIll s ill Eth iu pi'\ between 1983 :lIld 1995 . . 

Frequency of Affected Mortality (%) 95% C.l for mortality 

vaccinati on flock size 

(no. vaccination) 

0 27,~66 21,531 (78.-1) 0.49 

I 12.988 5.08-1 (39.1 ) 0.8-1 

2 31.375 8,36-1 (26.7) 0.49 

3 13~,832 36.-171 (27) 0.2~ 

4 17,348 3,890 (22.4) 0.62 

5 191,998 9.782 (5.1 ) 0.10 
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Figu re 5. Frequencies of vacc inations a nd Illort:lii f), r a les d uri ng the 1983 tu 1995 NO 
ou tbreaks ill s la te pOUltl'Y fan ns in Etiliop ia, 

The highest number of outbreaks had occurred in chickens which hnd rcceivl:d :; v<lcl.:inations 
(I~ outbreaks). The highest rate of mortality was encountered in unvaccinated chickens, 
where 78.-l% of the animals of the affected !lock died. The lowest monality ratt' in contrast, 
was recorded in chickens which had received 5 vaccinations. Unvaccinated chickens and 
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chickens v<lccinfl ted only once fell into three <lge groups and vacc ination was carrieJ out very 
late. Generally, mortali ty rates decreased with increased vaccination frequency, (Pearson 
moment corre lation r == 0.95). No differences in mortal ity rates between chickens which 

received tWO or three vaccinati ons wl!re established. 

The effl!ct of live or inactivated vaccines on mortality and production is sho \\n in Fig 6. 
Mortalities <lnd losses in egg production (egg/he n/ week) were highe r in chickens \\hich \\cre 
v<lccinated with live vaccines, and il lOok longer 10 re-assume previous production le vels aha 
outbrl!aks. The t-test used inuicates a stat istically significant difTerl!nce (p < 0.05) for 
production loss between groups vaccinated wilh live and inactivated vaccine. The ages of 

birds orlhe twO vaccine groups \\ere very similar. 
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Figu re 6. Prod uc tio n pcr hcn pel' week, wee kly m Orl.Jli ry r :l tes :lnd type:. of va cc inc 
use d d ur ing NO ou tb rcaks in st a te poultry farms in Eth i op i ~l . 

The strength of protection inferred from the inactivated vaccme over the live vaccine was 
compared by calculating Odds Ratio (Mantel-llaenszel) test for broilers and layers the results 
are shown in Table 21. The pooled analysis indicates that birds from live vaccine groups \\cn~ 
3.6 times more likely to die than birds from inactivated vaccine groups. In specilic cases 
broilers and la)ers at Shola tlnd layers at Dembi , receiving live vaccines. showed Odds Ratios 
(ORs) of2.7, 10.6 and 4.3. \\hen compared to groups which had received inactivawd vaccine. 
NOll vaccinated groups \\,,;n.: 5.6 times mure likely to die than birds from \ accinat,,;d groups . 
(ORs 5.6 and conlidence limit = 5.39·5.90), regardless o r the t)pe o f\aecine lIsed in Ihe I.mer 

groups. 
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Table 2 1. l\ l o rlal ity !':Ile :lIItl Otltls r:ltios for mortality of chicke ns vaccilwlctl wilh live 
o r in:lcliv:ltetl vaccines during the 1983 to 1995 NO outbre:lks in slale poullr'Y 
ftrm s in Elhiuph .. 

LI\t;: \.lccin.: I rlach ... alcJ \.lCClrl': \1.ml.:l· OJJ~ r;lll<I Ch,· 

I !.'en".;! te I.t "lu.m: 
... aha: 

I}po: of IOIJI JC.lU morl.dlly CI LOI •• ! Jcad mOr1Jhl) CI puul.:J 3 (,-1 713 
chl1,:lcn (no_ IO~) 1--) 13j·3 Sl 

blrJs) 

nroiicrs 36.58 6,.JO 175 O. .J6S76 ))56 7,J. 0' bruil.:rs 2.77 I JII J. 
(1.(1.2.'.1) 

I.aycr.; 3Uj 2,370 "' 0.2 3b 111S 228 06 0 1 b).:rs 106 ').J 7 
Shot! ~h'lla (92·1211 
LJ)cr~ j!l,.l-l 2.7'.111 " 0.2 6')S I '1 742 I I 01 I.L)'crs -I3u 'Jj j 
Dcmbl \lemhL (.l J·5.11 

The influence of con.:urrcnt diseases on mortality during the outbreaks \\as nnalyzt:d b) 

calculating Odds Ibtio (!\ Iantel-llilensze! test). SalmoneHo::; is was man: likel) to incre:1sl.' 
monality rate:s 1.6:! fold (ORs 2.6J, C.L =- 2,186-2,J42) \\hile: avitaminosis and cm:cidiosis 
"ere more likdy to have inere:ased mortality 9.18 times. These \alue:s \\-'ere statistically 
significant (ORs = 9.29., C.L = 8.97-9.62). During 1983 and 1995, aU functional bOll~es were 
aflected, while in 1984, 1987 and 1988 tht! outbreak W.J.S localized only in one or tWO houses 
without spre:!Jing to the other function:!! houses. The other outbreaks co\ ered morc thun 50~ u 

of functional houses. The spre;.ld from on~ farm to the other was notcd only during the 1995 
outbreak spread occurred from Lemlem to Simla poultry farm, which is mort! than 50 kill 
apart. 

~ 17) empty I I old nock ! 
[16) 112::!.3°o I I old flock I 

Newcastle 
i( 15)1 1,7 77', I I I disease old /lock 

old flock ~ I.) 15 ••. 7%l I I 
l/h~)40 I"~ ~ 13) >500 (5) .7 8,9% I :/ 
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~II ) 5. low 

10) 58 3.8% I ,7) .7 5,8% I 
Example: I (20) I ~ 3%. ---~ 
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house no. ngt! days ofN"D. 

Figure 7. Roule of s pread of lhc ~D olllhrl':lIi al Dcmbi farlll in 1989 ill Et hi opia. 

Fig 7 sI10\\s Ihe route of spread of NO during the 1989 outbreak in Dembi farm. In this 
outbrt!uk. II oul of 14 functional houses wcrt: affectt:d b) tht: disease. ) ounger birds \\~rc 



highly a ITectr.:d, and their monality rates was rour times higher than those of older birds (Figs 

8,9 and 10). 
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The seasonal distribution or the NOV outbreaks is shown in Fig 11. OUI of the nin!.:! outbn.:aks 
only twO occurred in the same month (r. lnrch). while the olhers occurred during different 

months. The 1995 and 1989 outbreaks persisted for 5 months at Dellibi and LCIllIem farm s. 
the 1991 outbreak persisted for 3 months and Ihe olher outbreaks only for 2 mon th s. 
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Ifsc3sons are considered two, three and four outbreaks respectively had occurred during the 
long rainy, short rainy and dry seasons, i.e. long rainy season lasts from June-S\!plcmber, 
short rainy season lasts from february-A pril and the dry season during the other months. 

6.9 Disc uss ion 

Nine NO outbreaks had occu rred b\!tween 1933 and 1995 in the th ree farms belonging to 
"Poultry Developmen t Enterprise" in Ethiopia ;)[ld caused 14.9% monnEty during these 
outbreaks. The source of the outbreaks was difficult to identify . td anagemL"nt and hygienic 
conditions, nut rition. type of vaccines used ;:Jnd concurrent diseases all contributed to the 
introduction, spread and persistence of the disease and to mortality. 

r..rult iple age-groups in the farms, minimal dis tances and lack o fphysic:ll sepanltion between 
different units, poor disposal of dead birds, absence of an all-in all-out system on the farms 
and maintaining different types of birds in the same form created favorable conditions for th.:: 
outbreaks and fo r persistence of the disease in the farms. A good example is the 1995 ND 
outbreak at Lcmlem poultry farm. Regardless of the acute outbreak on the Emn, new bmchcs 
of day-old broilers were introduced. This extended the persistence of the disease on thl! farm 
over five months (Fig II ). The present study shows that it \.I.·as always the young chicks which 

were highly affec ted b) the disease (Table 19). 

Lack of strict vigilance of tht: movement o f staff, visitors' vehicles and objects in and between 
farms. repeated lise of feed sacs wit hout disinfecting or circling them between farm s anJ other 
private farms facilitated the introduction of the disease into the farms. Without changing 
clothes or boots between houses a fnrm manager or sllpervisor made visits (after entering the 
diseased hous.::) to all functional houses, cJrrying the disease from one house to the nex!. 
Sometimes attendants entered the poultry houses without changing overa!ls. (\. Iorc than 75% 
of the allcndants also "I.!.:p 2 or mun.: unvaccinated lucal chi.:kens at their home.s. 

Other factors facilitating the spread of the disease are absence of sanita ry rooms for taking 
showers and for the change of clothes before entering, the poultry hOllses. the free mO\"L"rnent 
of pets and wild animals freely moving in and arollnd the farms, and l~\!;k ofproteClion a!;ainst 
wild birds ento;!ring the chicken hOLlses and gaining access to feed. Out of the seven NO 
outbreaks at Dembi farm, five w(.!re reponed a few days after contract workers had entered the 

farm. 

Shortage of o\era11s. boots and the absence of sanitary rooms for contr:lCI workers for the 
vaccination or transfer of chickens from one site to the other faciliwted the introductilill of the 

disease onto the farms. 

Only healthy. vigorous and well fed chickens can respond satisfac torily 10 vaccination and 
attain sufficient proto;!ctive antibodies. Nutritionally deficient chickens are more susceptible to 
diseases. The chickens on the fa rms had aminoacid-mineral -and viwmin-deficiencies . .:lnd low 
energy and protein le vels in the feed \\o..:re not Ullcommon. Apart from the poor I~cd. feed 
shortnge was also common. These conditions resulted in poor antibody respollsL'" after 
vaccination and to susceptibility to oth!!r diseases. The seroiogic.:li test results in most of the 
cases showed low antibody tltres « log::!j) (Nasser. unpublished). 
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This retrospective study revealt:d that mortality in those nutrition;}lly deficient chickens was 9 
timc.-:s higher than in healthy ones. Cons idering individual outbr~aks, in the 1992 outbreak. the 
pullets were highly affected by nutritional deficiencies and cocc idiosis, the average mortali ty 
for the four houses was more than 60.7% (table II), while individual house mortality 
approached 100% (even where the pullets werl.! vaccinated for the third time). 

Other diseases such ;IS allatoxicosis, salmonellosis. coccidiosis and mycoplasmosis w~rl.! 
prevalent in the farms. These diseas..:s, apart from their specific effects, could inhibit a good 
response to \accination and render thl.: birds more susceptible to other diseases. such as 
Newcastle disease. The stuJy sho\"'s that chickens wi th concurrent diseases had a 2.6 to 9.3 
times higher mOrlality than binls li·ce of Ih<: diseasl.:. I bnson (I 97:'i) also pointl.!d OLlt that a 
reduction in the degree and duration of immunity is associilted with intercurrent inll:ctiollS 
diseases and internal pilrasites. Also Allan et 0/. ( 1978) poinled Qut that the variation in the 
immune response to vaccination may bl! due to faulty administration of the v<lccinl!. the 
presence of intercurrrent diseases or varying to susceptibility. 

In most cases live vaccines werl.! lIsed, first I [131 and laler the LaSala strains. occasionally also 
an inactivated Newcastle disease vnccine. I II) I was given via Ill...: ocular or the drinking w;}ter 
route, \\hile the L.1Sota strain \\ ns only given via the drinl..ing water. Allan ef at. (1978) staled 
that the drinking water method is the easi!."st way but gives thL' l\)\\'l!st r..:sults. Lancnster 
(\964) also emphasized that this mL'thod results in the greatr:st variation of immunity in 
chickens \"'ithin Ihe same Oock some birJs thus may be fully protected while otlll.:rs still 
remain susceptible to the disease. II is for this reason why the results of NO serology in this 
study are not only gi\en as a mean titres but by showing the distribution of the titn:s in the 

flocks. 

Different workers (e.g. l3enm:je:1l1, 1981; Sagild and I-Iaresnape, 1987) sho\ved that live 
vaccines du not give 100% protection, especially not against it \ery pathogenic strain 01" NDV. 
Allan I!f til (1978) el11phasiLed tl1nt thL' ..:fIicacy of a live vaccine depends on its illV<lsivelll.!ss 
and its power to multiply sunicil.!ntly \\ ithin the chickens in order to provoke an adl!Cju:ltl.' 

immune response. 

According \() Papparelb. (1973), Rossi and Di Giuseppe (1968), Cessi and Nardelli (197-l). 
Edison el til. (1981) and Nonne"itz (1986) the oil-based vaccines seem 10 offer substan ti al 
advantages over thL' currently available live \·accines. In the present work, wher.: broi!.:rs and 
layers were vaccinated with all inactivated vaccine and birds \\ere well prott.'ctt.'d when 
compared to the group \accin::l.Ied with the: live val.:cincs. 

This retrospecti\e $tuJ) also indicates that mortality rates w<.:re n<.:gatively corn:lull.!d \\Ith 
frequencies of vaccination and with age, unless the mortality WHS inlluenccd by CO lll.:urrcnt 
diseases and nutritional deficiencies. BuDster vaccinations and increaSing at,;c decrl.!l.lsed 

mortality. 

In mosl East African countries ND in seavenging chickens narcs up during the dry season 
when it is also VL'ry windy (i\!usiimc, 19?2). 11owcvl.!r, he also <HIded that in otha eountril.'s 
there was no indication of;:\ seasonal pattern. t-.lukibi-tvluka (1992) rcportl!d that in Uganda 
the seasonal Ol.:currence of ND is a well-known phenomenon among rural brml.!rs, oCl.:uring 
jusl before the dry season, when brmers start selling their chickens. In contrast to this rl.:ports 
tile present study did no! reveal any seasonality in disl.!ase occurrence. Only in !bl.! muntll of 
March two outbreaks of NO were recorded, while the other SL'vell olltDr(:.1k s oceurred at 



diffen:nt months o r the year, and the incidt:llce during the dry and the rainy seasons was 
almost the s~mc. Tadelle (1996) also confi rmed that afte r the villigiza tion program, NO 
remains a problem throughout a year, e\en tho ugh it is most serious at the beginni ng of the 
rainy season. (Mabratu, unpublished) also suggested that NO is more serious at the bl.!ginning 

of the ra iny season than during the n:st of the year. 

PART 7. CONCLUS IONS 

In Ethiopia, Ncwcastlt! disease is the most important cause of loss in village and commen:ial 
chickens. The present study showed no indications of any NO seasonality. The disease. rather 
occurs almost any time of the year, inflicting. heavy losses. Velogenic strains of NO V are 
widely distributed throughout the country and main characterization tests performed on fieltl 
isolates from different parts of the country. in Ethiopia and Germany. confirmed the same. 

The retrospective part of this study revealed that Newcastle disease mortality rates \\ere 
strongly aggravated by concurrent diseases and nutritional deficiencies. Most outbreaks were 
associated with poor management and poor hygienic conditions. In.:J.ctivated Nl.!wcastie 
disease vaccines effectively decreased mort.:J.lilY and production losses. Effective NO control 
on the study farms requires attention to hygienic measures, maintenance of a high k\\:l of 
management, g00d nutrition, betlCf disease control programs as well as appropriate 
vaccination programs in combination with monitoring of the HI antibody k\cls alh: r 

vaccination. 

Previous laboratory anti fi eld trials by many researchers had demonstratt:d. that the Vol 
vaccine was highly prote!.;ti"e \\hen given by convel11ional routes. OUf trials under laboratory 
conditions contirm this. Without doubt. the convcntionn! way of application can be applied 
also in \ illage chickens. In Ethiopin, chickt'lls can usually be caught. UntreHieu barley and 
sorghum proved 10 be unsuitable as vaccine carr iers. eliciting neither a measurable antibody 
responses nor substantial immunity. Short boiling (parboiling) barky as a val.!cine carrie r ga\e 
good antibody response and protection, parboiling of sorghum gave ncgati .. t: results. 
!Io\ .... ever, further field studies \\itl1 other types of feed as carriers for th:: thcrmostnbk NOV 
vaccine ;)rc requi r~d and the practicability of this method with parboiled ti.:!.'d under Im:al 

conditions needs to be c\alu3teJ. 

PART S. REFERENCES 

Australian Agricultural Consultin~ and ivlanagcment Company (AJ\CMC), (1984): l.ivestoek 
Subscctor Ri.,!\ic:w. Addis Ababa: Volume I Annex, 3. 1984. 

Alamargot, J. (1987): Avian pathology of industrial poultry farms in Ethiopia. In: IAR (cd.): 
First National livestock Improvement Conference Addis Ababa. 11-13 February. 1987. 
Addis Ababa: AgricullUral Research Institute. pp. 114-117. 

Alemu, S. (1985): The status of poultry research and development in Ethiopia. In: IAR (etl.)· 
The status ofJiveslock p3sture and forage research and development ill Ethiopia. AJdis 
Ababa: Agricultural Research Instit ute. pp. 6:2 -70. 

59 



Alemu, Y. ( 1995): Poultry production in Ethi opia . World Poul. Sci. J. 5 1, 197-201. 

Alexande r, D. 1 (1988): Newcastle disease . Methods of spread. In : Alexander D. J. (ed.): 

Newcastle disease. Boslon: Kluwe r Acad. Pub!. pp . 257-272. 

Alexander, D, J. (1988 ): Histori cal aspects. In : Alexa nder, D. J. (ed.): Nl.!wcasth! d isl.:asc. 

Boslon: Kluwer Acad . Publ. pp. 1-10. 

Alexander, D. J. (1989): Newcastle disease. In : Purchase, H. G., Arp, L. 1-1 .. Domermuth, C. 
H., Pearson, J. E. (eds.): A laboralO ry manual for isolation and ident ification of avian 
pathogens, Third edition. American Association of Avian pathologists. Iowa: Kendall, 

Hunt. Pub!. pp . 114-120. 

Alexander, D. J. (1991 ): Newcastle disease. In: Rweyemamu, M. M., Palaya. v .. Win , T. . 
Sy lla, O. (eds.): Newcastle disease vaccines for rural Africa. Debre Z!.! it, Ethiopia: Pan 

African Veterinary Vaccine Cen ter. pp. 7-45. 

Alexander, D. J., Allan, W. H. (1974): Newcastle di sease patholypes. Avian I )afh 3, 269-78. 

Ale xander, D. 1 , Parsons, G., Marshal, R. ( 1984): Infection of fowls with Ncwcastk di sease 
virus by food contam inated with pigeon faeces. Vel . Rec. 115, 601-602. 

Allan , W. 1-1 .• Lancaste r J. E., Toth, B. (1973): The product ion and use of Newcastk disease 
vaccines. Rome: Food and Agricultural Organization. 1973. 

Allan , W. 1-1 ., Gough. R. E. ( 1974): A standard haemagglutination-i nh ibtion test for Newcastle 
disease . I. A comparison of macro and micro methods. Vef. Rec. 95. 120- 123. 

Allan. W. 1-1 ., Lancaster, J. E., Toth, B. (1978): Newcastle disease vaccines, their production 
and use. FAO Animal Production and Health. Ser. no. 10. Rome: Food and 

Agricultural Organ iL'ltion . 1978. 

Allan, W. H. 130rland, L. J. (I (80): Laboratory tests for comparing live lentog~niL" Newcastle 
disease vaccines. Avian Palh 9, 45-49. 

Allan, W. H., Lancaster, J. E., Tot, B. ( 1980): Vacci nes co ntre rnaladie de N~wcastle. 

Product ion et sante animale. Rome: Food and Agricultural Organization. 1980. 

Allan , W. H., Alexander, D. J., Biggs, P. M., Gordone. R. F. , Jord an , F. 1. W., McFerren, J. 
B. ( 1982): Newcastle di sease. In: Gordone , R. F. , Jordane, F. T. W. (cds.) : Poultry 
Diseases. Second edition. London: Bail liere Tinda ll. pp . 98-113. 

Anon. ( 1971 a): Fowl pest, Newcastle disease epidemic, 1970·1971. Report ot' review of pando 
London: Her Majesty's Stati onary Office. Comand. 4791. 

Ano n. ( 1971 b) : Newcastle di sease conlrol, the prio rity is vaccination. Vef Rec. 89. 509·512. 

Anon. ( 1989): World wide figures in poultry meat and egg product ion. World Poul. 52 ( 11), 

31. 

60 



Bains, [l . S. ( 1979): Manual of poultry di seases. Basalis : Roche . pp. 133- 138. 

Bankowski, R. A. (1964): Cytopathogenicity of Newcastle di sease virus. In : Hanson, R. P. 
(ed.): Newcastle disease virus. An evolving pathogen. Madison: Uni. of Wisconsin 

Press. pp. 231 ·246. 

Barahona, H. H .. Hanson, R. P. (1968): Plaque enhancement of Newcastle disease virus 
(Ientogenic strains) by magnesium and diethy l-amino-ethy ldextran. Avian Dis. 12, 

151·158. 

Beard, C. W., Spalatin, l, Hanson, R. P. ( 1970): Strain identification o f NDV in tissue 

cultures. Avian Dis. 14,636-645. 

Beard, C. W., Brough, M. (1975): Immuni ty to Newcastl e disease. Am . .J. Vet. Res. 36, 509-

512. 

Beard, C. W., Hanson. R. P. (1984): Newcastle disease. In: Hofstad , M. S., Barnes, H. 1.. 
Calnek, B. W., Reid, W. M., Yoder, H. W. jr. (eds.): Diseases o f poultry, 8th edit ion. 

Ames: Iowa Slale Uni . Press, pp. 453-470: 

Beard, C. W., Wilkes, W. J. (1985): A comparison of Newcastl e disease heamagglutination­
inhibtion test results from diagnostic laboratories in south-eastern Uni ted States. Avian 

Dis. 29, 1048·1056. 

[leI!' I. G., Nicholls, P. J., Norman, c., Cooper, K., Cross, G. M. (1991): The serological 
response of chickens to mass vaccination with a live V4 Newcastle disease vaccine in 
the field and in the laboratory. I. Meat chickens. Ami. Vel. J. 68, 85-89 

Bell , J. G., Fotzo, T. M., Amara, A., Agbede, G. (\995): A field trial of the heat-resistalll V4 
vaccine against Newcastle disease by eye-drop inocu lat ion in village pou ltry in 
Cameroon. Prevo Vel. lvled. 25,19-25. 

Bennejean, G. (1981): Utilisation des vaccins av iaires a virus inactives en excipi~nl huileux , 
bilen el perspec ti ves. Dev. Bioi. Stall. 5. 11-17. 

Biswas, 1-1. R., Haque, M., Ox lay, M .. Prodhan, M. A. M. ( 1995): A comparative study on the 
protection of indigenous chickens against ND induced by Australian NOV 4 11R and 
locally produced conventional vacci nes in Bangladesh . Prevo Ve t. Med. 26. 157-1 64. 

Brannang, E., Persson, S. ( 1990): Ethiopian animal husbandry. Uppsala, Sweden. (1990). 

Brought, M. , Siegd, H. S. (1978): Inactivmcd Newcastl e disease vacci nes, in llucllcc or vi rus 
concentrat ion on the primary immune response. POIlI. Sci. 57, 892-896. 

Cessi, D., Nardelli, L. ( 1974); Vaccination against Newcastle disease. Efficacy of an oil 
em ul sion vaccine. Aviall Path 3. (4), 147-253. 

Copland, J .• Spradbrow, P. 8. (1997): Local production of thermostable vaccine to protect 
village chickens against Newcastle disease. £pidemiol. Sante Anim. 31-32, 02.25.1-
02.25.2. 

61 



COUItS, O. S. ( 1981): Poultry diseases under modern management. London: Saiga Pub!. pp. 

81-87. 

Cummin g, R. B. ( 1992): Newcastle di sease research at the Universi ty of New England . In : 
Spradbrow, P. n . (ed.): Newcastl e di sease in village chickens, control with 
thermostable oral vacc ines. Proceedings No. 39. Canberra: Allst ra lian Centre fo r 

International Agri cultura l Research. pp. 84. 

Dobson, N., Simmons, O. B. (195 1): Ofr. Report 91h
. World Poultry Congress. 3, pp. 18-21. 

Doyle, T . M. (1927) : cited Alexander, D. J. ( 1991 ): Newcastle disease . In : Rweyematnu. M. 
M. , Palaya, V. , Win , T. , Syll a, D. (eds .): Newcastl e disease vacc ines fo r rural Africa. 
Oebre Zei t, Eth iopia: Pan African Veterinary Vact.:i ne Cen ter. pp. 7-45. 

Edison , C. S., Thayer, S. G., Vi lieges, P., Kleven , S. H. (1981): Further studies wi th 
inacti vated oil emulsion Newcast le disease vacci ne in broil er breedl!rs. POII/I. St.·i. 61. 

1309-131 3. 

Food and Agricultural Organizat ion (1981 ) : Production year book. (1981) . Rome: Food and 

Agri cultural Organization. pp. 15-23. 

FAO/ World Bank Coopera ti ve Program ( 1993): Eth iopia. Livestock sector devel upment 
project repon no . 24/93 CP- ETII 45 SR 18, Feb , 1993. vo l. I of II. Rome: Food and 

Agricultural Organizatiull . pp . 8-17 . 

French, E. L. (1964): Evidence of freed om of Australian flocks from infection with NOV . 

AIlSI. Vel. J. ~O , 118-1 20. 

French, E. L. , Geo rge, S. T., Percy, J. J. (1967): Infection of chickens with recently isolated 
Newcastle di sease viruses aflow virulence. All~· I . Vel ., J. ~3 , 404-409. 

Ghumman, J. S .. Bankowski , R. A. (1976): In vitro DNA synthesis in lymphocy tes frum 
turke ys vaccinatt'd with LaSota. TC and inac tivated Newcastle disease vaccine . /lV/lilt 

Dis. 20, 18-3 1. 

Habte, KIM . (1987): Eva luation of the performance o f State Poultry farms. Addis Ababa , 
Ethiopia: Minstry of State Farms. pp. 1-35. 

Hanson R.P., nrandl y, C. A. ( 1955): Ident ifi cation of vaccine strai ns of NOV . Science. 122 , 

156-157. 

Hanson , R .P. ( 1975): Newcastle di scase. In : lI itch ner, S. B. (cd .): Isolation and Identiticatiun 
of Avian pathogens . Ithaca: American Associati on of Av ian Pathologists. pp . 160-1 73 . 

Hanson, R. P. ( 1978): Newcastlc di sease . In : Hofstad, M. S. , Calnek, n. W., Hdmboldt, C. 
r.w., Reid , W., Yoder, H. W. (cds.) : Diseases of poultry . Seventh edition. Ames: Iowa 

State Uni . Press . pp. 511-535. 

62 



Hanson, R. P. ( 1980): Newcastle disease. In: Hitchner S. (3 ., Domcflnuth . C. H., Purchase, H. 
G., Wiliams, 1. E. (eds.): Iso latio n and Identification o f Avian pathogens. American 
Association of Avian pathologists. Second edition. Iowa : Co llege Stati on Text. HUIlt. 

Pub. pp. 63-66. 

HeuscheIe, W. P., Easterday, B. C. (1970): Local immuni ty and persistence of virus in thc 
tracheas of chicks following infec tion with Newcast le disease virus. I. Organ culture 

strains. J. Infecl. Dis. 121 ,486·496. 

Higgins, D. A. (197 1): Nine disease outbreaks assoc iated with Myxovirus in ducks in Hong 

Kong. Trop. AninI. Hllh Prod. 3, 232·240. 

Hofstad, M. J.,Yoder, I I. W. (1963): Inactivation rates of some lyophi lised poultry viruses at 

37 and 3°C. AvialJ Dis. 7, 170. 

Holmes, H. C. (1979): Resistance of the respi ratory tract of chickens to Newcastle di sease 
virus infection following vaccination. The effect of passive ly acqui red antibody on its 

development. 1. Compo Palh. 89, 11-20. 

Ibrahim, A. L. , Chulan, U., I3abjee, A.M. ( \980): The immune response of chickens 
vaccinated against Newcastle disease with live Newcastle disease V4 vaccine. AIISI. 

Vel. 1. 56, 29-33. 

Ibrahim, A. L., ellul,lIl, U., l3abjee. A.M. (1981): An assessme nt of Ihl.! Australian V-l stra in 
of Newcastle disease virus as a vaccine by spray, aerosol and drink ing water 

administration. Allst. Vel . J. 57, 277-80. 

Ibrahim, A. L., Ideris. A., Babjee, A. M. ( 1992): Wide scale implementation of oral Newcastle 
disease vaccination in Malaysia. In : Spradbrow, P. B. (ed.) : Newcastle disease in 
village chickens, Control with thermostable oral vaccines. Procecdings No. 39. 
Canberra: Centre for International Agricultural Research. p. 101. 

Idris. A., Ibrahim, A. L., Spradbrow, r.B . (1987): Efficacy of feed pel let NO vacc ine. 
Laboratory and simulated village experiments. In: Co pland, J. W. (ed.): Newcastle 
d isease in poultry. A new feed pellet vaccine. Monograph No. S. Canberra: Center for 
International Agricultural Research. p. 29. 

Idris, A., Ibrahim, A. L., Spradbrow, P. B., Seng, C. H. (1987): Developmclll of food pellet 
Newcastle disease vaccine. In: Copland, J. W. (ed.): Newcastle disease in poult ry . A 
new feed pe llet vaccine. Monograph No.5. Canberra: Austral ian Cent re for 
International Agricultural Research. p. 18. 

Id ris, A., Ibrahim. A. L.. Spradbrow, P. B. (1990): Field trials of food based vaccine to protect 
village chickens against Newcastle disease. Res. Vel. Sci. -'9 , 216. 

International Livestock Centre for Africa (lLCA) ( \ 993): Handbook of AfricJIl livestock 
stat ist ics. Addis Ababa, Ethiopia: International Li vestock Cen tre for Africa. pp. 15· 52. 

63 



Jayawaradene, G. W.L. , Alwis, M. C. L., Banderen, D. A. W. (1990): Oral vaccination of 
chickens against Newcastle disease with V4 vaccine delivered on processed rice 

grains. AuSI. Vel. 1. 67,364·366. 

Jayawaradene, G.W.L., Spradbrow, P. 13. (1995): Cell mediated immunity in I.:hickens 
vaccinated with the V4 strain of Newcastle disease vi rus. Vel Microbiol. "6, 37·41 . 

Jungherr, E. L. , Terrell, N. (1946): Observat ion on the spread of Newcastle disease. 
Proceeding. U.S. LiveslOck Sani t. Assoc. Fiflh meeting. pp. 158·171 . 

Kaleta, E. F., Baldauf, C. (1988): Newcastl e disease in free·living and pet birds. In: 
Alexander, D. J. (ed.): Newcastle disease. Boston: Kluwer Acad. Pub!. pp. 197·246. 

Kaschula, V. R. ( 1952): The domestic pigeon as possible carri er of Newcast le disease. J. Vel . 

Res. 25. 25-27. 

Kim, S. 1 , Spradbrow, P. 13. ( 1978): Some properties of lenlogenic Auslralian NI!\V!.:astlc 

disease virus. Vel. Microbiol. J, 129. 

Kim, S. J., Spradbrow. P. B., Chung, Y. S. (1978): The sero logical response of chickens to 
Australian lentogenic strains of Newcastle disease virus. AIlSI. Vet. J 54,430-436. 

Kraneveld, F. C. ( 1926): ci led Hanson, R. P. ( 1991 ): Newcastle disease and other 
paramyxovirus Infections. In : Clank, 13. W .. (!'Illl., (cds.) : Discast"s of Poultry, 9 th I.'d. 

Ames: Iowa Slate Uni v. Press. pp. 496-519. 

Lancaste r, J. E. (1964 ): Newcastle di sease conlrol by vaccination. "i.!I Bull. 3 ... . 57-76. 

Lancaster, 1 E. (1966): Newcastle disease a revIew of some of tbe literatu res published 
between 1926 and 1964. Monograph No.3. Onawa: Health of Animals I3ranch 
Deparlment of Agriculture. pp. 188. 

Lefevre , P. c. , Martel, J. L. ( 1975): La maladie de Newcastle en Ethiopie. Revue d't!It!\age I! t 

de medicine . Rev £/ev Vel f'uy~' Tru{I. 28 (3). 283 ·286. 

Lengeri sh, B. , Mohammed, N. H .. Aklilu, M. , Eden, 13. ( 1991): Newcas tle disease in Ethiopia. 
In: Rweyemamu, M. M., PaJaya, V., Win, T., Syll a. D. (eds.): Newcastle dis~ase 
vaccine for rural Africa. Debre Zeit, Ethiopia: Pan African Veterinary Vacc ine Cent re. 

pp.49-51. 

Martin, P. A. 1 ( 1992): The Epidemiology of Newcast le disease in village chickens. In: 
Spradbrow, P. B (ed.): Newcastl e disease in vi llage ch ickens. contro l with 
thermostable oral vaccines. Proceeding no . 39. Canberra: Australian Centre lor 
lnternationa Agricultural Reascrch. pp. 40-45. 

McFerran, J. B., McCracken, R. M. (1988): Newcastle disease. In : Alexander. D. J. ( ~d . ) : 

Newcastle disease. Boston: Kluwer Acad. Pub!. pp. 161-183 . 

Merchant. I. A., Packer, R. P. (1977): Veterinary Bacteriology and Virology. Seventh edition. 
Iowa: Iowa State Uni Press. pp. 670-674. 

64 



Meulemans, G. (1988): Control by vaccinat ion. In : Alexander, D. 1. (cd.) : Newcastle di sease. 

Boston: Kluwer Acad. Pub!. pp 318-32. 

Miers, L. N., Bankowski , R. A., Zee. Y.c. (1983): Optimizing the Enzyme Li nked 
Imm unosorben t Assay for eval uating immunity in chickens to Newcastle disease. 

Avian Dis. 27,161-70. 

Mukiibi-Muka, O. (1992): Epidemio logy of NO and the need to vaccinate the local ch ickens. 
In: Spradbrow, P. 8. (ed.): Newcastle disease control wi th thermostable oral vacc ines. 
Proceed ings No. 39. Canberra: Cen tre fo r International Agricult ural Research. pp. 155. 

Mussiime, J. T. (1992): Poultry disease in Africa and Newcast le disease problems: an 
overv iew. In: Spradbrow; P. B. (ed.): Newcastle disease control with thermostable oral 
vacc ines. Proceedings No. 39. Canberra: Australian Centre for International 

Agricultural Research . pp. 174. 

National Veterinary Institute, (NYI) (1974): Poultry diseases and Newcast le d isease record 
book. Ocbre Zeit, Ethiopia: National Veterinary Instilute. pp 25-28. 

Nonnewitz .T. (1986): Newcastle disease, a review on diagnosis, prophy lactics and 
vaccinations. In : TAD (cd.): Poultry diseases. Third TAD Veterinary Symposium. 
June 22-25, 1986, Cuxhaven, Germany: Wingcst TAD Pharma. pp. 37-5 1. 

Palaya, V., R weyemamu, M. M (199 1): Live versus inactivated Newcastle dist!3se vaccines. 
In: Rweyemamu. M. M ., Palya, V., Win, T., Sylla, O. (cds. ): Newcastle disease 
vaccines for rural Africa. Oebre Zeit. Ethiopia: Pan African Veterinary Vaccine 

Center. pp. 107-119. 

Papparella, V. (1973): Contrallo della pseudopeste aviare (Newcastle di sease) a mezzo dei 
vaccini II : Giornale d~gli Allev(lfOni 23 (9), 34-64. 

Pennington , T. H. ( 1978): Antigenic difTerences between strains of NOV . Arch. Virol. 56 , 
345-351. 

Rima, 8., Alexander, D. J., Billeter, M. A., Collis, P. L., Kingsbury. O. W., Lipkind , M. A .. 
Nagai, Y., Orvell, C. M. , Pringle , C. R., Meulen , V. (1995): Paramyxov iridae Virus 
Taxonomy. In: Morphy, F. A., Fanquet, CM ., Bishop, O. H. L., Gabriela, S. A., 
Jarvis, A. W., Martelli, G. P. , Mayo, M. A., Summers, M. D.(eds.): Sixth report of the 
international commi ttee on taxonomy of viruses. Wine: Springer Verlag. pp. 268-274. 

Rossi, G. A., Oi Giuseppe, F. ( 1968): Vaccinazione contra la pseudopeste aviare a mezzo di 
virus ottcnuto su culture di cellule 13IIK2 ed inatt ivato con liuso Ji I3dap.-opiolallone . 
Aui della, Sociew /wliana della Scienze Veterinarie 22, 886-891 . 

Rott, R. (1964): An evo lvi ng pathogen. In : Hanson R. P. (ed.): Newcastle d isease virus. 

Madison: Un i. Wis. Press. pp.133-46 

Rott , R. (1979): Molecular basis of infectivity and pathogenicity of myxov iruses. Brief 

review. Arch. Virol. 59, 285-298 . 

65 



Rushton,1. (1995): Consultant 's report. Assistance to rural women in protecting their chicken 
flocks from Newcast le disease. Project TCP/ RAF/23 76. Early gate: Panlivcsto~k 
Service Ltd. Departement of Agriculture . pp. 1·53. 

Russe l, P. 1-1., Alexander, D. 1. (1983): Antigenic variation of Newcastle disease vi rus strains 
detected by monoclonal antibodies. Arch Virol. 75,243·253 . 

Russe l, P. 1-1 . (1988): Monoclonal antibodi es in research, diagnosis and epizooto logy of 
Newcastle disease. In : Alexander O. J. (cd.): Newcastle disease. Boston: Kluwcr Acad. 

Pub!. pp. 131-46. 

Sagild, I. K., Spalatin, 1. (1982): Newcastle vaccination with the V4 strain In Malawi, 
laboratory and field studies. Avian Dis. 26,625·628. 

Sagild, 1. K., Hart!snape, J. M. (1987): The status of Newcastle disease and use of V4 vaccine 

in Malawi . Avi{/II Parh. 16, 165·676. 

Sainsbury, D. W.I3 . (1980): Poultry health ano management. Granada Pub!. pp. 119·112. 

Samuel,1. L., Bcnsink, Z., Spradbrow, P. B. (1992): Resul ts of Newcastle disease research 
projects at the University of Queensland. In: Spradbrow, P. B. (ed.): Newcast le disease 
in village chickens. Control with Thermostable ora l vacc ines. Proceedings, No. 39. 
Canberra: Australian Centre fo r International Agricultural Research. p. 79. 

Schaikoort, R, Spradbrow, P.B. (1980): Aerosol vaccination of chickens with the V4 strain of 
Newcastle disease virus. AI/st. Vel . J. 65,429·433 . 

Schloer, G., Spalalin, J., Hanson , R. P. (1975): Newcaslle disease virus antigens and strain 
variation. Am . .J. Vel. Res, 36, 505·508. 

Snyder, D.B., Marquordt, W.W., Mallinson, E."', Russek , E. (1983): Rapid serological 
profiling by Enzyme.Linked Immunosorbent Assay . I. Measurem!.!nt of antibody 
activity titre against Newcastle disease virus in single dilution. Avian Dis, 27, 161·170. 

Spalatin, J .S, Hanson , R. P. (1966): Recovery of a Newcastle disease virus strain 
indislinguishablt: from ~Texas· G B. Avian Dis. 10, 372·374. 

Spaiatin, J ., Hanson, R. P. (1976): Evidence of genetic heterogenicity of some lenlogcnic 
Newcastle disese virus strains. Avian Dis. 20, 654. 

Spradbrow. P.B. , Ibrahim, A.L. , Mustaffa·Babjee, A., Kim, S. J. (1977): Usc of an avi rul ent 
Australian slrain or Newcastle disease vi rus strain as a vaccine. Avian Dis. 22 . 329· 

335. 

Spradbrow, P. [J. , Ihrahilll, A. L, Chulan, lJ.. Milliken, G., Shapcoll, R., Kingston. 0 . ( 1980): 
The response or Australian chickens naturally infec lt!d with Australian Nt!wcastle 
diseasc virus to challcnge with vclogen ic Newcastle di sease virus. Allsi. Vel . J 56, 

580-584. 

66 



Spradbrow, P. B. (1987): Newcastle disease: an overview. In: Copland, J. (cd): Newcastle 
disease in poultry, a new food pellet vacci ne. Monograph No. S. Canberra: Australia 
Centre for International Agricultural Research. pp. 12· 18. 

Spradbrow, P. B., Samuel , J. L. (1987): Oral Newcast le disease vacc ine in experimental 
chickens in Australia. In: Copland , J. W. (ed.): Newcast le d isease in poultry . A new 
feed pellet vaccine. Monograph No.5. Canberra. Austra lian Centre fo r Internati ona l 

Agricultural Research. pp. 44·49. 

Spradbrow, P. 8. , Samuel, J. L. , Ibrahi m, A. L. ( 1988): Serological response of chickens to 
oral vaccinati on with Newcastle di sease vi rus. Vet. Microbiol . 16,255. 

Spradbrow, P. B. ( 1988): Geographi cal distribution. In: Alexander, D. J. (ed.): Ncwcastle 
disease . Boston: Kl uwe r Acad. Pub!. pp. 247·255. 

Spradbrow, P. B. (1991): Thermotolerant strains of Newcastle disease virus. In : Rweyemam u, 
M. M., Palaya,V., Win , T., Sylla, O. (cds.): Newcastle disease vaccine for rural Africa. 
Oebre Ze it , Ethiopia: Pan African Veterinary Vaccine Center. pp.89.IOI . 

Spradbrow, P. B., Samuel, J. L. (1991): Oral Newcast le disease vaccination with v-t virus in 
chickens:comparison with other routes. Aust. Ve t. J. 68, 114-11 S. 

Spradbrow, P. B. (1992): A review orthe tlSC of food carriers fo r delivery of oral NO vaccine. 
In: Spradbrow, P. B. (cd.): Newcastle disease in village chickens. Control wi th 
thermostable oral vaccine . Proceeding no. 39. Canberra: Austral ian Cenlft: lot 

International Agricultural Research . p. 18. 

Spradbrow, P. B. (1993 /4): Newcastle disease in village chickens. POIII. Sci Rev. 5. 57-96. 

Spradbrow, P. B .. Sabine, M. ( 1995): Aust ralian studies in Newcastle di~ease virus. The 
French heritage . Vet. Microbiol. 46.15-19. 

Stone, H. (1996): Newcastle disease vacci ne more effective. World POIII t\./i.\·sel International 

12 (8), 8. 

Tadelle, O. (1996); Studies on vi ll age pou ltry production systems in the central highlands of 
Ethiopia. MSc. thesis. University ofUppsala, Sweden. pp. 7·20. 

Tantaswasdi, U, Danvivatanaporn, J., Mahanta , C, Si rivan, P., Chaingh, A., Pramoolsinsap, 
T., Spradbrow. P. B. (1 992): Con trol of Newcastle disease in village chickens wi lh 
oral V4 vaccine in Thailand . In : Spradbrow, P. B. (ed.): Newcastle disease in vill age 
chickens. Proceedings No. 39. Canberra: Australian Centre for International 
Agricultural Research. Pub!. pp. 118·127. 

Teketel, F. ( 1987): Studies on the meat producti on potential o f some local strains of chicken. 
In: JAR National Animal Production and Improvement Conference 11·13 Feb. 1987. 
Addis Ababa: Agricultural Research Institute . pp. 85·87. 

Thrusfield, M. (1995): Veterinary Epidemiology. Second edition. Cambridge: University 
Press. pp. 26·78. 

67 



Timms. L., Alexander, O. 1. (1977): Cell mediated immune response of chickens to Newcastle 
disease vaccines. Avian Path . 6, 51-59. 

Turner, A. 1., Kovesdy, L. (1974): Studies on epizootiology of infection wi th virulent 
Newcastl e disease in broiler chicken flocks in Victoria . ..lust. Vel. 1. 150, 155. 

Turner, A. 1.. Spalatin, J.. Hanson, R. P. ( 1977): [mmunogenici ty of Aust ralian h:nlogt: nic 
strains of NO vi rus. AIISI. Vel. J. 53, 32-35. 

Upton, E., Hanson, R. P., Brandly, C. A. (1953): Antigenic differences among strains of 
Newcastle disease vi rus. Proceedings. New York: Soc. Experimental Biology. 84. 69 1-

693. 

Utterback, W .W., Schwartz, J. H. (1973): Epizootiology of velogenic viscerot ropic 
Newcastle disease in southern California, \97\-1973. J Am. Vet. Med. As.we. 163. 

1080- 1090. 

Watt Poult ry Year Book (1991): World egg and meat production. Moun t Morris: Wall Pu b!. 

pp. 12-30. 

Westbury, H. A. (1984): Comparison of the imunogenicity of Newcast le disease virus strain 
V4, BI and LaSota in chickens. I. Tests in susceptible chicken s. A lIsl . Vel . .I. 6 1, 5-9. 

Westbury, 1-1. A. , Paterson,G ., Allan, W.H. ( 1984): Comparison of the immunogt:nicity of 
NCD vi rus strains V4 , Hitchner B I, and LaSota in chickens. 2. Tests in chickt:ll~ with 
maternal antibody to the virus. Ami Vel J. 6 1, 10-13 . 

Winterfield , R. W., Go ldman, C. L. , Saedle, E. 1-1 . (1957): Newcastle disease immunization 
studies. 4. Vaccination of chickens with B 1, F, and LaSota strains of Nt!wcastk 
disease virus administered through the drinking water. POIlII . Sci. 36. 1076-1088. 

Xu, 1-1. ( 1996): Comparison of conventional test methods with commercial ELISA kits In 

avian serology fo r epidemiological investigations. Berlin: Freie Universit ti l I3erlin. 

MSc. Thesis. 

Zokay, Z., Rones, Levy, R. ( 1995): Newcastle disease live vaccine. Puull1y Imenwfiollul. 76 , 

70. 

68 



PART 9: ANNEX 

9.1 Preparation of PBS 

Chemicals used for preparalion PBS: 
NaCI 8 g 
K CI 0.2g 
K Hz PO~ O.2g 
Na, HPO •. m,o 2.16g 

or Na H Po~ . 2H20 1.44g 
made up with distilled water 1000 mL 

This solution was ste rilized by aUloclaving at 121°C for 15 minutes. The liquid level was 
marked befo re autoclaving Ihen stored al room temperatu re. If evaporat ion had occurred, it 
was made up to the mark with sterile deionized distilled water before usc. The pH was 

adjusted \0 7.2 . 7.4 at 200 e + 36.5°C with sterile 1 m. NaOH. 

9.2 Prepara tion of Antib iotic Stock 

Stock solutions. Penicillin 5x I 0 million IU concentrale solut ion 
Stft!ptomycin sulfate 5x I gill 
PBSA: 100011 

Aseptically 5ml PBS was added to each vial of sodium penicillin (5x1D million I. U) and 
Streptomycin sulfate (5g) and was left for a few minutes 10 disso lve. The PBSA was removed 
from the vials back to PBS bailie. Then another 51111 PBSA was added to the vials to rinse and 
returned back 10 the PBS baltic. 5011 was dispensed into a sterile container and stored at 

·20°C. 

Iml of the solution was used for each 5 011 o f so lution in order 10 give the final antibiotic 

concentration of 
Penicillin 100 units/ml 
StreplOmycin 100 mg/ml 

Neomycin and Polymycin B stock solution 
Neomycin sulfate 2500 mg 
Polymyxin B sulfate 2500 mg 
PBSA 100 ml 

This was made by the same method as the penicillin and streptomycin stock soluti on. 1 ml of 
this solution was used fo r each 500 ml so lution, giving a final concentration of 50 mglml. 

9.3. Preparation of .,\!severs Solutio n 

The solution was made by the following formula 
d·Glucose (dextrose) 20.5g 
Sodium citrate 8.0g 
Sodium chloride 4.2g 
Distilled water 1000 ml 
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The pH was adjusted to approximately 6.1 by addition o f 0.55g of cit ri c ac id . 

9.4 Calculation of End point (Spearman-Karber) 

After perfo rming titration and determining the number of embryonated eggs that responded to 
each dilution, the end point dilution was determined mathematically using Spearman-Kerber 

method as foll ows. 

To calculate E1D5o by this method I, used the fo llowing formula. 

EID" =X + 1/20 ' QITl 
~ 

Where x 
a 

= The highest dilution level tested 
= The interval between successive logarithmic doses 

(di lution facto r) 
[r

l 
= The total number of un infected embryos 

T1 = The Ilumber of hosts used a1 each dilu tion level (constan t) 
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