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INTRODUCTION 



INTRODUCTION 

Viruses are the smallest biological units which clearly 

mani£est all the essential characteristics of life and many 

are known to be built up of nucleic acid and protein. Wi th 

an uninterrupted succession of important discoveries leading 

to the development of new biochemical techniques useful in 

understanding the problems of virology, viruses have become 

the material "par excellence" for funda.mental study (Burnet 

and Stanley, 1959). Hesearch wOI'k on nucleic acid indicates 

tha.t the nucleic acid structures contain -the codes for the 

fabrication of &very individual of every species. Virology 

has become an important and fascinating field of science in 

which -the geneticist, cell physiologist and the biochemist 

have found, in the ground ploughed by the pathologist, a 

fertile soil for new approaches to fundamental problems of 

cell function and organ is ation , 

With the invention of Blectron microscope and modern 

tissue culture techniques, rapid strides have been made in 

the understanding of the nature of the infective par-ticles 

of animal viruses including -~heir biological properties. 

The researches hR.ve been fruitful in understanding the 

'virus-host cell' relationship as well. 

One of the most extensively studied members of the 

fmyxo t group of viruses is the Ranikhet Disease virus 

(BDV) which is als 0 known as Newcastle disease virus (NDV). 
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It exhibits a host of physico-chemical properties. some of 

which, it shares with influenza and mumps viruses. ]\rom 

th!3 time the Newcastle disease virus waS isolated and iden­

tified (Doyle, 1927) considerable amount of work has accumu-

. lated on various fundaweatal aspects of the virus including 

evolution of mesogenic and lentogenic strains of virus. 

The demonstration by Burne·t (1Sl42) that NDV exhibi ts 

the so -called f Hi rat pheno menon' was folIo wed by a series of 

interesting observations in technica.l virology resulting in 

its being recognised as a dependable tool not only in identi­

fying the virus but also as a. convenient means of. studying 

the virus-host cell interaction. ·Secondly, the phenomenon of 

haemolysis (Kilham, 1949) which NDV shares with mumps virus 

has also provided a IDB[ffiS of identification, in addition to 

its providing a clue to the possible relationshiD between 

the two viruses. The interesting observation that viruses 

of myxo virus group which get adsorbed to red cells elute 

with simultaneous destruction of rec8"ltors has now been . .l:' , 

universally recognised and that the destruction of receptor 

is a preliminary step for entry. into the cell. 
~ ", .. ;.' I,\'i':"'\ 1'1:;,.:,: ".".i;v'_,r., 0 ........ , I (i· __ .. '. 

A very ~~"~.~~~.ient_ host).~ .. ~~.:t:' the experimental study of 

virus infection introduced in 1931 by Woodruff and 

Goodpasture opened a new era in the study ot' a.nimal viruses 

for both theoretioa.l and practical purposes. The adaptation 

of NDV to the developing chick embryo has made the stUdy of 
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the behaviour and growth cycle of the virus easy in the 

tissues of the embryo. The role played by the living 

embryo and its fluids in bringing a'bout attenuation o:f a 

virulent virus wi"lihout impairing its antigenic properties 

cannot be ex:pl~1.ined \IIith precision. However, it would a.ppear 

that 'the virus adapts itself' to survive and propagate under a 

changed environmental condition involving physio-chetnical 

reactions resulting i.n a mutant. Wenner ~ gl. (1950) have 

made eX'jjensive studies about the a.ppearance of different 

antigens in embryonic and extra embryonic fluids. 

It is probably true that no species of farm animals is 

affli cted with such :a host of l'esl)iratory diseases as poultry. 

Among the maladies affecting poultry the Ranikhet disease (RD) 

stands foremost by virtue of its high virulence and communica-
" 

bility. A decade ago it waS -the largest single factor causing 

heavy losses in poultry ~'!.nd was a serious menace to the poultry 

industry. Bllt in recent ye~1rs, the disease has been brought 
, 

well under control. Despite mants attelUp'jjs to control if not 

erl::1di cate the dis ease completely, UD s't ill relll ains a crucial 

pro blell) an d s·tands foremost al1lOng the pre yen table dis Gases of 

poultry_ In recent years, the dlsease has gained public health 

importance since it has been found to cause coujuncti vitia 

among men handling infected birds or among laboratory workers 

. (Burne t, 1943; Ho wi tt £1 &. 1948; Keeney and Hun ter, 1950; 

Pomeroy, 1951; Lippma.n, 1952 and Hanson and Brandly, 1958). 
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The enormous increase in poultry population throughout the 

world has f'ocussed attention on it a.s a reservoir of 

disease both in man and 8nimals. 

In India, control of this disease has been mostly 

through vaccination and at -present freeze dried egg ad~pted . 
vacc ina is manufactured by most biological products centres. 

This naturally demands thi3.t the vaccine produced for this 

purpose, should conform to high at andards of safety and 

potency. At present the vaccine is standardised through 

active pro"taction test in bird which is both expensive and 

time consuming. The present treatise is a compilation of 

the au·thor's observations on the titration of the vaccine 

viru s in 'the developing chicken em bryo and it s possi ble 
I 

correlation with the protection afforded in fo\"lst as well 

as the' serologi cal respons e the vacci ne virus e vokes in the 

vaccinated birds. As an adjunct, growth curve of the virus 

in the developing chick 8!DbryO and the appearance of haemag­

glutinins haS also been studied. 



, R&1 VIEW OF LI TEHATURE 
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REVIID;W OF L1 TERATl1RE 

Ranikhet disease of fo~ls is a serious and a highly 

communicable virus disease affecting birds of all eges and 

a.ttacking respiratory and nervous systems _ Ever since the 

disease was recognised tremendous volume of work has been 

done on various aspects Of th e dise[-1.Se and its causal· agent 

and therefore an exhaustive review in a treatise like this 
, 

is not 1)08si ble. The 'Work ha.s therefore been reviewed on 

aspeots ~hich have a bearing on the problem under study. 

The myxo group of vir uses to wh ieh the RDV also belongs t 

includes two classical influenza viruses types A and B, mumps 

and a. growing lis·t of minor respiratory pathogens of man as 
~ 

well as the other classical avian viruses. ~he unique contri-

bution that has emerged out of the study of this group of 

viruses is the virus host cell interaction. All react with 

mucoprot eins on the cell surface and in So lut ion under appro­

priate conditions and carry an enzyme capable of splitting 

neuraminic acid or related components :from the reacti ve 

mucoproteins. ~he nucleic acid content is low an.d wholly 

RNA. All have size of about 100 millimicrons. 

J?H01'ER'l'I.1llS o IiI i'Ht' VIRUS -
§_ha.pe, ~nd 81 z_~ 

Ranikhet disease which is also known in the west as 

Newcastle disease was :first described by Doyle in 1927 and 



6 

Shown by him to be due to a filterable agent. The size 

of the parasite waS estimated at 80-120 millimicrons by 

'Burnet and Ferry (1934) uSing collodiol membranes. 

Unstained and unshadowed preparations wel'e examined 

in the electron microscope by Bang (1946, 1947, 1948), Cunha 

.§.! .§!... (1941) ~tnd l~l:f:'o rd J!! gl. (1947) who de scri bed sphe ri­

cal, filamentous and tadpole-shaped structures. I.lster, 

Schafer and Hott (1959) showed a rod-like internal component. 

].i'urther c larif iC8:~ i on of the struct Ul'e us iug the nega"t i ve 

staining technique waS made by Horne and Waterson· (1960). 

Ba.ng (1947) reported tha.t in sali Q0, t he virus part i­

cles were filamento us, whereas they .were round in water and 

chario-allantoic fluid. 

:t;lford §!.! a:J:_. (1~48) and Hang (194d) reported the 

average diameter value of HDV to be '150-190 millimicrons. 

Donald and IS8acs (1954) estimated that 10 particles of 

virus were ne ede d foX' one I D50 in chi ok embryos. ~he 

part ieles changed theor forra in solutions of higher concen­

tration, without loss in infectivity. 

Granoff' and Hen1 e (1954) l'epor·ted thq"t the allan to ic 

fluid and the allantoic mer~brat1es showed two components 0 f 

the virus viz. 'lJ' and'S'; the III' component being large 

complete, infec'tive a.nd poss8ssed. haemqgglutinating a.nd 

haemolytic activities while the 'S' ~as small, non-infective, 

haemagglutinating but did not exhibit haemolytic properties. 

'Nadel and Eisenstark (1955) have reported that during growth 
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cycle of the virus in developing chick embryos it passed 

through a stage of "incomplete virus". 

Waterson and Cruickshank (1963) reported that diife-

rent strains of HDV showed minor variations in a stqtldard 

basi c st ru cture • 

The affinity of virus to erythrocytes was first detec­

ted by Doer and Gold (1932) who observed tht'Lt most of the 

virus in fa wls a:ffected wi th fowl plague virus was attached 

to red cells and that repeated washings released the viru84 

Hirst (1941) and lVlcClelland and Hare in the same year 

independently reported that chick red cells were agglutina­

ted by fluids from chiok eu(bryos infected with various 

strains of influenza virus. 

Subsequently, Burnet (1942) showed ·that NDV possessed 

the Same property of agglutination of fowl 8rythro.cytes as 

the influenza virus. The phenomenon was extended to fowl 

plague (Lush, 1943), and mumps vir~s (Levens and Enders, 1945). 

The common property of these viruses to agglutinate red 
to 

cells by adsorbingLthe mucin like material on the cell surface 

was USed to define the group myxo virus to provide its name 

(Andrewes ~~. 1955). 

MNI group agglutinate the cells of chick~n, man and 

guinea-pig. Hany other species provide cells agglut inable 

by some strains of virus but the type of agglutination varies .. 
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Comparat iva s·G udies have been made in th is regard by Olark 

and Nagler (1943), Chu (1948a), Sakkubai (1960). NDV has 

an unusual range of susceptible cells and the most susoeptible 

species were cow, horse, sheep and fowls (Winslow II l!-l. 

1950). S8.kkubai (loe . . q.i~.) observed that di:fferen·t strains 

of NDV varied in 'their capacity to agglutinate cells of 

various species 0 f animals and birds. A difference ""as also 

noted in the elut ing capacity. This author further reported 

a zone phenomenon in case of cells of bull, cow, sheep and 

goat. Haemagglu·tinating viruses have been classified as under:-

1 . MNI group in which the virus particle itself is the 

haemagglut inin a.nd !'J.lso carries an enzyme (neuI'aminidase) 

which allows elution of virus wi'th destruction of red 

cell receptors. 

2. Viruses in which the virus pal'ticle is believed to be 

the haeUlagglutinin bu.t \lJhich poSsess no eluting enzyme 

a.nd produce no destruction of' cell receptors (Arbor, 

EHC, GD VII and pneuUlonia virus of mice). 

:; , Vi ru s as wh i ch , du r in g g 1'0 W t 11 ins u ita.. b 1 e cell s pro du c e 

a haernae~glu tinin 'that is separat e fro m th e viru.s 

particle (pox group and some strains of PSittacosis 

and related viruses). 

It is assumed th~lt the haemnggllrtination is due to 

mechanical bridging of one or more red cells by virus parti­

cle \vhich simultaneously adsorb to each red cell. Following 



9 

tYlO hypotheses have been :put forward to explain the virus 

adsorption to the red cells (Anderson, 1959). 

Hypothesis of' physical adsorption:- In -this theory 

a clear disttnction is made bet\IJeen adsorption of virus and 

subsequent enzymatic reaction. The red cell l\ece:ptor is 

considered to be an area larger th[:ln the virus particl es 

a.nd to con'Gain a large number of mucoid groupings,. The active 

groups of the virus enzyme might form only a limi ted portion 

of the virus surface (Anderson, 1947) .. 

It is assumed thH.t after adsol'ptiou, the virus becomes 

orien'tated so that the enzyme reac'ts with mucoid substrate in 

the vicinity· and each time one substrate grouping is enzy­

mat ically altered, the local attract ive fo rce s bet\lleen v itus 

and red cells are diminished. Itlhen a sufficient proportion 

of groupings in the vicinity has been altered, the virus 

particle is believed to roll 01'" slide to an adjacent portion 

of 'lihe receptor area or to a ne arby ree eptor area. 'rh is 

phenomenon has bee n t armed II bro wsi ng II It \·/heu Stit't' ic ien t red 

cell recep·tor' areaS have been bro\IJsed over' th:LS way, the 

virus leaves the red cell. 

Hypothesis of enzyHl0 substrate attraction:. - In this 

hypothesis the union of Vil'US f:'nd receptor' is du.e primarily 

to the union be'tween the funC'~ional group of virus enzyme 

and the substrate grouv in the receptor mucoid (Hirst, 1942b; 

Chu, 1948b; J)urnGt, 1948, 1951; Burnet and. Lind, 1950). 
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Heceptor gradient: - After complete elut ion of virus 

the red cells are no longer agglutinated by ·t~n.e eluted virus 

and are said to be stable. Cells stabilised by virus are 

nat agglutinated by fresh sUllplies oi' '~he Sat:n8 s'Crain (Hirst 

1942b; 'BUl'net et al. 1945). They may, howevel', be aggluti­

Dated by some Q'thGr strains of' r;ll~I group. Any series of 

strains can be luoranged in a linear order', ca.lled a. receptor 

gradient (Burnet !=l! gl. 1946), so that when red cells are 

stabilised by on'3 s·train, they are not; suScept ible to agglu­

tination by any virus earlier in the gradient but are agglu­

'jjinated by every strain later in the gradient. In the recep­

tor gradient order mumps is first and is followed by NDV and 

various strr-tins of influenza viruses, r.-r:fillj, viS, 1B;E, BillL, MIL, 

and swi ne. The orde r is same fol' both human and fowl c ells 'I 

Effect of Phys ical and, Chern .!..9al Age~nt s 

A great variety of' treatments and agents are known to 

i.na.ctivate~· viruses an d during inac"t i vat lon, "the ind i vidual biola­

gical activi·~y of the virus teuds to diSapP(:;::J.r one af'~er the 

other. ~1)iffer'ent Hnviron\uclnt a1 agents 11l8..Y inact ivat e virus 

part icl es in a vari ety of way-s, bY' suppressi ng one or more of' 

their activities, bu.t the most important and gen6rall~, the 

most sensitive proper'!;y of the vir'Us particle involved is 

I infectivity' 'I 

NDV has according to 'the findings of Farinas (1930) and 

o'l:ihers ci ted by Beaudet'te (1943) indicated a substan'tial 



1 1 

survival capaci ty of the virus outside the living body 

(Doyle, 1933; Asplin, 1949). 

I'1oses II §:l. (1947) found that the HDV was quite stable 

at comparat i vely wide pH range. After one hour I s exposure at 

pH values of 2-12 t the virus remained unaffected. 

Farinas (1930) observed that the virus was inact ivated 

in 30 minutes at 55°0 and above, but remained infective at • 

50°C; at 37°C it waB active after 24 but not 72 hours. Iyer 

(1943) reported that the NDV was killed by heating to 50°0 

or higher. Brandly at al. (1946b) observed that the infecti­

vity was lost after 30 minutes at 50°0 or within 45 minutes at 

55°C. 

Asplin (1949) found virus infected fluid active after 45 

minu·tes but not after 60 minutes at 50°0. 'l'he th0rmal death 

point of the vir~ waS observed to be between 58 uG and 64°0 

after a 30 minutes exposure (Bushnell and Erwin, 1950). 

Burnet ard Ji'erry (1SJ34) observed that photodynamic action 

of methylene blue was found to be rapid and so was destruction 

by infra red rayS. 

Brandly.§.! gl .. (1946a) observed that expOSUl'e of the 

virus fluid to shorter ultraviolet rays (1600-1800AO) inacti­

vated strain of NDV in 0.8 to 1.08 seconds.. Sinha and DLltta 

(1950) reported that expos ure to ul tl'aviolet rays for 1-6 

minutes did not inactiva'te 'the virus but by an exposure of·· 

6-8 min~tes, the virus' lost its antigenicity and infectivity_ 
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Beamer at ale (1950) reported that fumigation of --
incubato rs wa.s found to be lethal for the virus. 

13randly ~ gl. (1946b), Beaudette ~~ .. (1948) and 

Thompson and Os·teen (1948) x'eported that antibiotics like 

penicillin and streptomycin did not have a n1 effect on virus. 

The dehydrating and preserving effects of glycerine 

solution on the virL~s, especia.lly in pieces of larger tissues 

were demonstrated by several workers (Hudson, 1937; Brandly 

et 8.1. 19 46 b) • --
Chu (1948b) noted a progressive loss of infectivity of 

NllV ~.ong with parallel destruction of haemagglutinin acti­

vity when exposed to 5'4°-58°0 for 15 minutes. He also found 

that 0.05% form'alin rapidly inactivate d NDV without impail'ing 

its haewagglutinating activity whereas higher concentration 

(0.5%) produced a slow destruction o:t' the viral haeroagglutinin. 

Ultraviolet irradiation of N'J)V brought about a rapid 

decrease of infectivity but only a slow destruction of the 

pro pert y 0 f haemagglut ina ti 0 n (A. t anasi u an d So ut Pat ule i a 

1952). Henle and Henle (1947) observed that ultraviolet 

light first destroyed the infectivity of PR 8 strain of' 

influenza virus in dialyzed allantoic fluid and this was 

followed by destruction of oth~r properties in the or(ier; 

toxicity, ability to interfere, ability to immunize 1 abil ity 

to elute t haemagglutinin and complement fixing ant ieens. 
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S :~nOLO GIG AI! R~ AC 'rI ONS 

fiaemagglut ination-inhib ition. 

In Newcastle disease virus the inhibition of clumping 

of red cells by specific immune sera was first demonstrated 

by 13urrlet (1':J42) and Lush (1~4·5). l.ehe specific R.I. antibody 

is stable ~\t 62()(.! for 30 minutes and is not dest!'()yed by 
X 

incubation with Re~ctor ~estroying Enzyme (RDill) or moderate 

concent rations of 2e rio dat e-ion. Union bet WGen virus and 

antibody is reversi ble during a short period after mixing 

(Burnet et a1. 1945; lssacs, 1948). --
Besides the specific immune sera, there are certain 

non-specific thermol wile factors in the blood, ·~issues and 

bOdy fluids which inhibit vj_ral haemagglutinin and sometimes 

infectivity. Hirst (19428., 1943) and l'lcCl'ea (1946) described 

a factor in no rmal ferret serum and in ground ferret lung 

which inhibited haemagglutination by the influenza virus. 

Beveridge and Lind (1946) found in the allantoic fluid and 

yolk Sac 8Llspensions, a non-8r}(:)cific inhibitor for mumps 

virus. Polysacchal'ide of Klebsiella pneumonta type 2 had 

'.3.180 been c1erl1on8trated to have similar pToperty (LTil1sberg at 

al. 1948). :tlhe non-specific inhibitors arE! known as IIChu 

i ah i bit 0 r s II • Bu r ne ·t ~~. al. (1:-J 4 6) an d tv! cU re a ( 1 0 c • cit . ) 

showed that the inhibi tOl'S are thermolabile the :r'ange .Qeing 

50 0 -62 0C. MUcoids also inhibit viral ha8illagg1utinin. 

McCrea (1948) demon&trated the presence of mucoid inhibitol'S 
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in the mammalian sera, U-ottschalk and Lind (1~4:J) in the 

egg white (ovomucin), Andel'son (1~48) in tears, E'rancis 

and Ninus e (1948)' in sal iva and ~D..Ul and Ho l'sIall (1:152) in 

urine and other mucinous secretions. The mucoid inhibitor 

had little· acti on agai nst active vi:rus bllllt strongly inhi bi tad 

haemagglutine;tion by indicator virus. 'fhe inhibitory power 

is destroyed by 'I;he en zyme of the acti ve virus, RDE 

(Anderson, 1948). 

Haemagglutination inhibition (HI) test using the immune 

or infected serum has been considered to be more satisfactory 

for routine diagnosis than po st-mortem examin~3.tion in case of 

Newcastle disease (puteanus, 1953; Nitzschke !:1.nd Venske,1956). 

Osten and Anderson (1948) considered HI and serum neutralisa­

tion tests to be of equal value for diagnostic purpose. HI 

test ha.s been found to be satisfactory \<Jhen or-gan or ·tissue 

extract or blooll clots from the dead birds were llsed 

(Nitscherlich and Gurturk, 1952; \voernle and 3iegruann, 1954; 

Ni'Gzschke and Venske, 1956) or egg yolk (~chmi'ttle and ivlillon, 

1 948 ; Bo rn s t ei n ..@.!..ill:.. 1952). 

Zargar and l?offiaToy (1949) described a rapid HI plate 

t est in which one loopful of whole bloo d from -the wing vein 

of infected fowl was taken an d mixed wi th N D an tigen on a 

glass plat e. Irugin buhl and Jungherr (1949) repo rot ed a simi lar 

plate HI test, but they took serum instead of whole blood. 

Asplin ~~. (1952) reported that a proportion of 

chickens exposed to Ranikhet and other infections simultaneously 
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remained negati ve to HI test. Hofstad (1951) showed that 

demonstable level of anti body was reached usually 5-10 

days after infection with ND .. Fa.bricant (1950) reported 

that the antibody could be detected 2 days after the first 

respira·tory symptoms appeare d • 
. 

There are two procedures that-have been described 

for HI test: 

A,lpha Erocedu.r~: in which serial two-fold dilution of 

the vir us s uspens i on is made and it is III ixed wi th equal vo lume 

of serum to be tested (Anon. 1946; lfabricant, 1949). 

J2eta p:roced~: in which sex'ial dilution of the serum 

is made and mixed' wi th a constant alUollnt of vir'us dilution 

containing a known numbe:c of HA units ((;fen·~l'Y, 1957; Chu, 1960) • 

A comparison of the two procedures ha.s l>een made by 

Brandly II §J.. ( 1947) · 

Serum neutralisation test 
..;_=..;;...;,;.;.;,;;;_.,;.;;_;__",;,_;~;;. __ -=-....;;.:.....;.~,. .. ,.", r 

It has been considered that the antibodi es associated 

\~ith HI and serum neutralisation tests do not appear to be 

the same and so also the roe chan isms of the two reactions 

(Brandly n g. 1947; Beach, 1948; and Hanson ~ Q1_.1950) .. 

It wa.s observed that the serum neutralisation titre (SN) 

persisted genera11y for longer periods than the HI titre 

(Hanson at al. loc • cit. ) • Hub in and ]'ranlclin (1957) not ed _.__,...__.. ----.,_,...,....... 

that only one a.ntibody mOlecule waS required to inactivate 

ahe virus particle~ Sakkubai (1960) noted that in SN .. test, 
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the sera gave higher neut r81 ising ·ti tre agai nat homologous 

strains th~:m aga.inst the heterologous strains. Tissue 

culture technique waS used by Crowther (1963) to study the 

neut,ralising activity of the N'D serum and virus. Ginsberg 

and HorsfAll (1949) repor·lied that a la'bile component present 

in the serum of human beings, guinea-pig a.nd rabbits neut ra-

1 ised the iufec·hi v tty of mumps, ND and i nflueriza A G,nd B 

viruses and these labile components of the sera and also 

the sera of mouse tnhibited HA of chick HBC by these viruses. 
I 

Howitt ~1. §.l .. (1948) h13.S also reported the presence of neutra­

lisinq antibodies for lID virus in human sera. r.,J 

CON TROL ~j&'SURE:S 

Hiiiht from ancient times tnanl s chief interest in epi­

zootiolO~';"b:t' di seaseS has been economic and concerned wi th 
\' 

the development of satisfaotory means for contx'olling disease 

outbreaks in valuable livestock. i~lan has one of two ends in 

view when he purposefully spreads viral ugetlts; eittler be 

wan"ts thalli to serve as IllaS8 imffiunisine agents or as means 

for the mass slaugh·tar of un\vanted animal populatioQl. The 

practice of' immunzing anitllalpopula'~ions by planned infections 

waS more COfmnon in the period before good methods :EOI' prepa­

ring effective vaccines were kno Wl. ~'or instance, th e 

practice of aphthis 8.tion in many guropeao countries. Probably 

the most Successful epizootic for the destructil,on of an 
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unw8.oted animal population was thf-:1:t; in Australia fOl' the 

purpose of ridding that ISland of its billions of destruc­

tive rabbits. The agent used was 'l;he rabbit myxoma. virus. 

In combating Newcastle disease t considerations are 

given to the different sitlutions that prevail in various 

countries or in are1;)"S witllin those countries. In areas where 

Newcastle disease is non-exis"t<.:!nt definite precau"tion in "the 

form of quarantine is taken to pI'event its introduction. 

Disease outbreaks that appe,f:t1' suspicious or ,resemble r':ewcastle 

disease should be properly checked fo:c a definite diagnosis 

of the disease and the birds de::rtroyed and properly disposed 

of .. Hecent episodes oJ Newcastle disease i(1 vb\.rious countries 

have revealed the importa.nce of' stri ct vigilance and e±'fective 

regll 1 at; 0 ry meaSU.r6S for i'ts er'adi cation. 

In areas where comple'~e eradication aPJ)8ar'S impossible 

because of economic and other reasons an immunization p:LogJ.'amme 

has proved satisfactory in '{jhe preventiot1 of the disease. 

Several types of vaccines have been recommended but mo re recant 

reports reveal th3:t killed vaccines produce an immunity of a 

variable and 10\" order and th,'::J,t chickens vaccinated in an 

enzootic area are likely to contract the disease .. In such 

areas, the live mor]_j.fi'~cl virus vaccines are regarded as more 

effective biologic~l tools. 

The views of profounde ra of dead in preference 'to 11 ve 

vacci nes may be summar-is ed as: - A dead vaccine caused 1 i ttle 

or no stress to the birds t can no·t in i t il3.te infecti on and 
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cause less interference with the laboratory diagnostic tests. 

The vaccine is also unable -GO stirnulate 8. sat isfactory res­

ponse in chicks younger than 2-3 weeks of age. Against 

these features is the fact that the vaccine h::~s -to be adminis­

tered individually which adds to the labour and cost of 

vaccina:tion. 1'he individual inoculation of dead vaccine, 

however, may not aggravate existing resI)ira'tory infections 

or precipitate an out breal< o:f ci1l'oni c resp iI'9.to ry di SGaS e 

(cap) which often way follow the USe of even a'modified 

vaccine given in dl'inking water or Ltsed as aerosol spray_ 

Broiler growers particularly are apprehensive of infection 

during the first three w~eks and "may wish to vaccinate their 

eh icks at birth, but it is unlikel y tha.t the i ffimune respons e 

a:t this age \vould be sufficient to protect the chicks g,gainst 

the ir normal f~rovd.ng period ()f 10 weeks. Im:llune hens, ho~ever, 

transmit a passive immunity to thoir progeny which may last 

upto ?1 days after h9.tchiotj so th~:).t as more and more breeding 

birds are rendered immune by vaccination, more an d more chicks 

will be protected during this early period and the necessity 

for vaccination befol~)e 3 weeks of age will cease. 

'.[1he fears expressed by sOHie worl{ers that the live 

vaccine may exalt in virulence during the course of time due 

to the passage throuGh susceptible hosts have been annulled 

with the increasing understanding of the biology of the 

viruses. In mo dern ·t i mes it has always be(:ln th e pra.ctice 
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to employ live vaccines far the control diseases of viral 

origin. A list 01' Jiseases for which live va.ccines ha.ve 

bee(l evolved and ex"~ensivoly employ"ad in animals is presen-

p~ed below: 

rt, 0, Vaccines used in .. pl'even~ion o~ virus 
JP,.",u, infection of anima.ls 

,------------------------------------~~---------,-------------
51.No. ~Disease Source 0 f vaccine 

1 

2 

3 
4 
5 

6 

7 

8 

9 

-----------,---------------------
Afri can horse sickness 

Distemper of dogs 

Fowl pox 

Hog chol era 

Newcastle disease 

Rabi eS 

Rinderpest 

Swine fever 

l!'o o·t and No uth 
disease 

Nouse brain 

Avianised 

Chick embryo. propagated 

Lapinised virus 

(i) Ch ic1c embryo attenuated 

(ii) "Natural mutant 

Avianised (ltlury) 

Goat adapted 

I,apinised 

La.pinised av ianised 

Lapinised 

Avianised 
l:'10use adapted 

C ell culture 

----------------------------.------------~--------.----.----------

Burnet in his lectures to Sydenham University observed 

that an ideal living mod ifi ed vaccine should be safe and relia­

ble when administered in the proper mannel.' ani by the proper 

route; i.e. it should not induce fatal infections in suscep-

tibia hosts. It should be so attenuated as to be notably: 
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innocuous but of low virulence. That transmission should 

not occur from one host to another so as to facilitate 

conceivable gain in virulence Or pathogenicity, it should 

be a.deq_uatel~' tested and at all ti rues proved free from 

potentially pathogen 1c viruses, rj, cketsiae or bacterium even 

under remote conditions and should contain sufficient ~nount 

of antigen so as to cause immunizing infection as it is known 

that the live virus has to multiply in the tissues of the 

ho st to bri ng abo ut this effec't and i'~ is, t herefo1'e, necessa.ry 

th:-t·t it should contain large number of' infective particles. ~he 

optimal range of virus concentration should be quan"ti'tatively 

determined in each lut as luini mal doses may s eoai tise and not 

irnmunise, ·thus c a.using harm ·to the host "to su bsequent exposure 

of the Same virus.. A quali't;.ative and a quatlti-tative assay 

should be condu(!ted period iCally to ensure a certain degree of 

invasiveness to cause sub-clinical infection and guarantee 

immunity; thus the virus should be so attenuated as to be 

innocuous but shaul d no't be allowed to get over attenuated so 

as to lose .immunogenic })otel1cy. It should be stable i.e. its 

imOlunising property should remain unimpaired over long periods 

of time under g,dverse conditions of light 1 -Gemper~).ture, mots­

ture and travel , it should be pl'(,~pf:lred in a pr!lct ieal way, not 

too expe nsi ve so th::1.t it Can be had by those who need it. 

According to Burnet these spec ific8.t ions should be met wi th 

both by research scientists and production workers to make it a 

marketable vaccine of good reputation. 
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Both types of vaccines that have been employed for 

the control of Newcastle disease from time to time have 

been revi ewed briefly in this treatise. 

INAOII IVATED VACCINES 

Before actu~.l11y the live vaccines 3gt1.inst Ranikhet 

disease cat!1G into Gxistence, the uSe of' inactivated vaccines 

has been renorted from all oveX' the world with varying results. 

In S0l110 COU ntries ev:~m now i n:::..c"ti VClted vacc irH:)~ aI'e being· 

employed on a la:l'g.e scale :for immunization, even though 

efficient mOQified strains or strains of low virulence @)."e 

ava.ilable . 

I nacti va ti on '" p~ _£)hUSi cal Agent s: - Do yle ('j:J 27 ) , 

Haddow and Idnani (1941) 'tried hea·t inac'Givated vaccines with 

varying results. Dutcher ~t & .. (1960) reported inactivation 

of th e l~ D vi ru S at higher ·t emp era t UX'8 i'o r a sho r~ 131' :p eric d 

wi·thout much loss in its antigenic facto r. 

Not much success waS obtained with the use of ultra­

violet irradi ated vaccine (Bran dly tl &,. 1946a) 

Inacti vati on ,by Chemi cal Abent s!. -- 11he use of fa rmali n 

for i nacti vat ion o:f 'i'!D V l::CU S has beetl report ed by th e early 

workers (l)oyle, 1927; Nalc8JilUra et al. 1937; Haddo\v and Idnani, 

1941; Beach t 1948). Brandly.§1 gl. (19 ~.6a), Adler ~i al. 

(1951), Kaschula (1952), Dardiri and Yates (1962) SUt~gested 

vaccinatiol1. wi·~h formalised Vil'US follovJed by live virus 

within t~o weeks to produce satisfactory results. 
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Haddow Ftnd Idnani (1941) could not get uniform 

resul ts wi th formalised HD virus adsorbed on aluminium 

gel, whereas Coronel (1Y47) and Nal{atUura .!!! s.l. (1956) 

considered it to be an effective immunising vaccine. 

Schoening..§! gl .. (1949) roported use of liquid paraffin 

and l~-lnolin to be a better adjuvant in cotn-pa:cison to the 

aluminium gel. 

Mitchell and Walker (1951, 1952) emulsified the 

N:D virus in falba and mineral oil. Nine'by per cen't of 

t;he birds vaccinated with this vaccine were solidly immune 

even after 6 months. 

Inacti vation of N-D virus with crys·tal viole-I; was 

of not much use, since 'the resul'l,iS -with '~his pl"'oduct were 

irregular and unsatisfact.ory (Iyer and :Do bson 1941; Iye]."', 

1943; Thompson and Osteen, 1952; Van \1avern, 1955), bu't 

incorporation of ethanol glycol to crystal viole-t treated 

N"DV could engender a du.rable immunity lasting at least 12 

moo ths (Do yle and Hrig ht, 1950). 

Use of Be·~a-pl'opioln.ctone (BFfJ) for inactivation of 

vir~l agents waS reported for the first time by Logrippo 

and Hartman (1955) and i'ts successful application in concen­

trations varying from 0.05 to O.03i for ~arious virus inacti­

vations, Logrippo (1:J59) repor·ted -th';tt double inactivation 

with Bl)1 a.nd irradiR.tion had better effect on the viruses of 

rabies and encephalomyelitis; and also tailing effect of 

B.PL is diminished by the irradiation. 
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i¥lack and. Ghotisen (1905), Gill n.§hh. (1:959), 

·Piercey rt g. (1062) tried BrL inactivation ot' NDV, 

which alone or with adjuvants gave solid immunity to 

birds. Revaccination increas8d the degree of protection 

(Sull ivan rt.M, 1958; Gi 11 ~ §1.. 195:1). ''che bi rds 

withstood challenge infection after 17 weeks (Simmins and 

Baldwin~ 1963),20 weeks ((.fill ~ gl. 1959), 52 weeks 

(Garsid. e t 196:<). Day -old eh i cks vacc in ~.lte d, with BFIJ in act i­

vated vaccine adsorbed on aluminium {~el were immune for 9-12 

weeks. Keeble and Co id (1962) did not observe any physiolo­

LSi ca.l impairement in these. In older birds th ere was not any 

significant deorease in egg production nor' any untoward 

synlI)toms (Gooper, 1965). Keeble and Wade (1S'6j) stL).died the 

ant ibody response in chicks hatched out 01' ·~he eggs of i,utUune 

birds with lJPL inac"Givated l",iDV. Keeble et ,8.1. (1963) advo­

cated vaccination 01' such chicks at 3 -weeks of age \Vi·th B:P1 

rather than at one day of age. 

LI Vl~ VACCIH llS 

~e~og~nic ~trai~ 

Burnet and ]'erry (1934) demonstratz:)d the l)athogenicity 

of Newcas·(;le disease virus to the d.eveloping chicken embryos. 

~eh0) first successful modificF.),tion of I"Jowcastle virus 

Hertfordshire strain, by serial passBge in embryonating eggs 
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waS reported by Iyer and Dobson (1940), After 33 egg passa-

ges in one series and 14 in another, the virus was virtually 
." 

apathogenic for chickens, yet prodlAced an imwunity adequa.te 

to protect against 10 8 m.l.ds. of virus 14 to 17 days later. 

~hey fUrther reported that inoculation o£ another bird with 

the spleen taken from a chicken sacrificed five days after 

inj ection with 41st egg passage virus waS likewise nonpathogenic. 

Chicken under 8 weeks of age were reported to be very 

susceptible (rye'I' and Dobson, 1940; Schneider ~ 1954). The 

vaccine was reported to be safe for chickens Over 12 weeks 

old (Schneider, ~Q_cit.)_ 

~he duration of imrn~t1ity has been reported to be '3 to 

5 mo nths (Guala.ndi ~ 1951; 1','1azzarchi 0 and Orf e i, 1954-) an d a 

year (Teklinska, 1951). 

Some cases of paralysis have been repox'ted (Salyi and 

Hodosy, 1952 and Hazzarchio and Orf'ei (lPc.ill.). :Pagnini 

(1954) reported a severe drop in egg production following 

the use of thia vaccine. 

"'riukt es war._ vi ru§. 

l.che '-'Jork of lyel' and ])obBon \ 194·0) opened "the 'Way of 

evolving an egg propagated and modified virus vaccine for 

the protection of poultry. Since then concert ed efforts 

were made at the Indian Veterinary lleSes.I'ch Institute, 

i\lukteswar to adopt an Indian s'train of' Hanikhet; (Newcastle) 
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disease virus. A },)Hl'ti cular Indian strain of virus which 

was obs erved by I yeT and Hashmi (1945) to pro due e 45 per cent 

mortality at the 920<1 serial egg passage, waS found to have 

become sat isfactorily attenuated t-J:t the 115th paSS~3.ge 

(Haddo\.J and IdnEtni, 1946). 11he latter' workers used this 

strain of attenuated virus between 115·th and 120th egg 

passage for immunising thousands of poultry during the late 

part of second world war with encour8.ging results" Continuous 

8eriql :passage of the virus in eggs was not accomr1anied by 

loss in antigenicity (!handa, 1954) ... ~his strain haS been 

des ignated as R
2

B .. 

The vaccine was reported to induce a severe reaction 

in young chicks aud some mortality (Haddow and Idnani t 1946; 

l:fupta and Rao, 195Y) which may ref~ch 30}~ (Hao and Aggarwal, 

1960) and also paI'alysis (Daubnsy and J.·ians 1, 194(3) in about 

2~~ of the birds. 

Dhanda et al~ (1958) observed t;b~J,t 'the chicl{ens of --
six weeks of age tolerr~t:ted ·(;118 vaccine well al·though morta-

lity occurred which varied from 1 '~O 3 per CGnt (Get1eroso 

and l"lendoza, 19,0); to 6 per cent (Haddo\v and Idnani, 1946); 

to 16 pel" cent (Van \vavern and Zuidjam, 1 ~53) • 

Like othur mesogeDic virus vaccine strains, the Mukteswar 

virus caused a m~rked reduction in egg production lasting 1 to 

3 weeks (Haddow and Idnani, IDe. cit.), to 6 weeks (Memo~ 1955). 

During this period egg production may decrease by 10 to 161& 

(Agcanas and Higor, 1951), evon 60% (Dixit, 1950). 
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Nandi (195?) reported selective pathogenici'ty of 

the vaccine to White Leghorn chickens. 

Immunity trials with this vaccine revealed solid 

protection against ch~=!J.lcn{~e virus fa!' 9 to 15 months 

(Haddow Hnd Iduani, 1946; Daubney 8.tH1 i<!ansi, lac . .£.it., 

Cakalowa et gl. 1955). Seeth~1.rr.vn~tD (1~51) reported imrnu­

n i ty -period for 3 to 4 ye8,rs. This was confirmed by 

Ni18Jcantan et al. (1960b).. On the oth\~l' h-and, Bornst;ein --
et al. (·191.~9) were of the opinion tlht'G the immunity produ­

ced by ·t;he Nuk"tesw:'ll' stl'<:l.in did not le.s't for more tlE-l.n a 

year. 

Nilakcmtan et al .. (1960b) rGl)orted thrt"G oirds vacci---
n~.l.ted with thlS strain l'esis'ted challenge inf'ection in 27 

hours after vaccinn:tion, but detectable HI antibodies 

alJpeared 5 days post vaccination. Oakalowa rt P@.1.. (1955) 

noted the hi6hest HI titl;e in chickl::3 vaccir12.ted vJi'~h l'Jjukteswar 

strflin one wOll!;h f).f'ter vaccination which t:Sradually started 

months after vaccination. 

Komarov and Haifa Or" T'alest in·? nt:r:ain _ _....._......_._..._.. , -... - ... ..........-.,..-~..___ ....... _......,---.- -~ 

Ifhis wtrRin was evolved 8,f1 a l'Gsul·t of intracerebral 

passage in duckl.ings (Ko'marov rmd Goldsmi t, 1946). The Same 

workers (1947) reported th~:~t ·the vaccine :pl'epared with this 

strain did not re~ult in a fall in egg production, general 

depression, loss of appetite, moulting and nervous symptoms., 
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Nila1cant8.n et 8.1,. (1960a) concluded by various --
Serolo [~i cal and immu nolo gic8.1 ex Uer'imen t s th~~,t there 

waS very 1 i ttl e ~_ i:t'feI'enct~ be·twe en the i·luktes\<19.r and 
." 

\#~"" .' 
HA,ifa strRins ... 

In addition to the above, there f:tl'G other lU0sogenic 

vaccine strains employe~ ~n U.S.A. as live vaccines. Oue 

strain tnUAi(INI was identified dlu'in~_j the screening of 105 

strains (Bea.ude·~te et §l" 19!~~). :rhe other str:3jn was £ilK 

107 which waS evolved as a result of serial pa~sage in 

chick and duck embryos fol1o\'Jiu6 its isola-tion (Clancy 

.tl g .. 1949; Narkham ~ gl. 1049). 

Both the strains caused severe morbidi ty and some 

mortality (Cole aod Hu"ct t 1961; Va.n aoekel, 1'956; Van \1avem, 

195::». Heduced eg'g produc·tion has been noted wi th these 

strains too (Beach, 1949; Beaudette et al .. loc.cit., 
....--...... .... ....._ .............., ..... .--

Kaschula, 1Sl50; V8,t1 Hoekel, 1956). 

'rhe immun j.ty engendered by Hoakin strain waS durable 

for 4 months (Van \'I8.vern and Zu ij dam, 1953), a.nd 'th,i~1.t due 

to 11K 107 strt:t,in waS for ;:l:t le[;~st 10 "Jeeks (j.i;D.rkhaw et al. --
1954) to 4 months (C1.8.ncY tl§l.1_~.cit.). 

Tissue culture vaccine 

Bankowski and Boyn'ton (1<)'fb) and Bankowski (1~57) 

propagated a field strain of' r·jewcastle disef:.1,Se virus desig-

nated as Galiforrlia 1914 in chick embryo cells. Bankowski 

(1958) observed tha°l; this s'lirain got attenu~ted by serial 
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passage without loss in antigenici·ty. It could also be 

propagated in monolayer cultures of Hela cells as well as 

bovine or pig kidney cell ~ultures (Bankowski, 1~58; 

Bankowski and Hyde, 1 SJ57) • bEl,t1ko\'/ski ~t £1." 1 ~65) noted 

that in chickens, when vace inated wi th JJ
1 

strain at atl 

age of 5 daYs followed by tissue cultul'e vaccine, immunity 

las'ted for 93 v/eeks. 

]10 r immunisation of' baby ch leks a number of strai ns 

of low pathogenicity for chicks have been in use. ~hese 

are B1 (Hitchner and ITohnson J 1948); F strain (Asplin, 

1952) and JJasota (vlinterfield et 21. 195'7). 'l'he duration 

of irnmunit~r and other ch:J.I'ac·ters oi' theoe strains have 'been 

reviewed by Lancaster (1964). 
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IvlAI.el~RI ALS AND t1B;'rHOIB 

Vacci ne vi rus st rain 

The Mukteswar vaccine virus strain V1Z. R2B was used 

for preTlaring the vaccine in a freeze dried fonn. 

Seed bank 

IEhe viru s po ole 0 l1S i st e d of allarrt o-aJJln i ot i c flu ids 

from more 'than six developing chicken embryos infected with 

-3 0.1 mI. of 10 dilution of R2B strain of Ranikhet disease 

virus and which was centrifuged at eo speed of 1000 to 1500 

r.p.m. for 10 minutes and the deposit discarded. l,LIhe su:per-

nate waS tested for sterility on aerobic and anaerobic media. 

The reading was made 72 hours later. The sterile fluid thus 

:prepared \'laS diSpensed in suitable quantities in neutl'al 

glp,.ss ampoules, .~dwaI'ds {Galee, sealed and stored at -10()C 

in a deep freeze uni,t. 

S·tandardi zation 

Irhe seed virus VJf,)"S stand:·l:rdized in relation to its 

infecti vi ty to the dev(~loping ch1.cken embryos system. 

The vacctne --- -
The vaccine conGisted of a bacteriologically sterile 

suspenston of embryo and a].lanto-wnniotic i'luids of deve-

loping ch icken embryos infected with Hul{teswal' Htrain of 

Ranikhet disease virus, in a freeze dried form. 



30 

Nine "to ten days old developing chicken embryos 

drawn from a known source :fred Learn ;:jalwonella £ulloru~ 

infection were employed. 11he elllbl'YOS were candled atld a 

swall l1Iark was Illade over the well va5culal'lsed a:rea in 

th e shell an d a pu nc·tu re was maul7 at the C6(1 tr'o 0 f th e air 

sac wi th tho help of' a sharp n eedle ~ :I_lhe mark 0 vel' the 

vasoularised nrH8. was sterilised with tincture of iodine 

and \vith the help of 8. dental drill, a Slflal'l hole about 

? -3 1ll0l. W,9,S Ul~tcle wi thou t pi erci n~~ the shell mem brane • 

The fer'~ile eggs thf~lt were prepared as above were 

tro.osferred to an inocula·tion hood \'Ihich had. been sterili­

sed with ultraviolot Light: 01 1'h(~ site of inocu18.tion waS 

sterilised again. ~he inoculum which consisted of 0.1 mI. 

of 10-3 dilution of ·the seed virus (10 t 800 m.i.ds.) that 

was prepared the previous dRY and tested for steril it Y wa.s 

introduced in'~o '~he allantois '~hl'ough the shell membrane 

and chorio-1-).119,n'toic tueOlbrane with the help of a '~uberculin 

syringe fitted with 26 g needle, 13 Will. long. 

the chol'io-allan -toi c (U8H1IJr:luc. 

The 0 pe nines at t be f:"Li l' S He an dovel' t11 e all an to is 

were sealed vlith a ulixture 0:[:' molten vaseline (3Jld hard paraf­

fin and the eggs were returned to '~he incub£:l.tor at 3';00. 

The eggs were candled on the first d~:lY f:md ·the dead 

ones were disc~rded. On the second day, the eggs were 

candled and the dead ones were chilled in the x'efrigerator 

tor 1 to 2 hours 6 
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The chilled eggs were placed vertically in '~rays and 

the air SacS were painted with tincture of iodine. The 

air Sac waS opened and the allanto-amniotic fluids and the 

embryos weI'e collected aseptically in a s'terile stE'~inless 

contai ner, lceIlt on ice. A dror of q,ll~3.n"toic fluid. '''as 

tested for spot hal;;;tJ.1ar~clutin:::t'l;ion test. At the Division 

of Diologicl).l ~Qroclu c''!.;[;, hoy/ever, j.t \~u,3 llO't-; prac't icable to 

large number of Gmbr~/os cP."!J)loyed for' 'I;he liiaSS p:cuduc't;ion and 

So about 15~~ of' the embry'os were tested for spot ha8m8.bg1u -

tinati()rl test. The Gmbx'yos were &1,lso exa.mined for lesions 
.I.J 

which cons'lst ed of pet ech ial ho.euIOi._'l'ht:~~s on tll(-~ dOrsal und 

craneal su:rfaces of 'the embryo. iAdequ~te ~~j"~eril ity tests 

were also PQt up. 

The iiissues and fluids which -\ ... e1"e sati::sl:'ac"tory in 

respect of' virus cont ent, Here tl'~1.nsf'el'red to a sterile 

cool waring blenuer and blended :['01' :3 minutes. Eeoicillin 

and streptomycin sulphate Ed the rat e of' 1000 i. u" an d 

2 mg .. !ml. rt3sl1ec'l;ively, \.Jere :i.ncluded in the honlo[:;Gl1a.te 

befo re bl'3n di ng • 

The sU8ponsion was dispensed in 0.5 wI" qUB,n"tJties 

in neutral g1.ass ampoules y]i'th ·tho help of an autoIi]~;1,tic 

2 ce. syrinee. Freeze-drying was c~rried out as under :-

Jrhe reiri [;8l'ator of the centrifut::!:tl freeze dryer was 

swi tched on and when th8 tl3wperature of the cooling coil 
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had reached -40 0 to -5000, ampoules containing the liquid 

vi rus s uspensi on were loaded in the c en 'trifuge carrier 

plate fixed in the I)rin1~J,ry chiJmber arxJ. the cover of the 

primary chmnber roplD.ced ;'~lld th(:~ centxifuge \vEI.S run for 

45 minut as. 'fhe can tri fu{;;u;t i on \VU .. G do no wi. th 8. vi e\-l to 

. f:HlppraSG the fO[1lllint;, :..:tud acce10I':::;,·te tho uI'yi.ng by increa­

sing the Surface area of th.e ma'l;el'ial to bo dried. by C~iusing 

it to tu,ke the forLll of' a wedGe ~ainst the \iID.Ii of' the 

ampoules. 

Combined drain cock and ai r release valve of the unit 

were closed and lirima:('~r urying 1?ump \lJaS 'then s'vlitcheu on" 

As the pressure was :coduced ,-:t(!(l the wGtterial in tho chamber 

fro ze, the refrigerr3.to r tGH1PGX'atu:ce ral.i dly .L'O S e to about 

-10°0 and t;l,fter a fe w minut;es, caltle back to -35°U to -40°0. 

The pressure in the Pl'iiU.~~.J:'Y chr.:.mber \lJ8,.S inn ic }1tell by ·tb.e 

Piran i g.9.uge of thG U nit. 

The primary· drying \-'JD..8 cclrrieu out for 1~=3-20 hours 

and dur ing the COUI'S G of th is ~p8:l'io(J tho "'at er vapour ·that 

8SCtlped :frow the materiell "'HS condensed on to the cooline 

coils of 'l;he rofI'ir;e:C(:l.:~or and only dr~/ air and Gases IH:.'\ssed 

thro ugh the vacu Uli'l pu fiT.) 4 \'Jhen t11 e tH~:Lt €l'i iiI \'httJ (;i. u i':fi c i ~ n tly 

dry thc:} Vt;tCLll!.tm \oJas :t'eleCLsed and the :~l.Upoule8 \-Jero reUJoved 

from the cham ber. 

'fhe ampoules weI'O nocked usia,; an oXY-acetyle1'l0 flame 

to prouucG a coru:ltric'tiotl .JGO 1'8.cilit~3:tG quick sealing a:t'ter 

drying on the secondary system. 
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The necked ampOUl(::8 \<lel'C) loaded on to the secondary 

drying he~ders mounted on u manifold containing a desicant-

phosphorus pentoxide. The manifold was evacu~ted to a 

very low pressure by !rie::tnS oJ:' a BIH} (;lu,i vac 'Pump. ~lH~ 

dryin{; over tho :3ecOndar;,;/ sJr3 tem con-tinuDd 1'01" 15 to 20 
o 

hours and the mOisture content of the olateriul waS th~s 

brought to th0 minimum. ~tt t.l:H; cOLUIJlet lon 01' tho secundary 

dryi.ug and 1.tJhile ~rtill Unu.01' vacUUlli, the CJl).poule~ \'181'0 

Sealed using oXY-acetylet1c i'laU10. ~\he ])l'0S8Ul"8 untiel' ",hiell 

the a).npoules we:ce sea10d varied be'G\'}GCU 0.03 to 0.01 Ilun. of 

temperature c ;-).bino·t • 

~ -t ;~ 'V~l' 1"; ,t, y 0 'A (~\ 1 i J., ,-- b '1 ':~ \'IF ,\ il'1' ~,1 
0.1 ,_ .L... u"') v. .. l! c". ~, IV ''-'. , ",. 

d 1.8 ea,80 \lJere tn.ken and t reate dais u ndG l' :-

Three 0:[ the t€H3t biI'd~) \\lel'e inj ECted 8ubcu:Gttneou81y 

\vith 0.1 mI. containinG ten '~i[lle8 the :('i81(1 doee of "the 

Vl.;l.ccine.. r~his group 3er've<l to indica.llje if 'the ~pr()cluc.J\j was 

f.'ree frolU vi:cuse~ and oI'gCl.ni~iU1G 01' Ge,p'~icaeU1ia .. 
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Three of the test birds we:t'e in;jocted intratracheally 

with the S~ne dose. This group served to indicate whether 

the product \-13.8 free from viruses like infectious laryngo-

trache i tis. 

'rhree of th0 -tost birds we:L'e {:~ lven the SGJIID dose 

i ntran aSally and th i~ group served to in j ic ate freedom 

:from other vi ral co rrli am inants 1 ike coryza, i nfec'G ious 

bronchi t is etc. 

The three remaining birds served as contx·ols. 

All the t1'0<-.l,t ad birds and the con'~:('ols were observed 

daily for 14 days. All the test 'birds that Succum~ed 

during the period of' observa·tion were subj acted to careful 

autopsy. 

Potency Test 

Reconstitution of vaccine 

Two randomly selocted ampoules of 'the va.ccine were 

taken an d to each 0.5 mI. of cold no rnlal s ~7tl i ne waS adde d 

to bring it back to the original volume. This was taken as 

U ndilu ted V8.CC i ne • :E'llrth er ~(JI'ogressi V(~ t enfo ld eli 1 ut io ns 
,... 

were made in the Same diluent unto 10-0 dilution and also 

-7 10 . wherever necessary. 

Vaccination 

Jfour susceptibld chicks, 6-8 vJeeks olJ, were vaCCiOf.1.ted 

by injecting subcutaneously in the wing web, with 1 ml" of 
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10-
6 

dilution of the vaccine. These were observed for a 

per'lod of 14 days f'or ally adverse pas·t vaccinal reaction. 

At the end oi' the 14 drlYS p8I'lOc<, "these along with 

four susceptible contr'Ol chicks oj: the sawe D.ge group, 

were injected subcutaneously with 1 mI. of' 1: 10U dilution 

of virulent Ranikhet disease virus. 1!he vaccina"ted and the 

control group were.observed for 14 days~ The controls 

i nVA.ri 8.bly dt ad. on the 4th 0 r 5th daY, showi n{~ typical 

lesions of thc"} dise(-l,se vlhile most of the vaccinated 8roup 

survived the challenge. 

Challenge virus 

The virulent virus consisted of allwlto-amniotic 

fluid, collected from 'twelve days old embryonated eggs 

infected with virulent strain of llanikhet di sease vi·rus. 

l.(Ihe vir ulent viru.s killed thu embryos in 48 hours" 

'rhe virus WEI,S stol'ed in f.:l. reIl'iger~:J:tor in suitable quan"ti ties. 

~mbr;yo _infec·t~~v.i tY._Q..f the vacc'ine 

Serial ten fold d.ilutions of' "the vaccine were Ulade in 

N.S~S. and dilutions from 10-6 to 10-8 were teBted. ~hree 

embryos were used for each o1i1l1'I:; ion. 'fhe eul. bryo sino cuI at ad 

were incubated at 37°(] for 48 hours. The presence of the 

virus waS detected by spot haemf:l.g{jlutination test. 

Grc?\!lt}~ purve experimen t 

The seed virus (aa. fluid) \vas 'tx'eat ed with pen i cillin 

(1000 I.U ./001.) and streptomycin (1 rug ./ml.). The inoculum 



was prepared one day prior to inoculation of e\nbryos and 

kept in the refri gerator. In one of the batches of routi ne 

I vaccine production, 150 developping chicken ambl~os were 

inoculated with 0.1 mi. of 10-3 dilution of the seed virus, 

in normal saline. 

Batches of three eggs were reluoved. i'rom the incu bato r 

at durations of 0,6, 12, 1-8, 24, 30, 36, 42 and 48 hours, 

ca.n dled and ,,,ere chi II ad in a refrigerator fo X' 1 to 2 hours 

prior to collection of' allanto-amniotic fluid. 

The taa' fluid collected above was centrifuged at 1000 

r.p .m. for 10 minutes. Serial tenfold dilutions of -the super­

nate were made in normal Saline and suitable dilutions \olere 

used to i~oculate the 9-10 days old embryos for each dilution. 

The normal I aa l fluid served as the control. After incuba·tion 

as usual, the presence of virus in each egg was ascertained 

by spot haemagJlutination test and by the lesions in the 

embryos. 

Expression o_f ti·tres 

Throughout the study, titres of virus have been expresse~ 

as CJilld.l
50 

and calculations were done according to the method 

of Reed and lJluench (193e). 

,yirus ~ools for tests 

Clear a.llan·to-amnioti c fluid from the inf'ected embryos 

during the course of production of routine vaccine at the 
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Biological Products Division, was collected and kept in 

a deep freeze cabinet in quantities adequate for e. test. 

Blood waS drawn from the \.ving vei ns 0 f :fo wls in ? 5~~ 

of sodium citrate so~ution (1 lill. of' "ttlO solution plus 4 mI. 

of blood). 1:\'Jo birds were :3uIJ)loyed ::~-t a time for collection. 

~ehe two samples of blood ':Jere ]1001ed, centrifuged gt 1500 

r.p.m. in a c1 in ical centrifuge for five minutes. irhe bui'fy 

cOat a.nd pl~"tsma were removed stld the cells were washed 

thrice in nOI'tn:.3..1 s8.line.. :rhG final cent,cifut;fltion was done 

at 1500 r.p.m. for 10 lfiinutes. A 30;'~ suspension was made 

an:l kept in tha l'efrigerra.tor. The cells were used within 

two to three days of collection. 

Sera for HI and ~N tests ___ =:.._ .. ______ .. ........ 011 __ 1 

Blood waS collected from the vaccine,ted chiclts 0[1 the 

day of challenge from the wing vein in test "tube~l of 100 ww x 

10 mffi. and allowed to clot. ~lle clot \'las released by means 

of a wooden applicator previously sto:rilised ~tl'1d kept 'in the 

incubator for 20 "1:;0 30 minutes and thereafter transferred to 

a refrigerator, serum was separated the next morning aod was 

1 ightly centrifuged. The se ra thus s0parated was employed 

for HA tests. For SNT, pooled sera from the birds of a 

batch of vaccine for testing, was employed. 
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Sera for controls 

No nnal healthy Serum waS prepared in the Same way 

from chicks before they ~ere vaccinated. 

The plates were washed in 2~'~ wa.shin{~ soda and then 

washed off in the runninB water and store~ in N/5 HOl 

until required for further use. 

A quick 'test for the pI'(1SenCe 01' virus in the allanto­

amniotic fluid harvested durinJ the course of vaccine produc-

tion cons isted of taking a drop of the .;)..11ant oic flui d on 

glass slide arJ.d mixing it wi th a drop of 10~6 suspension of: 

erythrocytes. Agglutination occurred within 1/2 to 1 winute 

at1d could be cle8.r1y Seen when the 81 ide was CG.,refully :t'ota-

ted. 

~iluent 

. ~hroughout the study, only norill8)_ sf0.1ine of O.u5~~~ in 

'distilled water Rod s'~eI'iliSecl ;;tt 20 1 b. pressure for 30 

minutes waS uSed. 

The laboratory opex'8,tions \'Jere carried out ;?),t 

Test animals 

The developing chick embJ.'Yos 9-10 d.ays old, for vaccine 
I 

production and the chicks :for testing were drawn from the 
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Same source, viz. poultry farm attached with the Division 

of 1?oultry ReseA.rch of th~~ Indian Vete:rina .. l'Y Rese.~:l.:('ch 

In:::. ti tut e, I zatnagar . 

Parallel titrati~ 

EX'F}eri me nt 1. 

The freeze dried Ranikhet disease vaccine was titrated 

in both the systems viz. chicKS !.:'tnd developio~ chick embryos 

in dilutions of 10-5 , 10-6 and 10-7 . Batches 23, 24, 35 and 

36 were included in the study. 

E_x£eri ~er1:~ II 

The above experiment vJas repeqted in respect 0 ±' batches 

-6 -7 
50 , 51 and 52 at two dilutions vi z .. 10 and 10 . 'rhe 

dilution of 10-5 was excluded bec8,use from -the previous 

experiment it was known 'that the vtlccine virus invariably 

killed the embryos at this dilution. Also from batch 47, 

10-5 di lution \'JaS excluded for assay in ch icks. 

Bxperimen t II I 

~rwetl ty-t wo bat ches (103 to 121 an d 168 -Go 1 70) of 

freeze dried RRoikhet disBase vaccine were assayed in 

dilutions of 10-6 , 10-7 and 10-8 in the chick embryos, and 

have been dealt under 8tllOryo infect i vity. 

~he titres were calculnted on the basis of 50~ end-

point. For doing this, wherever 'ljhe1'0 was no endpoint, the 

higher dilution waS considered \o/ith negative scores for it. 
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This prooedure was adopted with a view to facilitate 

presenting an uniform picture of the results in embryos. 

Such of the batches of vaccine which were simulta­

neously titrated in chicks, the Same method of determi­

ning 50% protective endpoint was introduced. 

BiQloBical...~est 

This was conducted wherever the vaccinated birds 

died 3 to 5 daYs after challenge. 

It consisted of inoculating 1% suspension of liver 

and spleen of the dead birds, into two suscep'G ible chicks 

of 6-8 weeks and observed for one week. In all, four 

trials were made. 

Haemaggl ut ination 

Jrhe haemagglu'tina:tion (HA) test was carried out in 

persplax plates. The allanto-amn iot ic flu id was used as the 

SOl.lrce of the virus. Serial two-fold dilu'tions of the virus 

from 1: 5 to 1: 5120 were made in No!' wal Sal ina Solut ion (N.S.S.). 

To each cavity of 0.5 ml. of virus dilution, 0.5 ml. of 0.5 per 

cent suspension 0 f fowl red blo ad cells (R. B.O .) was added by 

means of a tuberculin syringe fitted with 18 gauge needle with 

end truncated in such a way as to ensure thorough mixing. 

Controls having only saline and lIDO suspensions were al\,layS 

kept. The test was performed at room temperature which varied 

fro tIl 70 a -80 of " 

Readings were taken after one hour. The pattern o£ 

sedimentation of the red cells in the control cavity was 
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taken into consideration while r'ecording the results. In 

'those cavities whe:ce there \-Jas COillple'~e agc;lutination, 

the cells sedimented in a unifonn pinkish layer giving 

ground glass a,ppeA,!'ance. :P ·~.rt tal aggl uti tlati on waS charac­

terised by the formation of a central ring of' unagglutina-

ted cells with an ir:regul!ll' margin of a layer of a,gglu.tina­

ted cells. ~lh ere the:ce waS no (:l,:;glu ti k'l8.t ion, the cells 

settled down in th~) form of a compact mass wi th a red 

button like appearance. 

The highest dilution of the virus showing complete 

aGglutin8,tion was 'taken as the end titre and "laS expressed. 

as one haemagc;llxt ino .. t ion (HA) u n'i t • 

Haemag!-~llltinati on inhi bi t ion 

~e·t a proc edure was amplo ye d "GO C arr:y 0 ut ·thiB t; est. 

Serial double fold dilutions o:f the serU1U were wade in 

0.25 mI. of saline in the pe:csplex h8..eliiagg.LL{·~in~~tion plates 

and 0.25 ml. of' '~he vi:cus SUSIH:H1S ion co nt ai tli nb 2 HA uni ts 

were added to each of the serum dilutions~ ~he ~late was 

kept at room 'temperature for 30 minu'[;es and 0.5 ml. of a 

0.5 per cent sUHpension of' HBO \.vaS added. to each cavi ty. 

(l'he t est waS rea.d one hour 8.:ft er -the add i ti on 0 f oells. The 

highest dilution of the serum \'/hich caused complete inhi bi­

tion of haemagglutination was taken as the HI titre. 

Adequate controls were included. The serum control consis-

ted of 0.25 ml. of lOwest dilution of serum plusO.25 mI. 
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normal s~.0..ine solution, while ant 1gen control consisted of 

0.25 [111. of the virus plus 0.25 wl. of !.~ .8.S. '£0 each of .. 

the control Oe5 mi. of, the O.5~~ suspension of' Hoo waS added .. 

Serum neut~alisation test 
...... - .. I 1 __. • "",. ....,...~..;;.._~__..;....;__ __ 

Embryonated (3ggS 9-10 days old were used as the indica-

tor system for this test. 3erj.al ten fold dilution of the 

virus were madG in cold 10J~ peptone broth saline. Sera were 

collected from the 6 to 8 weeks old birds before immuniz3,tion 

and pooled and Serve d as healthy serum control. None of the 

Sera showed ~l HI titre of more than 1:10. 

Imrnu ne Se ra. from vaccinated birds wer,e collect ed 2 

weeks aft er' vaccination t i. 8. on the day of' challenge and 

pooled. Sera-virus mix'~ures were th.en incuucl.ted a.t room 

t emperat ure for 2 ho uX'S before i noculati on in.to the indIcator 
0.2 ml.of 

system. .dmbry'onated 8cit.s Ci.fter in'oculat ion \tlithLseI'Ulll virus 

mixt ures were inc uhat ed dt 37 ()G for .48 ho urs. ~he Ulul·ti pli-

cation of the virus in the eggs was deterluined by spo·t 

haemagglutinat"ion test with 'the allantoic fluid of each 

embryo. Calculation of neutr81ising. index in respect of 

each sample was done according to thH method of Reed and 

M ue nch (19 3B ) • 
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RESULTS 

VIRAL MULTIPLICATION 

To assess the quantitative multiplication of Ranikhet 

disease vaccine virus in the developing chick embryos, a 

batch of embryonated eggs was inoculated with the Seed virus 

and incubated. A group of eggs was removed at various inter-

vals and chilled. The pooled amnio-allantoic fluids of the 

embryos in each group was collected and titrated in various 

deoimal dilutions in the same host system with a view to 

aSsess the vir~s content of each pOOl as per procedure 

described earlier. The t~res of virus obtained are presen­

ted in table 1 and graphically represented in Fig. 1. 

It would be observed that during the first 6 hours~ 

there was actually no multiplication of the virus and what 

waS observed was only residual virus after adsorption from 

the quantity of inoculuw used. There was a progressive 

rise in the virus content upto 36 hours and reaching to a 

maximum titre of 10-7 •2• The embryo infective titre was 

nearly constant from 36 to 48 hours. 

The taa' fluid collected at the various intervals 

was assessed for its haemagglutinin content. The results 

are presented in table 2, and graphically pictured in 

Fig. 1. 



44 

Table 1 
Disease 

M,u,l t i'Q~ication of Ranikget~ Vaccine Strain R2~ 

}n chic~ embryos as aqjudged by embryo infectivitl 

81. 
No. 

1 

2 

4 

5 

6 

7 

8 

9 

t ... 

Period of 
incubat ion 
(hours) 

o 

6 

12 

18 

24 

30 

42 

48 

Titre 
(Log units) 

L1.0 

3.50 

6.20 

7.00 

I ........ 
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Table 2 

~evelo~ment of Haemagglutinin~ 

:Period 
31. of inocu­
No. lation 

_(hours) 10 20 

Virus dilutions 

40 80 160 320 640 1260 -
1 0 

2 6 

3 12 

4 18 

5 24 

6 30 

7 36 

8 42 

9 48 

- - - - - -
- - -

- - - -
+ + - - --
+ + + + -
+ + + + + - --
+ + + + + 

+ + + + + + + -
+ + + + + + + -

* Titres expressed as the reciprocal o~ 

dilution of virus giving complete 

aggl ut ina ti on • 

*HA 
Titre 

Nil 

Nil 

Nil 

10 

80 

80 

160 

640 

640 





46 

The data reveals that the haemagglutinins started 

appearing from the 18th hour in low concentrations and 

increased gradually to a level of 640 at 42 hours·and 

remained stationary till 48 hours. 

A comparison of the appearance of infective parti­

cles and the haemagglutinins associated with it, has been 

show n in table :3. 

!able ~ 

Correlat ion of _§)mbryo infect i vi t;y: a.nd haemagglu-
tination titres of amnio-allantoic fluid ~t 
- , var~ ini:.:geriods of inc ubation 

Period Embryo iniec-Sl. of incu-
No. bation t i vi t Y tit re HA Ti tr·e 

(Log units) (hours) 

1 0 1.5 Nil 

2 6 1.0 Nil 

3 12 3.50 Nil 

4 18 5.20 10 

5 24 5.70 80 

6 30 6.20 80 

7 36 7.20 160 

8 42 7.20 640 

9 48 7.00 640 
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EMBRYO INFECTIVITY 

The freeze dried vaccine was reconstituted in the 

manner described unde r Materi ale and Methods and progres­

sive ten-fold dilutions were made in normal saline. 

Three embryos for" each dilution were inoculated with 

vaccine dilut ions of 10-5 to 10-8 and incubated as usua.l. 

" The deaths at 24 hours were excluded and the 'aa' 

fluid from embryos which died next day, ~as put to spot 

ha.emagglutination test. Posi t ive scores Vlere included. 

The results are presented in table 4, A perusal of the 

data for 22 batches would reveal that the minimum embryo inf~tive 

titre obtained was 10-5•6 (batch NO.170) and the maximum 

titre obtained waS 10-7•75 in respect of batch Nos. 103, 

105 and 110. The remaining batches varied in between. 

HAEMAGGLUTINATION INHIBITION 

In add it ion to the studies -described above, it was 

decided to find out if the birds vaccins.ted for potency test 

produced measurable quantities of HI antibodies before the 

challenge. For this purpose presence of HI antibody in 

each of the birds was looked for, 14 days after vaccination, 
~ 

i.e. on the day these birds were being challenged for 

potency. The sera before vaccination sho~ed HI titre of 

1 in 5 to 1 in 10. 

The reS ults of HI ant ibodies are presented in table 5. 

In all HI titres of 161 birds comprising 33 batches of 

vaocine are shown. 



Batch 
No. 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

* 168 

* 169 

* 170 
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Table 1 
Results of embryo titrations of Freeze­

Dried Ranikhet Disease Vaccine 

Dilution Embryo infec-

10-b' 10-7 10-9 tivity titre 
(CELD50 ) 

:: :J)eathfino ~4iii~E!d : :: 
3/3 3/3 1/3 7.75 

3/3 2/3 1/3 7.50 

3/3 3/3 1/3 7.75 

3/3 1/3 1/3 7.00 

2/3 1/3 1/3 7.18 

3/3 2/3 1/3 7.50 

3/3 2/3 0/3 7.25 

3/3 3/3 1/3 7.75 

3/3 2/3 1/3 7.50 

3/3 1/3 1/3 7.00 

2/3 2/3 0/3 7.00 

3/3 1/3 1/:; 7.00 

3/3 2/3 0/3 7.25 

,/3 2/3 0/3 7.25 

2/3 2/3 1/3 7.25 

3/3 1/3 0/3 6.75 

3/3 2/3 0/3 7.25 

3/3 1/3 0/3 6.75 

2/3 1/3 1/3 6.75 

4/4 2/4 0/2 6.00 

4/4 4/4 2/4 7.00 

4/4 1/4 0/4 5.60 



Batch 
No. 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

* 168 

* 169 

* '179 ' 
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Ta.ble ! 

Results of embryo titrations of Freeze­
Dried Ranikhet Disease Vaccine 

Dilution Embryo infec-
10 -f) 10-7 10-9 tivity titre 

(CELD50 ) : : :Deathf ino c~j.iited 

3/3 3/3 1/3 7.75 

3/3 2/, 1/3 7.50 

3/3 3/3 1/3 7.75 

3/3 1/3 1/3 7.00 

2/3 1/3 1/3 7.18 

3/-;; 2/'3 1/3 7.50 

3/3 2/3 0/3 7.25 

3/3 3/3 1/3 7.75 

3/3 2/3 1/3 7.50 

3/3 1/3 1/3 7.00 

2/3 2/3 0/3 7.00 

3/3 1/3 1/3 7.00 

3/3 2/3 0/3 7.25 

3/3 2/3 0/3 7.25 

2/3 2/3 1/3 7.25 

3/3 1/3 0/3 6.75 

3/3 2/3 0/3 7.25 

3/3 1/3 0/3 .6.75 

2/3 1/3 1/3 6.75 

4/4 2/4 0/2 6.00 

4/4 4/4 2/4 7.00 

4/4 1/4 ·0/4 5.60 
i ., _, ~ ,,:, . :_: '. -,: ~. ': _ ',_ - ~'. __ . , ..,. ' _.' ,. 
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Tible 2 

Develo~ment of haemaBglutina~ion inhibitin~ ~nt~bo.-
dies during ~ost vaccrn~tlon ~e~lod in 1rds 

Batch Sa.mple Serum Dilution HI Group 
No. No. 10240 ti tre 

average 
40 80 160 320 640 1280 2560 5120 HI 

, , _.title 

103 1 + + + + + + + 2560 1280 

2 + + + + + + 1280 

3 + + + + + - 640 
4 + + + + + + - 1280 

5 + + + + + 640 
104 6 + + + + + + 1280 1013 

7 + + + + 320 

8 + + + + + + 1280 

9 + + + + + + 1280 

10 + + + + + 640 

11 + + + + + + - 1280 

107 12 + + + + + - 640 1152 

13 + + + of· + + 1280 

14 + + + + + 640 

15 + + + + + .... + 2560 
16 + + + + + 640 

108 17 + + + + + 640 746 
18 + + + + + + - 1280 

19 + + + + - 320 

109 20 + + + + + + 1280 586 

21 + + + 160 

22 + + + + 320 
116 23 + + + + + 640 640 

24 + + + + + 640 
25 + + + + + 640 

26 + + + + + 640 
117 27 + + + + + + 1280 840 

( continued) 



Bat ch Se;npl e 
No. No. 

28 
29 
30 

118 31 
32 
33 
34 

35 
36 

119 37 
38 
39 
40 
41 
42 

120, 43 
44 
45 
46 
47 
48 

121 49 
50 
51 
52 
53 
54 

122 55 
56 

57 

50 

Serum Dilution Group 
HI average 

40 80 160 320 640 1280 2560 5120 10240 titre HI 
titre 

+ + + + + - 640 

+ + + + + + - 1280 

+ + + 160 

+ + + + + + 1280 1253 

+ + + + ~20 

+ + + - 160 

+ + + + + + + - 2560 
+ + + + + + + 2560 
+ + + + + - 640 

+ + + + + + + 2560 1600 

+ + + + + + 1280 

+ + + + + + 1280 

+ + + + + 640 

+ + + + + + + 2560 
.,. + + + + + 1280 

+ + + + + + 1280 1280 

+ + + + + + - 1280 

+ + + + + + + 2560 

+ + + + + + ... - 1280 

+ + + + + - - 640 

+ + + + + - 640 . 

+ + + + + + -' 1280 1389 

+ + + + + + + 2560 

+ + + + + + 1280 

+ + + + + - - 640 
,+ + + + + + 1280 

+ + + + + + "'. 1280 

+ + + + + + + 2560 1664 

+ + + + + + + 2560 

+ + + + + + 1280 
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-----------------------------------------~-----------Serum Dilution Grou~ 
HI average 

40 80 160 320 640 1280 2560 5120 10240 titre HI . 
titre 

Batoh S.amp~,e 
No. No. ----------------

58 + + + + + ... 640 
59 + + + + + + - - 1280 

124 60 + + + + + + - - 1280 1386 
61 + + + + + + - - 1280 
62 + + + + + - 640 6, + + + + + + + 2560 
64 + + + + + + - 1280 

65 + + + + + + 1280 
125 66 + - - 40 1726 

67 + + + + + + 1280 
68 + + + + + + + - 2560 
69 + + + + + + + - 2560 
70 + + - - 80 

71 ... + + + + + + - 2560 

126 72 + + + + + - - 640 1320 

73 + + + + + + ~ 1280 

74 + + + + + + - 64-0 

75 + + + + + + + - - 2560 
76 + + + + + + + 2560 

127 77 + + + + + + 1280 2026 

78 + + + + + + + - 2560 

79 + + + + + ... 640 
80 + + + + + + + - 2560 
81 + + + + + 1280 

82 + + + + + + + - 2560 

128 83 + + + + + + + - 2560 2240 
84 + + + + + + - - - 1280 

B5 + + + + + + + - 2560 

86 + + + + + + + 2560 

(CO ntto ued) 
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Batoh Sample Serum Dilution Group 
HI a.verage 

No. No. 
40 80 160 320 640 1280 2560 5120 10240 titre HI 

ti tre 

129 87 + + + + + + - - 1280 1600 

88 + + + + + + + 2560 
89 + + + + + - - 640 
90 + + + + + + + - - 2560 
91 + + + + + + 1280 
92 + + + + + + - - - 1280 

130 93 + + + + + + + - 2560 1680 

94 + + + + + + - - 1280 

95 + + + + 320 

96 + + + + + + + 2560 
131 97 + + + + + + + 2560 1760 

98 + + + + + + - - 1280 

99 + + + + + - - 640 

100 + + + + + + + - 2560 

132 101 + + + + + + + - 2560 2266 

102 + + + + + + + 2560 

103 + + + - 160 

104 + + + + + + + - 2560 

105 + + + + + - - - - 640 
106 + + + + + + + + 5120 

133 107 + + + + + + - 1280 1493 
108 + + + + + + + - 2560 

109 + + + + + + 1280 

110 + + + + + + + 2560 
111 + + + + + - - - - 640 
112 + + + + + - - 640 

134 113 + + + + + + + - 2560 

114 + + + + + + 1280 

115 + + + + + + - - 1280 

116 + + + + + + 1280 

( continued) 
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Batch Sample 
Serum dilution 

Group 
HI avarlqSe 

No. No. 40 80 160 320 640 1280 2560 5120 10240 
titre HI 

titre 

1 117 + + + + + - - - - 640 

118 + + + + + + + - 2560 

135 119 + + + + + + - - 1280 1216 

120 + + + + + + .,. ~ - 1280 

121 + + + + + - 640 

122 + + + + + + + 2560 

123 + + + + - - - 320 

136 124 + + + + + + + 2560 1162 

125 + + + + + + 1280 

126 + + + + + + - - 1280 

127 + + + + + 640 

128 + + - - - - 80 

139 129 + + + + + + .... - - 1280 1408 

130 + + + + + + - 1280 

131 + + + + + - - 640 

1~2 + + + + + + + 2560 

133 + + + + + + - 1280 

138 134 + + + + + + - - 1280 1493 

135 + + + + + + + 2560 

136 + + + + + - - - 640 

139 137 + + + + + + + 2560 1920 

138 + + + + + + + 2560 

139 + ... + + + - - 640 

140 140 + ... + + + + + - 2560 1386 

141 + + + + + + - 1280 

142 + + + + 320 

( continued) 



Batch Sample 
No. No. 

141 143 
144 
145 
146 

142 147 
148 
149 

143 150 
151 
152 

153 

154 

155 
144 156 

157 
158 
159 
160 

161 

54 

Serum dilution 

40 80 160 320 640 1280 2560 5120 10240 

+ + + + + + -
+ + + + + + + 
+ + + -
+ + + + + t t 

+ + + + - - -
+ + + + + + -
+ + + + + + -
+ + + + + - - .... 

+ + + + + + + -
+ + + + + -
+ + + + + + + + 

+ + + + + + + -
+ + + + + + - -
+ + + + + + + 

+ + + + + + ~ - .... 

+ + + + + + - -
+ + + + + - - ' 

+ + + + + + - -
+ + + - -

Titres expressed as reciprocal of serum 
dilution. 

HI 
titre 

1280 

2560 
160 

2560 
320 

1280 
1280 

640 
2560 

640 

5120 

2560 

1280 

2560 
1280 

1280 

640 

1280 

160 

+ = denotes complete inhibition against 
two HA u ni ts 0 

-Group 
average 
HI 
titre 

1333 

1360 

2133 

1200 
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A summary of responses of individual birds and 

results of challenge are given in table 6. ~ha results 

reveal that the antibody response to the experimental 

infection with freeze dried Ranikhet disease vaccine was 

very encouraging. The lowest titre obtained ~aS 40 and 

the highest was 5120. The group average waS between 640 

to 2266. The proteotion afforded was also very encoura­

ging. 

A summary showing the number of birds in each HI 

titre group is given in table 7. On the basis of number 

of birds in each HI titre group percentages have been 

worked out which are also given in the Same table. 

SERUM NEUTRALISATION TEST 

Pooled samples of sera of birds used in potency 

tests were screened for the presence of neutral ising 

antibodies and the results are presented in table 8. A 

perusal of the data would reveal that the oeutralising 

index of sera. of vaccinated birds varied from 4.24 to 6.30. 

The same table would also reveal that out of 12 

samples of sara representing 12 batches, 11 batches had 

100% protection in birds by potency test, while one batch 

No. 125 gave a. proteotion of 66.6 per a en t. 
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Table 6 
-...- t 

Individugl res~onses of 6-8 weekS old birds to 
Freeze Drled Ranikhet Disease- VaccIne ,. 

Batoh Sample Bird H.I. ant i body Results of Remarks 
No. No. No. level ohallenge 

103 1 3767 2560 Immune 

2 476 1280 tt 

:3 3879 640 ft 

4 4021 1280 11 

5 4029 640 tI 

104 6 4385 1280 •• 
7 3878 320 .-
8 7657 1280 tt 

9 7359 1280 
,. 

10 7724 640 tI 

1 1 3778 1280 tI 

107 12 1728 640 tI 

13 8594 1280 It 

14 164·, 640 " 
15 8577 2560 " 
16 1768 640 tI 

108 17 1615 640 " 
18 8599 1280 Ir 

19 2120 320 tf 

109 20 1193 1280 it 

21 1197 160 " 
22 7733 320 11 

116 23 6873 640 tt 

24 6824 640 It 

25 5825 640 ff 

26 6604 640 " 
117 27 5714 1280 " 

28 6640 640 II 

29 5644 1280 t, 

30 5919 .160 " , " ' 

, ( OQJ~t i~\le:4.) , 
".. -'. '" -" " . 



Batoh Sample Bird 
·No. No. No. 

118 31 5584 
32 6794 

33 ~ 6593 

34 5947 
35 6750 
36 9808 

119 37 5327 
;8 5930 

39 5370 
40 5739 

41 5621 
42 5873 

120 43 8243 
44 8324 
45 8132 

46 6919 

47 5923 
48 5963 

121 49 6290 
50 6291 

51 6292 

52 6293 
53 644 
54 440 

122 55 9773 
56 9614 

57 8792 

58 7885 

59 8632 

57 

H.I. antibody 
level 

1280 

320 

160 

2560 
2560 
640 

2560 
1280 

1280 

640 
2560 
1280 

1280 

1280 

2560 

1280 

640 
640 

1280 

2560 

1280 

640 

1280 

1280 

2560 

2560 

1280 

640 

1280 

Results of Remarks 
challenge 

Immune 
tf 

Diad on Worms 
5th daY 

Immune 
II 

" 
" 
" 
" 
n 

u 

" 
" 
fl 

II 

u 

tt 

n 

II 

tt 

If 

" 
11 

n 

n 

" 
1t 

" 
II 

( cont i nu ed) 
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Ba.tch Sample Bird H.I f> ant ibo dy Results of Remarks 
NOe No. No. level challenge 

., 

124 60 7989 1280 Immune 
61 9696 1280 11 

62 8759 640 " 
63 9662 2560 tI 

64 9751 1280 1t 

65 6982 1280 " 
125 66 7648 40 Died on Debility 

4th day 

67 7991 1280 Immune 

68 7741 2560 tI 

69 7745 2560 tt 

70 9882 80 Di ed on Worms and 
5th day debility 

71 9102 2560 Immune 

126 72 1134 640 u 

73 1135 1280 tf 

74 1136 640 tt 

75 1137 2560 It 

76 1138 2560 n 

127 77 1140 1280 II 

78 1141 2560 " 
79 1142 640 " 
80 1143 2560 " 
81 1144 1280 n 

82 1145 2560 n 

128 83 8793 2560 If 

84 8748 1280 tI 

85 7591 2560 tI 

86 9810 2560 n 

( continued) 
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Bat ch S a,mpl e Bi rd 
No. No. No. 

H.I. antibody Results of 
leval Challenge Remarks 

--------------------------------~---------~--------

129 87 3451 1280 Immune 

88 13852 2560 11 

89 383 640 n 

90 312 2560 t' 

91 407~ 1280 " 
92 346 1280 " 

1;0 93 8402 2560 " 
94 7026 1280 " 
95 8429 320 11 

96 6324 2560 1t 

131 97 6912 2560 It 

98 8856 1280 II 

99 8981 640 n 

100 7038 2560 II 

132 101 6313 2560 II 

102 5957 2560 II 

103 9816 160 " 
104 8988 2560 II 

105 9961 640 It 

106 4746 5120 " 
133 107 8853 1280 II 

108 4394 2560 It 

109 8074 1280 n 

110 7902 2560 " 
111 889B 640 It 

112 4715 640 " 
113 9476 2560 tt 

134 
114 14444 1280 n 

115 4386 1280 If 

(cont inued) 
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Batch Sample Bird H. I. ant ibody Result of Remarks 
No. No. No. level challenge 

116 6963 1280 Immune 
, . 

117 7531 640 II 

118 8850 2560 " 
135 119 4817 1280 '11 

120 4819 1280 It 

121 4820 640 tt 

122 4821 2560 11 

123 4822 320 II 

136 124 1133 2560 " 
125 3618 1280 11 

126 1132 1280 It 

127 1130 640 tI 

128 3620 80 Died on Worms and 
4th day debility 

137 129 4560 1280 Immune 

130 4550 1280 n 

131 4559 640 n 

132 1524 2560 tI 

133 4556 1280 It 

138 134 4768 1280 n 

135 4638 2560 t1 

136 744 640 " 
139 137 4756 2560 " 

138 4786 2560 tt 

139 3216 640 tt 

140 140 3632 2560 n 

141 3296 1280 tt 

142 976 320 tt 

141 143 1922 1280 u 

( continued) 



Batch 
No. 

142 

143 

144 

Sample BiI'd H.I.antibody Result 0 f Remarks No. No. level challenge 

144 4760 2560 Immune 

145 3208 160 " 
146 4754 2560 n 

1.47 592 320 It 

148 573 1280 .. 
149 574 1280 tt 

150 4577 640 11 

151 4678 2560 n 

152 6492 640 1. 

153 4861 5120 fI 

154 14669 2560 " 
155 3250 1280 11 

156 589 2560 " 
157 4673 1280 II 

158 798 1280 11 

159 4767 640 Died on Debility 

160 4674 1280 
10th dey 
Immune 

161 3252 160 Died on Debility 
12th daY 

The H .. I. ti tres are expressed as the 1'9ci };ll'ocal of 

serum dilutions against two haemaggl ut inating unit s. 

The sera. were from birds which he,d received 1 rol. 

of 10-6 dilutions of freeze dried vaccine. 



No. of 
birds 
tested 

2 

47 

58 

8 

6 

2 

1 

62 

~gble 7 

Summarl of H.I. res~onses 

H"I. antibody 
level t i tres 

5120 

2560 

1280 

640 

320 

160 

80 

40 

Percentage of 
birds showing 
various ti treE 

22.3 

46.5 



Table 8 

Reutralising indices of seru~ s~mEles 

Batch No. 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

N aut ral is ing index 

6.30 

4.90 

4.90 

5.0 

5.50 

6.00 

4.24 

4.50 

5.00 

Frotection index 

100 

66.6 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
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SAFETY TEST 

Initially when the manufacture of the vaccine waS 

star.ted at the Ind ian Veterinary Research lnst it ute, 

the vaccine was tested for safety and freedom from 

abnormal toxicity in ch:icks of 6-8 weeksold, by injecting 

O~5 rol. of liquid vaccine suspension before it waS 

:freeze dried. 

Subsequently on the recommendation of the Committee 

:for Standardisation of Veterina~ Biological Products,** 

the freeze dried product waS uSed ~or Sa~ety test. The 

outline for this has been dealt with under 'Materials 

and Methods'. Accordingly results of safety test from 

batch No .78 were carried out. 

Ninety-three batches of vaocine were tested in this 

manner and the results are presented in table 901 It would 

be seen that the vaccine was safe. The birds which died 

during the observation period were autopsied and the 

caused ascertained. The deaths were found to be due to 

o'ther causes. 

** Report of the Expert Committee :for Standardisation 
of Veterinary Biological Products, Ministry of 
Food and Agriculture, Government of India, 1954. 
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Te.bf_e_9 

Results of Safetl Test 

Batoh Subcuta.- Intra- Intra- Survival 
No. neouS nasal tra.cheal Incontacts 

group group group Ratio Percen tage 

78 3/3 2/3 3/3 3/3 11/12 91.6 
79 3/3 3/3 3/3 3/3 12/12 100 
80 3/3 3/3 2/; 3/3 11/12 i91.6 
81 1/3 3/3 2/3 '3/3 9/12 75 
82 3/3 3/3 3/3 2/3 11/12 91.6 
83 1/3 3/3 2/3 2/3 8/12 66.6 

84 3/3 3/3 ,/3 2/3 12/12 100 

85 3/3 3/3 3/3 3/3 12/12 100 

86 3/3 2/3 3/3 3/3 11/12 91.6 

87 3/3 ;/3 3/3 3/3 12/12 100 

88 2/3 3/3 3/3 3/3 11/12 91.6 

89 3/3 3/3 3/3 3/3 12/12 100 

90 2/; 2/3 2/3 2/3 8/12 66.6 

91 3/3 3/3 3/3 3/3 12/12 100 

92 2/3 3/3 2/3 3/3 10/12 83.3 

93 2/3 '3/3 2/3 3/3 10/12 83.3 

94 3/3 3/3 3/3 3/3 12/12 100 

95 2/3 2/3 3/3 3/3 10/12 83.3 

96 2/3 3/3 2/3 2/3 9/12 75 

97 3/3 3/3 3/3 3/3 12/12 100 

98 3/3 3/3 3/3 3/3 12/12 100 

99 3/3 3/3 3/3 3/3 12/12 100 

3/3 3/3 3/3 3/3 
I 

100 100 12/12 

101 2/3 3/3 2/3 3/3 10/12 83.3 

102 3/3 3/3 2/3 3/3 11/12 91 • '6 

103 3/3 2/3 2/3 3/3 10/12 83.3 

104 2/3 ' 3/3 3/3 3/3 11/12 91.6 

105 3/3 3/3 3/3 3/3 12/12 100 

( continued) 
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Batch Subcuta- Intra- Intra- Su.rvi val 
No, neous nasal tracheal lnconte-eta 

group group group Ratio percen-
~§\ge ... 411 .t 

106 3/3 3/3 3/3 3/3 12/12 100 

107 3/3 3/'3 3/3 3/3 12/12 100 

108 2/3 2/3 3/' ,I, 10/12 83.; 
109 3/3 3/3 3/3 2/3 11/12 91.6 

110 2/3 -;/3 3/; 2/3 10/12 83., 

111 3/; 3/3 3/3 2/3 11/12 91_6 

112 3/3 ;/3 3/3 3/3 12/12 100 

113 3/3 3/3 3/3 3/3 12/12 100 

114 3/3 3/3 3/3 3/3 12/12 100 

115 3/3 3/3 3/3 ,/3 12/12 100 

116 2/3 ;/; 3/3 3/3 11/12 91.6 

117 3/3 3/3 3/3 ,/3 12/12 100 

118 3/3 2/3 3/3 3/3 11/12 91.6 

119 2/3 3/3 2/3 2/3 9/12 75 

120 2/3 2/3 2/3 3/3 9/12 75 

121 2/3 3/3 3/3 3/3 11/12 91.6 

122 3/3 3/3 2/3 ,/3 11/12 91.6 

123 2/3 3/3 3/3 3/3 11/12 91.6 

124 3/3 3/3 3/3 3/3 12/12 100 

125 3/3 3/3 3/3 3/3 12/12 100 

126 2/3 3/3 3/3 3/3 11/12 91.6 

127 3/3 3/3 ,(3 2/3 11/12 91 &6 

128 3/3 3/3 3/3 3/3 12/12 100 

129 ,/3 ;/3 3/3 3/3 12/12 100 

130 3/3 3/3 3/3 3/3 12/12 '\00 

131 , 3/3 2/3 3/3 3/3 11/12 91.6 

132 3/3 3/3 3/3 3/3 12/12 ;00 

13' ' 3/3 3/3 3/3 2/3 11/12 91.6 

( cont inued) 
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Batch Subcuta- Intra- Intra.- Survival 
No. . neOU8 nasal tracheal Incontacts 

group group group Ratio Percentage 

134 3/3 2/3 ;/3 3/3 11/12 91.6 
135 3/3 3/3 3/3 3/3 12/12 100 

136 2/3 2/3 3/3 3/3 10/12 83.3 
137 3/3 2/3 3/3 3/3 11/12 91.6 
138 2/3 3/3 ;/3 3/3 11/12 91.6 
139 2/3 3/3 3/3 3/3 11/12 91 .6 

140 3/3 3/3 2/3 3/3 11/12 91.6 
141 2/3 3/3 3/3 3/3 11/12 91.6 
142 3/3 3/3 2/3 3/3 11/12 91 .6 

143 2/3 3/3 3/3 2/3 10/12 83.3 
144 3/3 3/3 3/3 3/3 12/12 100 

145 3/3 3/3 3/3 3/"3 12/12 100 

146 3/3 2/3 3/3 3/3 11/12 91.6 

147 3/3 2/3 3/3 3/3 11/12 91 .6 

14B 3/3 2/3 3/3 3/3 11/12 91.6 

149 2/3 3/3 3/3 3/3 11/12 91 .6 

150 3/; 2/3 2/3 3/3 10/12 83.3 

151 Tested at Mukteswar, 100% safe 

152 3/3 3/3 3/3 3/3 12/12 100 

153 3/3 3/3 2/3 3/3 11/12 91.6 

154 3/3 3/3 2/3 3/3 11/12 91.6 

155 3/3 2/3 2/3 3/3 10/12 83.3 

156 2/3 3/3 3/3 3/3 1.1/12 : 91.6 

157 2/3 2/3 3/3 2/3 9/12 75 
158 3/3 3/3 3/3 3/3 12/12 100 

159 2/3 3/3 2/3 3/3 10/12 83.3 
160 3/3 2/3 2/3 3/3 10/12 83.3 

(cont inued) 



Batch 
No .. 

.. , .. . 

161 

162 

163 

164-

165 

166 

167 

168 

169 

170 

68 

Subcuta- ·Intre.- Intra- Survival" 
neous 
group 

3/3 

2/3 

3/3 

2/3 

3/3 

3/3 

2/3 

3/3 

3/3 

2/3 

nasal tracheal I nco nt act s 
group group Ratio 

sp t 

2/3 2/3 1!, 8/12 

3/3 3/3 3/3 11/12 

3/, 2/3 2/., 10/12 

3/3 3/3 2/'3 10/12 

2/3 3/3 3/3 11/12 

2/3 3/3 2/3 10/12 

2/3 2/3 3/3 9/12 

3/3 , 3/3 3/3 12/12 

3/3 2/3 2/3 10/12 

2/3 3/3 2/3 9/12 

Numerator: Number of birds survived 

Danom ina:tor : Number of birds ina culat ad . 

l?ercen-
" t§lSt! PI 

6g.6 

91.6 

83.3 

83.; 

91.6 

83.3 

75 

100 

83.3 

75 
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POTENCY TEST 

The freeze dried Ranikhet disease vaccine manufac­

tured at the Indian Veterinary Research Institu·ta, for 
, 

the immunisation of birds of 6 weeks and above, was 
. -5 -6 in it lally tested at the dilut ions of 1: 400, 10 ,10 , 

10-7 • Each bird was injected with 1 ml. In this way, 

46 batches were assayed and the results are presented in 

table 10. After gaining experience with these 46 batohes 

of vaocine which were used to vaccinate birds in large 

number of poultry farms allover India, testing at the 

10-5 dilution·was excluded. Further,1 batches (Nos. 47 

to 77) were therefore tested in the remaining dilutions, 

viz. 1:400, 10-6 and 10-7 . Results are presented in 

table 11. 

The percentages of protection at the dilutions of 

1:400, 10-5, 10-6 and 10-7 , are presented in tables 12 

and those for the dilutions of 1:400, 10-6 and 10-7 in 

table 13. The result s reveal that at 1: 400 d ilut ion, 

72 out of 77 batches; at 10-5 dilution 44 out of 46 

batches; and at 10-7 dilution, 70 out of 77 batches. had 

a protection index of 50% and above. 

Subsequently, in the light of the recommendations 

of the Committee for Standardisation of Biological :I?"roducts, 

the procedure for potency test waS £urther modified to 
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limit the testing of the vacoine to a single dilution 

of 10-6 • So, from batches 78 to 170 the vaocine was 

assayed at this dilut ion and the results are pl;esent ad 

in table 14 and the protection peroentages in table 15. 

It may be mentioned here that the dilution of 

10-6 has been common throughout, that is from batch 1 to 

170 (tables 10, 11, 12 and 13). Out of 170 batches of 

vaccine assayed, 163 batches had a protection index of 

50% and above .. 

The percentages of protection ind ices at different 

dilutions of the vaccine tested have been worked out and 

presented in table 16. 
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Table 10 

Res ul ts of chall enge i1este i~ ,birds, 

81. Batch 
No. NO.1: 400 

Dil~tion Virus 
1 o~7~' cant role 

1 1 2/4 4/4 2/3 2/4 0/2 
2 2 3/4 3/3 1/3 1/4 0/2 
3 3 4/4 4/4 4/4 2/4 0/2 
4 4 4/4 4/4 1/2 3/3 0/2 
5 5 4/4 2/2 2/2 2/3 0/3 
6 (5 2/3 3/3 3/-; 2/3 0/2 
7 7 3/4 1/2 4/4 3/3 0/4 
8 8 2/4 3/4 2/2 2/3 0/4 
9 9 3/4 3/3 3/4 3/4 0/2 

10 10 1/4 2/2 2/3 2/3 0/2 

11 11 3/4 3/4 2/; 3/3 0/2 

12 12 3/4 4/4 1/4 3/4 0/2 

13 13 2/2 2/2 ' 2/2 

14 14 2/2 2/2 2/2 0/2 

15 15 3/4 4/4 4/4 3/3 0/2 

16 16 4/4 4/4 1/4 3/4 0/2 

17 17 4/4 2/3 3/4 3/4 0/2 

18 18 4/4 4/4 4/4 4/4 0/2 

19 19 3/4 2/4 3/3 4/4 0/2 

20 20 3/4 1/2 4/4 2/4 0/2 

21 21 3/3 3/3 1/3 0/4 0/4-

22 22 3/4 4/4 4/4 3/4 0/2 

23 23 3/4 Not done 2/3 4/4 0/2 

24 24 3/3 1/1 3/4 2/2 0/2 

25 25, 3/4 4/4 4/4 2/3 0/2 

( continued) 
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81. Batch . Dilution Virus 
controls No. No.1: 400 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37 
38 
39 
40 
41 
42 
43 

44 
45 
46 

26 3/4 3/3 4/4 2/, 0/2 

27 2/4 2/4 3/4 2/4 0/2 

2,8 : 3/4 2(3 4(4 4/4 0/2 

29 4/4 4/4 3/4 4/4 0/2 

30 4/4- 4/4 3/4 4/4 0/2 

;1 4/4 ,/3 1/3 2/2 0/2 

32 2/, 2/3 2/3 3/4 0/2 

33 2/'3 3/3 ,/4 3/4 0/2 

34 2/3 3/4 3/4 3/4 0/2 

35 4/4 3/3 3/4 3/3 0/3 

36 4/4 2/2 1/1 4/4 0/3 

37 2/2 2/2 2/3 1/2 0/2 

38 2/2 0/0 3/3 3/4 0/2 

39 2/3 2/3 1/2 4/4 0/4 

40 2/4 2/3 3/3 1/2 0/4 

41 4/4 4/4 4/4 3/4 0/2 

42 4/4 4/4 4/4 3/4 0/2 

43 4/4 4/4 3/4 1/4 0/2 

44 4/4 4/4 4-/4 3/4 0/2 

45 ,2/2 2/2 4/4 2/3 0/2 

46 4/4 3/4 4/4 4/4 0/2 

Numerator = Birds survived 
Denominator = Birds challenged/used for controls 

Batohes 13 and 14 were tested at the Divijion o~ 
Baoteriology and Virology, Mukteswar in the dilutions 
of 1 :200, 10-5 and 10-6 only. A oant per cent protection 
waa,fo~nd in all the dilutions. 
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Table 11 

Results of challenge tests in birds 

81. Batch Dilution 
No. No. 1: 400 Virus 

10-6 10-7 controls 

1 47 2/2 2/3 3/4 1/2 

2 48 4/4 4/4 2/3 1/2 
3 49 3/3 2/2 4/4 0/2 

4 50 4/4 3/3 3/3 o/? 
5 51 4(4 3/4 1/4 1/2 

6 52 4/4 1/4 3/4 0/2 

7 53 4/4 4/4 3/3 0/2 

8 54 4/4 4/4 4/4 2/3 
9 55 3/4 4/4 4/4 0/2 

10 56 3/4 4/4 4/4 0/2 

11 57 3/3 2/; 2/2 0/2 

12 58 4/4 3/4 3/4 0/2 

13 59 2/4 4/4 4/4 1/2 

14 60 3/3 3/3 1/2 0/2 

15 61 2/2 3/3 2/2 0/2 

16 62 0/4 3/3 2/2 0/2 

17 63 0/4 3/3 2/3 0/2 

18 64 0/4 2/2 . 3/3 0/2 

19 6, 1/1 2/2 3/3 0/2 

20 66 2/3 3/4 2/3 0/2 

21 67 3/4 4/4 4/4 0/4 

22 68 4/4 3/3 2/3 0/2 

23 69 4/4 3/3 3/3 0/2 

24 I 70 4/4 3/3 2/3 0/2 

25 71 0/2 2/3 1/1 0/2 

26 72 3/3 0/0 (Not done) 3/4 0/2 

27 73' 4/4 4/4 3/3 0/4 
28 74 4/4 4/4 4/4 0/2 

29 75 3/4 4/4 3/4" 0/2 

31 76 4/4 3/4 1/4 0/2 

~1 77 4/4 4/4- 4/4 0/2 
':.\:,': - . " , 
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Table 12 

Immunitx :Qattern in birds 

81. Batch Protection - percentage at Mo rt a1 it Y % 
No. No. in the 

1: 400 10-5 10-6 10-7 controls 

1 1 50 100 66.6 50 100 

2 2 75 100 33.3 25 100 

3 :3 100 100 100 50 100 

4 4 100 100 50 100 100 

5 5 100 100 1()O 66.6 100 

6 6 66.6 100 100 66.6 100 

7 7 75 50 100 100 100 

8 8 50 75 100 66.6 100 

9 9 75 100 75 75 100 

10 10 25 100 66.6 66.6 100 

11 11 75 75 66.6 100 100 

12 12 75 100 25 75 100 

13 13 100 100 100 - 100 

14 14 100 100 100 100 

15 15 75 100 100 100 100 

16 16 100 100 25 75 100 

17 17 100 66.6 75 75 100 

18 18 100 100 100 100 100 

19 19 75 50 100 100 100 

20 20 75 50 100 50 100 

21 21 100 100 33.3 0 100 

22 22 75 100 100 75 100 

23 23 75 Not done 66.6 100 100 

24 24 100 100 75 100 100 

25 2, 75 100 100 66.6 100 

26 26 75 100 100 66.6 100 

(cont inued) 



Sl. 
No. 

27 
28 

29 
30 

31 
;2 
33 
34 
35 
;6 
37 
;8 
39 
40 
41 
42 
43 
44 
45 
46 

Batoh 
No. 

27 
28 

29 
30 

31 

32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 

43 
44 
45 
46 

75 

Protection - percentage at 

1: 400 

,0 50 75 50 
75 66.6 100 100 

100 100 75 100 

100· 100 75 100 

100 100 33.3 100 

66.6 66.6 66.6 75 
66.6 100 75 75 
66.6 75 75 75 

100 100 75 100 

100 100 100 100 

100 100 66.6 50 

100 100 75 
66.6 66.6 50 100 

50 66.6 100 50 

100 100 100 75 
100 100 100 75 

100 100 75 25 

100 100 100 75 
100 100 100 66.6 

100 75 100 100 

Mortality- % 
in the 
controls 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1.00 

100 

100 

100 

100 

100 

100 

100 
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Table 1~ 

Immunit~ ~attern in birds .... 

51. Batch 1: 400 
Proteotion percentage Mortal ity 

No. No. 
10-6 10-7 percentage 

in the 
controlS 

1 47 100 66.6 75 50 

2 48 100 100 66.6 50 

3 49 100 100 100 100 

4 50 100 100 100 100 

5 51 100 75 25 50 

6 52 100 25 75 100 

7 53 100 100 100 100 

8 54 100 100 100 ~3\13 

9 55 75 100 100 100 

10 56 100 100 100 100 

1 1 57 100 66.6 100 100 

12 58 100 75 75 100 

13 59 50 100 100 50 

14 60 100 100 50 100 

15 61 100 - 100 100 100 

16 62 0 100 100 100 

17 63 0 100 66.6 100 

18 64 0 100 100 100 

19 65 100 100 100 100 

20 66 66.6 75 66.6 100 

21 67 75 100 100 100 

22 68 100 100 66.6 100 

23 69 100 100 100 100 

24 70 100 100 66.6 100 

25 71 0 66.6 100 100 

26 72 100 Not done 75 100 

27 73 100 100 100 100 

28 74 100 100 100 100 

29 75 7') 100 75 100 

~O 76 100 75 25 100 

-'~,1 77· 100 100 100 100 
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Ta.bl,e 14 

Results of chall~nge tests . birds 1.n 

81. No. Batch No. Dilution 10-6 Virus 
controls 

1 78 3/3 0/2 

2 69 3/3 0/2 

3 80 3/3 0/2 

4 81 3/4 0/4 

5 82 4/4 0/4 

6 83 2/2 0/4 

7 84 4/4 0/4 

8 85 2/2 0/4 

9 86 4/4 2/4 

10 87 4/4 1/4 

11 88 2/3 0/2 

12 89 2/3 0/3 

13 90 2/3 0/4 

14 91 1/2 0/4 
". 

15 92 3/4- 0/3 

16 93 2/4 0/4 

17 94 2/4 0/4 

18 95 3/4 2/4 

19 96 2/2 2/4 

20 97 3/4 3/4 

21 98 5/5 1/4 

22 99 4/4 0/4 

23 100 4/5 0/4 
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Sl.No. Batch No. Dilut ion 10-6 Virus 
co n tro ls 

24 101 3/5 2/4 

25 102 6/6 0/4 

26 103 6/6 0/4 

27 104 6/6 0/4 

28 105 4/5 0/4 

29 106 5/5 0/4-

30 107 5/5 0/4 

31 108 3/3 0/4 

32 109 3/3 0/4 

33 110 6/6 0/4 

34 111 6/6 0/4 

35 112 6(6 0/4 

36 113 5/5 0/4 

37 114 3/5 0/4 

38 115 3/5 0/4 

39 116 4/4 0/4 

40 117 4/4 0/4 

41 11 B 5/6 0/4 

42 119 6/6 0/4 

43 120 6/6 0/4 

44 121 6/6 0/4 

45 122 5/5 0/6 

46 123 6/6 0/6 

47 124 6/6 0/6 

48 125 4/6 0/4 

( con·t; inue d) 
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81. No. Batch No .. Diluti on 10-6 Virus 
control 

49 126 5/5 0/4 

50 127 6/6 0/4 

51 128 4/4 0/4 

52 129 6/6 0/4 

53 130 4/4 0/4 

54 131 4/4 0/4 

55 132 6/6 0/4 

56 133 6/6 0/4 

57 134 6/6 0/4 

58 135 5/5 0/4 

59 136 4/5 0/4 

60 137 5/5 0/4 

61 138 3/3 0/4 

62 139 3/3 0/4 

63 140 3/3 0/4 

64 141 4-/4 0/4 

65 142 3/3 0/4 

66 143 6/6 0/4 

67 144 4/6 0/4 

68 145 5/6 0/4 

69 146 6/6 1/4 

70 147 6/6 2/4-

71 148 6/6 0/4 

72 149 3/5 0/4-

73 150 5/5 0/4 

(continued) 



81, No. Batch No" 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

151 

152 

15:; 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

Numera.tor 
Denominator --

80 

Dil.ution 10-6 Virlls controls 

6/6 0/4 

5/6 0/4 

3/3 0/4 

4/4 0/4 

3/4 0/4 

3/4 0/4 

4/5 0/4 

3/4 0/4 

3/4 0/4 

4/5 0/4 

5/5 0/4 

3/4 0/4 

4/5 0/4 

6/6 0/4 

3/4 0/4 

4/5 0/4 

3/3 0/4 

5/5 0/1 

4/5 0/2 

3/4 0/4 

Number o£ birds survived 
Number o~ birds challenged 
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T@.ble 12 
Immu ni ty patt ern in bi rds 

81. Protection Mortality % Batch No. percentage at No. ill controls 
10-6 dilution 

1 78 100 100 

2 79 100 100 

3 80 100 100 

4 81 75 100 

5 82 100 100 

6 83 100 100 

7 84 100 100 

B 85 100 100 

9 86 100 50 

10 87 100 75 

11 88 66.6 100 

12 89 66,,6 100 

13 90 66.6 100 

14 91 50 100 

15 92 75 100 

16 93 50 100 

17 94 50 100 

18 95 75 50 

19 96 100 50 

20 97 75 25 

21 98 100 75 
22 99 100 100 

23 100 80 100 

(cont inued) 
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81. Batch No. Protection Mort a.l ity % No. pe roan tage at 
10-6 dilution 

in controls 

24 101 60 50 

25 102 100 100 

26 103 100 100 

27 104 100 100 

29 105 80 100 

30 106 100 100 

31 107 100 100 

32 108 100 100 

33 . 109 100 100 

34 110 100 100 

35 111 100 100 

36 113 100 100 

37 114 100 100 

38 115 60 100 

39 116 100 100 

40 117 100 100 

41 118 83.3 100 

42 119 100 100 

43 120 100 100 

44 121 100 100 

45 122 100 100 

46 12'3 100 100 

47 124 100 100 

48 125 66.6 100 

(can tinued) 



Sl. proteotion Mortality% :Batch No. " at No. 
10-6 dilution 

in controls 
• • 

49 126 100 100 

50 127 100 100 

51 128 100 100 

52 129 100 100 

53 130 100 100 

54 131 100 100 

55 132 100 100 

56 13' 100 100 

57 134 100 100 

58 135 1QO 100 

59 136 SO 100 

60 137 60 100 

61 138 100 100 

62 139 100 100 

63 140 100 100 

64 141 100 100 

65 142 100 100 

66 143 100 100 

67 144 66.6 100 

68 145 83.} 100 

69 146 100 75 

70 147 100 100 

71 148 100 100 

72 149 60 100 

(cpntlnued) 
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81. Proteotion Mortality" Batoh No .. ~ at No. 
10 -6 di lu1i ion 

in controls 
.. - .. - , -

7' 150 100 100 

74 151 100 100 

75 152 8,., 100 

76 153 100 100 

77 154 100 100 

78 155 75 100 

79 15'fj 75 100 

80 157 80 100 

81 158 75 100 

82 159 75 100 

83 160 80 100 

84 161 100 100 

85 162 75 100 

86 16:; 80 100 

87 164 100 100 

B8 165 75 100 

89 166 80 100 

90 167 100 100 

91 168 100 100 

92 169 80 100 

93 170 75 100 
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~Ible 16 

PeroentAge of protection it different ~evels 

Dilution 
of 

peroentage of proteot ion . 

vacoine 100% 50% 25-33% 

1=400 45/77 16/77 6/77 5/77 1/77 

31/46 4/46 5/46 4/46 0/46 

104/170 36/170 16/170 5/170 6/170 

34/77 17/77 12/77 7/77 4/77 

Numera.tor :: Number of batches showing 
protection. 

Denominator = Number of batches tested 

0% 

4/77 

2/46 

1/170 

3/77 



86 

PARAALEL TITR~TIONS 

Expe rime pt I 

Parallel t1tratioos of four batohes of the freeze 

dried Ranikhet disease vaocine were done in the 9~10 days 

old embryos and in the chicks of 6 to 8 weeks of age. 

Results are presented in tables 17, and 18, 

ment the dilutions used were 10-5 , 10-6 and 

infeotivity t1tre& were found to be 10-6 •6 , 

and 10-7.; and the corresponding proteotion 

were 10-7•5, 10-702 , 10-7.~ and 10-7 •5 • 

Expe;-iment II 

In th is eXIle r i- : 

10 -7. The embryo:~: 

10-6 • 0 t 10 -6 • 5 

t i tree in ell teks 

In this experiment, only two dilutions viz. 10-6 and. 

10-~ of all the three ba.tohes \\Iere used in both the systems.: 

The titres obta.ined were 10-7 • 3,10-6.5 and 10-7•5 with 

corresponding titres of 10-7." 10-605 and 10-605 in chiokslJ 

Results are presented in table 19 and 20. 

Experiment, !II 
Consequent upon the adoption of the ne~ outlines suge 

ted by the Committee for Standardisation of Veterinary Biole 

gical Products, a si~la dilution of the vaccine was tested 

in ohicks. But decimal dilutions of 6, 7 and 8 were emploYf 

for t 1trat ion in the ch ick embryos, Results are presented J: 

table 4, under embryo infeotivity. 22 batches viz. 103 to 

121, and 168 to 170 were titrated and results show that th~ 
-5 6 7 5 minimum titre obtained waS 10 • and the maximum waS 10 • 
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T§bte jl 
Chiok embryo titration of Freege ~ried Ranikhet Di$eas~ 

VAQcine viS-i-IIs immunity Qittero in Qhiois 

Ba.toh No.- 24 

n 
birds 

1/4 0/4 0/4 

4/4 0/2 2/4 

4/4 Not done 4/4 

MORTALITY 
In 
birds 

0/2 

1/4 

0/1 

1/4 

3/4 

-

In 
birds 

Q/l 

1/4 

0/3 

NUmerator = Mortality 
Denominator = Number inoculated 

Table 18 

3/4 

4/4 

-

CgmRarison ot ~itres !~_chick embryos ~nd in c~icks 

(calc ulated on the bas is of 50% endpoint) 

Batch No. Titre in chick embryo 
per 0.1 ml. 

Ti tre in ch icks 
per 1 ml. 

23 

24 

35 

36 

7.5 

7.2 

7 .. ; 

7.5 

n i 

birds 

0/4 

0/1 

0/2 
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Table 12 
Chick embryo ~1tration of Freeze Dried R§9ikhet Diseage 

V§oc1ne Yis~§-vls ~m~nitx pattern in ohio~~ 

Ba.toh No.- 50 51 52 
• 

Dilution 

0-6 
1 

MORTA-LITY 

In In In In In 
embryos birds embryos birds embryos 

48 hra. 48 hrs. 48 hra. 

0/3 2/4 3/4 4/4 

1/2 0/3 2/4 1/4- 3/3 

Numerator = Mortality 

Denomi nator :::: Number inoculated 

i'Ab1f! 20 

In 
birds 

1/4 

3/4 

Compa~ieon o~ titr~s in chick embrlo! ~d Qaicks 
(Calculated as LD50 ) 

BatohNo .. 

50 

51 

52 

Titre in chick embryo 
per 0.1 ml. 

Titre in chicks 
per 1 001. 

7.5 

6.5 

6.5 



LYOFHILISATION 

As disoussed under 'Materials and Methods', the liquid 

vaooine waS dried from the frozen state. The primar~ drying 

was oarried out for 19 hours and the pressure of the vaouum 

used to be 0.2 mm. at 2 hours of loading ·111 the maohines 

which gradually used to come down to 0.14 mm. at the end of 

the ope rat ion. Results are tabulated in table 21. 

Secondary drying cycle waS done for 19 hours on secon­

dar y system. The h~aders were ma.intained at a pressure of 

0.14-0.12 mm. Observations are presented in table 22. 

B~OLOGICAL.T~T~ 

A biological test was conducted of the birds which used 

to die within 3 to 5 days of challenge. The results revealed 

that the vaocinated birds attar challenge died of oauses other 

than Ran1khet disease since the birds used for biological test 

survived. 

FREEZING AND THAWING 

During certain parts o~ the year, the vaccine could not 
I 

be dried for want of freeze drying ampoules and it ~aS stored i 

the deep freeze cabinet for periods varying from 7 days to 107' 

days (table 23). 

The frozen vaccine had to be thawed £rom -10°C to 24-25° 

before it could be prepared for freeze drying. It took nearly: 

two hours. 
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Results of t1trat1ona of these batohes, 130-142, 

157 and 167 are presented in table 15. It would be 

observed tha~ none of the batohes of vaocine which had 

undergone freezing and thawing had deteriorated in their 

immunogenio efficienoy. The protection at 10-6 dilution 

was found to be 100% in ten out of 11 batches and 80~ 

in the 11th batoh, (batch No.157). 



Hours 

0 

0.45 

2 

4 

6 

8 

10 

12 

14 

16 

18 

19 

91 

Table 21 

Ref. temperature Pressure 

°0 

-42 -
-38 -
-:;8 0.2 

-40 0.18 

-40 0.18 

-42 0.18 

-43 0.18 

"'43 0.16 

-43 0.16 

-45 0.16 

-45 0.14-

"'45 0.14 

Room Remarks 
temp .. 00 

22 Ce ntrifuge on 

24- Oe nt ri fug e off 

24-

24 

24 

24 

24 

24 

24 

22 

22 

24 



Hours 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

19 

92 

r,ble 22 

ObservAtions - 8econd~ drling 

'Pressure 
mm. of meroury 

0.14 

0.15 

0.13 

0.12 

0.12 

0.12 

Q .12 

0.12 

0.12 

0012 

0.12 

ROOUl temp. 
°0 

24 

24 

24 

23 

2:; 

24 

24 

24 

24 

24 

24 



Batoh 
Np. 

130 

1'1 

132 

137 

138 

139 

140 

141 

142 

157 

167 

Date of 
harvesting 

2'3-8-1965 

,0-8-1965 

6-9-196, 

1-11-1965 

3- 1-1966 

17-1-1966 

31-1-1966 

7-2-1966 

21-2-1966 

19-9-1966 

20- 3- 67 

93 

Date of period Q~ 
drying storage 

a.t -10oe 

6- 9-65 14 daya 

7-.9-65 8 " 
15- 9-65 9 It 

15- 2-66 107 " 
22- 2-66 50 tt 

28- 2-66 42 tt 

3- 3-66 31 tt 

8- 3-66 29 " 
14- 3-66 21 " 
26- 9-66 7 II 

28 - 3 -6'"( 8 If 

Immunis1ng Proteotion 
titre in percentage 
ohioks 

10-6 100 

-do- 100 

-do- 100 

-do- 100 

-do- 100 

-do- 100 

-do- 100 

-dO- 100 

-do- 100 

-do- 80 

-do- 100 
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DISCUSSION 

Several workers have exploited the usefulness of 

developing chicken embryo not only as a medium for virus 

growth for vaccine production but also for a.ssay. This 

is particularly true in respect of in£luenza and ~ewcastle 

disease viruses. 

Many a worker have attempted to trace the develop­

ment of the infective part icle in the embryonic fluids and 

also the signi~ioance of relative concentration of the 

infective unit and the haemagglut in ins at differe nt inter­

vals in the fluids and tissues of the embryo (Henle and 

Henle, 1949; Hoyle, 1950; wenner!i al .. 1950; Liu and Henle, 

1951; Sakkubai, 1960). Thes~ workers have noted that at 

fir.st the infective virus particle appeared in the embryo 

fluids and thereafter the haemagglutinin particles could 

be detected in demonstrable qUantities. Furthermore the 

@antity of haemagglutinins produced waS intimately linked 

up with the active multiplication of the infective units. 

In the present study, it was observed that the 

infective particle could be detected at the 6th hour of 

incubation and that there waS a progressive rise in the 

infectivity titre of the allantoic fluid as is evident 

from table 1 and fig. 1. The appearance of haemagglut inina 

waS detected at the 18th hour of incubation which also 

increased in concentration as the virus titre rose (tables 

2 and 3). Hill (1957) observed that there ~laS correspondin~ 
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increase in the HA titre of the ND virus with the increase 

of embryo infeotive titre. The observations made in this 

study concur with tBose of Hill as well as those of 

Sakkubai. 

Another interesting observation that has been noticed 

is that the HA activity is demonstl'able only when the embryo 

infective titre i8 about 10-5• 2 CELDSO • Hanson'll §:!. 

(1947) working wi th NDV pointed out that the virus suspen­

sions having an embryo LD50 of 10-5 or less failed to 

produce HA and the present observat ions beat' a similarity 

with the observations of these workers. 

From table 3 it will be sean that while the infective 

titrereached its peak at 36th hour of incubation and remaine~ 

almost stationary till 48 hours, th e HA a.ct iv ity increased 

gra.dually upto 48th hour. Th is is explained by -the fact 

that after the death of the embryo the increase in HA titre 

is due ,to the reaction of both viable and non-viable virus 

partioles. Similar observations have been reported with 

influenza virus by Bernkopf (1950) and wi th NDV bY' Wenner 

~ £1. (1950) and Sakkubai (1960). 

HAEMAGGLUTINATION -INHIBITION AN'f IroDY LEVEr.S 

In the experimental and field investigations, the 

haemagglutination-inhibition test has been employed by 

various workers as a convenient tool for measuring the 
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the degree of response to vaccination. ~hiB serologi­

cal method provides a convenient technique for obtai­

ning quantitative data on the degree of response since 

it meas~res a speci~ic antibody induced by the virus. 

Ho~stad (1951) showed that a demonstrable le~el 

of HI antibody was reached usually 5-10 dayS after infec­

tion with MDV. 

In the present study, the HI reaction has been 

employed as a means of evaluating the response of birds 

to the free ze-dried Ran ikhet di sease vaccine. 

A perusal of the data in table 6 would reveal 

that out of sera of 161 birds screened for HI antibody, 

in 97% of them the HI antibody was correlated with the 
I 

protection against challenge virus. It was only in~% 

of cases that the birds which had comparatively low 

leve Is of' HI an t ibody (40, 80 a.nd 160) died on the 4 to 

5th day after challenge. These were autopsied and 

Ranilchet disease waS ruled out. 

However, it may be mentioned that these birds 

could not possibly produce a high level of HI ant ibody 

due to intercurrent infec·tions. Unfortunately the serum 

samples from such birds were not screened for the presence 

of neutralising antibody which, however, could have explai .. 

ned the signi~icance of HI antibodies ~-~-Vi8 protectio~ 

at this level. The protection of HI antibody levels of 
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1: 10 was a1 so not notioed as the controls invariably 

sue cumbed to challe nga virus 4' 

~ositive HI reactions are always correlated with 

ability to withstand challenge tests. HI negative reac­

tions, unless accompanied by serum neutralisation tests 

or ohalle nge data, are fa.r leas meanin,gf'Ul because they 

mayor may not be associated with resistance to challenge 

and the presence of neutral ising antibody (Markham et ~. 

1954). 

Because of the signi£idanoe of the HI positive 

reaction, it might be assumed that a method o~ vaccination 

wh ich e1 ic its an increased HI titre is s uperi or to a 

method which fails to do so. 

To the extent that positive HI antibody levels 

are accompanied by protection, the findings in the present 

st udy are in agreement. 1'he data. also suvport that the 

vaccine virus viz. R2B strain of R.D. virus is capable o~ 

evoking a high degree of immu ne :respons e . 

NEUTRALISING ANTIBODIES 

Circulati ng ant i body is the bas is of immun ity 

against reinfection. The most direct and biologically 

sign ificant way of detect iug and roeasuri ng viral anti­

bodies is by the capacity of a serum to prevent or 

hinder the infect ivity of a virus preparat ion. 
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In the pr e sen t st ud ia s , 12 bat ch e s (1 24 t 0 135 ) 

of pooled Sera were subjected to neutralisation test by 

using constant serum plus varying dilution of virus. 

Normal sera were uSed as controls. SNI was calculated 

acoording to Reed and Muench (1938). Data are presented 

in table 8. The lowest neutralising index obtained was 

4.24 and the highest 6.30. Protection at both these levels 

was 100%. Thus it would be seen that serum neutral is iog 

antibodies are sufficient indicators of immune status of 

th e birds. 

The interrelationship of the HI and SN antibodies 

has also been studied in detail and ·the aVa ilable reports 

indicate that neither these two antibodies nor the mecha-

nism o~ their formation is the same. It has been estab-

1 ished that the SM ant ibod iss pers ist substant ially longer 

than HI antibodies (Brandly §~ .f!1.. 1947 and Hanson at gl. 

1950). It has bee n discussed by several workers (Luginbuhl 

and Jungherr, 1949; Zargar and Pomeroy, 1949; Doll at al. --
1950; Nilakantan eot a1. 1960b) that the HI response may 

differ according to the strain of virus used, the time of 

development, titre and its persistence, route of infection 

and other factors. However, this aspect haS not been 

studied in this treatise. The stress waS more on the 

responSe that the freeze dried Ran ikhet disease vaccine 

was able to elicit in the vaccinated birds through the 
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well established procedures of HI and SN tests, and 

evolving a simpler and rapid method for potency assay 

of the vaccine. 

pOTENCY ASSAY 

Various criteria have been suggested for the deter­

'mination and eva,l uat ion of: immunity including the intra­

dermal test (Wasserman and Yates, 1953; Yates ~ ~.1954). 

Lancaster (1962) discussed the use of HI test as a 

quant it at iva mea8ure of ilIltllune response. Doll at at. --
(1950a, 1950b, 19500); Hitchner and Reising (1953); 

Hamann (1958); Markham !i~. (1954), Raggi and Lee (1962) 

and Simmins and Baldwin (1963) emphas'ised that the HI 

response could not be compared directly wi th immune status 

as measured by challenge tests. On the other hand, 

Nilakantan 2i~. (1960b) observed that a HI response of 

1:20 was a dependable guide for probability of protection 

through challenge tests. 

The observations o£ Keeble and Wade (1963) and 

Raggi and Lee (1960) that SN antibody and HI antibody 

did not always develop or decline at the Saine rate follow­

ing vaccination, makes it imposs ible to regard as a single 

entity, the immune bod iss a.ssociated with HI, virus neutra­

lization and specific refractivity to infection (Erandly 

at £1. 1947; Hanson II £1. 1950 and Dardiri and Yates, ... 1962). 
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Nakamura ~~. (1956) did not observe 8Xly definite 

relationship between HI and SN tests and respiratory 

infection. However, SN test has been considered to portray 

a truer picture of the immun i ty than the HI test (Hi tchner 

and Reising, 1954). 

It there£ore follows from the work of the above 

authors that the criteria adopted for evaluating the immu­

nity engendered by Newcastle disease vaccines have been 

variable and thus a close relationship of all the results 

made d iff io u1 t • 

Bankowski and Cortsvat (1960) wel'e of the view that 

immunity in Newcastle disease was composed o£ many measura­

ble and unmeasurable factors. 

However, a.fter W3ighing the pros and cons of the 

problem, a better procedure f.or determining the immunity 

appe~rs to be to expose vaccinated and non-vaccinated 

chickens to virulent virus. This has been the view of 

Taylor (1953) and Bankowski and Cortsvet (1962). The 

or iter icn laid down for a posi t iva res ult be ing the a.bsence 

of mortality or sign of infection. 

In the light of these, 170 batches of freeze dried 

Ranikhet disease vaccine manufactured at the Indian 

Veterinary Research Institute, were assayed, 'through direct 

challenge ~est. The data of survivals after challenge and 
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the peroentages of protection indices have been presen­

ted in tables 10 to 15. 

The 8 ummary of' batches of VacC ine wh ich gave protec­

tion at dif~erent dilutions and at different percentages 

of protection in table 16 shows that 72 out of 77 batohes 

(9,.5%) at 1:400 dilution; 44 out of 46 batches (95.6%) at 

10-5 dilution; 163 out of 170 (95.8%) at 10-6 dilution, and 

70 out o~ 77 (nearly 91%) at 10-7 dilution, had a proteo­

tion level of 50% and above. 

Taking the dilutions o~ 10-6 and the protection of 

even 75% and above, the data works out to 82.3%. This 

dilution is being discussed in the light of recommendations 

of the Committee for Stan dardisation of Veterinary Biologi­

cal Products and also the sera that were employed for aSsay 

of HI and SN titres, ~aS from the birds that received 10-6 

dilution' of the vaccine. On the basis of 75% protection 

the titre works out to 10-6/1 mI. which consisted 1000,000 

infective units and in tho field dose it' works out to 5,000 

minimum infective units for a vaccinating dose which has a 

wide margin of Safety. 

The immune response through HI was very enco~rag1ng 

(tables 5 and 6). The immune HI ant ibody response an d the 

protection (table 6) have already been discussed aboveo 

The serum neutralizing index (SMI) of immune sera 

(table 8) was also quite good. The lo~est SNI waS 4.24 
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and the highest waS 6.30 wh ich corresponded to neutx'al i­

sation of 16,000 to 19,95000 LDSO units of the virus (4.2 

logs to 6.2 logs). Sakkubai (1960) reported 'that the 

immune serum gave a neutral ising index of 7.27. 

Beaoh (1944), Osteen and Anderson (1948) who em:ployed 

ch ickens and embryos :for SNT, reported that 1000 infecti va 

doses of virus were neutralised but they employed virulent 

virus. 

Absolute protection is generally not possible in, 

biological systems of assays due to individual variations 

and genetic make up (Cole and Hutt, 1961). The vaccinated 

birds during the challenge period develop a temporary 

viraemia (Hofstad, 1956; Gill ~ ~.1959) which may gain 

upper hand in case of birds having worms or some other 

stress factors. The low level of antibodies may not be 

sufficient to warrant protoction against virulent vir'us, 

and the birds may succumb. In the presen'G s·tudy the birds 

which died were subjected to careful autopsy and -the caUse 

ascertained as far as possible. In most of the caS~S 

heavy worm infestation and debility were the causeS. 

On such occasi om} where ·the birds di ad 3 to 5 days 

a.fter challenge, biological "test \'JaS pel'fOr'ioed. The 

results of ·the biologi cal tests proved that the birds 

which died after challenge in these cases, did not suffer 
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• from Ranikhet disease. This explains the discrepancies 

at certain dilutions of the vaccine in the potency test. 

Burnet and Ferry (1934) demonstrated the pathoge­

nicity of Newcastle disease virus to the chicken embryos. 

Chick embryo, besides providing a source for vaccine 

production, has been employed for assay purposes. ~his is 

all the more true of Ne~castle disease since the systems 

in both ca.ses (CE and chicken) is almost ide nt ical. 

British Veterina.ry Codex la.YS down tha.t the Newcastle 

disease vaccines (living) are standardised so that one dose 

for intramuscular or sllbcu'~uneous inoculat ion in the fi aId 

contains 1000 to 100,000 in~ective doses for the chick embryo. 

With a view -to evolve a simpler and ra_fJid method o:f a.ssay 

of the Ranikhe't disease vaccine it waS decided to 'titrate 

this vaccine in the developing chicken embryo. 

Be:fore this waS initiated, to get a preliminary 

idea about the correlation between embryo infecti va t itl"es 

and the protection through challenge tests and also to 

simulate identical conditions, the freeze dried vaccine was 

titrated in developing chick embryo and in the chicks which 

were used as a routine £or biologicfu assay. 

The results of parallel t it rat ions at dilutions of 

10-5 , 10-6 and 10-7 are presented in tables 17, 18, 19 

and 20. 
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The four batches, namely, 23, 24, 35 and 36 had 

eJll bryo infecti ve t i tree of 10 -6. 6 
t 10 -6.0, 10-6 • 5 and 

10-7 •3 with corresponding chicken titras of 10-7•5 , 10-7 •2, 

10 -7.3 and 10 -7., (tabl es 17 and 18). A reference to table 

12 would show that these batches had 100% protection at the 

highest dilution of 10 -7. Protection waS 75% and a.bove at 

dilution of 10-6 (batches 24, 35 and 36) while batch 23 gave 

66.6% protection at th is dilution. 

Reducing the figures to arithmetical units, the above 

batches of vaccine had 3981000; 1000000, 3162000 and 19950000 

embryo infective units which works out to 40 (39.81), 10, 31 

and 199 vacoinating doses based on 100,000 embryo infective 

units per vaccinating doss. 

The resul>tfJ obtained in experiment I were repea.ted 

in experiment II. Batches 50, 51 and 52 were titrated at 

10-6 and 10-7 dilution in both the systems. The titres 

obtained in chick embryos were 10-7 •3 , 10-6 •5 and 10-7 •5 , 

while the ti tres in chicks \-lorked out to 10-7 •5 , 10 -6.5 and 

10-6 .5 (tables 19 and 20). The protection waS absolute in 

the case of batch 50 while prot ecti on at 10-6 dilution of 

batch 51 was 751~. However in respect of batch 52, 75% 

protection \lJaS noted at higher dilutions i.e. 10-7 as 

compared to 25% at the next lower dilution i.e. 10-6 . 

This may be due to the skipping of dilution, commonly noted 

with viruses (table 13). 
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Encouraged by the results of "I;he two experiments 

discussed in the preceding pages, 22 batches (107 to 121 

and 168 to 170) of freeze dried Ranikhet Disease vaccine 

were assaYed in the chick embryos and their results pre­

sented in table 4 would show that the titres varied from 

,10-5 •60 to 10-7 •75 which corresponds to 4 and 562 vacci­

nating doses. As per the standards laid down by the 

Brit ish Veterinary Codex, th is is qui ~e satisfactory and 

the results of chick embryo titration could be relied upon 

as a method for the assay of freeze dried Ranikhet disease 

vacc ine. The :protectiq,n afforded by these batches was also 
, ': 

high (table 15). 

In the light of the findings presented in this disser­

tation and the experience of previous workers it is clear 

that the embryo infectivity test which bears a close relation-

ship wi"th the immunizing efficit..>ncy of the vaccine can be 

dep end ad upon as a su i tabl e subst i tut e fol' the direct . 

challenge test. 

~'lroLU the results of freezing and thawing of llanikhet 

disease viru s presented in ta.ble 23, it ¥lould be observe d 

that there was no delet~rious effect in the immunising 

effi ciency of 'the vacci ne virus, even when t;he storage 

period \'JaS upto 107 days at -10°0. This would facilitate 
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storing of liquid vaccine in times of scarcity of freeze 

drying ampoules or any other mechanical breakdown. 

From the 0 bservat ions on dry ing c;j'cl as pres ent ed 

in tables 21 and 22, it would be observed that the huge 

quantit ies of Ran ikhet disease vaccine :prepared a.t this 

Institute was dried in a thoroughly convinoing manner. 

The ampoules were finally ·sealed under a pressure of 

0.05 to O~01 mm. o~ mercury. 



CONCLUSIONS AND SUMMARY 
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CONCLUSIONS 

In the present studies the sequence o£ development 

of the infective part icle and the haemagglut inins in the 

embryonic tissues during the growth of the virus was 

followed. It has be':)n found that infect ive un its appear 

after 6 hours of incubation while the haemagglutinins 

appear at 18 hour (tables 1 and 2). 

Th,ese observations support the findings o:f Bang 

(1948), Hill (1957) and Sakkubai (1960). 

Within the limits of observations presented it 

appears that an embryo infeotivi'ty titre of 10-5 •20 is 

necessary for the detection of haemagglutinins (table 3). 

The observation recorded by Sakkubai (loc. ~11.) 

and Negi (1963), the,t at certain stage of mult iplication 

of virus the infectivity titre becomes stationary while 

a rise in HA titre is noted, hRS been corroborated in the 

present study. Th is may be due to the fact that at a 

certain stage the virus multiplication slows down and 

death of the already fOl'med virus particles occurs, resul­

ting in a stationary infectivity titre. The increase in 

HA titre on the other hand can be attributed to the sum 

total of reaction of both viable and non-viable virus 

particles 0 
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The immune response of chicks to the freetze dried 

Ranikhet (Newoastle) disease vaccine ~aS measured through 

haemagglut inat ion inh ib it ion and sa rum neutral isa,tion 

-tests. It has been fou nd that the freeze dr iad va.ocine 

induced a good degree o£ HI antibody 14 days after experi­

mental infection. The group average titres varied between 

640 and 2266. The correl~tion between HI antibody and the 

protection observed through challenge test has been quite 

satisfactory (table 6). 

Serum neutral is ing indi caB of 12 batches of pooled 

Sera varied from 4.24 to 6.30. Frotection in all these 

batches has been cent per cent except in one case 

(tables 8 and 15). 

The vaccine could be conveniently titrated in the 

developing chicken embryo and the results reveal a good 

oorrelation with the protection af~orded through chall€nge 

tests (tables 4, 12, 13 and 15). In view ·of these findings 

th e assay of the Ranikhet Dise 8.Be vaccine can be safely 

depended upon by employing chick embryo titration which 

is more economical and qu icker than the ch8.l1enge test 

in birds. 
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SUMMARY 

The literature on the properties of the aetiological 

agent of Ranikhet (Newcastle) disease of :fowls with special 

reference to serological reaotions and the various biolo­

gicals used for its control has been reviewed. 

The detection of infective virus particles and the 

development of haemagglutinins during the growth cycle 

o£ the virus in the developing chicken embI~o have been 

studied in this treatise. 

The serological response of the birds to the freeze 

dried Ranikhet disease vaccine through haemagglutination­

inhibition and serum neutralisation tests have bean recor­

ded in these at udies • 

The potency test results of' 170 batches of freeze 

dried Ranikhet disease vaccine have been analysed. 

The possibility of utilising the embryo infectivity 

as a substitute for expensive and time consuming potency 

test in birds has been studied. The results reveal a. good 

correla:t;ion between the embryo infectivi-ty titre of the 

vaccine and its immunising efficiency. 
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