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INTRODUCTION




INTRODUCTION

Viruses are the smallest biological units which'clearly
mgnifest gll the essentigl characteristics of life and wmany
are known to be built up of nucleic acid and protein. With
an uninterrupted succession of important discoveries leading
to the development of new biochemical techniques useful in
understanding the problems of virqlogy, viruses have become
the ﬁaterial "par excellence" for fuandamental study (Burnet
and Stanley, 1959). Research work on nucleic¢ acid indicates
that the nucleic acid structures contain the codes for the
fabrication of every individual of every species. Virology
has become an important and fascinating fisld of science in
which the geneticist, cell physiologist and the biochemist
have found, in the ground ploughed by the pathologist, g
fertile soil for new approsches to fundgnental probleus of
cell function and organisation,

With the invention of electron microscope and wodern
Tissue culture techuigues, rapid strides have been mgde in
the understanding of the nature of the infective particles
of animal viruses including their biological properties.

The researches have been fruitful in understanding the
'virus=host cell!' relationship as well.

One of the most extensively studied members of the

"myxo!' group of viruses is the Rgnikhet Disease wvirus

(RDV) which is gl180 known as Newcastle disease virus (NDV).



It'exhibits g host of physico-chemicgl properties, some of
which, 1t shares Qith influenza agnd mumps viruses. from

the time the NewcasStle disease virus wasS isolated and iéen-
tified (Doyle, 1927) considerable smount of work has accumu-
- lgted on various fundauwental aspects of the virus includiag
evolution of mesogenic and lentogeanic strains of virus,

. The dewonstration by Burnet (1942) that NDV exhibits
the so~-called 'Hirst phenomenon' was followed by a series of
interesting observations in techniical virology resulting in
its being recognised as a dependable tool uot only in identi-~
fying the virus but also as a convenient megns of studying
the virus-host cell intergction. Secondly, the phenomenon of
haemolysis (Kilhaw, 1949) which NDV shares with mumps virus
has also provided a means of identificstion, in addlition to
i1ts providing a clue to the possible relatiouship between
the two viruses. The interesting observation that viruses
- of myxo virus group which get adsorbed t0 red cells elute
with simultaneous destruction of receptors, has now been
universally recognised and that the destruction of receptor
18 a preliminary step for entry ianto the cell.

Re v, Y- . R ST LN
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A very ggfygqéent hosﬁwﬁgr,the experimental study of
virus infection introduced in 1931 by Woodruff gnd
Goodpasture opened a new ers in the study of animal viruses
for both theoretical and practical purposes. The adaptation

of NDV 10 the developling chick eubryo has uade the study of



the behgviour and growith cycle of the virus easy in the
tissues of the embryo. The role played by the living

embryo and its fluids in briunging about attenuation of a
virulent virus without impairing its gatigenic properties
cennot be explained with precision. However, it would appesr
that the virus asdapts itself Lo suxvive and propagate under g
changed enviroumental condition ianvolving physio-cheuwical
reactions resulting in a mutant., Wenner et al. (1950} have
made extensive studies aboult the appearance of differeant
antigens in embryonic and extras embryonic fluids.

It 18 probably true that no species of farw animals is
afflicted with such a host.of respiratory diseases as pouliry.
Among the maladies agffecting poultry the Ranikhet disease (RD)
stands foremost by virtue of its high virulence and communica-
biiity, A decade ago it was the largest single factor causing
heavy losses in poultry snd was o serious wenace to the pouliry
industry. But in recent years, the disease has bsen brought
well under control. Despite wants gtteupts to control if unoi
eradicate the disaase completely, RD still rewsins a crucial
problew and stands forewost auong the preventable diseases of
poultry. Ia recent years, the ¢isesse has galned public heaglth
importance since it has been found to cause conjuncti§itis
among metl handling infected birds or zmong laboratory workers
(Burnet, 194%; Howitt et sl. 1948; Keeney and Huater, 1950;

Pomeroy, 1951; Lippman, 1952 and Hanson and Brandly, 19%8),



The enormous increase in poultry population throughout the
world has focussed attention on it as a reservoir of
disegse both in man and animgls.

In India, control of this disease has'been mostly
throggh vaccination and at present freeze dried egg adapted
vaccine is manufactured by most biological products centres.
This unaturally dewmands that the vacciune produced for this
pﬁrpose, should conform to high standards of safety and
potency. At present the vaccine is staundardised through
active protection test in bird wvwhich is both expensive and
time consuming. The present treatise is a compilgtion of
the author's observations on the titration of the vaccine
virus in the deyeloping chickaﬁ enbryo and its possible
corfelation with the protection afforded in fowls; as well
as the serological respouse the vaccine virus evokes in the
vacecinated birds. As an adjunét, growth curve of the virus
in the developing chick embryo and the appearance of haemgg-

glutinins has also been studied.
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REVIEW OF LITERATURE

Ranikhet Gisegse of fowls is a serious and g highly
comﬁunicable virus disease affecting birds of all ages and
attacking respiratory and neryous systems. Ever since the
disease was recognised tremendous volume of work has been
done on various aspects of the disense and its causal agent
and therefore an exhaustive review in a treatise like this
is not possible. The work hgs therefore beeun reviewad on
aspects which have a bearing on the problem under study.

The nyxo group of viruses to which the RDV also belongs,
includes two classical influenza viruses types A and B, wumps
and a growing list of minor reSpirafory pathogens of man as
well as the other classical avian viruses. “The unique contri-
bution that has emerged out of the study of this group of
viruses is the virus host cell ianteraction. All react with
mucoproteins on the cell surface and in solution under appro-
priate conditions and carry an enzyuwe capable of splitting
neurgainic acid or releted components frow the reactive
mucoproteins. The nucleic acld content is low and wholly

RNA. All have size of about 100 willimicrons.

PROPERTIES OF DHE VIRUS

Shape and sigze

Ranikhet disease which is also known in the yest as

llewcastle disegse was first described by Doyle in 1927 and



shown by him to be due to g filterable agent. The sige
of the parasite was estimated at 80-120 willimicrouns by
Burnet and Ferry (1934) using collodiol membranes.

Unstained and unshadowed prepargtions were examined
in the electron microscope by Bang (1946, 1947, 1948), Cunha
et 8l. (1947) and ¥lford et al. (1947) who described spheri-
cal, Tilamentous and tadpole-shaped structures. Laker, |
Schafer and Rott (1959) showed a rod-like internal component.
Further clarification of the structure using the negative
staining technigue was made by Horne and Waterson (1960).

Bang (1947) reporfed that in saline, fthe virus parti-
cles were filamentous, whereas they were rvound in waber and
chorio-gllantoic fluid. ‘

Blford et gl. (1948) and Bang (1948) reported the
average digmeter value of RDV to be 150-190 wmilliuwicrons.
Dongld and Issacs (1954) estimated that 10 particles of
virus were needed for one ID50 in chick embryos. The
particles changed theor form in solutions of higher concen-
tration, without loss iun iafectivity.

Granoff and Henle (1954) reported that the gllantoic
fluid and the allantoic menbranes showed two cowponents of
the virus vig. 'L' and '8'; the 'L' component being large
complete, infective and possessed haemngglutinating and
hasmolytic activities yhile the 'S' was small, non-infective,
hoemagglut inating but did not exhibit haemolytic properties.
Wadel and Eisenstark (1955) have reported that during growth



cycle of the virus in developing chick embryos iﬁ passsegd
through a stage of "iucomplete virus",

Waterson and Cruickshank (196%) reported that diffe-
rent strains of WDV showed minor varigtions in a standard

basic gtructure.

Haemagglutingtion

The affinity of virus to erythrocytes was first detec—
ted by Doer and Gold (193%32) who observed that most of the
virus in fowls affecled with fowl plague virus was attached
to red cells and that repeated washings released the virus,

Hirst (1941) andl ¥cClelland and Hare in the same year
independen tly reported'that chick red cells were aggluting-
ted by fluids £from chick embryos infected with various
strains of influenzg virus.

Subsequently, Buranet (1942} showed that NDV possessed
the Same property of agglutination of fowl erythrocytes as
the influenza virus. The phenoﬁenon was extended to fowl
plague (Lush, 1943), and mumps virus (Levens and Bnders,1945),

The common property of these viruses to agglutinate red
cells by adsorbingjkhe mucin like material on the cell surface
was8 used to define the group myxo virus to provide its nawme

(Andrewes et al. 1955).

MNL group agglutinate +the cells of chicken, man and
guinea-pig. Many other species provide cells agglutinable

by sowe strains of virus but the type of agglutination varies.



Comparative studies have been wmade in this regard by Clark
and Nagler (1943), Chu (194Ba), Sakkubar (1960). HDV has

an unusual raunge of susceptible cells and the wost susceptiblé
species were cow, horse, sheep and fowls (Winslow et al.

1950). Sakkubai (loc. cit.) observed that different strains

of NDV varied in their capacity to agglutinate cells of

various species of animgls and birds. A differeuce was also

noted in the eluting capacity. This author further reported

o zonhe phenomenon in case of cells of bull, cow, sSheep and

goat. Hgemagglutinating viruses have been classified g8 under:-

1. MNT group in whiéh the virus particle itself is the
haemagglutinin and also carries an enzyme (neursminidase)
which allows elution of virus with destruction of red
cell receptors.

2. Viruses in which the virus particle is believed to be
the haeumagglutinin but which possess no eluting eazyme
and produce no destruction of cell receptora (aArbor,

EMC, GD VII and pneuwonia virus of wmice).

3, Viruses which, during growth in suitable cells produce
a hacmagglutinin thgt is separate frow the virus
particle (pox group snd some strains of Psittacosis
and relgted viruses).

It is assumed that the haemagglutinagtion is due to
mechapical bridging of one or more red cells by virus paxrti-

cle which simultaneously adsorb to each red cell. Following



two hypotheses have been put forward to explain the virus
adsorption to the red cells (Anderson, 1959).

Hypothesis of physical adsorptions:- Ia this theory
g clear distinction is wade between adsorption of virus and
subsequent engzyuatic reaction. The red cell receplor is
considered to be an area larger than the virus perticles
and o countain a large number of mucoid groupings. The gctive
groups of the virus enzyme might form only a limited portion
of the virus surface (Anderson, 1947).

It is assumed thoalt after adsorption, the virus becones
orientated so that the enzyme reacts with mucoid substrate in
the vicinity - and each time one substrate grouping is enzy-
mabtically sltered, the local atliractive forces between virus
and red cells are diminished. When a sufficieut proportion
of groupings in the vicinity has been altered, the virus
particle is helieved to roll or slide to an adjaceant portion
of the receptor area or to a nearby receptor arsa. This
phenomenon has besn termed "browsing®. when surridient red
cell receptor areas huve becn browsed over bLhis way, the
virus leaves the red cell.

Hypothesis of enzywe substrate gtitraction:t- Ia this
hypothesis the union of virus wnd recepitor is due primarily
to the union between the functional group of virus enzyme
and the substrate group in the receptor wucoid (Hirst, 1942b;

Chu, 1948b; Burnet, 1948, 1951; Burnet and Lind, 19%0),
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Receptor gradient:~ After complete elution of virus

the red cells ars no louger agglutingted by tne eluted virus
and are sagid to be stable. Cells stabilised by virus are

not agglutinated by fresh supplies of the sgme strgin (Hirst
1942bs; Burnet et al. 1945). They may, however, be aggluti-
nated by some other strains of Ml group. Any series of
strains can be arranged in a linear order, called s receptor
gradienf (Burnet et al. 1946), so that when red cells are
stabilised by one strain, they are not susceptiblé to agglu-
tination by any virus esrlier in the gradient but are agglu-
tinated by every strain later in the gradient. In the recep-
tor gradient order mumps is first ahd is followed by WDV and
varioué strains of influenza viruses, MiL, WS, Lad, BRL, MIL,

and swine. The order is same for both human and fowl cells.

Bffect of Physical and Chemical Agents

A great variety of treatuents and agents are known to
inactivate viruses mnd during inactivation, the individual bioclo-
gical activity of the virus teuds to disappear ons after the
other. Different environusnbal agents way inactivale virus
particles in a variety of ways, by suppressing one or more of
their activities, but the wost importaut and generally, the
most sensitive property ol the virus particle involved is
‘infectivity!'.

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

others cited by Beaudette (1943) indicated a substantial

b
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survival capacity of the virus outside the living body
(Doyle, 1933; Asplin, 1949).

Moses et gl. (1947) found that the WDV was quite stable
at compargtively wide pH range. After one hour's exposure at
pH values of 2-12, the virus remained uwnaffected.

Farines (1930) observed thast the virus was ingct ivated
in 30 minutes at 55°C and asbove, but remained infective éﬁ
50°Cs at 37°C it was active after 24 but not 72 hours. Iyer
(1943) reported that the WDV was killed by heating to 50°C
or higher. Brandly et al. (1946b) observed that the infecti-
vity was lost after 30 minutes at 50° or within 45 minutes at
559C . |

Asplin (1949) found virus infected £luid active after 45
minutes but not after 60 minutes at 50°. “{he thermal death
point of the virus was obscrved +0 be between 8% and 649C
after a 30 minutes exposure (Bushnell aod Srwin, 1950).

Burnet ard Ferry (1934) observed thut photodynasic action
of methylene blue was fouud to be rapid and so was destruction
by infra red rays.

Brondly et gl. (1946a) observed that exposure of the
virus fluid to shorter ultraviolet rays (1600-1800A°) ingcti-
vated strain of NDV in 0.8 to 1.038 seconds. Sinhg and Duttg
(1950) reported that exposure to ultraviolet rays for 1-6
minutes did not inactivate the virus but by an exposure of-

- 6-8 minutes, the virus lost its antigenicity and infectivity.,



Beamer et al. (1950) reported that fumigation of
lncubators was found to be lethal for the virus.

Brandly et al. (1946b), Beaudette et al. (19438) and
Thompson and Osteen (1943) reported that antibiotics like
penicillin agnd streptomycin did not have any effect on virus.

The dehydrgting and preserving effects of glycerine
solution on the virus, especially in pleces of larger {issues
were demonstrated by several workers (Hudson, 1937; Brandly
et al. 1946b).

Chu (1948Db) noted a progressive 10ss of infectivity of
¥DV along with parallel destruction of haemagylutinin acti-
vity when exposed to 54°-58°C for 15 minutes. He glso found
that 0.05% formalin rapidly inactivated NDV without impairing
its haewagglutivating activity whereas higher concentration
(0.5%) produced a sloy destruction or the viral haemagglutinin.

Ultravioleﬁ irradiation of NDV brought about a rapid
decrease of infectivity but only a slow destruction of the
property oF haemagglutination (Ataznasiu and Sout Patuleig
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 other properties in the order;
toxicity, ability to interfere, ability to immunize, ability

to elute, haemggglutinin and complement Lfixing antigens.
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SEROLGGICAT. RwACTIONS

Haemagelutination-inhibition

In Wewcastle disease virus the inhibition of clumping
of red cells by specific immuns sera was first demomstrated
by Buraet (1942) and Lush (1943). “The specific H.L. antibody
ig stable at 62 % for 30 winutes aud is not destroyed by
incubation with Reggtor Vestroying EBuzyme (RDE) or woderate
concentrgtions of Periodabte~ion. Union between virus and
antibody 1S reversible during a short period aftier mixing
(Burnet et gl. 1945; Issacs, 1948).

Besides the specific immune Sera, there are certain
non-specific thermol abile factors in the blood, tissues and
body fluids which inhibit viral haemggglutinin end sometimes
infectivity. Hirst (1942a, 1943%) and icCrem (1946) described
a factor in normal ferret Serum and in ground ferret lung
which inhibited haemagglutivation by the influenza virus.
Beveridge and Lind (1946) found in the allantoic fluid and
yolk sac suspensions, a non-Specific inhibitor for wumps
virus. Polysaccharide of K;ebsiella_pneumonia Type 2 had
2180 been dewonstrated to have similor property (Giusberg et
al. 1948). ‘he non-specific inhibitors are known as "Chu
inhibitors”. DBurnet et al. (1946) and vcCrea (loc.cit.)
showed that the inhibitors are therwolabile the range heing
500~62°%C. tucoids also inhibit viral hacuggglutinia.

veCrea (1948) demon strated the presence of mucoid inhibitors
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in the maumalign sers, Gottschalk and Lind (194Y) in the

egg white (ovomucin}), Aanderson (1Y48) in tears, Francis

and Minuse (1948) "in saliva and Taw and Horsfall (1952) in
urine and other mucinous secretions. The wucoid inhibitor
had 1ittle action agalnst active virus but strongly inhibited
haemausglutination by indicator virugs. The inhibitory power
is destroyed by the engyme of the active virus, RDA
(Anderson, 1948},

Haemagglutingtion inhibition (HI) test using the immuae
or infected serum has been considered to be more sgtisfactory
for routine diagnosis than po st-morten examination in case of
Newcastle disegse (Puteanus, 195%; Nitzschke and Venske, 1956},
Osten and Anderson (1948) considered HI and Serum neubtrglisa-
tion tests to be of equal value for diagnostic purpose. HI
test has been found to be satisfuctory when orgatn or Lissue
extract or blood clots frowm the dead birds were used
(Mitscherlich and Gurturk, 195%; Woerale and 5ieguann, 1954;
Nitzschke and Venske, 1956) or egg yolk {Schmittle and Milloun,
1948; Bornstein et al. 1952).

Zargar and Pomaroy (1949) described a rapid HI plate
test in which one loopful of whole blood from the wing vein
of infected fowl was taken and mixed with ND antigen on a
gléss plate. Iuginbuhl and Jungherr (1949) reported g similar
plate HI test, but they took serum insteamd of whole blood.

Asplin et al. (1952) reported that a proportion of

chickens exposed to Ranikhet and other infections simultaneously
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remained negative to HI test. Hofstad (1991) showed that
demons8table level of antibody was reached usuglly 5-10
days after infection with ND. Fabricant (1950) reported
that the antibody could be detected 2 days after the first
respiratory symptoms appeared.

There‘are two procedures that have been described

for HI test:

Alpha procedure: in which serial two~fold dilution of

the virus suspension is made and it is mixed with equal voluume
of serum t0 be tested (Anon. 1946; Fabricant, 1949).

Beta procedure: 1u which serial dilution of the serum

is made and mixed with a constant auwount of virus dilution
contalning a known number of HA units (Gentry, 1957; Chu,1960).
A comparison of the two procedures has been made by

Brandly et al.(1947).

Serum neutralisation test

1t has been considered that the sntibodies associated
with HI and serum neutralisation tests do not appear to be
the sgme and s0 also the mechanisms of the two reactions
(Brandly et sl. 1947; Beach, 1948; and Hanson et g;.1950).
It was observed that the serum neutralisation titre (SNW)
persisted generally for longer periods than the HI titre

(Hanson gt al. loc.cit.). Rubin and Franklin (1957) noted

that only one antibody molecule was required to inactivate

ohe virus particle. Sakkubai (1960) noted that in SN. test,
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the sers gave higher neutraslising titre agalust homologous
strgins than agsinst the heterologous strains. 7Tissue

culture technique was used by Crowther (1963) to study the
neutralising activity of the NT serum and virus. Ginsberg

and Horsfall (1949) reported that a labile component present
in the serum of human beings, guluen-pig and rabbits neutra-
lised the ianfectivity of wumps, ND and influevzg A and B
virises and these labile components of the sera and also

the sera of mouse inhibited HA of chick RBC by these viruses,
Howitt et al. (1948) has also reported the preseuce of neutra-

lising antibodies for WD virus in human sera.

CONTROL MigASURES

Right from ahcient times man's chief interest in epi-
\;odtioidégxbf diseases has been economic and councerned with
fhe'deVelOPment of sutisfactory means for controlling disease
outbresks in valuable livestock. Man has one of two ends in
view when he purposefully spreads viral agents; elther he
wants thew to serve as uwass iuwmunising agents or as wmeagus
for the mass slaughter of unwauted animal populatiom. The
practice of immunzing aniualpopulgtions by planned infectious
was more common in the period before good methods for prepg-
ring effective vaccines were know. For instance, the
practice of aphthismtion in many furopean countries. Probsbly

the most successful epizootic for the destruction of an
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unvanted animal population was that in Australia for the
purpose of ridding that Islgnd of its bhillioas of destruc-—
tive rabbits. The agent used was the rabbit myxoma virus,

In combating Newcastle disease, considerstions are
given to the different situations that prevail in various
countries or in aresas within those countries. In areas where
Newcastle disease is non-existent definite precaution in the
form of quarantine is taken to prevent its introduction.
Disense outbreaks that appear suspicious or resemble Hewcastle
disease should be properly checked for g definite diggnosis
of the disease and the birds destroyed and properly disposed
of. Recent episodes of Wewcastle disegse ila various countries
have revealed the importauce ol sbrict vigilance and effective
regulatory measures for its eradication.

In areas where complete eragdication appears iwpossible
because of economlic and other reasons an iuwsunizgtion progoamue
has proved satisfactory in the prevention of the disesse.
beveral types of vaccines have been recommeanded but o re recent
reports reveal that killed vaccines produce an immunity of a
variagble and low order and that chickens vaccinated in an
engootic area are likely to contract the disesse. Iu suclh
aregs, the live modifisd virus vacclues are regarded as more

effective biological tools.

The viewsof profounders of dead ian preference to live
vaccines may be summarised as:- A dead vaccine caused little

or no stress to the birds, cannot initiagte infection and
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couse less interference with the laboratory diagnostic tests.
Thé vaccine is also unable to stimulate a satisfactory res-
ponse in chicks younger than 2-% weecks of age. Agaiunst

these features is the fact that the vaccine hzs to be adminis~
tered individusally which adds to the labour and cost of
vaccination, The individual inoculation of dead vaccine,
however, way not aggravate existing respiratory infectiouns

or precipitate an outbreak of chronic respiratory discase
(CrD) which often way follow the use of even a - wodified
vaccine given in drinking waber or used as aerosol spray.
Broiler growers particulaxly are apprehensive of infection
during the first three weeks and emaj wish 10 vaccingte their
chicks at birth, but it is unlikely that the iwmuune response
abt this age would be sufficient to protect the chicks against
their normal growing period of 10 weeks. Immune hens, however,
transmit a passive imuunity to thelr progeuy which may last
upto 21 days after hatching so that 28 more and more breediung
birds are rendered immune by vaccingtion, more and wore chicks
will be protected during this early period and fhe necessity
for vaccination before 3 weasks of age will cease.

The fears expressed by sowe workers thut the live
vaccine mnay exalt in viruleace during the course of time due
t0 the passage through susceptible hosts have been anaulled
with the increasing understanding of the biology of the

viruses. In woderu tiwmes it has always been the practice
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to employ live vaccines for the control diseasses of viral
origin. A list of Jdiseases for which live vaccines have
beea evolved and exteusively employed in animpls is presen-

ted belows

Vaccines used in prevention of virus

»iﬁg infsction of aniwals
S1.N0. Disepgss Source of vacclne
1 African horse sickness Mouse brgln
2 Distenper of dogs Avianised
3 Powl pox Chick enbryo propagated
4 Hog cholers Lapilnised virus
5 Newcastle disesse (1) Ghick embryo attenuated
(ii) Vatural mutant
6 Rabies Avianised (Flury)
f Rinderpest Goat adapted
Lapinised
Iapinised avianised
8 Svwine fever Lapinised
9 oot and douth Avianised

disegs Y '
sease Mouse adspted

Cell culture

Bufnet in his lectures to Sydeaham University observed
that an ideal living modified vaccine should be safe and relia-
ble when gdmninistered in the proper manner aud by the proper
route; i.e. 1t should not induce fatal infections in suscep-

tible 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
concelivable gain in virulence or pathogenicity, it should

be adequately tested and at all times proved free frouw
potentiaglly pathogenic viruses, ricketsiae or bascteriuw even
under remote conditious =and should coutaln sufficiént ginount

of antigen 80 as to cause immunizing infection as it is known
that the live virus has to multiply in the tissues of the

host to bring about this effect and it is, therefore, unecessary
that it should contauin large number of infective particles. '‘he
optimal range ox virus concentration should be quantitatively
deternined in each lot a8 ninlwmal doses may sensitise and not
impunise, thus causing harm to the host 0 subsequent exposure
of the same virug. A qualitative and a quantitative assay
should be conducted periodicglly 10 ensure g certaln degree of
inVasiveness to cause sub-clinical infection end zuarantee
iomunitys; thus the virus should be so abttenuated as to be
innocuous but should not be allowed to‘get over attenusted so
a8 to lose immunogenic potency. It should be stable i.e. its
iwmunising property should remain unimpaired over long periods
of time under adverse conditiouns of light, tempersture, mois-
ture and travel, 1t should be prepared in a practical way, not
too expeusive so that it can be had by those who need it.
According to Burnet these specificatiouns should be wmet with
both by research scieutists and production worksrs to make it a

marketable vaccine of good reputation.
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Both types of vaccines that have beea employed for
the control ofFf Newcastle disease frowm tiwme to time hgve

been reviewed briefly in this treatise.

INACTIVATED VACCINES

Before actually the live vaccines against Ranikhet
disease came into existerice, the use of inmctivated vaccines
has been reported from all over the world with varying results.
In some countries even now luactivated vaccines are being
employed on g large Scale for lumunization, even though
efficient modified stralns oy strains of low virulence are
avallable.

[nactivation by Physical Agents:- Doyle (1927),

Haddow and Idnani (1941) tried heat inactivated vaccines with
varying results. Dutcher et al. (1960) reported inactivation
of the WD virus at higher temperature Lor g shorter period
without much loss in its antigenic factor.

ot much success was obtained with the use of ultrg-

violet irradiated vaccine (Brandly et al. 19462)

Inactivalbion by Chemical Agents:-~ The use of formalin

for inactivétion of MD virus has been reported by the early
workers (Doyle, 1927; Nakanurs et al. 1937; Haddow and Idnani,
19415 Beach, 1948). Brandly et al. (1946@), Adler et al.
(1951), Kaschula (1952), Dardiri and Yates {1962) sugpested
vaccluation with formalised vivus followed by live virus

within two weeks to produce sabtisfaoctory resulis.
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Haddow and Idnani (1941) could uot get uniform
results with Torwalised 8D virus adsorbed on gluminium
gel, whereas Coronel (1947) and Wakawura et al. (1956)
cousidered it to be an effective immunising vaccine.
Schoening et al. (1949) reported use of liquid paraffia
and lanolin to be a better adjuvant in couparison to the
aluminivum gel.

Mitchell and Walker (19%1, 1952) emulsified the
ND vimus in falba and wmiuersl oil. Wineby per cent of
the birds vaccinated with this vaccine were solidly iwmuwune
even after 6 wmonths.

Inactivation of WD virus wrth crystal violet was
of not wmuch use, since the results with this product were
irregular and unsatisfactory (Iyer and Dobson 19415 Iyer,
19433 Thompson and Osteen, 19523 Van Wavern, 1955), but
incorporgtion of ethanol glycol to crystazl violet treated
NDV could engender a durable imuunity lasting at least 12
aonths (Doyle and wWright, 1950}.

Use of Bela-propiolpctone (BPL) for inactivation of
viral agents was reported for the first tiwe by Logrippo
and Hartman (1955) and its successful application in concen-
trations varying from 0.0% to 0.03% for various virus inmcbi-
vations. Togrippo (1959) reported that double inactivation
with BPL and irradiation had better effeect on the viruses of
rables and eucephalomyelitis; and also tpiliug effect of

BPL is diminished by the irradiation.
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Mack and Chotisen (1395), Gill et al. (1999),
Piercey et gl. (1962) tried LPL inactivation of wDV,
which alone or with adjuvents gave solid immunity to
birds. Revaccination iuncreased the degree of protection
(Sullivan et g;. 19585 Gill et al. 1959). The birds
withstooad challenge infection after 17 weeks (Simmins and
Baldwin, 1963%), 20 weeks (Gill et al. 1999}, 52 weeks
(Garside, 1962). Day-old chicks vaccinated with BPL inacti-
vated vaccine adsorbed on aluminium gel were immune for 9-12
weeks. Keeble and Coid (1962) did not observe any physioleo~
gical impairement in these. Iun older birds there was not any
bsignificant decrease in egg production unor any untowsrd
symyptoms (Cooper, 1963). Leeble and Wade (19Y6%) studied the
attibody respouse in chicks hatched out of‘ﬁhe esgs of iwmwune
birds with BPL inactivated UDV. Keeble et al. (1963) advo-
cated vaccination of such chicks at 3 weeks oFf age with el

rather than at one day of age.

LIV VACCI 5

Mesogenic strains

Burnet and Ferry (1934) demoustrated the pathogenicity
of Newcaslle disease virus to the developing chicken eibryos.,
The first successful modification of Fewcastle virus

Hertfordshire strain, by serial passage in embryonating eggs
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was reported by Iyer and Dobson (1240). After 33 egg passa-
ges iun one series aud 14 in gnother, the virus was virtually
apathogenic for chickens, yet produced an imwunity adequate

B m.l.ds. of virus 14 to 17 days later.

10 protect agaiunst 10
They furthér reported that inoculgtion of gnother bird with
the spleen taken from g chicken sgerificed five days after
injection with 418t egg passage virus was likevise nonpathogenic,
Chicken under 83 weeks of age were reported to be very
suscentible (Iyer and Dobson, 1940; Schnelder, 1954). The
vaccine was reported o be safe for chickeus over 12 weeks
old (Schneider, loc.cit.).
The duration of imwunity has been reported to be 3 to
5 months (Gualandi, 1951; iazzarchio snd Orfei, 1954) and a
year (Teklinska, 1951).
Some cases of parslysis have been reported (Salyi and
Hodosy, 1952 and Mazzarchio and Orfei (loc.cit.). Pagnini
(1954) reported a severe drop in eyy production following

the use of this wvacclue.

.....

“HMukiteswar virus

The work of lyex and Dobson (1Y40) opened the way of
evolving an egg propagated aud modified virus vaccine for
the protection of poultry. Since then concerted efforts
wore made abt the Indian Veberinary Research Institute,

Muktesyar to agdopt an Indian strain of Ranikhet (Vewcastle)
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disease virus. A particular Iadian strain of virus which
was observed by Iyer and Hashmi (1945) to produce 45 per cent
mortality at the Y2nd serial egr passage, was found to have
becowe Satisfactorily attenusted »t the 119%th passage
(Haddow and Idnani, 1946). The latter workers used this
strain of aftenuated virus between 115th and 120th egg
passage for immunising thousands of poultry during the late
part of second world war with encoursging results. Continuous
gerial passage of the virus in eggs was not accompanied by
loss in antigenicity (Thanda, 19545-. This strain has been
designated as RQB.

The vaccine was reported to induce a severe regction
in young chicks gud some mortality (Haddow and Iduani, 1946;
Gupta and Rao, 195Y9) which wmay reach 30% (kao and Aggarwal,
1960) and a}so puralysis (Daubney and viansi, 1948) in about
2% of the birds. |

Dhanda et al. (1992 observed thut the chickens of
six weeks of age tolerated the vaccine well although morta-
lity décurred whi;h varied from 1 t0 3% per cent (Generoso
and rendoza, 1950); to 6 per ceut (Heddow and Idnani, 1946);
o 16 per cent (Van Wavertn and Zuidjam, 1953).

Like other wesogenic virus vaccine strains, the Mukteswar
virus caused a wmarked reduction in egg production lasting 1 to

3 weeks (Hadidow and Idnani, loc. cit.), %o 6 weeks (Memo, 1955 ).

During this period egg production way decrease by 10 to 169
(Agcanas and Rigor, 1951), even 60% (Dixit, 1950).
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Nandi (195%) reported selactive pathogenicity of
the vaccine to White Leghoru chickens.

Tmmunity trials with this vaccine revegled soliad
protectiion against challenge virus for 9 to 15 months
(Haddow and Idnani, 1946; Daubney aud dansi, log.cit.,
Cakalowa et al., 19%55). Seebtharaman (19Y51) reported imau-
nity period for % to 4 yeers. This was confirmed by
Nilakontan et gl. (1960b). On the othsr hand, Bornstein
et al. (1949) were of the opinion that the iwmunity produ-
ced by the tukbteswar strain éidhnot Lest for wore than a
year.

Filakantan et al. (1960b) reported thns oirds vacei-
nated with this strain resisted chglienge infection in 27
hours after vaccination, bhut detectable HI antibodies
appeared 5 days post vaccingtion., Cakalowa et gl. (1955
noted the highest HI titre in chicks vacclusted with wukteswar
strain one woubh after vaccinastion which graduglly started
falling, nevertheless the birds withstood chullenge 13

months afbter vacecingtion.

Komgrovy_and Haifa or Palestine strain

This strain was evolved as o result of intracerebral
passage in ducklings (Komarov and Goldswmit, 1946). The sagme
workers (1947) reported that the vaccine prepared with this
strain did not result in a £fall in egg production, general

depression, loss of appetite, woulting and nervous syaptons.
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Nilakantan et al. (1960a) concluded by various
sercloglical and immunologicgl experiments that thers
was very little ditference bebtween the iuktesuar and
Haifa strains ¥
R In addition to the above, there ars other mesogenic
vaccine strains employed in U.5.A. as live vaccines. Que
Straih '"RUAKIN' was identifted dpring the screeaning of 105
strains (Heaudette &t al. 194Y). The other strain was Mk
107 which was evolved as & result of serial passage in
chick and duck esubryos followlung its isolation (Clancy
et al. 1949; Markham et al. 1949).

Both the strains caused Severe worbidity =204 Sowe
mortality (Cole and Hutt, 1961; Van Roekel, 1956; Van wavem,
1955 ). Reduced egg production has been noted with these

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

Kaschula, 1950; Vaa Roekel, 1956).

The immunity engendered by Roakin strain was durable
for 4 months (Van Waveru and Zuijdem, 195%), and that due
to ME 107 strain was for at least 10 weeks (Mnrkham et al.

1954) to 4 months (Clancy et al. loc.cit.).

Tissue culbure vaccine

Bankowski and Boynton (194t) and Bankowski (1957)
propagated a field strain of liewcastle disesse virus desig-
nated as Califorunis 1914 in chick ewbryo cells. bankowski

(1958) observed that this strain pot attenuzted by serial
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passage without loss in antigenicity. It could also be
propagated in monolayer cultures of Hela cells as well as
bovine or pig kiduey cell cultures (pankowski, 19583
Bankowskl and Hyde, 1957). Baukowski et gl. 1963) noted

that in chickens, when vaccinated with B, strain gt wn

1
age 0L 5 days followed by tissue culture vacciue, iquanity

lasted for Y% weeks.

Tentogenlc strgins

For immunisation of baby chicks a number of strains
0f low pathogenicity for chicks have beeu in use. These
are B, (Hitchner and Johnson, 1948); F strain (Asplin,
195?) and Lasota (Winterfield et al. 1957). The duration
of lmmunity and other charascters of these strains have been

revieyed by lLancaster (1964),
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Vaccine virus strgin

The Mukbeswar vaccine virus strain viz. RQB was used

for preparing the vaccine in a freeze dried fomm,

Seed bank

The virus pool consisted of allawvbto-auiniotic fluids
from more than six developing chicken embryos infected with
0.1 ml. of 1077 dilution of R,B strain of Ranikhet disease
virus aund which was centrifuged at a speed of 1000 to 1500
r.p.m. for 10 minutes and the deposit discarded. The super-
nate was tested for sterility on gerobic and adaerobic wmedia.
The reading was made 72 hours lgter. “The sterile fluid thus
prepared was didpensed in suitgble quantities in neulral

glass ampoules, ddwards uake, semled and storesd at -10°C

in a deep freeze unit.

Standardigzgation

T™he seed virus was standardized in relavion to its

infectivity to the developing chicken embryos system.

The vaccine

The vaccine congisted of a bacteriologically sterile
suspensilon of embryo and alladto~gnniotic Lluids of deve-
loping chicken embryos infected with Hukteswar strain of

Ranikhet disease virus, in a freeze dried foru,
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Nine to ten days old developing cliicken enbryos

drawn from a keown Source free from sglwonella pullorum

infection were employed. The ewbryos were cendled and a
suall mark was wade over the well vascularised ares in

the shell and g puuncture was wade at the ceoutre of the air
Sa¢ with the help of a sharp needle. ‘he wmark over the
vascularised area was sterilised with tincture of iodine
and with the help of a dental drill, a small hole about
2=3 mm. was wade without piercing the shell menbrgns.

The fertile eggs that were prepared as above were
transferred to an inoculation hood which had been sterili-
sed with ultraviolet light . The site of inoculstion was
sterilised again. The inoculum which consisted of 0.1 ml.
of 10"'3 dilut ion of the seed vifus (10,800 m.i.ds.) thak
was prepared the previous day and tested for sterility was
introduced into the allantois Lhrough the shell wewbrane
and chorio=-allantoic mewbrane with the help of a Guberculin
syrionge fitted with 26 g needle, 1% wu. long.

baring drilliog, care was taken t0 avold damasze Go
the choxio=-allantoic wewbraue,

The openiungs at the alir sac and over the allantois
were sealed with a wixture of molten vaseline snd hard paraf-
fin and the eggs were retuined to the incubator at 3750.

The eggs were caudled on the first day =nd the dead
ones were dlscarded. 0On the second day, the ezgs were
candled and the dead ones were chilled in the refrigerator

for 1 t0 2 hours.
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The chilled eggs were placed vertically in trays and
The alr sacs were painted wi%h tincture of iodine. The
alr sac was opened and the allunto~smniotic fluids and the
ebryos were collected aseptically in o sterile stainless
container, kept on ice. A drop of sllsutoic F£fluid was
tested for spot hacuasglutination test. At the Division
of Blologlcal Produchs, however, il wus uot practicable to
test the 'aa' £luid frow each eys for spol test, due to the
laxge number of embryos cupleyed £or the uass pruddction and
S0 about 19% of the eambryos were tested for spot haenagglu-
tinatign Test. The cubryos were 2is0 exanined for lesious
which consisted of pebechial hseworihsges on the dorsal and
cfaneal surfaces oL the eubryo. Adequute sterility tests
wore also put up.

The tissues and fluids which were satisisciory in
respect of virus content, were transferred to g sterile
cool waring blender and blended for 3 wiautes. Penicillin
and streptonycin sulphate at the rate of 1000 i.u. and
2 mg./ml. respectively, were included in the howogeunaste
before blending.

The suspeusion was dispensed in 0.5 wl. quantities
in neulral glass aupoules with the help of au sutouwatic
2 cec. Syringe. Freeze-drying was carrisd oul as undsr & -

The refrigerator oi the centrifugnl freeze dryer was

switched on and when the tewperature of the cooling coil
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had reached -40° to ~50°C, smpoules containing the liquig
virus suspension were loaded in the centrifugeicarrier
plate fixed in the primary chumber and ths cover of the
primary chamber replaced nund the centrifuse was run for

45 mninutes. The centrifugption was done with & view to
#'SupprGSS the foaning and accelerste the dryiag by increa-
sing the surfuce ares of the waterial to be dried by causing
1t to take the forw of a wedpe sgainst the w&li oi the

% apupoules .

Comblned drain cock and gir relceuse valve of the uait
were closed and primary dryiag punp was then switched on,
AS the pressure was reduced and the wateriagl in the chamber
froze, the refrigerator temperature rapidly rose to about
~10°C and after a few minutes, cave back to -35°% to -40°C,
The pressure in the primary chiember was indicated by the
Pirani gouze of the uait.

The primaxry drying was carried out for 13-20 hours
and during the course of this period the water vapour that
escaped Lrou the waterial was condensed on to the cooling

colls ox the refrigerator aud ounly dry alr and gases8 passed

through the vacuum pump. When the maberial was suflicicatly
dry the vacuum was released and the mswpoules wers reuoved
from the chanber.

The ampoules wers necked using an oxy-acetbylene ilaie
to produce a constrichion 40 Lacilitete quick sesling alfter

drying on the secondary system.
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The necked ampoules were loaded on to the sSecondary
drying headevs mounted on » manifold contziaing a desicant-—
phosphorus ypentoxide. The wanifold was evacusted 40 a
very low pressure by wenns of a Speadivac puwp. Phe
drying over the segcondary system coutinusd for 15 ﬁo@EO
hours and the moisture content of the material was thus
brought to the minimum. At the completion oi the sécon&ary
drying sad while still under vacuuaw, tThe smpoules wvere
Sealed using oxy-acetylenc [lowe. The pressule under which
the aopoules were sealed varied between 0.0% $0 0.01 wwm. of
mercury . The segled awpoules were transferpsd 9 o low

temperature cablinaet.

Sterility tests

e aapoules oI vaecine wece Lested Lo bacteriologicsl

stoarility on suitable madin.

Safety test

Twelve healthy chickens aged U-10 wecks Lrowm the saume
source, which were previously iwmunised ogninst Ranikhet
disease were taken and trepted as under -

Three of the test birds were inj wlted subcutaacously
with 0.1 ml. contgining ten tiwmes the Ticld dose of the
vaccine . This group served to indicate if the product was

free frow viruses and organiswms ol Septicaeuig.
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Three of the test birds werve iujectsd intratracheally
with the same dose. This group served to indicate whether
the product was free from viruses like infectious laryngo-
tracheitis,

Three of the test birds were iven the saue dose
intranasally and this group served to indicate freedoun
Trom other viral conbawinants like coryza, iliwfectious
brouchitis etc.

The thrée reuaining birds served as controls.

AlLl the treated birds gnd the conbrols were observed
dally for 14 days. ALL the test birxds That succuuwbed
during the period of observabtlion were subjected to careful

autopsy.

Potency Test

Reconstitution of wvaccine

Two randomly selected aumpoules of the vacciune were
taken and to each 0.5 ml. of cold normal ssline was added
to bring it back to the original volume. This was ftaken as

undiluted vaccine. TFurther progressive tenfold dllutions

o~
o

. . o . .
were made in the same diluent upto 10 dilution and also
“7 X ,
10 .| wherever necessaly.

Vacelnstion

Four susceptible chicks, o~ weeks old, were vaccinated

by injecting subcutanesusly in the wiag web, with 1 ml. of
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10"6 dilution oif the vaccine. These were observed for g
period of 14 days fLor auy adverse post vaccinal reaction.
At the end oi the 14 duys periou, theSe along with
four susceptible contxol chicks oi the saue age group,
were injected subcutaneously with 1 wl. of 1:100 dilution
of virulent Hanikhet disease virus. The vacciuated and the
control group were.observed for 14 days. The controls
invariably died on the 4th or 5th day, showing typicall
lesions of the disense vhile wmost of thes vaccinated group

survived the challenge.

Chgllenge virus

The virulent virus consisted of sllanto-amniotic
fluid, collected from twelve days old embryounated eggs
infected with virulent strain of nanikhet disesse virus.

The virulent wvirus killed the ewbryos in 48 hours.

The virus was stored in & rerfrigerator in suitable quantities.

subryo infectivity of the vacclue

Serigl ten fold dilutions oif the vaccine were wade in
N.5.9. and dilutions frou 10"6 0 10,3 were tested. Three
embryos were used for eagch dilution. <YLhe ecubryos inoculaled
were incubated at 379 for 48 hours. The presence of the
virus was.detected by spot hacmagilutingtion test.

Growth curve experiment

The seed virus (as fluid) was treated with penicillin

(1000 I.U./ul.) and streptomyecin (1 mg./ml.)., The inoculum
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was prepared one day prior to inoculation of ewbryos agnd
kept 1in the refrigerator. In one of the batches of routine
vaccline production, 150 developping chicken asubryos were
inoculated with 0.1 ml. of 1077 dilution of the seed virus,
in norual salive.

Batches of three eggs were removed from the incubator
at durations of 0, 6, 12, 13, 24, 30, 36, 42 and 43 hours,
candled and wére chilled in a refrigerator for 1 to 2 hours
prior to collection of gllanto~amniotic fluid.

The 'ag' fluid collected above was centrifuged at 1000
r.p.m. for 10 minutes. Serigl tenfold dilutions of the super-
nate were made in normnl Saline gnd suitable dilutions were
used to inoculate the 9-10 days old ewbryos for each dilution.
The normal 'aa' fluid served as the control. After incubation
as usual, the presence of virus in each egg was uscertained
by spot hamenagslutination test and by the lesious in the

embryos.

Bxpression of titres

Throughout the study, tilitres of virus have been exprassec
as CELI%O and calculations were done according to the wethod

of Reed and Muench (1938).

Virus pools for btests

Clear allanto-amiotic fluid frowm the infected embryos

during the course of production of routine vaccine at the



37

Biological Products Division, was collected and kept in
g deep freeze cabinet in gquantities adequate for a bHest.
Preparation of erythrocyle suspension

for haemagelutingtion (HA) and
hoenagriutingtion~-inhibition (LI) tasts

Blood was drawn from the wing weiuns of fowls in 2.5%
of sodium citrate solution (1 wl. of the solution plus 4 ml.
of blood). Two birds were 2uployed =t a time for collectlion.
The two samples of blood were pooled, cantrifuged at 1500
r.p.m, in @ clinical ceutrifuge for five minutes. The buffy
cogt and plasmg were reuoved and the cells were washed
thrice in normal ssline. 'The Ffingl centrifugation was doue
at 1500 r.p.a. for 10 winutes. & 305 suspension was uade
ord kept in the refrigerator. The cells were used within

two to three days of collection.

Serg for HI and BN tests

Blood was collected Ffrom the vacciugbed cihicks on the
day of challenge from the wing vein in test tubes of 100 wa X
10 mm. aad allowed to clot. Whe clot was released by means
of @ wooden applicator previously sterilised =nd kept in The
incubator for 20 to 30 winutes and thereafter transferred o
o, refrigerator, serum was separated the next morning snd was
lightly centrifuged. The sers thus separated was employed
for HA tests. For SNT, pooled sera froum the birds of a

batch of vaccine for testing, was employed.

I
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Sers for coutrols

Norual healthy serum was prepared in the sume way

from chicks before they were vaccinated.

Cleaning of hagewggelutination plates

The plates were washed in 2% washing sodas and then
wvashed off in the running water =nd stored in ¥/% HCL

until required for furiher use.

spot test

A quick test for the presence of virus in the allanto-
amniotic fluld harvested duriny the course of vaccine produc—
- tilon counsisted of talking a drop of the allantolic fliuid on
glass slide and wmixing it with a drop of 10% suspension of
erythrocytes. Agglutination occurred within 1/2 to 1 uinute
and could be clegrly seet when the slide was carefully rotag-
ted.

Piluent

Phroughout the study, only norusl szline of 0.85% in

distilled water and sterilised at 20 Lb. pressure for 30

minutes was used.

Room teupersgture

The laboratory operations were carried out a2t

Test animals

The developing chick ewbyyos 9-10 days old, for vaccine

/
production and the chicks for testing were drawn froa the
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Sgme source, viz. poultry farm attached with the Division
of Poultry Research of the Indian Veterinary Research

Lustitute, Izatnagar.

Parallel titrgtions

Bxperiment I

The freeze dried Ranikhet disease vaccine was titrated
in both the systems vig. chicks aud developing chick embryos
f

in dilutions of 10"5, 10_b aud 10~ Batches 2%, 24, %% anhd

36 were included in the study.

Bxperiment LI

The gbove experiment was repeated in respect of batches
50, 51 and 52 at two dilutions vigz. 10”6 and 10*7. The
dilution of 10“5 was excluded becsuse frowm the previous
experiment it was knowa that the vaccine virus invariably

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

10"5 dilution was excluded for assay in chicks.

sxperimeat II1

Twenty-two batches (103 to 121 and 168 to 170) of

freeze dried Ranikhet disesase vacclue were assayed in
6

¢

dilutions of 10, 1077 ang 107% in the chick embryos, and
have been dealt under embfydiinfeotivity.

fhe titres were calculated on the basis of S04 end-~
point. For doing this, wherever there was no endpoint, the

higher dilution was consldered wlth negative scores for id.
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This procedurs was adopted with a view to facilitate

presenting ah uniform picture of the results in euwbryos.
Such of the batches of vaccine which were simulta-

neously titrated in chicks, the sgwe method of determi-

ning 50% protective endpoint was introduced.

Biological test

This was conducted wherever the vaccinated birds
died 3 to 5 days after challenge, |

It consisted of inoculating 1% suspeunsion of liver
and spleen of the dead birds, into two susceptible chicks
of 6-B weeks gnd observed for one week, In‘all, four

Trigls were mgde.

Hasmggelut ingtion

The haemagglutination (HA) test waes carried out in
persplex plates, The allanto-auniotic fluid was used as the
source of the virus, Serial two-fold dilutions of the virus
from 1:5 to 1:5120 were uwade in Noruwal Saline Solution (N.3.58.).
To each cgvity of 0.5 ml. of virug dilution, 0.5 ml. of 0.5 per
cont suspension of fowl red blood cells (R.B.C.) was added by
means of a tuberculin syringe fitted with 18 gauge uneedle with
end truncated in such a way as to ensure thorough wixing.
Controls hagving only Saline and RBC suspensions were aglways
kept. The test was performed at room temperature vhich varied
from 70°-80°F,

Readihgs were tgken after one hour. The pattern of

sedimentation of the red cells in the control cavity was
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taken into consideration while recordivg the results. In
those cavities where there was couplete agslutination,
the cells sedimented in g uniforw pinkish lgyer giving
ground glass appearanice. Partial sgglutinagtion was charac-—
terised by the formation of a4 central xiug of unaggluting-
ted cells with an irregular nargin 5f a layer of agglutina-
ted cells, UWhere there was no agglutination, Lthe cells
settled down in ths form of a compact mass with a red
button like appearance.

The highest dilution of the virus showing couplete
apglutingtion was taken as the end titre and was expressed

as one haemggzrlutination (Ha) unit.

Haemapszlutination inhibition

Beta procedure was cuployed to carry out this test.
Serial double fold dilutions of the serun were wade 1in
0.25 ml. of saline in the persplex hasuwagglutinatiou plates
gnd 0.29 ml. of the virus suspension coonbalning 2 HA units
were gdded to each of the serum dilutions. PIhe plate was
kept at room tenperature for 30 minutes and 0.9 ml. 0of g
0.5 per cent suspension of RBC was added to each cavity.
The test was read one hour after the addition of cells. The
highest dilution of the serum which caused complete inhibi-
tion of haemggglutinntion was taken as the HI titre.
Adequgte controls were included. The serum control cousig-

ted of 0.25 ml. of lowest dilution of serum plus0.2% ml.
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normal saline solution, while artigen control consisted of
0.25 ml. of the virus plus 0.25 wl. of 4.5.5. 4o each of

the control 0.9 wl. of the 0.5% suspension of RBC was added.

scerum neutralisation test

Embryonated eggs 9-10 days 0ld were used us the indica-
tor system for this test. Serial ten £old dilution of the
virus were made in col.d 10% peptone broth saline. JSera were
collected from the 6 to 8 weeks old birds before imumnization
and pooled and served as healthy serum control. WNone of the
sera Showed an HI titre of wore than:1:10.

Tmmune sera frowm wvaccinated virds wers collected 2
weeks after vaccination, i.s. on the day of challeage and
pooled. Sera-virus mixtures were then incubated at room
bemperature for 2 hours before inoculation into the indicator

' 0.2 mi.of
system. rtubryonated egps after invculai ion with/ serum virus
mixtures were incubgted at %79 Zoxr 48 hours. The wultipli-
cation of the virus in Gthe ezgs was deterwiuned by spot
haemagelutingtion test with the allawtoic fluid of each
embryo. Csglculation of neutralising index in respect of

egch sagmple was done geceording to the method of Reed and

Muench (19%8).
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RESUL TS

VIRAL MULTIPLICATION

To assess the quantitative multiplication of Ranikhet
disease vaccine virus in the developing chicklembryos, a
batch of embryonated eggs was inoculgted with the seed virus
and incubated. A group of eggs was removed at various inter-
vals and chilled. The pooled amnio~-gllantoic fluids of the
embryos in each group was collected and titraﬁed in various
decimal dilutions in the same host system with a view to
assess the virus content of each pool as per procedure
described earlier. The tibres of virus obiained 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 o0f the virus and what
was observed was only residual virus gfiter adsorption from
the guant ity of inoculum used. There waa'a progressive
rise in the virus content upto 36 hours and reaching tc g
naximum titre of 1071 *2. Dhe embryo infective titre was
nearly counstant from %6 to 48 hours.

The 'aa' fluid collected at the various intervals
wasS pSsessed for its haenagglutinin content. The results

are presented in tgble 2, and graphically pictured in

Fig. 1.
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Table 1
Disegse
Multiplication of Ranikhetd Vaccine Strain R,B

in chick embryos as adjudged by ewbryo infectivity

Period of
Sle X y Titre
NO. 1?§gzgg§°n | (Log units)

1 0 1.50
2 | 6 AN

3 12 | 3.50
4 | 18 5 .20
5 24 5.70
6 30 6.20
7 36 7 .20
8 42 7420

9 48 .00
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Table 2

Development of Hgemagelutining

3], E;rfggcu- Virus dilutions *HA
No. Tation. 40 20 40 80 160 320 640 1280 TiEre
1 0 - = = = - - ~- ~ Nil
2 6 - - - - - - - ~ Wil
3 12 - = = - - - Nil
4 18 ok = = - - - - 10
5 24 + + + + - - - ~ 80
6 30 + o+ o+ o+ o+ - - - 80
T 36 + o+ o+ o+ o+ - - - 160
8 42 + o+ o+ o+ o+ + + - 640
9 483 + o+ o+ o+ o+ + + - 640

# Titres expressed as the reciprocal
dilution of virus giving complete

agglut ingtion,

of
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The data reveals that the hsemggglutinins Started
appearing frow the 18th hour in low concentrations and
~increased gradually to a level of 640 gt 42 hours gnd

remgined stgtionary till 48 hours.

A comparison of the appearance of infective parti-
cles and the haemagglut inins associated with it, has been

shown in table 3,

Table 3

Correlation of embryo infectivity aud haemagglu-
tingtion titres of gmnio=allantoic fluid st
varying periods of incubation

-~ Period )
Yo, Dusion biviey titre  HA Ditre
(hours ) (Log units)
1 0 19 Nil
2 6 1.0 Nil.
3 12 3.50 Nil
4 18 5«20 10
5 24 5«70 820
6 30 6 420 80
7 36 7 .20 160
8 42 7.20 640
9 48 7.00 640
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EMBRYC INFECTIVITY

The freeze dried vaccine was reconstituted in the
manner described under Materials and Methods and progres-
sive ten-fold dilutions were made in norwal saline.

Three ewbryos for each dilution were inoculated with
vaccine dilutions of 10”5 t0 10"'8 and incubated as usual.
| - Bhe deaths at 24 hours were excluded and the 'aa'

fluid from embryos which died next day, was put to spot
haemgggiutination test. Positive sScores were included.

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

data for 22 bgtches would reveal that the minimum embryo infective
titre obtained was 10“5°6 {batch No.170) and the maximum

0"7.75

titre obtained was 1 in respect of batch Nos. 103,

105 and 110. The remgining batches varied in between.

HAEMAGGLUTINATION INHIBITION

In additioh to the studies described above, it was
decided to find out if the birds vaccinafied 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 challeunged for

potency. The sera before vaccination showed HI titre of
1 in 5 0 1 in 10.

The results of HI antibodies are presented in table 5.
In all HI titres of 161 birds comprising 33 batches of

vaacine are shown.
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Table 4

Results of embryo titrations of Freeze-
Dried Ranikhet Disease Vaccine

Embryo infec—

Batoh e s tiviby titre

*;%gaxh[igggul ted 12 (CELD50)
a

103 3/ 3% 1/3 7.75
104 3/% 2/3 1/3 7.50
105 3/3 3/3 1/3 7.75
106 3/% /3 1/3 7.00
107 2/% 1/% 1/3 7.18
108 3/3 2/3 /3 7.50
109 5/% 2/3 0/3 7.25
110 3/3 3/3 1/3 7.75
111 3/3 2/% 1/3 7.50
112 3/% 1/3 1/3 7.00
113 2/3 2/3 0/3 7.00
114 3/3 1/3 1/3 7.00
115 3/% 2/3 0/3 7.25
116 3/3 2/3 0/3 7.25
117 2/3 2/% 1/3 7425
118 3/3 1/3 0/3 6.75
119 3/3 2/3 0/3 7.25
120 - 3/3 1/3 0/3 6.75
121 2/3 1/3 1/3 6.75
* 168 4/4 2/4 o/2 6.00
* 169 4/ 4 4/4 2/4  7.00

* 170 - 4/4 /4 0/4  5.60
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Table 4

Results of embryo titratious of Freeze-
Dried Ranikhet Disesase Vaccine

Batch iutton o PIviy titee

' 10 10 10 (CELDgq)
Death/inoculagted

103 3/3 5/3 1/3 7.75
104 3/3 2/3 1/3 7.50
105 3/3 3/ 1/3 7.75
106 3/ 1/3 1/3 7.00
107 2/3 1/3 1/3 7.18
108 3/3 2/3 1/3 7.50
109 | 3/% 2/3 0/3 7.25
110 3/3 3/3 1/3 7.75
111 3/3 2/3 1/3 7.50
112 3/ 1/3 1/3 7.00
113 2/3 2/3 0/3 7.00
114 3/3 1/3 1/3 7.00
115 - 3/3 2/3 0/3 7.25
116 3/3 2/3 0/3 7.25
117 2/3 2/3 1/3 7.25
118 3/3 1/3 0/3  6.75
119 3/3 2/3 0/3 7.25
120 . 3/3 1/3 0/3 6,75
121 2/3 1/3 1/3 6.75
* 168 4/4 2/4 0/2 6.00
* 169 4/ 4 4/ 4 2/4 7.00

* 70 . 44 /4 0/4  5.60
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Table 5

Development of haswageglutingtion inhibiting antibo-
dies during post vacclnation period in birds

Batch Sample Sexum Dilution HT Group
No, No. titre 2VOrage
40 80 160 320 640 1280 2560 5120 10240 HI
titre
103 1 + + + 4+ 4 + - - 2560 1280
74 + + + o+ 4 - - - 1280
3 L A A ™ - - - - 640
4 + o+ o+ o+ 4 + - - - 1280
5 + o+ o+ o+ o+ - - - - 640
104 6 + o+ o+t + - - - 1280 1013
7 + 4+ + = - = - - 320
8 + + + o+ ¥ + - - - 1280
9 + o+ o+ o+ o+ + - - - 1280
10 + o+ o+ o+ o+ - - - - 640
| 11 O T S S - 1280
107 12 + o+ o+ o+ - - - - 640 1152
1% + + 4+ 4+ Ok + - - - 1280
14 + o+ o+ o+ 4 - - - - 640
15 + o+ + o+ o+ .2 + - - 2560
16 T - - - - 640
108 17 + o+ o+ 4+ - - - - 640 746
18 + 4+ o+ o+ + - - - 1280
19 o+ A - - - - -~ 320
109 20 + 4+ + o+ o+ + - - - 1280 586
04 o+ o+ - - - - - - 160
22 + + 4+ o+ - - - - - 320
116 23 o+ 4+ 4 - = == 640 640
24 + o+ o+ o+t - - - ~ 640
R + o+ o+ o+ 4 - - - - 640
06 + o+ o+ o+t - - - -~ 640
117 27 + + o+ o+ + + - - - 1280 840

(continued)
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Serum Dilution Group
Batch Sample HI average
No. Yo, 40 B0 160 320 640 1280 2560 5120 10240 +titre HI
' __titre
28 o+ o+ o+ 4 - - - - 640
29 + o+ o+ 4+ o+ + - - - 1280
30 o+ - - - - - ~ 160
118 31 + o+ 4+ o+ 4 + - - ~ 1980 126%
52 + o+ 4 ~ - - - ~ %90
55 T T ¢
34 + 0+ 4+ o+ o+ + + - - 2560
35 + 4+ o+ o+ 4 + + - -~ 2660
%6 + 4+ o+ o+ - - - - 640
119 37 S T R + - - 2560 1600
38 + o+ + o+ F + - - - 1280
39 + o+ o+ 4 + - - - 1280
40 + o+ + o+ 4 - - - - 640
41 o+ o+ o+ 4 + + - - 2560
42 + o+ o+ + - - -~ 1280
120, 4% + o+ 4+ + o+ + - - - 1280 1280
44 + + +  + o+ + - - - 1280
45 + o+ + o+ + + - - 2560
46 + o+ + o+ o+ + - - - 1280
47 + o+ + o+ - - = - 640
48 ST R - - - - 640
121 49 T S S SR S - 1280 1389
50 + o+ + o+ ok + + - - 25690
51 B ~ 1280
52 o+ o+ o+t ~ ~ - - 640
53 B S + - - - 1280
54 + 4+ + o+ + B - - 1280
122 55 t+ o+ + o+ 4+ 4 - - 2560 1664
56 IE T S T S R - - 2560
57 + o+ +  +F + - = - 1280
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Batch Sample Serun Dilution - gﬁgigge
No. Mo« 580 160 320 640 1280 2560 5120 10240 SLbTe E%tre
58 + + + + - - - _ 640
59 + + + + + + - - - 1980
ted % Pob e o4y - - = 1280 1386
61« ¢+ o+ - - - 280
62 T - 640
63 L T N T - 2560
64 + o+ o+ o+ 4 + - - - 1980
5 L T
e o o s s T T 40 1726
T L e R ¢
68 o+ A+ 4 k= - 2560
°3 ot 4+ o+ v+ = - 2560
70 + ot = - - - - _ 30
71 e S - 2560
126 T2 T T T T T S - 640 1320
3 b+ 4+ o+ 4 - = = 1280
14 S T S - - - 640
5 + 0+ + o+ o+ + 4 - - 0560
76 + + + + + + + - - 2560
et 7 L A - 1280 2026
78 L A A A S S e - 2560
19 e N - - - _ 640
80 + o+ o+ o+ + + - - 2560
81 okt o+ + = == = 1280
82 LA A S S - 2560
128 83 L2 S S A ~ 2560 2240
B4 + +  + + + + - - - 1980
B5 B S + - - 0560
86 LA - - 2560

(continued)
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Batch Sample Serum Dilution HI gﬁ:;gge
WO« NO- 4080 160 320 640 1280 2560 5120 10240 PiETOHI
129 87 + 4+ o+ o+ 4+ + - - - 1280 1600
88 + o+ o+ o+ 4 + + - - 2560
89 + + o+ 4+ o+ = = a - 640
90 + 4+ 4+ o+ + + - - 2560
91 + o+ 4+ o+ 4 + - - - 1280
92 + 4+ 4+ o+ 4 + - - - 1280
130 93 + + + + o+ + + - - 2560 1680
94 + O+ + o+ o+ + - - - 1280
95 + + + o+ - - - - - 320
96 + T+ o+ o+ 4 + + - - 2560
131 97 + + + 4+ o+ + + - - 2560 1760
98 + 4+ + o+ o+ + - = - 1280
99 + + + o+ 4 - - - - 640
100 + o+ + + o+ + + - - 2560
132 101 + 4+ 4+ o+ + - - 2560 2266
102 + o+ + o+ + + - - 2560
103 + o+ + - - - - - - 160
104 + 4+ o+ 4+ o+ A + - - 2560
105 + 4+ o+ o+ 4 - - - - 640
106 + + 4+ o+ o+ + + 4 - 5120
133 107 + o+ o+ o+ o+ - - - 1280 1493
108 + o+ o+ o+ F + + - - 2560
109 + o+ 4+ o+ o+ 4 - - - 1280
110 + o+ + o+ o+ + + - - 2560
11 + o+ o+ o+ ok - - - - 640
112 + o+ + + o+ - - - - 640
134 113 + o+ + o+ o+ + + - - 2560
114 + o+ o+ 4+t + - - - 1280
115 ¥ o+ o+ o+ o+ o+ - - - 1280
116 + o+ + o+ 4+ 4 - - - 1280

(continued)
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Batch Sample deram dilutkon HI ixgzge
No.  Nou 49780 160 320 640 1280 2560 5120 10240 "rire H
1 117 o+ o+ o+ * - - - - 640
118 + o+ + 4+ + + - ~- 2560
135 119 + o+ o+ o+ o+ + - - - 1280 1216
120 + 4+ 4+ o+ o+ + . - 1280
121 + o+ + 4+ 4 - - - - 640
122 + o+ o+ o+ 4 + + - - 2560
12% P - 390
136 124 + o+ + o+ + + - - 2560 1162
125 N T T - - - 1280
126 + o+t o+ o+ 4 + - - - 1280
127 + 4+ + + + - - - - 640
128 + + - - - - - = - 80
139 129 T T ~ 1280 1408
130 S T T + - - - 1280
1%1 N - 640
132 T T T S S - 2560
133 + + + o+ O+ + - = - 1280
138 134 T S - 1280 1493
135 + 4+ o+ o+t + + - - 2560
136 + o+ + 4+t - - - - 640
139 137 + o+ + o+ F + + - - 2560 1920
138 + o+ + o+ 4+ + + - - 2560
139 + o+ o+ o+ == - 640
140 140 I + + - - 2560 1386
11 o+ 4+ o+ + o+ - == 1280
142 P T S T R - 320

(continved)
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Batch Sample Serum dilution - gﬁgggge
No. WO+ 40 80 160 320 640 1280 2560 5120 10240 °rore EL
M1 143 o+ e+ - = - 180 1333
Mh b= - 2560
145 + 4+ A+ = = - - . 160
146+ 4 4 4+ o+ = - 2560
142 147 + + ¥ 4 - - - - - %00 1360
M8+ 4 4k k4 - == 1200
149 + + + ¢ + + - - - 1280
W3 150+ 4 4 4+ 4 = o~ = = 680 2133
1 4 s s 4+ k4 4+ = = 2560
152 + o+ + o+ * - - - _ 640
153 + + + + + + + - 5120
154 + + + + + + - - D560
155 + o+ + o+ 4 + - - - 1280
144 156 + o+ o+ 4+ 4 n - _ 0560 1200
157+ 4+ o+ 4+ k- = 1280
B8+ 4+ o+ o+ o+ = - = 1200
159 + o+ 4+ o+ o+ - - - - 640
160 ¢ 4 o+ 4+ o+ o+ - == 1280
161 ok = - - - - ~ 160

Titres expressed a8 reciprocal of sSerum
dilution.

+ = denotes complete inhibition against
two HA units,
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A summary of responses of individual birds and
results of challenge are given in table 6. The resulis
reveal that the antibody response to the expexrimental
infection with freeze dried Ranikhet disegse vaccine was
very encouraging. The lowest titre obtained was 40 and
the highest was 5120. The group average was between 640
to 2266, The protection afforded was also very eucoursg—
ging.

A summary showing the number of birds in each HI
titre group is given in table 7. On the basis of numberx
of birds in'each HI titre group percentages have been

worked out which are also given in the same table.

SERUM NEUTRALISATION THST

Pooled samples of sera of birds used in potency
tests were screened Ffor the presence of neutral ising
antibodies and the results are presented in table 8. A
perusal of the data would reveal that the neutral ising
index of sera of vaccinated birds varied from 4.24 to 6.30.

The same table would also revesgl that out of 12
segmples of sers representing 12 batches, 11 batches had
100% protection in birds by potency test, while one batch

No. 125 gave a protection of 66.6 per cent.,
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Table ©

Individugl respounses of 6~8 weeks o0ld birds to

Freeze Dried Ranlknet Disegse vaccine

Tt RSO MR T mewene
10% 1 3767 2560 Tmmune
2 476 1280 4
3 3879 640 "
4 4021 1280 "
5 4029 640 "
104 6 4385 1280 "
7 3878 320 "
8 7657 1280 n
9 7359 1280 n
10 1724 640 L
11 3778 1280 "
107 12 1728 640 "
13 8594 1280 "
14 1645 640 "
15 8577 2560 L
16 1768 640 "
108 17 1615 640 "
18 8599 1280 "
19 2120 320 "
109 20 1193 1280 "
21 1197 160 t
22 7133 320 L
116 23 6873 640 "
04 6824 640 "
25 58 25 640 "
6 6604 640 "
117 27 5714 1280 "
28 6640 640 "
29 5644 1280 "
30 5919 160 "

(continued)
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ioh Sample Ml I aviboly  Kewlte of nossric
118 51 5584 1280 ILumu ne

32 6794 320 "

3%, 6593 160 Died on  Worms

5th day

34 5947 2560 Tumune

35 6750 2560 "

36 9808 640 "
119 37 5327 2560 "

38 5930 1280 "

39 5370 1280 "

40 5739 640 n

41 5627 2560 "

42 5873 1280 "
120 4% 8243 1280 "

44 8324 1280 "

45 8132 2560 "

46 6919 1280 "

47 5923 640 | "

A8 5963 640 #
121 49 6290 1280 L

50 6291 2560 "

51 6292 1280 t

52 6293 640 "

5% 644 1280 "

54 440 1280 "
122 55 9773 2560 o

56 9814 2560 "

57 8792 1280 "

58 7885 640 "

59 8632 1280 "

(continued)
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Batch Sample Bird

H.I. ant ibOdy

Results of Remarks

No. No, No. level challenge
124 60 7989 1280 Tumune
61 9696 1280 "
62 8759 640 "
63 9662 2560 "
64 9751 1280 "
65 6982 1280 n
125 66 7648 40 Died on Debility
4th day
67 7991 1280 ITnmne
68 7741 2560 [
69 7745 2560 "
T0 9882 80 Died on Worms and
bth day debility
1 9102 2560 Immuune
126 72 1154 640 "
73 11%5 1280 "
T4 1136 640 "
5 1137 2560 "
76 1138 2560 "
127 7 1140 1280 "
8 1144 2560 .
19 1142 640 n
80 1143 2560 "
81 1144 1280 "
82 1145 2560 "
128 83 8793 2560 "
84 8748 1280 "
85 7591 2560 "
86 9810 2560 "

(continued)
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Batch Sample 3Bird H.I.
No. No. No. IleggfibOdy gﬁiiiiﬁgif Resariks
129 87 %3451 1280 Iwnune
88 13852 2560 "
89 383 640 "
90 312 2560 "
9N 4073 1280 "
92 346 1280 "
130 93 8402 2560 '"
94 7026 1280 "
95 8429 320 "
96 6324 2560 "
131 97 6912 0560 "
98 8856 1280 i
99 8981 640 "
100 7038 2560 L
132 101 6313 2560 "
102 5957 2560 "
103 9816 160 "
104 8988 2560 "
105 9961 640 n
106 4746 5120 "
133 107 8853 1260 "
108 4394 2560 "
109 8074 1280 "
110 7902 2560 "
111 8898 640 L
112 4715 640 "
134 113 9476 2560 "
114 14444 1280 "
145 4386 1280 "

(continued)
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Batch Semple

Bird

H.I. antibody

Result of

No. No. No, level challenge Remarks
116 6963 1280 Imnune
117 7531 640 n
118 8850 2560 "
135 119 4817 1280 "
120 4819 1280 "
121 4820 640 "
122 4821 2H60 "
123 4822 320 n
136 124 1133 2560 "
125 3618 1280 "
126 1132 1280 "
127 1130 640 "
128 3620 80 Died on Worums and
4th day  debility
137 129 = 4560 1280 Tamaune
130 4550 1280 "
131 4559 640 "
132 1524 2560 "
133 4556 1280 u
138 134 4768 1280 f
135 4638 2560 "
136 744 640 n
139 137 4756 2560 "
138 4786 2560 L
139 3216 640 "
140 140 3632 2560 "
141 3296 1280 "
142 976 320 "
141 143 1922 1280 "

(continued)
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o T R MLmARY ol e
144 4760 2560 Inmnune
145 %3208 160 “
146 4754 2560 "
142 147 592 320 o
148 573 1280 !
149 574 1280 "
143 150 4577 640 "
151 4678 2560 "
152 6492 640 n
153 4861 5120 h
154 14669 2560 "
155 3250 1280 u
144 156 589 2560 "
197 4673 1280 n
158 798 1280 u
159 4767 640 Di:ﬁl on  Debility
160 4674 1280 fﬁmungay
161 %252 160 ?;gg ggy Debility

The H.I. titres are expressed as the reciprocal of

serum dilutions against two haemggglutinating units.

The serg were from birds which had recaelved 1 nl.

of 10"6 dilutions of freeze dried vaccine.
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Table 7

ounmary of H.l. responses

ﬁo. of H.I. antibody Percentage of
birds level titres birds showing
tested various titres
2 5120 1.2
47 2560 22.53
58 1280 46 .5
36 640 211
8 %320 4.9
6 160 3.7
2 80 142
1 40 0.6
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Table 8

Neutraglising indices of serum sSgmples

5a$ch No. Neutralising index Protection index
124 6.30 100
125 4.90 66 .6
126 4.90 100
127 5.0 106
128 5.50 100
129 6.00 100
130 4.24 100
131 4.50 100
132 5.00 100
133 5.25 100
134 5.25 100

135 5.50 100
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SAFETY TEST

Initiglly when the manufacture of the vaccine was
started at the Indian Veterinary Research Iunstitute,
the vaccine was tested for safety and freedom Ffrom
abnormal ‘toxicity in chicks of 6-8 weeksold, by injecting
0.5 ml. of liquid vaccine suspension before it was
freeze dried.

Subsequently on the recommendation of the Committee
for Stendardisation of Veterinary Biological Products, *#
the freeze dried product was used for sgfety test. ‘The
outline for this has been deglt wifh under 'Materigls
and Methods'!. Accordingly results of safety test from
batch No.78 were carried out.

Ninety—three balches of vaccine were tested in this
manner and the results agre presented in table 9. It would
be seen that the vaccine was safe. The birds which died
during the observation period were autopsied and the

caused ascertaoined. The deaths were found to be due to

other causes. .

## Report of the Expert Committee for Standardisation
of Veterinary Biologilcal Products, Ministry of
Food and Agriculture, Government of India, 1954.
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Table 9

Results of Safety Teat

Batich Subcuta~ Intra- Intrg- Survival
No. neous nasal  tracheal Incontacts
group group  group Ratio 7Percentage
78 3/3 2/3 3/3 3/% 11/12 91.6
9 3/3 /% /% /% 12/12 100
80 3/3 3/3 2/% 3/ 11/12 91.6
81 1/% 3/3 2/% 3/3 9/12 75
82 3/ 3/% 3/% 2/% 11/12 91.6
83 1/3 3/ 3 2/3 2/3 8/12 66 .6
84 3/3 3/ 3 5/% 2/% 12/12 100
85 3/% 3/3 3/% 3/3 12/12 100
86 3/3 2/3 3/3 3/% 11/12 91.6
87 3/% 3/% /3 3/% 12/12 100
88 2/ 3/3 3/% 3/% 11/12 91,6
89 3/% /3 3/% 3/% 12/12 100
90 2/% 2/3 2/3 2/3 8/12 66.6
M 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 2/3 3/3 10/12 83.3
94 3/% 3/3 3/3 3/% 12/12 100
95 2/% 2/3 3/% 3/% 10/12 83 .3
96 2/3 3/% 2/% 2/3 9/12 75
97 3/% - 3/3 3/ 3/3 12/12 100
98 3/% 3/% 3/ 3/3 12/12 100
99 5/3 3/% 3/ 3/3 12/12 100
100 3/% 3/3 3/3 3/3 - 12/12 100
101 2/3 /3 2/3 3/% 10/12 8% .3
102 3/3 3/% 2/% 3/ 11/12 9146
103 3/ 2/3 2/% 33 10/12 8% .3
104 2/3 - 3/3 3/3 3/% 11/12 9146
105 3/3 %/% 3/3 3/3 12/12 100

(continued)
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Batch Subcuta~ Intra~ Intra- | Survival
No. neous nasal tracheal Incontacts
gToup  group  group Ratio LoTC®M”
La e
106 3/3 %/ 3/% 3/3 12/12 100
107 3/3 3/3 3/3 35/3 12/12 100
108 2/3 o3  3/3 3/3 10/12 83.3
109 3/3 5/3 3/3 - 2/3 11/12 9146
10 - 2/3 /3 3/% 2/3 10/12 83.3
111 3/3 3/% 3/ 2/3 11/12 91.6
112 3/3 3/% 3/ 3/3 12/12 100
113 3/3 3/% 3(3 3/% 12/12 100
114 3/3 3/3 3/ 3/3 12/12 100
115 3/3 3/3 3/3 3/3 12/12 100
116 2/% 3/3 3/% 3/% 11/12 91.6
117 3/% 3/% 3/% 3/3 12/12 100
118 3/3 2/3 3/ 3/3 11/12 91.6
119 2/3 3/5 2/3 2/% 9/12 5
120 2/3 2/3 /% 3/% 9/12 7%
121 2/3 3/% 3/3 %/ 11/12 91.6
122 3/% 3/3 2/3 3/% 11/12 91.6
123 2/% 3/% 3/% 3/% 11/12 91.6
124 3/%3 3/% 3/3 3/3 12/12 100
125 3/3 3/% 3/ 3/3 12/12 100
126 2/% 3/% 3/3 3/3 11/12 91,6
127 3/% 3/3 3/ 2/% 11/12 91.6
128 3/% 3/% 3/3 3/3 12/12 100
129 3/3 3/3 3/3 3/3 12/12 100
130 3/% 3/3 3/% 3/%3 12/12 100
131 3/3 2/3 3/% 3/3 11/ 12 91,6
132 3/% 3/% 3/3 3/3 12/12 100
133 . 3/3 3/3 3/3 /3 11/12 91.6

(continued)
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Batch Subcuta~ Intrag~ Intrg- Survival
No., neous nasal tracheal Incontacts

group group  group Ratio TPercentaoge
134 3/3 2/3 3/3 5/% 11/12  91.6
135 3/5 3/3 3/3 3/3 12/12 100
136 2/3 2/3 3/3 3/3 10/12  8%.3
137 3/3 2/3 3/3 3/% 11/12  94.6
138 2/3 3/3 3/% 3/% 11712 91.6
139 2/3 3/3 3/% 3/% 11/12 9146
140 3/% 3/3 2/3 3/% 11/12 91,6
141 2/ 3/% 3/ 3/% 11/12  91.6
142 3/% 3/% 2/7 3/% 11712 91.6
143 2/% 3/% 3/3 2/% 10/12  83.3
144 343 3/% /% 3/% 12/12 100
145 3/3 3/% 3/% 3/% 12/12 100
146 3/% 2/3% 3/3 3/% 11/12  91.6
147 3/3 2/3 3/3 3/% 11/12  91.6
148 3/3 2/3 3/% 3/% 11/12  91.6
149 2/3 3/3 3/% 3/3 11/12  91.6
150 3/3 2/3 2/3 3/3 10/12  8%.3
151 Tested at Mukteswar, 100% Safe
152 3/ 3/3 3/%3 3/3 12/12 100
153 3/3 3/3 2/3 3/% 11/12  91.6
154 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 11/12  :91.6
157 2/ 2/3 3/3 2/3 9/12 15
158 3/3 3/3 3/3 3/3 12/12 100
159 2/% 3/3 2/% 3/3 10/12  8%.3
160 3/% 2/3 2/3 3/3 10/12  B8%.3

(continued)
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Batch Subcute~  Intrg~- Intrg- Survivalj
No. neous nasal  tracheal Incontacts -
group group  group Ratio Percen~-
tage
161 3/3 2/3 2/'3 1/'3 8/12  66.6
162 2/3 3/ 3/3 3/ 11/12  91.6
163 5/3 5/3 2/3 2/% 10/12  83.3
164 2/3 3/3 3/% /3 10/12  83.3
165 3/% 2/% 5/% 3/ 11/12 91.6
166 3/3 2/3 3/3 2/3 10/12  83.3
167 2/3 2/ 2/3 3/% 9/12 75
168 3/3 3/3 3/3 5/% 12/12 100
169 3/3 ¢ 3/3 2/3  2/3 10/12  8%.3
170 2/3 2/3 3/3 2/3 9/12 715

Numsratoyr ¢ Number of birds survived

Denominator : Number of birds inoculated‘
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POTENCY TEST

The freege driéd Ranikhet disegse vaccine mgnufac~
ﬁured at the Iandian Veterinary Research Inst itute, for
the immdniaation of birds of © weeks and above, was
initially tested at the dilutions of 12400, 10_5, 10*6,
10™7, Each bird was injected with 1 ml. In this way,

46 batches were assayed and the resulis are presented in
table 10, After gaining expsrience with these 46 batches
of vaccine which were used 0 vaccinate birds in large
number of pouliry farms gll over India, testing at the

1077 ailution was excluded. Turther 31 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 dilutiouns of
1:400, 10"5, ‘IO"6 and 10"7, are presSented in tables 12

and those for the dilutions of 1:400, 10-6 and 10"7 ian
table 1%. The results reveal that at 1:400 dilution,
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
g protection index of 50% and above.

Subsequently, in the light of the recommendations

of the Committee Ffor Standardisation of Biological Products,

the procedure for potency test was further modified to
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limit the testing of the vaccine to a single dilution

of 10-6. 50, from babches 78 to 170 the vaccine was

ass8ayed at this dilutlon and the results are presented

in table 14 and the protection percentages 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 gbove.

The percentages of protection indices at differeunt

dilutions of the wvaccine tested have been worked out and

presented in table 16,



Results of challenge tests in birads
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Table

10

51. Batch Dilution Virus
No. No.  1:400 1072 40”0 jo-T  controls
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/ 0/2
5 5 4/4 2/2 2/2 2/% 0/3
6 6 2/3 3/% 3/3 2/% 0/2
7 T 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 o/ 2
10 10 1/4 2/ 2 2/% 2/% o/ 2
11 11 3/ 4 3/ 4 2/3 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 2f2 2/ 2/2 0/ 2
15 15 3/ 4 4/ 4 4/ 4 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/% 4/ 4 0/ 2
20 20 3/4 1/2 4/ 4 2/4 0/2
21 21 3/3 3/% 1/% 0/ 4 0/ 4
20 20 3/4 4/ 4 4/ 4 3/4 0/2
23 23 3/4 Not done  2/3 4/4 o/ 2
24 24 3/% 1/1 3/ 4 2/2 0/2
25 25 . 3/ 4 4/ 4 4/ 4 2/% 0/2

(continued)
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S1. Batch . Dilution Virus
No. No. 1:400 10-5 10-6 10;7 - controls
26 26 3/ 4 3/3  4/4 2/% o/ 2
27 27 2/4 o/4 3[4 2/ 4 o/2
28 28 3/ 4 2/3  4/4 4/4 0/2
29 29 4/ 4 4/4  3/4 4/ 4 0/ 2
30 30 4/ 4 4/4 3/ 4 4/ & 0/ 2
31 31 4/ 4 3/3  1/% 2/2 0/ 2
32 %52 2/3 of 3  of3 3/ 4 0/ 2
33 33 2/ 3/3  3/4 3/ 4 o/ 2
34 34 2/3 3/4  3/4 3/4 o/ 2
35 35 4/4 3/3 34 3/3 o/3
36 36 4/ 4 o/2  1/1 4/ 4 o/3
37 37 o/2 ofo  2/% 1/2 o/ &
38 38 2/2 0/0 3/3 3/4 o/ 2
39 39 2/% 2/%  1/2 4/ 4 0/ 4
40 40 2/ 4 2/3  3/3 1/2 o/ 4
41 41 4/ 4 4/4  4/4 3/4 o/ 2
42 42 4/4 4/4  A/A 3/ 4 0/2
4% A3 4/ 4 4/4  3/4 1/4 0/2
44 44 4/ 4 4/4  4/4 3/ 4 0/2
45 45 2/2 2/2  4/4 2/% 0/2
46 46 4/ 4 3/4 4[4 4/4 0/2

Numergt ox = Birds survived
Denaminator =  Birds challenged/used for controls

Batohes 13 and 14 were tested at the Divigion of
Bacteriology and Virology, Mukteswar in the dilutions
of 12200, 10=5 and 10<6 only. A cent per cent protection

wes found in all the dilutions.
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Table 11

Results of challenge tests in birds

81.

ot B}a%g?h 14400 Dilution virus
-6 -7 controls
10 10

1 47 2/2 2/3 3/ 4 1/2

2 48 4/ 4 4/ 4 2/3 1/2

3 49 5/3 2/2 4/4 0/?2

4 50 4/4 3/% 3/% 0/2

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 3/4 4/ 4 2/3

9 55 3/4 4/ 4 4/ 4 0/ 2

10 56 3/ 4 4/4 4/ 4 o/ 2
11 57 3/% 2/% 2/2 o/2
12 . 58 4/4 3/ 4 3/ 4 0/2
1% 59 2/ 4 4/ 4 4/4 1/2
14 60 3/3 3/ 1/2 0/2
15 61 o/? 3/3 2/2 0/2
16 62 0/ 4 3/3 2/2 0/2
17 6% 0/ 4 /% 2/3 0/ 2
18 64 0/4 of2 3/% o/2
19 65 1/1 2/2 3/% o/2
20 66 2/% 3/ 4 2/% 0/2
21 67 3/ 4 4/ 4 4/4 0/4
00 68 4/4 3/% 2/3 0/2
03 69 4/4 3/% 3/3 0/2
24 70 4/4 3/% 2/% 0/2
25 71 0/? 2/% 1/1 0/2
26 72 3/3 0/0 (Not done) 3/4 0/2
27 73 4/ 4 4/ 4 3/% 0/ 4
28 74 4/ 4 4/ 4 4/ 4 0/ 2
29 75 35/ 4 4/ 4 3/ 4 0/ 2
31 76 4/ 4 5/ 4 1/ 4 o/ 2
77 4/ 4 4/ 4 4/ 4 0/2

Fw»

RPN
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Table 12

Tumunity pattern in birds

51. Batch Protection - percentage at Mortality 4%
No. No, 1: 400 - in the
' 107  107° 107 controls

1 1 50 100 66 .6 50 100

2 2 15 100 3343 25 100

3 p! 100 100 100 50 100

4 4 100 100 50 100 100

5 5 100 100 100 66,6 100

6 6 66.6 100 100 66.6 100

7 7 (. 50 100 100 100

8 8 50 15 100 66.6 100

9 ) 75 100 75 75 100
10 10 25 100 66.6 66.6 100
1 11 15 75 66.6 100 100
12 12 75 100 25 5 100
13 13 100 100 100 - 100
14 14 100 100 100 - 100
19 15 75 100 100 100 100
16 16 100 100 25 75 100
17 17 100 66.6 T5 75 100
18 18 100 100 100 100 100
19 19 75 50 100 100 100
20 20 () 50 - 100 50 100
01 21 100 100 333 0 100
22 22 75 100 100 fb) 100
03 23 75 Not done 66.6 100 100
24 24 100 100 75 100 100
25 25 [ 100 100 66.6 100
26 26 ™ 100 100 66 .6 100

(continued)
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81. Batch Protection - percentage at Mortelity %
No. No. in the
1: 400 10...5 10-—6 10_7 controls

27 27 50 50 75 50 100
o8 28 75 66.6 100 100 100
29 29 100 100 75 100 100
30 30 100 100 75 100 100
31 31 100 100 3%.3 100 100
32 32 66.6 66.6 66.6 75 100
33 53 66.6 100 5 15 100
34 34 66.6 75 75 75 100
35 35 100 100 75 100 100
36 %6 100 100 100 100 100
37 37 100 100 66.6 50 100
38 38 100 - 100 75 100
39 39 66 .6 66.6 50 100 100
40 40 50 66 .6 100 50 100
41 41 100 100 100 75 100
42 42 100 100 100 75 100
43 43 100 400 75 25 100
44 44 100 100 100 75 100
45 45 100 100 100 66 .6 100
46 46 100 75 100 100 100
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Table 13
Imounity pattern in birgds

-~

Protection percentage

RS e T =

10 10 in the
controls
1 47 100 66.6 5 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 2543

9 55 75 100 100 100
10 56 100 100 100 100
11 57 100 66.6 100 100
12 58 100 ™ 75 100
13 59 50 100 100 50
14 60 100 100 50 100
15 614 100 100 100 100
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 74 0 66 .6 100 100
26 72 100 Not done 15 100
27 13 100 100 100 100
28 74 100 100 100 100
29 75 I 100 75 100
30 76 100 (> 25 100
59 77 100 100 100 100



77

Tgble 14
Results of challenge tests in birds

S1. No. Batch No. Dilution 107° ggﬁgﬁols
1 78 3/3 0/ 2
5 69 3/3 0/ 2
3 80 3/3 0/2
4 81 3/ 4 /4
5 82 4/4 0/ 4
6 a3 2/2 o/ 4
7 84 4/ 4 0/ 4
8 85 2/2 o/ 4
9 86 4/ 4 2/ 4

10 87 4/ 4 1/ 4
1 88 - 2/3 0/2
> 89 2/ % 0/3
1% 90 2/ 0/ 4
14 91 1/2 0/ 4
15 9o 5/4 0/3
16 9% 2/4 0/4
17 24 2/4 o/ 4
18 25 3/4 2/4
19 96 2/2 2/ 4
20 97 %/ 4 3/ 4
o1 98 5/5 1/ 4
22 99 44 o4
23 100 4/5 0/ 4
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S1i.No. Bgtch No. Dilution 10=6 Zgiiiols
24 101 3/5 2/ 4
5 102 6/6 0/ 4
26 103 6/6 o/ 4
o7 104 6/6 0/ 4
28 105 4/5 0/ 4
29 106 5/5 o/ 4
30 107 5/5 0/4
% 108 3/3 0/ 4
%0 109 3/3 0/ 4
3% 110 6/6 o/ 4
% 4 111 6/6 0/ 4
5 112 6/6 0/ 4
36 113 5/5 0/ 4
57 114 3/5 0/ 4
%8 115 5/ 0/ 4
39 116 4/ 4 o/ 4
40 117 4/ 4 o/ 4
41 118 5/6 0/ 4
47 119 6/6 0/ 4
43 120 6/6 - o/4
44 121 6/6 0/ 4
45 122 5/5 0/6
46 12% 6/6 0/6
AT 124 6/6 0/6
A8 125 4/6 0/ 4

(continued)



79

51. No. Batch No. Dilution 49-6 Virug

control
49 126 5/5 o/ 4
50 127 6/6 o/ 4
51 128 4/ 4 o/ 4
52 129 6/6 0/ 4
5% 130 4/4 - 0/4
54 131 4/4 o/ 4
55 132 6/6 o/ 4
56 133 6/6 0/ 4
57 154 6/6 0/4
58 135 5/% o/ 4
59 136 4/5 0/ 4
60 137 5/5 0/ 4
61 - 138 3/3 0/ 4
62 139 3/% - 0/4
63 140 3/% 0/ 4
64 141 4/ 4 o/ 4
65 142 5/% o/ 4
66 14% 6/6 0/ 4
67 144 A/ 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 o/ 4
72 149 3/5 o/ 4
73 150 5/5 o/ 4

(continued)
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51, No. Batch No. DPilution 10"!6 Virus controls
T4 151 6/6 o/ 4
75 152 5/6 o/ 4
76 153 3/73 o/ 4
77 154 4/ 4 o/ 4
78 155 3/ 4 0/4
79 156 3/ 4 0/ 4
80 157 4/5 0/ 4
81 158 3/4 o/ 4
82 159 3/4 o/4
8% 160 4/5 0/ 4
84 161 5/% o/ 4
85 162 3/ 4 o/ 4
86 16% 4/5 0/ 4
87 164 6/6 0/ 4
88 165 3/4 0/ 4
89 166 4/5 o/ 4
90 167 3/3 0/4
91 168 5/5 0/ 1

92 169 4/5 o/ 2
93 170 3/ 4 o/ 4
Numergtor = Munber of birds survived‘

Denomingtor

It

Number of birds challenged



81

Tagble 15
Twounity pattera in birds
51+ Batch No. ii%é?ﬁﬁléi at Mortbal ity #
10 dilution

1 78 100 100
2 79 100 100
p] 80 100 100
4 81 75 100
5 82 100 100
6 8% 100 100
7 84 100 100
8 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 5 100
16 93 50 100
17 94 50 100
18 95 5 50
19 96 100 50
20 97 75 25
- 21 o8 100 75
292 99 100 100
03 100 80 100

(continued)
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Yoo PRt Wo. L iiase st jorisliy
10 dilution
24 101 60 50
25 102 100 100
26 10% 100 100
o7 104 100 100
29 105 80 100
30 106 100 100
%9 107 100 | 100
%2 108 100 100
3% 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 8%.3 100
42 119 100 100
43 120 100 100
44 121 100 100
45 122 100 100
46 123 100 100
47 124 100 100
48 125 66 .6 100

(continued)
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e e @ i,
10 dilution
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
56 133 100 100
57 134 100 100
58 135 1Q0 100
59 136 80 100
60 137 60 100
64 138 100 100
62 139 100 100
63 140 100 100
64 141 100 100
65 142 100 100
66 143 100 100
6'7 144 66.6 100
68 145 833 100
69 146 100 5
70 147 100 100
71 148 100 100
72 149 60 100

{continued)
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33)': Batch No. gr;g sovton Tgr:g;t:glg
_ 10__ _dilution . .
73 150 100 100
T4 151 100 100
75 152 B3%.3 100
76 153 100 100
77 154 100 100
78 155 5 100
79 156 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
86 163% 80 100
87 16 4 100 100
88 165 (] 100
89 166 BO 100
90 167 100 100
91 168 100 100
92 169 80 100

93 170 75 100
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Table 16

Percentage of protection at different levels

Dilution Percentage of protection

vacg{ne 100%  75-B3.3% 60-—6§ 6% 50% 25-33% 0%
12400 45/71  16/77 | 6/77 5/77 /11 4/ 77
1077 31/46 4/ 46 5/ 46 4/46 0/46 é/ 46
107 104/170  36/170 18/170  5/170  6/170  1/170
107" 34/17  11/71  12/77 /1T 41T 371

Numergtor = Number of batches showing
protection.

Dencminator = Number of batches tested
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PARALLEL TITRATIONS

BExperiment I

Parallel titrations of four batches of the freeze
dried Ranikhet disease vacclne were dbne in the 9-10 days
01d embryos and in the chicks of 6 to B weeks of age.
Results are presented in tables 17, and 18, In this experi-.
6 ana 1077

""6 -6’ 10"'6 .O’ 10"'605

ment the dilutions used were 10”5, 10 . The embryoﬁ

infectivity titres were found to be 10

and 10"7"5 and the corresponding protection titres in chicks

“were 1071*5, 10772 40773 gna 10777,

Bxperiment II

In this experiment, ouly two dilutions viz. 10™° and
10_7 of all the three batches werse used in both the systemsf
The titres obtained were 10717, 10707 gna 1077°% with
corresponding titres of 10779 10769 gna 10785 in chioks.

Results are presented in table 19 and 20.

Exveriment ILI

Consequent upon the adoption of the new outlines sugg
ted by the Committee for Standardisstion of Veterinary Biole
gical Products, o single dilution of the vaccine was tested
in chicks. But decimal dilutions of 6, 7 and 8 were employ«
for titration in the chick embryos. Results are presented |
table 4, under embryo infectivity. 22 babches viz. 103 to
121, and 168 to 170 were titrated and results show that thé

ninimam titre obtained was 10 °°° and the maximum was 1077
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Table 11

Chick embryo titration of Freeze Dried Ranikhet Disegse
Vaccine vis-g-vis jumunity pattern in chicks

Batch No.— 23 gA 24 I’ 35 36

MORTALITY

R
Dilutiong In In In in T In 3 Ta in
| embryos birds( embryos birds{ embryos birds{ Embryos birdg

(48 hrs) (48 hrs) i (48hrs) ) _(48hrs)_
1077 1/4  o/4  o/4 o/2 /& 9/3  3/4 0/4
1070 /4 o/2  2/4 /4 3/4 /4 44 0/
1072 4/4 Not done 4/4  0/1 - o/3 - 0/2
Numerator = Mortality
Denomingtor = Number inoculasted
Table 18
Comparison of titres in chick embryos and in chicks
(calculated on the basis of 50% endpoint)

i Titre in chick embryo Titre in chicks
Batich No. per 0.1 ml. per 1 ml.

23 646 7.5

24 6.0 7.2

35 6.5 T.3

26 7.3 7.5
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Table 19

Chick embxyo titrgtiod of Freeze Dried Ranikhet Disegse
Vaccine vis~g~vis immunity pattern im chicks

Batch No.— 50 | 51 | 52
' i MORTALITY

Dilution | ]

iIn In In In In In

é embryos Dbirdsg§ embryos birdsg embryos birds

48 hrs. 48 hrs. 48 nra,

10~ 3/3  0f3 2/6  3/4 44 1/4
107 1/2 0/3 2/4 1/4 3/3  3/4

Numergtor = Mortality

Denomingtor = Number inoculated

Table 20

Comparison of titres in chick embryos gnd chicks
(Caleulated asILD50)

Titre in chick embryo Titre in chicks

Batch No. per 0.1 ml. per 1 ml.
50 T.3 T.5
91 6.5 6.5

52 T.5 6.5
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LYOPHILISAT ION |
As discusged under 'Matérials and Methods', the liquid

vacoine was dried from the frozen state. The primary drying
was carrisd out for 19 hours and the pressure of the vacuum
used fo be 0.2 mm, at 2 hours of loading itt the machines
whiech graduslly used to come down to O.14 mm, gt the end of
the operation, Results are tabulated in table 21.

Secondary drying cycle was done for 19 hours on secon-
dary system, The headers were maintained at a pressure of
0,140,112 mm. Observations are presented in table 22.
BIOLOGICAL TESTS

A blological test was conducted of the birds which used
to die within 3 to 5 days of challenge. The results revealed
that the vaccingted birds gfter challenge died of causes other
than Renikhet disease since the birds used for biologicel test
survived.

FREEZING AND THAWING

During certain parts of the year, the vaccine could not.
be dried for went of freeze drying ampoules and it was stored #
the desp freeze cabinet for periocds varying from 7 days to 107%
days (table 23). ;

The frozen vaccine had to be thawed from -10°C to 24—25?
before it could be prepared for freeze drying. It fook nearlyﬁ

two hours,
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Results of titrations of these batches, 13%30-~142,
157 and 167 are presented in table 15 . It would be
obgerved tha¥ none of the batcheés of vaccine which had
~undergone freezing and thawing had deteriorated in their

immunogenic efficliency. The protection at 10"6 dilution
was8 found to be 100% in ten out of 11 batches and 80%

in the 11th batch, (batch No.157).
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Table 21

Observationg -~ Frimary drylng

Hours Ref. temperature Pressurs  Room Remgrks
o temp.oc

0 =42 - 22 Centrifuge on
0,45 -38 . 24 Centrifuge off
2 ~38 0.2 24 |
4 =40 0.18 24

6 ~40 0.18 24

8 ~42 0.18 24

10 -4% 0.18 24
12 -4.3 0.16 24

14 =43 0.16 24

16 ~45 0.16 22

18 =45 0.14 22

19 =45 0.14 24
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Table 22
Obsexrvations - Secondary drying

Hours Pressure Room tewp.
mw. 0f mercury 9@
0 0.14 24
2 0.15 24
4 0.13 24
6 0.12 23
8 0.12 23
10 0.12 24
.12 Q.12 24
14 0.12 24
16 0.12 24
18 0.12 24

19 C.12 24
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Table 2%

Effect of freezing and thagin%_on the
Rgnikhet Disegse Vaccine virus (Mukieswar)

Batoh  Date of Date of ©Period of Immunising Protection
Np. harvesting drying storage titre in  perceuntage
at ~10°C  ohicks

130 03-8-1965 6= 9-65 14 days 10 100
131 30-8-1965 T~ 9-65 8 ¥ -do- 100
132 6-9-1965 15— 9-65 9 o =do~- 100
137 1-11=1965 15=- 2-66 107 *® ~do- 100
138 B~ 11966 22~ 2~66 50 M ~do~ 100
139 17=1=1966 28— 2~66 42 " ~do- 100
140 31=1-1966 %~ 3-66 31 " ~dg~ 100
141 T-2~1966 8~ 3-66 29 ~3o- 100
142 21-2-1966 14~ %3=66 21 -do- 100
157  19-9-1966 26~ 9-66 7 ~30~ 80

167 20~ 3= 67 28~ 3-67 g " ~do~ 100
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DISCUSSION

VIRUS MULTLIPLICATION

Severgl workers have exploited the usefulness of
developing chicken embryo not only a8 s medium for virus
growth for vaccine production but glso for gssay. This
is particularly true in respect of influenza and Newcastle
disegse viruses.

Many a worker have attémpted to trace the develop-
ment of the infective particle in the embryonic fluids and
also the significance of relative concentration of the
infective unit and the haemagglutinins gt different inter-
vals in the fluids and tissues of the embryo (Henle and
Henle, 1949; Hoyle, 19503 Wenner et gl. 1950; Liu and Henle,
19513 Sakkubai, 1960). These workers have noted that at
first the infective virus particle appeared in the embryo
fluids and thereafter the haemagglutinin particles could
be detected in demonsirable quantities. Furthermore the
guantity of haemagglutinins produced was intimsgtely 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 thet there was a progressive rise in the
infectivity titre of the gllantoic fluid as is evident
from table 1 and fig. 1. The gppearance of hgemagglut inins
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 vwas correspondiné
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increase in the HA titre of the ND virus with the increase
of embryo infective titre. The observaetions made in this
study concur with those of Hill as well as those of
Sakkubal .

Another interesting observation that has been noticed
is that the HA activity is demonstrable only when the embryo
infective titre is about 107°% CEDD,. Hanson-gt gl.
(1947) working with NDV pointed out that the virus suspen-
sions having an embryo LD5O of 10«l5 or less fatled to
produce HA and the present observations bear a similarity
with the observations of these workers,

From table 3 it will be seen thagt while the infective
titrereached its pesk at 36th hour of incubation and remaineé
aglmost stationagry till 48 hours, the HA activity increased
gradually upto 48th hour. This is explained by the fact
that after the desth of the embryo the increase in HA titre
is due to the reaction of both viable and non-vigble virus
particles. Similar observations have been reported with
influenzg virus by Berukopf (1950) and with NDV by Wenuer
et gl. (1950) and Sakkubal (1960).

HAEMAGGLUTINAT ION ~INHIBITION ANTIHODY LEVELS

In the experimental and field investigations, the
hagenggglutination~inhibition test has been employed by

various workers as a convenient tool for megsuring the
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the degree of résponse to vaccination., This serologi-~
cal method provides a convenient technique for obtail-
ning quantitative data oun the degree of response since
it wegsures g specific antibody induced by the virus.

Hofstad (1951) showed that a demonstrable level
of HI gntibody was reached usually 5-10 days after infec-
tion with NDV.

In the present study, the HI reaction hags been
employed as a means of evaluating the respouse of birda
to the freeze-dried Ranikhet disease vaccine.

A perusgl 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
protection asgainst challenge virus. It was only inb%
of cases that the birds which had comparatively low
levels of HI antibody (40, 80 and 160) died on the 4 to
5th day after challenge. These were gutopsied and
Ranikhet disease was ruled out.

However, it wmay be mentioned that these birds
could not possibly produce & high level of HI antibody
due to intercurrent infections. Unfortunagtely the serum
sgmples from such birds were not screened for the presence‘

of neutrplising antibody which, however, could have explail-

ned the significance of HI antibodies yvis-ag—-vis protection

at this level. The protection of HI antibody levels of
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1210 was also not noticed as the controls invariably
succumbed t0 challenge virus.

Positive HI resctions are always correlaied with
ability to withstand challenge tests., HI negative regc-
tions, unless accompanied by serum neutralisagtion tests
or challenge data, are far leas meaningful because they
may or may not be associated with resistance to challenge
and the presence of neutralising antibody (Markhem et al.
1954) .

Becguse of the signifidance of the HI positive
feaction, it might be assumed that a wmethod of vaccluation
which elicits an increased HI titre is superior to a
method which fpils to do so.

To the extent that positive HI antibody levels
are accompanied by protection, the findings in the present
study are in agreement, The data also support that the
vaccine virus viaz. RQB strain of R.D. virus is capable of

evoking & high degree of iumune respounse.

NEUTRALISING ANTIBODIES

Circulating antibody is the bagsis of immunity
against reinfection. The wost direct and biologically
significant way of detect ing and measuring viral anti-
bodies is by the capacity of a serum to preveuat or

hinder the infectivity of a virus preparation.
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In the present studies, 12 batches (124 to 135)
of pooled Sera were sﬁbjected to neutraglisgtion test by
using constant serum plus varying dilution of virus.
Normal seras were usSed as controls. ONI was calculated
gecording to Reed and Mueuch (1938). Data are presented
in table 8., The lowest usutralising 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 ising
antibodies are sufficient indicgtors of imauune stgtus of
the birds.

The interrelstionship of the HI and SN gntibodies
has also been studied in detail and the available repbrts
indicate that neither these two ant ibodies nor the mecha-~
nism of their formgtion is the sane. It has been estab-
lished that the SN ant ibodies persist substant ially longer
than HI antibodies (Brandly et al. 1947 and Hanson et gl.
19%50). It has been discussed by several workers (Luginbuhl;
and Jungherr, 1949; Zargar and Pomeroy, 1949; Doll et al.
1950; Wilakantan et al. 1960b) that the HI response mgy
differ gecording to the strain of virus used, the time of
development, titre and its persistience, route of infection
and other factors. However, this aspect has not been
studied in this treatise. The stress was more oun the
response that the freoze dried Ranikhet 4 isegse vaccine

wasS 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 evaluation of immunity including the intra-
dermpl test (Wasseman and Yates, 195%; Yates el gl.1954).

Lancaster (1962) discussed the use of HI test as a
quantitat ive megsure of immune response. Doll et al.
(1950a, 1950b, 1950c); Hitchner and Relsing (1953);

Hemann (1958); Markham et al. (1954), Raggi and Lee (1962)
and Simmins and Baldwin (1963) emphasised that the HI
response could not be compared directly with immune status
as weasured by challenge tests. 0n the other hand,
Nilakantan et al. (1960b) observed that a HI response of
1120 was a dependable guide for probability of protection
through challenge tests.

The observations of Keeble and Wade (1963%) and
Reggl and Tee (1960) that SN antibody aﬁd HI antibody
did not always develop or decline at the same rate follow-
ing vaccinatioun, makes it impossible t0 regard as a 9ingle
entity, the immuue bod i8s associgted with HI, virus aeutra-
lizgtion and specific refractivity to infection (Brandly

et al. 1947; Henson et gl. 1950 and Dardiri and Yates,1962).
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Nakamura et al. (1956) did not observe any definite
relationship between HI and SN tests and respiratory
infection. However, SN test has been considered to portray
a btruer picﬁure of the immunity than the HI test (Hifchner
and Reising, 1954).

It therefore follows from the work of the above
authors that the criteria adopted for evalugting the immu-
niﬁy engenderéd by Newcastle disegse vaccines have been
varigble gnd thus g close relgtiouship of all the results
mgde difficult.

Bankowski and Cortsvet (1960) were of the view that
immunity in Newcastle disease was couposed of many megsurg-
ble aznd unmeasuradble factors.

However, after wighing the pros and cons of the
problem, = better procedure for determining the immunity
appears to be to expose vaccinated and non-vaccinated
chickens to virulent virus. This has been the view of
Taylor (195%) and Bankowski and Cortsvet (1962)., The
criterion lajd down for a positive result being the absencs
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 test. The data of survivals agfter challenge andgd
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the percentages of protection indices have been presen-
ted in tables 10 to 15.

The summary of batches of vaccine which gave protec—
tioﬁ at different dilutions and at different percentages
of protection iu table 16 shows thet 72 out of 77 batches
(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

T

dilution, and
70 out of 77 (nearly 91%) at 10 ' dilution, had a protec-
tion 1evél of 50% and sbove.

Taking the dilutions of 10"6 and the protection of
even 75% and gbove, the data works out to B2.3%. This
dilution is being discussed in the light of recoumendgiions
of the Committee for Stan dardisation of Veterinary Bioclogi-
cal Products and also the sera that were employed for assay
of HI and SN titres, was from the bhirds that received 10'"6
dilution of the vaccine. On the basis of 79% protection
the titre works out %o 10“6/1 ml, which consisted 1000,000
infective units and in the field dose it works out to 5,000
minimum infective units for a vaccinating dose which has g
wide margia of safety. |
| The immune response through HI was very encoursging
(tables 5 and 6). The immune HI antibody response gnd the
protection (table 6) have glready been discussed above.

The serum neutralizing index (SNI) of immune sers

(table B) was also quite good. The lowest SNI was 4.24
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and the highest was 6.30 which corresponded to neutrali-
sation of 16,000 to 19,95000 LD5O units of the virus (4.2
logs to 6.2 lbgs). Sgkkubgi (1960) reported that the
immune serum gave & neutrgl isiung index of T.27.

Beach (1944), Osteen and Anderson (1943) who employed
chickens and euwbryos for SNT, reported that 100C infective
doses of virus were neutralised but they euployed virulent
virus,

Absolute protection is generally not possible in
biological systems of assays due to individugl variagtions
and genetic make up (Cole and Hutt, 1961). The vaccinated
birds during the challenge period develop a temporary
virgenia (Hofstad, 1956; Gill et 21.1959) which may gain
upber hand in case of birds having worms br some other
stresa factors. The low level of antibodies may not be
sufficient to warrant protection against viruleant virus,
and the birds may succumb, In the present study the birds
which died were subjected to careful autopsy and the cause
agcertained as far as possible. In mosSt of the cases
heavy wormn infestation and debility were the cguses.

On such ocegsiong where the birds died % to 5 days
after challenge, biological test was performed. The
results of the biologlical 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 discrepencies
at certain dilutions of the vgccine in the potency test.

Burnet and Ferry (19%4) demonstrated the pathoge-
nicity of Newcastle disegse virus to the chicken embryos.
Chick embryo, besides providing a source for vaccine
production, has been employed for assay purposes. This is
all the more true of Newcastle disease since the systeuns
in both cages (CE and chicken) is almost identical,

British Veterinary Codex Lays down that the Newcastle
disease vaccines (living) are standardised so that one dose
for intramuscular or subcutaneous inoculation in the field
contalus 1000 to 100,000 infective doses for the chick embryo.
With a view to evolve a simpler and rapid method of assay
of the Ranikhet disease vaccine it was decided t0 titrate
this vaccine in the developing chicken embryo.

Before this was initiated, to get a preliminary
idea about the correlabion between aembryo infective t itres
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 g routine for biological assay.

The results of parallel titrat ions ot dilutions of

10"5, 10"6 and 10-7 are presented in tables 17, 18, 19

and 20,
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The four babtches, namely, 23, 24, 35 and 36 had

"6.6 0"’6;0

embryo infective titres of 10 y 1 y 10—6'5 and

10"7*3 with corresponding chicken titres of 1072, 107712,
10_7'3 and 10"7’5 (tables 17 and 18). A referetice to table
12 would show that these batches had 100% protection at the
highest dilution of 10~7. Protection was T5% and above ail
dilution of 10'*6 (batches 24, 3% and 36) while batch 23 gave
66 .6% protection gt this dilution.

Reducing the figures to arithwmetical units, the above
batches of wvacecine had 3981000, 1000000, 3162000 and 19950000
enbryo infective units which works out to 40 (39.81), 10, 31
and 199 vacoingting doses based on 100,000 embryo infective
units per vaccinating dose.

The results oblagined in experimeut I were repeated
in experiment II. Batches 50, 51 and 52 were titrated at

10™% ana 1077

dilution in both the systems. The titres
0”7‘»3’ 10""6¢5 and 10"7-5’

0785

obtgined in chick embryos were 1
while the titres in chicks worked out o 10_7'5, 1 and
10_6'5 {(tables 19 and 20). The protection was absolute in

& silution of

the case of batch 50 while protection at 10~
batch 51 was 75%. However in respect of batch 52, 75%
protection was noted at higher dilutions 1i.e. 10“7 a8
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 1%).
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Encouraged by the results of the two experiments
discusged in the preceding pages, 22 batches (103 to 121
snd 168 to 170) of freeze dried Ranikhet Disease vaccine
were assayed in the chick embryos and thelr results pre-
sented in table 4 would show that the titres varied from
10-5'60 to 10"7°75 which corresponds to 4 agnd 562 vacci-
nating doses. As per the standards laid down by the
Brit ish Veterinary Codex, this is quite satisfactory and
the results of chick embryo titration‘could be relied upon
88 g method Por the assay of freeze dried Ranikhet disease
vaccine. The protectiqﬁ afforded by these batches was galso
high {(table 15). “

In the light of the findings presented in this disser-
tation and the experience of previous worksrs it is clear
that the embryo infectivity test which bears a close relation-
ship with the iwmunizing efficiecacy of the vaccline can be
depended upon as a suitable substitute for the direct
challenge test.

From the results of freezing and thawing of Ranikhet
.disease virus presented in table 23, it would be observed
that there was no deleterious effect in the immunising
efficiency of the vaccline virus, even when the storage

period was upto 107 days at —-10°C. This would facilitate
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storing of liquid vaccine in times of scarcity of freeze
drying empoules or any other mechanical breaskdown .

From the observations on drying cycles presented
in tables 21 and 22, it would be observed that the huge
quantit ies of Renikhet diseamse vaccine prepared at this
Institute was dried in a thoroughly convincing mannsr.
The gmpoules were finplly segled under a pressure of

0.05 to 0.01 mm, of mercury.
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CONCLUSIONS

In the present studlies the sequence of development
of the infective particle and the haemagglutining in the
embryonic tissues during the growth of the virus was
followed. It has besn found that infective units appear
after 6 hours of incubgtion while the haemagglutinins
appear at 18 hour (tables 1 and 2).

These observations support the findings of Bang
(1948), Hill (1957) and Sakkubai (1960).

Within the limits of observations presented it
appears that an embryo infectivity titre of 10'5'20 is
necessary for the detection of haemagglutinins (table 3).

The observation recorded by Sakkubai (loc. cit.)

and Negli (196%), that at certain stage of multiplication
of virus the infectivity titre becones stationary while

a rise in HA titre is noted, has been corroborated in the
present study. This may be due to the fact that at a
certain stage the virus multiplication slows down and
death of the already formed 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.
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The iumune response of chicks to the freaze dried

Ranikhet (Newocastle) disease vaccine was measured through
haemagglutinat ion inhibition and serum neutralisation
tests. It has been found that the freeze dried vaccine
induced g good degree of HI antibody 14 days after experi-
mental infection, The group average titres varied between
640 and 2266. The correlation between HI antibody and the
protection observed through challenge test has been quite
satisfactory (table 6).

Serun neutral ising indices of 12 batches of pooled
sera varied from 4.24 to 6.30. Protection in gll these
batches has been cent per cent except in one case
(tables 8 and 19).

The vaccine could be conveniently titrated in the
developing chicken embryo and the results feveal a good
correlation with the protection gfforded through chgllenge
tests (tables 4, 12, 13 and 15). In view of these findings
the assay of the Ranikhet Disease vaccine can be safely
depended upon by employing chick embryo titration which
is more economical and quicker than the challenge 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 reagctions and the various biolo-
gicals used for its control has been reviswed.

The detection of infective virus particles and the
development of haemagglutinins during the growth cycle
of the virus in the developing chicken embryo have bheen
studied in this treatise.

The serological response of the birds to the freegze
dried Ranikhet disease vaccine through haemagglutinagtion-
inhibition and serum neutralisation tests have been recor-
ded in these studies,

The potency test resulis of 170 batches of frecze
dried Ranikhet disease vaccine have been analysed.

The possibility of utilising the embryo infectivity
ag g substitute for expensive and time consuming potency
test in birds has been studied. The results reveal a good
correlation betwsen the embryo infectivity titre of the

vaccline and its immunising efficiency.
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