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Since the identification of Newcasitle disease in baby chicks in Californis
in 1944, outbresks have been obgerved and identified in every sitates. The high
morbidity and mortality retes of the malady have placed it ia a posit
great interest.

Development of the diasgnostilc provedures have been largely based upon ths
hemegrlutination test ag first described by Hirst with the inlluenza virug

The phenomenon was at first considered specific, bul it is now lknown that the
reaction 1s very complex and several substances have beon found wirich react
or interfere with some vhase of the btest. The presence of anbibody in blood

gserum has been detected by measuring the inhibition of the hemapglubtinabtion

tests

It hasg been knowm for gome time +that ghicks hatched from immano hens

» N

carry a cervaln refractivity o infection with the virus for about the Iirst
o

thirty dayse. Recently, oulbreals of the disease have been observed in chicks

.

from supposedly impmme hens. These irregulorities, as well ag difficulty in

birds, have led

obtaining the expected probteciion from a vaccinetion of young

o renewsd imterest im the imporitance of the cong ity involved.

The dmpracbicability of taking blood samples from laying hens to debermine
thelr immune status has given rise bo bthe development of a hemagzlutination
best using the ezg yolke This tost, when adopted, will give the poultryman
and hatcheryman not bthe irmune sbatus of tho hen only, but also the amount
of dmmunity that she confors to her offsprings. From this data, vaccination
programs can be more sasily plam

o

i

i

he preseal work has served to give a better knowledge of the hemagglutie
nation test in general and to correlobe the results of the several proceduros.

rds the statug of the immunity was wunknowm; here the test

L

In one group of b



was used to detect entibody. Those hens had no previous hisbory of NHewcastle

disecase bub were observed bo develop a respiratory condition which spresd

Eh

)

through cowntest pens, possibly originating in & pen of birds vihich had been
vaccinated with live virus.

The imwensge esconomic aspechts of Weweasgtle disease has provided a greatb
stimulue for etudies. The general accelerated response Ho virus work,
espocially with regard o vaccines, lwmunizablons, congenital Immunity, and
disgnosis undoubtedly will leod to a move complebve undersbtanding of other

Tvirus reachions.

In view of these facbs, this experimental work was considered worthwhile.
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REVIEW OF LITERATURE

"4 hichly diffusible and fatal infection of poultry” was the description

given by Lraneveld in 1926 to a disease in Tthe Dutch Zast Indies, which is
now generally termed Newcastle disease. Doyle (1927) in the same year obe-
served this disease at Newcastle-on=Tync, Bngland, named it after that place
and demonatrated the Lilbterebility of the causative agent. The

P 3

nition of this malady in thoe Western Hemisphere was mede iun Celifornis in

1944 {Brandly, et el., 19463 Boach, 1944). The disease undoubbedly existed
(Beaudette, 1946) in the United States on a wide scale Long before this

identification was made.
Burnet (1942) and Lush (1943) observed that the Hewcastle wvirus exhibited

3

the agglutination of certain red blood cells. The use of this phenomenon in

snse makes & review of the pertinent

Hiret (13”1) first demonstrated the agglutination of

oo

red bloed cells by

B

regec

T

the influenza virug and tho inhibitive action of lmmune gerum. Thi ion

W

hag gsince been kunowm as Hirst's phenomnenon.

He obgerved that when infecbed allantolc fluid of a chick embryo was
wlxed in a tegt tube with washed normal adult chicken red blood cells, an
agglutination phenomenon occurred. The red cells sediuenved raplidly
formed o characterlistic ragged granular patbern on the bobton of the tube.

If the red cells were added in the best tube bo the allanboic fluid from an

uninfected chick, only slow sedimentation of the red cells ocsurred with no
asgerogoblony and in sebtling oub, the cells formed a sharp-edged round disc

in the botton of the tube. He alse nobed that vhen noimel chick ewmbryo raed

cells weore added in sufficlent numbers bo infected allantoic £luld and
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allowed o sottle oub, over 92 per cont of the virus 9.:*%@ nh In bhe lafected

X

fivid disappearcd from the supernstent flIuid.

Further oxperimentation showed that when The allml%ci" fluid infected
with the virus was centrifuged {45 minmubes at 11,500 x'._p:’,_.ﬂs.-u} the Miter¥ of
the supernstont in berms of the agglubinating capacity d:éoppeé appro<imabely
four Himes. This fall in agglubinating power ¥ms consistent with the ex-
pected drop in virus titer as demomstrated by previocus besbs in mice wilth the
same fluid, vwhich showed that 70 to 90 per cent of tho virus sedimenbede
If, instend of infectod allanbolc fluid, the supernatant from genbrilugsd
growd nouse lunp infected with PR8 mouse passags virus was used, ithe éﬁded.
rod cells wore sgglutinated in a dilubien as high as 115006 (final concons
tration of mouse lung). Then influenza virus ferret anbiserua (FR8) in ai
Jutions ag high as 111024 was mixed with allantoic fluid infeoted with the
homologous virus, the agglutination §;hen@m@mn wag iuhibited. The i;:ohibii;ion
was specific, that :.s, influenza B *ervet antiserum in dilutions as low ag
138 folled Yo inhibit apglubination of red cells by fluids conmbaining influ-
enza A virug. Such ivhibition alse scourred with human serum, titrations
were made of acute and comvalescond serum from proven cases of influenza Ae
Dilubions of serum were mized with consbtant awounts of KBS infocted allantoic
fividy then o conslant amount of c¢hick red eell suspension was added, and the
agglusinetion was read in oune hour. The change in titer of this agglubinstion-
irhibition substance following infection appeared to be of the saus order of
magnitude as the rise in the petientc? neubtralizing titer against FRE wirus
ag d.OuPl wdned by the mousa.

Following the original discovery by Hirst with the izzfluenza. virus subsow-

guent observa u:LG?.lS of the same reancblon with certasin cther wiruses, including
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the Weweastle virus (Burast, 1942), were made.

This "in vitre™ virus-~cell reachion has given an excellent opportumity

to study the factors involved and the relatiounships exlsbing, in an offort to

bether uaderstand the relationships "in vivo".

Birst {1922a) showed that hemagrlubinabion of the virus was sssociabed
with the adsorption of the virus to the ooll surface which was subsequently
followed by progressive reliberaticn of the virus. In the process, the red
cell lost ite capaecity to ndsorb or bo agglubinated by fregh viruse

The curves of adsorpbion and elution of wirus hemagglubinins suggests
(Hirst, 1942a) that the interaction of hemagglutinin and cell ocours in fwo
phases: first, & cowbination producing agglubination, snd second, soms alicr-
ation of the ceclls accompsnied by = separation of the modificd cells and the
agclubinin. The modification of the colls in the second phase renders t}‘em
incapablo of combining with more agglubinin, uwhile the released agglutinin ig
apparently wnchanged.

The analogy of this remction with the interaction of enzymes and gub-
gtrates wayg brought out by Hirst (1942a). It is the generally accepbed view
that the first shage in engymatic reactions, at least in nmost cascss is the
combination of enzyme and subsirate. Then the substrate is chenically changed,
whereupon the enzyne and the allered substrate dissocisbe, and the enzyme is
free to adsorb and alber more substrabto. It is clear that if ons were able to
meko a wpeasurcment of the amount of free eziz;,ma preéeﬂt during this processg,
the amount of free enzyme should be low in the initial sbtages after combi-
mation bad occurred ia the presence of an excess of substrate. In the laber
stages of the enzymatic action whon the substrabe has been larsely used wp,
free enzyme should appear again in quantity approaching the initial concensw

tration, since thers is insufficient substrate to combine with all of the



enzyme present.

In this analogy the agglutinin corresponds to the ensyme, which is not
used up, while the substrate corresponds to the substance at the receptor
point on the red cell, which is destroyed during the process of agglutination,
rendering the cell incapable of further adsorptions The sensitivity of the
hemagglubtinin to heat (Hanson, 1949; lauffer and Scolt, 1945, 194Ga, 1946b)
and to formalin (8alk, 1946) is consistent with a substance of protein nature.
The cellular substrate, on the other hand is very resistant to heat, and this
stability suggests that it may be a non-protein substance.

A direct attempt to define this cell component has been made by Bovarmick
and Burgh (1947), who succeeded in preparing from large amounts of human
erythrocytes a lipid-polysaccharide extract capable of inhibiting the hemw
agglutinating action of the same viruses for those cells. The effect is
presunebly due to the compebitive combination of the extract with the virus.

The inhibition reactions thus far tested seem to demonstrate specificity
corresponding to that shown by the viruses in their hemegglutination reactions
(Bovarnick and Burgh, 1947). Prolonged contact of the virus and inhibitor at
26° ¢ or 37° ¢ shows that the interaction between the two results in pro-
gressive inmctivation of the imhibitor, evidenced by reappearance of ine
creasing hemagglutinative activity in an insctive mixture. The similarity
of this reaction with Hirst*s (1942a) description of the reversal of hem-
agelutinating activity lends support to the notion that the inhibitor is a
derivative of, or identical with, the cell receptor.

The simplest explanation of the actual above agglutination of cells in
the presence of the agglutinin isg to view the latter as forming a bond between
the cellse. If the agglutinin partiecles were bi- or trivalent and there were
multiple receptors on the red cells, one could visualize how a network or



clump of cells could be built up. The main evidence for this view is the
fact that the agglutinin adsorbed and the agglutinability of the cells are
parallel phenomena, (Lind, 1948).

If hemagglutinin and cell sensitizing agent are both aetivities of the
virus particles themselves, their apparent dissociation by replaced treatment
with red cells calls for some explanation, It is simplest to assume that
conditions are similar to those found by Anderson (1947) for Newcastle di-
sease virus, viz., that the cell sensitizing agent is essentially the
fraction of virus particles which is capable of adsorption but not of sube
soquent elution. The larger fraction of the virus particle population is
composed of units which can be repeatedly adsorbed on red cells, cause de-
struction or distortion of receptors and be subsequently eluted.

A suspension of humean red cells, occated with virus by Burnet's method
(1946), acts as an indicator substance. The action can be described as
follows: on each cell there are adsorbed several virus particles. Owing to
the weakness of their eluting system, these particles are firmly held and
protect the corresponding cell receptors from either contact with virus
hemagglutinin or with a receptor destroying emnzyme (RDE). Despite the ab-
sonce of an eluting system, these particles can still unite with virus
receptors on normal red cells, so causing agglutination when treated and
normal cells are mixed. When immme serum is added to treated cells, anti-
body forms & bridge between adsorbed particles on different cells and aggluti-
mtioh ocourse. A suspension of treated cells is stable because all receptors
unoccupied by unelutable particles have been rendered ineffective to hold
virus by the activity of active hemagglutinine The effect on the receptors
is only partial (Burnet, McCrea and Stone, 1946) and by lowering the temper-
ature, sufficient union with the damaged receptors on other cells can occur



to induce instability of the suspension. The effect of awbtibody ig to allow
u:i:!ion bet‘?‘eoﬂ o eells by means of the abtached unelubable v*irus 'pa;rff;iel_es‘.
and ’hr n0e a'whtlnatmn. - -

T"nc‘ence of h_e serological idon i;i“cv‘ the he m‘lutm,w.n (TJA} and U’ze
cell ﬂcxzsr‘c.r.mng abglu'tlm..‘ (G?A) isg nrav:r.ded by the ’ind_nb that the titer
of gn‘islhemagrlu“cltqin ig pr*oporﬁz.ozml o -111345 of sens ' ized opll aﬂ*flutz.m,n in
e serus end servm from vaccinsbed iﬁdividuals,_ as shomn by Purnet (1946a).

| The strikingly different results cbiained in & mmbor of experimenta,
accéz-dizzg to whether fowl or humean cells i?er‘e' aged Yo measurce the hemegplatise
native sebivity of treated virus, are pr-obab.l v all rei’ara?)la to 4 firmer ade-
sar_pﬁm of %cha virug to foul cell reéepd;@‘rs than te those of humen cells
(Ling, 1948). TIn geanoral, any agent or trentment that tends to imhibit the
astion of the vii‘us will appear disproportiomtsly offective sgoinst humaan
asg ccﬁpared with fowlvceils, {ldnd, 1948).

Lind {(1948) stated ﬁm-{: at 4% ¢ wnion bhelweon v-irué and fowl cell is firm
enough to ensure bfealmga of +the forees producing ag_;gregation of virug
sarticloss With Zrimmm ceils ot that towmporabure, the virus-cell wnion usually
breales belfore the virug-virus um,on within the apgregate, and only a*" higher
bemperatures do the aggregabes subomatically disperse im the presence of
gusce —zmole hopan cells. Under opbimum conditions at 379 ¢, titers produced
m'hh the two ‘{:Tmes of cells arc equ.\.‘va.lc*’v Tnder tho ‘:‘.nfluence of heai,
Pormalin or aging, she found the diminished adsorpbtive power of the virug is

first shown agsinst hwaa..a cells s and if non~gpecific inhibitors are included

{Jo

v the s:,rs‘t’e:i’i they tovo are mpp&ren’cly nore effective when human cells are
useé as indicators of -bh.eir ei?fect on thae virv.s. The virus thus, must be of
"'ull noms.l charaf*wr to make & satisfactory waion wilth the hmuan coll re-

caytcr. Any deviation from the nermnl greatly woakens or ebolishss the union.



Tnion with fowl recsptors has a higher tolerance for minor structural changes
in the virus and for the presence of weak inhibitors in the system. This is
further borns out by the behavior of freshly isclated strains of virus and
of strains which have been Intensively passaged in eggs, both of which show
a variable capacity to agzlutinate human cells although the fowl cell aggluti-
nation titers may be wniformly high (Lind, 1948).

It is interesting to note the close resemblance between the mumps virvs
end the Newcastle virus as brought out by Anderson (1947). Both viruses have
the capacity to sensitize red cells, rendering them specifically agglutinable
by immune sera and capable of causing the agglutination of added normal cells.
In both cases there is evidence for aggregation of virus particles in in-
feoted fluids.

Hirgt (1942¢) has shown that the infective agent in a virus suspension
was adsorbed and elubed in a mammer similar to that of the hemagglutinin,
and that there is a close association between these two types of activity.
Whether these two types of activity are the action of two agents occourring
on the same particle or on different particles, and whether these two forms
are completely separable was not mentioned by him. 8o far, the agglutinin
may be obtained without the virus activity, but there is ro evidence that
the agglutinin can be inactivated without also insctivating the virus (Hirst,
19420).

Hirst (1942¢) also stated that it seems more likely that the aggluti-
nation of red cells by virus hemagglutinin mey have some counterpart in
natural infection of susceptible cells with the virus. While there is no
evidence at all concerning this problem at present, he stated that it may
be that susceptible cells possess a surface receptor similar to that of the
red cells and that in infection this substance is altered by the hemaggluti-
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nin, thus injuring the cell membrane and providing a point of attack for the

infective particle.

I. Agglutination of normal II, Stability of coated cells.
red cells by virus.

TR

I1I. Agglutination of coated IV. Agglutination of normal
cells by antibedy. cells by coated cells.

Figure l. Diagram to indicate the reaction of virus with red cells.
The representation is purely schematic; Iarge circles represent red cells,
small ones virus particles, & central dot indicating that they are unelutable.
Effective receptors are shown as black semicircles, modified ones by open
semicircles. 1

Frencis (1947) reported that influensza B virus upon heating to 55° C

became extremely sensitive to inhibition by normal serum. With this indicator

1 Lind, Patricia. 1948. Nature of mmps virus action on red cells.
Austr. J. Exp. Biol. & lied. Sei., 26193-106.
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strain a nuber of other substances, including egg albumen (lamni and Beard,
1948), have been shown to react as "Francis inhibitors".

Receptor destroying enzymes (RDE) have also been discovered, Anderson
(1948) reported the action of the cholera vibrio enzyme as possessing this
RDE characteristic.

Hirst (1948) hes demonstrated the presence of a substance in plasma that
inhibits the agglutination of red cells by virus which is distinet from anti-
bodye He aleso hes shown a similar substance from the stroma of fowl red
blood cells.

Burnet (1948a) concluded that the viruses are adsorbed by all cell re-
ceptors, the essential component of which is a mucopolysaccharide.

The adsorptive power of the receptor for virus and its susceptibility
to inactivation by virus enzyme are considered by Anderson (1948a) to be
closely related, because of the action of any of the effective enzymes the
receptor becomes progressively incapable of adsorbing an increasing mumber
of viruses, so giving the phenomena of the receptor gradient. He explains
that as each wnit of enzymatic action is completed, the enzyme concernmed is
freed for action on an adjacent susceptible configuration. Under the action
of Brownian movement and the various adsorptive forces concerned, the virus
particle can be regarded as "browsing" over the patch until such a condition
is reached that the adsorptive forces are mo longer strong enough to main-
tain it in conbact with the receptor. When the action of & certain strain
of virus has ceaged, there are still many available substrate configurations,
but only viruses more readily adsorbed than the previous ones are capable of
further reducing their mumbers (Anderson, 1948a).

Bovernick and Burgh (1947) consider that two such complex surfaces as
those of the virus perticle and red cell probably demonstrate qualitative
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r rovealed in the roceptor gradient.

The effinity of red cells for viruses dilfer according tc the source of

the cells, and for casy detection of imbibition other than anbtibody, the red
cells should posgess a relatively low affinity for the virus used. Anderson
(1948b) also s ity between inhibitor and virus will
naburally denead upon both components, and treatment of eltd vill modify the

-

reactlone
Beach (1943) made the firet atlempbts Lo apply these phenomena to the

dlagncsis of Wowcastle dimcasese. In visw of the complicated reactions and the

3 £,

nunerous factors involved it was mot undd b1l 1948 that a succcossful application

1.

of the hemagzlubinat

was veported (Beach, 1943).
Provicusly, all diegnoses were necessarily made by isoladion and identifi-

cation of tho virus (Brandly, et al., 1948) and by the serum neubralization

Procedure.

Isolation of the virus has not been completely sucecessful. diffim
culty encountered in the selectlon of Vlssue infected with the wirusg has been

variously reported (Beaudebie, 1943; Brandly, ot al., 1847). Tho saliva,

lung, spleen, bone marrow, brain, spinal cord, egg yolk, crop, inbestinal

£
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content, feces, and bloed have all bheen reported by ¢
lation. Tholir exzperience has shown that none of the tissues are regularly

infected and no patbern of the location of

of the disease could bo detormined. Osbeen and Anderson (1948) reported

al At

that in less than fourteen per combt of the totel atbenpts is virus recovery

mede. The prescunce of so fow laboratoriss with adequate means of virus

o

isolatvion and the time roguived for such tests rendered them impracticel

3,

ocxcept from an eplzcclogleal standpeint, as brought out by Brandly, et al.
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nation-inhibition test gave quicker results on a larger musber of lrds than
did the serum neutralization Leste. The simplicity of the serum neutralization
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Lost s made laboratory workers reluctant to adopb the more complicated
A 0y 3 i T S, - be ey 8 - e i ,‘ - LR T
The S8 test as related by Osteen and fnderson (1948) consiste
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abing bten bto Urelve day chiclwn embrycs with a standardized

. m L A 1.

snd the wdmewn servm in definite diluticas simulbansously,

ivody beling menifested b

ond ccngequent fuilure of the infection to cgeur. They stbate that the value

of the 5 test ag a diagnostic ald is dependont upon ibs accuracy in esti-

&

moting the diagnogtic antibody level and upon the reliability of positive

.

findings as an indication of exposure o Newcastle virus. They also have

shown that in no cage was the neutraliziung titer

Metede’s in & composite sample from flocks with a ncgative history. In
where positive diagnosis of Newcegtle had been made, neutrallzation titors

of at least 1000 embryo mel.de'’s wore reached. Ths homaggivtination-inhi

b)

) 1.3

Lition diagnestic titer was observed by them te be obbtained earlier in the

course of the diseaso than was the dlagnostic serum neubraliszation titer.

“L’

sing 10Y asg the diapgnostic 31 titer amd 80 as the diagnostie UL tiver, they

roported thot the HI test (Beach, 1948) wms egually as roliable and accurate

if conducted with care, as wog bthe SN method.
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Dosch (1948) ropevds the HI
of Newcastle disesse in chickons from arcas in which the discase is kiown to
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acoure Duc to the complexity of the reaction and
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trollable factors iunvolved in the hemagplutination-inhibition bvest, 1t alone

should not establish the presence of Hewcastle disease in an arca preoviously
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leclded advanbage over thno eovery day

3,

In the ssandardization of the HI sest for diagnostic procedure, 1t hes
been found thalt certain factors must be carefvlly controlled bo give conwe

sistont results (Deach, 1948).

Although 2 virug sbrain is highly virulent, its sulbtability as a
disgnostic culture is not always evidenced (Beach, 1948). Usually a highly

infective virus will give a comperative NI titer, bult often e high degree of
ke

bgerved, giving lrregular and unsatisfactory
hemesglubinetion readings. Beach (1248) states that the term strain is used
here bo indicate virus isolated from diffcrent sources and does not indicate
necogsarily immumologic or other differences in their mature. As pointed

tivity very often does not readily adapt

zive o concentrated virus suspension

3}
0
pe]
=
!'43
}.
6}
purt
]
(=4
Fd
&
o
]

itsolf teo embryo culbur
of the harvested embrye flulds. The same resulis wers ovtalned by Brandly,

et al. {1946) and it was alsc found that occzsional culbtures kill the

before a concenbrated growth has occurred. They reported thet following

inceulation upon the serosa, the allountoic-smnionic fluids were not heme

3 =

agglutinative, or only slightly so, wnlle with rare sxceptions the fluids

b -

from eggs infected fatally via the allantolc, amnionic, or the intravenous
- - L2 .4 1

roubes were active iu Uhis respect. While a virus girain isolated locally

8. L} . 2 €

usually gave a more homologous antigen for the west, othor characteristics

mest be determined before the sclscetion is nods.
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to apglutinate

rocormaended & one per cenb

o PRI SR JUR J, e ed F 1 o . T o 3 mrenn powe b e
gusponsion more satisfactory. Urandly, eb al., (1040) stated that irregular
PR I Sy YU o~ "l N 3 PO . . 2 " g3 2 NI S RN P §
rosulis are often duc bo the use of a Loo Leavy suspousion of red cells and

recoumended a one por cenlt suoponsion.
presouce of tho Feweasctle in the blood of & bird, either from
vasclnatlon or natural infoctlon usually has been found to render the cells
unguitable for use (Lush, 1943).

7170,

The bonperature and time required fox hemagplutination by

virus arc still poimbs of disagrooueut. Beach (1948) co

the uge of the hemapgrlubtinebion test with Uewcastle virus in 1843, after all
of his efforts hod given negative resulis inter in that same vear, reuncwed

N

ts revealed the tine of reading the results had been incorrect. In

Ao

Lege early trials, resdings wore made afbter one hour alb room bemperabure

according to the dirst (1942) ‘technique, after wiro hours in tho roefrigerator
by ‘

ing to the Durnet techknique (Durnet, 1942), or after overnight in %the

according Lo the technique of Krueger, ot al. (1948). Later

19

Beochh found that sedinentatlon of agplutinated cells takes place within

by

hircy ninvbos at either room or refrigerat and that tho

2

agglutinetod cells slide te the lowest part of the curvature of tho botbon
of the tube so rapidly that a test read as positive in thirby minutes might

AR

appear completely negative in en hour or so alter the tost was set up.

The rvesults of Doyle {(1927) indicated that Wewcastle virus in tho mouth



O B T
GilC Cale

gion The caluiun level was reduced, but these

ENR P O,
Uik \LCJ‘_L}.CU lubinaGive

the antipon. The Bureau of Animel Indusbry® has standardized

specifiying the virus suspension to be such thatb
prascular injection of chicks, 50 Lo 60 days old, with Ol cc of dilutions of

it up bo L:1,000,000 or higher produce

8, Gthe suspension of virug, red cells and uwaomm

as many viruses to bring aboubt agslutination of the

the absence of the sorut.

red cells as is reguired for the reaction in

A e

toat, the method of Beach (1948) aand

adopiads Then there

forns o spall disc of gradually

Lot
¢

nobion ocourred,

covering e ent

irresuler cutline covering eh-oub o irds of vhe botbom of the tube (+ + +);

¥

s 1

the diarmoais of Wewcastle disease from the
Bureeu of Andmal Jadustry. August 15, 1946.

X
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vrith the antibodiss. The seruwm anbtibody diliter snd resistance of

the newly hedbched chicks were found to diminish rapidly and disappear coupletly
thres to four weeks ¢of age in the csss of diohtheria {Ozawm, 1958), fowl
placue (Hallawer, 1936), aad Mewcasble (Brenmdly, ot al., 1946). The cone

n-hu

genital Ilmusmity which protects nowly habelied ond Za e via B sx el

g ode

ot ot o P e Al oy g K- -
vent setisfacitor N uLi;,'\/EJlGﬁwLuwu ol active nun u" and

ehatadl

Brendly, ot al. {19468).
Brandly, ot al. (1946) reported the Howcastle anbiviral activity of egg

el

yolkas Their work was meinly comcerued with the possible interference of this
acbivity with virus cultures grown on ogg embryosg and with

zation diapgnosis. They concluded that no marked interferernce was evident

when exbryoes of less than 15 days incubetioc
bravsferred from the yolk to the tisgsuves of the embryo primarily in the last
|

four bo six days of incubaticn. T

tchoed chick was almost identical Lo that of the blood of ites dame

sthod outlined by Sclmitible

The HI test ag applied o egg yolk by the =

sonewhat lower than that of the Blood serun of the hen and theroefore recome-

nond that allowences be made. The practical aspect of this tost

heng in contrast to the Hlood serum I test is reported by many workerse

E . v g \
Brendly, ob al. (1946) and Schwitile, et al. {1548) believe the less equip-

ment and labor nceded, and less decrease in egg production, as well as the
sage and storage of the sample Lo be besled more than

>

g encountereds The test can of course, only be run on

They







EXPERINENTAL WORK

A. Fatorials and Methods

L. Virug culbure and s zrhrmzah. ont The virus gtrain used in these

. N 1 . . X
xporiments wag the 97 Oklahoms strain, isclated June 16, 1948 from the larynx
of o bird suspocted of Yewcastle discase. Over a vericd of time, soveral

birds by grindiug bthe tissue

ed by simulbaneous imeculation of

12 day embryos and 4=-0 weeck chicks. Aseptic procedures were used in all work

¢ and small amouwbs of wenlcillin vwere added to tho susw

o
%
-y
P
k o
)
[
v
O
o
@
Hn
Loy
bt

pension To reduce bhacterial conbaninatio

- . . il ) . : 5 . .
The strain §7 was successfully isoleted from the above eges and birds

ee from combomination end proved to have a very high hemagglutinebive titers

*

the laboratory diagnosis strain.

(]

Congequontly, this strain was selected for
A suspension of the virus was sont to the Bureau of Animal Industry for
she identifications In a report recelved August 18, 1948,
the Heweastle virus ldeutificat
recoguized in OlcLehome »
The virus was stored in a frozen gtate, and Tthe hemaggluviinaitive titer

was checked ab intervals. At no timo was the titer of the v:’Lrus logs Than

3

1:3520.

&

ALY mrus suspensions used in the oxperimental work were grown om 10-12
day embryos from nop~impwme hense The virus wae harvesbed as blood-free
allantole~gmnicnie flulds when 8% or more of the incculated eubryos were

dead, ag determined by candling the oggse. DBacberinl sterility was regularly

cach blme imoculations were mndes ¥Ho virvus stored lonpger than thirby

deyg was uaed in the hews
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L
o2

Virus suspensions used in the nomepgslnd and hemagglutingtion

¥l

ests were checked and used only if they satisfied the following

ranuscular injections of

g
I
33
(3

Buroau of Animal Industry recomiendatlong.

0u1 mle of 1:1,000,000 dilutions of the wirus uuup0451on mist accord

.

these recomendatlions nr'éuce a fatal infection in suscepbible 30~80 day old

PR

ghicks. In order to facilitate the standardizations, the orig

ginal virus

guspension was checked ag above and tiltored against a 1:5000 titer anbisorum

and agailnst the hemagglutinaetion tibter of a Californla strain virus, both of

whlch were obtained from the Durcau of Animal Indusbry. Subseguent virus

suspensions wore demonstrated to show the same titer against the aubiserum
and the California gtrein virus. At the conelusion of the experimental work
the virus wes again checked with 30-00 doy old chicks to confirm its infective
titer.

The suspensiong of wirus used in donongbrating the weubralizing eublbody
in 16-17 day embryos was svandardised on the basis of the miniomm infective

exbryo inoculatione. Bggs from hens with no history of Hewcastle diseage and

vhe gorum HI test were inoculsted

Cion with 0.0l nle of virus dilutions increasing

&

on the 16th-day of incubat:

tenfold throughout the series. The virus susponsion was ghbandardized to

contain one infective cmbryo desc inm 0.01 mle of & 1:100 dilubion. Habryos

from birds showing a diagnostic HI sorum titer were demonstrated to resish &

1530
£ AL
<

challenge of 0.0l ml. of & 1:10 dilw

'
Yy

Clon Or {orc.

Cx

2e¢ Hgre and serumt The egge used for culture and controls trere from

e

o]
=
i
{51
c{'
o
].-_l

abed flock of hens heving no disease. Blood

gerun and yolk UY titers were o

acing no bird with more than

2z 10 hemagglubtinabion~inhibition titor.

ey

Igps roforved to as "i

une” were obltalned from a pen of birds with a



favl
en]

'

nistory of Tewcastle and live virus veccinotion. These hong showed an
indlvidual IT titer of 80 or more and the pooled serum of the flock a tiber
_“ l"}Ol

All cgos used wore from wated flocks. Imecubabion of the espzs vms

srricd oub oh 999 F.

olectric ilncubator.
All inoculations were mnde by roube of the allanmtolie fluidse

i1 of an unloomm shatus were from a flock which

Pogitive Tewwsashle antiserun with a titer of 1:5000 was obbained from

3¢ Red hlood cells: All rod blood cells wore chinined by cardisc punce

bure of healthy chickens. The blood vms citrated and comtrifuged, the sodi-

mented cells were wWashed three times with uormel saline. The packed eslls

made fresh each daye. o colls were used which showed hemolysis nor wh

K

nad becan stored over thiroe 4ayS.

The suitability of all red cells wnsg determined by the hemagglubination
taat width g vre 311 l s sitered wi i i T haline nead
egst Wit a T:I'\.a.si...(. A8 LY wlterell V1irug Derore (J\)ﬁ..’,.b U8Cls

4. Hemapgglutination test procedure: Chemically clean agglubination

‘tubes of approximabely 10 mn. diameteor wore placed in racks with coerse mesh
wire bottomns go that the bobtboms of the bubes wore clearly visible. A modi-
Tieation of the method recommended by vhe Bureau of Animal Industry was used

as shovm in btable II.

dilutions of virus wvere made ranging from l:5 to 1311280,

ghaken and allowed to gtexnd ten nlmrtos. The two por cewb suspenslon o
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Determination of

TABLE

v

"melede™ of Newcastle Virus on Suscepbible

16=15 day Embryos as

Compared to the Resistance of "immme" Embryos

27

_— ]

Inoculum Dilubtion of wvirus
1:80 1:90 1:100 1:110 1:120 1:130 1:150
susc| imm |suse| imm |susc| imm |suse| imm |suse| imm|esuse| imm [suse| imm
D E|D A|A A | A A | A ' B A | A A
0,01l ml. | D A|D 2. 13 A|A i | B A | A A |C A
D A|D A|D A | A A|C & | A | A D
D A|D k1D A|A A | A 5| A Al C A
D A|D A |D A | A A | A DA A|A A
VelZ mls | D Kk |'D A|D A | & A2 | A Al A cC | A A
c A|D A|D A(D A|A A| A A|A A
D A|D A|D A |A A |D A | A A | A A
D Al|D ¢ | D A | A A | A A| A A | C A
0,04 mi. | D cC|D A|D A | A A | A A|D A|A A
D A|D AlD A | A A | A Al A A | A A
D A|D A|D A|D A | A Al A A | A A

suse - susceptible (from hens with negative serum HI).

jom = immmne (from hens with positive serum HI).

A - alivey D - deady C - contaminated.

TABLE V

Determination of the Relative Resistance of Both Immune

and Susceptible 16 day Embryos to Minimum Infective Inoculations

Btatus of immumity

Inoculun

De8 meleds

240 melads

10.0 meleda

of the hense. alive l dead alive | dead alive | dead
"Immune exabryos 12 0 11 1 10 2
Susceptible embryos 12 ¢ 2 10 0 12




28

Table V shows the results of the use of 0.8, 2.0, and 10,0 "m,1l.d." on
embryos both from hens known to be immume and known %o be susceptible.
This indicated that an embryo (16-18 days old) from immme hens had enough
immunity for protection against 10 "m.l.ds" and that embryos from either
immme or non-immme hens was not infected with the 048 ™meleds"
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This experiment wag

-

sests on bthe blood serun and th
also to compars the registence of the cubryo

eubibody found in the fresh eog.

e

resulis of the -

rolk HI and the resistance o

the 16 day embryo bo infoctiy

letermined on one of the flocks for

o
j
5
e
3
E
b
(o]
ju9)
o]
]

dogess Dlood sorum HI titers were

additvional c©

wobive figures, 1t was lmpossible to obtain bleod samples
of the othoer {loclk.

B i, o N e o e e .
Plock 57 counsisbed of 27 hens revregenting several breeds, these heng

had been vaccinated with live deys before the

13

nations wers made. All three of tho above tests were made on thisg

birds.

s

R

Flock 72 consisted of 18 white leshorn hens with no h

(e}

S - &1
1

digsase and no vaccination had been made. DBlood somples wore not availlable

from thess birds, ths determinationg WeTe made only on the yollk HI and tha

stn on these two Tlocks are chownm in Lable Ti.

Port Br A comparison

HI and the yolk I ave shown in table VII. These deterwinations were mads

by

o]
B

n various mumbors of birds from different flocks as the opporbunity was

The brends shown from these resulbs indicates & lower HI titer wms

fownd in the egp yollt than ian the blood serum. All of the birds were beli

to be carrying some lmmunmity, oither from past outbreaks or fram recsut

Labory of ieweas

tle

bobweor the rosulting titers of the blood serum
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TABLE VI

Comparison of Blood Serum and Egg Yolk Hemagglutination-inhibition

—_—

of Two Flocks of Chickens.

Titers and the Embryo Resistance
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I = infertile.

C = contaminated;

D = dead;

A -~ alive;
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Thie experiment was conducied in cooperation with the Poultry Deparument,
Oklahons A. & M. College, Stillwater, Oklahcnma.

Foliowing o respiratory outbreak accompanied by greatly reduced egg

produstion among some heus in the epg

statuz of some of the birds in represewbative psng was debtermined. Tabls-
VIIY gives a graphic picture of the course of tho outbreak. The susplcion of
Hoeweastle disecase incressed when it wasg observed that no pen with birds
vaccinated with live virus and only two pwns vaccinated with modified virus

ffered say noticeable symphbonsg.

T resultg of bthis experiment are shown in table IR, Determinations

were made on the bhemagglutination-inhibition tiver of the egg yolk and

the resigtance of 15 day embryoes when challenged with 0.8, 2.0,

: 1

pnd 1060 Mn.ledsW of Newcastle virus. BSince these birds were conbogsbtants

¢ was not vractical nor advisable o obtain any

in an egg laying combest, i L 3
blood gsmplos.
The birds in this test did not have any history eof having had Heweastlo

"y

The higtory of theo wvaccination of

£
=
0
&
£
4]
[§]
[
@
)
)
b
fad
[74]
")
Q
&
E..J
=
ox
[o:]
o
Ve
(o]
£
5,
]4.
5
[}
oy
L]

1

indicated in table VIIT. The length of time since these

G

vacoinations had been made was not avnllable in ever

5 3
v case. Pen 311 had been
vaccineted with a live virus vaccine only o few wecks before they were placed
in the contest. Apparently the oubbreak began in the pens adjacent to this

’

. . . . . 4 . o
most recently vaccinated pen, whebther or not these hirds in pen #11 vwere sbill

r«

ks

<
L
&)
i
I.X -
<
[+

affected with live virus is unot konown. Other peuns vaccinabted with
virus vaccine had been vaccinated {for lonmger periods of

placed in The contests
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TABLE IX

Dotermination of Antibody Level in Egg Yolk by HI Test Compared to

the Resistance of 16-17 day Embryos from Chickens Suspected of Newcastle.

1
Pen| Hen| Hemagglutination-inhibition test HI Resistance of | mmne
Noe | o, Virus dilutions Titer |Embryo to Virus|Status
211 51 2VEBE ol &1 -k "nelede”
1|8 20| 20| B80|160] 320
o] o T e [ 320 A A A Pos
B ] el i e S 520 A A I Pose
L it et BT Y o W B ey B 320 A A I Pose
SR | = ] e s ol 5 640 A A A Pos.
6 e el el (R M sy et e & = 320 A A A Pos.
Bl+|+|+|+|+|+|+|=-]|- b A D D Nege
i N el e | st =S ] e e o2 A A A Foga
B | =l = R e e e 320 A A A Pose
R SRS B R N e R &0 Pose
ol o M B (aedl (il K g ¥ [ TS 320 A A A Poge
S|+ |+ |+|+|F+|+]|*]=]—- b A D D Hefe
-l R R T R i e (o o (Rl R B i = 160 A A D Poge
S N RSB U s B [ R 320 A A A Pog.
12 g l+|=|=l=|l=|=|=|=|= 320 Pose
& |F | R e e e g 20 I A I Susp
C S e R R R R e o 10 Toge
Bl+ |+ |+ |+ |+ |+ |+]|—=|= 5 D D D Heoge
Bl+|+|+|*+ |+ |F+]|F+]|=]= 5 HNege
B ol Rl e Bl el Lol e B e 320 I | A| A | Poss
ol . Wil Nl (Rl Mol S v B RO 320 Poge
13 T | Pt el e B R W B Bt 160 A A A Pos.
) e i 1 el DA el tal | Cot] [l o 320 A A I Poge
I o B el I R N 28 R S 20 A D A Poge
0 + - — - T o by — = o A A A Po Se
g | ] A e o e e 160 Pose
B R G (S R 5 D D I llege
14 R o el bl Mg Bl o B Bt e 320 A A I Poge
GRS il el 16 e ol % s 52 ¢ | A| I | Poss
o i T Pl ol WS (il Wl Eei® Sy 160 A A D Pose
- (o R S R W W [l B 320 A I A Poga
| B |+|=]=]|=|=|=|=|~-|= 320 L] A & | Poas
A - alive; D = dead; C =~ contaminated; I - infertile.



Pen| lex Henagglutination~inhibition test Resigtence of | Immmun
Noe| loe Virus dilutions Titer | Bubryo to Virus| Sta
W T Mo ol.d"
S et = = | =] = b=]=1=9 =}~ A| A | D | Pos,
I R R N [ R ! ] (T E R s 820 A A A Pog,
17 | = M| | S i) = i | 160 A A A Pos.
=== 1=t=1=1=l-1~] W@ [ &"| 2" | Pouk
o 2 I ) (S R [ (25 e R ) [ 320 A I I Pose
vl Bl = 1B o) BRea ] Ca il Ao (Bt Sl 18 320 A A A Poge
R IR S B A e S S S A| D| D | Vege
18 52 Tl (Tl Rl 00 ot S St el B P A A D Pos.
R, ol I e R Mol W) Kot Ll | ot =2 g 320 i A I Pose
o+ |+ |+ |+ |+ |+ |«|=-|=]- 5 I| I | I | Wege
) TR A Nl Sl T o M B e Rl e A A I Poss
- I R R S B e N G O RE ) N TR 5 I D I liege
0l B el Tl St | P Sl B Tl el O A c A Pose
R R Tl e gt ot i il R el o A A | A Pose
24 o e Rl R ! 5 i S oW Sl B eil 320 A A D Pose
W B e MRS S [ o Bl | e | 3 820 A A D Pose
§ | = | =berfaiiset e ke e 1= IS T
o |+ |+]|x]rlE|r|+]=[=]|= 5 D| D| I | Nege
g l+|=|=-|=-|=|=|=-]|=|=-|-| 820 A A I Pose
- 0 ¥ il 80 WS R ol e N o D A ¢ Pog.
W ] el 2% Bt N2 gl et T Y K 320 A D I Pog,
29 R R B R R o el o) 5 5 I| I | I | Hege
U Bl T Sl Sl e e st B A A D Pose
U I [t el D Sl B sl Bt (528 B I A A Pose
R e Ml i b Bl IOl el | 320 A A A Pose
i Baa B B B T e Ml I T i & Fose
N B ol = Rpe B R A g e 320 A A A Pos.
RS RE AR s A W E Bl et M e T R R S
N Wl et Bt el B0 B o IG5 S i I I I Pose
S Sl e ¥ B s F | e Mgl 5 520 I A I Pose
0 I I I -
it o8 A1 Bl R el B B el i St e B e A R R
o s E 5 e S| VSl S (Ll el Uil R 160 A A D Pose
e+l = == l-|=|sesee'l X | D | £} Negs
W gle|+|tir|+|x [*F[=]=})= 5 A|l D | D | Nege
b | =Y ===l = Pl s o A | Al A | Pos.
A -alive; D = dead; C = contaminatedy I = infertile.
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4

Virus titer - 1:320

Hen | Hemagglutination-inhibition test HI Resistance of |Immune
Noe | No. Yi utions Titer |Bmbryo to Virus|Status
s |2 LEEE e 8
T |F | 70| 20| 76| 86[160|320[640 0.8 | 2.0 | 10.0
=F; ——
o 2 R R I U T R ) S O B e 5 D D I Neg.
38 TR Lol el B el TRl Sl Tl e 640 A A A Pose
BBl e e e e 160 A I 1 Pose
U B i Rk e e o i ] e 20-380 A D I Hege
0 Rl e e R i M (R ) il 5 D | D | D | Nege
R R R R e - Do (B | Ml e 320 L A A Pos.
ol e e N RS R R 320 I | I | I | Pose
ol S W S B o P e (R e 5 A D D Nege
O R A 1 T Lo T e s T i RS 5 D D D Tege
53 |+ |+ |+|+|-|=-|=-]=-1|- 40 I I I Nege
R Rt e A 0 S e Tl Bt o € 320 A A I Pose
48 TR T e B et 0 (R B R b D D D Hege
SR e el R et i (R R 320 A A I Pose
9 I I I -
Al+]l+l+|l+l=-1=]=1=]- 40 A| D | D | Neg
c [+ |+ |+ + |+ |+ == b I D I Hege
1 esControl egges A D D
= ..GOﬁ'ﬁt‘ol egfes A D D
& 3 «.Control egg.. A A D
4 «sControl egge. 4| D I
5 «Jontrol egge. A A D
6 «sControl egges A D D
7 s«sControl egge. A D D
8 +2Control egge.. A D D
9 o Control egges A A D
10 «oCantrol 8% es A A I
11 «olonirol egges A A D
B 12 o oControl egge. A D D
13 «sControl CEEew A D D
14 «Control egg.. D D D
15 oslonizol ofgee A D D
16 eosControl eggee  § D I
17 «sControl egge. A A D
[=EX 18 - Lontrol egge. A  § I
A -alive; D - deads € - conbaminated; I - infertile.
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The regults of Bxperiment I indicate the same results regarding the

imonity of the embryo as found by Brandly, ot al. (1946)., This btransfer of
el 1, 4 3

tho immme gubgvances from the yolk to the tlssucs of the embrye is sigrifi-
cant from the standpoint of virus culbure work and in providing o bebtter wndore
shanding of the congonital lmmunity conferred to the ¢ 1100. The relavively
high titer of the wewly hobchod chicks from lmmume hens, although passive in
mature and cousegquently of short duratiocn, undeubtedly plays a very important

atbempbs to develop an active fwmumity in these chicks during the
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early woeks of 1life.
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The relative valucs of the blood gerum and yoll HI titers and the re-

sistance of the embryo in determini

jon}

fre)

1 the diagnostic titers are brought oub
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in part by Exverimont .[F The correlation of the resulbts 1

by each of the

v

othods indicates the yolk HI test bo correspond faverably with the bDlood

gerum T Giters It 1s interoesbting to note that in no case was a posivive

P

reading of the yolk HI found Yo ccour in eggs from a hen read as negative by

]

the serum. determination. This might indicabs, in The cages of e nepgative sgg

fran a positive hen, that some hens carrying srobechbive antibody do nob
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transmit this characteristic o thelr offsprings. Outbresks in chicks less

Than three weeke old from supposedly immune hens would scom to add evidence
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6 This posslbility. The preconce of nou-gpecific agglubtinative inhibitors or

(¥DB) or oven the prosence of live virus in th

lotorminetions to oxelude any

P vhich would inhibit the reachion
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albunen fron the semple talen, the presence
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woproteln Livetin by the fab exitraction with

the ebther and by removel of the lipoids, such as lecithin, by their solu=-

bilivy im the othyleonc dichloride. The saline-solublo beba and
have been pearbtially separated by successive isoelectric precipitations. As

far ags can be determined now, bhoth fractions dononstrate some lmsmune

o Brperiment III, the yolk HI and the resisbance of tho embryo vo the
Howeastle virus were found to cowpare very closely. Partially on the bagis of
thege rosults, it can be assuned that the respirvatory oubbrook wes Heweastle
disense.

An inbercsting point to noto is that the oubbreak began in pens #9 ond

i R . = wade da ol 2 - - . T 4 e
A0 which are adjacont o the T hich was vacocluated with live wirus

5 e

vaccine just a Tew weeks before the birds were placod in the coateste This

spread from an aflfected pen to the adjacent pens was cobserved througho

There appears Lo be g definite trond in the mumber of birds found with
o low tiber as cowpared %o the length of btime since thabt pen was affected.

¥

4 3 - L S = . g T S, . e - ) #
0f the vens in which the lmmune status was deternined, pens 5B5 and 48 were

seronyy the earlisst to show sympboms of the digemse, 1in both of these pens a

larpe porcenbame of the bivds e Lound or no axbibody
te the enge Ponag 8 and A3 wore among cied during the

gubbresl and alge show o

would indicate that the ilmmunity developed by the mabtural outbreal may

diminish rapidly and apperently could not be expecied to protect the blrds
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hatening. The pro=

or newly hatched chicks from theso hong veory loag

4

boebion apparontly afforded pen 3% by a dead virus vaccine in the cariy part

of the outbreak diminighed sufflciently in the four moath inbtervel to render

‘them guscoptibles, The oubbreaks in the pens vaccinated with wmodified virus
would also probebly show that the timo interval since vaccination had heen

oo lomg bo provide probection. The eseapoe of many pens which had beon

i VA~

3.

Taooinated with modd

[ . s PR R SO S S o A . - RPN N ¥ e
hafl not been vaccolnoted Go oscene the disgeose is significant.

but this additiongl information.

Y R TR % B I
vty pattern of a

E

pofore vaccination and several Limes

after vaccination bo debermine how rapidly tho titer falles bolow the proe

tootive level.
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he higbory and developient of i rvination test and its

application to the diagnosis of Howenstle disesse are reviewede The Francis
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inbibitor and the receptor destroying enzywes and
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their effect wpen the

henagslubination vests are briefly reported.

Lo Oklahome virus {sbrain #7) has boen isolated

determined that en "immune' 16 doy exbryo could resist infection with ton or

moro "eleds of virus.

& mumber of birds were tested by the blood serum HI, yolk HI and by the

cwbryo resistance procedures. The rosults were found Yo compare faverabl

although the yolle titer vms somewhet lower than the blood sorum titer

A regpiratory outbroals among some erg production contost Dirds regembling

.

The volk II ter and enbryoe reslstance

from these peng. It was

found that a large porceonbage of the 523
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comparison to the time elapsc
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wmity could be

sxpecteds Also, observaticns were maode uwpon the probable degree of Lmumity
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conferred by the differenmt mothods of vaceination. In this respect, live
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