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IlT'tRODUG:rIO'.N 

Since the identifica-t.ion of Hm¥·castle disease in baby chicks in Califor:u:i.a 

in 1911~1$ ov:tbreaks have 1::,een observed. and ide:rrt;ified in every state. The high 

1n.orbidi.,.cy and :mortality rates of the 1:JP.lady have placed it in a positio11 of' 

De,:rGloprc-1.en:l:; of the diagnostic procedv..res ho:1.10 been largely based upon the 

he:r,1agc;lu'hi1w:tion ·t;est t'l.S first dosc:eibecl b;y- Uirst t;1"i th the ini'luenze.. virus .. 

The phenomenon rr.as txt first considered. specific$ but it; is now· k:n.onn ·that the 

reaction is ,tery co;mplex and soveral i:mbstanoos have been. found ·which :n,iact 

or interi'ere with some phase of' tho test.. The prE1sence of: aJ:Ttibody in blood 

serum. has been detected by :measuring the i:nhibi t.ion of th.e hemagGlu:ci:l:1a·!;iou 

tost. 

H, has b0e11 k11ov:r.a for some time ·t;hat chicks hatched from im.r;1ui10 hens 

oar:ry a certain ref:raotivity to infection lil.d. th tho virus :tor about the first 

·bhirty days. Recently., outbreaks of -tho disease have boen observed in chicks 

fro:m supposedly iJ.m.:-1m1e he.ms. These irregularities, as well as c.lifficuH,-;y in 

o"b'i::aining tho 0:;q:iocted protection fron1 a vaccination of you .. nr; birds., have lod 

to l"Onew,scl in·l.:;0:rost in ·tho importanco of' the congenital i:n11nunity involved. 

'I'he impraoticabili t;1r of taldng blood samples from layin.e; hons to dotermi.110 

their immm1e 1:r!:,a·t;us has givon rise ·to tho develo]?'JlOXlt of a hemagt;lutinatio11 

test; using tho et;g; yolk. This ·l";ost~ vihen adopted, ·wi 11 r;i ve the poultr;y:rnan 

and ha:tcllcr;ymo..n no·b the :lcrrn.uno status of tho hen only$ but also tho ei:n101m·t 

of i1ri111tmity that: she oonfors to her off'springs. From. this data, vaccination 

:D.L'l.tion tosi.; in general and to corrolo:t(:\ the recults of the several proced1.1re-s. 

In one c;ronp of bircl.s tho status o:e the il1lill'LU1it;y was m1lcnomi; horo tho tes·t 



was usod ·to dot0c·b antibody.. Those hons had no p1·evio1w histor~f of Ee,'ICfa.LDtle 

disease bu:t TToro observed ·bo devolop n respira:'corJ condition which spread 

throuc;h 0011:t;est pens, possibly orie;iuating in a p,oin of birds 1111:Lch had 1)0.011 

vaccinated ·rJi.th li Ye ,7irv.s .. 

The imt1:0nse economic aspects of J:fowcastle disease has provided a groa:l:; 

.stimulus :Eor studies.. '.t'ho conero.l accelerated rospmrne to virus vmrk, 

diagnosis uudoulrbodl~r 1.v-ill lead {~o a :ro.ore co1n:p1,etc ,u1dorst.a:nding of other 

vi rttS' roa C'.r't~i 011s .• 

Iu vie-rr of those facts, ·i;his exporime1T'cal uork was considered vrorthwhilo .. 



REVJJ1l"W 01" LITERitTTJHE 

"A highly diffusible ancl fatal infection of poultry11 1Nas 'the desariFtion 

gi veu by Y:.raneveld in 1926 to a diseus0 in tho Dutch East Indies., Tihich is 

:now generally tor:w.ed l\Tevrcastle disease. Doyle (1927) in the saD.10 yGar ob-

se:itved ·bhi.s disease a,t l'fowmastle-on-Ty:no, Encland., muned it after that place 

and de:monstratod the filterability of tho causa:bive agmrt. The first, recog

ni'bion of this :malady in tho ·:!faster:n Ifo:misphoro vJus made in Califor1ua in 

194.4 (Brandly, et al., 1946.t Beach, 1944). The disease m:1doubtedly existed 

(Beau.de:d:;te, 1946) in the United States on a viid0 scale long before this 

identification was made. 

Burned:; ( 1942) and Lush ( 1943) observed tha:l:; ·!:;he Hevrcastlo virus eX:hibitccl 

tho ugglu-tinatiou of' ced::ain reel blood cells. Tho use of ·this phenoLienon in 

ide:n:'cifioation and dia;_:;nosis of tho diseci.s0 makos e. .. revievr of tho pertinel1.t 

.facts oi' particular interoot. 

Hi:r1,d:; (19111) i'irs-t; demonstratod tho agglv.ti:ri..ation of rod blood cells lly 

tho influenza virus nnd ·the i11hibi tivo a.ction of i:mau..n.0 servxn.. This renct;ion 

has sl nee beon known as Hirst ts phenonenon. 

Ifo observed that ·when infected. allantoic fluid of a chick oriibryo v.ras 

i::uxed in &1. test tube irl th 1,70,shed norm.al adult chioko:n reel bloocl oellss a:n. 

l.l(:;t;lutina:'cion. phenomenon occurred. Tho red cells sedimented 1~apidly and 

for.m0c1 a clw.racd;;sristic rai,:ced c.;re.n.12.lo.r pa';;torn o;:1 the bot-bor::i. of the tube. 

If the red c0lls wore add.ad J..n th0 tent tube to tho allan:toic fluid from an 

·u.ninfoctod chicks o:aly slovJ s0di:nentatio:n of t;J:10 rod cells occnrrod 1:rith no 

ar;g:1.·.:30CT:tion;, and in settling 01.rb., tho cells for.med a sharp-0dc;ed round disc 

in the boi..--tom of the tube. He s..lso noted that vt1on normal chick embryo red 

cellr:: were added in suff'icien·b nturJ.:iers to infooted aJ.lantoic f'lv..i<l. a:nd 



all~d "Go s(r'l."tle out.~ ov~-r 99 per cont o.f' i;;he. vir-1.Ui, prei3en:·b in the ill.f'$0:ted. 

.f:J:ui·d d.:i.$aJ?pearod f'rm th~ superll..atf>..nt flui.d. 

~t:.her -e-~r±men.tation. show'ed tha·a when tlw allan.toie fl:uid illfeoted 

l'dth tho ,rJ.r'Wil "Was oentr'ituged (45 m.nutes at ll,500 r.pfm .• } the '"'tiwr" ~i: 

't;ltt? .saperna:b:mt. isa. 'berm.-s od:. the agglutinatw.g capaoity dt':opped appr~t~ly 

£orx1: time~,, !bin: fall in a~ltdanating power 'Ero.a consistent 'With. the ex,

pec·Ged droD in Vil>tw titer e.e damonstrated by previous 'te$ts in mi.oe 'With the 

;~ flu.id,. whioh. showed that 10 to 90 pe1· ,cent o!' the virutI .sedi:me-nted. 

!f,. :ins·ceru:1 of _in.f'eot"e.d a.ll.antoio fluid• i;b.e supernatant :Crom ,eentrituged 

ground rilOuve· lung infected 'Id. th ma mouse pa;z,s~e vi:rus was used. the add.eel 

red cells -~re a,g~utined.;e:d. .in a. dilution .a.a high r1a: liOOOO (fiml conoon• 

tration of mouse lung). •n in.fluenz,a. vi:t"UB ferret antiserum (as} ia d.1 ... 

lutiO® as high ~ l:r10U wn:s mixed With al:tantoic fluid .infected :with the 

hmo'l¢gou.s virna,.. too ~gglu:binJ1tion phen<JUitellD:ll ua i:w:dbited,. The in11ibition 

ns speoific~, the.t is.# W,lu~a. B f'erret anti.aerti:m· in dilutiona ,a,s low aa 

agglutination was read. in one hour.. f'.ao ohange in titer 0£ this e:gglu:tintd:;io-a ... 

imibition suhstanoe .following infection appeared to be qf ·the saIJ.O order of 

~~tu~ as the riso in the patient~• nt:iiitralinng titer agaL'Wt Pan virua. 



to study the factors involved and fue rela.tionslu.ps existinz, in an e-::'..'i'or..rc to 

·o:ett:er 14"1.derata.nd the relationship!! ·na vivott"' 

larst (l9~) showed.. that hema.~lutination of 'the virus wac ase.OQiai;:ed 

foll~ by p:t<o~as:liV$ relihe;ra.tion oi' fu~ v.i.;r'Uih In the p:roae.ss. the r:e( 

cell lost its: oapaoity w a,dsorb or bo agglutinated by fresh viru-s. 

'!'ho cUl"VQ'.s ot a,ds-0rption and elution of rlru.s h.emagglutin~ itu~-ests; 

(m.rst\fi 194-b.} that the interactio?J. of hemagg~ $ld cell ooour,s in two 

fl:tion of the cellt acconpniad by ;a .sepal'ation of th.e modified o:ells a.n.d the. 

~uti$. :J!lio moitifi~ation of tho cell~ .in the aaoond pha:ae .ren<l.era th$D; 

appuently tmollanged .. 

Tl.1.e e.mlog.r of this .reaction m th the in.tl!Jracti:on of e~'lOOs ·and su.b

,stre.te;s "rm;a brought out by mret (1942&.). !'l:, is the gene~ly aooepted 'dew 

make a neasurement of the a:ro.oun.t of' free enzyme present during thia proce~,. 

the amount of' free e:nz:ymo should be low in the ini tia.l stages e....""te:r oo:mbi• 

:r:tation ba.d o.oeur:red in the pre.senoo of an excess of substrate. In the la:t.er 

stages of tho ,entjlll18.tio a<rbion m1.0n the ~ubstraro has be.en largely used up. 

~ee ~ie should appear a.gain in quantity ·approaching i.b.e iidtial coneen ... 

trati~ since the:r& is insuf.fieient. substn.te to o:ombirua with all of' the 
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enzyme prese.nt. 

In this axialogy the agglutinin corresponds to the eru:yl:l}&, 'Which is not 

used up~ while the substrate corresponds to the substance at the receptor 

point on the red oell., · ch i destroyed during the process of agglutination, 

rendering the cell incapable of' further e.dsorption. The sensitivity of th 

hems..gglutim.:n to heat {I!a.naon, 1949; laui'f'er and Scott, 1945, 194:Ga., 1946b) 

and to formalin (Salk, 1946) is consistent With a substance of' protein nature. 

Tho cellular substrate, on the other hand ia vary resistant to heat,,, and thi 

stability suggests that it y be a non-protein substance. 

A direct attempt to define this cell component ha.a been made by Bovarnick 

and Burgh (1947), vrho succeeded in preparing f'rom large amounts of human 

erythrocytes a lipid-polysaccharide extract capabl of inhibiting th h 

a.gglutinati~ action of' the sa:nw viruses for those cells. The effect is 

pre-sumably due to the competitive combination of the .extract with the virus. 

The inhibition reactions thus far tested seem to demonstrate specificity 

corresponding to that shown by the virUlios in their hemaeglutination reactions 

(Bovar:uick and Burgh,. 1947). Prolong; d conta.ot of the virus and inhibitor at 

250 C or 370 C shows that the interaction between the two results in pro

gressi ve inactivation of the inhibitor, evidenced by reappearance of in

creasing hemagglutinative activity in an inactive mixture . The similarity 

of this reaction with Rirst's (1942a) description of the reversal of ham

agsluti.nating 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 

tho presence of the agglutinin is to vie the latter as forming a bond betweOJJ. 

the cells . If' th-e agglutinin particles were bi- or trivalent and there care 

multiple receptors on the rod cells~ one could visualize hoW a net1rork or 



clump of cells could be built up. The main evidence for this view is the 

fa.ct that the a gglutinin adsorbed and tho agglu.tina.bili ty of the cells are 

parallel phenomena, (Lind,, 1948) . 

1 

If hemagglutinin and cell sensitizing agent are both activities of the 

virus particles themselves, their apparent dissociation by replaced treatment 

With re~ celb ~a.l!s for some explanation. It is simplest to assume that 

conditions are similar to those found by Anderson (1947) for Newcastl di

sease virus. viz ., that t11e cell sensitizing agent is essentially the 

fraction of virus particles which i capable of adsorption but not of sub

seq_uent elution. The larger fraction of the virus ~rliole 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 hilJllan red cells., ooated with virus by Burnetts method 

(1946)., acta s an indicator au.bstance. The action oan be described a.a 

follows: on each cell there a:re 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 

hema.gglutinin or 'With a .receptor destroying enzyme (RDE) . Despite the ab ... 

sence of an eluting sys-tem, these particles can still unite with virus 

receptors on normal red cells. so causing agglutination when treated and 

normal cells aro mixed. When :b:nmune serum is added to treated cells. anti

body form:a a bridge between adsorbed particles on different cells and aggluti

nation occurs . A suspension of treated cells is stable because all receptors 

unoccupied by uneluta.ble particles have been rendered ineffective to hold 

viTus by the activity of active hemagglutinin. The effect on the receptors 

is only partial (Burnet. McCrea and Stone. 1946} and by lo-Qring the temper

ature., sufficient union with the damaged receptors on other cells can occur 



to ind.uoe i:rlfltabili·by of th0 ausp:ension,.. T"t10 effect of antibody ie to allo'i.r 

union, between wo eella by means of the attached unelutable virus partiole~ 

and he:noe a~lutination.-. 

Ev.tc1enco of the ~eT-0logical :i.de:nti·bzr of' the hemag;slutirrin (I'lA) a..11d the 

cell scnsi 'tr'lzing agglutinin ( CSA) is provided by the tinding that the titer 

of a.ntihernagglutini;n ir, proportio:t2,.,"l.l -to that of se11sitized c-ell ae;glutiru.n in 

inrm.1.-me sertul1 a:ad se:irum. from vo.cc:ina'tcd individuals" as shewn by Bu.tne.t (l946a). 

Th-e trbrild.ngly differ.en:!:; results o1rbe.ined: in a number of expet-im.en-ta., 

,a,coordinc; ·to Vi.i.1.ethar fonl or hu1nDJ'.l cell~ were used to m.ee.su.r0 t..'h.o hemae;glu:ti ... 

native activity of treated vi:rua, are probably all referable: to a fil'T..n.er ad

:scrptior.1. of the virus to fowl cell reoeptor:s than 'to those of hu:man oells 

(Lind,. 1948}.. In [®o:ral. e.n;y- a.gent O!" treatms1J.:b that tends to ilihibit tho 

a.ot:i.on 0£ i,he virus vdll appear disproportionately ef'fective against hw.,an 

as cor11pared inth fowl cells:1: (Lind, 1940) .• 

Lind (1948) .s'tr.d;ed that at 4'-' Q 1t.'1.ion be·tween vlrua o.nd .fowl cell is firm. 

,enough to ensure brealrage of ·!:;he ±'orcos producing aggregation of virus 

particles. With hm'll'.'1J.'J. cells ut •t:hat ter:1pern:t1.1re1 tho virus-cell v.nion usually 

breaks bofo:t"o the v-11"".rs-vir-as union Wi:thin. ·the aggreg;a;te:1: and only nt hic.:her 

tempera·tu.ros do the ae;gregates auto:rrrv.:'cically di.aperse in the presence of' 

susceptible h:tJWAl'l cells• t'l'ndcr optira:u:m. conditions at 370 C, titers ;produced: 

iti.th. the mo types oi .. cells are ogu.ivalen:!:;,. U:r.1der tho influence of hea~c., 

f'orr11."lclin or aging., she f-0tmd the diminished ad.sorpti va pmrer of the virua is 

first shown age.inst rn:uoo.n cells., and if non-specif'ic inhibitors are i11olu.d:ed 

h1 t}1e sya"be3.1. they too are apparo:n:bly more effective when huran.n cells aro 

used as indicators of thoir effect on tho virus.. ~he vir"J.S thua, must be of 

full nor.JJal ehara.c·bar to rue a. sa:bisf:aotory union ,nth the human. cell re ... 

eepto;r. Any c.'teviation from the normnl greatly wonkena or abolish:ss t-11:o union. 



Union ,ti th fowl r oc0ptor::; he.a n. tlchcr tolo::·o.nco f or ::ninor structural ch.tm s 

in the virus aud for the presence of weak inhibitors in the system. This is 

furt1lor borne out by tho bah vior oi' i'roshly isoh.ted str9.:i.ns of irus and 

of straina which have been intensively passaged in eg0s, both of which show 

a. variable capacity to o; ,;lutina.te htunan cells although the fowl cell aggluti

nation titers may be u_~iforv.ly high (Lind. 1948) . 

It is interestin.8: to note the closEI resemblance bet\veen the m 1ps virt~s 

and the lewcastle virus as brought out by Anderaon (1947) . Both ~,irusos have 

the capacity to seneitize red cells. ronderinG them specifically ag~lutinable 

by im:r.:l.uno sora. and capable of causing t he ~gglutination of added nor:ir.al cells. 

In both cases there is evidel ce for agc;regatio:i of virus particle::; in in

fected fluids .. 

Hirst (1942c) has shown that the i::::i.fective agent in a. virus suspension 

-.ms adsorbed and eluted in a :manner sinilar to that of tho hema.gglutinin, 

and that there is a close association between these tw-0 types of activity. 

Whether these two types of activity are ·the action of t'Fio agents occurring 

on the sa:ne article or on different particles, and whether these two forms 

a.re completely separable was not montioned by him.. So far~ the a gglutinin 

may be obtained without the virus activity. but there is no evidence that 

the agglutinin can be ina.ctivated without also inactivating the virus (Hirst, 

1942c) . 

Hirst (1942c) auso stated that it seems more likely that the aggluti

nation of red cells by virus heroagglutinin may have some counterpart in 

natural inf'ection 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 calls possess a surface receptor similar to that of the 

red cells and that in infection this substance is altered by the ha!Ilaggluti-
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nin, thus injurin.s the cell nembrane and providinc a point or attack for the 

infective particle . 

0 

I. Agglutination of nornru. 
red cells by virus . 

III . Agglutination of coated 
cells by antibody. 

II. Stability of coated cells. 

IV. Agglutina.tion of norutl 
cell by coa.ted cells. 

Figure 1. Diagram to indicate the reaction 0£ virus with red cells. 
The repreBentation is purely schematic; large circles represent red cells. 
small ones virus particles .. a central dot i ndico.ting th.at they are unelutable . 
Effective receptors are shown as black semicircles, modified ones by open 
semicircles . 1 

Francis {1947) reported that inf'luenza B virus upon heati;r. to 550 C 

beca.m.e erlram.ely sensitive to inhibition by normal sel'Ul'.il. With this indioa.tor 

l Lind. Patricia. . 
Austr. J •. Exp . Biol. & 

1948. Ua ture of mumps virus action on red cells . 
ed. Soi . ,, 2.6193-106 . 
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strain a nu:.iber of other substances., includin,{; egg album.en (La.Imi and Beard, 

1948) • have been shown to react as ttFra..'lcis inhibitors" •. 

Rece tor destroying enzymes (RDE) have also boon discovorod. Anderson 

(1948) re.Ported the :;i.ct;ion of tho cholera vibrio enzyme as possessing this 

RDE characteristic. 

Hirst (1948) has demonstrated the prosonco of a substance in plasma that 

inhioits the agr;lutination of red colls by virus which is ·stinct from anti

boey. He also has shown a similar substance i'rom the strome. of fowl red 

blood cells . 

Burnet (l9~8a) concluded tr...o.t tho viruses are adsorbed by all cell re

ceptors., the essential component of which is a mucopolysaoch.aride . 

The adsorptive power of the receptor for virus and its susceptibility 

to inactivation by virus enzyme are considered by Anderson (l.948 ) to be 

closely related, bocausa of the action of any of the effective enzymes the 

receptor becomes progressively incapable of adsorbing an increasing number 

of viruses, so giving the phenomena of the receptor gradient . He explains 

tlvlt as each unit of enz;yma..tic action. is completed., the enzyme concerned is 

freed for aotion on an adjacent susceptible configuration. Under the action 

of' Brownian movement and the various adsorptive forces concerned., the virus 

particle can be regarded as "bro il'sing" over the patch until such a condition 

is reached that the deorptive forces are no longer strong enough to main

tain it in contact with the receptor . Vb.en the action 0£ a. certain strain 

of virus has ceased, there al'e still many available substrate configurations. 

but only viruses more readily adsorbed than the previous ones are capa.bl 0£ 

further reducing their nu:n'bers (Anderson, 1948a). 

Bovarniok and Burgh (1947) consider that tvro such complex surfaces as 

those of the virus particle and red cell probably demonstrate g_ua.lita.tive 
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~:he e.ffinity- of red cells for ,rirusos differ nccordi:;_1e; to the source of' 

tho cells~ and for 0usy- dctoction of inhibi"t~ior:. other thm1 a:n:tibody, the red 

eells should r:)ossess. a relati Yely low affinity for ·l;ha virus used. .Anderson 

(19481)) also sfo.ted. thnt the aff5..n:vcy bct;weon inhibitor and virus ,,ill 

reaction. 

Beach (194,3) :m,.9.de the :?irr:d; at'L:crmp'bs t;o apply th8so ph011.orn.e:na to the 

' . o.isoase. In vic'W of' tho coi:1.plioated roactions ancl ·the 

12t12,1oro1.w factors inyolvod :53; vre.s not 1J.11til 10,18 that a succo:rnful appliceJ;:i.on 

of tho hmk"',f:::;;;luti:rn:,/cion-i:nl:ibition tost 1ms reported (Beach., 1943). 

:Pro\rlously ~ e;.11 diagnosos -acre necessarily made 'by isolatiou and ideutifi ... 

cntion of tho virus (Brandly, et al., 1946) and by the serum ne1xl:;r2,lization 

procodure. 

Isolation of tho virus h£1.s not been completely successful. The diffi,.. 

cuH:;y encountered in the seloction of tissue i:..1£'0cted with tho virus has boo:n 

variously reported (Beaudet·i:;.0., 1943; Brandly., e-b al • ., 194'7). Tho saliva, 

lung, spleen., bo:no marrow, brain, spir1al cord., ogs yolk, crop., intostil1al 

contcnrb., feces,_ and blood have all been repor·tod by them as sources of iso--

lo:cion. Their eJ;:pe:tience has shon:n. that 110110 of the tissues are re[;ularly 

infoc·ted e:a.d no pattern of tho loco:cion of the vil·us in tii::suo to the course 

of the disease co11ld bo doto:cmJ.nod. Osteen ancl Anderson (1948) reported. 

that in less thsui fourtoon per co:n.t; of' tho toto.1 attompt;s is virus 1.~ecov0ry 

:m.a.de. The pros once of so few laboratories vrith adoqw:i.to rti.eans of virus 

isolation and ·the time roquirod for such tos{;s rondorecl thot,1 h;1practicD.l 

o~~oep-c from m"l. epizoological s·to.ndpoint., o.s brouch:l:; out by Bramlly~ et al. 

(19461:J). 
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fe,ilure of tho in.:foction to occur .. 

the diagnostic antilJody loYol and upon tho reliability of' positii.re 

findincs as an i:ndication of oxpormro to J\fonc:::.stlc virus. Thoy e.lso have 

shown th2/0 in 110 co.so vfas the noutralizinc; titer hi[;hor than 100 o:m.bryo 

In flocks 

least 1000 ,;J:1bryo m .• 1.cl .. 1 s woro reached. The }1orn.ag[~'l1rti:nation-inhi-

b:i.t;ion diac;nos't;ic titer nas observed by them to be obtained oarli<:)1' in the 

oonrso of' tho disoaso th..an wo.c the diag:nostic sor'l,,'l.ll 110tr,:;rulization titer. 

Duo to the complexity of ·.l;he r0action and the nultitudo of uncon-



-'crollablo :factors involved in the hcm11c2;lutin11.tion-i:nhfoitio11 test, it alone 

should not establish 'the presence of }fowcastle disease in an aroa. previously 

l:Jolievcd to be free of the discaso (Boach, 1948). He e"lso considers the 

use of tho Li. ve virus UEi<Jd in. the Sl::I 

method. 

In the i:rb:i.ndardiza:bio:n of· tho HI test for diugnos"cic procedure, i:t he.s 

!)eEm. found that certain f'o,ctors must be carefully controlled to gi v11 con-

siston·::; results 1948). 

.Although a virus strfdll is hit;hly virulont, its suitability as a 

diagnos-bic cultm·B is nd; c.Jsrays 0,rid0ncod (Beach., 1948). 'Usually a hit~hly 

i11f'0cti110 virus will izivc a comparativo HI ·titor·., but often a hi[;}J. tlee;ree of 

variation in tho strain is ob s0l'v0<1, r;i vine irrcgula.1· and unso.:cisi'ac·bory 

here to indicate virus isolo.tod f1·ou cliffo1·mxt sources and does not; i11dica{;e 

necessarily iL11mmoloc;ic or other difforonces in their nature. As pointed 

out by him., a strain of high inf'octi·,ri ty very often does no·l:; readily adapt 

itself to Griibryo c-..1.lture sufi'icion:tly to give a concentrated. virus suspension 

of tho ht<uvcstocl Eii.-ri:bryo fluids. 'fi10 sam.0 results were oobai:ned by Brandly, 

et al. (19-16) and it nas ulso found that occo.s:Lo:o.al cultures l:ill the e:mhryo 

boforG a conoo:o.·0ratod grovrth ha,~ occurred. 'l'hoy rcport0d that f'ollm.ring 

ino(mlatio:o. upon the seros[;t., the alb.:n.toic-mrm.io:nic fluids e-.rere not hmn-

a 6glu-bix,.ative., or only slightly so., vr:C1ilo with rare exceptions the fluids 

from eggs in.footed £'8.tally vif;l the aLlantoic, a:nmionic, or ·ch0 intravenous 

routes vrere active in this rGspect. Yfoile a virus ·strain isolo:t;0d locally 

usuo.lly gave a more }10molog;ous a:rrcigen f'or the t~,st;., o-'chor ch.aractoristios 

do-i:;0r_rainecl before the solsctio:n DD.de• 



f:.:.·-0..:.:,1.. ·1JT3-.r"J..Gl1S SOl).rCOfi"" 

Species 

Chickon. 0 

.. 
" 

G·Ui1J.OO~ 1)-lf}; 
( r}1os:>.s) 

l:lo11k:ey ( ir1.,1s) 

" . 
Cat;. 
1:::~J1 C 

Ro.bbl t 

i:nd.ic8.~God 

. . ~ 
" " 

+ + + 

All are iI1 con1plet0 

TADLE 1 

+ + t-

+ + +-

+ 

+ + + 

Cl.ark [}, 

Har;lor,~ 

+ + 

+ + 
+ + 
+ + 

+ + 
+ 

of 

+ 

+ 
+ 
+ 

15 

II.I?. .L. **~ 

+ + + + 

+ + 

+ + + + 

+ + + + 

+- + + 

on the fact th.at varieJ:d.lity eJcists 

2 BrD~11.t11:?j/ ,,)t a.lo, 1~}1:6e, Isolation arid ic1011t;ificrrtiort. of }\o-rroao·t:lc :f'ro1n 
i1:1foc"t;ed cl1iclcox1s. .A.r:1d J. Vet. RcsQ, 7:289'~30Go 
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C lo.rL: c:· . .J.v_ 1043; Lush, 

susperJ.si<.:J11 xnor0 

vaooin:r;;;io:n or no;i;ural infection usu::c,,lly h::.1.s boon i'ou:nd ·J:;o render . ' ..-G.(18 oellc 

unsuitr,blo for t.iso (Lush, 1943). 

.,, , c··g·") Jt,eacn .1. "±(., co:cc1p 10 te ly abandono cl 

of his efforts ho.d. given noc;rd:;ivl'.') results. 

a:t;·bor,1ptr; rovoaled tho time of roe.ding t:he results had been i:noorrod,. In 

s.ccordint; to the 1firs'0 ( 18.,k.2) teclrn.iquo., aftor two hours in tho rofrigerat;or 

acoordi:11e to the Burnet technique (1Ju1·110.,c~ 1942), or aftor ovorrii r;lrt in the 

ref'rigora-tor according to tho technique of ICruegor, 0t al. (lD--'13). Later 

Becwh .fou:nd ·!;hat s0cliLKinto:bion of ar;clu'l:;irnd:;0d cells takes place withi:n 

·cli.:i.rty n1:il.Tl1.tes at either room or roi.'ricoro:co:c ·ccr1peratures oxtd that tho 

oz tube so re.piclly t.:iat a test road as :_:,ositive in thirty minutes mit;ht 

appear 00111pl0toly :n.ocative in an hour or so after the test vms sot up. 

Tho :r·osul'ts of Doyle ( 1S27) inclicGcted that Ne,\'"C&,s-cle virus in tho mou·t:h 

e:tuda.te of' in.:cectod birds had a relatively broad pE s·tability range. The 



1'7 ·-· 

1s lOXl virus, Yeary 

Lov:ell., 

:m:useular inj,3c-J;io:a of chicks,. 30 to 60 days old~ ·with 0.,1 cc of dilutions of 

it up to 1: 1., 000,. 000 or higher px·oJ.:.wo i's;l;ctJ. infoc.-tion. 

rod cells us is roqu:.i.red i.,01.,. --1;1.10 r0ao--tio:n i11 ·Gt1e abse11ce of th.e sor1,1n .. 

Clisoase frorD_ t11e 
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Tho 

th.0 stc..ndr,r<lizo.tion a:nd gonora.1 r1.cc0,pt;ancc of the roliahi1ity 

of ·U,,:; HI tcs-J:; vi th blood £iervi:m, Scl,J:.1ittlo (191:.::S) d.oveloped a procedure vil1ero-

in 1393, ho fow.1d thud:; tho yolk ·bu--b not the -.f.hi tc, 

Also, 

that "Lb.e c 

acquired iamu:ni 

'l'hey 

frs.ct:i..011 hen 
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1916) .. '11hc ti.au-

BrsG1dJ.y, cit al. (1946). 

Brandly, ct al. (1946) roported the lJowcas·cLs o.:n:tbdro.l activity of ogg 

yolk. 

ac·i;i vi "cy with virus cultu.ros f;rom1 on ogg embryos an.d 17:i3,h tho scru:m neutra.li-

za.tion diagnosis. They concluclod t:ho:t no ,m1rk0d i:trt:;e:ri'orence Ym.s evident 

Tho a!.:rt:ibocly hoing, 

four ·l.;o six of incubation .• 

no-i;:rly hatcb.ocl chicle was al:w.ost ldo:ntical to that of tho blood of :1:'cs dmn. 

The III test as applied to ogg yolk b;y- ·t:he :c10thod outlined ·oy ScI11u t-bl0 

(194:8) is considered by Dn_iJJ.dly, ot al. (19"'.l!l) as e, r:_:ood indicatio.n of the 

'l'he practical aspe!'.:-l:; of -this test f'or laying 

Bre.ndly, ot; aL (19-:1:G) and Scl-l:m.i t<:;le" ot al. {194.8) believe tho less equip ... 

The tost can o:f c.ourso, only be run 011. 

They 



2.0 

ct al. (19480.) oi' 



EXPERTI.illlJTAL WORK 

A. l!:fu:terials and Uethods 

l. Virus culture and stai:'1:durcliza:liimu The virus strain used in ,th.es0 --- ----·-=-:- - ------
expori:ments uas the 1/!l Oklahoma. strain.,. isolated Jm1e 16, 1948 fron the lar;ynx 

of a bird suspoot:ed o,f life-vrcastle disease. Over a period of ·tiw.o~ several 

stra..in.s of virus were isolated from difi'eren-'c 1)irds · by grinding the tissue 
. . 

and suspending it in saline, th.is 1'iras rolloued by simultaneous inoculation of 

12 day embryos and 4-6 week chicks.. Aseptic proceclures wore us0d in all tmrk 

as i'a1· as possible and s:m.all ar.aou:r:rts of 1:xmicillin wore added "(;o the sus-

pai."'lSion 'co reduce bacterial contanina:l;ion. 

The strain 1/q 11ro.s successfully isolated from the above ege:s and birds 

:free :f..'ro.m co:i:r'crunina:l:;i01t and proved to have a very high homaggluti11...ed;i ve t;i ter. 

Consoquontlys this strain wus solcoted :for the labora-bory diaguosis strain. 

A S'l.lspension of' the virus vm.s sent to the Bureau of Animal Industry f'or 

verifictll:'cion of ·i:;he identification.. In u ropor-!:; received August 18, 1948, 

·tho Uewcustle virus identiflcatiori. uas verified and -l:;he disoase was officially 

Tho virus was stored in a fr oz.en state 3 and ·l,he he-.magglutina:i;;i ve titer 

-rms checked. rd; interval.t;. At no timo vms tho titer of the virus loss than. 

1:320 .. 

All virus suspensions used in ·i;he oxperime;;:rtal work nere r;roT111 on 10-12 

day embryos from non-irnmv..11.0 hens. Tho lTirus was harvested as blood-free 

Q.lle.ntoic-runniouic .flu.ids uhen 5qR; or more of the inoculated embryos 't'rere 

d.Gad, M &iterrained by candling the OGGS. Bactorial sterility 1m:a.s regu.la.rly 

chockocl each time inocula:l:;ions vrere ms.de. Ho virus ~rcored longer tl".J1n thirty 

days ,:.rat:: used in the he:.:ID.gglutina:tion-inhibition tes-l:;s. 
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Bnroau of Ani11al Industry reco-£:11J.endations. Intramuscular injections of 

O.l wJ.. of 1:1.,000.,000 dilutions of the virus suspension must according to 

these recmmnondation.s prod:u.oc a fatal i:nfec"bion in suscoptible 30-60 day old 

In order to facilitnto tho sto.m1arclizatio11.s., the original virus 

suspension ·was checked as above and t:U:;orod. 8.f}lii.1crb a l; 5000 tH,or a21t:is0rum 

and against tho h01,w.c;r.;lutiz11xtion titer of a California strain virus, 1.)o·t.h of 

which '\:7oro obtained from the D,;i.rcau of Animal Indu::r\;ry. · Subsequent virus 

At tho conc1usion oi' tho oxperinental Y,ork 

tho virus ·urts a5ai:n checked Tri.th 30-GO dri.y old chicks to conf'irm its ini'ooti vc 

The susponsions of ;rirus used in domoust:enting the netrl::raliziug airbibody 

o:mhryo inoculution .. 11:ggs ;f'ro:rn. hons nith no history of Howoastle disease and 

on the 15th "clay of in.cubo:cion ni th O .01 ml. of' virus dilutions increasing 

The ·vinw suspension ·was ste.11cc:1..arc1ized to 

contain one infectivo embryo dose in 0.01 ml. of' a l;.100 dilution. 

f1"'oru. birrls a diagn.o-s-I:;ic TII sorii:m 0bitor 1:rere demonstrated ·to 

challong;o of 0.01 ml. of a 1:10 clilu:tion o:r more. 

2 .• Tho eggs used for cnlt,).ro and controls ,rare f'rcrm. 

t,n isolo:tod flock of hens h0.vins no rtlstory or- lfowcas-tle disease. Blood 

:serum HJ.1d yolk III titers wore deter:nri noel, inclico.:ting no bird nith nore than 

a 10 ho:::ia.gglntina:tion-i:nhibit,ion tito1·. 
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history of 1fowcastle and live virus vaccination. These hons showed H.n 

individual III titer of 80 or more and ·t.hc pooled scrum. of ·the flo.ck a ti·ror 

of' lGO. 

All ogss used woro frori1. ~t;cd flocks. Incubation of the er_:gs vras 

carried out a:t 99° F.. and 85-861~ rela:ti vo hUL1.idi ty in a Irv.nida.rc Rot;ary 

electric incube:bor. 

All inooula,cions wore rc10.do by route of tho allan:boio fluids. 

Ee;gs o.nd serum from birds of an un1c:ndi1:.<1 s'l:;fc\/cv.s woro from a. flock rrhich 

ho.d been affect0d ;;.rjJ:;h a :mild respiratory condition 1':titlch clinically re

senbled Ue.vrcs.st:le disease"' or had b00n vo.ccinated at sor..10 tim.e .. 

Ponii:;:i.ve lfowce.l:ltle antiserum ii'rith a tito1• of 1:5000 1,ms obtained fron1 

the Bureau of A,;1inal Industry. 

3. Red blood ccells: All roJ. blood cell;0 wore obtained by cardiac punc

·buro of healthy chick011s. 'l'ho blood -rm..s ci·1;ratod and ce1rtrifv.r;od., ·l:;h0 sodi ... 

n1ented cells 1,1ere vrash0d three times "i:Jith norrne.l saline.. Tho pach,d cells 

were stored in the refrigere:l;or and a tv.ro ;:?er cerrt saline suspension was 

Ir..ade frosh each day. Ho cells w0ro used which showed hc:m.olysis nor 1':ihioh 

had beo:u stored over ·c;hree clays. 

Tho suitability of all rod cello was d0ten.'1ined by Jche hc:magg;lutinat;ion 

test vdth a previously titered vir1.1.s bofore being usec1. 

4. ~ma[!i~lutinatio1i ~ procedure: C.her1.ical1y clean aGgluti:n.s:i.:;ion 

tubes of app1~oxi!ilfl.'tely 10 :mm. diameter wore placed in racks vv-:Lth coarse mesh 

wire bo"'.:;tor,is so that the bottoms of' -the tubes wero clearly visible. A modi

fics:tion of the mo·bhod reco:rrrmended by the Bureau of Ani.1i.1.al Inclu.str-y ·wa.s 'USed 

as shown in table II. 

The doubling d.ilution.s of virus vroro made rru1[;ing from 1:5 -ho l:12806 

shaken and allovred to stand ton ni:m.rtos. The ·L1ffo per ce:n:h .suspensio--.,1 of 



washed reel c0lls 1wro added to each tube, and tho rack shvJ:eu ·uoll &lld allowed 

to s·tand s:b roon to:m.pera:i.,-ure ( 700 to 750 F .. ) for 25 to 30 :minute.a bofor0 

TADLE II 

Scho:n.e of He1:1..9.gr;lutination. Soro1ogico,1 Titro:bion 

1!.:a:krin.ls Tube 1 Tu.be 2 Tubes 3 -'co 10 Tube 11 

F or-m.ali zod undilu·cod 0.25 r11l. of 0.25 ml. of Hone 
lforrnas-i:;lo \d.rus 0.25 fill .. 1:5 dilu3;io:n proc;ressing 

tvrofold 
dilutions 

{).88,',~ Hr.Cl 0.,25 r:.1.L. 0.25 :rJ.1. 0.2s ml. o.s :ml. 
solt.1.tion 

2J,s as.lino 0.25 ntl. • o.f:5 ID.le; 0.25 rrJ.l ... 0.25 ml .. 
suspe:.1sio11 of 
r0.r1 ,,, 1 ood C""lla 

5. Eer:1sv;:;lutin.a:bion-i11hibition -'cost procedure: -~~---.i,,.,._,... _____ ---.-- - Usiuz positive, :nogativc 

and suspect serums, the teEJts i!'toro sot up and road 01::actly as in thfl caso of 

tho hemaggluti21at:ton to1:rl:;_. excep·c tha:c the seru:m. ·t;o be tested vras cliltrbed 

1:5 in noro.e.l saline and su1)stituted for ·the plain saline in the ho,m;c;luti-

nation tost. 

Tho oc;r; yolk o:'i:tra.trb was propar0d by mixinc; approxir10.tely one n.illi-

liter of yolk vrj.-1:;h si:c milliliters of a norm.al saline solution., -to this ·was 

add.od one milliH·tor of roe.Gent crado other r.m1 tv;o r:i.:i.llilitors of ethylene 

dichloride and the tube ·thoroughly :3hakon. This :i:n.atorial TJas held at 37° C"' 

for 14-lG hours at which time i"l:; Wt1s 001::rcrifugod, the super11a-tarr'1; fluid was 

drmm off and substituted clix·oc·Uy for the 1 :5 dilution of' serum. in tho 
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All readings and rocordincs vrcro naclo by the method of Doaoh (1948} and 

Salk (1944) as prmr:i.ously o-u:blinod. 



I 

1J 

Iri order to ~/.°:JC f3 s i O:'Lli of· n 

chc,,,:r.n in table III 

n por 0.01 :ml. oi' f". 1: 100 dil1xi::.im::i .• 

IJi l1-rGior1 of ~b:1·i1--ux3 
I:n.001111.un, 1------.------..------,------,-------,-----.------.------1 

10 0 10-l 10-2 10-3 10-'1 10-5 10-G 10--7 

D D it. A }', A A 11,.. 

O .. Cl L.':.111 }) D D A A J~ A i\. 
D I> D A A J\ A A 

D D D .A .A A (' \~·' A 
0.02 .. li D D A A A .A. A 

:0 i) 'f"l, 
.! .. l A .A A i~ A 

D D I) A A (< ,, lt A 
0,.0{!:: 1::l. D D '/'I .J D A A A .A 

D J) D J), ,\ .,,. A A A 

A - C~li·-,t0; D c1; f' V ~· co~;_:.-:tr_tr1:l.:i.2t:1.tc<:t <» 

1:..11 oc~;s in-ore -,·--;.···J7(1 ·: ·;,T<,,·cn·i_o JlC;~ J.S UG clc:L;c r·I~:3 .. :::io c~. SCI"l.'1.ZJ. El. 
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TABLE nr 

Determination of ttm.l. d." of Newca s t l e Virus ~ Sus ceptibl e 

16-18 day Embryos~ Comuo.red ~ the !'.esistance of 11i:mmune" Embryos 

Inoculum. Dilution of virus 

1:80 1:90 1:100 1:110 11120 1:130 1:150 

suso imm suso :i.mm susc i.mm suso imm suso imm suse 
D A D A A A A A A A A 

0 . 01 ml . D A D A D A A A C A A 
D A D A D A A A C A A 
D A D A. D A A A A A A 

D A D A D A A A A D A 
u.02 m.1 . D A D A D A A A. A A A 

C A D A 1) A D A A A A 
D A D A D A A · A D A A 

D A D C D A A A A A A 
0 . 04 ml. D C D A D A A A A A D 

A D A D A A A A A A 
D A D A D A D A A A A 

susc - susceptible {f'rom hens with negative serum HI) . 
imm - immune (from hens with positive serum HI). 
A - alive; D - dead; C - contaminated. 

TABLE V 

i.mm 

A 
A 
A 
A 

A 
C 
;., 
A 

A 
A 
A 
A 

Determination of the Relative Resistance of Both Immune - - - --

susc 
A 
C 
A 
C 

A 
A 
A 
A 

C 
A 
A 
A 

and Susceptible 16 day Embryos to ·n1mum Infective Inoculations 

Inoculum 

imm. 

A 
A 
D 
A 

A 
A 
A 
A 

A 
A 
A 
A 

Status of im:mtmity o.a m.l.d. 2.0 m.l.d . 10.0 m.l.d . 

of t he hens . alive dead alive dead alive dead 

11 Immune e::nbryos 12 0 ll l 10 2 

Sus"Ceptible embryos 12 0 2 10 0 12 
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Table V shows tho results of tho uso of 0 . 8, 2. 06 and 10. 0 11:m.. l . d. . 11 on 

embryos both from hons knovm to be immuno and knovm to be suscoptiblo . 

This indicated that an embryo (16-18 da.yR old) from ir-un.une hens had enough 

il, unity for protection against 10 "m.. l . d. 11 and that embryos f rom either 

i :m.1'l1Ulle or non- .i.mr.1une hens was not infected ,r:i. th the 0. 8 "m. l . d . 11 
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a1rbibody :i.;1 

'1'1iio !flocl:s of 

rosul·t;s of the yolk HI and ·t;ho resistance oi' tho 16 cl&y <:JDbryo to infocti ve 

dosos • Dlood sorum HI 'titors no1·0 determined on one oi' the flocks for 

o.ddi.tional' oorwxu·o;si-vo i'ir,;v.1·os, it 1'iTts i1J.possible -to obtain blood san.ples 

of tho otl:or flock. 

P:iock 'iibl consisted of' 2'7 ho:i.1s rcprosontinf)~ several broeds., thes0 hens 

had 1:ioen vaccinated v:rith li v·o :tfoncastlo virus 37 days hefore the dct01·'.mi ... 

:>.1atio11s wors nado. All three of tho above i::ests were :mndo on this :flock or 

birds. 

disoase. end uo vaccination had beon 1:-m.<le. Dlood sm1pl0s vroro not; 0:vailuhle 

11. cor:1parison bo·t.t;roo:c. th0 rosultinr~ titers of -the blood. sorurn. 

EI and tho yolk RI are shown in teJ)le VII. Thos:c dotcrmino:tions vroro 

on various 21·crlllbors o.:C bircln frori1 <:lifi'er01:rG flocl:s as '"Cl1c .o·pportv .. :ni.,~y tf?:,.,s 

provided. 

~l'ho ·0r0nds ahovm from those rcS't.).1-ts indicates a lower I:O: titer vms 

fou.ncl in tho egg; yoU;: than in ·ch.0 blcod sorw,.1. All o:2 the bircb v:ore believed 

vacci:nations. 



Fl ock 

No . 

1 

2 

30 

TABLE VI 

Comparison of Blood Serum and Egg Yolk Hemagglutination- inhibition 

Titer s and the Embryo Resistance of Tvro Flocks of Chickens. 

Hen Blood Serum HI Egg Yolk HI 
Resi stance 

embryo m. l.d, 

No . r-{ r-{ 
0 0 

~ 
0 0 0 s.. ::., 0 0 ~ ~ s.. 

0 ~ 0 <D N ~ ~ 
Q) t0 S ~ ~ 0 (0 N ~ 

(!) 0 
ri ~ (\) co .-I IQ ~ ~ co rl tQ (.0 +> co 0 • .. .. .. .. .. .. .. .. 0 .... .. -- .. - N 0 •rl • • 0 
rl r-1 r-i ,-1 r-1 r-i rl r-1 r-1 0 E-i r-1 r-1 r-1 r-1 r-1 r-1 r-1 ,-t r-1 0 E-1 0 C\2 r-1 

l + - - - - - - - - - 640 ++ + 1- - - - - - - 160 A A A 
2 + • - - - - - - - - 320 • + + - - - - - - - 160 A I A 
3 + +- - - - - - - - - 320 .... -+ + + - - - - - - 80 A A A 
1 + + + - - - - - - - 160 ,t + + + - - - - - - 80 A A D 
5 +- - - - - - - - - 64-0 ++ - - - - - - - - 320 A A A 
6 + + - - - - - - - - 320 ...... + - - - - - - - 160 A A I 
7 + + - - - - - - - - 320 + + ++ - - - - - - 80 A A A 
8 ++ T' + + + + - - - 10 + + + + + + + + - - 5 A D D 
9 + - - - - - - - - - 640 ... + + - - - - - - - 160 A A A 

10 + + - - - - - - - - 320 ;- + 1" - - - - - - - 160 A A A 
l l -1- + - - - - - - - - 320 + + + -t - - - - - - 80 A I A 
12 -1- - - - - - - - - - 640 + + - - - - - - - - 320 A A A 
13 + + + - - - - - - - 160 ++ + - - - - - - - 1 60 A A D 
14 + + - - - - - - - - 320 + + + + - - - - - - 80 I A A 
16 + + - - - - - - - - 320 + + + - - - - - - - 160 A A A 
16 + - - - - - - - - - 640 ++ + + - - - - - - 80 A A I 
17 + 'T T' - - - - - - - 160 + + + + - - - - - - 80 A A D 
18 ... T T - - - - - - - 1 60 ++ + + - - - - - - 80 A A A 
19 + + - - - - - - - - 320 ++ + + - - - - - - 160 A I A 
20 + + ... + - - - - - - 80 + -t + .. + + + + - - 5 A D I 
21 -+ + - - - - - - - - 320 + + + + - - - - - - 80 A A A 
22 + + + - - - - - - - 160 T ++ - - - - - - - 160 A A A 
23 -+ -+ + - - - - - - - 160 'T ++ + - - - - - - 80 A A I 
24 ,+ - - - - - - - - - 640 'T + - - - - - - - - 320 A A A 
25 + + - - - - - - - - 320 ++ -t + - - - - - - 80 A A A 
26 + - - - - - - - - - 640 1- + + - - - - -- - 1 60 I I I 
27 + + + + - - - - - - 80 'T' + + + - - - - - - 80 A C C 

l -+ + + + -t + + - - - 10 A D D 
2 + + + 4 1" + 'T + - - 5 A D D 
5 + + + + + + - - - - 20 D D A 
4 ++ + + + + -1- + - - 5 I D D 
5 ++ + -t + + + + - - 5 A D D 
6 + + + + + + + + - - 5 A D D 
7 .i ..j.. + -+ + + - - - - 20 D I I 
8 + + + + + + + + - - 5 A D D 
9 + + + + + + + - - - 10 A D D 

10 + ,I- + + + + + - - - 10 D A D 
ll + + -1- + + + + ± - 5- 10 A I D 
12 + 1" + + + + + - - - 10 A D D 
15 + + + 1" + -41- + - - - 10 A D I 
14 + + + -t 1" + ..,. - - - 10 A D I 
15 + -t + + + + + + - - 5 D C D 
16 + ++ + -t + - - - - 20 A I D + + + ++ - - - -17 -f' 20 D D D + .,lo+ + + -f' -t + - -18 5 n n n 

A - alive; D - dead; C - conta..-ninated; I - in:fertile . 
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E:crper:i..rn.en.t III 

This o:x:poriment vms conducted. in cooperation vrith tho Poultry Department;, 

Oklahorns. A. ii;; I!I., College, s·tillv:rater., Oldahor,.1::,h 

1301,10 hons in tho ec;g production co1rcest pens, the inw:rune 

VIII gives a graphic picture o:f:' tho 001.u:se of ·tho 01.rtbreak. Tho suspicion. of 

'ir:1.weinatod wi:l::;h live viru.s and only two pvms ~m.cci11a.tod -vJith modified vlrus 

sufi'e!'<3d ru.1.y noticeable s;y:mpto:m..s. 

·be the resistance 0£' 16 c1..ay- e:rn.bryos 1r1h011 challenged with 0 .• 3., 2.0~ 

£L11.c1 10.0 '1m.1 .. d .. u of Ifowca::rtlo vir1..m. 

in an 

blood ss.mp1os • 

Tho birds in ·chis test did not lm·1ro any history of Ii.airing had rTovmastlo 

disease as far as 'could be as-cer·to.inod.. :l.'h.o history o:r tho vaccina:i;;ion of 

·the dii'forent po1:1s is indicated in t:able VIII. The leli..g·l:;h of tim.e since these 

,racoino:i:;io11s had been nuid:e Tras not; @,vailable in Enrery case. Pen /foll had been 

vacci:n.e.tod 1:Ji·bh a live virus vaccine only a few lt00ks be:D'ore they v.rere placed 

in the con·bost. Apparently ·tho outbroak bogan i.:;;, the pens adjaceirb ~co this 

1FJ.os{: rccon'bly vaccina"bed pen, ,,hetl1or or not these 1Jirc1s i:a p011 ibll v10r0 still 

e..f'.f'ecd;cd vd:t;h 1i vo virus is not knovm .. Other pens vo.ccinated ,.fr'ch tho li vo 

·,rirus vaccine had been vacci:ns:1:;ocl for lo:nf~Gr po:Piods of ·th10 befor0 tl10y vrcre 

placed in the contes"c:a 



1 
9 
'" 

4 

G dm,,d virus 
? 
8 
9 

10 
11 
J.2 
13 
14-:: 
15 
16 
1'1 
""10 
,l,,t0 ) 

19 
20 :mocL li-vo 
21 livs virus 
ff) e) 
f-J(.,.,, 

24; 
25 li ~vo 1ri:rus 

mod. live 
27 nod • 
. 28 rnocl(l live 
29 
30 
31 
32 li 1re vir·u.s 
33 ltvo .. v·ir~1s 
34 
35 

3'7 nod. 1i ve 
38 
3-9 1]:TtO V:l.XllS 

40 m.od.. l:lYe 

1 .2 3 ,{b 



TABLE IX 

Dotorr.rl.nation of' Antibody Lovel in Egrr Yolk by HI Test Com: o.rod to 

the Resi tanoe of 16-17 day Embryos fr01:1 Chickens suspected of Newcastle. 

Pen Ren Hemagglutination- inhibition tost HI Rosistanoo of I.nmnme 
No . No .. Virus dilutions Titer Embryo to Virur: Status 

1 1 1 1 1 1 1 1 1 "m.l.,d." 
I - 10 - 40 - 1- 32( -5 20 80 160 64( C 0 . 8 2 . 0 10 . 0 

2 + - - - - - - - - - 320 A A A Pas . 
3 + - - - - - - - - - 320 A A I Pos . 
4 + - - - - - - - - - :320 A A I Pos . 
5 - - - - - - - - - - 640 A A A Pos . 

6 6 + - - - - - - - - - 320 A A A as . 
8 + + + + + + + - - - 5 A D D Neg. 
9 + - - - - - - - - - 320 A A A Pos . 
C + - - - - - - - - - 320 A A A Pos. 
C + - - - - - - - - - 320 Pos . 

0 + - - - - - - - - - 320 A A A Pas . 
3 + + + + + + + - - - 5 A D D _""e -· . 
5 + + - - - - - - - - 160 A A D Pas . 
9 + - - - - - - - - - 320 A A A Pos . 

12 9 + - - - - - - - - - 320 Pos . 
A + + + + + - - - - - 20 I A I Susp . 
A + + + + + .... -+ - - - 10 Tio-.,• 
B + + + + + -+ + - - - 5 D D D Wet; . 
B -+ + + + + + + - - - 5 ITog . 

6 + - - - - - - - - - 320 I A A Pos . 
6 + - - - - - - - - - 320 Pas. 

13 8 + - - - - - - - - - 160 A A A .t'os . 
8 + + - - - - - - - - 320 A A I Pos. 
C + - - - - - - - - - 320 A D A Pos . 

0 + - - - - - - - - - 320 A A A Pos . 
0 + + - - - - - - - - 160 Pos. 
5 + + + + + + -+ - - - 5 D D I 1;e • 

14 7 + - - - - - - - - - 320 A A I Pos . 
9 + - - - - - - - - - 320 ('. A I os . 
B + + - - - - - - - - 160 A A D Pos. 
C + - - - - - - - - - 320 A A A l'os . 

15 B + - - - - - - - - - 320 A A A Pos . 

A - alive; D - dead; C - contaninated; I - ini'ortile . 
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TABLE r:: cont 1 d) 

en ll lioxnagglutil1ation-i:ahib i tion t est LI Ro ictanco of Totnu:n~ 
No. Mo. Virus dilutions Ti tor Embryo to Virus Sta tu, 

l l l 1 1 l 1 l 1 11n . l . d 11 - - - - - - - - - o.a 2. 0 10. 0 1 5 10 20 40 80 160 320 64( C 

l + - - - - - - - - - 320 A A D Pos . 
2 + - - - - - - - - - 320 A A A Pos . 

17 3 + + - - - - - - - - 160 A A A Pos . 
B + - - - - - - - - - 320 I A I Pos . 
C + - - - - - - - - - 320 A I I Pos . 

1 + - - - - - - - - - 520 A A A Pos . 
2 + + + + + + + + + - A D D l eg. 

18 3 + - - - - - - - - - 320 A A D Pos. 
5 + - - - - - - - - - 320 I A I os. 
9 + + + + + + .... - - - 5 I I I Meg. 

1 + - - - - - - - - - 320 A A I Pos. 
2 + ... + + + + + - - - 5 I D I .i:Teg. 
3 + - - - - - - - - - 320 A C A Poth 
4 + - - - - - - - - - 320 A A A Pos . 

24 5 + - - - - - - - - - 320 A A D Pos . 
6 -t - - - - - - - - - 320 A A D Pos . 
9 + - - - - - - - - - 320 A A I Pos . 
0 + + + + + + + - - - 5 D D I lfog . 
C + - - - - - - - - - 320 A A I Pos . 

0 + - - - - - - - - - 320 D A C Pos. 
2 + - - - - - - - - - 320 A D I os. 

29 6 + + + + + + + - - - 5 I I I Neg. 
8 + + - - - - - - - - 160 A A D Pos . 
A + - - - - - - - - - S20 I A A Pos. 

1 + - - - - - - - - - 320 A A A Pos . 
1 + - - - - - - - - - 320 Pos . 
5 + - - - - - - - - - 320 A A A Pos . 

30 8 + + - - - - - - - - 160 A A D Pos . 
9 + + - - - - - - - - 160 I I I Pos . 
B + - - - - - - - - - 320 I A I Pos . 

31 
0 I I I -
5 + - - - - - - - - - 320 A A I Pos. 

0 + + - - - - - - - - 160 A A D Pos . 
4 + + + + ... - - - - - 20-80 I D I Neg. - -35 8 + + ~ + + + + - - - 5 A D D Neg. 
B + - - - - - - - - - 320 A A A Pos . 

A - alive; D - doad; C - contaminated; I - infertile . 



Pen 
No . 

36 

47 

48 

A 

B 

'TABLE IX (cont ' d) 

Hen Hama"'"'lutination-i.nhibition test HI Resiatanc of 
No . i iru: dilutions Titer Embryo to Virus 

l 1 1 l l l 1 1 - 1 ttm. , . rl - ,, 

I - To - 40 - - - -5 20 80 160 320 64.0 C o.a 2. 0 

l + + + + + + + - - - 5 D D 
2 - - - - - - - - - - 640 A A 
4 + + - - - - - - - - 160 A I 

± + ± B + + - - - - - 20-80 A D 

l + + + + + + + - - - 5 D D 
2 + - - - - - - - - - 320 A A 
4 + - - - - - - - - - 320 I I 
C + + + + + + + - - - 5 A D 

0 + + + + + + + - - - 5 D D 
3 + + + + - - - - - - 40 I I 
4 + - - - - - - - - - 320 A A 
5 + + + -+ + + + - - - :5 D D 
8 + - - - - - - - - - 320 A A 
9 I I 
A + + + + - - - - - - 40 A D 
C + + + + + + + - - - 5 I D 

1 •• control egg •• A D 
2 •• -Control egg •• A D 
3 •• Control egg •• A A 
4 •• Control egg •• A D 
5 • • Control egg •• A A 
6 •• Control egg •• A D 

7 ... Control egg •• A D 
8 •• Control ogg •• A D 
9 •• Control egg •• A A 

10 •• control egg • • A A 
11 •• control egg •• A A 
12 •• control egg •• A D 
13 •• Control egg •• A D 
14 •• Control egg •• D D 
15 .•• Con·i.;1-ol egg •• A D 
16 •• control egg •• I ]j 

17 •• control egg •• A A 
18 •• Control e,..v ... A I 

A - alive; D - deadJ C - contaminated; I - inf'ertile .. 

Viru titer - 1,320 

10.0 

I 
A 
I 
I 

D 
A 
I 
D 

D 
I 
I 
D 
I 
I 
D 
I 

D 
D 
D 
I 
D 
D 

D 
D 
D 
I 
D 
D 
D 
D 
D 
I 
D 
I 

36 

Imm.une 
Status 

Neg. 
Pos. 
Pos . 
Neg. 

Neg. 
Pos . 
Pos. 
Neg . 

Meg. 
Neg. 
Pos. 
Neg. 
Pos. -
?!eg . 
Neg. 
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DISCUSSION 

'1'ho rosults of mxperim.cm-b I inclios/l;o tho SfJZil0 results regarding ·th.a 

:umm.m.ity of {;he omhr;y'O i:it3 f'ouml by Brandly, et al. (1946). 

i:mn1une substan.coz from the yolk ·to the ·tissues of the embryo is sii;riifi-

The rolativoly 

nature and co:nsequently of short duro:cior.i., tmdo:ifycodly plt\y'S a ,rory im.portant 

in a:l:;tor,1p·bs ·bo d<:Yvolop an aotivo imr.;i;Lmity in ·bhoso chicks du.ring '"'che 

early weeks of life. 

'rl10 rolti·biv1:, 'Vl:l.lu.os of the blood ncru:m and yolk HI titers und tho re-

sist;a:11:ce of ·the embryo i11 deter.mi:ning the diagnostic titers p.,ro brouGht out 

Tho correlation of tho results b;y- each or the 

r.1ethods L"ldicatos tho yolk HI ·test; to corrospond favorably with {;ho blood 

se:r·u.111 III ·biter • I-l:; is int,orosting. to noto tha:'c in no case vras a positi::ve 

reading of ·t:ho yolk HI found to occux· in eggs from a hen read. as nee;ati va by 

the seru1n. c'krtormiru:d:;ion. 

1;;,:a:ns:mH; this charaeteris't::ic to their o:i:fsprine;.s. Outbreaks in chicks loss 

·than "cJ:i.ree v.reoks old fl'·om supposedly h.umtno hons 1:muld soo:m to ruld evidence 

Tho p·osonce of non-speciJ'ir, ar;r:lutinative i1'll1ibitors or 

n.lbQ~,,n1 i'ro:n1 tho samplo taken, tht.;;. presence o:f.' rrhich would inhibit the rcao·tion 

Ii0a1·d ( 19-18) • 



Although n<Yt reported in the p:c,;.;,scnt paper, somo efforts have been :m.ade 

by the anth-0:i• to determine -r.r11ich i'ractio:n of the yolk carries tli..0 immu:ne 

properties• Appare:11.tly the globulins.., which tt:t'e soluble in saline are 

par·hially 1·elca.sed from the leoi-thoprot0in livetin by the fe.:t extraction v:rith 

the e-th.or and by rm110-val of the lipoid.s., s1.1.ch as loci·thin, by their sol:u-

hili·by in tho otcyleno ci~chloride. The sali.ne-solublo beta and ga.nunn slobulins 

have been partially separated by succossive isoelec-'crio precipitations-. As 

far a.a can be dote:r-.mined now, bo-t;h fractior.1.s d.oLJ.onst:rate some iri1R1-me 

1;;rubstancos..-

I:u E:i::.perir11en'-a III., the yolk HI and the resistro1co of tho e:m.b.ryo to tho 

1icmrcastle vi:i~us vrore fou:nd J.:;o conparo very closely• Po.rtially on the basis of 

these results, ii.-; can be assumed ·chat tho respir'lil:bory ou.tbrouk waa Hewcastle 

disease. 

Au interesting point to note is ·1;hai;. the ou.·tbreak began. in pens r;JkfJ and 

y,blO which are ndjaoon:'c to the pen #11 which vms vo~oci:..;10:bed ·with live virus 

vaccine j'lwt a f<:rliir 1;roeks before tho birds Trere placed in ·the co:ntest. This 

spread f'rom a:n affected pen to the adjacent pens was observed throughout the 

outbr0ak. 

Th.era appears to be a de:E'i:nite trend i:n ·the ;runber of birds f'm.md with 

a low titer as co:m.parect to .,Gho length of td.me since that pen vms aff0.cted. 

Oi' "'vhc pens il'l rmich the itt.n.nuno status 1rro.s determined, pens =,lj!.55 rmd ,U48 were 

among ·the earliest to show sy1J.ptom.s of ·che diseaflo, in both of those pens a 

l.arr;o percentage of ·bhe birds were i'ou.ncl to ·b.ra.nsr:tli:; lit-ble or no antibody 

to the egg. JJ I' Pens 1f'6 end 1rl3 v,ore among the la:crt to bG ai'f ected during the 

01..itbreclc and also shorr a more nearly complo"co i1in.1J.uni:i::;y.. Those corr0la·cions 

1'lould indicate that ·1:;he imm.v .. 11i~v-y dovoloped by the natural outbrook may 

dhri:nish rapidly and apparently could no·t be expected ·bo protae'i:; the bil"ds 



or nov:rly ho:tched chicks from theso long aft;er h.atehing. Th0 pro-

:Cl d.eud vi:.·us vaccine in .. , 
0.i.10 oar ly part; 

of' the 011:tbrenk d1.rJ.inished sufi'icicntly in the :~our :;J.onth i:ntorval ·t;o ronclor 

.sus-ccpt:Lblo. '1:he outbroaks in ·l:;ho pens vo.ccirn.J.ted vJ:1:t;h 111ouif:Led virus 

whioh 

is i:nposs.ihle i:;o determine -l:.;ho hlood scr1.1r:t HI ·c:i.to:r of' thoso 'birds, 

1mi:; i'l.: ' ~GO 

is pl1cQ1nec1 

g;roup of birds b~r 

1.:;,:,cti,rc level. 



SUlSiA.RY 

The hi1:ri;o1°y e.nd deYelopuent of ·i.;ll.e he:r:mgcll:rt:ina:bion test and i·i:;s 

applieation to t-he diagnosis of l'Jo1'rcm.stle tliseuse are reviewed.. The Francis 

in.1,ibi"i:;or and the receptor destroyint; enzyn1.os o.nd thoir effect upon the 

he:magr::lutination tsst;n are briefly reporfa3d. 

kD. Oklahcr.c,.'!.a virus (strain 1/rt) bas boen isolated. and ide:ntii':t.ed. It was 

determinocl. that;. an nimm.m1en 16 day e:mbl"J,"O could resist ir...feotion with ton or 

moro 1'1,1..l.d.n oi: virus. 

A 11.imi.be:r of. birds were "'cested by the blood sor1JL1 HI, yolk HI and by ·l:;he 

embryo t·esistro:J.ce procedures. The rosults uere found to conparo favorably, 

al though the yolk ti ·!;er was s ome1"f11.2:t. lower than the blood sormn titer. 

A respire.;l;or.r outbroa'!~ o.r,1onE some ec;r; productdon contost bircm roser.11)ling 

Hewcastle disease -mts observed. Tho yollc 1II titer an.d o:eitryo resisJcance 

values were determined for som.e reproselxt;ixl;ivo birds from these pens. It was 

found ·bhu.t a lru:r;e pcrcontago of the birds did carry r;n. i.11W1u.ni i;y. Soue 

cor-.i'ela.tion was observed in -the trend of' -bhe nura.bor o:f im.m.1.me birds in 

comparison -to ·the time elapzed since a high degree of :iJ.l!iltm:tty could be 

00tpco"'ced. Also,. obscr;ratio:ns ''1ero :made upon the probable d.egree of i.unun:t-'cy 

conferred by -'.~he di.f'i'e:rent methods of' vaccina:tion. !11. thic :t"espect:, live 

virus vaccine apparm:rtly provided the lons;est protective i:mm1..1r .. i:ty, closely 

app-roac:b..i:i.1..e; '.bh.0 i11];lum.ty foll.cminr:; a na:turG.l o•.xbb?oo.k.. I'i; c.ppoars that the 

.inmune stii:tus rnny fti.11 below· :::, pro·coctive value before a year ha3 oht}?sed., 
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