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                        Introduction

     Ever since l926 when NeweastZe disease was recognized as

an independent disease of the chicken distinguishable ft7om

fow]. plague(23), researches on the development of vaccines to

cembat this ehicken epidetnic have progressed at a remarkable

pace the morld over.
                      '
     Todayp research reperts on sueh vaccines are legion. The

first live- and inactivated"virus types o£ these vaccines nere

     '
developed aimost simuLtaneously, and both have simce been re-

                                                              '
markably improved in their efficaey. Now available are numerous

commerciaZ or non-commercial varieties o£ whichever type of

such vaccimes desired.

     Notndthstanding this spectacuLar progress of research on

vaccination agaimst the endemic and the resul.tant prcfusion of

supply of such vaceines, there stiU remain not a few di££icul-

ties in attempting to compare the live-- and inactivated-vifus'

                                           '
types o£ these vaccines by their merits and detm?its and de-

termine which is pre£erable.
                                          '
     Zt is claimed that in the Island of Cyprus(20) and in some

parts of canada(4), an extensive application of some vaccine of

the live-virus type have proved clearly effective in each region.

Zt is aLso claimed that in some other countries, the use of '

vaccines of the live-virus type has been justified by theinr
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proven efficacy(10' 76' 85) in pzaces where the epidemic was

prevalent. But, there are some skeptics who place little hope

in the capacity of the live-virus type of such vaccines to

                                       (56, 76, 85)
attain complete control of the diseases . .

     The inactivated--virus 'uype of such vaccines, on the other
                                       (8]2.26,as,76.81,89)
hand, is considered by many researchers

to impart only a temporary or short--lived tmunity to chickens

against the epidemj.c. But it is also claimed by scme re-

searchers(5,10, 97) thaL some vaccines of the inactivated-

virus type are good enough to impart a long-range tmunity in

case they are derj:ved from a locaL vi]ms straim(98) or an

antigenically suitable virus straim, or one each o£ two such

kmds of vaccine is used in a proper combination for double

vaccinaLion.

     in producing vacc±nes of the inactivatedfv:'Lrus type, the

                                                    '
initial practice mas to usep as the virus material, a vlrus-

contaiming organ emuLsion taken from sbme viscera of chickens

ki3.led by Nencastle disease.

     But this material has been generally repLaced by chieken

embryos infected with the Newcastle disease virus (NDV) sinee '
                                                              ilg34 when Burne't(13) came up with his monumental discover¥ that

                                                         ,
this parkieular Virus' igrcws very weU in developing chi.cken

eggs3 and thus proviLdes a virus materiaL o£ an aLmost always

stabilized ttter.

                            -2-



     As for methods o£ inactivation of the virusp all sorvt of

physical or chenicai processes have been devised and tried.

over a long period of time. [Vhey include such methods as the
crystal violet(3' 6' 24' 45' 46' 54' 55, 68, 96), urethan(lL),

ul.traviolet irradiation(9' 12' 54), heating(25), sodium salt

                                             (53)
                                                 , andof 8 hydroxsT--7-iodoquinoline-5-sulphonic acid

        (16, 21, 34, 40p 47, 48, 53, 68-72, 75, 82, 92, 95)

                                            '     Howeverp except enly for the formalin methode no known

process has ever fuUy come up to the rigid standard of re--

search requirements.

     Today, formaLin is most wideiy recognized and used as an

inactivator of Lhe parrticular virus. Numerous r}esearchers have

reported their con£immation o£ generaZly good imniunizing effect

of the vaccines made £rom the fonnalin-imactivated virus(16.4L,

57,83)
      .
                                                       '
     But even this outstanding inactivator, formalin. is not

enti3pely free 'from criticism as to its efficacy. Some re-

searchers have reported having obtained not very satis£actory

resuLts after their trials utth fommalim(l6. 41, 57, 83).

i![eamJhue, BrandLy et al..Q2) and Hanson et al.(34) have

pointed out what they considered to be cerrbain di£ferences

in antigenicity to oceur among various £o]rmaLin inactivated--
                                     '                                                      'virus vaccines depending on virus straims to be used.

     Now, there are two notable identical report$ by Ha]ftman
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et al.(37) and Ilangun g!t, elL.(64) that they have found beta-

propiolactone(BPL) to be the most promising and dependentabl-e

virucidal agent ever kno;4t7n. They have invariably an?ived at

the eonciusion after a series of laboratory screenings of a

total of l40･varieties of vi.rucidal agents to pick one whth

the least adverse effects on the plasma proteim in the course

o£ their studies on the problem of serum hepatitis tran.mi.ssion

through blood transfusions or a(ministration of infus.ion solu-

tions. cTheir common research purpose was to the virus of

serum･ hepatitis found in human blood or its products.

     Zn fact, BPL is a remarkabZe organic compound that is now

attracbjng ±ncreasingly wider attention among researchers as

a virus inactivator of for their apparent superiority to

formalin in many respects.

     BPL is now generaZLy known to have litUe iU effeet on

plasma protein because it is very quick in its inactivating

                              '  '

action and moreover, aU supZus amount of a given dose o£ i:t

left after inactivation turns into acid end--products chiefLy

                                     'made up a hydroacryZic acid (beta-oxy-propionic aeid) due to

hydrolysis. It is also knovm thaS BPL may be freely apptied

                 '                '                               '
vri-thout regard to pH, and unl.ike £onnaLin, it mork$ very viell

even ntth virus materiaLs wirtch are not very fit £or pur'ii/rying.

     smolens & stokes(87) have reperrbed that after an ul.tra--

violet irradiation o£ human seiym specimen heavily dn£ected

                            -4-



  ndth T4 bacteriophage and then a treatment of the irradiated

  serum with BPL of l.5 g per liter in concentration `uhey dis-

  covered that BMJ, used at least up to that nmch concentration.

  had no ef£ect on the electrophoretic pattern o£ the serm

  protein.
       Masu et al.(67) have aiso reperted that they used BpL for

            - ---e

  inactivating the infectious canine hepatitis virus and obtained

  similarly favorable resuLts during the course of their $tudy on

  the disposal of microorganisms contaminatimg an tmune serum of

  canine distemper. After appLying BPL to acaiiine semm p2?e-

  paration arvti£i'eiaLiy infected ntth the infectious canine hepad-

  titis virus to a very hea:vy degree, they have claimed that BPL

  attains complete inactivation of the virus in 30 mi.nute$ when

' used in a concentration of O.3% at 370C, in six hours when

  used im the concentration o£ O.2% at''4qC. Moreover, they have

                                '
  repoyted that Bn, when appLied jn such concenbration, does

  not have any e£fect on the neutraLizing antibodies of the

  serum.
       LoGrippo(5g) has also annaunced that BPIj. when emptoyed

  in concentration,s rangimg between O.05 and O.7%e achieved

  complete imacttLvation of viyuses. fungi and bacteria a£ter his

  study on the necessary coneentrations o£ this organie compound

  for inacttvatimg sueh microorganisms.
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     on top of this, LoGrippo & Harvtman(59' 60) have come up

with a very simple and rapid inethod of producing a BPL-

inactivated vaccine of virus. [[hey repopted thei]r dtscoveTy

that BPL is capable of inactivating the virus wi.thin IO to 1-5

minutes at 370C. They aLso reported their success in produe-

ing such a vaccine of a far higher antigenic potency than those

inactivated idth formaiin or phenoL. The process they have

developed has since come to be applied to inactivation of many

di£ferent kinds o£ virus, imcluding.anrboviruses(28, 58, 60)

and rabies virus(5g, 60 77, 7g).

     This Process was £irst apptied to the production o£ a

Newcas.ae disease vaccine by "fack& chotisen(62, 63). Reportimg

on the resiats o£ their experiment with the vaccine, they said

a group o£ chickens vaccinated with a BPL-inactivated virus

vaccine registered a 10Q% rate of survivaL aftey a ehaUenge

imfection ntth a viruLent Newcastle disease virus 16 days after

vaccjnation compared with a 97.4% mortality of the same chaL-

lenge in£ection, among a eentrcl group ef chickens.

     Superiorities o£ the vaccines made £rom BPL-inactivated

viruses te other'types o£ vaceime inactivated wtth formaLin or

other agents have subsequentZy been recognized and reported by

such researchers as winmiu & weddeu(96), simmfins &

Baidzrm' (86), Haig g-t g.(33), suLLivan s}3t" a-:.i.(88), GilL.gLt -a-L-(.3i)'

Keeble s2]t" a-:-L.(49), Keebze & wade(51), Keeble & coid(50),

                         '-6- -
'



                              (79)             (78)                                                  (l5)
                 ,PinietaL. ,ChristieetaL ,lliXlgEC(ll)ii"tc211iS..(i7), H..:ty7tg), cherby & vallette(i4) and

Hofstad eb aL.(42).

                                  (5)
                                      have reported negatively,     Nevertheles$, Appleton et aL.

saying they failed to find any marked differences in efficacy

between BPI) and fomaiin inactivati.ng vi.rus.

     Hof$tad et ai.(ue) compared the ef£iciencies of three dif-
             m ---ee-e

ferent types o£ inaetivated-virus vaccine$--- i) r ray-

irradiated, 2) Bn-inactivated, and 3) formaLin--imactivated

and reported that the BPL--inactivated type has proved to retain

the highest antigenicity of the three. They thus conciuded

that the BPL-inactivated virus type of vaccine should be the

best of all serts of vaccines against the Neweastle di$ease in

general use today.

     Haig et aL.(33) and Keebie & coid(50) have reported that
          ----- ---p

the BPL-inactivated vin$ type of vaccime, even when apptied

to one-day-oid chicks withou'u any maternal antibody, does not

            'deter their gronth. cooper(l7) tried various commer℃ul BPL-

inactivated virus vaccines on hens in' their egg-laytng season

and reported that none o£ the vaccines had any iU effect on

the chickensi egg prcduction. .
     According to a report by Keeble & kJade(51), other types

of inactivating agents than Bn, such as forma!.in and phenol,

             '    '
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which also werk as protein coagu]-ant$, affect both the nuelexc

acid and coating proteim o£ the virrts in their inactivating

actionsp and. therefore, are apt to cause a change in the anti-

                                     'genicity of the virus.

     Zn con'tr}aste they claimed, BPL, which is a sort of alkyiLate,

may mork a change in the nucleic acid o£ the virus and 'thus

cause the vj.rrts to loss its infectivity, but will hardly af--

fect the antigenic protein of the virrts in its inactivating

action, thus making it possible to produce a vaccine of a high

antigenicity.

                                   (35, 36, 58, 61, 87)
     Nowp it has aLso been reportted                                                        that

a consecutfi:ve treatment of a virus with uLtravioiet irradiation

and BPL by applying BPL either before or after ultraviolet

irradiation is more effective in inactivating the virus than

                                                           (35,
using only uLtravioiet irradiation or BPL, whichever singly

36, 58, 61, 67, 87)
                   . [Ihis seems to imply that both of the$e

two inactivating agents work on the same ,component o£ the

virus. It has also been reported(60) that a virus inactivated

by BIZL has a versr high antigenic petency. [[1iis seems to prove,

just as described above, that the BPL-inactivated virus Loses

infectivthy by a change in its nucieic acid, but retains its

antigenic protein wfiLth relatively iittle changos.

     Apparently such action of Bpt canpares shar!ply ntth those

of formaJ.in and phenol which chiefly werk on the protein of
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the virus and thus eauses a decided decrease in the e[ntigenic

preperty of the virus.

     There is some variaJtce o£ opinion as to the reactivating

phenomenon of the paifticles o£ the virxus tyeated w±th some

protein coaguLating agent like formalin or phenoi. Xn fact,

there does extst a possibiLity that these imactivating agents,

because of their aetion to cause aphysicaL change in the pro-

teinous outer coating of the virus, often cannot penetrate

deep enough to reach the nucleic acid of the virus. Thus,

               (38)
                   that these vi.rus parvticles develop ait is beliebed

reactivating phenomenon in case the rmcleic acid of the virus

i$ exlposed to the danger of being yeleased.

     In contrast, no such reactivating phenomenon is believed

to occur in Ben-inactivated virus vaccines because BIL eastilLy

penetyates the protein coating of the virus without hardly

a£fecting it physioaUy and reaches the nucleic acid to de$troy

the latteris infectivity. It has been reported that in the

virus of murine encephalomyocarditis inactivated ntth BPL, no

reactivation iras observed.

     Xt has been weU known for a long time aLready that some

kinds o£ oil and metallic ion have an adjuvant action 'vo help

the antibody product'i'on. Tlie problem o£ adding with soxne ad-

juvant to the Newcastle disease v!ru$ has also been studied

               '   '
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by many researchers in the past. Now in common use as this

kind of adjuvant-added virus of the kind is an aluminagel"

           (l2, 19, 31, 32, 74, 90. 91)
 added type                                       and an oil-added

     (l2, 65, 66)

type ..                    (l2)
      Brandly gt" AiL.                        has reported that Falba oil is superior

to aluminagel as such adjuvant. Tsubaki & Masu(94), vJho com-

pared severaL kinds of oiL adjuvant they mixed in a formalin-

inactivated Newcastle disease vaccine, have reported that the

                                                           'ArXacel A- Bayol F type adjuvant was the most effective.

     But, the3?e is also a report(84) criticizing the use of oi].

adjuvants for vaccineS applied to broj-ler chickens for the

reason such adjuvants stay long in the chickensi nmscles.

     Besides, there is a report(29) t.hat a cer'tain kind o£

oil, when used as an adjuvant, caused an undesirable post--

vaccination reaction o£granuloma type. '
     Expertments to add adjuvartts to the BFL-inactivated viru$

vaccines have been reported by Giu g3t" aL.(31) and Haig

ettL et,.(33) wheN invariaoly preferred ALuminium hydrogel as the

best adjuvant.

     !n Japan, there are stin very few reports on the use of

BPL as an inactivator of vaccines of whatever kind. New

available are oniy tmo reports o£ the kind worth notice---

that of yoshino & saito(99) on their attempt to apply BpL to
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the production of a rabies vaccine and that of Nakamura

et aL.(73) to their try to inactivate the Japanese B encephali-
--e.- --een

tis vaccine. Neither o£ these BPL-inaetivated vaccines has

yet reached the stage of clinical appXication.

     The present report represents the findings obtaine(1 th?om

authoris experiment to produce a Newcastle disease vaccine by

using BPL as a virus inactivator and an aLuminium phosphate

gel as aJtadjuvant. Here are the findimgs.

- ll -



                  }Eaterials atid M･ethods

Vi:rus used: Egg-passage virus of the Sato strain of the

Newcastie disease vir'us (NDV) group was employed. As the seed

vi.rus specimen, the infected aUantoic fluid of such eggs was

used ndthout diluLion aftei? I)resg<ring it at a teiirperature o£

--
700c.

   '

Beta-Pro iolactone BPL : Choosing a conmercial BPL produced

by Tokyo Kasei Kogyo K. K. (Tokyo Chentcal Industry Co.), the

agent at a temperature o£ -200C was preserr,red. Every time it

was used, the preserved agent was diluted tenfold by a steri-

1ized distilled water refrigerated to 40C and iminediately

applied it to the virus specimen.

AtAigll"IpaxL.E:t}s2slumxn Ph hL Gel: FoUowingthemethodofHolt(43),

560 ml of a IO% solution o£ALmm chloride was added to

2,790 mL o£ disti:-Ued water. VJhile stirring the mixture, 560

ni of a l5.75 % solution o£ sodi-'um phosphate (tribasic) was

added to ±L gradutaUy. Then the tripZe mixture was washed by

centrifugation was washed with 560 mL of an Aluminiumphosphate

soimtion, and next the A].uminim phosphate content in the whoZe

mixture was caLculated, £i-nally obtaining a gel suspension

fluid of between 30 and 40 mg/mi..
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!tll:sE2s3acgiLL2,g2-gS-32ks-YAslg2,I]s}ire aration of the Vacczne A number of n-day-old developing

                                                  '
chicken egg was inoculated by plant ing O.2 ni o£ the Sato strajn

of NDV of LO,OOO EIDso into the aLlantoic cav±ty of each egg.

The eggs which died after 48 to 72 hours of sub$equent incuba-

tion were opened and their embryos and aLlantoic fimids were

harvested tmediately following death or after one nightts pre-

servation after death at 40C. After preserving the embryo and

aLLantoic £tuid specimens overnighr in a £rozen condition, the

embryo was processed into a 30% emulsion and the aLlantoic £luids

was added to the emuLsion. This preparation was then cleared of

large crude tissue pieces by centri£ugation.

     The supernatant flw-'d o£ thi-s centrifuged liqu±d mas ex--

tracted and the viruses im it were inactivated at 40C by the

add±tion o£ BPL. The preparaLion was next turned into a vaccine

by adding an Aluminium phosph&te to a 50% concentration.

NDV CalcuLations: The effective dosages of the above prepa]pat±on

was deterntned by planting intramuscularly l.O ml of rts IO--fold

serial diimti:on into each of number of thyee･-month-oid white

legho]rn$ and keeping the chickens undeir observaLion for IO days

to regi: ster theiy death or survival.

     The ±nfectivity titration im the developing chicken eggs

was measur･ ed by plating O.2 ml of a 10-fold solution of the

preparat±on into each aUantoic cavity o£ a number of ] L-day-old
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developing chicken eggs and then incubating the eggs at 360C

for LF8 hours. AfLer the incubation, the aJ-lantoic fluid of each

eggs i-ras harvested and the fluid's hemaggtutinating activity

was measuyed to see iin it is positive or not, that is, whether

infected or not. In this measurement, the Reed & }imench method

was followed to work out a 50 % infectious dose.

     For dete]rmination of whether the NDV inactivation has been

completed or not, O.5 ml of the preparation was planted in the

allantoic cavi'ty of each egg. After the egg was then incubated

for 72 hours c"bt 360C, the inactivation was deterntned by the

hemagglutinating activity of the allantoic f±uid. But, in some

cases, the prepayation was planted on a ehick embryo celL cuL±>ure,

to £ind out the degyee of infect±on by the resultant CPE (cyto-

pathogeniLc effect) or by the hemaggimtinat±ng activity of the

cuMure fimid.

!t2[Luets-llu212]:Mgb.ggELIL-S2}!Uzgl:g.hickIimbr CelLCultur Theembryoofeacho£anumberof

9-eo 10-day-old developing eggs was taken out and a cell soimtion

was made from iL by means of trsrp,sin digestion. The specimen was

then incubated £or 2Lt hours a;t 370C £eeding, through a roUer

tube, a growth medium (Earlets balanced salt sotution, whi:ch has

a O.5 % content of lactaibumin hydrolysate, a O.i % content o£

an yeast extract and a 5 % content of horse serum).

     On this embryonic specimen the virus specimen was pXanted.
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The embryonic specinnen was then reincubated after bej.ng trans-

ferred to a maintenance medj.um (Earle!s B.S.S., which has a

O.5% content o£ lactalbumin hydrolysate, a O.Z% content of an

yeast extract and a l% content of horse semm).

ItlgllLg£gx ZggSk£gl:...Ya£si,I}s!"t c Test for Vacctne For this test a number of white ieghorns

of three age groups ------ two-week, three-month and £ive-month was

used. One groupe consisted of five to IO birds. Ten to U- days

after vacc±nation, the chickens were given a challenge iif}SecLed

with NDV of L,OOO to IO,OOO CIDso and placed under 10 to l4 days

of obseyvation to deternzine the efficacy of the vaccine by the

chickents death or survival.

Hema ±utination-inhibition Test HI Test : O.25 ml o£ an anti-

gen of four units was added te O.25 ni of the inactivated $emm

diLuted two--foid by stages. After incubating the mixture for 10

        '
minutes, a O.5 % chick red blood cell suspension fluid was added

to tt. Stirring it throughly and then leavtLng it standing stiil

for 60 minutes, the test tube bottom pattern of Lhe inixture was

read to determine the test results.

                       Experimental Results

Z. NDVXnactivationTestwithBeta-Propiolactone:
                                          +

      l) Xnactivation o£ NDV vi±th vari:ous concentrat±ons of BPL:

      As a prelirninary triai to find out the NDV-inactivating
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actions of BPL of different concentrations, first the BPL of

varying concentrat±ons at 370C was tried.

     Thus NDV-infected and killed chick embryos was processed

into a 30% enrulsion by means of a phosphate-buf±"ered saline

so!utioit (PBS) of pH 7.2. This soLution, aSrter the addition

of an allantoic fLuid, was centrifuged £or 30 minutes a,t 3,OOO

                                                 '
rpm.

     The supe]?natant fluid of this centrifuged solution was

extracted and five specimens were made from the fluid by adding

BPL in f±ve different coltcentrations of O.5, O.25, O.1, O.05 and

O.025/of.. These specimens were incubated in a 370C ivate]r-bath.

     Durj-ng this wa;ter-bath process, samples weye taken from

the specimens at certain ±ntervals of time. A O.2 ml dose of

each sample taken was planted into the allantoic cavity o£ a

number of lL-day--old growing chicken eggs. AfLer the eggs so

processed were cultured for 72 hours, the hemaggimtination

act±vity of their aUantoic fluids was exLutned. ALl negative

resuits were deemed to represent successfuX inactivation.

[Dhe resutLts are given on Table L.

-- l6 `"



Imactivcation

              Table l

oi NDV at 370C with various concentrations of BPL

           O.5 O.25 O.1 O.05 O.025 Corrt.
 Time

 IO mim.

 20 min.

 60 ntn.

L20 ndn.

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

5/5

1/5

O/5

O/5

5/5

5/5

O/5

O/5

5/5

5/5

5/5

5/5

5/5

5/5

5/5

5/5

     Virus material: 30% embryo suspension plus allantoic £imid.

     BPL: /g - prop±olactone s NDV: Newcastle Disease Virus.

     Numerator: Number of eggs ±nfected.

     Denom'inator: Num'ber of eggs Lested.

     As the table illustrates, inactivation was attai-ned in IO

minutes when the BPL coneentratibn in the.supernatant ftrtid was

either O.5 or O.25%, and in 60 mj.tnutes when that concentration

mas either O.1 or O.05%. But no inact±vation was attained even

                  '
in L20 ntrmtes when that concentra-Lion was O.025%.

     Next, smilar trials were held to compare BPL!s inactivat--

ing capacieiesi･-ae"two diSferent temperatures o£ 40C and 370C,

obtai-ning resutts as given on Table 2.

" l"7 ･-



                             TEible

[nactivation of }MV at 40C and 370C

2

with    .l
va rlous concentrations of BPL

-]iggEgPIFIf:9--:--:--r-::-L-r:-:-::-:-::M:-"-r-:-:-':-::-:-:`-`r-:Tn:-:::-:-r-Tem erature
40C 370c

Tirne min
O.5 O.25 O.1 0. 05 O. 025 Cont . O.5 O.25 O.1 O.05 o .025 Cont .

2

5

IO

an

us

72

96

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5 5/5

O/5 5/5

O/5 O/5

     lO/5 O/5
        'O/5 O/5

O/5 O/5

O/5 O/5

5/5 5/5

5/5 5/5

5/5 5/5

O/5 O/5

O/5 O/5

O/5 O/5

O/5 O/5

5/5

5/5

5/5

5/5

5/5

5/5

5/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

O/5

5/5

5/5

5/5

O/5

O/5

O/5

O/5

5/5

5/5

5/5

5/5

5/5

5/5

5/5

BPL: ie -propiolactone; NDV: Newcast!e

                'Numerator: Nuniber of eggs infected

Denontnator: Number of eggs tested
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     These eomparative studies were conducted as foLlows:

BPL was added toavirus fluid obtained by the saJne process as

described above ±t.･ di,fferent concentrations aLso as given above.

One halin of the samples were ±ncubated in a refrigerator kept

at 40C and Lhe other haLf ±n a water-･bath of 3`70C and sampLes

were taken from each half at differeni) intervals of time.

     A O.2 ni dose of each sample was planted j.n the allanto±c

cavity of a nvmber of M---day--old developing chicken eggs. The

processed eggs were incubated for 72 hours and the results were

determ±ned by the hemaggimtination acti:vity of the eggis aUantoic

fluidsp also ±n the same way as mentioned above.

     Xt was di$covered that j-nactivation was attained in L20

minutes when the BPL concentration was O.05% or iarger, and in

24 houys when the BPL concentration was O.025% both in case the

i:ncubation Lemperature mas 370C.

                               '
     In contrast, it was £ound that inactivation generaLLy pro-

gressed siowLy when that tenperature was 40C, that is, in 120

mLriutes when the BPL concentration mas ei:ther O.5 or O.25%, in

IO hours nhen Lhe BPL concentration was O.l%, and in 24 hours

when the BPL concentration either O.05 or O.025%.

                     ,
     Xt was thus understood that a long period of imcubation

after the BPL addi.tion makes possible the altJtai-Lr!nient of the

     '
same degree of inactivation as in the case of the higher incu--
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bation temperature of 370C ewn when that temperature is only

                                                     '40C.

     Consequently, it was attempted to obtain a ce]f'tain inacti-

vading curve of BPIJ iri different concenLrations at 40C by pLan-

ing BPIFadded virus samples obtained by the same process as

given above on chick cmbryo ceU cultures to deterrntne the re--

sults, using CPE as the indicator. The results are shown on

Fig. 1. The figvtres gi:ven on Fig. L represent averages

obtained from a series of two triais.

     As il±ustrated on Fig. I, ±t took l20 minutes (two hours)

to attain inactivation when the BPL concentration was O.25%,

and l8, 24 and 30 hours respectively when the BPIJ concentration

was O.l, O.5 and O.025%. But it was impossible-to achieve

inactivation even in 36 hours when the BPL concentration was

O.OL %.
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Inactivation ofi-･NDV

     Fig. 1

at 40C with various concentrations of BPL
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     2) Effect o£ pH on BPLts Inactivating Action:

     To find out the effect of pH on BPLis inactivating action,

the virus fluid, prepared in the same may as described above,

was processed into three kimds of a 30% ermlsion that is, of

6.7, 7.0 and 8.0 pH by means of a phosphate-･buffered saLine

soLution. Then BPL was added to the supernatant fl:uid of each

preparation im a O.l% concentration. Hal!' o£ these BPIJ--added

preparation were incubated at 40C, and the other half at 370C.

During these incubation periods, samples were taken from each

gthoup at certain intervals o£ time.

     A O.2 ml dose each o£ these sanples was planted into the

aLLantioc cavity of each of a number of li-day-old developing

chicken eggs. After 72 hours of incubation of these eggs, the

hemagglutination activity o£ the alLantoic fimids of the eggs

was checked to ascerta±n inact±vaticn by negative findings.

The resu Lts are il Lustrated on Tab Le 3`-

     As is clear fi?om the table, when the pH was within the

range o£ 6.0 to 7.0 or to g.O, there was no effect o£ pH on

BPLts inactivating action, whether the incubating temperature

was 40c ol? 370c.
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    Effect o£
    of NDV at

!nact±vation

 vanous
 40C and

at 40C

  Tab:Le 3

pH value on the BPL
370c

i-' nact ivat ion

  T ime

H 2hrs.5 hrs. 10 hrs. 24 hrs. 48 hrs. 72 hrs.

  6.0

  7.0

  8.0

cont yoi
(BPL
 free)

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

inact±vation at 370c

  Ttme        10
H

mj.n. 20 min. 30 ntn. I hr. 2 hrs. 5 hrs.

  6.0

  7.0

  8.0

control
(BPL
  free)

O/5

O/5

O/5

5/5

Q/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

･O/5

O/5

O/5

5/5

Concentration

Ntmerator:

Denominator:

 o£ BPL

Number

Number

: O.1%･

of eggs

of eggs

infected

tested
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     3) Effect of BPL on Hemaggintimation Titer:

     The ef£ect of BPL on the hemaggLutination titer w&s studied

by the same processes as in the aforesai,d tr±als to see the dif-

ference in inactivation between the temperatures of 40C and 370C.

     Samples taken at cerLai.n iLrytervals o£ time were dj.tuted to
 '

two-fold, and to a O.5 mL of each was added a O.5 mL of a O.5%

chicken ery'throcyte suspension fLuid. The mixLures, after

seirring, mas left standing in a test tube for 60 mi.nntes at

40C. The te$t tube bottom patterns were then read to determine

the re$uXts which are given on Table 4.

     As TabLe 4 shows, there was no appreciabie dif£erence in

the hemagglutination titer between the processed and the un-

processed groups when the BPZJ concentration yias O.1% or iess

and the incubation temperatures was 40C.

     But when the BPL concentration was either O.5% or O.25%

and the jncubation temperature wa$ the sEune, the processed

satnpZe$ registered a sharp decrease in the hemagg±utination

trter to l/ash of the control group both in 10 and 24 hours

of incubation.

     This seems to indicate that when the incubation tem-

perature is lyOC altd ･the BPIJ coneentration is O.l% or less)

BPI has hardly any effect on the hemaggintinin.

     But it was confirmed `uhat when the incubati:on temperatuMe
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Effect of various

          Tab Le

cQncentrations of

       titer of

4

 BPL on the

NDV

hemagglutination

   'f

Temperature

  BPL     %
05 Oe25

   o  4C

O.1 O.05 O.025 Cont O.5 O.25

370c

Ol O 05 O 025 Cont

2

5

zo

en

us

72

96

640

640

160

1oo

 80

 80

 80

640

640

640

l60

160

160

1oo

640 640

640 640

64o -6tvo

640 640

640 640

640 640

640 640

dro

640

640

640

640

640

640

640

640

640

640

640

640

640

eo

40

40

20

i40

20

io

320

320

160

 80

 80

 40

 4o

320

1oo

 80

so

 80

 '40

 80

320

320

 80

 80

 80

 80

 80

320

320

160

160

160

 80

eo

640

640

320

320

320

l60

160

BPL: p -propiolactone ; NDV:   Newcastle
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is 370C, BPL has remarkable effects on the hemaggluti-nia. At

thi,s high temperature, the hemagglutination titer dropped to

only 1/8th of the control group in two hours of incubation,

and 1/16th in 96 hours iLn c&se the BPL concentrat±on was O.5/%.

At the same tempeyature, the hemagglutination titer also de-

c:reased to between l/2 and l/4th of the control group in the

case the BPL concentration was O.25, O.l, O.5 or O.025%.

     4) Effects o£ DiffeTent Virus Samples on BPLts Inactivating

     To find out }-ihat ef£ects differ'ent varieties of virus

samples wtLll have on BPLrs inacLivating action, four kinds of

te$t fimid was prepared. They were:

           L) A 30% emulsion of NDV--infected chick embryo made

by means of a phosphate-bu£fered saljne solution (PBS) of pH 7.2;
                    Q
           2) The $ame ermilsion to which a NW--imfected ailantoic

ftuid of chicken embryo was addeds

         ･ 3) An NDV-infected allantoic fbuid o£ chick embryos

onlys and 4) Viruses taken from a NDV-infected allantoie fLuid

of chick embryos after the £imid was centrifuged at 59,OOO Gs

and then resuspended ±n a phosphate-bu£fered saline sointion

(PBS) of pH 7,2.

     To these f]:uids, BPL was added in fS.ve di££erent concentra-

tion o£ O.5, O.25, O.L, O.05 and O.025%. These processed sampLes

      '
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were left standing at 40C and samples were taken them a'o certain

intervals of tiLme.

     The resulrts are shown on Table 5.

     As indicated on TabZe 5, complete inactivation was attained

in two hours when the BPL concentration was O.025% in case of

the simpie 30% ermLlsion.

     In the case o£ the 30% exulsion to which a NDV-infected

aLlantoic finid was added, inactivation was completed in two

houys the BPL concentraption was O.25%, in two hours when that

concentration was O.l%, and in 24 hours when that concentration

was O.025%.

     In the case of a NDV-infected alLantoic £imid alone, in--

activation was attained in two hours when the BPL concentration

was O.25%. But no inactivation iAras attained w±th the £imid

when the BPL concentration was less than that percentage as far

as the time range of the experiment was concerned.
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3Q%

 inact±vai ing

ch±cken eiubryo

                Tal)le 5

ef£ect of BPL on differerrL

suspenszon

types of

    3C%

virvus materials

chicken ernbryo suspension plus
  alLantoic finid

  BPL
Tirne

%
O.5 O.25 O.1 o.os o.o2s cont.  Timb O･5O.25 O.Lo.Oso.o2scont.

2

5

IO

24

us

72

oA

oA
O/4

O/4

O/4

O/4

O/4

O/4

oA

oA
O/4

oA

 O/4

･oA

 O/4

 O/4

 O/4

 O/4

oA O/4

O/4 O/4

O/4 O/4

oA o/4

O/4 O/4

O/4 O/4

4A

4A

4A
4/4

4/4

4/4

2

5

10

24

48

72

oA o/4

O/4 O/4

oA o/4

oA o/4

O/4 O/4

       'O/4 O/4

4/4

2/4

oA
O/4

O/4

O/4

4/4 4/4

4/4 4/4

4/4 4/4

oA o/4

O/4 O/4

O/4 O/4

4A
4/4

4/4

4/4

4/4

4 /4

Al Lantoic fluid

--'--:EiiM-ig`--"-----------------------------.--

  Time O.50.25                             o.o2s cont.                    0.l O.05

    2 O/4 O/4 2/4 2/4 4A 4/4
      '
    s o/4 oA 2/2v 2/4 4/4 4/4

   zo O/4 O/4 2/4 3A 4/4 4/4

   24 O/4. 0/4 2/4 2/4 4/4 4A

   us O/4 O/4 2/4 4A 4/4 4/4

   72 O/4.e/4 2A 2A 4/4 4/4

Purified virus

""-iiisr

  Time O.5O.25O.1O`05O.025Cont.
 (hours)

2

5

IO

24

48

72

oA O/4

o/4 oA

o/4 oA

o/4 oA

O/4 O/4

O/4 O/4

oA

O/4

o/4

 O/4

oA
'oA

O/4 O/4

o/4 oA

O/4 O/4

o/4 oA

O/4 O/4

o/4 oA

4/4

4A
4/4

4/4

4/4

4/4

Numerator: Number of eggs infected ;
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     In the case of the material resuspended in the PBS solution,

complete inactivation v,ras achieved, ju$t a$ in the case of the

30% emulsiens in two hour$ when the BPL concentyation was O.025%.

     As the result of these trial with the fouy different finds

of NDV material$, it was confirmed that:

           l) Inactivation may be atta±ned more easily iLn case

of a 30% emulsibn of NDV--in£ected chick embryos and a pur±fi'ed

virus sample (resuspended in a PBS $olution)s

           2) Inactivation may be also attained in case o£ a

30% emulsion of NDV-infected chick embryo, to zthich a NDV--

infected alLantoic fluid of "}DV-infected ch±eken eggs was added,

although there was some variation in t'ne time required depending

on the BPL concentrations; but

           3) Znac"tivaLi.on was di££icult to attain im case of

an NDV-in£ected aM.antoic £Luid of chicken eggs aLone when the

BPL concentration was O.L% or less.

II. NDV Absorption and Adjuvant Action of ALuminium PhosPhate
     Gel:

     ivfany studies have been reported on attempts to boost the

±mmunization action of the imactivation action of the inactivated-

virus vaccines of dif£erent var±eties by the addition o£ some
                                        '
kind of adjuvant or other. ',
                                          '
     :t is now generaLLy believed thevt some kind of mineraL

      '
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oil(94) or alum(44) lktLkes an effect±ve adjuvant. It is also

knovm that a very good tmuniz±ng e££ect can be obtai.ned when

analmm phosphate gel is made Lo absorb the virus.

     These discoveries are now iddely appiied to development

of, and studies one NeiArcastle disease vaccines.

     As the adjuvant it was tried a kind of alumimium phosphate

gel which i:s frequently used ibr pur±fying the diphtheria

£oxoid.

     1) NDV Absorption Testimg on AJ-umintm Phosphate Gel:

     The undiluted aLtmium phosphate gel was obtained by ad--

justing the originaZ pyeparation of the conrpound chenical to

30 to 40 mg/mL j.n quantum.

     Then this preparation was added in different eoncentrations

of between IO and 80%, to a 30% emmlsion of !sJDV-infeeted chick

embryos, to vJhich an NDV-infected allalttoic £luid of chicken

eggs had been previously added.

     After stirring t,he varying mixture throughly, these were

left sta:nding xnor three di£ferent periods o£ time--24, 48 and

72 houys.

     Thereafter, these p.".･ eparations were subjected to five

minutes of centri£ugaLion at 3,OOO rpm and then the HA (hemag

glutination) titers of their supernatant fiuids were measurede

obtaining ]?esuLts as given on Table 6.

      '
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Adsorption

   Tab Le

of NDV o

6

n alummium phosphat e (AIP04)

     Final
No. conc.
    AIPOI,.

       CD

o£

geL

 Hemagglutination

24 hrs. 48 hrs.

a£ter after

t it ers

72 hrs
 a ft er

 Adsorp-
 tion rate
. o£ HA nim."
      %

Xnl"ectivity

titer o£
72 hours
  after

]
-

2

3

4

5

6

7

8

9

IO

 IO

 20

 30

 40

 50

 6o

 70

 80

  o

1oo

 80

 80

 40

 40

 20

 20

 IO

  o

i60

  o

 80

 80

 40

 40

 20

 20

 10

  o

Z60

  o

 80

 80

 40

 20

 20

 20

  o

  o

Z6o

  o

 50

 50

 75

 87e5

 87b5

 g7.5

IOO

IOO

  o

  o

lo6･25

io6･5

lo5･5

lo5･75

io5･o

lo5･25

lo4･25

io4･5

zo7･2s

o

     Now, a contro1 group separateZy prepared by adding PBS in-･

stead of the aimmium phosphate gel registered 160 times ±n HA

titer.
                                                      '
     Zn contrast, thealummium phosphate gel added preparations

ndth IO to 20% concentrations o£ the gel reached 80 times or hal£

as much as the control group in the HA ti+.er in 72 hours.

  ' Zn case of a 30% gel concentration, the preparation reached
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40 tinies in HA titer, and the preparations of 40 to 60% gel

concentrations attained 20 times dv-ring the same period

of time.

     But the preparations of 70% or Layger gel concentrations

gave no HA titer.

     The phenomenon of NDV absorption by the alurnmium phosphate

gel was found to occur with the prepayations within 24 hours

after the fi.riaL mixtures were stirred and le£V standi.ng.

Hardly any difference was seen in respect to time.

     Si.milar results were obtaimed £rom the preparations when

they were appli.ed to ±nactivated viruses.

     The im£eetivity titer o£ the preparations when applied to

deve±oping chicken eggs was found to rise or faM. aceord±ng to

the ratio o£ HA, that is, the less the gel concentration was,

the higher was the-t'rter, and the moire the gel concentrat±onp

the iower the titer.

     SpecificaLly, it was found that Lhe absorption of NDV by

an aiummium phosphate gel increased in peycentage accord±ng

to the grovJth in the gel concentration, and that when the gel

concentration was 50/of., the amount of viruses decrea$ed to less

than l/100th of the original level.

     2) Adjuvant Action ofaluminium Phosphate GeZ:

     Zn order to see if the addition of an aluminiun phosphate
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gel to the NDV vaccines iviLL have any adjuvant effect, a number

of chickens mas immunized with the BPL-inactivated vaccines, to

which an aluntmium phosphate gel was either added or not added.

     Spec±fically, this protection test against infection was

conducted as folLows;

     First four dif£erent kinds of vaccine was prepared:

     1) A BPL--inactivated vaccine, to which analuminium phosphate

gel was added to 50% in coneentration;

     2) A vaecine of the same kind, to which PBS instead of an

aluntmiumphosphate gel was added to 50% in concentrations

     3) A £ormalin-inactivated vaccine, to which analuminium

phosphate geX was added to 50% in concentrations and

     4) A vaccine of the saJne kind, to vinich PBS was added to

50% im concentration. '
     Two diftez'ent doses-･--L.O mL and O.LmL--- o£ each vaccine

were injected into many groups of 3-day-old chickens of l5 birds

per group, through the thigh muscles. '

     After the lapse o£ Y" days from the injections, the chickens

were given chaLLenge infections with a NDV vi.rn2s of 1,OOO CZDso.

They were then kept under observation £or two weeks to detertme

the test resvtlts as given on TabLe 7.

       .
                           .
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Adjuvant action

   Table 7

ofALuminirm phosphate (AIP04) gel

     Dose and route

Type Chiekenlvo.
l.O mi., i.m. O.1 mL., i.m.

".-"2iLYutL9-------------------nt---"5i 2 3 4 5

BPIJ inactiva;ted NDV sSSSS Ds S s D
6

s

BPIJ inactivated NDV
      p tus
 50%ALPO gel

s s s s

Formalin imacti--･
vated NDV ssSSS D6 Ds s s s

. FormaLim inacti`
 vated NDV plus
 50% NP04 gel

s s s D6

28ri"g.rO,Iinated) D D D D

     Challenge: l4 days after vaccination
     Challenge virus: 1,OOO CDso
     S: suyviving3 D: dead (Ds or D6 rneans the date of
                          death: days afLeir challenge)

     As i:MJustrated above, aLl the £our varieties o£ vaccine

registered some protective action when the 1.0 ni dose had been

used. But in case the O.l inl was used, only the BPL･-imactiva-

ted vaccine, to which analu]mium phosphate gel was added,

attained the eompZete 100% rate of protection.

     The formalin-inactivated vacc±ne, to nhich the a].uminium

phosphate gel was added, showed only 80% in protection rate.
                                                      e
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     The BPL--imactivated and the formalin--inactivated vaccines,

to which PBS vJas added fLnstead of the aluminiumphosphate gel,

both attained a n!uch lower protection rate of 60%.

     It vJas thuLs confirmed that whether the vaccine ±s inacti--

vated by BPL or formalin, an almmum pho$phate gel added to

the vaccine has a decided efficacy as an adjuvant. It was also

discovered that thi.s is more clearZy true with the BPL-z'nacti･-

vated type of vaccine than the forma Liin-inac+.-i vated type.

     It was also studied a3Dout the neutralizing antibody titer

of each of faur different types of vaccine----a atReraL oiL

adjuvant type, an alrmum phosphate geZ type, an alumi-ntm hy--

droxtde gel type, and, as a control material, a centrifuged

supernatant fLuid of an emulsion of NDV--infecLed chick embryo-

---by nmLnizing chickens wtth these vaccines and holding a

neutralizing test of the chickenst serum on developing chicken

eggs.

     The ntne]?al oiJ. adjuvant type vacci:ne was prodwced by

mixing Bayol F and Arlacel A at the raLe o£ 9 : l, and, after

stepi Lizing Lhe mixture, adding to it an equaL amovtrrt of a

supernatant finid of a 30% emulsion o£ NDV-infected chick

                         '
embryo$, and stirring the preparaiJion by a homogenizer £br five

minutes into a complete vaccine.

     Thealuminium phosphate gel type vaccine and the aiuminium
                                                 '
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hydrox±de gel type vaccine were produced by adjusting their

original preparaL.ions to 30 to 40 rng/mL i.n quantum, and then

adding an equaL volume o£ a vi.rus ftuid to each preparation

and stirring each pyeparation by a homogenizer £or five tmutes

imto a complete vaccine.

     The controL vaccine wa$ prodvtced by adding a 30% emmLsion

o£ NDV-infected chick eiitbryos to an equaL volume o£ PBS and

adjusting the vi.rus content in the preparation to the same

ievel as the adjuvant vaccine.

     For tmunizat±on2 two 3--month-old cocks were used for each

of the four kinds of vaccine after a l.O ul dose of each vaccime

was given the cocks intramuscularlyp serum samples were taken

from the chickens at certain intervais of time. The semm

samples were then inactivated for 30 minutes at 560C and then

chalLenged ittri.th a virus of Z,OOO E!Dso. The resuits are g±ven

on Tab]-e 8.

     One week after vaccination, none of Lhe vaccinetreated

serums showed any neutralizing antibody. But two weeks aSter,

aU the serump except the control vaccine group, registe]7ed

some neutraliziLng antibodi,es.

     Such neutraliz±ng antibodies were recognized in senun even

two months after vaecination in case of the oil adjuvant vaccine

       e
and the alumiiium phosphate gel vaccine.
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Compap: son
phosphate
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     But, in case of the aluminium hydroxtde gel vaccine, neutra-

lizing antibodies were observed in seruns only as far as the end

of the third week after vaccination.

                                   '     This testing served to confirm that the aLuminim phosphate

                                                       '          '
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gel has a suf£icient efficacy as an adjuvant.

!IZ. Test on Ef'ficacies of BPL--inactivated Vaccine and

     Aiuminum Phosphate Gel-Added Vaccine:

     Having con£irmed BPLt$ capacity to inactivate NDV and the

adjuvant effect of thealtmiinn phosphate gel, now the prepa-

ration o£tihe NDV vaccine was proceeded and the deternine of ±ts

antigenicity, presevabiliVy, immunologicaL durabUity and

safety were tiv'jed.

     Z) BPL ConteniJs relative Lo NDV's Antigenicity:

     Xn order to find out the loss of the antigenictty of the

vaecine due to BPL, the virus samples with BPL were inacti--

va'ted by adding BPL to tshe samples in dii'ferent concentrations2

and then an aiuminium phosphate gel was added to each pre-para--

tion to 50% in concentration to the complete vaccine samples.

     Each of these vaccine samples mas planted on chiekens to

study its protective action against in£ection.

     Specially, the oyiginal vixus sainples were inactivated at

40G byBPL added to the samples in four different concentration$

of O.25, O.l, O.05 and O.025%. After the disappearance of the

infect±vity in aU the sanples, an alumimiumphosphate gel was

added to each sample to make the complete vaccine preparations.

     Zn immmnizing chickens idth these preparations, two groups

of eight chickens was used each. One group.was ±ntranrascularly
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given a l.O nd dose o£ the vaccine preparations per bird, and

the other a O.1 ml dose of the preparations per bird.

     Ten days after vacctLnation, all the c}-i,:ckens were g-iven a

challenge in£ection with an NDV o£ l,OOO CIDso. The resutts

deterntmed by the birdst death or survival dwring a subsequent

two week period o£ observation are given on TabLe 9.

                          Table 9

     Antigenic±ty of vaceines inactivated with BPL of

     various concentrations
                                              '

  Vaccine dose
    androute l.OmL.,i.an.O.Zml.,i.m.
.-!}UUtaiL-..-...-.---.m---m--pt-M.----".-.-"...-e...."--pt-

      O.25 O/8 2/8

      O.05 O/8 O/8
      o.o2s o/g o/s
    Control 8/8

IOO%

Challenge: 10 days after vaccination

ChaUenge virus: l,OOO CIDso

Numerator: Number of ch±ckens infected and

Denontnator: Number o£ chickens chaLLenged

As is cleair £rom the tablep all the vaccines

rate o£ protection against infection in case
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chicken$ given a 1.0 mi. dose injection.

     The chickens given a O.1 mL dose tnjection showed no dif･-

ference in the rate of protection attained among dif£erent co4--

centration of BPL between O.L and O.025%.

     But two of eight chickens given the vaccine vri-th a O.25%

concentration o£ BPL died drjte to infection.

     This resu Lts seerned to suggest that the BPL concentrati:on

of O.25% oi? largey causes the loss of NDVis antigenicity.

     Considering the fact that inactivation is difficult to

attain with BPL of O.Ol% content even in 36 hours, as indicated

on Fig. I, the safest BPL contents to use seem to lie ±n the

O.05 to O.Ol% range.

     Therefore a trial vaccine in Mb dif£erent lots was produced

by :tnactivating the virus specimens vJith BPL aL its appayently

maximm safety concentration of' O.05% to experiment wi.th the

vacc±neSs protective against tLnfection.

     Using five 3--month-old chickens £or each lot of the vaccines

a l.O ml dose o£ each vaccine prepai?ation was planted on the

chickens and iO days thereafter, the birds were chaZlenged wiL± h

an NDV of LO,OOO CXDso. YVIiile keeping these vaccinated bi]?ds

                                                           '
under observation for +.wo weekss the results were determi.ned by

their survivaZ or death as Zisted on Tab]-e 10.
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                       Table IO

Preventative effect to infection of BPL vaccj:ne inoculated

into chickens

    chzG･crkOeUnPiylo. Vaccinatedgroup cg.VtarC.c..ingar'L.e.dp

2

3

N

N

N

N

N

N

N

N

N

N

D D D D D

4

5

6

7

8

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

D

N

N

N

D D D D D

9

10

11

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

D D D D D

    ChaUenge: 10 days after vaccinations chaLLenge virus:

    IO,OOOCIDso; N:NormaL(Survived); D: Dead.

    As is ev±dent £rom iche table) alL but one of chickens

given the Lot No.5 vaccine survj:ved.

    2) Test on Relations Between Virus Volumes and

         imnmnogenicity in vaccines;

    Up to now, a$ the princlpzl raccine preparation, a super-



natant fluid was used, with a 5C% content of an aluminium

phosphate gel, of a 30% emmlsion of NDV-infected ehick embryos,

to which an NDV-infected aLLantoic £]:uid of chicken eggs was

added, i.e., a 15% enndsion ofthe vi.rus (chick embryo) emulsion.

     Now, for this new tesL, the percent)age of thi.s virus

emulsion was modified imto four densitie$ of l5, 10p 5 and 2e5%s

and aLl the samples were inacti:vaiLed by adding BPL to O.L% j.n

     The protect±ve capacity of each o£ these preparations

against im£ection and its HI (hemaggintination-inhib±tion)

titer were studied by planting a l.O ml dose of each of these

prepayations on 6-week-old chickens.

     Ten days after vaccination, the chi6kens were chalLenged

wtth a virus of i07000 C!Dso･

     The semms used tLn th±s HI test were extracted tuned±ately

before the chalLenge infections. The results of this test are

given on TabZe U.

     As the table shows, theye was no appreciable dif£erence

among ermtlsions of l5 to 25% i.n denstty as far as the vaccineSs

protecbive aetion ag&inst infect±Dn was concerned.

     But, in respect to the HI titer, the!'e was vdde variation

                   -between l5 and 2.5,oro in eimJLIsion density.
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Comparison between

antibody titer and

idth various dosis

     Table ]J.

the Hemagglutination-inhibition (HI)

protective action in chickens ±noculated

of vaccime

% o£ infected
chi:cken embryo

suspenszon ua
 vaeezne

H! trter innmediately
before challenge
Chick l"o.

Re.suLts of
cha!lenge
Chick No.

i23 .4 56
15 32 64 32 32 64 64 ssssss

10 64 64 64 32 32 64 Ssssss
5 32 16 l6 l6 l6 16 sssss s

2.5 16 l6 i6 l6 16

Cont ro1 N. D. Dl,. D3 % D3 D4 Dl,.

  Challenge: iO days after vaccinations ChaLlenge virus:

  iO,OOO CIDso s S: Survivinng ; D: bead (Dzi. or D3 means the

  date of death: days after challenge)

 .,'.･. AmQng emulsion of l5 to 10% in density, there was still

scarcely any dif£erence, as they invariably registered 32 tiJnes

or more o£ H! titer. But ermtl$ions o£ 5 to 2.5% in density

showed on±y 8 to L6 times of HI titer, or decidedly Lower than

the l5 to lO% group. . .
     This ]?esuLts appa]fe,nt Ly suggested thaV emutLsions of LOiofo or

more in density are ideal for makj.ng good vaecines.
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     3) Test on Times Required for imiunization and

         Periods of lranunological Duration:

     A number of chickens vaccinated by the Lot No.ls 9 and Ll

o£ Lhe vaccines were tested to find out the times required for

jrmnuniza;tion and the periods of tmunological dwration wiiLth the

    .vacc Lnes.

     Some 5-month-old hens and some two-week--old cocks were used

for testing the vaccinest protective action against i.nfection,

neutraliza:tion of the chickenst semms in developimg chicken

eggs and their H! tite-vs.

     Results of this te$t on the vaccinesi protective action

against infection with the 5--month-old hens are listed on

Table l2.

     After the lapse of different periods, as given on the table,

from vaccination of the chickens vdth a Z.O ni dose eaeh o£ the

three different lots o£ the vaccine, the b±rds were challe!iged

wi`uh a virus of l,OOO CXD50.

     During a subsequent 10--day period of observation, the

chicken$t death or surv±val was registered to determine the

results of this testing. Zt was thns discovered that none of

the vaccines developed any protective action at least seven

days a£tey vaceination.
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                      Table 12

Preventative effect to infection of BPL vaccine

into 5--month-old chicken

inoculated

Test
lot 7 l4

 kiinraniz&tion peni od

mpN casd thmth ths
4
months

7

months

  l 5/5

  9 5/5

 il 5/5
Control 5/5

O/5

4/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

O/5

O/5

O/5

5/5

     ChaLLenge virus: l,OOQ CIDso

     Numerator: Number of chickens in£ected and dead

     DenomiLnator: imber of chicken chaLLenged

     [n contrast, all the vaccj-nes but only Lot No.9 were found

to have developed a suf£icient protective action to make the
                                                                  '
chicken$ survive a chalienge infection ILv days after vaccination.

     One month after vaccination, all the vaccines w±thout a

single exception proved to have attaimed enough protective action

to save the chickens.

     Furthermore, even after the lapse o£ seven months £rom

vaccination, the vaccines were £ound to be stiLZ effective

enough to make the chickens survive a chailenge infection.

     !t mas tried a nentrall.ization test on serums of vaccinated

chickens in developing chicken eggs by iLnjecting a 1.0 ni dose
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of the Lot No.l of the vaccine into nmscles o£ five-･rnonth-old

chi･ ckens.

     Semm sampXes were taken from the chicken$ dwring a.period

of nine months thereafter. Each semm sample coUected was in-

activated for 30 minutes and then was m±xed with an equal volume

o£ a virus so]:uttion o£ l,OOO EIDso. The mixture, after being

ieft standing for 30 ntnutes at 370C to aliow the virus to work

on the semmp was nlanted into the allantoic cavity of ll--day-

old developimg chi:cken eggs.

     The eggs were then incubated for 72 hours and the HA

titers shown by their aUantoic fluids were studied to deter--

mine the final results, which are shown on Table 13.

     As Uinstrated on the table, no neutralizing action was

seen in ansT rrri.xed semn sample one week after injection. But

aU seruum samples showed a .neutralizing action at all times

from two weeks a£ter to nine months after injection.
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                            Table
                 '
Neutralization test in embryonated

immune serum oift vaccinated chickens

B
eggs, inoculating ntth vuts and

Group Chicken
  No,. Pre. ]:W 2W

  tmnization

W ll-f XE

Period

as･{ Zl"E 51`I an 7)I at･I 9IE

Vaccinated

  group

A-l521 4/4

A-･1522 4/4

A-1525 4/4

A-l528 4/4

A-1529 4/4

A-l53! 4/Zv

4/4 3/4

4/4 O/4

4/4 O/4

4/Zv oB

4/4 oB
4/Lv O/4

o/4 oA
O/4 O/4

oB o/4

O/4 O/4

O/4 O/4

oB o/4

4/4

O/4

O/4

oB
oB
O/4

3B 4/4 3B
oB O/4 O/(3

o/4 o/4 oA

ots oA o/4
o/4 o/4 OA

o/4 oA O/4

4/4

oA
oA

oA
O/4

O/4

4/4

oA
oA
oB
O/4

oA

3B
O/4

oB

oB
O/4

oA

4A
oA

oA
O/4

oA
O/4

Unvaccimated
controX group

A--i526 4/4 4/4 4/4

A-Z532 4/4 4/4 4/4

4/4 4/4

4A 4/4

4/4

4/4

4A 4/4 4A
4/4 4/4 4/4

4A
4/4

4A
4/4

4/4

4A
4A
4/4

Numerator: Number of eggs infected

Denoninator: blumber of eggs tested

Cha].lenge virus: 1,OOO EIDso

Pre: Pre-vaccination; W: weeks "!: month
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 li was also assembled an equal volume taken from each of these

$emm sEMnples at cach of five different times, one week, two

weeks, one monLh, three months and £ive months after injection.

Each sample of this poolL was divided into five di±utions of

l: IO, l: 50, 1: IOO, i: 250 and l: l,OOO. AU these

dilutions were used for a series of neutralzzing tesLs as

de$cyibed above. Table UF below represents the resu Lts.

                       TabZe 14

            '
    NeuLraLization test in embryonated eggs, inoculating

    whth virus and ±mrAune serum o£ vaccinated chickens

Serua
di tution

 I[mmunization

va 2W
 Period

bl M 5){

Z; 10

1: 50

l: IOO

i: 250

l : l,eoo

1ts

5/5

5/5

5/5

5/5

O/5

O/5

O/5

2/5

5/5

O/5

O/5

O/5

5/5

5/5

O/5

O/5

o/ls.

5/5

5/5

O/5

O/5

O/5

5/5

5/5

Numerator: Nuruber of eggs infected

             '
Denomina;tor: limber o£ eggs te$ted

ChaUenge virus: 10.000 EXDso

W: week3 M: month
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     As the table shows, none o£ the diluted $erum saJxples

regi$tered any neutralizing action one week after planting in

a]lantoic cavity.

     But, all semm samples collected between two weeks and

five months after planting had moye or less neutralizing in

case of 1: 10, l: 50, 1: IOO ratios.

     The HI titers of these serums were measured at different

times after planting and obtaimed results by their average

titers as ilLustrated on Fig. 2.

     As evident £rom the £igure, the HI titers of the one-week

jJnimLnological group showed no developmerrb. But in the ca$e o£

the two-week group, the titer was found to have developed to

1,024 times. From one month after planting or thereabout,

howevers the titer was found to starrb declining unti:l. ±t was

doxm to aimost the sdlne Zevel as be£ore vaccination 7 monLhs

after.
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     In the ca$e of two--week-old

se]f'ur:'} sainples taken at different

ject±ons of the vaccine.

                     Table L5

      Development of tmunity in

      inoculated with BPL vaccime

chicks, the

times after

2-week-old

study was made

intramscular

chickens

 on

.

]n-

Test
Vaccine
Lot No.

  ]Lrrffrmm: zation period

10 u;.

(days)

     2X 28

   9

  IO

  11

Control

lo/io

ioAo

IO/IO

10/IO

iO/IO

 9/IO

10/IO

ro/10

 O/10

oAo

oAo

10/IO

 O/10

 O/IO

 O/lO

zoAo

 O/IO

 O/10

 O/IO

IO/10

 O/IO

 O/IO

 O/IO

IO/10

     Challenge virus: l,OOO CIDso

     Numerator: Number of chickens infected and dead

     Denominator: Number of chickens challenged

     The table above represents the results of a protection

test against infection when imrminized chickens were challenged

w±th a virus of 1,OOO CIDso. As the table shows, no protective

action against infectn-'.on was observed seven days a£ter vaccina-

tion. But in ease o£ IO days or longey a£ter vaceination, aLl

rematining chickens survived a challenge in£ection.
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     IncidentaUy, a similar protection test was held by

changing the volume of the chaUenge viruses, obtaining results

as shoirn on Table 16.

                            Table 16

     Development of inwnunity in 2-week-old chickens inoculated

    with BPL vaccine; challenge w±th different dosis of virus

Test
vacczne
lot No.

Dosis of
chaUenge

lrimunization per±od (days)

10

vtuLgs2..----IL-L.2,9k.--;

lo3

io4

5/5 5/5 O/5 O/5 O/5 O/5

5/5 5/5 O/5 O/5 O/5 O/5

u
lo3

lo4

5/5 5/5 O/5 O/5 O/5 O/5

5/5 5/5 O/5 O/5 O/5 O/5

ConLrol

  3
IO

loLt

5/5 5/5 5/5 5/5 5/5 5/5

5/5 5/5 5/5 515 5/5 5/5

     Dosis of vaccine j.noculated: O.2 ml/chick, int]7amusculary

     Numeratopt NuMber o." chi:ckens infected and dead

     Denoutnatoy: Number of chickens chalLenged

                                     '                                                    .
     As indicated by the table, all chickens were found to have

survived a chaLLenge in£ection with viruses whether or l,OOO

CIDso or IO,OOO CIDso in case of LO days or longe-r af'ter vacci-

                   '                                             '                                'nat ion.
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 'gzven

Rates of development of the HI titer

 on Fig･ 3･

                      Fig･ 3

Hemaggluti.nation inhib±tion antibody

chickens i.noculated with BPL vaccine

also studied
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     As is clear from the figure, hardly any development of the

HI titer was observed up to seven days a±]ter vaccination, but

deveLopment was seen from 10 days after vaccination.

     However, the HX titer was found to hit its peak two weeks

after vaccination in case of five-month-old chickens and then

start to decline, and to keep develop±ng gradwally in case of

two-Jeek--old chicks.

     These results apparently iLndicated that ±mr.mn±zat±on

usually starts about l5 days after vaccination.

     As for the period of the inrmunological dutration of the

vaccines, the protective activity was found to remain a;t least

as far as seven months after vaecination, although the stucty

did not go longer as far as the imranltological dnration is con-

cerned. The neutraLizing test o£ vaccines in deveLoping chicken

eggs $hows tha;t the antibodies remained in serum until nine

morrths after vaccination.

     4) Test on Vaccine Preservability:

     The vaccine preparation was preserveds dividing into a

number of 100 mL portions for different periods o£ time at 40C,

and then a 1.0 ml- dose o£ each porvtien was planted ±nto the

nmscles' of some 3-moni)h-old chickens.

     Fourteen days, after vaccination, all the chickens iArere

chaUenged wtth a virus o£ IO,OOO CZDso.
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     Dutr±ng a subsequent

results were detenmined

shown on Table l7.

tmnogenicity

 IO-day

by the

 period of

chickensi

   Table 17

of BPL vaccine

 observationJ the

death or survival as

stored at 40C

Test
Vaccine
Lot No. 3

Tiixiie

5

sLored aL

7

40C  (months)

10 U, 17

]
-

2

3

4

5

6

7

8

9

10

il

O/6

O/6

O/6

O/6

o/6

O/6

O/6

o/6

O/6

O/6

O/6

O/6

o/6

O/6

O/6

o/6

o/6

o/6

O/6

O/6

O/6

o/6

o/6

O/6

o/6

O/6

1/6

o/6

l/6

Numerator:

Denondnator:

Number of

  Number

 chickens infected and

of chickens challenged

dead
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     As the tabie shows, the ch±ckens acquired the IOO% iL.mrrunity

in case of the vaccine sample preserved for ILF months. But)

even the sample preserved for i7 months still retained suf-

ficient itnrmJtnizing capacity, although there was some decliLne in

"s antigeni:city.

     A similar test at a preservation temperature of 370C

brought results as given on Table L8.

                          TabLe L8

          litmainogenicity of BPL vaccine stored at 370C

  7]est Timestoredat370C(days)
  vacclne
-l tN

 AIP04 geZ
    £ree

          Numerator: Number of chickens infected and dead

          Denotmator: NUmbey of chi:ckens chalLenged

    SpecificalLy, the vaccine samples were preserved ±n two

groups for one week and £or three weeks respectiveiy both ak}

370C. Then, l.O inl dose each of the samples were pLanted into

the rmtscles o£ chickens.
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     Fourteen days therea£ter, the chickens were challenged

with a virus of IO,OOO CIDso. and their death or survivaL

during a subsequent IO--day period of observation was registered

as the test results.
                                                        '
     A siiiri-lar test was tried idth the vaccine samples, to

which noaSuminium phosphate gel was added.

     It was found that all the vacci:ne preparation$ proved

ef£ective after preservation both for one week a:nd for three

weeks at 370C. But, in case noaluminiumphosphate gel was

added, the vaecine samples were found to have lost their

efficacy even after only one week of preservation.

     This finding showed that theaLumiRim phosphate gel not

only is effective as an adjuvant, but has a clear protective

action in preservation of vaccines.

     5) Test on Vaccine Sa£ety:

     The observation contirmed for a period of seven days on

the clinical reaction of the chickens to vaccinations wtth

various lots of the vaccine brought no abnomal fi.nding.

     Lastly, the effects of the vaccinations was studied on

the laying eggs. [Phe chickens used in this tesLing were

white leghorns nhich had been used for assaymng egg-laying

capacities of chickens at a certain Japanese chickeyi farm.

     [[Lwo groups o£ l8 of these chickens were pre-pared each2
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and kept them under one month of oviparous observations.

     To each oi' the i8 chi-ckens of one group a l.O zi[L dose o£

the vaccine wc"･.s given intraranscularly. The other group was kept

as a control gr, oup.

     After another month of observati:on, it was found that the

                                                               .vaccinations had no effect whatever on the chickens! oviposition

as shoT･vn by the results given on Table l9.
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Effect'on egg prodwction

  Table 19

of heng inoculated viLth BPL vacc Lne

Days ]
-

2 3 4
.

5 6 7 8 9 IO n ]2 13 ]ZF l5
Vaccinated
   rou u lo n 9B l3 8 L3 l5 12 13 B 15 9 ]4
cin.Xta.eglnat..e.d n is i2 u i2 is i4 u io ]L u 7 13 l2 7

Days 16 l7 ts 19 20 a 22 23 24 25 26 27 28 29 30
Vaccinated
   rou

za l3 IZL 10 ]2 g zo nu lo lo ]A ]2 lo n
ilP..V,agg,:'Lnat.e..d i2 i2 8U ue IO ].2 IO 7 l2 UU 6B ]2

VaCcination 1.0 ul.) i.m.

Days 3i 32 33 34 35 36 37 38 39 40 as ue Z,3 Z", 45
Vaccinated
   group

13 9 IO U 10 ]2 8 l2 ze IO ]3 10 U 12 12
invaccinated             ]2v ]2control group 9 YF B 9 9 l4 l3 9 l2 12 8 ]2 8

Days 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Vaccinated
   group

l2 10 9B 8 11 IO 7 lo lo lo un ve 9

tsv.a;g,:'Lnat..e.d n iO R 8 snu lo uu ue 13
l8 .of Whi:te Leghorn hens were used per group
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                        Considerations

     It is generally believed that every virus particles, in-

c]uding that of the Newcastle disease virus, has a speciaL

architecture composed basicaUy of protein and nucleic acid,

and in addition, such other components as iipid and saccharide.

     What is generaLly called tinactivationi means a phenomenon

of a certain deterrence caused i-n various biologieal activities

of the virus particle by the action of sorne kind o£ physical

or chem±cal agent on the fixed structure or components of the

vi.rus particle.

     The viral biological activities are kno}m to be manifold

and exist in the form of in many properties such as infeetivity,

interference activity, HA act±vity and antigenic structure.

It is also welL known that some of +.hese vival properties react

to physical or chemj-cal factoys rather easily, whUe other do

not.

     An ideal ±nacti:vating chemical agent visualized by virolo-

gist in general is something which gives the least possible

hindrance to the imrannogenicity of the virus to be used in the

production of a vaccine. Nuinerous inacti:vating･ agents have so

far been used in attempting to prodnce virus v&ccines of dif-

ferent types. But none seems to have proved so good as to be

realty worth calLing idea.
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     Since it was first reported by LoGrippo & Ha]rtman(60) in

l955 as effective in inactivat･ing v±ruses, BPL has been widely

recognj-zed foi? its good i-nactivating capacity on many varieties

     '    .of   vlrus.

     It has recently attracted more attention as a promj.sing

organic compound with such marked advantages as being very quick

to ±n&ctivate viruses, losing aLl unnecessary inacti.'.vating action

through hydrolysis, and being usable without regard ."to pH.

     The author have also uttM-ized BPL for inacLivating his NDV

v±ruses, ahd produced his own BPL vaccine wziLth Lhe addjtion of

analummium phosphate gel as an adjuvant, scoring very satis--

factory results by applying the vaccine to his trial to prevent

the NDV infection.

     While the inactivation of NDV with BPL wilL naturalXy change

in attainable degree depending on the contents, that is, con-

centrations of BPL in the vaccine, it was conftmed that the

concentrations o£ BPL im the vaccine also have varying e£fects

on the hemaggimtina;tion (HA) tM}er tLn the se!uns of the subjects

(Table 6). [Vhe aukhor is con£ident thn:s f±r}di.ng wiLL pose an

imporkant probiem concernj.ng the tmunogenicity of vaccines

against NDV.

     Speakimg of the relationship between pH and inactivaLu:'Ln' g

agents, iS is di.££icult to attain j-nactivatn:on and produce a
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vaccine retaining a certain adecluate level of tmunogenicity

if the inactivating agent to be used is $omething susceptible

to pH ±!) ±ts action, since it is impossible to obtaj.n a fixed

level of pH by the choice of virus materials.

     As shorm on Table 3p BPL seems to be highly stable against

pH and to suggest the possibi].i:ty of producing a vaccine with

an extremely weU stabilized level of tmunogenicity. As for

the inactivating temperaturesp it also seems, as indicated by

Table 2, that a vacciLne of a very stal3jLized Level of rm-

nogenicj:ty may be pro(imced even under different teniperatures

from the normal level for such vaccine prodnction if the BPL

concentrations are propertly adjusted.

     In inactivating NDV with BP!J, It "Y.a.s:'. also discovered thert

some dj.fference occurred iiri inactivating action in the mi.Lnmn

BPL concentration dependl.tng on v±rus materials used.'

     As iliusted by Table 5, there was such di£ference to be

seen betweenthe virus specimen suspended in a PBS (phosphate

buffered saJ.ine) soLution and Lhat in the allantoie fluid,

and a]-so betweenthe virus specimen suspended iLn a PBS sointion

plus the aU&rrboic £inid and that i-n a sj.mple aUantoic fluid.

     Thi:s results seems to suggest thaL there ±s some property

                                                       '                                                       'in the allantoic fluid that deters the action of BPL.

     A sim"ar test had been held by PoLly & Guerin(80) with
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the infimenza virus. They had reported Lhat BPL shows some

changes in its inactivating action between such dif£erent cases

as when the aUantoic fluid is di-'alysed, when the a] Lantoic fluid

i:s used as it is, and when the al-lantoic flUid is subjected to a

freezing and thaN･dng process. This should also testify to the

author' belief that BPIJis inactivating action varies accordi:ng

to virus maLuerials.

     Tak±ng these into account, the anthor preferred as +.he

virus mate]?ial the supernatarrt fluid of a centrifuged mmure

of a 30% PBS emulsion of ±ni'ected chick embryo and the aUantoic

fluid o£ the same embryos.

     This v±rus matem'al of milte seems to faci L±tate inactivation

better than the aUantoic £luid alone.

     As indicated by Fig. L, inacLivat±on was di£ficult to attain

w±bh BPL at O.Ol% in concentrEvtion, but was quite possible to

attain wi.th BPL at O.025% in eonce rtratiQn.

     Fu]fthermore, judging £rom the results shown by TabXe 6, a

degree of BPIn concentration which had no effect on the HA action

of the serum was considered the $afest leve]. £or inacLivaLion.

     Thus, O.05%" was preferred as apparently the best and most

practicable degree of BPL concentration for pro(tuction of NDV

    .
                                      -tt
     Gill & Stone(30) had employed whole eggs ntnus their aLbuntm
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as their vi]frus materiaJ.s and produced and applied a BPL vaccine

c･£ o.l % j-:n concentration. Mack & chotisen(62s 63) used the

allantoic finid as their virus material and chose O.025% as

their best deg]7ee of BPL concentration in their vaccine.

     The author!s experiment suggested that such concerrtrations

of BPL were inadequate for inactivation, but such var±ance in

pre£erence of BPL concentrat±ons could not be explaiLned by the

testings as to whether it is attribntable to dif£erence in in-

activating temperature, i-n the quality of BPL samples or other

factors.

     The imntunogenicity of inact±vated virus vaccines against

Newca$tie disease has been studi.ed by many researchers wj.th

many different results, buvt it is generally recognized that the

addition of some adjuvant boosts the immunizing actions of such

    .vaccznes.

     Haddow & Idnani(32) have reported that by adding an aluminium

hydroxide gel to the±r vaccines they could attain a long period

of i]mmnization. Nakamura gtL s2,l".(74) have also reported that

the addition of an aluminimm hydroxtde gel to a formalin-inacLi-

vated virus vaccine produced a very styong tmunizing effect.

!shida gtL al. (Ltl-) have reported that alum added to their vaccine

as an adjuvemt proved qu±be effect±ve..

     Nows an ideal method to prepare such a vaccine i$ to con-
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centrate the vi.rus speciinen first and then add some adjuvant.

But such a concentration seem$ impracti.v&ble in view o±` diffi-

culties ±n obtainiLng a proper viru$ m&terial as well as the

cost of the process.

     Under the circumstancespft wasprtferred an aLuralnium phosphate

gel for the adjuvant. 1`;iow the adj,uvant action of the th±s par'-

ticular gel is said to rise in direct proportion. to the rate of

geits absorrption of the HA elements j-n the serum. This Einould

suggest at the more the amount of gel to be added, the better

wi.ll be the result.

     However, as indicated by Table 6, aLtau'nment of the 100%

absorption of the HA elements would require the addition of

gel up to no less Lhan 70% of the total voZune of the vaccine.

Such a density of gel in the vaccine utll not oniy make the

vaccine too sticky £or use, but ntU pose a possible danger of

a local reaction.

     Zt folLows that a better alternative in obtainiltg a vaccine

w±th a high imrmunological capacity most iree from reactions

possibly lies in purifying the virus material to lessen alL

absorptive matters other than the antigenic component and there-

                                                          'by enhance the absorptivity o£ the antigenic component.

     The author derived his virus material from the supernatant

fluid of his virus preparation ±n order to eliminate all in--
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hererrt matters in the chick embryos which have nothing to. do

i･dth the antibody prodwction for the purpose of attaining the

highest possible absorptivity o£ the antigenic corrtponent jn his

preparation. Besides, h±s gel was purified by centrifugation

to boost the absorptivity of the antigenic component o£ the

preparation to produce the final vaccine.

     heanwhUes the a3ithor chose 40C as his inactj:vating tem"

perature tin order to nitnimze the loss of the antigenicity in

his vaccine. BPL's ha].f-life in its soLut)ion at 40C is believed

to be somewhere between l6 and 20 hours (58).

     BPL is known to lose its viruc±daL action when it turns into

beta-oxy-propionic acid through hydrolysis. It was thms assumed

                         o
that the temperature o£ 4 C was better for keepi-ng all surplus

volume o£ BPL at a certain level of potency without the loss of

tts antigen±city.

     As given on Table l8s it was discovered that when the

vaccine sample to which analurrtimum phosphate gel was added

and an･other to which noalumiLnim phosphate gel was added were

preserved at 370C,the formey retained its nmnological actionp

but the latter lost it. It w&s a±so found that some o£ the

vaccine satmples -preserved at 50C retained their tusunologicaL

c(xpactLty as long as l7 months. Thi$ seems Lo indicate that

such a gel works well not onLy as an adjuvant, but as a pro:-･
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tector of the antigenicrty of vaccines.

     As to the time the iratnunizai)ion of the }s]DV vaccine starts,

               (74)
Nakarrurasus].IL. havereported+Lhatitvariesaccordingto

the age of chickens. They said t!iat grown-up. chicken$ usuaLLy

acquire tufruLnity about one week after vaccination, whjLe some

chicks acquire it more siowly depending on individual cases,

but normally, the younger thei:v age, the slower their acquire-

ment of imrnuni,Ly.

                                                           '
     The anthorts exlperinent has indicated that grovJn-up ch±ckens

vall acquire imxannity about two weeks after vaccination and

chicks of two weeks of age in about 10 days. However, the time

recluired for chicksS acquirement o£ ±mrnunity seems to need more

studies.
                                                '
     The normai period o£ duration of immunity o£ the NDV

vaccj.nes is generaliy believed to be several months. But longer

periods shoul.d be naturaUy desirable. 1it the aaithor:s studies,

he has gone as far as seven months in checking the dwration of

his vaccinets uma±ty and confiLLrmed tha;t aU his chickens, ex-

cept those dyttng dwr±r}g processing, survived a chaUenge in£ec-

tion even Evt the end o£ that period, as shovm Gn TabZe l2.

     In respect to neutraj.izing antibodiesb it mas confirmed

that the chickens retained them a$ leng as nine 'months after

vaceination. '

                           " 67 --



     Effects of vacciLnes on the oviposition of the chicken

should be a question of narticular importance in dealing wi.th

the accessory reaction$ of every attempt a:t vaccination against

chicken epidem!cs.

     Vaccination a carefu Lly timed before the regul.ar period

o£ oviposition may be sometj.ines the an$wer to the problem.

But when a Newcastle disease epidembc hits, it wj-U be often

necessary to vaccinate hens even during their period of

ovi.posttion. Chicken farmer$ will be commerciaLly placed

at a big disadvantage if a vaccinat±on on egg-laying chx'ckens
                                         '
af£ects thejr birdst egg production.

     Bankowsky stit; s],IL.(17) have reported that a declj-ne in

oviposition is unavoidable with the y. se of inactivated -virus

                                                    '
vaccines, but it is possible ixn a tissue culture vaccii.ne is

used. Birk, i£ such a live-virus vaccine is to be used, it

must be taken into consn: deration that depending on the degree

of attenuation of the virus, there vii-ll be mcre or less iLl

ef£ects on the health of ehickens.

     The aAtthor!s e>gperiment has conviLnced him that, as in--

di.cated by TabLe l9, that inactivated--virus vaccines, as far

as his own version is concemed, are an excellenL means of

combating Newcastle diLseass w±thout any appreciab]-e i-'U ef£ect

on oviposttion.

                             = 68 -



     ALl these considerat,ions have led hj.m to the conc].usion

that a NewcastZe di$ease vaccine experimentally. prepared is a

very good kind with a high degree of stability and antigenicity

j-n vi-ew of such special processes of production as: l) The

action of the allantoic £luid to deter inactivat･ion was allevi--

ated by dilutiing Luhe f`luid with a chick embryo enmlsion," and 2)

The adjuvant action of an alumnm phosphate gel added to the

vaecine was increased by improving its absoi?ption of antigenic

materiaLs through the prev±ous el±mLnation of surplu$ alubumtLn

and order unnecessary components of the chick emi)ryo enmlsion

                                                  '
by mean of centrifugati'on.
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                         Conclusion

     The foLlowing conclusion was obtained after the experi--

mentaL production and application of a new variety of New-

castle disease vaccine.

     The vaccine was produced from the virus material consist-

ing of chick embryo in£ected with the Sato strain of the New-

castle disease viyus (NDV) and the supernatant £±uid of a

centrifuged emuLsion of their aLlantoic fluid and by inactiva-

tion of the viruses with be℃a--propiolactone and addition of

an alunrtnium phosphate gei as an adjuvant.

     1-) [[he minimum concentration of BPL necessary for in-

activatimg NDV was O.025%, while the concentration of BPIJ

adequate enough for inactivation o£ NDV rdthout affecting the

erythrocyt)ie hemagglutinaticm action of the vi rus was O.l%.

BPLis inactivating action was free th7om the ef£ects of pH,

but ma$ e£fected by same vix'us materiaLs depending on their

characters;

     2) Absoi?ption of vi)puses by an alumintum phosphate gel

iincreased according te the densrties of the alurniinium phosphate

gel, and the increase in the rate of that absorption enhanced

the immunizing action of the vacetine. An aluminium phosphate

gel also is effective in the preservation of the vaccine,

     3) The time required for the BPL-inactivated vi]?us, an
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aluminium phosphate gel-added Newcastle disease vaccine to

attain tmunity in chickens was appraximately IO days in case

of chick$ and about two week im case of grown-up chicken$ as

shown by signs of their acquircment of tmunity after vaccina-

tion. The vaccine applied once to chickens gives them at

least seven months of tmunity.

     4) The vaccine may be e£fectiveiy preserved for a period

ef at least l7 month$.

     5) ApplicaVion of the vaccine to chickens had no ill

effect etther on chicks or groun-up chickens, neither did it

have any adverse effect on' the chickens, oviposition.

     Sumed up, the Newcastle 'disease vaccime p!?oduced by

inactivating a 30% emulsion of NDV-infected chick embryos and

the supematant fluid of a centrifuged solution o£ their al-

lantoic fluid with a O.05% solution o£ Beta-propiolactone

(BI'T,) and adding a 50% aluminium phosphate go1, is a good

vaccine perfeeUy safe to use, preservable £or a leng period

of time, and highly ef£ective im imparting tmunity to the

chickens of alL ages.
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ニューカッスル病ワクチンに関する研究

特にBe七a－PrOpiOユactOne不活化，

　ならびに燐酸アルミニウムゲル添加

　によるワクチンの効力について。

五十嵐　義　輝

　ニューカッスル病ワクチンに関しては、本病が1つの独立した疾病として

認められて以来、生フクチン、不活化ワクチンともほぼ同時期に開発され、

今日までに種々研究されている。両者の長短を比較するのにはまだ数多くの

難点があるが、従来生ワクチンの長所と云われてきた点は、免疫力が強く持

続性の長いこと、投．与法に容易さのあること、澄よび米国やその他の諸国で

長年余に：亘って使用されてきているので有効であるらしい、などの点である。

しかし生ワクチンの免疫力の強さや持続性の長いことは、病原性のmi■αな

ウイルス株（■θntog的ic　s七rain）から作成された場合にのみあてはま

りミ逆にこのようなmiユこな株ではワクチン接種それ自身で発病するものが

みられたり、他のニワトリへ病気を伝播することが知られている。また投与

法についても、飲水法やエロゾール法のように水に：溶かして投与する場合、

ニワトリ個体による投与法の不確実性など、使用に際して最：大の注意が払わ

れ左ければならないし、このような方法で投与された場合、ワクチンウィル

スの気道感染によってCRD（Chronic　re8P工ratory　di8ea8e）など、

他の呼吸器疾患を誘発する可能性もある。さらに生ワクチンの場合、ワクチ

ン材料中に迷煙した他の病原体をワクチン自身が伝播する危険性もある。ま

た昌ユーカッスル病ウイルスは元来、変異性の顕著なものであるため、生ワ

クチンに用いられている弱毒’ Eイルスがその病原性を復帰しえないと云う保



証がない。以上の点を不活化ワクチンの場合にあてはめてみると、不活化ワ

クチンでも使用法が適切であれば、差がみられないし、何よりも安全である

と云う点である。す毒わちニワトリのageに関係なく使用でき、接種によっ

てワクチンそれ自身による感染を起したり、その感染を他のニワトリに伝播

させる危険性もないし、ワクチン材料中に含まれる可能性のある他の病原体

を伝播することもない。さらに不活化ワクチンは個体別に接種されるため、

接種量が厳格に規定でき、また筋肉内注射に：よることが多いため、cRDそ

の他の気道感染症を誘発することもない。

　不活化ニューカッスル病ワクチンについては、本病が独立した疾病である

ことが認められて以来、種々研究され、いろいろなタイプのワクチンが作成

されている。不活化剤としては、クリスタル。ビオレツト、紫外線の照射、

ホルマリンなどが主．として用いられてきたが、1955年Hartman　らによ

ってβ一Propioユactoneにウイルス不活化作用が報告されて以来、種々の

ウイルスの不活化に応用され、ニューカッスル病ワクチンでは、MaCkおよ

びGhotisen（1955）によって始めて応用され、以来多くの研究者によ

って：BPLによるニューカッスル病ウイルスの不活化について検討されてき

ている。BPLは短時間で完全な不活化ができること、不活化は広いpH域

内で行うことができ、さらに残余BPLはすみやかに加水分解してβ一〇xy

－ProPionic　acidとなり不活化作用が失われるため、残余BPLによる

抗原性の損失を防ぐことができるQなどの利点があり、これらの点はすべて

不活化ウイルスワクチン作成のために好適である。またBPLは、ホルマリ

ンや石炭酸のごとき蛋白変性剤とは異り、ウィルス粒子の外被蛋白に対する

作用が弱いため、抗原性蛋白はほとんど変化のないま● ﾜに保持され、高度の

抗原性を有するワクチンの作成が可能であると云われている。日本に於ては

不活化ワクチンの作成に不活化剤としてBPLを使用した報告は少くわずか

に狂犬病ワクチンの試作夢よび日本脳炎ワクチンの不活化実験にホルマリン

などとの比較実験に使用されているにすぎず、いずれもまだ実用め域に達し

ていない。

　著者は不活化剤としてBPLを使用し、アジュバントとして、燐酸アルミ

ニウムゲルを使用したワクチンを作成して、以下のごとき種々の実験を試みた。



　すなわちニューカッスル病ウイルス（NDV）佐藤株に感染した鶏胎児の

50％PBS乳剤にその感染漿尿液を加えて遠心した上清をウイルス材料と

した。これに対するBPLの不活化作用をしらべるとともに、アジュバント

としての燐酸アルミニウムゲルの作用を検討し、さらにこのようにして作成

されたワクチンの抗原性、ニワトリに接種した場合の免疫原性、免疫の持続

期間、安全性、澄よびこのワクチンの保存性に：ついて検討した。

　NDVの不活化に必要なBPLの最少有効濃度は57℃澄よび4℃24時

間の不活化で、～（ずれの場合にも0．025％であった。4℃不活化の場合最：

少濃度がα1％以下であれば赤血球凝集素に対する影響はみられなかった。

このような不活化はウイルス材料のpHが50～aoの範囲内であれば、

57℃、4℃の場合とも、ほとんど差がみられなかったが、用いるウイルス

材料により差がみられた。すなわち50％ニワトリ胎児乳剤、それに漿尿液

を加えたもの、澄よび精製ウィルスの場合には不活化が容易に行われるが、

漿尿液のみの場合、α1％以下のBPL濃度では不活化は不完全であった。

な澄、α25％以上のBPL濃度では抗原性が損われるため、安全な濃度域

はα05～α1％と考えられる。

　ウイルスの燐酸アルミニウムゲルの吸着は、ゲル濃度に比例して高まり、
　　　　　　　　　　　　　　　　　　　　　　難
ゲル濃度が10～20％では50％、50％では｛浦％、40～60％では

8Z5％、澄よび70％以上では100％のウイルスが吸着することが認め

られ、ワクチンの免疫能を増強することが解った。さらにホルマリン不活化

したウイルス材料とBPL不活化したウイルス材料とについて、燐酸アルミ

ニウムゲルを添加したものと、添加しないものとをニワトリに接種して、そ

の感染防禦能を比較したところ、BPL不活化一燐酸アルミニウムグル添加

ワクチンを接種した場合には100％、ホルマリン不活化一燐酸ワルミニウ

ムゲル添加ワクチンでは80％の防禦率がみられた。それに対し、ゲルを添

加しなかった場合にはいずれも60％の防禦率を示した。このことからBP

L不活化の場合でも、ホルマリン不活化の場合でも、燐酸アルミニウムゲル

のアジュバント効果が認められた。さらにこの結果からBPL不活化の方が、

ホルマリン不活化したものよりも免疫原性の強いことが認められた。また燐

酸アルミニウムゲルは、水酸化アルミニウムゲルよりもアジュバント効果が



強く、油性アジュバント（Frθundの不完全アジュバント）とはほぼ同程度

であった。

　上記のごとくBPLで不活化し、アジュバントとして燐酸アルミニムウゲ

ルを添加したニューカッスル病ワクチンの免疫発現時期はヒナでは10日前
　　　　　　　置
後、成鶏では2時間前後であり、このワクチンの1回接種によって、少くと

も7ケ月聞の感染防禦能が認められ、中和抗体は少くとも9ケ月間残存した。

　100mZつつバイアルびんに分注して4℃誇よび37℃保存したワクチ

ンをふ化3ケ月令のニワトリに接種したところ、4℃で14ケ月保存したも

のでは100％の防禦率が認められ、17ヶ月保存したものではわずかに抗

原性が損われたが、防禦能は充分認められた。57℃保存したものでは少く

とも21日間は感染防禦能が認められた。また燐酸アルミニウムゲルを添加

しないワクチンではろ7℃で1週間の保存でも効力が認められなかったとこ

ろがら、燐酸アルミニウムゲルはアジュバント効果のみならず、保存中の抗

原性の保護作用のあることも認められた。

　このワクチンをニワトルに接種し、臨床所見を観察したが、何らの異常を

認めなかった。また産卵中の雌鶏に接種して1ケ月産卵率を観察したが、ワ

クチン接種によ乙と思われるような産卵に対する影響は認められなかった。

　以上の結果から、α05％BPLで、50％感染鶏胎児乳剤誇よびその漿

尿液の遠心上清を不活化し、50％に燐酸アルミニウムゲルを添加したワク

チンは、安全であり、保存有効期間も長く、良好な免疫力を賦与するワクチ

ンであることが証明された。


