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finee the dawn of evolution, man hag heen miding use of
animel kingdon for personal benefits, Tor the subsistance of human
iife animals are providers of food, clothing and transnort ete. In
view of the bdenefits, it is natural that their welfare should
roecoive utmost attention. The health hasards owing to foot and
mouth disease are very seriouns in view of its wide dlastribution,
rapid spread and 1ts damaging effects on sroductivity.

In India, vhere cattle develonmant programmes are being
carried out on an intensive dbasis, the loss due to foot and mouth
disense 1s indeed exneeted to de very high and so the immediate
need for control measures. Agein in control of this disease,
selective vonecination anpears to be the only solution.

A dig into the selentific literature reveals that from
time to time workers have tried to evolve suitable wvaeceines., In
thirties eattle were imminiged with glyeerine, colleoidal silver
and formalin treated infected blood (Bavan, 19333 Bruaswiek, 19943
lamikhov, 1952). In 1957, a concentrated chloroform inactivated
vaceine was advoerted by Roher to fmmunige the livestoek. Frankel
(1980) enltivated the virus on explants of bovine tongue enithelins
snd prepared aluminium hydroxide adsorbed vaceine. lLater on,
Spsinet (1966), Rivenson (1988), 'meokowiak gt al. (1959),
Rengelsdorff gt al. (1964) and lately Andreev gt al. (1068) used
saponin as an adjuvant for the preparation of this waseine and
observed high grade of ftammity using comparatively leassr dose.

In India, goat kldney cell-cultured alusinium hydroxide
adgorbed, inactivated vaceine has been develoned, which has given



engouraging results under fleld trials. However, efforte are
necessary to isprove upon this veceine, in order to Detter its lmwme
nogenie nower.

Parther the dose of this polywalent vaceine appesrs umwieldy.
It 19 evident fron the work done abroad that 1if saponin is incorporae
.hl 11 the praparation of vaceine, immunogenicity can be inereased,
vhile the dose can he reduced at the s2xs time. Thus, 1f the anti.
genieity of the ecell-oultured (goat kidney) gel veeeine could be
imoroved through the ineorvoration of adjuvast "Saponin®™ thers was
some posmibility that even if its dose comnld not be redused the
jmproved satigenteity of the waceine would be able to give 2 batter
quantitative sdvantege to the vaceine to deal with the heterslogous
field strains. This in itself would mean & step forward in the
ultimate control of thig disencse.

With this objective in view, comparative studies were bagan
wvith the saponified gel vaceine, Different types of monovalent
saponin incorporated waceines containing varving consentrations of
saponin were preparad and for somarative study conventioml monovaw
lent gel vaceines of saeh type provided by the Foot and Mouth Dimsuse
Laboratory were included.

The present study was thms invelved in the assessment of
the guality of the saponified vaceines ylg-s-vig the coaventional
vaoolnes.






From tinme to time vorkers have hean developing wvaceines
against Fook and Mouth Disease and, therafore, suffieient literature
is available on the use of 41rferent methods for the preparation of
vaceines and their standardization.

Inagtivated Vageines

Galloway (1931) revorted sstisfuotory fsmunity in gutnes.
plgs with pheanol and blle insetivated vaceines.

fGalea (1932) fnectivated the virus with ehloroform anwd
obgserved the protection in fmmntsed guinenepigs unto 172 days.

The infeetad biood after troating with glyssrine (Bevan,
19033), eolloddal silver (Nrunswiel, 1934), foraalin (Lamikhov, 1952)
had been vaed for the fmwunization of animals. The imammity with
glycerinated blood was reported wpto 14 months and the formalised

blood proteated 75 per cent of andimals.

_ Graub of al. (1939) prepared hoat finsetiveted vuooine from
infected blood ocollscted at the helght of febrile reaction.

Roher (1087) prevared a concentrated foot and month diseage
vaseine with vesioular epithelivm from infected eattle, inactiveted
vith ohloroform and used 1t for the vaseinmstion of one mtllion
- eattle,in fast Germany in the year 1086, He suggested the poseibility
of further ecomcentration of vneeins by acetone treatment.

Lrystal vielet yaceines

Do-Rlieck gt al. (1942) resorded lawnity wpto 52 days in
puinen=pins with erystal violet insetivated vaceine. Viera (1044)



vacelinated enttle with infected blood treated with erystal violet.
Datta (1061) has renorted on the superiority of erystal vielet
innetivated vaceine over 'aldmann's alusinius hydroxide gel adesorbed
formalised vaceine 1633,

In Indin, Uhands gt al. (1984) srepared wassine using 24 per
ecant tongue enithelium, vestoular fluid and virulont blood using the
erystal violet in a eoncentration of 9,02 per senk. The same anthors
in 1957, modified the procedurs for sreparing consentrated vaceine
econtaining 1S per cent limun of vealonlar enitheliun of enttle
tongue, egual amount of blood and buffer phosnhate te reduce the
dose of the waceine.

Adusdalun hydroxide gel vacaines

Sehmidt-Jonsen gt al. (1998) obsearved only primary leslons
in the challenged guines-nigs sarlier vaceimated with aluslnaiuvm
hydroxide adgorbed vaccine, orepared from foot pads enithelium of
infected guinen-ples.

Sehaldt and Hansen (1938) exverienced better results, when
the gel wms incorporated in high concentration in the vapseine.

Achmidt g% al. (1938) reported that formalized alnminina

- hydroxide gol wvaceine was better than the foraalised wvaceine alone.
Sehmidt (1936) weed trivalent forselized adsorbed wasoins and
renorted a highest degree of immaity against type A and ¢ and lowvest
sgainet type O.

Waldwann gt al. (1987) prepared a forasalized (0.15%) waceine
from infeeted guinea-nig pads and tested this vaceine in puines-pligs
and eattle employing intraneritonssl (1/p) and suboutasecus (sfe)



rontes of inoenlation resvectively. They observed maximm antibody
titroes st 18 » 17 days nost-wacoimation.

Waldmaan (108%) used for the first time the infected sattle
tongue enitheliua for the nreparation of formaliszed alumintuns
hydroxide adsorbed waceine.

Patergon (1940) reviewed the step wise develonment of
adsorbad and formalized vaceines as follows:

"Hillstatters researches on adsorbing substances showed
adsorbont value of aluminiun hydroxide for enzymes. Schmldt of
Cavenhingen (1984) advocatsd the use of aluminium hydroxide as
adporbing agent for the virus. Ia next few years, Danish workers
reported protection in guines«piprs with an imaetivated adsorbed
vaceine,®

fnghmore (1948) wodified the method of Waldmann and prepared
yacoine from the virus collected from artificlally infeoted ondtle

tongue.

The prinecisal limitation in the preparation of foot and
south disense vaccine was the source of viras., The Schaidb-vwaldmans
type of vaceins was prepared from the virus taken from the vesimlay
lesions of the tongue of onttle which were inoonlated with the virus
intradersolingnally (1/41) for chtaining a large harvest of the
virvs.

fkinner gt al. (1982) wsed infected nouse tissue for the
proparation of formalized adgorbed vacoine.



Waldmann gt al. (1958) and Waldmann and Zimmersann (19858)
renorted that the adsorbed vaceine from the organ susrensions of
artificlally infocted newly born ealves were cheaper than the
vecelins prepared from cattle tompgue grown virus. They obtained
satisfactory resunlts with the forasr vaceines.

Jiague enltured vacoines

Tonasiong (1926) nrepared aluminius hydroxide gel waceine
from the virus grown ia guinenpigs by Frankel’'s method.

The foot and mouth disesse virue grown in bovine eabrye
sirin and sived with hyperimmune serum was used for the ismunization
of animls by intradermal (1/4) inoemlation of tongue by Praniel
and Vawavera (1937), After 24 hours of challenge they chserved
primary lesions in vacelinated aaimalas, while controls reacted

sevarely.

Pogedby (1040a, 1940b) favouwred the uss of enltured virus
for the presaration of wvaceins. He sultivated the virus on salf
footal sidn epithaliun suspended in Tyrode's solution buffered
vith blearbonate. When the titre of virus resched 10°7 to 104
after an inendbation serdod of 40 hours, he used the eultured virus
for the sroduction of sluminium hydroxide vaveine wusing heat or
formalin as fnsctivating agents.

Fogedby and Feofoed (104)) carried out studles with Danish
sluminive hydroxide gel vaevine in guisssn-pigs with different dose
lovels and concentrations and experisnced that lower dose lavel to
be muoh better than higher dose for higher degres of ftamnity.

Fogedby and ¥sofoed (1942) prapaved the formalized gel
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vaseine with the virus eultivated on ealf ambrys akln and lung
tisone sultures.

Mensani (1044) presared lnactivated vaceine from the
filterate of vesioular epithelium by shaking with bentonite gel by
ineubating the mixture for 43 hours at 22°C. fe obtailned a high
dogres of lmmunity in eattlie on vascinetion in 2 doss of 20 al. by
subsutansous (8/e) route. Ia the year 1947, he pronarad heat and
formalin inactivated alvaininm hydrosilieate gel adsorhed vaceine
and reported botter results in comarison to Valdasan and Yohe
vaeolnes.

Hangsen g% sl. (1949) used ultra~violet vays for adsorbed
virug as insctivating agent and resorted the waceine to be safe ad

effactive for guinea-nigs.

Prankel (1950) cultivated tha foot and south dissase virus
on sxplants of bhovine tongue epnitheliua for the sroduetion of alte
mininm hpdroxide gel adsorbed vaeceine.

Pogadbhy (1052) 414 not find any &1fference in the Llammoges
nteity batween Sehafdt-Walduwanmm Sype and foraalizsd alusintus
hydroxide adsorbed vacolines.

Prankel (1953) advoecated the use of imorted bovine tongues
froan the countries free from foot and mouth digsasge for virus

provagation.

Girard ot al. (1962-53) revorted the results of two experi-
ments on cattle vaecinated with trivalent wvaesines., In theilr first
axpariment, out of 17 eattle famnized with trivalent vaselns



(0g, As and Cy), there was one breakdown to type O and one to tyne .
In naxt exnerimant there was 2 ner cent fallure, where a foraign
vacoine wan used.

‘iehalasen (19523) gtudied the tetravalent waceine and semld
not get satisfactory results.

Pyl (1952, 1953 and 1954) deserided the method of purifi.
eation and concentration of virus for the nroduction of an efflolent
foot and momth disesse vacelnse. e revorted that the dose ean be
reduced by 1/5th for eattle and swine and noted the nroduction of
lmmnity within 3 days vost-vaceimation in eattle. The author usged
the vaceine in dose as low as 0.6 ml. vith sufficient ftmmunity and
stated that the dose of 3 ml. contained about 130 mgn. of antigen.

Rosenbusch (19823) anlso explored the possidility of use of
enttle tongue enitheliun for the enltivation of wirus and the vaceine
prepared from whish found as effeotive as from natural virus.

Pyl and Heinig (1058) observed the aluminiws salieviate
vaceine with similar srotective effect as aluminium hydroxide gel
veeclne,

Gelger and Otte (1958) prepared five trivalent vacoines
eontaining virus strains, vis., 0, Ag and © (Waldsann) from bovine
or voreline origin. Yone of the vaccines gave satisfaetory imsunity
on challenge at 10 and 39 days. In 1980, Geiger claimed satisfactory
iamnity with Pyl's concentrated trivalent waceine, 1f used in a
doge of § ml.

Armbruster gt gl. (1960) attemrted vaceination of adult
pigs vith consentrated aluminiun hydroxide or salieylate adsorbed




vaceinas, innetivated with formalin or hydrorylamine hydroshloride
and in oll emlsion adjuvant, dut none of these waeoines eould give

sntis Mactory results.

Frederick (1961) premared foot and mouth dimease aluminium
hydroxide gel adsordbed formalised vaceine from the virus grown on
kidney monolayers and reported good results in the fleld trials in
eattla, sheen, roants and nigs.

Michelsen (1061) tried both swine adanted foot and mouth
disense virug tissue culturs vaceine adl convantional hovine origin
vaceine, but did wot fMad any satisfmetory results in vigs. e
tried “"tween" like agent nsed ng emlsifieor and claimed some nrotec-
tion 1n nigs. Intraeutancons (1/eut.) route gave somewhat satisfastory
results than the subeutanseons ronte of vaceination,

Caproale gt al. (1953) preovared trivalent vaseines from
virns provogated in calf hidnay cells. These vascinos were formlie
- ged, adsorbedy ourifiod concentrated formmlized adgorboed and 7.
inaetivated adeordbed. The authors found the first vaceine to be
efnoaeiwi but not completely immoocuous, while the second one was
neither haraless nor imaunogenie, but the third one afficaeious and

fnnoeuous.

Uhertinl gt al. (1964) nrevarsd type O and C vaceines with
virns enltivated on monolayers of ealf “idney colls in rotating
flasis and anothor bateh of waceine againat tyne 0 by pronagating
the virms on tongus esithelina by Prankel's method. They ismunlsed
piga vith 3 or 16 times the dose of cattle and renorted fiamnity to
eontact infection. Later on they recorded 96 per cent nrotection



10
against type 0 and 3 per cent nrotection against tyve € with saponin

incornorated vaceine prevared by "yl's method with virus grown on
ealf kidney monolayers.

In the year 1964-38, for the production of foot and mouth
digsense vaceine at the Indfan Veterimry Researeh Institute, “ktesvar,
a Coll Culture Ualt was establisghed. In 1966, 1987 and 1089, cell-
enltured solywvalent vaceine (against 0, A, C and Asia 1) was srepared
at this Tastitute on an axnerimental basis. The virus for the vaceine
vag enltivated in goat kidney monolayers and adsorbed on alumininum
hydroxide gel, inmetivated with formalin at 2570 for 43 hours. It
vas tested in differest organiszed as well as Coverament frus of
the country so as to assess its effectivensss as a nrotective tool
for the imported, cross-bred and other valuable stock of cattle. A
prolonged and systematie vaccliation nrogramme justified that no
untovard nost-vaceination reaction was observed (Datt g% al., 1966,
1967 amd 1D68) .,

Yorrov gt al. (1966) modified the Frankel's mothed of virus
eultivation by cultivating the virs o mechanioally stirred tongue
enithelinm suspended in nnhﬁud//d ;'mti.on {(5.8.8.) eontaining
Iaetalbunin hydrolysate and antiblotius. ey prepared foraalin
innetivated alusinina hydroxide waceine with th bdadrus. The
vaceine wag revorted to have played awrtuu " sombatiag
foot and mouth disense enizootics in the Sonbhoal._ Afries and the
Middle ©East.

Janonin vacoines
Epnsinet (10586) fmaunized sattle with sanonin waceine by
intraderaal and subeutanscus routes with 2.5 ml, to 1.0 ml, doses
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resmsetively. e found that the sanoain wvaeceline to dbe suverior to
the alun adsorbed vacsine. The duration of immnity was the same
irrasnective of the rouvtes of vaceination emmloved.

“nrique-"alma (1966) stated that waceine nrenared from
enithelial tiassue to be muech suverior antigeniesally. Me did the
comparative study with various co-adjuvants and elaimed better
resnlts with sanonin and earboxvamethyl celluloss. Saponin added
vacelne wvas found to better in stimlating the production of
somplenant fixing antibodies in guinea-nipgs.

filvensen (1956) also reported the suporiority of sanonin
over the aluminium hyvdroxide for the nroduction of 1smty.

o Jivion gt al. (1962) nrepared concentrated monovalent and
bivalent sanonin vaceines without any chanre in safety and e"floaey,
vhena the concentration and period of imaetivation with formslin was

rainesd.

nckowiak ot al. (1989) observed a ranid rise of antihody
titre in cattle vaceinated with a concentrated trivalent vaseine
contaiang 0.5 per ceat sanonin. The immnity enpendered with
this vaceline was more lasting than the aluatininm hydroxide vaceine,
while the duration of immnity was observed by Olechnowits at al.
(1962) as siightly less than adsorbod vaceinae,

dehnelder gt al. (1963) srenared sanonin vaceine with type
C straia (celleenltured virus) and vaccinated two grouns of 21 amd
14 »igs vith 5.0 ml., and 3.0 ml, dogse resnectively. Thev observed
19 pigs comletely imaune and two nartially in the former groun and
ti the latter groun 10 nigs cownletely, 3 nigs partially immne and
one not ftamne. |



Van Bakium (1963) revorted satisfactory mm&u in
pige with saponin alumiaine hydroxide adsorbed formaliszed vacelne
in commarigson to conventional alumiqinm hydroxide gel vaceine.

Bengelsdorff gt al. (1964) made observations with adsorbed
vaceine nrepared with tyne € virus nrosegated in calf-kidney or ia
permanent Niig; cell-lines ecotaiaing 2,3 per eeat purified saponin,
Two grouns of S1 nigs and 14 nigs wore vacolmated with 5.9 ml., and
3.0 al. of vaceine respectively by subeutaneous route. Oaly one
pig vas renorted to be suscantible to contact iafestion in each
groun., In another exveriment with trivalent vaeeine prepared with
type 0 virns froam cattle lesions and type A and C from tissue
eulture with sapoain in 2.3 per cont concentration of the & Lmmntge
ed vige, one nig was found suscentible after 35 days of veceination.

Girerd ot al. (1964) vacoinated pigs with Asian 1 forwel
inactivated sanonin vaccine econtatning 399 mgm. of virnleat anithe-
lium, 26 mgn. sanonia diluted in 2.25 ml, phosphate buffer asd
2:.08 al. glycocollebhuffer, They revortad that 29 ner econt of
animals resisted the challenge with 801 Pgn of bovine virus.

iehnalder gt al. (1964) imaunized nore than 100 ecattle
with sono, bi, and trivalent (0, A and 0) gel adsorbed vacelne
eontaining 7.3 per cont sanonin in a dose of 5.0 ml. Ia trivalent
vaceline the virus type 0 was incorporated from eattle tonmgue. The
famunity was satisfactory even after 6 moaths, sxeent against tyne
% in eattle, vacelmated with trivalent waceine. The authors recorde
24 highest serum newtralizing titres after 14 days of vseeinmation.
There was a frll in titres after 3 weeks in the case of msonovalent
vaceine then gradually in the case of trivalent vaeeine.



Throughont the 26 weeks of their observation, the titres against
tyme 0 wag the lowest than against tyme A and C.

Strobbe gt al. (1964) reduced the concentration of aluai-
Mum hydroxide pel and added 1.75 nar econt sanoain 1a & trivalenat
vaceine to reduce the dose from 27 al, to 10 ml, The authors
found that sanonia did 20t have any effact on the infactivity of
virus titre, allk »roduction, and keening quality of the vaececine.

Commarative studies with adsorbed and sanonin vaeeines
vere carried out in nige and eattle by feintg gt al. (1963) with
satisfactory results in eattle on ohallenge.

Hathans (1965) immunized pigs with a concentrated type
gel adsorbad sanonin vaccine and ranorted 25,6 nar cent animals to
be immune to contact infoction after 4 weeks dut the famnity was
temporary. He further observed nassive iamnity in piglsats fron
vaceinated sows. e emnhagised the uge of chloroforam in extracting
 ont moat of the nrotcin:fhc the Praskel's oulture for imoroving
the qQuality of waeeine. The suthor also concluded that the wanel-~
nation of young »izgs was of no use due to the »resence of maternal
antibodies in them unto the age of 19 veers and advooated the

ugeMiness of vaceine in sreventing ontbhrealks,

Santueel g% al. (1965) carried out studies on insectivated
sanonia vaceine in ecattle and considered its fimmunogenicity to
correspond to those of 0, A and © vacoines prenaraed in Murone.

Wianiewski (1965) prepared two batohes of trivelent sepoain
vaceines and inmnised 13 eattle in varying doses of 1.2 ml., 4 =l.
and 12 l_l.-_ farun samnles vere tested for nsutvalisming antihodies
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on 9rd, 7th, 14th and 21st day nost-vaceisation., Fe noted sipatfi-
cant titres on %rd and highest titres on 21at day in 5 out of O
eattle. Thers was =0 sipgnlfleance 4ifforence 11 antidody titres
wvith the sise of dose.

Gagliardl gt pl. (1966) studied the serum neutralising
antibodies 11 nirs vaceinated with sanonin hentonite gel adsorbed
vaccines and recorded the nemtrallsing titres of 1914/ won, with
- Jga antigen, while little or no resnonse in similar antitylnth
tyne € antigen.

Muatiu 9% al. (1968) obgerved that formolised sanonin
vaeeine nrevared from type Op virns passaged in cattle was unsatis-
faotory in sigs in doses ng large as 22 times of cattle whila the
vaacine from the ﬂrﬁ- strain of the same tyne isolated and nassage-
ed i1 nigs contailni=e loss concentration of Pormol was sunitable to
iamnige 50 « 70 ner ceat »igs. The second dose of this vacoine
after 21 days, ivmunized 170 nper cent vomlation with the fmmmity
of short duration.

Jivoin gt al. (18966, 1967) nrenared an aluaz hydroxide
adgorhed sanponin formli finaetivated vaccine to control the enidemie
of foot and acuth disesse in Nowmania during 1958 - 1960, They
immunized 3 aillion esttle and over 2 million sheep, goats and nigs.
The suthors recorded the breakdown in immnity in only 21 eattle
after 3 - 4 months of vacelmation., The famnity in pigs was
revorted to be weaker and of shorter duration Hhut adequate enough
to orotect againat matural iafection.

Plorent (1967) pronopated the virus on tongue culthulim,



bovine foetal lung tissue and bovine kidney cells for the produc-
tion of vaceines. The addition of sanonin was found to improve

the vacoine. The author reported that saponin was tolerated Iﬂ,t"
by pigs than cattle. He suggested the replacement of old formlin
vaoeine by saponin vaceine as 1t engendered better and lasting
famnity for at leagt 3 months in eattle.

Sayramoglu gt al. (1967) carried out studtos with vaceines
containing 25 mgm. and 10 mgm. of sanonin ver dose of vacelne and
renorted no change in poteney of wageine in both the soncestration
of saponin.

Andreev g% al. (1968) ande a comparative atudy with
foraolized alun adsorbed sasonin vaceine (15 agm. saponin per doge)
prevared from lavinised virns and standard alum hydroride foreol
vaceline in two grouns of cattle., They revorted 190 per eont and
71 per cont orotection with ssponin and standard veecines respece
tively on ehallenge with virulent virus after 20 - 30 days of
fmmunisation. They alse observed higher virus nentralising antibedy
titras with sanonin vaceine than the standard vaceins,

Cattle were fmmuniged with type ¢ and O monovalant saponie
fied vecoines prepared from virus grown in oalf kidmey eall
monolayers in 5 ml. and 10 ml. doses. The rise in protecting and
aeutralizing antibodies wvas observed unto 3 months but a gradual
fall after 5 montha.

sgtency teating of vassines
() Method of potency testing in maturally susceptible animals:
For the potency test of waceine in which cattle ave to he



used, the method of challenge and interval baetween vascination and
challenge are imrortant. Three mothods have been used, i.e.,

the contact method of Rossi (1952), of vabhiag the virnlent virae
on tongue by “aldmana gt al. (1941) and intradermolingual inoceuls-
tion with titrated virns hy Villems (1952),

Heeka (1961) renorted the rubbing of the virus on tongue
vas advantageous because both ecellular and Mmworal ismunity ecould
be deterained. In different laboratories the interval bhetween the
vageination and challenge has rawged from 2 - 4 weeks. “aockowink
ot al. (1939) ard Yan Neklum (1966).

In sany countrias the method as suggested by the expert
comnittes in Berae in 1947 is adooted (Willens, 1952 and 1066).
In this method animals are vaccinated with fived dowe of vaceine
and are ochserved for certain neriods defore challenge intradermo-
lingually with 13,770 Ibg, virulent virus along with fally suscenti-
tis eontrols. If aone of the vaccinated animals ghowed geoners-
1ization, vhile controls showed bdoth nrimary aad secondary legions,
the waeeine is considered to ba of a requisite quality (01lbert

« 8% 8l., 19684; Nafyl ot al., 19627 Willems, 1053).

In France and in some South Amarican ecountriea, the method
of potency testing sugrested by Lucan and Pedida (1053 and 1969)
and Menderson gt al. (1062) is preferred. Protection 'X' index in
eattle 1s determined. Ia this method, where nrotestion '%' index
is deternined sight oattle are used. Pour aiimals for virus |
titration in uawmmeeinated groun and other four for wvirus titration
after vascination and nroteotion 'Y' inder is ealenlated.



flanderson and Gallovay (1953) evolved a snitable and movse

fpeurate method in whieh a msher of eattle are vaccinated with
mriu nmber of doses of vaceine. The wvaccinated ansimals are
ehallenged intradersolinsually with 10°% IDg of virulent virus
and the protective dose of the vaceine against generalization is
ealenlated. The method is very exnensive and requires 24 animals
for testing each bateh of vaceine (Willems, 19685 Leunen gt al.,
1960) . In Pranee 2 aodifled method has been tried where 50 per
cent protective dose in gninea-pigs is deteruined (Terre gt al.,
19685 ‘Wmerowlak gt al., 1968).

For testing the poteney of the waceinass, attemsts have
besn made to use sheer and swine (Poul gt al., 1964; lumeam gt al.,
19643 Ubertini 9% al., 1964; Ollbert, 1966; Cardassis gt al., 1966;
Fontaine gt al., 1966). These authors renorted the difficulties in
using above animals ss they d1d not show unifora resction poste
infeetion. Yo overconse this difficulty of uncertain digesse nieture
in sheep, Pontaine ot al. (1966) and Oral gt al. (1963) shallenged
the animals and detocted the viraemia and elaimed satisfectory results

(b) Wethods of poteney testing in laboratory aximalg:

VYarious ladboratory animals are used for the notency testing.
They are less expensive and easily handled. Mice and guines-pigs
have besn used for the purpose. Now Freneh werkers pass their 8/3
of the vaceines by testing only in guines-pigs (Lucan gt al., 1950}
lucam ot al., 1958; Terre gt al., 1965; Mackowiak 2% ale.y 1968)

Poteney testing methods in guinea-pigs ean be grouped in
twvor-
(1) fualitative method ~ not being used anywhere (Palqer,
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1937; “indiakov et ml., 1939a and 1939h).

fl) ‘mantitative method - with folloving two nrocedures:

(1) Protection '¢' index nrosedure - in this method
titration of virns is done in vaceinated as well ns control antmals
and nrotection 'C' index is onloulated (Rivenson, 1960 aad 1962;
Inean ot al., 1963, 1964 and 1966).

(11) DVgy method - in this, guines-nics are vacsisated
vith varions dilutions of the vacoine intrammsenliarly, After a
certain period, they are challenged intradermoslaaterally by 15~%
Wy a0d the vaecinating dose (Wgq) ie calenlated (lmeanm ot al.,
1962y Pontaine gt Al., 1963-64 and 1964; ‘ackowiak, 1066}
Oleehnowitz ot al., 1962; Terre gt al., 10653 Whertiml at nl., 1956).

The usa of adult mies in notency testing of tho vaesine
had been extensively mmde ("hlamaqn and Traub, 19'52; 'har and
Bachraeh, 19613 Cunha, 10603 Shevetsov gt al., 1969).

von Bulow (1962 and 1963) inoculated female mice with foot and
mouth disease virus before concention, VWhen the litters were born
from these mothers, he utilised the litters for the sugcontihility
of foot and south disesmse virus asd renorted that with sowe
modifloationa in the mothod of noteney teating, these litters can
be used.

(e) Methods of potency testing hy studying astibody resnonse in the
vaccinated avdmalsgs

"oteney testing of the vaceines is conducted eithey by
observing the sernm nentralizing antibodies in tissue enlture

L TR



and/or in baby mice (Davies gt al., 1963; Pellows, 19623 Peteraamn
8t al., 19613 ‘mekowlak gt al., 19623 Thartisl ot Al., 1960;

luean gt al., 1962, 1064y Zavagli, 1060; “mokowiak gt al., 1968
s Martin, 19695 ‘artian gt al., 1961; ‘tarucel, 19493; Rivensen, 1860;
Thertini, 1968 and Thertiatl gt al., 1964).

Broolkshy (1948) renorted the use of gninea-nirs for gserunm
neutralization test.

: Mirueel (1957 and 105%) and Pedida (1D81) attemted the
use of somplement firvation tost and nroteetion test to detect nost-
vageination aitibodies but due to lover sensitivity of these tests

did =m0t aehieve mmch swocess.

Saveral workers have Seen good correlation heotween serum
neutraliaing titres and challenge results (‘mekowiak ot al., 1999
19623 Luean pf al., 19623 Poul gt al., 1964; Patty, 1965; Martin
2t al., 1961). They suggested on economieal grounds certain
batehes of vaccines ean he 1ssusd on the basis of high antibody
titres in the gera of vaceimated animals.

(d) Combined method of noteney test:

In Prance, the wvacaine is ﬂ.rét:.y teated by serum neutra-
lization test in tlassue culture, If the vaceine dateh doos not
pass this test then it is tested in guinet-nigs. Oaly in doubtfMl
eages, the vaceine 1s tested in cattle (Yackowlak gt azl., 1068,
Ineanm gt al., 1964, 1966)., With theose methods 1t was nossible to
fasua 65 par cent of vacelnes by testing in guines-pigs, 15 per
eent by serun neutralimation test in tissue enlturs and oaly 20 par
cent of the vaccines were tested in eattle.






HATERIALS A IR MGTHODS
MATERIALS

Jirus Jtraing

A1l the four immnologlesl types of foot and mouth
@isease virus strains, viz., 0, 4, € and Asla 1 since maintained
in the foot and mouth disense laboratory in different species of
animnls wvore used.

For wvaceine production cell-eultured adapted strains
wore mads use of, vhile the strains maintained in eattle, guinea-
pigs and micoe were used for challenge nurnoses in the roaspactive

specles of andmmls,

The healthy animals like, sheep, goats, hill-bulls, rabbite,
guinea«pigs a1d nice came from the Veterinary Section of the Iastitute

The animals used in the study were screened for the presence
of nantralizing antidbodies. The serum neutralisation test vas
parforaed in cell-culture tubes with twe dilutions of virus, vig.,
1/50 and 1/599, Two culture tubes were infected with each serum-
virus aizture. If there was obssrvable cytovathogenie effect in -
all the four tubes the animals were taken ns "eloan', 1.8., Mt
having got observahle fsmnity to any of the anecifie typas of the
virus due to some previons arnerience.



METHOLS

ZSrenaration of ‘fonplaver

Goat kidaey cortiecal monolayer (orimary cell-culturaes)
vere set up as ner the teohnigue amnloyed in the foot and mouth
digssase laboratory at this Institute (I.V.R.I., Annual Reports,
1966-67, 1967-68),

fulture of ¥irus strains

The large culture flasks ("rovitsky's) showing complete
aonolayers vere resoved from the incubator. These were washed with
phosphate buffer saline (».8.5.) and seeded 'nm-ratoly vith 26 - 20
nl. of ecellecultured virus susvension resnectively. These were
left at the bench for the virms to adsorh for a neriod of 15 « 30
minutes, durins which period an occonsional ghake was given, After
that maintenance medium (without serum) was added in 520 =i,
quantity into each of the flasgk and trazsferred to the incubator
(87°C.). These were exasined for eytopathogenle sffect (C.P.%.)
and after about 12 hours, vhen almoat all the cells were invelved,
the flasks were given a vigorous shake. The supermataent fyom the

flasks was then harvested and storsd at 4°C.
Slarification of virug

The virus harvested was filtered through elarifying sheet
of seitz to remove the cellular debris,

Yirns titration

The viruses so grown were titrated in ~lean hill-bulls



un deseribed by "enderson (1942), 1in unweaned mice (Skinnsr, 19851)
and goat ¥Widney cell-cultura tubes.

For titration in niece, unwoaned mice (6-7 days of age)
were lnoeulated intramsenlarly with asch dilution of virus in
7.08 nl., dose. Those wers watched for characteristie paralytie
symntons and resultant mortality. The titre of virus (Ib,,) was
ealenlated by the method of Head and Muench (18233),

For titration in cell-cultures, three tubes of goat kidney
monolayers were infeeted with each dilution of virus in 5.2 ml.
dose, heening contreol tubea loqdad with nhosohate bhuffer saline.
After infaction, 2.0 al, of maintenance medium (with 27 serna) was
replacad in each tube., The tubes were oxamined after 24 and 43
hours of iafection for eytonathogenie affect. TCIDz of virus was
ealenlated by the ahove method,

2urity test

The virus material collected froa the above inoenlated
animals and infected enlturs tubes, was tested for its purity anmd
tyne aneeifieity by commlement fimation test as deseribed by
Arookaby (19582).

Zraparation of Vaceines

uring the present study wonovalent vaceines azainst tynes
Oy Ay ©C and Asia 1 were praenared,

PYor the nrenaration of vaccine the following iagredients
wvare used:



Aluainiun hvdroxide gel (Alhvdrogell:
This was taken from the foot and mouth disease laboratory,

vhere 1t was imported from Denmark, It was aterilized by auntoelaw
ving at 15 1b. pressure for 30 mi mtes.

Phosphate buffer and glveceallbuffers were prepared ag

follovea:
Zhognhate buffer:
Disodiuva hydrogen phosnhate .., 2.337 £,
Nagiroy (Anhydrous)
Sodium dihydrogen phosphate .,106,.50 gms.
"KgPo‘!Bgo
Dstilled wvater oh »«1992,0 ml.
',H ® ¥ - w ’-s
Slyecogoll uffer:
Sodium hydroxide ’e +e25.85 gms.
Sodium chloride e +s52.0 gma.
Glyeine se «+73.0 gms.
Metilled watar - 414.0 ml.
il on ve 9.5 %0 10.8
Olycerine:

Amalar grade glyveerine was used.

Buffers and glycerine were sterilised by autoelaving at
15 1b. pressure for 30 mimutes.



Foranlin water:
It was prepared by mixing 6.0 nl. of 40 per scent formal-
dahyde solution into 94.0 =nl. of sterilised distilled water.

Jananin solntion:
It was prevared as a 10 per cent solution in shosphate

buffer saline, centrifuged, adjusted n# to 7.4, flltered through
F.E,8, Seltz vad and stored at 4°C.

Zxocadure for the arensratian of waccines
Vaceines vere nrenared with the virus having an infectivity

of 10°% o 10°%/al. 1n n1l-buils, 19°5 to 1976/9.08 al. 2 wn-
wenned mice and 10"‘ to 10""/’).! ml. in ounlture tubes.

Monowalant vacolnse with eaeh strailn werae prenared with
thae folloving comostition:

Alusiniun hydroxide gol « 80 nper cent

Virus suspension ~ 40 per cent
Olyeoeoll dMuffer = 1 par cent
"hosphate buffer - 2 peor cent
Glyecerine = 1 per sent
Formalin wvater « 1 per cont

favonin in variable anounts £12 the Ml concontration

of 3.2 ner eant and 2.9 per ssat.
Mstilled vatar to sake -~ 100.

With sterile precautions, these ingredients vers mived
and kant under constant stirring for a periocd of 43 hours at 25%7,
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- for ageing of the vacoine. After this poriod, the vaoecinoes were
~ bottled and stored at 4°C. pending tests.

In addttion, sertain aodifications vere made for the
preparation of some batehes of wascines agaiast type 0 and € strains,
with the following cownosition:

(1) Vaeoine with 40 per eeqt virus, without gel:
Virus susnension « 40 per sont
Glyeocoll mffer « 1 per cent
Phosohate buffer - 2 per gent

lyeerine « 1 ver cont
Formalin wvater « 1 por cant
Sanonin - 2.8 par cont

Metilled wvater to make 100.

(2) Vasd ne vith 55 per cent virus and 49 per cent gels

Aluniniun hyé@roxide
gol - 40 par sent

Tirus suspension « S5 ner cent
Glycocoll buffer « 1 per cent
Phosphate buffer « 2 ner sent

Glyeerine « 1 per cont
Formalin vater o 1 ooy cont
Saponin \ = 0.3 por cent

Diatilled water to make 170,

(3) Yaeoine with 55 per cent wirus, 40 per cent gel and without

aaponing

Aluminium hydroxids
rel ~ 40 per ceat

~ Virus suspension - 55 per cent



Glycoeoll duffer -« 1 per cent
“hosphate buffer - 2 per cent
Glycerine = 1 ner cent
Foraalin water - 1 ner cant
Pistilled water to make 190.

dtandardization of yaccings

Sterility tast i1 Pacterial gterility of wvacoines was
tested by seeding on blood agar, serun agar, nlain apar, nlain
broth, glucose agar and Mohertsen's amerohic media followed hy
incudbation for 7 days at 37°C,

Sufety test s Safety and inmoouity of the vaceines wvere
ecarried out in howologous species as well as in lahoratory atimals
on the following lines and the asimals were observed for a week
folloving wacelmation:

anber of

flabbits 3 2.0 m1 a/e

Oufnea-nigs 2 2.0 m1 s/

AMdult mlce 4 2.5 ml e/

Cattle 2 18.0 m) s/e
_ 2.0 ml 1/41.

Sheen 2 7.0 mi a/le
2.9 =l 1/41

Goats 2 2.0 ml ofe
: 2.0 ml 1741

Sotancy. test. o eattle, shees aad goats
: Clean hill-hulls, sheen and poats were vaccinated with
Lm vaceines given as helow:



e

A S Sy B T L N

fipecies of animnls Yusber of Uose Toute Gite of Iine-
; animala . aenlation .

Hill-dulls 3 2,0 ml s/e Dewlap
Do, 3 5.0 m s/e Do.
Do, 3 10,0 =l s/o Dov o

Shaep 3 1.0 m s/e dhonlder
Do, 3 2,0 md /e $ i.:m
Do . a 5.0 ml s/e Do,

fonts 3 1.0 ml s/e Do
Do, 3 2.0 m s/e Do.
Doy, 2 S5.9 ml s/e Do.

dgrun samples from vaceinated animals were vollisoted at
7th, 14th and 21st day vostevaceimation and stored at -20°C.
vithout sdding oy nreservative.

To deternine the development of neutralising antibodies
in the vaceinated animals, sera Trom the animals vasoinated with
sach grour of monovalent vacelae were nooled. Hach sample of
gerus wvas diluted to 1:5 or 1110 in phosphate buffer saline and
inaetivated at 569C. for 80 mtoutes. Ten=fold serial dilutions
of the respective virus types were made in P,B,8. ranging from 101
to 106, fach virus dilution and a veyuired dilution of homologous
serus wvere mixed i1 equal quantity and incubat:d at room tempera-
ture for ome hour.

Three tudbes showing counlete monolayers were ingeulated
using 0.4 ml. dose of ench serun wvirug mixture. S4imul taneously,
thres eulture tubes were infected in 2.8 ml., dose with easch virus
Gilution. HSimilarly three tubes each were ineluded ag ».2.5, and



sedia control. Aftor the adsorstion period of 29 « 30 mtautes,
aach tube received 2.0 ml. of maintenanas sedium contaiqing 2 ner
cent serun and renleeed in fnendator at 37°C, for 43 hours before
reading results.

In the event of control tubes showing no eytopathogenie
affeet, other tubas were exanined at 24 aad 49 hours respectively
for noting the eytopathogenic effect. The extext of .7.%, was
graded as follows:

100 par ce1t oytonathogenic effect « ++¢
60 par cent aytonathogenie ef'fect - ++
30 per cent oytonathogenie effect -~ =+

o eytonathogenie effect « oww

TCIDgp vas ealenlated by the Reed and Muench foramia
(193%),

To ealoulate the log serua neutralization index, the virus
titre in presence of serun was deducted frow the virus titre without
serum. The log #.7.I. was correctad to 1.0 ml. by multiplying the

annronriate dilution fMotor of gserum and virus used.

Lhaldenge test

(1) Cattle : The vaceinated cattle against type A, C and
Asin 1 vageines were challaonged after 3 weeks of vaseination
intradersolingually with 10,900 IBg, virus/al, along with three
controls. These adimals were obgerved for nrimary reaction and
generalization or aay rige of temnerature for a neriod of 10 davs.
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i Virnlent Virus Straine and Thalr ouplty

The virus strains used for vieceine srodustion and for the
ehallenpe test of the vaceinated atimls were titrated and thelr
purity tested by commlement fixation test. The results ars nresented
fn Table I.

TABLE I

Showing Results of Titration of Virus 2trains
and Their intigenie Purity

B e S PER

i ] j ] ¥
Type of virug urnose i %o. of Iﬂ.lgﬂ” § nesults of
strain used for ] nsed ml. § O.F. Test
L 1 ] el
A" T.0. Virus Vacoine produc- 2 hillebulls 10' e ML
", 18 tion
Ue attle Por challenge 2 hll-duils 107 Pure "Aw

tongue enithe- test

11num

"A® Adult mioe Yor challenge of 24 adult mies 10° Pure 4"
strain vaooinnted 21loe

"Asia 1* T.08, TWaceine prodwe- 8 hill-dulls 10%%  supeagta 10
viras », 10 tion

“Asia 1" Cattle Tor challenge 2 hili-dulls 10° Pure“isia 1"
Emc opithe~ tant
ua

"Asia 3" Adults Yor challenge of 24 adult miee 107 m-”ui: i
mion stratn vaceinated mice

"R .8, Virus Vacoine produe- 2 hill-bulls 109 Pupe "R

., 38 tion
oW Cattle For ehallenge 2 hMll-bullsy 108 Pupe oM
tongue epithe.~ test
ltun
e T,0, Yitus Yor vasecine 2 hill~bully 108 fupe ton
", 12 nrodnotion

"0" Adult mtoe Yor ehollenge of 24 adult mies 107 Pupe #ow
strain vaseinated mloe



Zaseination with Tvne ‘A’ vascines

Hill-dulls were vacoinatod each with 2 ml., 5 =ml. and 10 ml.
doses of 0.2 per cent, 0.3 per ceat saponin gel and the conventional
gel vaceines respectively. These animals were chaerved for a noriod
of 21 days befors heing challenged., They were normal during the
period of chsarvation, except for a swelling at the site of iaoceu-

Iation.

In order to assass the status of neutralising antidodies,
sera withdrawn from the vaceinated aimals on different days
following wueeimation were tested, Thus, the development of noutra-
lizing antibodiea could be detected on the 7th day following
vaeeinmation in nooled sera of the anlmals veceinated with 5 ml.
dese of vacoine containing 2.2 per cent saponin and with 2 and 10 ml.
fose of vaocoine econtaining 2.3 per ecent saponin vegpeetively in
addition to 2 al. dose of conventiomal gel vaeeine without the
incorvoration of sanonin.

The log serus neutralizing (8.%.) titre/ul. in antmals
vageinated with 0.2 per cent sanonin gel ranged from O on 7th day
to 3.9 on @lst day in 2 al, grouwn, 2 to 4.10 in 8§ ml, group and
2 on 7th day to 4.99 on Slst day in 10 ml, group, while with 9.8
per eent sanonin gel vaceine log 1,4, titre/ml. at 2 al., 8 ul.
and 17 ml. wers 3.83 to 4.11, 2 to 2.60 and 2.44 to 4.75 respecti-
vely. The highest serua neutralizing antibdody titre was observed
in animnls wacoinated with 0.3 par cent sanonin gel in 10 ml, grounp,
on 2at day following vaceination. The log #.7. titre/ml. in
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animals vaceinated with eonventional gel vacelne vers not encourage
ing. The maximua 3.7, titre was recorded 11 5 ml, groun, 1.0.,
4.19 on 21st day, vhile in 2 al. and 10 ml, grous the log 9.Y.
titre/al. vere 1.73 to 2,60 and O to 2,00 respectively,

The peak titres in all the vacolnated animals were observed
batwaen 14th to 2lst day of waecimation. The serua neutralization
index (9.%.1,) was higher with sanoain gel waceines than with the
econventioml gel wvaceins irresnective of the dose used.

All the iamnized animals wore challenged after 21 days of
vaccination along with three hill-bulls as eontrel with 10,77 IDgg
dogses, Control animals develonad extensive nrimary lesions on
tongue and gecondary lesions on gums, lips and all the feet. The
anianls vaceimated with saponin gel vaceines in 2 ul. groun shoved
mainly srimery lesions on tongune exeent hill-bull “om. 58, 262, 549,
89 and 477 wvhich alse showed lesions on gums and 1ips. The asimals
vaeeimated with conventional gel waccine in 2 ml. groun, 1.e., |
hM1ll-dbull Yes. 44, 249, 33 developed severe nrimary as well as
sscondary lesions. In 5 nl. grown hill-bull Yos. 391 and 235 showed
mild secondary lesions. The atimals vaceinated with 10 ml. doge
were found to be strongly immne, except hill-bull Wo. 311, whieh
shoved very mild lesion on the lips. It is, therafore, evident
that gel waeclines reinforeed with saponin gave batter protection
vhen compared to the conventional gel vaceine,

The results of these exneriments are shown in Tables Tiay
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Yaccination with Twne 'C' vaseines

Batehes of hill-bulls wera waccinated eaeh with 2 ml., 5 ml.
and 10 ml. doses of 2.2 per eont sanonin gel vaceine, vaceine contai-
ning 55 per cent virus, 49 per sent gel and saponin (Vaceine %o. 1),
vaceine containing 85 per cent wirus and 49 per cent gel without
sanonin (Vaceine Mo, IT) and the conventiomal gel vacelae. These
tainale vere ohgerved for a neriod of 21 days before being challeng-
ed. They were all found normsl durinag the period of observations,
except for a swelling at the site of inoeulation.

In order to assess the status of neutralizing antibodies,
sera wvithdrava fros the vaceinated animels on different days
following vaceination were testad. Thus, the development of el
tralizing antibodies conld he detected on the 7th day following
vaceination in pooled sera of the vaceinmated animals in each group,
The animals vaceinated with 0.2 per cent sanconin gel vaoceine and
vaceine containing 58 par cent virus, 40 per cent gel and saponin
in 5 al, doass showed the highest serus neuntralising titres, f.e.,
3.01 and 4.25 respectively, The serum neuntraliszing titres in
2 nl, and 10 nl, doses vere higher in comparison to the gel vacecine
and the vaeoine containing 55 per coat virus and 49 per cent gel
without saponin. The peak antibedy titres were recorded on 21st
day of waceination in all the m- of vacainated animals, The
wvaceine prepared with a higher concentration of virus and less
poreentage of aluminiua hydroxide gel also did not »nrove to be
mach superior in respect of high antibody titres, while the gel
vagoines incorporated with sanonin seemad to nrovoke a mech hatter
sntibody response than the conventiomal gel wmecine and the wacolne



vith 55 per eeqt virus and 49 ner cent gel, but without the insor-
noration of sanonin,

These animals wars challenged after 21 days falloving
vaceination along with three control hill-bulls, Contrel animals
reacted severasly. Hill-dull Yo, S81 vaceimted with a dose of
2 ml, of 2.2 n.;' ecant sanonln gel vaceine develoned aild secondary
losions on gums and lips, while hill-bull Wos. 551 and 576 in 5 ml,
doses showed very ailld seeondary lesions only on one of ths feet.
Hill-bull Yo. 566 vaccinated vith vacelne contalniag 55 ner nent
virus, 40 per cent gel and sanonin in 5 ml, doss also developed
uild lesions on gume and lina, OFf the hill-bulls vasoinated in
5 ml, dose with the vacelns containing 55 per sent virus and 43 per
eont gel, one hill-bull Yo. 535 developed secondary lesions on lips
and one foot, while the animals vecoinated with eonventinmal gel
vaceine shoved severs nrimary lestons on gums and ling in 2 m1.

. dose groun, [1ll-hnll Yo. 563 developed secondary lesions on two
feet. The hill-bmll Wo. 579 wvaceinated with 10 al, dose of conven-
tionmal gel vaceine alse showed secondary lesions o1 two feat.

The results are shown in Tables IIX,, IIX,, IXT, and IIl4
and ﬂg- 8.
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fatehes of hill-bulls, sheep and goats were wacoimated
with the various vaccines against Asia 1 type ewmloving 4l fferent
dosss. Sheep and hill-bulls were vaccinated esch with 2 al,,
5 nl, and 10 al. doses of 0.2 per cent, 7.3 per ecent saponin gel
and the conventional pel wascines resnectively, wvhile the poats
were vaccinated each with 1 ml., 2 ml, and 8 al, doses of 3.3 per
cont sanonin gel and the conventional gel waceines. All these
animals were observed for a period of 21 days. They were normal
during the perind of chservation, exeent s swelling at the gite
of inoeulation.

In order to nssess the status of neutralizing antidodies,
sera withdrawn from the vaceinated animals on different days
following waceination were tested. Thus, the develonment of neutra-
llzging aatihodles eonld be detected on the 7th day following vacei~
nation in pooled seara of the wvaccinated animals in each group. In
the groun of hlll.bulls waceinated with 2.2 per cent sasonin gel
vaceine maximun antibody titres (4,00 and 4.69) vere recorded on
14th day following wvaceination in 2 ml, and 10 ml. doses, while on
21st day rost-vaceimation, gradual fall was recorded. In the
animals vacsimated with 2.2 per cent saponin gel and sonventional
gel vaceines, maxisum serum neutraliszing antibody titres -.3,97, 4.90
- and 2.60 and 2.99 were nhserved on 21st day and 14th day following
vaceimtion in 2 ml, and 19 =ml. doses. The log serum neutralisation
index in animals vaceinated with gel waceine did not show signifi.

eant difference with different doses.

Eoae

e TS Ml e Sl T L S



The hill-bulls vaceinated with gel wvaccines iascorverated
vith saponin hag shown hatter develonment of antihodles ag eomrared
to the conventional gel waceline.

411 the vageinated hill-bulls vere challenged after 2lst
days of vacelmation along with three hill-bulls as eoatrel with
13,099 IDhgy wirvlent virug. Contrel animals showed extensive
nriaery and secondary lesions. The hill-bull Yo. 227 vaceinated
vith 17 ml. dose of 9,2 per cent sanoain gel vaccine and hill-bdull
Yos., 2593, 263, 244 and 34 weecinated with 2 ml,., 8§ al, asd 10 =l.
doses of 9,8 per sent sanonin gel vaceine resnectively developed
mild lesions on puas and lips, vhile the aximals vageinated with
the conventional gel vacelins rescted severely. Hill-bull Yos.
264, 221, 945 in 2 ml, groun developed severe sacondary lesions
on gums, lise and feet., Nill-bull Yes. 324 and 344 sach in § ml,
and 10 =1, groun alse developed mild secondary lesiens on one of

the foot.

The wacelmated sheen and goats also showed the presence
of noutralizing antihodies on the 7th day follewing vaccination.
The peak antibody titres were observed on 1l4th day following
vaceinution in sheen waccinated with 0.2 per eent sanonina gel
vacnine in 2 ml. and 10 ml, grouns, while in 5 =l. dose on 2lst day.
In sheep vaceinated with 0,3 per cent sanonin gel vaeceine, maximm
serun nsutralizing titres wers detected 4.10 and 4.99 in 3 ml. and
5 ml., grouss on 2t day resnectively, while ia 1) ml. groun on
14th dsy. In the groun of shees vacoinmated with 19 al, dose of
conventional gel vascine, maximia serus neutralising titre 4.099
wag cheserved on 14th day while with other doses the 2.7, titres

~ were not as high as with sanonin gel vacolinas.




M

Gonts vaceinated with sanonin gel vaceine develonmed high
serua neutralizing antibodies with all the doses. Ia 2 ml. grows
log serum nemtralisation titre of 5,1 was observed on 14th day.
The peak antibody titres were recorded on 14th or Zlst day follow-
ing vaecimetion. In the groun of gosts vaceiaated with 1 mi. of
conventional gel vaseine, antibodies conld not be detected on 7th
day following vaceination. As the groun of goats waceinmated with
5 ml. dose of saponin gel 'néeim.hnd already suffered froa the
digease, the bovater effent of the wvaceine was ohserved.

The results of these exnseriments are presented in Tables
I".’ er' “., “d’ IV., “r’ "" z'h and n‘. 8. ‘. 5.
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R 8 ml. "
5 ml. i
7% A

c o0 o069

19 mi.

D = Yo astidodies.




Thean

umbey

199

138 2 al, b 2,87 2,93 4,10
198 2 ul, o

200 5 ml. : 0

52) § % m). s ) 2.7 4.7 4,99
132 8 ml, 2

170 1% ml. ]

186 19 mi, 2 3.95 4,99 3.69
17 10 =l. 2

3 = Mo antibodlies.




TABLE We

Antibody Tesponse 1n Sheep Yaceinnted with
Conventional gel Type 'Asta v‘mﬁ

Do  yaest ~ Antibodies W
aunber - 1...::{::;.. § 7en 4th et
st | § day duy day
198 (0ld) 2 ml. o

410 2 ml, 0 2.87 2.9 2.4
477 2 ml, b

137 5 ml. |

167 8 ml, 0 1.68 2.7 2.
197 5 ul. 0

198 10 =i,

184 (new) 10 wl. 0 2.46 498 3.7
177 10 ml.

9 = ¥Wo antibodies.

626023539y
Shoz s




TABLE IV,
Antd onse in Ooats Vaceinated with
2.8% 1 gel Type ‘Asia 1' Vaseine
Antibodtes gt o
cants Vaceimation  bafore
usber vaceinstion § Tth 14th 2lat
- 4. a8y Gay
221 1 ml. 9
an 1 'ﬂlo 3 ‘0“ ’n" 4,06
206 1 ul. 0
208 2 al, 0
217 2 wmle o 2.900 5,10 8.69
e r] 2 mi. )
218 5 mi.
211 5 ml, 2.8 4.19 4.90 S.04
208 8 ml,

O = ¥o antibodies.



TABLE 1Iv)

Antidody Ressonse in Nonts Vaceimated with
Conveational gel Type 'Asia 1' Vaceine

T Tag serum neutraiisation

Antibodies
Glonteg -
o Vaocetimation bafore “"""""m"""""

: ool B AL —aes 5
213 1 =, 0
196 1 al, ‘ 0 o 4.22 2.79
219 1 ml. 0
198 2 . 3
197 W ml, ¥ D68 550 4.43
198 2 mi. D |
220 5 ml.
1p4 8 ml. 2 .59 4.57 F99
203 5 ml. 3

9 = Yo antibedles.

b AT L e e PR i kAR



SERUM TITRE

SERUM NEUTRALIZATION

INDEX/ML.

F1G. 3%

“CAYTLE'
GEL VACCINE

-
o
LS

10 3]

SERUM TITRE
SERUM NEUTRALIZATION |NDE)(/ ML.

(¢
=

14

DAYS

0'2/ SAPONIN GEL VACCINE.

/‘w\. —
4
10
& P ) S
/

103.1 W
o
=
}-
e

74

107, 2
«
(V7]
T

101

/
o 7 1 21

14
PAYS

SERUM NEUTRALIZATION INDEX/ML.

21

0'3/ SAPONIN GEL VACCINE.
10°

d

13 21

-
DAYS

NEUTRALIZING ANTIBODY TITRE AGAINST TyPE ASIA1VIRUS

FOLLOWING VACCINATION WITH VARIOUS DOSES OF TYPE ‘ASIA 1 VACCINES



SERUM TITRE.
CERIM NEUTRALIZATION INDEX/ ML.

fmid
Qo
3

=
<
Lo

=
S
e

104

T SHEEP”

-
o

oy
o

ot
[=)
N

©'2/ SAPONIN GEL YACCINE. .

SERUM TITRE
SERUM NEUTRALIZATION INDEX / ML.
°

~

W

FIG.4.

/\*\ GEL VACCINE

b3

(o)

1 14 21
DAYS.

©'37 SAPONIN GEL VACCINE .

S
(=}
D

~
o
[
1

™~
L

SERUM TITRE.
o

[
C.

$€cRUM NEUTRALIZATION INDEX / ML.

ek Il — . ——

o

14 21 o 1 14 oF

DAYS Rh%
NEUTRALIZING ANTIBODY TITRE AGAINST TYPE “ASIALl” VIRUS FOLLOWING

VACCINATION WITH VARIOUS DOSES OF TYPE "ASIA 1" VACCINES.



SERUM TITRE.
SERUM NEUTRALIZATION I_NDEX/ ML,

FIG.5

"GOAT’
INDE X —
2ML. = == — =
E ML.
foML  »—2— X —x
'0"37/ SAPONIN GEL VACCINE . : GEL VACCINE.
105
‘ ¥ o
3 104 {?:;\\ﬁ
% // y \\
" T
a -~
/
Z
~10® *,-//
: i
! /
.
3 10% //
o /"/
,—
T ///
zZ 10l /¥
s 2
2
o e
% /
)/ :
° i 14 2
DAVS . DAYS .

NEUTRALIZING ANTIBODY TITREAGAINST TYPE ASiAl’ VIRUS

§ )
FOLLOWING VACCINATION WITH VARIOUS DOSES aF TYPE ASLA ]

vACCINES.



fatehes of heifer calves and shesn vere waceimated with
various vaecines againgt type *o° using di fferent doses. MNeifer
ealves ahove one year of age and vith elean history wvere vaceimse
ted with only 2 ml. and 17 ml, doses as show- in Tahles V,, W,
and V,.

In addition, shean were vacoimated sach with 1 al., 2 mli.
and § ml. of different vaceines (Tables V4, V, and Vele The
vaceinated andnals vere normel during the observation nerlod of
21 days, axoent for u soderate sized module at the site of
vacelnation.

In order to assess the status of neutralizing antibodies,
sera collectod from the vaceinated helfer ealves before vaceisstion
and on 2lat day and from sheen before vaceination and on Tth and
21at day post-vacelmation, respectively were tested.

fel for oalves vaceimated with 19 al, dose of 1.2 per sent
panoiin gal vacelins showed maximna serun neutralisation index,
f.0., 2,93, vhile with 0.3 per esnt saponin gel waceine peak anti-
body titres were 2,03 irrespective of the dose used. The group of
heifer calves vaceinated with £ al, of saponin veceine without gel
showed the 5.9%.1. 4.19, while in 10 nl, dose only 2,78, Likevise
the aaimals vaccimated vith vaceine containing 55 ner cent virus,
4D per cent gel and 2.3 per cont sanonin (Vaseins Yo, I) also

develosed higher sernn neutralizming astibodles (5.7.1. 2.99) in

2 ml., than in 17 =ml, dose. Helfer calves vacelinated with waceline

mmummm:uumanmntmudmtnnmu



glve satisfastory serus neutralisation titres. lHowever, the

enimnls weeelimateod with 1) ml, of convantional gel vaceine showed
8.%.1. of 2,99,

~ Due to ertreme shortage of time sheen sara talten before
ascenting them into sxpariment sould not be sereensd. These serumn
samples were, however, tested at s later date for serus noutrae-
iizing antibodies and were, unfortumtely, iadleative of u nravious
infeotion in these anluals, exesnt in grouns of sheen vaeeinated
with 1 al. of vacelw Mo, 1T and 8 ul. of the sonventional gel
vaenine where no antibodiss sould be detected in the nre.vagei-smtion
sers., In the former groun boostar effect of the vaseine on the
status of neutrallising antibedies was in evidence (Tadles Vg, ¥,
and Vo) but no gueh effect vas witnessed in 30 ealled "clean®
groums. Tn the anisals vaceinatod with saponin gel vecelines, the
booster afTaet of the waecines was vary high irresvective of the
doge used, while the ammastic ressonse with the conventional gel
veonrine and the vaceine contalning 65 per sent virus and 40 par
cent gol {(Yaceine o, II) was not se. Ina the grouns of shasn
vagoinated with vaceine Yo. II and conventiomal gel vaceine in 1 mil.
and 5 ml. doses respectively. the aserum noutralisation index was
quite high on mni day, following vaeeination, 1.0., 4.9 and 4.65

resnectively.

The rasults of experiments ars also shown in Pig. 6, 7,
g' ® and 10.
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For testing the femwnogenioity of vartous vaceines, a
Fronn of adnlt mleo were wacelmated with each wvaceine using diffe-
reat dilutions in 2.2 al. doge subentaneously, These alce were
observed for s period of 21 days before belng challenged. After
#% days following vescinmation 2ll the mioce wers shallenged with
19,999 !% of homlosons virus strains along vith scontrols. The
nrotection dogse 80 (PDgy) was esloulated in vaceimated miee by
Fosd asd Mwench method (102%). The results are showa in Table VI.

From the above mentioned table 1t is observed that =ore
than 83 ner aent srotection was ohtained in all the groups of mioe
vaceimated with 114 or 112 dilution of the vaceines ag also the
dagroe of protection conferred sesmed to inersase with the inereas-
8d amount of virus ia the vaceines (Vaseine Yos. I and IX). The
immunity eonferred by saponin pel vaceines and the vaceines
contalning higher percentage of virus in all the sases vas better
than the econventionnl gel vaceines.



TABLE Vv
Vaecelnation and Challenge Results
in Adult Mes

30
70
30
29
gyg: e 1512 10 2.2 ml 29
atn r‘i"" 114 19 Do. 63 1/49 or
18 1 Do. 57 2.088 wl.
1118 10 N 2)
Type "AY 132 1 7.8 ul ”
119 1 Do ao 2.08 al.
1518 19 (W 0
Controls 10 19,990 IZP 1 dled
;r;: YAsdia 1Y a8 12 32 a1
D27 maponin ' 1/9%
‘;1 vacolne 1:4 19 Do. .04 :'




TABLE VI (Continued)

on 1 Yo. of § Dose rm
Yacolne § of | mice & and mice after | dose
fvaceine ) used 0§ route § surviving : (PDg,)
§ usea % ? ehallenge
: S el | v 3
. ) B i 2 b R Rl
gyg; L 118 10 0.8ml . 1
sapoain
iviie 14 B w w ymoer
13 10 Do. 4
1:16 10 Do, 49
”g; '0' 1.‘. 10 3.2!1. ”
5 saponin
vim m 1:4 12 Do. 30 g{: :{‘
vaceline 1:2 19 Do. 9
1:16 12 Do. 30
Type '0* 1:2 12 D. 821 a0
vacoline
;::g:%.uu 114 19 Do. kD) g/g :;.
rug
aanoain 1:18 19 Do . 20
Type 'O° 118 10 J.8md %0
vaseine . 30 1/685 or
containing L4 e . 3.915% al.
235 ﬂ;ﬂt * 119 10 Do, %)
{ ge
» 1218 19 Do . 40
Typa 'O 132 12 Je8m) 0
EE .  » » e e
1:8 10 Do, 3
1218 10 Do. 0
12 12,99 1 All died







Riscugszon

Vaceines against foot and mouth disease prepared from
tine to time in different countries have been remorted to have
A varying degree of antigenieity and, therefore, a variable
canaeity to immnime. This has heen mainly aseribed to the
antipenic plasticity of the virus and, agnecially the quantita-
tive antigenie differences within the main types. Thus, attemnts
have always bsen directed towards effective immrovesent in the
vaceines, so that these conld be effective against the fleld
virus in the minimun dose poasible.

In this country, the present cell-cultured gel vaceine,
a8 18 being mamufactured at the Indian Veterinary Research
Institute, although, has beea found fairly satisfactory against
foot and mouth disease, further investigations were undertaken
in order to imnrove its antigenicity to cope with the wild
(field) strains of the virus, presently prevalent in the eountry.

For this nurnose type specific wvaccines (as already
mentioned in the text) using different ecomnositions of the
virus, stabiliser and adjuvant, were prepared and trisd omt.
The method of testing the wvaceines has been by assessing the
status of neutralizing antibodies and followed by challenge
tests vhere possible with the virulent virus to agecertain the

degree/nature of immity.
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'Al_Tyne Vacaine

From the results presented in Tables X 1Ty and I1,,
no significant difference conld be ohserved in three doses of
vaccines used in agssessing the antibody titres. With each of
the vaceine, it was observed that animals vaccinated with
smaller doses of vaceine anneared to give a higher level of
serum neutralizing antihody titres than those vaceinated with
larger doses. The exmct significance of this phenonenon is ot

clear and, therefore, more critical work ig needed to confira
this.

Further, while assessing the serua neutralizing anti-
bodies in serum samples withdrawn on different days following
vaceination, it was observed that these antibodiess vere
consiastently higher in animals wvaccinated with sanonified gel
vaceines than the econventional gel vaceine., These findings
apnaared in agreement with those of ‘ackowiak gt al. (1959)
and Plorent (1967).

The maximum antibody titres in each group of vaceinated
animals vag recorded either on l4th or 2lst day. The ainimun
log serum neutralisation titre/ml. of the serum of hill-bulls
vhich withstood challenge was found 2,2 in 2 =l. groun of 2.3
per cent saponin pel vaceine, which indiecated that serum neutra-
lization titre/nl. 3.3 or above was nrotective.

Sehnoider et al. (1964) mentioned that peak titres
vore seen on l4th day following vaeeination.



22! Tvpe Vaceine

Hi1l-bulls vaccinated with tyne 'C' vmecines and
challenged after 21 days following vaceination gave satisfactory
results. TRach groun of vaccinated animals showed the presence
of serua neutralizing antibodies in nooled sera collected on
7th day following vaceination, excent hill-bulls vaceinmated with
17 ml, dose of the conventional gel vaeeine nnd the vaceine
containing 55 ner cent virus and 49 ner cent gel without sanonina.
Yo significant difference was observed in the three doses of
vaceines used as far as the production of seruam neutralizing
antibodies and the nrotection against generalized infection
vere concerned. These findings are in accord with Wisniewslkli
(1965) .

While asgsessing the serum neutraliszing antibodies in
sera from vaceinated animals, it was found that the nrodunetion
of antibodies was higher with saponified gel vaceines than with
the conventiomal gel wvaceine, and the vaceine eontalning 55 per
cont virus and 40 per cent gel without sanonin., Sehneider gt al.
(1963) also obtained similar findings with vaceines nremared

from ecell-cunltured virus type 'C' in nigs.

Prom the findings, it was also observed that the
quantity of aluminium hydroxide gel does nlay some snecifie role
in produecing a high level of antibodlies. However, 1f the
guantity of gel vas reduced and soms other adjuvent like 'Sanonin'
incornorated, the level of serum nentraliszing antibodies nroduced

was higher.
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Sehmidt and Mansen (1936) also renorted that higher
vercentage of aluainium hydroxide pel in the vaccine nrovided
botter reaults.

The hill-hulls, sheen and goats vaceinated with
'Asia 1' gel vaceines incornorated with saponin showed encoura-
ging resulta. derna nentralisging antibodies were detected in
pooled sera on 7th day following wvaceimation. It 1s evident
from the Tables IVy, IV}, and IV, that there was no significant
difference in antibody titres in animals wvacelnated with
different doses vith each vaceine, although a smaller dose
appeared to produce a better antibody resnonse than a bigger
dose.

A minimum serum neutralization titre/al, of 2,15 ean
bo stated as nrotective index unon challenge with 19,07 Ibg,
of virulent virus. Therefore, it may be concluded that the
saponi fled gel vaccines nrovided more encouraging resnlts than

the conventional gel vaceline.

The vaceimted ahub and goats could not be challenged
because of the non-availability of the speecies adapted virulent
types of virus and also because of the fact that these animals
do not develop constant secondary lesions. Oral (1963) challeng-
ed vaceinated sheen and caleulated the protection index by
obgerving viraenmie phage in blood withdrawn at di ffarent hours



nost-infeetion. Tafortunately present study was not made by
this method.

10! Tvpe Vaceine

Weutralizing antibodies againat tyne '0' virus in
vaccinated heifer ecalves were found satisfactory (Tables V,, W,
and Vo). Yo difference in serum neutrsalization titres was
observed with different dose level.

Sheep vaceinated with various waccines againat tyne ‘0
eould not be secresned before acecenting them into exneriment.
later, when the sera collected hefore vacecination and nost-
vaceination nerlods were tested for determining the immune
status, an evidence of amnestic resnonse was fortheoming which
again was better elicited in animals receiving saponin vacelne.
Hera agaln, small doses anneared to give better antigeniec

resnonse.

Thus, taking an over all assessment of the afficacy of
the vaceine against the four prevalling types of the virus,
encountered in this country, it was observed that the saponified
vaceines gave better results than the conventiomal gel vaceines
as well as the vaceines containing higher nercentage of virus
and ecorresnordingly less percentage of aluminium hydroxide gel.
This indiecated a definite suneriority of the sanonin in improv-

ing the antigenicity of the vaceines.

In a groun of heifer calves and sheen, vaceine with an
ineorporation of 7.3 per ceat sanonln but no gel gave rather



encouraging nay better results than any of the vaeceines used.
This 18 a eruelal finding and needs to he investigated Mrther
to confira its authentieclty since 1f found correct, it will be
a big step forward in the economios of foot and mouth disease
vaceine mamfaeture.

Again the ohservation (whiech was alwost ualforaly scen
in the case of all the four tynes of the sanonified gel vaceine
used) that a amall dose annsared to elieit a better antigenie
resnonge holds grest signiflieance. Although, in the oresent
state of krwwledpre it may be diffiemlt to furaish an explame-
tion for it, the findings apnear in accord with those of Fogedby

and Neofosd (1940).

Vore wors 1s thus needed on the nse of sanonin as an
adiuvant in the mamfacture of foot and msouth disease wvaceines
particunlarly 1f in some way the dose of the vaceins could be
reduced, while keening a higher leavel of antigenieity at the
sane time, when used as polyvalant {mmunigzing agent. This is
essontial both from the practionl administrative as well
finaneinl econsiderations so vitally connected with the control

of foot and somth in India.
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Comparative studies were carried out with saponified
gel monovalent asd the existing monovalent almnina hydroxide

gol foot and mouth disesse vaceines to find out the ismmnogenie
ragsponse of the vaveines in hill-bulls, sheen and goats.

Por studying the ifmemnogenie ressonse of monowalent
vaceina containing %2 par caat and 0.8 ner cent sanonin with
aluminiun hydroxide gel, clean hill-dulils and he! fer calves
were vaceinated with @ ml,, S al. and 13 al, doses and 2 ml,
and 10 ml. doses reapectively,

Sheen were vaceinated with 2 ml,., 5 al. and 10 al.
dogses of 'Asia 1' sanonified gel vaceine and with 1 ml., 2 nl.
and 8 ml, of tyne *0O' wvaceine. Coats ware vaceimnted with 1 =l.
2nl, and § ml. doses of these vaceinas.

In addition, thres modifleations of type 'C* and ‘0
vaceines wvers alse studied. The imwune status of the vaceimted
snimmls in sach group was asgessed in pooled sera eollected on
7th, 14th and Z1lst day before challenge with 19,000 Ibgs/al.
of the corresnonding virulent virmses. Virulent virus shallenge
wag conduoted in all the eattle, excenrt those wvaceinated againat

type 'Ot of the virus,

In most of the vacelimatad animals antihodlies were
detected on 7th day and the maximum antidbody titre in all animals
with difrferent doses reached by 14th or 21st day fellowing

vi«iuuom
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nregsure for 30 mimtes %
serlally mixed to molution




stirrer in refrigerator, Vext dey it was Mw
muu.m. nnd mmuc‘m

Lagtalbumin hydrolysate.. 8.0 ga.
Yeast extract .- 0.5 ga.
Hanik's T ' . 100 ml.
fank's IX .n 19 ml.
Horse serns 120 =l,
‘Crystalline perdeiliin .. 1 lae I.7,
Dihydrostrentouyeln

sulphate . 2.1 gm.
Mycostalin »50,000 Tnits.
fank's ITT . 25 ml.
Metilled vater .o 658 ml.

p adiusted to 7,2 to 7.4

o




The commosition of this medium i same as that
of growth mediuvm exeent it did ot contain any serum. The
volume was made good by adding distilled water.

This medium contaiqed 27 horse serua also in

adéition te maintenance medium I. Other detalls were as in
naintenance nedive I. '






