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Arthropod borne viruses are dofined as viruses which
bave the capaecily t infect certaln vertebrates, mommsls and
birds and to multiply in the bedy of arthropod vectors. The
arthropod is infected by feeding on tho host having viremia.
The viruzs undergoos ouitiplication in ibe body of tho
arthrepod and after an oxtrinsic incubation perlod is capable
of infecting s susceptible host by the bite of the arthropod.
The arthropod is not sffected by the multiplicstion of the
virus 4o 1ts body and can tronszmit the disease throughout
its life once it gots iﬂféateém Some arthropods such as
ticks bave been knoun %o trongmit the infection to theoir
progoeny and thus act a5 ¢ reservoir of virus. This definition
exciudes viruses vhich sre transmitted mechanfeally by an

grthropod.

The participation of arthropods in the transmission of
certain diseases had boen known for a long perlode. The flrst
iﬁstanae-gz transaission of a virus disease by an arthropod
vector, o mosqguito, wes conclusively proved by the members
of the Yellow Fover Commiscion (Begod, Caroll and Agrasonto
1811). They showad thaot the moscuitoes are essential in the
natural eycele of the yellow fever as 1t infects oan. Isolat-
ton of sandfly fever virus from the midge Phlebotonus and
its role in tronsmission was later proved by Doerr, Franz

and Taussipg(lo09). The first svideonce of transnlission of



Bougue fover by Aedes acgyptl noaguito was shown by
Boneroft in 1906 and wes conclusively egtablished by
Clelond in 1819.

The role of ticks in the transomission of virus

disense was shown by Gordon {18232) in connoction with
lcuping 111 in sheep im Scotlend. Silber and Soloviev
{1946) considored tick as the vector of RESE. Ticks oare
not only the vectors but are reservolrs also, as ovidence
of transovarizl transmission has been shown in the case

of tick borue encephelitis group of viruses.

About 50 wiruses have been lsolateod in the last
3¢ yeoars and more snd pore viruses are being sdded to
the 1ist of arthropod borne viruses every year. Hany of
the virases In ﬁhﬁrsrbar'ﬁsrthragoﬂ borne) fanily hove
been classifind into groups by Casals & Lobster (1867),
menbers of which can bs more or less closely related to
each othor saroiagigally and gre sharply soparebls fron
belonging to other groups. This grouplng wos possiblie
on the basis of antigen antibody relsticnships éatentad
by iomunologic reactions such as heemagglutination and
baomagglutination inbibitlion tests, couplenent fixation
tests, meutrslisstion tests ond cross protection testss
Bowever this claossification excludes other blologlcal

properties of viruses such ss host ronge, routes of

inoculation, imeubation period and type of disease produced

in mane.
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studies on arbor virus discases in Indls were started
in the year iD58 st Virus Reseasrch Centre, Poona. It was
felt by the investigators that a prelininary survey of the
sera of Indian populstion would throw 1light on the presence
of imzunity to certain of the nourolrple viruses from othor
parts of the world. The ilmmunity pattern of 676 serp collect-
ed froz different parts of the subcontinent to ten viruses
has been presented by Snithburn, Xerr oad Gatne(1964). They
shoved. that deuguo and West File virus predoninated in nost
partg of Southorn and Central Indis. antivoding, to JBE
wors elso shown to be present in the sera of individuals
residing in Hadrss State and Madhya Prodest. The zuthors,
however, cautioned sbout copsidering presence of neutrolise-
ing antibodies to JBE as definite ??bﬂﬂ of the presence of
that virus because of the known cntigenie relationship bote
woen JBE, Hurray valley encephalitls, Seint Louis encephalitis
and Hest Hile viruses. Later studies by Work and $hab(1956)
Wobb ané Pereirs {1956) Lopeyssonnie L end Gabalkigheuin.s
{1958} bave proved the presence of JBE virus in Southern
Indis by climlesl 4iasgnosis, confirzed by serological tests.

&1]1 tho three viruses montioned sbove have nosgultoes
as tronsnitting egents, eight sera however, wers shown to
have sntibodies to RESE, g group of virus which is transmitted
by ticks. Six of thess oight sera were froz Saurashtra, ono
frox Boobay statﬁ.anﬂ ong rfoa Hadras. The significance
of those findings was not understood &pd remains an obscure
riddle to this day.



in Harch 1957 the attentiocn of the inwvostigators of

Virus Besearch Coutre, Pocns, wes dravn 1o the reported
doaths of moniteys in a forﬂsi ares of Shimoga Bistriet
{Work & Trapido 1957b). Tho iavestigators st flrst sus-
pocted it to be due to yellow fever virus. They found
thnt the common sysptozs in husan pationts were auﬁﬁan
onset of headache, fover, lov back nnd limb pains and
severe prostration, often asscclated with inflammetion
of the eyes, diurrhoea snd vomitting by 3pd or 4th day
of ilinesc. Blegding froa the nose, guss, stomseh and
intestines was noticed in a fou cnses. Teoparataras ax-
eéédeﬂ‘39,4°$ but scldom rose higher (Work et al 1957a).

The isolaticn of EFD virus was accomplished in tho
yoor 1957 from the acute serus collected on 1ist and 5th
day of illness from hunen patients as wall as fron the
pest morten specizen of a lengur, Fresbytis entellus
and tvo bonnet macaqus, Mecscs radista monkeys. Isolstion
uas effected by intracerebral inceulation of serun, sus-
pensions of hoart muscle, skelctel musele, lung, liver,
spleen, kidney and broin of wonkeys into two day 0ld
infants and three week old white pico. The lncubation
period in infants was 34 doys and in adults 4-6 days
and the mpuse brain susponsion titer oxcoeded 19“8 to
10™2 even in the esrliest passages. The virus titer of
mouse brain suspension reached 10~€ by sucutensous route

of inocculation in subadult mice after a prolonged incubation



period of 6~-13 dayse. Rhesus, lNecaca mulatts, when inco-
culatod with infected lsngur sera by IC snd IP routes,
circulated virus from 4th through 7ih day and & and 7th
post inoculstion days respectively and thelir seras collect-
ed throo wooks after inoculotion neutraifsed aore than

3 logs of K¥FD virus. fha sera of some conkeys from KFD
ares neutpralized one hundred LDgg mouse doses, indicate
ing a survival froz ngtursl infection or inagparenﬁ
infections (Wprk 1958).

EFD virus was Tirst suspected to be an arbor virus
because of the epigootic involvoment of forest wonkeys snd
the prosence of o viscoral disesse in man similar to that
of yellow fever virus. Crude ssline entigens were tested
by complement f£ixation(CF) against pools of Casals group
A and B arbor virus hyperimmune sera. A group byperiomune
sera showed npo Fization vhile B group showed fixsiion.
flyporicmime RSSE mouge serun fixed complement to high
titor with ®PD virus stralns and RSSE antigen. Serun and
antigen dilution by box CF titration confirned that XFD
&Eﬂiataa were similar to RBSE virns (Work 1958) . These
findings were further supported by Lsclstion of KFD virus
from ticks Haemaphysalis spinigers (Trapido et sl 1869)
and confiraed by chiek tick chick oyecle by Varas 1.G.R.Webb
H.E. and Povri (1960}, o behaviour similar to that of RSSE,
which, incidently is a virus hﬁlﬁnging to the tick borne
oncephalitlis groups.
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Isolation of KFD virus in March 1957 opened a new field
in the study of tick borne (RSS complex) viruses in India.
The tick borne complex of viruses were not shown to have'caused
human disease in the tropics till then. This group of viruses
has an extensive geographical distributién. 4An important

feature to be noted is its marked variation in pathogenicity

and tissue tropism.

In Great Britain a disease known as Louping 1ll involving
CNS in sheep h as been described by Gordon (1932). It is
primarily a disease of sheep though human infections of shep-
herds and laboratory infections have been reported. Russian
tick borne or spring summer encephalitis, biundulant meningo
encephalitis or ‘diphasic milk fever, and Omsk haemcrrhagiu
fever have been encountered in Soviet Union from Far East to
Western Russiaufin Europe. Many workers have shown the presence
of this group of viruses responsible for causing diseases
involving CNS in Central Europe extending from Sweden and
Finland in the North to Balkan Peninsula in the South(quoted
Olitsky and Casals 1959). 4 virus strain was isolated from
ticks in Malaya by Smith CEG (1956) but no cases in humans

have been reported so far,

The most common feature of the viruses of this group
is transmission by ticks of the family Ixodidae. This has not
been shown in the case of KFD. Repeated isolation of KFD virus

from ticks .of the Haemaphysalus species and its role in trans~



mission has been shown by Varma ot al (1860). Transmission
by moscuitons has never been domonsirated. These viruvses are
groupcd together on cooparptive antigenlc analysls by Pond
et al (i953).

The viruses of this group shov morked Cissue troplsam..
f.oupdng. 111 has besn knouwn for over s ¢entury in Scotland as
a diseaso of sheep cspable of producing CES ounifestations.
In 1230 Pool 2% al established its otioclogy. It has nover
posed z gerious provlem in Oreat Britein but for the infection
of lsboratory vopkers snd sheep aitondsnts in eazcotic sros.
in Russia it vas first recognised by Panov in 1934 end Siluor
{quoted Olitsky and Casals 195%) isolated the virus in 1937.
Howover it was traced back st lesst to IHBEQ when Roghevnikov
described a pooulisr forn of epilepsy nov belleved to be a
sequel to tick borne encephalitis. It was also found in Siberin
znd Europeen Hussis as well as Western Burcpe, whore; howover
1¢ was rolatively nild ss coumpsred to the For Eastern variety.
In Centrsl Burope 1t hod posed an important public hesglth
Crobleme

Though the viruges belonging to this group bave bsen
shoup to be transmitted by tick bite, the trensmigsion bhas also
boen attriﬁuxeﬁ dug to the drinking of milk froz infected goats.
The discase hes boon deslgnated either as Blundulent meningo
encephalitis or diphasic wilk fever. The goats however do get
infected through the tick bite.
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The ares of EFD from which virus isolationa fron huians
were made in 1867, covered 70 sg.niles. Since then the cases
in hussns hove besn occurring cenirifugelly, moving ceinly
towards South and South Yost of the original focus. The most
impoertant festure of this disease is iis great patbogonlicity
to two specios of nmonkeys the lpngur Fresbytis enteilus and
bonuot Hacacus radists. Thore has been a regular wortallity
in these two specles in the infocted ares since 10987. The
monkey mortality is less during oonsoon than the rest of the
sonsons. 1t is interesting to pote thet the distribution of
nonkey death parallels with that of human cases. The infected
arens sppear to be inercasing every yoar and oftber forcel of
this disoase m&gﬁx be found in Inﬁiag%mrk {1558) .

APD virus has been ropeatedly isolated fron post gorten
specinens of monkeys Presbytis entellus and Macuca radiata
sern of patients ns well as ticks from all the threeo stages,
Vize ny&phs, larvee snd asdults,. It has been isolated from
nilk of an ibfected wozan by Shoh and Hurthi (196€0) but its
trausnission through milk has not beon denopstrated. The
maxinus nunboy of cases are encountered in the months of
April and 4ay. Controls of this disease had to ba considercd |
poforé it becane @ major pubiic health problen.

soview of iiterature on control and prevention of tiek
borne coaplex of viruses ghows that the ceosures very from
the destruction of vectors on the one band %o the icmunisation
of the population by & suilable vaceine on tho other.
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Chuuakoy {guoted Olitsky and Clsarke} bas susgosted the use
of ono scaricide seoroscl bonb to be used withiﬁws to 74 acres
of forest to sxtorainsbe tick population and inbibit its
féﬁﬁ@ﬂiﬁﬁ@@ﬁ for a pevicd ﬁfvﬁ 0 7 doySe %zﬁgmsiv@ pasturage
to reduce forsge romerves and %ﬁmhﬁf‘ﬁf'fﬁﬁﬁﬁt sheliters which
support supply of foods to larvee and nyuphs, affeoting
getrimontally the tick populaetion bas heen sﬁgggat&& by
 Bhusalrov et al {(18617.

| A formolised mouge brain veecine sgadnet RSSE bas been
used in the Soviet Union for soms years ang has glven fgvours
sgble rosults in a number of fisld triaig(ﬁ&m@raﬁﬁﬁtaev 1958} .
The vaecine was prepaved by inaetiveting a 5§ suspension of
iﬁf&ﬁ%ﬁg:m&ﬁﬁa brein by formsiin in & finel concentrsticn of
12600 at 0~4%C in 20 days. Vhite micec vaccinated 3 tizes
" inteaperitonsally with 0.25 ml were able to withsiand sgeinst
16% logs of virus but thay ¢id not ddvelop ismunity to iutra-
ecerebysl chelleonge. In humans, three dozes of 3 to 6 ol sube
@nﬁangﬁﬂaky'givenAat'&ﬂt@rﬂ&iﬁ of 710 days rosulted in
iéauéiiy'f&g £ linited time (1«2 years). He bas reported that
in 1930 thore were 2 oild esses gmong 925 vacclinated wood
cutters vloress 27 severe cagses with 7 depths smong 1185
ﬂavaeﬁinatﬁﬂ'garﬁansu in 3940 there vas only 1 case oubt of
9578 vaccinated persons bub 28 cases with 9 deoths in 6180
mnveccinated porscns. 4 dried killed vacclne preparation

was foumdé to ba'saable for & lohg period.
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Seroprophylaxis hns been suggosted by Chuwmakov{quotedby
Yavis 1989} who ghoved ite eificoey. Serum injected 24 hours
after infection in mice protected mice in g nunbor of ceses.
1f seyun wog injected after € days it was getive only in case
of sosll dosos. Serun prophylaxis carried out egrly after the
tick bite, decreaszed the tick bosne oncephsiiliis morbidity by
3«4 tizes sud if the disemnso doveloped aservn prophylaxis
prevented its devalopzont to severe fors (Yavia 1853).
Hyporimnune geruxs ves proparsd in horsges by dnocuwlating 220-150 nl
of mouse brein asontigen subcutanecously at intervals of 7«8 days.
Serus was collected 12 days after the 5L dose. antigerun was
purifiod by the dinthsrn 3 nethed. Use of anticncephalitis
gowaa globulin hed been used for serum prophylaxis.

_ The effizacy of mouse Lrein RS5E vaceine gnd the urgency
of the probles were teisn inte connidoration. The “"Walter Reed
Arny Hedical Contrs Yashlagion™ §$<3hﬁ instanco of the RBockefoller
'Fogadaﬁiou, mdertook the production o RESE vecelne for
preotocting the population from KFD sres. Frelininsry invest-
igations on aniunls suggested that RSSE waccine shoved better
protoction as compared to EFD vaccims. A 107 monge brain suse
pension with BB8SE virus, fnsctivsied by .28 foraslin at 4%
was uwsed in the eztensive vacelnation projrasze froz Jan 1958
(sntker st al 1052} Webdb {(1861) fowd that tho disesse vas
no lass severce in vaeclnsted csses as coopered to the wmnveccine
sted ones. There wsre slx cuses in voceinated individirls out
of tho total of 13 patients observed. The vaccinated persons
vero shovn to bave falled in the produetion of sntibodlies.
(Shah ot al 1962, Pavri et al 1562).
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In the meentive; the Governoent of Indis, after teking
intc consideration the apparently recent introduction of KFD
virus in Indin, and the bigh porcentage of mortality (107
dop to KFD virus, undertook the declision, in consultation with
the representatives of the Goversmmont of Hahsreshtrg, Govern-
wont of Hysore and I.C.il.Be; to take all measures sncluding
preparation of vaceine to combat KFI%. RAockefeller Foundation
vas kind oncugh to provide the nockasary equipment for the
establishnent of a woll eoqulpped laboratory st Haffkine In-
stitute, Bombay. It was decided thut zoze experizents should
be undertsken to lay down the reguirements before goinmg on %o

& lorg¢ scale annulacture.

As ZFD o vizus was found to behave in o siollor canued
in mice ng BSSE virus the useiulness of mouse brain,as s host
for virus grovih anéd vaeéina produntion geemed to be a definite
zogwer to the problen of preperation of KFD veccine, Rowever,
in viow of the fact that nouso bLrein vaceine wight cause severe
éegyélingtinghlnsiaaa and at tines show fatal reactions whon
repeated courses sre given, it wes considered gdviseble to
sinultonoously attempt other types of host systems also, such
68 tissue culture and fertile cgis. 8ince chick embryo has
praveé‘a sultodble host for some arbor viruses, it wos decided
to study its suitadbility as @ host systen for praparation of

EFD vaccing.

The purpose of this study, therefore, was ito detercine
the ubility of tho chick embryo as o host for wirus growths
to find out an cffective and safe wethod of znae%i?atien end
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iso, since vaccine produced should be stoble under fleld
conditions of storsge, 1.9, refrigereted tenporature, o

asspss the stability of the vaccines prepared.
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Yollow fever virus has ploved &n importsnt role io tho
developnrot of dur kroowledge of Arbey Group of viruges. Since the
findtnps of the Yollow fever Comnission Beed, Carclil atd Agramonts
{1911} incrininptin, the mosguitoes ag the vector of yoellow fover,
ﬁexa'anﬁ,@crﬁ data wes obtained shoving arthropods to be the
gectors of vorious diseases dup to virus. The list $s incroasing
yoar oitor year and sbout BC viruses have siready been eotnblishaod
as belorging to this grouUp.

Arbor viruses of major public bealth importance are yellow
fover, Japanese D epcophalitis oand tlok borpe oncepholities proup
ef viruses. Deta on production ond tosting of veccines on lerge
senle is available with these group of viruson. The only other
viruses for which oxperimentul vaceine lots hove baen preparad

.4 tested nre ihe Suint Louls encepholiitis (81F) ang the Lengue
fever virus. Yocclnes sgeinst kestern eguine encephalitia,
Bastorn seuine cocephnlitis ond Venozuelaen eguaine encephalitis
have bson prepured but used for vaecimating pnineis and
laboratory personnel only. Yaliow fever virus voceline is on
attenuated 1ive virus veccine end epproach in thgt direcilon
nesds prolonged study. In the prosent cust, eariy preoparation
of vacecline vas desirable to clininnte EFD infection froxm that
locality. }.0ore ecncentrption was paid, therefore,; @ killed
virus vaceine. Our spproach to the problen of properation of
vaccino was, tharefore, besed on The exporience of the pro-
duction of Japunese B encephaelitls and tick borne encaphalitis

group of virus veccinog.



14

Babin{ 1843} has presented basic date op the production
and tosting of Jepsnese D encepbelitis ond Spint Louls
cuncophinlitic virus vaccines. He stullied chich enbryo, syrian
henstors, novw orn lambs snd young sheep s o0 altsrnstive
source for mouse brain ond found tha¥t exenpt for gyrion
hansters, othor sources were utsuitedlo as & good soures
sither for virus or in-unising entigen. Syrien tmusters shoued
slzost s bigh @ titer g5 the 23 wesike 0ld nles but were not
considored aseful as thoy do not broed ag casily and their
brolns eve only double the size of mouse braln. House brainp
was found tc be the most suitable host for this virue. & 107
mouae brain vocceling was provered Iron JBE fnoculeted 2.3 wenks
oid miee and insctivated by‘vaﬁieua physico chenleal sethods.

A& foranlin inoctivoted vacecine was, bowever, used {or vacelinstion
af the Japanese population for @ peoricd of at least 1-% yoars.
Cosals ond Dlitsky {1945} showed thet the RESE zouse brain
vsoeine, vhen inu@uiaﬁaﬁ‘&gﬁ md intzoperitonogliy i clce 8o

¢ and 2nd dnry rosulbed in the dovolopment of lonundty dn 2 daps
as tested by introperitonosl chnlleoge, ond that fesusity lasted
for at leant 430 days, the pericd of testing. Leviovich bao used
22 Gays old miée for preparation of JEE vwirus veeccing. & cention
eay o zndo hore that Svetlialdavahy ot ni (196C) hove sugpested
the prepoaration of vaccinos from suckling mice and rata instesd
of subsdulf mice, in order to obtain allergen free vaccines
sgainst transoissible epcepholitides sod rebles. They found

that 6 woeks old wiceo snd 16 dny 014 rots develop encephalitogenic
substance cousing neurpperaiytic sccidents in gulnes pigo.



Use of suckliing mice for profduction of vaceloes on o large

sezle have not been roported so fars

& ousbor of investigators have studisé nse of chick embryo
a8 o host for oblsining & high yield of wirws for preparation
of vageine using Japanese B encepbalitis virus. & ventioned
shove, Sphin reported chick eobryo as unsultable es a source
for JBL virus. Ssith gnﬁ dorring (1966) reported resuits on
cultivation of JEE wirus in chick enbryo by using enbryos of
spe-varying fros 6 to 14 days. Thoy found thatl eggs vore most
sugceptible by yolk soc route of inocculption regardless of
age of chick smbryo and that 30 days old embryos showed unifors
dentiin. Titration in oggs heve reilebis and conparsble Fesulls.
Drad oges sbowved o higher titer than live ones. Howitb{i946]
has carried out experinments, such as finding en optinud route
of inovulation, optiou:s sge of cblek eubryo, options amount of
incculus, optiaur doy of harveost, wfﬁact of nagsppes in egps
ond deoporature of incubation of eggs after inocuwiation.
gimilar, though not oxectly sinilar, experinents using tick
borpe encephalitis virus have been carried out by Fedorov(1260)
whe propared vocelnes fron these different sources aué tested
thar in stimels. He top foupd the whole chick endbrye as the nost
wssful tissve for preporation of wveceines. Yolk sac rouls of
inoculastion was preferred by 1l these workors s higher titers
woro obtained by this route. Warren J and Hough R.G.{1940)
nowover hove obtained pond titaers by inoculating fote the
allantoic fluid of 7 days old chick embryo and hove reported that



16

the chick enbryo wvaccines vere sufficliently immuncgenic to be

tried for nees vsocination.

vitn the deéveloppent of tissue cullure rethoeds and the
successful sdaptation of nost of the arbor group of virvses to
dirferent csll lines a nusher of investigators were gtirocted
towards using tisson cultwre method for eﬁiﬁ&vatiaﬂ of virus
for veccine. Dhatt and work (1957) and HeCoilu: ond Foley{iBs?)
have éepar%ad adaptation of JBE virus to tissue culture but
no report has s0 far been cade regardiug the preparation of
JBE virus vaccine frow tissus culture. Dancs and Bendn{lS&0a)
and Ilyvenxo{i859) have usnd chick embryo {ibroblust tissue for
groving virus of fick borme epcophislitls and have propared
vaceine from the viras grovn in this tissues They huve used
the monoloyer of chick enbryo fibroblogt tissue s o bost and
éiffér only in soeding tho virus. Thus Dsnes and Bends hove
seeded the virus ouse day afier cell eulture; Ilyeoke hos sceded
virus de4 days after tho growth of the cells. Tho waccines
chtained sfter inactivation at 4% with forcelin vere highly
irmunogente. Lolnar {1958) hos grovn the Hungeriso straln Rend
of tick borne oncephalitiz in Uaftland type of chica eobryo
tissus eulture ond clsios to have obtainod e atrain which has
lost its pothogenicity for mice aftor 40th passege in tizsuo
culturs. He hus, however, not reported its usc as o vaeceine in

BEnansSs

Thus wo have scen thpot the nain hosts being used for pree

paratiocn of vaccires from arbor group of viruses pre the nouse
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brain, the chick embrys and thottissuo oulture. In our studies,
on KFD vacclne proparation st the Haffhine Ingtitute, cil the
three systens have beon trieds The prosent work deals oniy with

the atudies on chick aabryo veccinci.

Hothods of lmmoetivetions

Studies conducteld on HELEY sod Joponose £ encopholitie vacclnes
ere nostly on virus suspension inasctivaled by formaiin. Sabin{1943}
oo reported use of ultra vioio® light, soft X roys and ozono for
ingetivotion of JBE wirus for veceine prepareticn. Smorodintgov
{1968) hna used ethor, phenci and heat for insctivotion of RSHE
wvirug. Their investigetions lod them o the conclusian that foroalin
not cnly ingotivated the virus but casused no approcisble loss in
the entigonicity of the vacclnes ﬁ?ﬁﬁ%ﬁaﬁ This could not, hovever,
be said with the other fmwtiveting asgents centioned abovo. Uany
workers like Cassls & ORitskey 31548, lanes snd Bendn (i860),
Lovkoviet{1940) Pond et ol €iPS3) Sohubladze{liPs0) have used
foraalin for inactivation of this group of virudes though with
varying concetrations ond temperatures. The finsl concetrations
of foronlin vary Iros %@;ﬁ - (058 dopending uwpon the tissus used
for the prepuaration of vaccine. Insctivation was carried out at
4% oz smorstintzevis findings ghowsd & losa in entigenicity vhen
inaetivation wes carvied out at 37°C. &imilar results were obtatnod
by Gabin for JBE viras vaccines. Fedorov, howvover, bting innctivated
tick borne encephalitisz virws using o fimal concotration of 13750
of fornalin st 18°C for 3 Gays, vithout loss of antigenity as
studied by poteney tests in nlce.
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Andonov{1857) has described various physical snd chenical
sethotds of insctivetion of tick borng encophalitis viruses. Thus
he found that hoating i0F virus susponsion of ias B strain at
60°C for 1 bour, Ix-10 strains et 70°C and In strasn at 60°C for
30 minutes fulled to produce complete insetivation. Hesting at
1069 for 1-2 min. did pot alveys couse .full npetivation.
Ultra vioclet irradiaticn fof 30 sinutes coused roliable inocte
ivation. He used wlcchol, 65 phenol, 2-6% HCHO, 1 ond 3%
chiorasine, 0081 Kz Cry Ope OF lysol snd 2% HalH to ingotivate
the viruses. All bis studles wore however dirvected ngainst
decontaningtion rather than for proparation of waccinese. Anansv
{1259) bona uwsed HyUp of warious concentrations to insetivate
ix-30 streln of tick borne encephnlitis. He has 2150 trled
nethyloene blue to olilcit photodynenic offoet on ticlk borne
encopballitis virus but ho too has not doseribed vhother inset~
ivation studles wore corried ocut %o prepars vaccines.

1oGrippe in 1254 atartod studles §n scarch of & sultable
chonical for lnactivotion of viruses whilec retaining their
sotigeniciiy. On screening about 600 chemfcels ke camo neross
tvo pgents a) Hitrogern musterd ges end b} Betaw-propio~lactone
{EFL) as the sultable chenicalng howover of the two he found
Botaepropio=laoctone was the chomicnl of choico. Ho haos done a
coaparative antigoenic analysis of the voecines prodused by
inpctivating virus suspension of !4l strain of ourine
sncophalouyelitis(oncophalonyocarditis group of viruses),
Egstern cguing cocophalitis nnd rables.
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A& conporison was nado Lotween live viras vagclnesy veccines
prepared by incctivating virus susponsion with DPL, formsiln or
phonvle He wes ebio to shov that BFL lnactivated vancines were
aloost conmparable to live virus vacclnes. In fact bo found that
BPL insotivotod wvacelnes vere suporior o those prepared by
foroslin or phencl. Polley and Gusrin (1857} bhave used BPL for
inanctivation of influenge virus snd observed that vaccines thus
prepered were sntigenic. BPL bas also beco used for preparation
of noninfoctiocus hesvsgslubtinins{Il'enko V.1 Senenov B.F &
Hezopova fe1.1961).

BPL Bus cosrdain advantoges over foronlin or phencl in that,
that tho concentrsticons of BPRL reguired for conpleote ipactivaetion
is camyaxaﬁiyely‘léga than thet of formalin snd that tho rete of
insetivation is faster. It is sctive ol o wide range of pi.
all the viruses {(viz.EBP, I, pelio, rabies, influenzs, ote) so
far used hnve beon inseiivafed Ly BPL. It bas & bigh pencirating
pover, 19 OPL used for tissus sterilisstion was capsble of
insctivating L, 1T and ERY viruses frem quantities titrsbtle to
non-Cotactsbles 1 the tisswe éid,aaz gxeend 3 on in dignotod.
LoGrippe{lD58) has forthor modified his m@tﬁ@a'af in.ctivetion
of viruses by coupling the action of BEPL with that of ultzrs

-vwiolst light.

Virus veocings hove boan gencrelly fomnd to be dow in
antigenicity whon insctivated by bogt. Snorodintsev scowed thak
hoat inootivated vaccines of Sick borpe encephualitis virus wore
of low potency. EFD virus failod to pel inoctivatod evﬂg after
tuc bours of incubetion at 56°C when preinactivetion titer of the
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pugpeneion was hiph and the voccinos profduced wers of lover
potoncy z2s cozpared to the formasliin insctivated oouse brain

yaccinug.

&8s live virus was isolsted from polic vacoine propsred
by reputed pharsaccuticsl soncerns in W 5.4. in 1964, more
and nore atbtention unz pald $o the rate of inoctivation of
polio virse by foroalin by a nunber of authors such as
Cheprnay ot ol {1959} Sslh nnd Cori (I959), Sven Card{1059)
Tima ot al 1956. &Snlk hams piven wvarious reasons for fsiluare
of thege wacelpas in getiing innctivoted by fornoling the
nont importeat bolng thnt Ziltrstiom of matmeiai was sot
carried cut by oz conopINse. ﬁﬁ siudles of kinotics of
ingetivation he found that log of infeotivity usuelly diminished
in o lincor relation to tine ©f szposure 1o fornaldehyde f.c. the
inpetivation ran the courge of 1ot order sopction. Thls
cencluslon uas however pot substantiated by othor invests
tpators Charney et ol 1960 Svengard AB5E Timz ot al 1956
Denog nﬁ& LondaliDG0b) huve reporied She studies on rato of
insctivotion of tick borne encephelitis virus by fornaline
Ths rosulis of the fnsctivotion studiss om EFD virus by BFL
cnd fornalin ore progested in Choplor IV.

Eille¢ voecine priduced by any sethod should be bighly
gotigenlic i.c. thors should be no gppreciazile less in
antigenicity with the lozs of Infectiviity saé the preperatiocn
shounld be stadle for a long tioe vhen stored inder condltions
pvallable in the fleld. 4 stundy woe undertaken to detoramlne
the stability of vaccines produced.
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Thore have been g nusber of potency tests described
by various authorsi{Panes and Bends 18060, Pond ot al Y053,
Sobin 1843} The present study ves linited to one method whinh
hes boon found to be setisfectory al our laboratory. Servlogical
tosts such as hpossgelutination (BA), haezagglotination
inhinicion(5i) ond neutrsiisation testa(ny) were also undere
tnken for identification of virus froo pagsages. The procedure
follownd for these tents tng been degsceribod in Chopter ill.

To sumsarise, the gpproach to theo problen consisted
of o) study of the chick embryo as a host gystes for high
vield of wirus, variations in various footors, like inoculi,
age of enbryo, incubation tempereturs, ete. wore studled for
this purposo, B} 4 conparison ¢f virus inpsetivetion by BPL
and formolin and the potency of the resulting vacclnes and
¢} the stebliiiy ond keeping qualities of the vaccines so

prerareds
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Hateriels ond metheda.

Three sirains of EFD virus vere ugedy tuwo of thoen were
isolated from human ¢ases and one from ticks. OF the two huzan
isolotes, one veos isoloted in the yeor 1967 end the other in
186G,

Straing izolinted froa human cosose

1}  POE0S5: This stradn wes isclated at the Viruas Research
Contre, Poona in 1957. It was isclated from an acute sorun of

a patient vho hod a2 severe attsck of #FD. Haterial of the 3rd
mouse braln pasoage was Lrovided by the Direclor,¥Virus Research
Centre, Poona. A stock of this strain wes nmode und used for

difforoent tests.

2) KF31s This strain vas igolated froa s nild case of K#D
2t the Yirus Diagnostic Laboratory, ahimega. It has undergone
twe passsges in mouse brain, and was kindly supplled by the
Spocicl Officer for KFD, lysore Stats, ln the fora of infoected
mouse brains in glycerine. It wng passed in ono litier of mice
end o stock was propared by making one nore mouse passsge.

The fourth passage caterisl wsas used for further tests.

3} 611338: This stroin vos isolotod froa o pool of 169 nysphs
and 63 larvac of Haemapbhysolis spp.coliected on April 15,1857,
{Frapido et al 1953). This was kindly sup, lied to us a3 & 103
mouse braln suspension by the Diraector, Vigus Research Centre,
Fneﬁz; A ptock of 5th mouse brain passege of this straln was

prepered for Turther study.
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Hice: Suiss aibino strain of mice wore used for isclations.
infoetivity titrations and potency tests. 2-4 dey old litters
wore used for isolatiom of virus, 4«8 weeks ndults for infect-
ivity titrotions and mice weighing betwoen 1Z-14 gos were

used for pﬁtéﬂay testing of the vaccines.

Pags: Portile eggs of white leoghorn breod were used for
ragsaging end proparation of vsccines. The supply of these
ez;s was from two soubees &) from o commercisl firm end 11)from
the poultry malotained pt Pimprd by the Institute. The eggs
ware incubated at the Institute and tho sge of ehick enbryos
used in the tests ranged from 5 days to 13 days.

Chickss One day old chicks wore bled from the heart for the
erythrocytes used in the haenmcgplutinstion(is) snd haenaggluti-
pation imhibition{Hl)tests. In later oxperiments foul cells

were usod.

Pcbbitss Rabbits bred at the Institute vere nsed for collecting

serun to be used as diluents in the teat.

The composition of the various diluonts used in the test

verg az followss-

i) Rabbit Serum Saline(RS8)s
Rabbits were bloed either from the ear veln or through the
heart. The serus wss separated and was inpctivated at
£§6°C for 30 minutes. It was then duluted to 0% in C.53
Nsel solution. This dilusnt was used for suspending
mouse brein and chick cabryo ond as diluents o infectivity
titrations. 263 rabbit serun saline was used for preparing

stock virus suspensions.
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ii) CLorael salines
A stock of 8§ Nacl was preparved and stored in ths refrizorstor.
it wves diiuted ten fold in deminorelised distilled walter to
obtain a C.8% Hoel solution ond the sane was asutoclovod
et 10 1bs presgure for 10 minutes. This wag used for pre-
pering 102 and 2587 RS8 and for vasbing of chick snd Sovl

cellss.

iii} Phosphate bulffer pH 7.6.

Solution 1.

0.3 Ra, Hpl,.12 B0 7ie6t g
BaCl 1700 g

Distiiled water. 2 litres.

3clution 1is

HaCl 85.0 g
Distilled uater. 1 litre

84 nl of solution I1 vas sdded to 2 litres of solution I.
It wos diluted 30 times with distilled water; resultant pH
was 7.6. The buffer was sterilisod by autoclaving at 16 lbs
for 15 nmlnutes,.

iv) ©Borate buffer pH 9.0 and 9.3:
Stock solutions of followlng concentraiions vere awades
a) KaGh 34
4g of g0 was dlssclved in 100 ml eof distilled woter in

& volunetric flask.



b} 9% Hafl
90 g of NeCi pouder (Merck brand) was 4ilssoived in 1 litre
of distilled water.

¢} 0«6 11 Boric seid solution: .
30.92z of boric seid {Herck brand) was dissolved in 1 litre
of hot wotep.

To prepere 1 litre of Borate saline bLuffer pH 8.0

folution as 1H HalOH 24 ni
Solution b o4 naCli 80 uwl
Sclution o3 Q.54  Borie acld iG0mi

wore added and diluted to bring up the volume to 1 litrs
with dewinerslised voter.
To proporo Borete saline buffer pll 5.3

Solution st . b hel Kall 34 =l
sSolution b: % RaCl 80 nl
Solution ¢z C.51 Boric a¢id 100 ml

vere added snd volune made to 1 1itre with demineralised

walter.

Virus adjusting ¢iluents (V.A.D)

These were ussd for suspending eorythrocytes used for HA
and HI tests. These were prepored from stock solutions as
follows:

Stock solutions of 0.2 1 dibasic phosphete and 0.2 HaCl
and G.21 wonobasic phsphote and (.27 HaCl vore aixed in
the proporfions described below. To the mixture un equsl
volune of borgte bulfer pH 9.0 wos added to produce the

final pE nentioned.
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el e TR % s R S
18.6 87.5 640
22.0 78.0 G2
240 88,0 G4
48.0 £8.0 G.6
65.0 46.0 6.8
4.0 36,0 £

¥1) Beta-propriolactones

vii}

The chenical sgent BPL- ﬁﬁ. - LB - 6 = 0 $8 & colourlesa

m—s»qé&-nm o

stable liguld in 1ts concotrated sbtate but unstable in
squeous golutions. It is satisfectorily stored in noutragless
soaled ampoulos at «207C to «30°C. BPL hms o specific gravity
of 1.1460 and is 37.5§ (by volumse) soluble in water at 259C.
It repcts ropdily with bydroxyl, anino, carboxyl, supbhydril
and phonolic groups, all of which are sssociated with
provelns. BPL was received in a polyethyiene bottle which

was transferred in empoules. Anpoules were sonleod thora-
after. It was stored in deoop frooze at =20° and removed

at the timo of use omly.

Forazlins

Merck's formalin containing not less than 3537 ECHO was

used. 4 dilution of this in phosphate buffer pH 7.6 giving

a final concentiration of Q¢zﬁ‘uasAuséd in all the preperatior

of foranlized vaccines excopt menticned otharviso,
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Hothodss

Inoculation of eggst

¢uite & pasber of methods have been described for incculation
of egegs. The methods described by cahaa&a(195?)>ﬁsrﬁ followed,
Yolk sac routo of inoculation: 6B duy old eggs were used.
After warking the sir sac, the egg was kept vertically with
the slr sac polnting upwerd. & zzpll hole was modo in the
contre and a 38 nm 25g nesdle was inserted to o depth of

30 ma{the verticol heipht of the cges generally varied bet-
veon 55«60 mn). Inoculum was introduced Into the Yolk sac.

In order to moke sure that the needle had reached yolk sac,

a iittle quontity was aspirated back inlo the syringe. This
practice vas abandoned after getting sufficient practico.

Chorio allontoic mesbrope inoculation: 11-13 days old eggs
were used Ior incculation.

After displucing the alr sac, the incculum was introduced

on the membrane. The #ggs were kept hopizontally and exeninesd
for pocks on Ca¥ and for virus on the third day of insculntion.

Inoculation into allantoic cavity: 9«10 days old chick embryo
was used for invculntion into allantoic cavity. The eggs swere
hold vertical, alr soe vas marked cnd § mm from the edge of
the oir sec, inoeulum was Introduced into the allmntele
cavity by insertisg the nsedle to o depth of 10 mn. ¥ggs
were chilled overnight on 3rd dey asnd allentolic fluld vas
eollacted. Further pessages wers made in oggs and the 5th
DPassSags matorial uaé inooulated in 3 days old litters to

test the presence of virus.
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Iﬁfeativity titrationss

infeotivity titrations were carried cut in 4-5 wesks old aolico.
Serfal ten fold dilutions of the virus suspensiocn to bo titrated
vore nade in 108 radbit serur sailne. Separate pipottes were
uged for each d4iiution, The Gilutions were inoculeted in 4-86
wooeks old mico, using a different syringe for sach dilution,

by fnbtrsserebral route with (.03 ol or 0.2 ml by intraperitonesl
rontes. Hice dying due to EFD wvirus were only considersd for

thn calculation of titers. Honespocific desths such as deaths
cccuring within the first three days weore not considered for
calculations. Lbgy titers were saleulated by the Heed and
Huepeh formule (1938).




A) Boutralisation tests

Heutrelization test was carried out by nsﬁng’ﬁaéilutei seTURn
ond ten fold éilutions of virus. Serun was inactiveted at
&6°C for 30 minutos. Serunm viros mixture was ineubsted in
water bath st 37°C for 1 hour and incculated in 4=5 wks old

. mice intrecerebrally. Though ineﬁulatié& of s@kam virus
aixture by intraperitoneal route is wore sonsitive(Casals &
ﬁl&kﬁk?’lgéﬁ} it was not used ss Hyperimmune sore having high
Valtaa of Heutralisation Indez{hi) werc used for identificaticn.
Enown positive and Enoun negattﬁe sern wore usedé as control.
in one tost, a f£ixed concentration of sbout £ logs of virus
~dilution was used for neubralisstion by seruil. Qhﬁérvataan

period was of 14 days.

Survival ratio (58) and Aversge Survival Time(AST) was detore
mined for iatsrpretaﬁiqn; 4 survival ratio of &/6, 4/5 or €/6,
8/6 was considered as.yesitive; a 8R of 3/8, 2/5 or 4/6, 3/6
was considered as ecuivoesl and SR less than that aa‘négatiVQ.
A prolongation of 457 by 4 days as conpared to cnntréis

was considered ps positive. Test was considered satisfectory
if known positive and negative sors showed satisfactory
rasults. Virus titer of gserun virus mixture and virus

- suspension plone vas ¢alculated and the difference betweon
the rociprocols of two wes called Log Reuxralisatiun'Inﬁex(ﬁi).
A nautralisatgﬁn index of 1.6 logs or mors wos considered as

positive.
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Hsemagglutinetion(B4) and Beomegglutinstion Iphibition test(Hl).
The technlique followed for Hi and 8] was sisilar to as dose
cribed by Clarke snd Cooals(iB65)«

Haoomagelutination tost vus routinely usoed to ghov the pregence
of virus in sick nice. 4 control normal mouse brain antigan
was used in each tost to show the specixteity of sgglutination.
The tost was carried cut as followase

Proparaticn of antigem

Sick mice werc harvested, brains rcxoved nnd 5 10§ suspension
¥as prepared in borste duffer p 9.3. Stock susponsion of
protantne auﬁph&ﬁe&ﬁntritianai Biocchenicsl Corporation make)
prepered by suspending 50 ng powder in 1 ml of C.9% HaCl

was added to 10¥ mouse brain or chick ombryo suspension to
give a finpl eoncentration of 2.5 mg per ol of suspension.
The nmixture wos kept in ico for 20 minutes and coentrifuged

in ¢old a4t 2E0OOD RPM for 15 ninutes. Supernste wes used os
antigen.

Horzal mouse bLrain antigen wus prepared in o gimiler monner.

Foul cells wore first tested for hpempgplutinability.
Subsequantly cells from the sane fowls were usod.

Bither fowl cells or one day old chick cells were usecd.
Cells preserved in Alsever's solution for not less than
one day or more than eight days were wa#hed in soline and
centrifuged for 6 min, 3 min, 3 i, snd finally for

G minutes st 2000 BPHM. A J0F% susprension in O.9% NaCl was
further diluted 1o 0.25% in virus adjusting diluent{V.A.D).
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o1
Exocadura,

Antigon was Siluted 1510 in borate saline buffer pH 040
contatning .48 borine slbusin powder in solution. It wes
diluted two fold in eight tubeos. To O.5 ml of antigen dilutions
$.5 ml of 0.288 cells in V.4.Ds vers added. The ususl pH was
6.4. Thoe mixture was shaken and incubatod in water bath ot

- 37°¢ for 1 bhoup. Twe tubes sgslutination or more vwas cone-

sidored os positive. The highest 4ilution shoving hsencgglute
ination was ¢olled the titer of the entigcen.

Haeasgplutination Inhibitien teost (HI)

Hi toat was done to coufirm the isolation by using byperisoune

known positive serun. It was corried out as followsi-
Preparation of antigens

Antigen for identification wes prepared by the sgme method as
that deseribed for HA tost. It was dilutedy in prechilled
borate buffer pli 9.0 a@atainingvﬁwﬁﬁ, borine albumin, one hour
bgfarg %itrntiunlfsr‘ﬂnifarmAﬁiapﬁrsai of the antigen. Dilution
was effected to obtain 16 Ha units in 0.8 ol of antigen, 1.0«
8 Ha units wore used in the test since szﬁ'ai,af antigen wnsg
adfed to (.25 ol of serun. It was retitrated affor overnight
tncubation at 49C to confira the regulisite nunber of HA units
used in the test.

Preporstion of sera for ihe tests

Sera rollected for the test wore diluted 1s& ia borate buffer
pH 9.0 and vere insciivated at 56°C for 30 min. They were
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troated with 252 kaolin for o0 m&auﬁes-atwiéggrzamparatﬁra
{to absorb nonspecific aggiutinins), centrifuged st 8500 RPN
for ¢ hour and tho supernate (13110 dilution of serum) was
ased in the test, Hyperinsune sers, in mice, wers prepared by
iosuniaing nice with 0.2 ml dose of foraollised vecclnes
{tnectivated by 0.5% formalin at 49C for 7 deys) O and 3 days
apart snd giving a live virus dose with infected mouse brain
sugpension on 10th; 16th and 20th day. lNigo wore bled on 28the
30th doy. The titer was caleunloted by using kaown EZFD antigen.

Erocedure.

Tvo fold dilutions of serun were pade in borate dbuffox
P S0,y boving 0.25 nl sorun in cach tube. To this 0.25 m;
of aptigen having BHEA units{i® HA mits in 0.5 ml) was sddod.
To control tubes 0,25 nl of diluont was added and the mizture
ghoren and Kept da refrigerptor ovornight. 1t was retitrated
an next day moroing and ¢olls were added in the saze manner
as described in Ha tost. The nixture was incubated in water
bath at 37°C for 1 hour and tho test wss read. If thore was
inhibition by hyperizmoune sorum dut no inhibition by coantrol
noraal mouse sers the tentative diagnosis of viyus wes KPD.
Hone of the othor antigens viz. JBE, IiVE, ete. vere hendled
in this loborstory; hence tho fnhidition was considered to
be specific.



lethods of insctivations
By Betewpropiolacione {(BPL):

& 10% solution of BPL (v/v) was [irst prepared in prechilled
distilled wator. This was dohe Lo slov down the rate of
hydrolysis of BPL as well as to detect whethor any deterioration
or polymerisstion ¢£ BPL has token place on storags. On
gdditior to cold water the drkeg foras globules whict are
miseible on vigorous shoking. Crystalisation or cloudiness
on addition to ico cold water is on infication of deterioration
of the drug. The dilution of BPL also obvioles the effect

of concetration on the protein. Concentrations varying from
0.28 to 0.01% were used for carrying ocut inactivetion. Egual
proportion of a solution of BFL in prechilled &istl&ieé
vater was added to 208 ehick esbryo suspension. The finsl
concentration of chick oubryo suspension was reduced to 103
and of BFL to the desired concentration, The suspensions were
kept at 37°C in wnter buth or at + 4% in refrigerator.
2liguots were resoved 2t intervals and inoceuisted o 3«4 doays
old litters for isolation. Hortallity with specific symptons
of E¥D substantiated by Ha, wore considerad gs positive
isolations. Further passages were made in those cases vhere
specificity of 1llness dus %o XKFD weg ir doudt. Controls
without sddition of BPL were also kept for incubntion along
with the test matorisl and inceulsted in mice to confirm the
presence of virus after incubmtion. On the basis of pre~
liminary screening a concentration of 0.0S8% BPL was chosen
for studies on tho rate of insetivetion of KFD virus at 37°C.
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& 10% suspensicon of chick embrye was prepared in phosphate
buifer ph 7.6 and 105 BPL was added to give u Pinal concen-
tration of 0.05%. The susponsion with and without {i.e.control)
BFL vore. inoubated ot 37°C in water bath, Aliguots were
romoved at intervels of & min, 106 min, 20 min, 30 =in and 1 by
snd titrated {umediately in 4«5 weaks 014 wmice. Pre-inmctivation
titer and post imcubaiion titers of control were also detormined
and reosulits were plotted on the graph. 2«3 days old lltters

verc inoculated for isclation of virus.

Yormalin es an ingcuvivazang sgent has bean in use Lor 8 long
tize, C.2f formalin of a concentration of 35% forzaeldebyde vas
uged for inactivetion of wll the three streins. 10% chick embryo
suspongion (vixéa guspension) was preparaed in phosphats buffer
pl 7.6 snd an sliguot was taken f or preinactivation titer.

To the virus suspession, 13310 dilution of formalin in phosphoate
buffor, was added to give a finel concentration of 0.2%. The
suspensions wvere ipcubsted in refrigerator and occesionally
ghaken. Studias on refe of inoetivation uwere cerried out by
resoving aliguots of suspension at intervals and titrating

thoa in 4-5 weeks 0l mice.

Yothods of preperation of vaccinoss

After preliuinary tests have been completed, the following
methods wero adopted.
Optinun conditions for each strain of virus were determined

and accordingly egg inoculations vwore carried ont. Chick embryos
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waere colloctad threoe doys ofter inoculoation. The lens and
retinal cap were dissccteé and discerded. Remaining chick
onberye won rinsed in O.8% RaCl, woighed and n 108 suspension
wse prepared in phosphote buffer pH 7.6 for imnativetion by
formeailn spd BPL. An aliguoet was taken for preinactivation
titer. Insctivation vas carriod out either at +4%C for 14 days
with 0.2¢ formalin or for 1 hour st 37°C with G.063 BFL. The
pH in the Iaiﬁar epse vns brouwht to 7.0 by edditlon of 1.0H4
HaOt. The vaccines were tested for sefeily and potency after
relcovant fnactivation pericd.

Safety test for vacciness

Safely testing of the vaoecines was carried out by inmcculating
vaccines wndiluted and diluted 13210 in phosphate buffor in
3~4& dpye oid littere. HMice were obaorved {or slckness for

Z1 days snd sich mice were possed to another group of nice

in order o confirm isclation of KFD virus from veccines.
drthor pessoges were nede till isolstion whother positive

or negative was confirmed.
Potency testss

The itost employed was s modificstion of the trst doscrilbed
by Pond et al (19563). 12-1ig oice vore vaccinated with a 1310
dilution of vaccine intrappritonecally with G.5 ol on O and
3rd day. Control mice wore not vaceinated. The cice vere
challonged on 7th doy with graded dilutions of wirus in

both vaccinated and control nice. The difforence between

the reciproosls of She titers wvns aaiiaﬁ as Log %rﬁieéﬁi&e
Index {Log Pr.I). A1l tho titers in these tests were caleou~
lasted by Beod and Hosuch method(1938).



CHAPTER IV
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Three stroinsg of KFD Virus were used for stadloes on adapte
ation to chick onbryo. One strain G1li338 was used for adaptation
by different routes of inoculstion. Por the other Zvo strains
(POE05 and EF31) oniy yoli sac route of inocalation wos followed,.

&) Yolk 8ne route of incculstion:
8}  Steain 011238s
Seriel passages in 7 daoys old chick embryon vere oede by

incculating O.1 nl of 105 suspension{mouso brain for initial
rasaage end chick enbrye for furthor passpgonl.
&th and 15th pessoge noteriel was shown to bo EFD by I
test (table I and II)snd I0LhL pugsage by the nore spocific
neutralisstion test {teble IID)Virus yields at 5th and JOth
pRESAZO YOS 1@"8*?‘ Heuwse w& units vhen titrated by 1.0,
route vere m’f"ﬁ*‘*—‘ and 10774 Bgg lethal doses 80(ELDgh)
units respectively. B Liter of antizens prapoered from
either chick embryc susponsions or mouse bYrain sus ansion
{those vere oblalned by inocculating chick onbryo susponsion
in 3«4 dpyz 014 alce) have boon shown at appropriote passsge
levels.{fig.1).

b Straina PRGOS sand EF31.
Figse £ pnd 3 glve dotnils about the passopes of FOGDS and
KF3L stroine in eges respectively. ldentification was
corriod out at 20%h possoge lovel. KF3L was confirmed by i3
tast{tablo IV)apd PBEOE by I test(tadle IV)and noutrplisation
teat(table W) .




&

Inoculation of Chorioslliantole oenbrane.

Fig+h gives doteils pbout thoe passages of an egg sdapted
strein inoculsted oo Choricsllantoic membrane. The titers
in mico of asllantoic fiuld, choricsllantolc menmbrane

susponsion end suspension of whole chick ewbryo have been
prosetited. ¥Whole cbick onbryo shovs the higheat titers
followsd by thet of chorioallentelc monbrane and the least
of nlisntole fiuld.

Rosults of five gorial pussages in sggs of 5 nmouse adapted
strain (C11338) are shown in fig.4. Allantolc fluld was used
Tor incculction from 2nd agg passspos 5th ogg passene was
harveated and chorionllsntoic cembrave suspension chiek
esbryo suspension and eliantoic filuald wore incoulated in
ane Litter of 3=4 doys o0ld mice. Only one nouse dled on ths
Sth post -lnceulation day vhen allpontole fluld was used

&g inooulumis Whoelther tho death of this nouse wos dug to
KrD virus infection was not conflimod. fice lnoculated with
chick enbryo suspension aod choricallantoic menbrane
susrension 4id not show any slickness.

identification of virus woe carried out by HI test using

aouss bhyperimmune ond porosl mouse gerus as controls The
titer of Oyporimune gorun ves 15300. 5tk gnd 15th egg
possage natericl wos 1dentiliod as EFD virus by. Hl test
ren 7 and 15 as shown in table No.d and IL
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The 10th egp passage noterial wos shoun 1o be EFD by the
more spocific meutralisstion tost, toble DIIusing convaloscent
huenen sorus Proparation of hgfge;emme sorus in rabbits wans
tried and pro ond I4th post mgmzm dsy rabbit gers wvore
included 1o ths seoe toste Human convalosvent seran noutyolised
Zed logs of vizus uscd for the Yegt. Girains FRGOL and EF3L
wore identified by BI (table Bo.IV end noutralisation test
table iV). House byperinmune sers against Japanose B encepbolitis,
Dongue and KFD virus wers used. iohibition was ochoun only
with RFD hyperimoune serun. lmpune serus in umonkoys and cone
valescent hunsn sorus was used 3o moubzalisotion test wnd pl)
thy sern neutralised the chick enbryo adeplod virsus suspensicn,
thus stwwing o be XFD.
i1,

Experinents were carried out to delorsine optious conditlon
such ug age of chick smbryo, 6oy of hurvest, cavunl and
Ailution of inocuvlus and femporstupe of incubation, to
obtain high ylelds of virus.

8} a0 of chick enbryo.
Chick eohryos of age verying from B days to & days weroe used.
The anbryos were veshed in 0,97 EsCl ond o I0F susponsion
was titrotod in 45 weoks old nmice. ALl the agps vwere
barvested on 9¥d day. Besudts ure prescented in table YI.
It asy ke cosn that there is no significent differcuce in
the titers nf the onbryoe of differont sges and tho titers
vary frox test 0 tosts

b}  Day of harvest.
From tho results presented in table VII 1t may be seon thot
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the embryos harvestad on the 3rd dsy gives the highest
yleld of viruses |
Anmount and dllution of incculum.

Table 13 and 14 shows the mouse LDg, titers of harvested
meteriale 1.0 nl of inoculusm was found to he uwnsultable.
Ce2 = 0.8 1l of inocuiun was found to be sultable.

Tempersture of incubstion.

after incculation of eggs a set of eggs were incubated at
359 and the other at 37°C. 411 the eggs were harvested on
Ard 4th inoculation doy except in test Ko.ll. The results
are preosonted in table.@ L (p- 5N,

Inpetivotion of KFD virus{(G11338 at 37°C and 4°C with
varying concentration of BFL).

Concentrations varying from 0.2% to 0.01¢ BPL were tried.
The results are presented in table 16 gnd 17. Deaths due
to EFD virus only are included in the tsble. & susmary

of the oinimux time required I or completo inoculation for
each concentration and temperature is pressnied in table
1H0.18.

Rate of inactivation of KFD virus by 0.06% BFL at 37°C.
fate of inactivation of KFD virus by 0.05% BPL at 37°C

is shown by graph, fig.19. Orsdinate showg the reciprocals
of log numbers of mouse Lﬁsﬂ titers and Abscisse denctes
intervals at which titrations were earried out. Isolation
of virus from BPL inaetivated suspension after incubstion
of 1 hour at 37°C was not nossibie in any af the reactions.
Titratian of control mice was carried out ounly on two

occasions as shown in the £ig.
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Rate of insetivation by C.2¢ formalin st 4%c. Only ci:{a)
concentratisn, 0.2% foruelin, wgs used for studles on
the reote of isactivation of KFD virus by formalin.
Fig.70 raopresants the rate at which lpactivation of KFD
virus tekes place at 4°C. 411 the 3 strains vers studled

for the rate of inactivation. All show & suooth curve.

4 eomparison of potencies of BPL inactlvsted and foruelin

inactivated vucclinos.
0.05¢ BPL wae used for ecarrying out inpetivation at 37%

‘in ope hour and then stored ab 4%. 0.8 forsolin vao

used with the -gawe materiol for inmsctivation at 4%C.
Vgecines thus prepared wers included in the sane test
evory time. fig..8. shows tho conpprison of potencies of

B7L insctivated ond forvelin Snactiveted vecolnes.

Stability. of vaccines.

Formalin inasetivated vaccine of cach straln vas tested
for stability. Flg.9: shous the values of protective
indices upto & period of 238 deys. Sinilerly BPL
inactivstod vaccines of each strain wore tosted but upte
& period of & weeks only. The results are presented in
£ig.92. Vaccines prepared by using KF31l inactivated by
either chemical sppears to be stsble for a long time
pariod smé & drop of 1.4 logs was observed with formalin
fnactivated vaoeline lot 80 into238 days.
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3.7 QRS PRRS  § I | 0 m""g o5

|

R+

s 57
[ —

HEEDwwwwemweewils 13360{Rwm 5}
m-«m-mmuze 6} Inhibition by souse imoune serum
fio fnbibition by mmal HOUNG SOrile

xsmﬂ..fm..g.iu,n& m“ﬁ;z
e - mmmwﬁamm&&ssmaa tost (Toble B)
E«@ logs of viros poutralised by bhuman
EFD convoelscent seran. Control serm
shouel ne neutrelisotion.

HER s mmmnmwnRY (Teblo 7} Inbibition by couss lmsune serws aad
bunanfeonvalscent sorus  /EFD
Control sarwm showed no noutralisation.

A 4

HEERRmwmmenwaweill 12160 {Bun 29)

N
HERZE lwemwe—eslid 13640 (Run %)

¥ = passage in nice. | E = passege in ogos.
HiDg.= mouse lithal dose S0%. ELDgo™ Fgg lethbal dose 60F.
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HAESCmwanawn HI{Zable ¥ a) Inbibition by KFD hyperimme sorms,
JBE, Dongus imnune snd noroal nouse
serua 43d not show fohibition.

b} Reutralisstion Test(Table 10).
Boutpziliged by EFD souge Iizmzumo sorux
nod mmy mmﬂ QTG

i’lg e

A

a:f‘i P R e W {-ﬁi}s‘} w‘“‘g&%

HARY

v o

HAEE0

g&m:&;m.«w #i{Teble 9} Inhibition by KFo bByperimnune serum.
JEEs Demgun losunc end pormsl mouse
aorus 416 not ghov inhibition.

Fige4.

z 2 s , P SIN s
w&%&»wﬁﬁﬁwﬁ& 1)

- ﬁ&jﬁ?
Allanta%tc fiuvid ﬂ,mrxaahanmm am;im;s.c:L fluid
menbrane euppension. L
HBE2TIL HEERTAL MSER7L
BR=D/6 SRe0/6 $R=0/6
£5%T=8.7 AETm3.E A8T=3.7
H5R31

- R
v

| | T | ) )
Allantole £luld Ce &a 1 Susponsion Chick enbryo suspension

;mmjww&a WLDED 2070°F Mgy 2065
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Chorioallantele &llantolc Chick enbryo
nembrone suspension  fluld suspension.
| a) Ea(Bun 85) 3230
BH=5/6 ) BR=4/6 SR=B/6

One _mouse died on
ﬁtﬁ‘; Qnys. Hot
idontifiad.

Tablﬂ -® :‘“}:

?E& P 96085 hggarimm seres vas tested fow
bition egoinst 8 Ha wnits.

Erythrooytess (ne day old chick colls used.

"Initial °

BERA d%lutimz

orogl House Serun 10 s

* 'r'v

+« # <+ pot done 0 O

mﬁmemmmzwmancaaw@+wo 4]
Sarum _

» = Hpomagglutination.
G « Lot agglutingted.
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EERA %m& Byperinsme Serun sud hunsn XFD convalescont
fierum was tosted for Imhibition ageinst B HA units.
eyios:s One doy old chick ::e-lla uned.

— Tinitial ¢ . N E |
EERA mmtmn gfe 11338 ,gg; 2;}%&3 8.4 ,{gggg% m
J— RO = 2. < 4. - T i comindl _Jf B e,
FOE0S mouse B 0 0 0 + ¢+ ¢+ s + 00 © -.cr'
fomune S8rGie
Hann BaFells 4536 8 g L QO + 3+ 0« O O O O
Convalaoscoents
Normanl nouse i:l0 & 4 4+ + pot done o 0 O 60
BOriis.
* Horznl oouse orein sntigen.
mm~~ﬁ-wu@mm
Tabio -F11.
Heterials G11338 straln HEXIO
Sorss Pre and J4th dey pont £FD fnoculated »abbil sera
sl buzan copvalescent sefud.
Az o miced 45 wooks boso: .03 nl. Boute f.c.
Sorua Catagory ¥Final 5B &57T Titer of
el dilation control
KF41  Robbit serun 10793 o/ 6.4
- Pro inoe.
KF‘&Q  wBom Qe 0/48 GO
HF330 l.gth pOst fnoe  «doe 0/6 6.6
B
NP133 =B =20  O/5 5.6
KPP Huzan oonve ”?;g’;; B/5 1440
icinss  Control. L ’,;‘ pe 0/5 6.4
e Qe w LN 35}:3’3 /6 .2 m-8‘7
e 3 B O T St s 8.2
O 10793 5/8 14.0
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Table.1V

BEfAr  PHE0S, JEE, Depgue hypeoriumune sera and norpel ocouse
goras pgaingt B Ha unilise

Ergthro- _ ) ,
eytes: (me day old chick ealls vashed & usode

Borsal aouse Yrein sntigeon showed no HA asotivity.

- TRiET — —— T
8 R & d%;i.n 0L cntigen  PGOG antigen Nuit.B trod

Dengun byper

irmune i+ & + @+ + & + & & 4 % + 0 0 O O
JBE hyped-

fomune. I3l % + & % & <+ 3+ 4+ % &+ * # 00 O O 0O
BED hypoepe

luoune. 1400 € C % » + 6 0 G » = =+ 0 0 0 O
Koranl souse .
S0rUT. 0 % » % & % % % #» &+ % * &+ O O QO G

HeMaB.z forsel Mouse Brain antison.

rmﬁ.%fv.

Hatorials POEOS HQERD
Serat PUEOS louse innune seruwn gnd Monkey impune £6rg.

dicos 4d=5 wnoks Dogse G.L03 11 RHoute I.0.
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Virus dilution

BERA

1

R
7.3 8.3

Houge immune sorum

Honkey iamune serun
{lionkey No.2)

Honkey imouns serum
{Monkey Ho,3)

Control

H ) v . . R
T PN . «5.3 . -G o3
0790 30788 3070 077 1 10 207" Hemarks.
SR AGT BR_ABT GR 'AST SR ‘AT SR AT SR AST HR AT  Tite BI
1/8 7.3 4/5 11.0 5/5 34.0 5/B 14.0 5/5 14.0 3.8 2.1
WE 6.3 475 8.0 4/8 7.0 §/6 14.0 8/8 14.0 3.9 2,0

E/76 12.0 8/6 14,0 §/56 14.0 5/5 14.0 5/8 24.0 2.8 3.1

C/8 8.2 4/6 7.0 6/8 140 8§85 14.0 5/5 1.0 8.9

SR = Bwrvival retis - number surviving/mumber inoculated.
48T = Avaerage survivel ting.

K = Noutralisation Index,- difference in titers of conirol ond
hyperionune serune.

* o Titers sre exprosssd as rociproonls of log numbers.
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Dotemmination o
G ngt ~ Haterial inoculated. 5 d?ya . 8 da{rs . 7 aay? 8 dayz:
No. &tm&g Pasa | ?iter* wim? ,Mgiﬁﬁ Titég ngrage mm; ﬁ;ﬁagu Titer A;ﬁfaga
\ 23 411338 HEE2S . 840 8.6 0.81 7.3 1.08 T3 1.80 G5 2408
2 31 011328 HERES 8.0 728 1,00 o 8B40 2.14 Vo7 2.82 1% 24
3 45 Gl  HSRE? 6.3,  Not  Gone  G.8, .60 8.8 2.77 7B 3,35
‘ 8.0¢  1.50
" 62 011338 HEER? B 56 087 73 136 76 2.4 8.2 8.49
£ 86  GL1338  MSE2? 8.7 7.4 0.82 8.0  LBE 78 188 Ba3 2,60
¢ 77 POE0S HAEZD 8.0 7.3 0,74 Bad  L.21 T8 1.87 7.3 2.08
72 T RF31 M4R23 © Be2 ?ﬁﬂ' 088 B.6 l.42 Ba2 1"% 8.5 2.88
E’ e FAZRY HAR2L B3 i‘iﬁt done 5.8 1.86 8.7 1.80 Ta? 2,80
P T KF3i HAE20 Bed " 843 Oudd L ] 1.80 7.3 1.86 ¥iys 2.61
* Titers of harvested mateéiai ars oxpressed as the reciprocals of log numbuers.
#¢  sverage wolght of embryos recorded in grans.
e From dond oggs.



Table ¢IT

Vetermination of optizus day of haorvest.

Test aterial inoculated lat day - Bna dey 3ré éay‘ 4th 6@:,?
Ro- Stmin Pass K Titor* Timz' averaga Titer mrerage Titer Averna# Titax awr«agc

uks uh k. it
iz §11338 HER2 HaDs 2.5 0. 75 Bu& 100 T+5 .58 GG Rella
26 E2€086 MARLS  RaD. M. D H.Ds T3 fi.Ha B4 BeRe 78 H.R
29 GL1338 HER26 5.0 5.4 1.08 8.7 1.80C T 1.50 7.8 3.06
54 G1i3a8 MERGY 8.7 H.D - 7al 1.93 T8 ledt @ -
7 KF31 HaE21 7.4 K.D - 5.6  L.30 8.2 172 7.8 2.8}
B FoG60Ss M4E2L B.5 . - 53 1.33 8.3 2.08 7.8 1.93
78¢C  KF3L HAERY 8.3 H.D - Tad 108 7.9 £2.18 TeB 2,77

K - Titers of harvested naterisl are ozpressed as the roclproeals of log nunbers.

-+ Average welizht of mﬁwas rogorded in grams.
&) All eabryos dled - not titratad. HD = Yot dome H.R. = Hot recorded.

411 the eggs were fncculoted with 0.1 ol of 1()"1 dilution of wirus suspensione. .



Table, VITI & Y-
Determination of optimum amount of inceulim.

AN " T T L] T
Test ~ Material inoculated 0.3 ml 0.2 ml 0.5 ml 1.0 ml
No. Strain * Pass ' Titer* Titer ‘average Titer 'Average Titer 'Average Titer 'average
LT wt. 7 wt. wt.

8 G1li338 HEES2E5 NeDe 6.8 N.R. T8 N.R. Te2 N<R. 6.6 - NeR.
26 G11338 M5E26 8.0 8.5 2.34% 8.5 2.30 8.8 = 2.35 8.5 2.00
30 P260Ss M4E1D Hab. 7.8 2.00 8.4 2.00 N.D. - N.D. -

7.6 10.5 )
43 (11338 MSE26 8.0 8.0 2,07 8.5 2.74 8.8 2.53 4.5 1.52
75A P9§05 H4E21 8.5 8.5 1.64 8.6 1165 8.2 1.65 7.8 1.81

DS Titers of harvested material are oxpressed ss the reeiprocals of log numbers.
**  Average weight of- embryos recorded in grams.
N.D- N‘Ot ﬁﬁne.' i NIRQ‘ = NOt raccrded.

@ All the eggs were inoculated with 10'1 dilution of virus suspension and harvested
on 3rd post inocculation day.

v}
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| Tabg;ﬂll

Tost Haterdal inoculated” w7 ' 1072 0w w™

tio. Strain ' Pass ’mwr". Titer * Magas& Titer Avemg;e Titar ' avorage Titor ' Avorage
7 Hte ute, . ¥l

35 611338  M5E26 Ba0  HaDs - 2.3 2.01 8.7 2.06 D, -

39 611338  WSEEG 8.0 8.5 2,40 Bed 2.5¢ 8.0 2,22 2., =

&6 011338 U5ER? 8.7 Ted 17 75 161 BuST 177 EDe  w

72 ¥9506 H4BZL  B.6  H.D. - 8.3 170 8.5 185 Ted .72

764  KP31 AR 8.0 HaDe - 740 177 75 1.70 .77 A3

768 905 H4C2l 8.5  HaD. - 7.8 283 B2 LD Tof  le5E

i Titers of harvested uatorial are oxpresssd as the reciprocalc of log nuabers.

#*  Average weight of embryes rocorded in gracg.

BaDa Hot dOBe.

¢ All the oggs were inoculated with 0.1 @l virus suspension and harvested on 3rd post
~ incculation day.

0¢



LIBRARY
HAFFKINE NSTITUTE 5 22—
BOMBAY-40v 012, |

Tost Hateriol inoculated.  38% 37% |
Here rﬁt?aiﬁ.( ?aﬁ& }?ité§:~ ?iﬁar* Afvrﬁge.ritefr AVQraga
0 GL1238  MBEEE  H.Da 68 R 6.8 i,
21 GLi338  HEE25.  RuD. e .01 7D 1,20
53 031338 MEE2T 8.7 8s6 LD Beb  2.26
011538 MBEE7 8.7 77 131 Te8 1,88
6n  KPEL HEBL ek BuE  1a16  TeB 1.
705 POGOS  GEBL 8.5 7e8 1 8.8 1,0

76C . Kpai HAPRL Be7 0480 8,0  1.53

T & Titors of horvested materinl are exprossod

a6 the rooiprocsis of log nunbers.
®%  Avercge welpht of exbryos recorded in prans.
HeD» Hot dono.
H+Fs Hol pocorded.
" Harvested on 4th day.

£ ALl the eggs vere incowlsted with C.1 ol of
3&“1 dilution of virsug augpension and horvestsd

on 3rd poot Anecaletion day.
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Inactivatién of KFD virus(?11338 strain) at 37°9C with BPL of varying concentrations. @
L] ¥ I |3 ¥ ¥ 1 ¥ ] ] :

~ Test conc;-gf\ Pre@?hactmbiiiof - ¥ Virus inactivation at intervals of’ Qon—-%g
No. _ BPL J  titer. inoc. 10 min.15 min.20 min.30 min.45 win, 1 br. 2 hrs.4 hrs. trol "
S 2 B to S
0.2 10780 307t . - - 16/16 -  16/16 16/16 - 0/
o -~ :
0 - - - 88 - 83 88 -
14 0.1% 16 10 - - - 6/6 - 6/6 6/8 6/6 o/6
19 0.056. w07 107t - o/6 -~ &6 -~ 5/5 /6 5/5 0/6
. -1 . ’
Lecl, ey 10 0/9 - 0/9 0/8 - Y& &/6 - 0/5
0057 ~

a2 0058 10785 102 o/6 -  ©/10 5/6
108 o3 - we
“'?07 N "'"l

374 0.088 107" 10 - - 4/4 15/15 15/15 17/17 - - /6
-7, -l , '
a7B 0.05% 10777 10 - -  0o/6 15/15 11/11 16/16 ~_ =  0/8
37 0.058 107 107 - - 4/6 12/14 15/1516/16 - = 0/5
32 0.025% 10°*% 107+ - 0/6 - 0o/6 - - 0/6 _5/5 6/6 0/5
-7.5 SR /5 - o/5  0/5 - 0/4 0/5 0/5 0/5
22 0.01% 10 AST 3.2 -~ 3.2 3.4 - 3.7 5.0 4.6 3.4
-1 . T =
7 -6.5 10 - = - 6/6 - 11/11, - - 0/6
4,9 ' 0 -05]’ lo R 10"‘2 - - - ﬂa/ 15 - 12/12* - - .
d Blind passages made on 6th post inoculation day. SR: Survival ratio.
Isolations were not successful on from these passages. ASTs Average survival time.
":  Mother in ome box ate all the babies. '+ Test gaiﬂed out by modd bral
aterial.

@ Thg d;f;egeng_qqncentratinns of BPL were not used with the same material. Different



Tabla.iIX.

inactivation of KFD virus (611338 strain) st 4% with BPL of varving concontrstlonz. @

¥ ) *

Dil.or

T Virus inaet%gﬁim at time intorvals as shoun By (‘Caatrcl

Roe® B "Theer.  tnocs 3B L ar S T T e e w2 B
w  c.of 0% w6 se 86 66 - 86 - o/6
1 owosi w077 1wt o o8 o6 &6 - 8 - 08
als o088 3077 wr - - &6 18 A7 - o/8
a1p  0.058 w7 1wt - - - 3/%  10/i0 18/18 = o/6
ac  c.0sf 0777 207t - - - &6 16/18 W/ - v/6
22 o.025% 20078 Wt . 0%  O/6 O/6 - U W? o6
R - o/5 O/5 O/5 - = O/8  0/B /5
5 -

3.2 3.2 Ge2 - 4ot B.6 - T

B8R = Survival ratio.~ lLuster surviving/liusber of mice inoculated. AST= Aversge, Survival tice.
¢ = The aifferent concentrations of EPL were not used with the sane catorizl. Different
material ip different tests was used for ssch concentration.

?ig-m ) ‘
» inactization st 37°C & 47C with varviee gonc. Of §PLe

0.2% 2 min.or lese 2 brs.

0413 a0 min.or less 4 hrsg. o
0.053% 45 oiputes. 2% brse e«
00253 2 hours. 24 brse.

0015 ot inactivated fiot tnactivated

in ¢ _bours in 48 hrg.



FORMALIN INAGTIVATION CURVE TEST.

g- =0 Testno. 904 P9E05
s----=» Test no. 90B KF 31

p——-—o Test no 90CD &E
G11338

Log titer in adult mice (1C)

24 48
+—— Time in Hours

BPL INACTIVATION CURVE TEST

g—=-~=u Test no.T4 P 9605

—eme-a Tesinos. 79 B 880 KF3I

o&——o Test nos.88A,B8B aesc
G 11338

Eatrapolation

Log titer in adult mice (1€}

o— Time in minutes —=




Inactivated by 0-2%
Formalin at'+ 4 °c

Inoctivated by0-05%
BPL at 37% for | hr

Inoctivated by'0.05%
BPL ot 4 %

B8O 1 120

=r— Time in days, —




CHAPTER V.
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The fecsibility of the chick enbryo as s host for the

grovth of virus was considered for the following roasonss

1)

11}

111

iv)

vi}

Guite & numbsr of Arbor viruses have bean adarted to
chieck embrye (Taylor at al 19523 and chick enbryo vaccipes
agoinst Japaness B encophelitis{Warren liough R.0.1846)
and- tick borne encophalitis(Fedorov U.V,1960) have been
prapsred and showed to be effective.

Bagy availability of fertile egga throughout the year.

It is more econosical to use chick enbryo as yleld of vacceine
per oabryo is more snd cost of production 45 less in conw
9ariscn‘ta tho production of souse b:&in vaceine. The
meintenanes of s large mouse coleony is not ogsentisl if

fertilo egpe ore used as & S0UPCO.

Harvesting egps under sterile conditions is easier whoraoas
harvesting oouse breing is a tedlious procedure with greator

chances of bacterlsl contarinatione.
Tho eggs are coxparatively freos from inirinsic infections.

Last but pot the leasst ioportani is the safety of the
vaccines from causing neuroparslytic resctions due to the
repoated doscs of vacclnations.

How far the use of tho chick enbryo was feasible will beo

digeussed hero.
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It has been shoun by & nusber of workers that the
arber group of viruses is ecgsily adaptable to chick ombryo
by the yolk sac routs of fnoculation, and that the naxisous
congentration of virus is In the vhole enbryc.{Taylor et
28l,1052 Howlit B.T.1843). Three siraiss of KFﬁ‘éirus YEFO
uged for studies on aﬁapt&ﬁian.tm‘chiﬁk enbryb,. One strain,
$11338, was uped for adapiation by dGifforent routes of inoe
culation, For the cther tue strains (PUEC5 and K¥31) only

yoli sac route of focewlation was Zollowad.

Adaptation to chick szbryas

From Fig+1,2 and 3 1% may be obsexved that adoptation
of EFD virus to chick enmbryo by 7oik sac rouvte of inceulation
uas Very easy. In fact isoiantion of EPD virus freo s acute
serun Of & patient directly in chick embryo has beon successfule
Tho titer of virus at Gth egg passage itself reoched gs high
as 1@“8*7g Howsver, adaptation by allantoic route of inceulation
from mouse passage was not suctessful. A chick ambrye adaptod
straln could be propogated on chorio gllantoie membrasns.
Irrespective of ths routs of iﬁccmlatiﬁn;fallawﬁd, the yield
of virus frow chick oubrys tissus, however, was higher than froz
that of extra esmbrycnic tissus. It was observed, as shown in
fig«5, that the highest concentration of virus wos in the
whole chick embryo, followed by chorioallontoic meabrane,
ond the least in the pllentoic fluid. Thuse findings are in
accordance with those of Pedorov(3i960) who noticed that the

highest amount of tick borne encephalitis virus is concentrated
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in tho body of the enbryo than in the yolk and gh@rid allantolc
nenbrane with the icast spount in the ganiotic and the allantolc
flulds. Follure of adaptation of KFG virus by allantoic route
of tnoculetion, therefore, is not surprising. Warren & Hough
(1946) howsvor, have oblained s good yleld of JRR virus by
incculation inte ellantolc cavity of 7-8 days old oggs. Thoy
concluded that tna.rsux@ of inceulstion of virus{JEE} inoculntsd
Savond Shorlo Sliaatolt Rebbesier Tholi rilSle 80 ko
spplicable %o KFD.

Yolk sac route of dnscdloticn wes found to be sultgble
koth for the high yielda of virus and for the simplicity of
inoculotions |

The yield of virus for preparstion of a yood veceine is an
iaportant criterion toc bo considerad. 4iteopts were nade to
obtain good ylclds by varylng different conditions such os
sge ol the chick eabrys, smount of inmoowlusm, dizatiﬂn of
inoculum, day of harvest, aud tesperature of incubation. As
mentioned wariiers tha titer of the &th passege naterisl was
found to be egual te lﬁ”$’7» Further passsges L&lagga did unot
either reduce or incresse the titers and the titers of the 20th
passage level ranged petween 1075°C to 1&”9'Q@ Z5th to 27tk
pessage Zaterial wos usad for studles on onximum yiaeld of
viras for Gli338 strain but 20%h passage lovel vwos used for
studies with other strains. ﬁaﬁﬁvﬁr;/zetn.gassag@ saterial
of pll the three strains, was used for the preporation of chieck

eubryo voecines.
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Rosalts of the experiments on the deteraination
of optinum conditions for maxisael yield of virus.

Age of the chick embryos

Fobryos of tho age verying from 8 to 8 days wore used.
From tablg¢ V1 it nay be seon that there was no significant
difference in the titeors of the ombr7yo5 of different

gges and¢ the tiers veried from test to test. Tho weight

of the eabryos 414 not sesz 1o bear sny regulsr relations
ship to the yield of virus. Bince the total yield of
suspension ;6$.m3§6 beeabse or tho hichar wolghts of

oider oubryos snfd slso the conslatenoy inm the titers,
eggs of 7=8 Gays old were preferrcd for vaccine preparation.
Fedorov (1860} used enbryos of Tl ényﬁ age for comperison
on yisld of virus gnd found 8 days old as the most sulte

able for tick borne oncephaliitis group of viruses.

Day. of harvosts

Table VII shoes that the embryos barvested on the Jrd

day give the highost yleld of virus. Harvesting the oggs
on the 4th day was slso unsultable as post of tho ogus
would die on tho 4th day. The titer of the virus in degd
oggs vould depond upon how goon Lhe eggs\were:harvagte&
after the death of the enbryos. Thus core the time elapsed
for harvestiing of the doad eggs, the lover the titer of.
the virus in the chick cabryo would be observed und

hencs the inconsistoency in the yﬁelé of the virus would
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be seon. Dosd cpgs weuld alse resuvit in the bacteriel con-
tamination eof the oubryos. S50 harvesiing of live eggs was
preforred. Harvesting on 2rd post inoculstion day seenad
to Lo the cholce. This can houvever be ssld only when the
nigher concentration of virus of inoculus {4-0 =~ 7.0 logs
of virus) was used. Concentrations less than these uwere

not used,.
£) Amount of inoeulusd

In table VII1 the titers of the virus of the embryes
do pnot show aay significant increcse as the sromt of
inoculun was lncreased. In faet 1,0 ml of fnoculus ﬁat only
yiolded tho iower titers but slsc nrrested the growth of
the oobryos. 0.2 = 0.8 wl of incculus gocmed to bo sultuble.

D} Pilution of incculusas

Those sxperl&saﬁs'gara ezrried sut to find out whether
the dilution of the incculun bad significant effect on the
fingl yileld of virus. By referring o the tnble Ho.IX it
gaeng that iﬁ@ugh.therﬁ vas no sigoificant difforence in
titers, o 4ilution of 1C™2 of the incculyn having a titer of
1078
of L&”g vas not ussd for the stralin G11338 but, for é%ﬁﬁy

or above gave s copparatively hizher yleld. The dilution

it suggests that with further redsotion in concentration of
inoculum there was reduction in titer. Whelber this wves
gpprliceble to G1i338 or not is not known. KF31 strain did not
show sny significent differemce with 103 or 20™% @ilution of

inoculua.
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E) Tenmporsture of incubationt

The eggs incuboted at 37°C and 35%C aftor the inoculations
did not show any significant difference in the yield of virus
(as shown in table X). The disprepancy -in the results of test
§0.10 can be explained by the fact that the egge were harvested
on the 4th post inoculation day ond as geen from the results
on the fotornination of the optinum day of the harvest, table
VII tho titer of 4th day harvest matorisl was leas by O.é« 0.9
logs than tho 3rd day harvest nmoterisls This reduction in the
titer on the 4th day wight be dup to the pertial inactivation
of the virus et 37°. As the average weight of the embryos from
~the eggs incubaieé at 37°C waz higher thaﬁ the oggs incubated
ét 36%°C the yield of embryo suspension for tho preporation of
the vacclnes was nore whon the egps were incubated at 37%.
Hence uge of that tompersture for the incubation of the eggs

after inoculation was proferred.

The findings about the various optisum conditions, however,
do not lead us to any significant or consistent lncrease in the
yiold of the virus as compared to the routine mothod, l.o.

7 days 0lé agge inoculated with Q.l‘ml of 10™1 dilution,
haorvestod on 3rd day from the eggs incubsted at 3?06. Thera
vere considerable veriations in the titors obtained by
inoculotion of the same msterial 4n eggs at different Ulnes

or even from egg to egg.(as seen in Test 30, table VIIY).
Heneo it wes difficult to judge when the titer of the harvested
materisl would be higher than lﬂ“sg Higher titers wery found
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to be essentlal for preparation of a good vaccline. It will
be seen that only on one occasion wss the titer of ehick
ambryo‘ﬁumpenﬁian higher than the titer of mouse brain
materisl (Test 30 %able VII1) by C.8 logs or moro. In all
other experiments it remained G,7 « 1.0 log iless than the
lotter. On the whole it ney be ﬁaid that ?«E'days old eggs
when inoculated with 0.2 = 0.5 ml of 1073 dilution gave a
roasonsbly hipgh titer whon hervested on 3rd post inoculation
day. These findings are 1&1&¢earé&gcc with the findings of

Fodorov U.V{1960)} op tick borne oncephasltls virus.
Inactivation of XFD virus by Betaeprepriolzctono and forpalins

'Far&altn‘haﬁ‘baan in use as en inpctivsting agent for a
number of virusg vaccines. Formelin insctivated tiék borne
ancgyhaiitis;viruﬁ vaceines gre clready in use in Soviet
Russin. (Levkovich E.N & Smorodintsev A.A.1241). A4 duration
of atieast 14 duys L& required for gemplete insctivation of
tick borne encephalitls group of viruess ot 4°C and & properly
controlled inasctivation is to be carried out. The injoction
of .28 forualln is 2 painful experiencs and voluntaaxa nre
reluctant to undergo- the conplets schedule of 3 dosos of
1=2 nl ezch {aniker ot al}(1962). 8Bince hydrolysis products
of DPL ave not toxic (Kelly A«l.1951) it was thought.vorth-
while to test it as an sgent for inactivation of KFD virus,

4 bunber of workers hove roported the use of Detae
propiolactone for inactivation of viruses for wvaccine pros
paration(LoGrippo O & Hartmen 1986,Polley & Guerin 1067).
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LoGrippo has listed g number of viruses such gs EEE, WQE, TN
strain of encephalomyocarditis, Thellers encophalomyelitis,
raﬁ&es(Gvs), polionyeliitioll,IX ond Y11}, ECHO(4 & 8),
Coxsackie (B3 ond B5), herpes simplex, Rew Jersey vesicular
stoaatitis, Adenovirus 3;_measlea, mumps, hog cholera,
influenzn (A snd B), hopatitis end E coll 73 phage, which
have been successfully insctivated. BPL is also bactericidal
and fungicidal(Hartmen ot al 1951). BPL hydrolyses in water
but the virus 12 insctivated Lefore the half 1life of BPL
(LoGrippo 1953}. The hydrolysis products of BPL have no
effoct on the inactivetion of the viruses uith.the result
that further dstericration 1o vsceine dus to the progence of
the inpctivating asgent is svolided, Biiutian of the inactivated
material, prolang storage ér imnediate meutraligation by sodium
thiosulphate does not reactivate the virusg, in short the
action of BPL is irreversible. Because of the excellent
pencirating power of BPL, the chances of the pregence of a
feuw viable residual particles from insctivated material are
reduced. A1l the above montioned propertiss of BFL have boen

enumeraﬁsﬂ by LeGrippo(1959).

- LoGrippo(i956) has compared the @ff&@&@y of BPL
inactivated vaccines with live virus voccines and formalin
inactivated vaccines. BPL inasotiveted vevcines were plnost
as offective as iive virus vaccine, rformalinised vaccines
being less efficseious. He clearly showed the supeplority
of BPL inact&vétad‘vaeﬁiaéa over {fornalin ifnectivatod

vaccines propared from 1 strain of eﬁcagh&lemy@aa&éitts-
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(murine encephalonyocarditis group of viruses). It had to

be ascerteined whether KPD virus slso behaved 4in a simllar

Way.

Insctivetion of the IFD wvirus, can be carried out with
various concontrations of thoe ch&miaéla Boance the optimun
dilution of PBPL for innctivation at optimus temporstura ted
to be deternined. ﬁanc@nt?aﬁians varying from 0.28 ~0.01% BPL
vere tried. The results of insctivation of KFD virus by BPL
of various concentrations at 37°C and 4°C are presented in
table Al & XII and & sumeary of thege results in table XIXI.
1t is dosirable to use the mialuus concentration possible of
the inactivating agent, without smerificlng the safoty of theo
voceinoe., Unlike formalin, whieh is present throughout, BPL
undergoes hydrolysis. The helf Life of BFL at 37°C 1s 2832
ainutes, and at 4% 4s 16 to 20 hours. The hydrolysis products
of BPL are incapsble of insctivating viruses. Although the
bulk of virus is inactivatoed by o relatively small concentpstion
of BPL, o disproportionnte amount .of drug is rogulired to
inactivate the residue and ultimaﬂe troace quantitlios of active
virug. This is Mnown as tetling effect. A conceatration of
0053 BPL seenms %o be the ideal. A concentration Jower then
0.05% BPL 18 also cepablo of ingetivating virus, Ience the
troces of virus particles which might have escayedrinactivation
in the beginning -.ay got insciivated by the lower r@mainiqg
concentration of BPL. C.0L% DPL at 37°C was incapsble of ine
activeting virus aven in 4 hours duration, and couparison of ave-
rege survival time(AST), which is prolongod when tho titer of

virus is low, showed that there was hardly any inactivetion



b3
by HPL at that concentration. It was the sarc case at 45C.,
This point hed to be teken into consideration while using
00,0257 BPL. Theugh it was possible to inpotivete KFIF virus
by C.025§% BPL at 37°C in twe hours time(rofer to test lo.
32, taoble XI & X1l.) It was thought rather risky to use
this conceontration which may be ineffective in eount~ring the
teiling offect. This was in fact the oxperisnce with vaceine
lot Fo.CE162.vhereln live virus was isolsted. So a concente
retion of 0.055 BPL was chosen for Setulled studies on ingcte
ivation of KFD virus and the assessment of the potency of the

resultant vaccing.

arbor viruses sre geherally unstable et 37°C or roon
temperaturag-Sabin(19€3) has renorted that when JBE virus was
inactivated at a7%C by forualin, the vacclue was lov lu poltency.
Vaccines praparod ageinst tick borne encephalitis virus, with
one oxception,(Fedorov 1960) have been inactivated DY formalin
at 49C. Fodorov has used room temperature, 23°C, for inactivatior
Thus temperature st which ipactivation 1s carried ocul might hove
some effect cn the potency of the formelinised vaeceine, This
18, however, not the case with GFL inactivated vaccines. Frow
tho results of potency of vaccine lot 26 gnd 37, Filg.8
1t is appurent that there is no significant aifferense whothar
fnactivation of LFD virus by DPL 1s corried out st 37°C or ot
4%. This finding was nlso corraborated in case of nouss brain
veceines insctivated by OFL, Hence the studies were undertaicen

on the rate of insctivation of KFD virus,n$,322C by BPLag 579,
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A nunbor of investigators have studied the kineotics of
the rate of inactivation of Pollo virus by formalin, 80 far
only Denes and Benda{1960b) hove presented rosults on the
rate of inpetivotion of tick borne encephslitis virus by
formglin. No such r@sﬁlts with rexpoct to BPL as én inapcte
ivating agﬁnt and using tick Barne group of viruges hove been
eﬁcauataréé by us. LoGrippo(i658) has however studiocd rate of
tpactivation of EEE virus which belongs to A group of arbor
virases (Casals 1967). Studies on the rate of inactivation
are inmportant for the fact that tho b@hqviaﬁﬁ of the virus
tovarés the chemical is known. The rate of insctivation of
EFD viriie by BPL as shown by Fig.6 appsars to be linesr
‘ragrﬂaaica with time. This is true with rospect to ell the
throe strains of KFD virus. On the basis of these results, &t
soems Justifiable to axtrgpolats the lines to the base. The
graph thus obtaine@é lndicates that, sﬁarting with & virus
suspension having a titer as bigh as 19”9; completo inactivation
can be aenievaé in about 35 minutes. Whatber thore is a teliling
effect or not cannot be judged from these results. Fig.6
(test N0.BSA) however shows that titratable virus was not
datecteod 2t 20 ninutes 1ntérval. S8inco the aliquot at 20 minutes
insctivation period was not iﬂ@ﬁﬁ&&ﬁﬂé in the more sensitive
infant mice; 4t is 4ifficult to say vhethor it conteined any
viable particle., Isolation of 1iive virus particles from
230 minutes onwards was, hovever, not possible. The sudden drop

in titor 4n this test cannot be explaolned.
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8tudies on deterninction of & desirsble concentration of
formalin at different tenporatures wors not carried out as o
‘concontration of 0,28 formalin wos found to be sultable for
BESE virus veccine and seme experimental Lats‘az KFD virus
vaccines. 1t was considered as stendard for comparison and
studies on the rate of inpetivation, potencles of vaccines
atesvore carried out.
Bate of inactivation of KFD virus by C.2% formalin does
not show a similar lineur rslﬁﬁiﬁnah;p with the chemical. Danos
and Benda{l0€0b) d4id not get sncoth ecurves with the tick borne
encephalitls virus. Ve havalan the other nond obtained smooth
curves. One can slmost predict the tier of virus at a definite
interval, The curve shows o sudden 4rop in virus titer during
the first &€ hours with o subsoquent gradusl gloudouwn of the
processs 1t is, hovever, difficult to say vhether nll thg three
straine tehiave in.a sinllor menner. By referring to Flg.7 it méy
be noticed that the strain G11338 scems to shovw g glover rate.
{ inactivation between 10 sndé 24 hrs snd then suddenly shov o
drop in titers. At no time of the ina&tiVQtida proecess s a |
lst order reaction suggesied. It is thorefore difficult to
assune that ra? any given lot of virug guspension,; over treatnent
by formalin, as deterained by extrapolption of the curve ghows
tng the rote of inactivetion, nay pesult in complete incetivation
of virus. Sznce.tne suspension used for preparation of the vaccine
contnins 8 large amount of non viral proteins fron the chick

exbryo tissue, deviations in the tail end of tho reactions
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cannol bo overruled completely. It i difficult to decide
whether any pesctivation of insctivated particlosn take place.
Rarsly, isolation of visble particle on 10th and 14th post

tnactivetion days has bsen obaecrved.

Inactivation by DPL iz s quicker process as copparod to
that by formalin. The rote of inazctivation by BPL shows o
lingar relotionship wvherein there is no talling ﬁffsét.
Formalin on the other hand tands to show tailing effect so
that sefety of the vacclaes has to be carefully determined
befors issue of tho vaceines. However, efficacy of the vaccine
depends upon the potency enéd not on the tnactiﬁaﬁinn alono,

30 & compsrison of potency of formslin insctivated and BFL
ingetivated vecoines had to bé done before rmecmﬁsn&ing tho

sultable agent for insctivation,

Conparison of the veceines prepared by inactivation
with 0,06% BPL at 379C for 1 hr and 0.8% formalin at <%C.

Potoncy tests on the variocus lots of the veccinos were
carried out by sligh? medificution of the ftest suggosted by
Pond et al (1863) and found suilable for XFD virus vaccines
48 stuﬂiua by Kristmaourthy at our iaﬁaratarya ﬁrishnamurthy
conpared the methods of Pond ang of Benda and Danés{19608} ané
cane to the conclusion that the vaccine which wes potent
enough by the test c¢arried out by Lollowing Pond s wothod

was alao good enough if the method of Benda and Danes.



67
vas followed. In fact Casals and Olitsky{18485) have shown
that immunity to REGE virus is devaloped by the two doses
of vaccines within 4 days and lasts throughout the life of
the mice. Vaocclnes of the folloving lots 10 & 14, 32, 36 &
37, 40 & 141 (011538) 100 & 108, 168 & 160(FPE0S) and
108& 110, 161 & 163(KF31} had the same 5aurce of matorinl.
A 104 suspension af'tﬁe chicl embryo ves divided Ainto two
parts one being inactivated by BPL and tho other by formalin.
Vacclnos fros the same zource were tested in the samo toat.
The results are preogented in Fig.8. ¥ith the exceptlion of
vaecines Lot Hos.IC and 14 all the strains conelunively
proved that foraalin incetlvated vecelines were far superior
to BPL insctivated KFD vaccines. Sinllar results have been

observed using nouse brain and tissue culture vaceines.

Stability of the vaceinoes.

Stabllity of the vaccines is anvthesr criterion which
the cholice of tﬁa_iﬂscti#ating egent can be detercined. The
foraalinised vaceine should be able to maintein its patency,
for a long period,; otherwise tho vaceino which shovs a lower
potency at the initial stages but maintalins 4t for a langar
timo is to be preferrad. Formalin inactivoted vaceingg shah o .
g gradusl drop in p@twneyCFigaﬂ}; Besldos tuo of the three BPL /
vaacines wh&fe&n‘patency éaéts wors repaéted at}the interval
of 45 days showod a érag almoat equivelont o or more to that
of formalin. inpotivated vaccinos. Vaccine Lot actinactiva%éd

by formalin) showed & érop of only 1.4 lops in potency after
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238 dayss Thus the stability of the fornslinised vaceine
is 08 good as or bBottor than thet inactivated by BPL. Purther
'its initiagl potency is so high thet almost 4-8 wonths slapse

before ite potency reaches the level of the fresh UPL vaccines.

Three stroins of XFD virus wers chosen for obtsining
a suitebie antigenlic gtirain for the proparation of vaccine.
Twe straing were isoloted from human patieonts and one from
8 tick ﬁcel‘ The choice of & sulteble strain Por vaccine
depends upop the protective index of the veceines as shoun
by potency teosis and upon the stability of the vaecina@ Since
ail the veecinas were produced ond tostod under ldentical
eonditions the log protretive indiees coild vary only onee
a range of test varlability, The chelliengs strains uged was
homologous with one of the vaceine étrdinaa it o rathor
aifficult to interpret rosults upon Only one éhallenge struin
ospacielly as n nunber of now strains are velng continucusly
lsolated fron the 1nractaﬁ.araa. However there is very little
differenco in the protective indlecos shown by vaccines prepsrod
from hoterclogous and honologous stroins. ALso the rosulte
aro sufficlently consistent o permit of ecrtaln geonernl
conclusiony on thelr ofilcacy bsing drawn. These conclusions,
however, munt be ascepted with reserve, undil further vork is
done,

After doterninipg the ostinun cenditions for obtaining
8 good yiold of virug fron chick embryo s couparison of BPL

inectivated and formalin innctivatel vaceines was made.
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he latter mede of insctivation was found to be suitable both
far potency and stability of the raﬂditant gaecina. Howevor,
the potencies of chick embryo veccines did not show the sane
conslateney ﬁﬁﬁ,high‘?&luﬁﬁ of protestion as tho aobuse brain end

tissue culture vaccines.

It oy be stated in genersl, thorefore, that vasceines
propared from all the throe selected strains and fnsctivated
with formalin showed good protective cspecity end stability,
vhen tested in adult mice pgainst chellenge by a single virulent

strain.
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ALL the threp sirsing G11338, PDGOE ong XP31 were ndepteble
to chick embryo by Yolk sac route of inoeuletion. 287 sorini
passages with 11338 strain aud 20 passsges with the recaln-

ing two strains were made in cogs.

adaptstion of mouse drein passsge materisl using Gl1338
strain of KFD virus by ellantole route of lnoculaetion was

not guccessful. fdaptation, by incewdatlon of choriocallantole

meabraﬁs of an egy u&aytﬁ@ C1i338 strain wss possibles The
moxinun titer of hprvested materisl by this voute of inocu~
lation was thet of whole calck embrye followed by chorio-
allanioic meabrene sugpension aﬁﬁ the lowest of allantolde
fiutd.

The affact of veriatisn in conditions such ns sge of chick
esbryo, dny 0f horvest, guouant of Inoculum, dilution of
inoemiun and fouperaiure of incubation wgs doternined.

7-8 days ol eggs incculatod with 0.2 = 0.5 ml of 1073
dilution gave a high yield of virus when hurvestod on 3rd
day vith the eggs incubatod at 379C.

Varfouz concentrations of Botas-propio-lavtone wore tried
for inactivation of KFD virus at 37°C and 4°C. 0.05% BPL
concentration, found sultable from these resulbs, was used
for studies on the rate of insetivation at 37°C. The rote
of inaclivition shn&ad a linear relationship to time of
exposure to BFlL.

Kineties of inactivation with ©.27 formelin at 4°C were
studles. It showed & gradusl drop in titer of virus vith time.
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4 comparison of formalin lpsctivated snd BPL inecetlveted
vaceines was ¢arried ocut for lmsuniging ectivity. Bxeept

_pn one occasion, formslin inactivated vaccines were found

to be far superior to BPL ingetivaled vacoines.

Stebility of forsalin inactivsted end GPL inactivated
vaccines ot <¢°C (epproxinatiog tﬁ.tba 1016 conditions)
was #ﬁaﬁiaﬁ._?&e former ware found to be superior. These
studies were continusd for p poricd of £38 days only with

formelin inactivated veccines.

The reosults presentod in the previous chapter suggest that
the formniin inactivated EFD virus vaccines =may bo the

most suitable for himan vaceine trisls.
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