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DEVELOPMt; ,,'T OF A CELL CULTl ,It AIT[NlTAT(O 


VACCINE AGAINST IX 'U'Y S KI!'I DISEASt. 


PART (I): PATHOGENICITY AND l)tMl/'l'OC£'ICITY OF 


HIC H CULTURE- PASSAGEO VIRUSES 

.,' 

""tEED ABO £UL\OUF', "'OHAMI\I[O £L FA1'1 H 

nAMED I\IOHAMMEOl AND 8ABI.KER EL IIAJ AUJ 

\RSTRACT: 

After ~ 4 plJMge5 It! bovhw: bdney cell (BKC) euitun and clonal 

Jldo:euon. • Sudane:te ,towe of NNmfIbn&;- type VlNI, des.gnated 
, ,\.iu-..u-, though found 10 be caP'll* of proit'CUlltl ZtOO emle 

IjIlIIA vtruIeII: dWl~ of lumpy skin d,_... WWT (LSO\l coukl 

prooU(:e a.rt._ potI-vacanai clinical reN:11l\lI and II gre-o. poor"l III 

BKC f:UtJure 1I0000~er , aft(l' 66th pass'sts and dbrlll sdealOn II 

8=" v.sorouJlv III BKC cullun and un51'(! no sudI.d,er~ effects, 

yet II ','IU $llil caJ)'lble of prO{ectmg ubu atlle ""lUI thillenge 0( 

the ";N5 

AUlllimalJ VlI«:lIIl1ed WIth ellher p.auasc le1."dt were hypen.emlll\·e 

10 1/1 m.ctivalecl LSD w'lIl aDllgefl and 10 the muldermal LSDV 

thallqe. whde only those "lIh ptlfHlI«:mal IocaItzed rc.rnon 
de\.-eloped m add.1lon , Sljlltfant neuualwng anobody re$pOn~ 

The amiIody ~ 10 the ,.th paSS'V level wu hwha" than 

"hK:h foIlov.'ed \'KanahOn "'tIh the 66th ~ Ie\'el tm!Spedive 

of the dose of the IIlNt 1II000olated_ 

The 66" pusage Ie-.'d of "Musalamll" ";rus "'... cllo~n IS , 

, Cenlral V .....nar,. ~h LoIIbon'DrY (CVlU.) KIIanount 
• flalll) ~ V~ Sc:1c:--um\WSII)' ~ K___ 
'Crnlfl11 VCler'MIl ~lIl:boralOl, (CVRL) K~ 
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'''"TRom ("'fl O:"> : 

Lumpy .. dl'.se (LSD) IS , pmI'Al'nc.n pin d~ ,~I' C.1Ue 

1M calMS p<mo1l'US 15 lbc: .~ I)'p(" YII\JI (Alnll>lk-r d uJ. 

\9~1) ....hich Il ~"CI.lh and _no;JIop:.a. ,..Iale<! 10 

carnj'!(ll(\uute!> {Cap"Ick \9~9, DI'le< and "lema \C),n I"hr 
OffiCI: InlerllWollllle d'Epizooue (OlE) <.11 sofin LSD .~ • IUUUP 

"A mfKtluul d~R .nd lOme ....men as wdl rank " IOo,th foOl' 

and mcruth dlsea.e 15 an eronom,calh UllpQI1ant W-it "f C".ule 

(Alnander et ,I 1957, Da\'i~ 15191) "'either qlWantmt nor 
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1. Sc Tedl \'01 .. {~J ~OOJ 

rC'StnClion of arumal m~~1 oouJd eircum\'fllIt the ducue 
outbfukt and v..xmauon is necessary' fOr eontmI \" ~II1Il>OD 
apIlIII LSD has t-n prKllced 10 a r.rge CXlelllln South Aen.:.. .nd 
In KaI~1 U$lQI hc:>moIogOU! and ~~ tapnpo~ ~illlXmo::S 

respeClJ\'~' ( .... a,. ] 9Co8 o.\ltS 1991) 1\0 ~ Ia.:Clne h.a~ be.::a 
adopted, tllrw,hOUl Arne., for proph)'I~'O$ and \~ htlk hu b«n 
pulll,shcd corw:eJn'"1! the 'lUbJec1 Recelll!}'. LSD "'.., leponed ",ell 

outSIde >.fne.. UI Israel {Abnhlm and li5Sfl\ll1, I~] I 

In Sudan LSD lias alibhIDcd IlJetf ~"ce 1911 (Au and ~,d 1971) 

In tM Ill!'lct~·. UI len than 10 )'u.rs. 1\10'0 epmlouCi of 1..,1> "erc 

conlirmed. one In 1991 (Kh.W.lf&lUi el aI , 10<;13) and the olllel 'n 

1999 (Annon 1999) ThlJ fitqll~y ofdunse OUt'culogetlK7 "illl 

the bulkb~ up ID SLKIan of I lughly ~h'e pop.o.Ullon of 

ImporlC'd netic ha" gade d.ilry co"'"), wllleh arc ~ prC'dltpOHd 

10 Iht 5e\o'trC etrecl of the duezse ~ .ddllJOnoU p!ftalltt (flCln!\ for 

p!'C'\entk>f\ and nuol of U,D III Ihi, eoucury "upr!p<.''" \KCIM 

(ltla,n n~40 ofKCI'I~1fI ~ Uld!{UII po' ''Ifla) 15 rqulalh' wtd ,n 

our COUIllf}l fOl eontrol of.beep pox and occ:astonally for cllfltrvi uf 

l.SO "O'II>~eJ l(OCcnt repol1i (YffUham ." (II . 1994) of .d~·~ 

thnlCli retichun and Slpticam: ecOllOIIHC 105M'S In !!,gIL ~'eldlllg 

dalf'l cillie fuiIOllo'1Ii \hco "!Ie "f thiJ '-'caM fOI eontrul or I,S]) .... 

lu", tfl'ecl"'CI,. OOmpromiloe its "'Ilk app6cM"-ln for IhI' I""PO!IC m 
<;udm C'\-ef\ thouJll 110 IUd> lecord "'..s obterved hrrc On I~ OIlier 

hand efI'<I(b 10 deI.'e'Iop • homologous celt culture III~IOO ~-.ccme 

frO,Jfll I S,d.rae llIOI.l1C of LSD \'ItU~ has bqun .w;e tatI\ e.ahtoes 
(Au 1"411 1M ..urk CITflN (lUI ()\tr the las! 1",,0 ~IO I'" 10 be 
Il:poocd In a series of articles. or whKh thiS one dOCUmCIlI:i the 

IcdUlICJl CO<1dlllOlUl unda" ",Iud! \'UWi prOpagalluO look I'l.ce and 

dC!.o;'1lln Cattle: patlloFnlQI't' and ImmunogCIIIC" " of hq;t culture ­

pl5~ed VlIUses Had I~ been an innOCUl IIld IIIImunotcelllC 

cuLtUlC-p.1SQgN \'II\IJ;I "'ould Jyvc bun selecled IOlhal ill cfficacv 
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.nd safety u • c:andille VK(:!M be funhu 5WdIecI tnd .,seued 

;\IATERIALS A!'iO M(TIIODS; 

, ' IRl S: 

The \'INII u.ci wu • 6dd stnm of LSD urus, iIol.u:d dunnl the I­

tpIW011C. of the d.ltaJe in Sud.n In 1911 from 'N'luWamia
H 

vill~e (Cenl1ll Stille). wJ.c:h hid been KI«Iu6ed as 'I\eethling" type 
~tllli .nd senally ptOPf&Ilcd III bOVIne. Ddney cdl (BKC, culture 

upto Ihe "lit paSSlgc (All 1911) T~ PU»8e1 Wefe ('n«ted by 
,nocuIItlOl1 of U')'pIIIlttcd ecf IUSpen5100J Of est.bI,shed 

"""""''''' CELL CULTUR[; 

Bo\.qe kidney cell cultura were uted Ihrou&J'tout the ",ark Cultures 
....~e ~ from Jr.lIbeys of c.ah-es .. thM 6 \II'td.~ oW as 
cbcttbcd b) PIov-ngM and Ferns ( 1 9~9~ The ~'h mrdla 

eOClaSted of 90"" Glasgow mochfied .E.IfPes mecb.Im lG'iCM) 
IUPI'Iemenled WIth 0125". laccabllTull h)drol)'Mte (,,"'v) Ind 

9 O~~·. )'elSl e:<lRCI C... ,....). 5~. U')1'Iow phoJph.lote broth (TI'B) and 
~.". bow. Krum free of lIlubod.u 10 LSD \.tuJ An,lIb'(luCS And 
anumycoua. ,,"'eI"e added .u I final conul'luauon of 200 iu penK.llln, 

100 III JtreplOCD)''=III, 52 Sill neomvao and ~ III funsU'OIl pet 

JIlLlliLlcr of medIUm PnmtJ)' monolayefs Wefe seriIlIy ~hured 
., ~ by Fum and Mowngh\ (1961) aDd used up,o the 4 

pusage\eo.-eI 

' "IRUS PASSAG[: 

SWUIll from paSSl&e SO the VINS WU propa&Ilcd on e51abhshed 
monolayers gro¥o'!l III gWs tISsue aUture tubes (I 5Oxl6 nun) Cach 
tube WU InOO.Ilaled wnh 02m I of 10 I \'Jf\I.I d.luuOrt III 1'1Io~l'lun c 

buffered Aline (PBS). FolJolltlng ab5orption for one hour at lfc the 
IIlOlIOlayefl \II'ere feted With outgro,",1h medium and .elumed 10 Ih~ 
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incul».tor When the cytopathic effect (CPE) IITvolved 7~. or more 

of the Meet cover, Ihe medium "'lIS har\'CSled and repla.:;ed wllh a 
lTe~h Olle FuW tw...-esllng Win curied out by ) repealed nodes of 

ITewna al 3o"C and lhI",illg al 3'fC oflhe V.'hole-infCCled culturel. 

Tube harvests from eKb passage Ie-'d Wete pooled, clanlied by 

c.enlnfugalJOII 81 2000 RPM for 10 mmute3 and eumined for 

freedom from bactenal, m)'copla5Jl1a1 and I'unJlal COlltamll\atK)n 

Then It wu used as an inoculum for the propagation of lhe next 

semi ViruS passage" 

TITRATION OF VIKl,S INFECTIVITY: 

Tbe cdl-w,~n tedmique of tltrltion In tubes Wal used Virus 
dllullOl15 were prepared in cbilled PBS NId Plpeued illto empty 

culture tubes 10 wluch one ml or oeIl su.spmsKnI wu added lIS soon 
as possible The \"If\IIlIloculum for each tube "'115 0 2 ml and ~ tube! 
were employed per dilullon The medium was changed on the ),J day 

post-seedlllg 111m every Other day lO.u.rt"IlMllOn for OPE was 

~rformed 6rst on the jlh day post-seeding !hell every olheT da\" unltl 
day I I Tures WeTe calcllliled according 10 Karber method (19) I) 

VIRUS CI..oNING 

The hmllLD8 <Wuhon techmque WlIs emplO)"ed usmg VIIUS dilutions 

ranging from I 0-- 10 I 0-- wh of S rubes witlt es.abhshed 

mOOOla)C1 was I/lOCULlted ....itlt 02 ml oflbe respectJ.\'e \uu~ dilution 

'00 aDov.ed one hour (or abSorptlOIl 

The rubes "'oue exarnmed daily for 18 d.iys for C"\"ldence ofCP[ The 

ViruS dOIle wu harvested from the tube moculated V.l!h the lughest 
wus dilution and showed the least extenm-e CPC 

The clone-s we-re propagacd on established monola~crJ The ~lru5 

han.-e51 was clarified and freeze-dncd after addilon of an equal 

volume of I , Iablher (aqueous solution or l()o.o sucrose wlv and 5% 



J Sc Tech 
lacuIbomln hydrokwte ,,~) Each freclt..dned tot w.~ tlUlled 

"'p....I1«-,and tested ror Iterilny and !dentin 

IDE~Tln('ATIO.~ 0.' VIR1:S CLONES: 

"Nt clones "'C'f'e idenllfied by \'!JUS naJll'lllozallOll test 1M le)t "D 

performed KCOt~lna to the meibod of Villi ROO)en <', III (1·1()9) 

uso". toro~t.". ';(:tUm "amble \ " NS method The- ,.. 
51rt1O.l1tanCOlld), tCSled asanul IIOrmal and ~fic nnmlllh bll\inc 

tnl The specific Immuroe scn were I referen.;t LSD "Ni 

anUJm.om I .. ndly prov,ded by DR R P klTCHING (Inulue of 

AlIImaI IINltb. P,rbnghI LaborIIOt). UK). I cOft~"&Ic,..enr boWie 

serum ~Indly supplied by Prof B H ALI (CVIU. Soba~ I 

boIfIol<'80US b(,\'!DC ,mmune JerUIII produced III (Il1f IIlKnlOf\ 

n ..t:RI)I [~r \L" 'IJIAI.s: 

I\lne tIh'el or the IocaIldlu breed bc:t"'-een 9 and 12 month. ,'f life 

.. 1111 no detettlble ~m IleUll'llhzmg anubod,n 10 LSI) \''la. .. 

tested b\' serum n..,uulll.zatoon I~, .... ~r.., ...sed 

A~ 1.\1 \ L I"OOCUL." IIO~ : 

The ~4111 and the 661! 1 passage le-.els of the \fuW.ml& LSD 

V1N! were used for &IIII!III \·IC(IM.ltiQn LSOV -BKC!P., (d"1It ' " .. -) 
..-I LSD\_I1KC.l'.. ldollt B1 

11Ie nptnmclllll arn~ ",ere sha~ed at the "lIht Sick "I ,he ned 

and dl\'Kkct into three groops Group I or J Imonal., each ...-as 
lOOCIoIbted subcutaneously "'llh TClD). of I,SDV·Bk(l',. (dorlt 

-A~) , Groo.Ip II of. ~J\l",.IJ, all ..-.:re .nnw"'led subC\ltar'c<'1',ul" ... nla 
I ~O\ UKC. p .. {clone ~B l Two annnaU Ir:ccMd 1%:' 1 ( 10., 

"'hilt each (If ttlt olher 1"0 recer.·ed I 0· · T(,ID. The l' ~nJl,lp., of 

1"0 anirNJ~ ..u 1d\ as Wliooeulared CO!'IIII..:! CQrnroi 

Mlmals ..ere obsen'ed clunally for 21 dayl Body tcmpcrall.nc:8 

-
• 
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J ~, T~,·'hC-7C-'____-;-'CC____:-____C7~'"O~I_4~1'")Cl'OO"J. 
",er~ ffLM"deII dilly II I liKed timl" and any , .... dhI'lS III Ihe "It (If 
'lIOCulau,," or·(:hC'"iIrr~ were measur«! b)' I'f"IeanS olWpen 

CH 'LL[~CE T£ST; 

The ,'ro"naI \JOUte of "MIsN!Mll&" LSD "1\.11 II d~ 2" , rl<~g~ 
bfi '1'1 BKC cuhUrf _ u~ as the clla.neng~ ~in.I) 

T~ r~pcrimenl" ~runl"l war challeng~d through 1M mlladcmul 

Ind 'lUbculllleOlU rOllles 2 1 dl)'~ poII·~~,nauon The 

lUoo..llneoul challenge was done hy inotulatlOll of 10-6 T('I I)~, of 

1he challqc \"1\.11 Ill. thal'eeI area on tM rlghl lilk ofth~ neck TIle 

InlllldCf1l"lll dMollenge "'u performed on the I~ft IIde of ,he Md. 

rqpon .~..."rdl", 10 lhe ,n'llIdcmW \'I' .... on mt1hod de~nb.:d 0­
0,\10:1 and \tbulllo\ol (19.~JJ. \ olumc:s of O.bnl of ddutlO'~ 100 to I 

()... of the dlllltI'Ige \"JI\IJ Io\oert mocui.Ioled mlnldcn,wi) ~a.;h I' 4 
dllfo:1flll ales The \IlfeS of the rellCtq challerce VU\I' wen 

cakuil.tcd Icwrd'ng 10 the me1hod of Karber (19) 1) 

Chlll~n!!ed In.mlls "'efC ~CPI on daily ("""mill,) lc:mpCtllur~ fl-':O,d 

lI!d m,peeted t:hm<.:lUy for one D"IOn,h poM-challcnge Tht d,ameter 

or 1m' rutllOn al the ehilllqe sites or clsn.herc "'IS rncII'\Urcd '" 'Ih 

c&bpcr< Withstl/'ldlnl dlall cll8c WIS judged by IbJm(:~ of localized 

relCtions It the ch.all~nl(c ~Ies II ,,"CII u .bwno;e of thermal 01 ~ 

othel fQf!Tl orIIt~.hled ~aclioo 

."TR\n[R~lAl.. H' P[RS£I'\S IT I\'ln Tt:ST: 

~"r pr~11IOII of lbc lest .nugeD. LSDV-IlKC'P. "'.. ~ IVO"'II III 
prwn.,,· BKC culture 1ft 'ICffiJn free IIIAImmanoe mochum ,lI1oJ ",hell 
the CPE 1fI~'IlI~od soo,. of IIIe ~ oo~'~r. the cclb "e~ remm'ed 

with I 1\lbt>cf'-jloliCellW\ and pelletcd by CtntnfugallOn .II ~~ for 
10 minutes at ",,'e The pelIelcd ctlft ..-tlt wuhed Iv.lce "'.Ih PBS 

dcvotd of anub,outa The final «:11 pcllcc wu tllen It9.I'J'Iended '1'1\0 

one-fiftieth of tile ongmal \IOIurne In rBS Uninfectcd control 

" 




J 5c Tech Vol 4 (2) 2003 

cul!urc.5 >\-ere lrt;Ued IIIrIIIarty for prepuWoa orWtllrol antigen 

The oeU JlI'4 "'11 rrom. the lIlf"et:led and the eoouoI cullulI:S "..ere 
subtttted 10 J cycles of 6«llnI- II ·)rfc and 1ha000,"I II J1'C. then 

clarihtd by bsht ~bOll as described bcrou The cd l}$IItC 

I,,-n collected- and I'K1ut6ed by centnfuglhon II 39~oa for 20 

llllootcs at 4~C Poor 10 usc. mugml were IIIKtlValed by hutll\i II 
6O"C fOf" ooe how 

SllI'IJhanea.,uly >\-1th challenge on the 2 In day po~·\'alX:i:natlOn eacb 

tested alum'" \Ooas inoculated inmdcrmally with the lest and oomrol 

mUllens at 4 or 1 cflffClml Siles o\'er a shaved aiel on the nghl SIde 

of the DeCk. the volume of tbe inoculum beIna 02ml'Slte The 
tbcble.SJ or the Q at the IIIOCUlauon SIte wn meuured >\-itb 

eali~1 e\"5)' otha' day ror ODe \Oow If III lI'Idex r<w 
hypa'lCNltwlty BIOpsy AmpIes wert: tUtI'! fi'om the I\-pteally 

reA(tmg 1I1C11D 10'>'. ronMlllle for lutoplJ.boloslcai t'(lmmlt'OII 

OcrECflO;or, 01' 'HTRALlZl!'iG A~TIBOD\ RLSPO;\SE; 

Seq \Ooere eollectcd from the , ..canaled and I:onU'Ol arumalS poor to 

\'lCQnaUOO, p"or 10 cllallenge and It 2 I days PQ:!t-challnge 

Simult&neoul llUcrotilre neutnbnhon tei lS were CllTied out u5Ul& 

the COfUtIlII tenlm variable \'U\lJ method LtI flll bottomed tl_ 

whure lIIICTOutre pille. (Flow laborltones) The W\lJ and wrum 
dduUOM \Oocre prql&I'ed III a d!Iueol COIUI5tlns of 94·... G\1f 1l.t \Oo,!.b 
o ~,-:.lIco.. I~ HqICII buffer (]M) and S-" TPB E..ch \1r'WI 

diluuon ",u mr'(ed wrtb III equal volume of 1is 1iM,0II of pl'C-and 
posHnoculatlQn sen tepamdy and iDcubetcd I' J"C for one hour 

ODe hundre4 IIIIUOIrtre (uI) or elcb sen.IIlVvlruJ mt:ouun \0015 added 

10 cach or S wdls Immediately 100 ul of BKe sutpell~OIl. 111 • 
mcdlum COIISlSUng of 94'.. G\1EM (concan_III 1'4 flepes bufler and 

S~, TP8) and 6". bo\ln~ JerUro, .... eeo:oed for absel1Ce of LSD VIruS 

66 


http:tbcble.SJ


J Sc Tech Vol. 4 (2) 2003 

anllbodi~s, ","'15 added til ~ach w~1I The pla'~, w~re sh.alm lightly, 

sealed With an adbeSl~~ tape and Incubated" rt'c wllh • oouree of 

i'umidily and '" Co, lunospnere EumanallOn fur CPE wu curitd 

oul OCI th~ 31(1, Sill 7111 and the 9111 days pott-~ Virus 
I1I1ft .... ~ calculated aeoording 10 th~ nwthod of Kuber (IQ) I) and 

,he raultJ were ~ as lot: 10 lIIlI.Iuallulion il\6t.: ('I; I) 

obgined by subtnclJng the log 10 Vlrul \llf~ expo5tld to ,he po5\­

,O()CULauon !ItfI from los 10 Utr~ ofth~ "-Iru~ "ICublted .... th the pre­

InoruwlOn scrl 

RESI:LTS: 


CLO~"G, .. MOPAGATlO'li' A'Ii'J) mf'Tltl{'ATIO' or 

CLO'(ED \lRl!S[S: 


T,.,v paMI&e 1eYds. LSDV·8KC'P.. aDd p.. "'er~ cloned 10 produc:~ 

done 'A" and 0' rtt;p«II\-eI)' 

CIon~ "K was dcl«t~d on the -th day post-moculluoo and the \'U'U' 

OO I\ed from this clone hid 10 unc\crJo two "-ICCt5.ivc JllluagC$ 

before it pmduced ext_ve (PI:.. The CPE stilted 10 appear on the 

,th dl)' posHnoculauon and IU prosreu Willi matbdl), slow The 

ViruS dem'ed from thll cI~ (LSOV-OKC/P -.) re\'~aled I mean 

mfro;:llVlty Illrc of I TC I 0", mI 

Oonc '8 .... abo delected on the"" day poSl,moeu1auon and the 
~ma dcm'Cd fi-om tJu ckHle (LSOV-BK(,'P ..) produced ("Pf, on the 

}'" da\ poII'lnoculatton and a mean lIIfeclMt)' litre of 100'T 
elD" .. The JlfOFfli ofCPE ,",'U prompt IPr;l$lC*ly 

Raulu p'C\Cllted In Tabk (I) showed dial d. ~4" JlIUaa~ or the 

\11\11 wu completely naM,bud II 10- 1 dilutIOn by the fefetm:;~ 
hy~rimnwllC ~ Tbc ~ puuge of the V1IUI ...... <.Im,jarly 

completely nt\lulbwl " dilution 10.1 by bolh th~ refetence 

hyperimnlllllC serum and the homologous antisclUlR w1\h I r~"(\"ctJon 
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111 'nfe<:lI',I\ loUt of nol 1ess tboul ~/)oo fold (nnJtnhu1l ·nde'< 
10'· T("!O....) 

""TIIOG[NlCn"l ~OM CATTLE o~' THE 'IRlfS or THE 
",. HOnS[ 10.":10"[' PASSAGE: 

• I "FoIlo•.,.,\'Io, tbe WIxuIAneOUll 1DOO.J11UOIl 01 II) 1("10·.." L:;O\· 

8Kc:P .•. I 8~ felitlJon 111 the form uf' IIIenr.... of 104 9"f 
WI! delco.:lttlln one In,mal out ofu.ee TIlls anrlNll md anvtoo one 
\kI.·doped loeaI,ud ~ael1ons II the Jil t of ITlO<.lIlaI.o rl ... hlle Ihe Jid 

aruma! ibowed 00 ructron ",h.l~·er T~ louh7ttl reKh••n 111 the 

fl!lI llUmll won. ,n lhe fotm of. ~bcmaneouJ lump 14,1 I em 111 

§ile \ll1h I \ef) illI./J,.l:J region.1 I)mph node o!"laraernenl I r'i!! I). 

and 111 the v.;:ond .nomal II \lU mrld III Ihe form of • ,maD 
loUOCUUllC('lW IIQdule t lO\lo:"oCf. both forms "'efC of pen.t'lefII n.uUIC 

bc8"'nruno( 10 $Ub~ 1'01 IJdOrc, 1-"'0 "'ce~. IK"I·'noQIwr"n Tbeo, 

"'t.~ 11,,\ ~lr:ul &lid rC,Ollt»KlO ,,,,,u(fed "'''h 'III ~ )th,,", tT~ 

1J 

PATIIOGtl\lClrl FOR CArr!..E O~ 1H[ 'IRl'S OF THE 
6(,- KO\~[ KlD!'I[Y PASS"C[: 

Follo"lO~ ,!lI,KUIIII,1I1 (lfelther 10'1 Of lit: TOI). nlhcul.ulI:<lU~ 

J,,"clhnlti de...clopeil II the 1I'IOC\lllllQn ~"ei 111 thl~ out ~,r roo' 

.",..w" (F,.!' 21 Thc5e whzed Jwellll~~ .... CIC OIX pI",f,,[ .mel '" 

lbr: 2"" ",ttl<. fIOIl-tnocuYuon ~ ellbcI" dCUUJed m.uledlv Of 

dtSappeued completely \I 'tbwt C\lldcn<:e of nea_ The 41 h .. mmal 
did 111)1 .,.. 111\· IICII rncuon (TablC' III 

RI:ACTIO;\ 1"0 THI' 51 B(TT.\'[Ol~,CH" LE'G[: 

I~ In·con1.lr:t ~onuol arumal 1\0 1()1.l ~hO\"ed • lIIO,IOn1dt" hlCl.aed 

reaction It the Mlbcu,.rtwus ~h~C' 11IOCU1.. ~,<,1' QIC Thll 'o:KIlQII 

51artttl on IhC' ," d~v poIt-challcnge and progle53Cld ttcaJ,1y to a 

rlinful swellH" ..... ,Ih • m,alCimum 1IZe of 6)\~ 2 em bv the 'Jlh d~y 

- " 
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f.~1dence of I'I«ro~s WllI present m th~ form of a central del-'res'IIon 

but no tklusJllng OCCUlTed The ''''e!ling was of persi}leont nature, 

four ",ec:k, post-clwllenge 11 hId a size of 2x2 em ahhou.!!h n bellan 

to regl"cn ~IQre el,ghtten d.~s In\'Olvemcnt of the local draina!!e 

Iymrh node was modentt but general,Zlltion many f()fm "'II. not 

lI(>I,ced The other m-contacl cornrol ammaJ (~o 3(61) dc\.dopcd a 

Ino}ltory small Jwdlllli al the clWlenge ioocubtion site ., da\"S 

later, wlucla per)lned for 1 dll' only Aho no signs of getlcrjJilAtion 

.... ere ncniced 

All the Intm.als \'8~..:lr\aled ....;Ib ... Ih or 66'" passage levels developed 

nel1her • 8erxrahud nOl'" a localw:d rU(:I,on 10 the 'ubl'utan~'Ou' 

challc"l(c, ho\\oe',cr In anunaI No 3028 (vaccinated ....llh the 66­

pa$$!.~e It\'d) a IranSl1o!), hardly d~tcclHble swdlmg was noticed by 

careful mspeCliun on the 7'" dRY poSl-cl:rallenge (Table II) 

M£ACTIOI\ TO 1 Ill-INTRADERMAL CIiALLENGr. : 

In the rn-conlact contrul aruma! No. 3034, lhe challenge Vln" rra",ted 

.1 I IIttt of IO"caule sinn mfoolH: dosesu per ml (Table III) The 

1('ICII111.ed swellmgs ...."ere pamful to touch and pemslelll Thuse 

devdoped al 10· alld 10" moculalion SI1e!1 were ta~cr "jlh 

deprdsed centres., appeared earlier (un the .... day p05l-cl:r~lIen~~) 
all!! dlAppeared later The other 'n -canUlct conuo! animal (\;tI J061) 

reacled to the 1Olrndenn&l clWlmge lit the 4 rnocu!alron )111:, thai 

rt«l~ed 100 d,!uhOn of the WUi. Small s .....ellings had de\~loped at 

tnose ~l1es on Ihe 1" day pwt-ch&llenge and dIsappeared j d~\, I~te'l" 
'<0 geTltralucd rcacllon ",as n(llliccd m the fWO annnals 

On lhe (lther hand, all the vaccLnated animals do:, foped • 

hypcr~tl\-,t)' reactIon lit the lDUao;lennat caUenge Inoculiul(ln ."~ 

of dilutions Id' 10-1, and 10,1 (Fig 3) The reactiom ...."eTC C(linidcred 

50. hecau:IC of lherr earlo." onsel and thetr transient TLllIUrC Ihe>.' 

appear"d 4S boUTS post-challenge, ~aned to "'ant on the )'1 day 
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pcm.challcngc and dUappcarcd complctely by the ume the pcm. 

cIuIlcnge feactlOO began 10 ~w in the in+oootlCl control animals 

H'·Pt:RSF.~SITIVITV TF.ST: 

Table (IV) shows that all the vaccinated \UUmals bave de,eIoped a 
t)T"cai delayed h)llCf5CJ1Sltivity r~lIOn, ",hercu the m..contacl 

oonlrols did DOt Forty elghl hours poSHDocuJallOll of Ille heat· 

inactivated LSD \iral antigcn, t"'O to three fold Increase in the ~J.::1n 

llud;.n~u was recorded at tile mJt'Clion SIlCi In the "Iccmated 

arumals (Fig 4) The reactions $Ianed to rC8rCSl on the .- day JXISl· 

looculauon. T he rate ofrtgrcssion was markedl~ slow In arumals 

• 

r-.o )028 and ) 102 801h tbcsc atIIlrIafs 1w151lowed no post·,accinaJ 

chmcal ruction and later were found to be ",ithoul Slglllficaru 
1ICI,J\raJil:II1I.nhbody TC$pOn~ 

Ilistop.unologlcal exanullauon of the lIuckencd skin Ii the reactioo 

Sites demonstrated nlOOOllJClear cell mfillralJon prcdOll'lUllntl\ of 

small size but no imracytop1asmic inclusion bodies 

Inocu!~lion of mod he.Hrealcd antigen from umnfectcd control 

cultures did DOl produce any reactIon nculler III \'accUlated nor 111 m· 

contac t control animals 

At)'PfCal hyper!.C!lSltl~lty rcactJon al LSD ,-ira! anlll!CJI lllOCUIation 
Sites in annna! f'<o )034 (in·contact control) dIowef colooderiuJly 

"'1111 rClctlON at the IlIIradermal chaflel18e Sites It d!sappcarc:d after 

4·5 da~ wl'lerell$ the reactioo al the challenge SIICS ptr'l51ed for J 

weeks • 

• 

T",'O of the anutliis vaccinued ....ith L.$DV·BKCII' -..develored quite 
Sl8ll1ficAIlt neutralizlOg amibody responses 21 days post_vaccination, 

TIle third animal (~o 3028) showed an 11151l!mficAIlt response on the 
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pasI-\'acanatJOll ~m but I strong rnpot"" was dClCCled ~ I d;a)'s 

POJl-<lII1la1ge (Table V) 

11Irff OUI of the lOur caI'~s Vtc.CIn.ued ""III lSD\--8I1.C''P 

dt\eIoped ..,," IIpficmt netllt1lh,mw IlItIbody ~'potlJC$ 

rono"'lIIg \-'::CIIII.IIOII, IO.hde the 4· anumJ C-;o Jl02) filled to do so_ 

Ifo.... ewr, e\'Cfl tfln challcllt'e -.d! respon'le ..-u !lOt detected in this 

INmal 

As shoo"'n In ..ble V, ''aCanatlOn wnh tile <4" PURge leo.eJ rhcued 

lugher Ie>'els ofnrutrlhz,n8 InhbodiH thl.n VlCCllIII(lon ""til the 66" 
pUUllie Ic\-cl 

DISCI 5SI0' : 

'Il!c IcrumuJlllon or I Ittgc number- or mutltlOn, in the prl'l:eJS of 

5Crial pa....:, of wdd-typt 'Uus through cd! culturc is np«led II 

genenlly leidl to "'JOrOla gro..th In that panJcular Cl,llt",~ cdJs 

and PfotVes5l"c Io5.s of \lruleoce rOf the Oflgmal _ Thr \lruS of 

the ..th pa,ssage Ie\'d (clout- '-B, showed rugh IIlfe matenal and an 
Hr~ Pf'OIJeJ5I\~ erE In rentast the WllS oflh~ ~4" passajle (ell'lf'lC 

"A") showed lower titre materia] (by Ippro-cmately two 1".'1 UnlU) 

Ind I lite slo .... ly pJOglCSIIVC CPF Tally ....'Ih tbHc obserulions, 

doees IS high as 58S 000 TClDxo of the 66· p.usage 1C\'eI lluled to 

produce unlo\\'lud clferts in the vkI;tlIlIcd lrumall, "'~~S doses 

U low IS ~ 000 TCJD- of 1M <,4" pass;agc produced Id\cuc post · 

\'lCCU'Ill d .........1 reactIOn \tortO\"cf the locaIi~cd rekt",nl tllat 

IOlIowcd InOc.liulOll of the 5<1" pluage III Ihcn\5oCl, n, "En' 

cbstJ,.. ......·bjc from those ",ta.eh rollo",,'cd ''acanauon Willi the 66" 

~5a¥ Jeo.'eI by t'- persistent natw"C These rClllltJ may IIgnd\ 

tNtt I dearee or IlIenu;aU(ln "', been kmC"ed at the 66· ruuge 

,~" 


It JCCIIIS that the Ion of virulence between thc ~. and the 66" 
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~TK~h____-,__cc-,c<,-____________~V~O~I~'"("'LI'~'OO~l 
!he ._1'11\'" that tbe 54- p.nlge 'eprnml, • f~'<l""ly 
Fnec<,.U\' pwe bne of I high/I m~-.Ji'e \'INS whik the :nd ~!!e 
level 'S I. lDllI.ed ,val population (.,...,we llld non-invuj\e), eould 

fcxm an cx("l..onal.oa ) 

n. rroll:CtiOll (If the uccm.led anImal, ",hen clIIIlrn!led with 

"Nient LSI) ''IN' thre-e ",ceIu; lIu:1' "as md,eal1\'c or I~ 

'IM'IIIno,:CnI<:.rt) of theW!: iup Jllssqe le,,:1 ,1N_ The polit­

ch.Jllcn~c reaC'lIO" ,1()1,~ed III .....I!Y.I ","U 31)28 (Tah!!.. 11) ".s 

doubtful and Irl.l\tllOJy Funbennore, the de!:«uun of Stfocon,'(:fSlOn 

and h'pdlC!n"',,1y 10 LSD \Ira! anugCfl m the vaecinatcd U'lmals 

Wb ~>O Indi...."'e uf the Immunoi!cmcity of Ibc'Ie htgh p.ils,;o~c IC'o-el 

\lNM) 

II ,\ C\.dcnt that all deelllaled ammall. "l'Icther thc)- hid (\o,'\Cloped 

pOI.A..,XlP'! Joc.;ahzed reatlu,)n and KroeOtwcrted o. Il0l, "'ere 

~-pcI'IC!II$tme to LSD '"~ anup!n Tho tUldina II DtII bv II', mwt.S 

the fi'1l, Capstl~k f 19~9) ootieed lliu one ammal wbKh h,.J not 

rUl.:ted In I SO \1N5 IIIII~ dlallense cdutlllcd on ~-.;t....llengc 
UI ,nlradCInW lru.:kmmg C&pstico and COII:~I() (I %2, de\duped 

"" IlIII.detmal h)'pe'it"~ltmly test IQ delect the unmunc ~'l.le of 
Cltlle 10 LSD "lUj WMds (198.11) ~ed I. JilPllfiCiRl role 1'0, cell 

med"led lItvn"",t)' I., the "_ ructIOn "lIhm oodlllcs of LSD ,S 
Iltgdy due to cellular infiltration "'lIh I)mphoc)'ec<; and 
~IOP~ ~ ob..m.llion of the rlpid 'Me or rqp~ui"n ...f 

hJ.~nqu\ II) 1~1J(1I'-"" In ~OO\cned amm;,h 11\ ~omJl<'- "''" 10 

11lo)C ... nh pO (lr ... nh in"I!I';I:iutnl neul11lllZlD¥ lI'1ulx'ch , e<f'Ol\K 

(~mml.b '(I loz.S and '0 3102) lrYy be liken II 4tI npre..,on or 

a~ ~ynCf).UlIC let ,'HI bcntottn the ,~II~lar artd Ia.moraJ lIQIr\l1nlh lD 

r~\" ofl SO ...,ral anlJj,\t'n from 005,1 bialCO 

II " clear, Ihll botll h,¥" ptw.agc le\'eOl fa,led 10 produce _ 
Jian,fio:am nClJt.-.JillT'I antibody rcspon$ll In "n"'llb willi no po\l­
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vacemal IocaIlUd ructIOn (ar.imah No ) 102 arod JOn) .\ MlIIM 

5W.e of uu., "'u nO\lced ""ttl the "rut of the Jnd pl~l'e Ie\-d 

(anorn&Is "-0 JO~' and '\0 3(61) ThIs sec,n, 10 be due In nalW'1ll 

re:sHI&DCe tbd IIIImpcr I/l-"WO \'tI':aI mutupliCl\lon IDd consequently 

prt'\'tnl ICOI'UlI of antigen k-o-ds JllfflQenl for "'I1'&1""on of lhe 

hU1TlOIlI1 unmune mecNnism I e not re4lcd 10 P"""ic It'\.el 

\\'Iu\e-.er the ta:IC I sl!rulu record "'&5 ob#n'ed ""th the South 

African "Neclhlma" type vatcme (Weiss 196.) Plowflibt and FClTis 

(1962) reported IK) SCfotOfWer~' On In 10'"4 zebu uttle "ccinated 

....ith about 100 TCI050 of the 91- pa.uage of Klbete "(f' W'aln or 

rinderpest, ",here .. Friesian Uld other lugh grAde CltUe all rdp(lIIded 

ioCfolog1caDy to the _ dose of \irus They SUspe<:lecl a br~ 

wJlotyncfU\O or MIlne dd«1S m ampouleJ ofd"cd Vlru' 

On 1M othcI" Mnd, II 11 eo.ldcrn tnat the \"lIUI of !he 6lI. P'~5<lge 

produced 11)\IIo'V \e1.~s or ~ antibodlet u.a did the \11\15 of 
1M ~4· ~c: TIu, rna, SU~ ,na, atleruMlOf1 "'It iluotililed 

",",h dome deca~lse In Immunogenu;in' SU1UIu 1UtQlC>1"'" "'h 

reponed for shHp POl( \'IIU~ senall:r pUMgcd In Iunb and bonne 

LidDer cells (Manul ~ aJ I97J) .nd IKl\'ine rda! mu)l;le cells 

(DI\'IC:S and Mbup. 1985). AccordlDgly, I' is of practICal 
5lgIlIfican« to fix thls degree of anmU"lon by .,uKhn!! Of hlT11ling 
as rar as poulhle fi.uthet pus.age of the \11\15 

1.1 ~'-~ hip "'*".. iIII'C CIIfI'IbIc: e¥...-mo_ ... l.;IIlit .,..,'" 
LSB \11"_ chal\eJlp lbe \11\15 of the 1>0. pasap \e1.el " ~fc:r !\lid 

n grows more readily I.D BKC cu/tur~ It is tdec:tod ... candldale 

vacane Ig.IIQSt I SO II 15 hoped to be • ,~ ad.Jmon to tbe 

prophylacl\e mrasures 'SImst LSD The nlll(......l~ of 
lilt use or lI~e ,-n'll VICCIroes lies m their capablln)' 10 rcpli,atc m the 

hot' and ellut an immuroe response SInUW to that 1X':"""I]; .fter 
natural IIlfCICIIon Accord1l1gl)" ho!11()logoos VlIC(lneI lie exPC-Clecl to 

be $l.lpenOf to Immunologically related betffotOgOUI VacCInes ThJ 
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IS pvtlcululy liklfy in this cue ~ capnpox \vu_ unlike 

\',.;:c:uu and oowpox ~VU!le5 ale kno1\'11 for lheu IliIITOW 

experunmt-' hosI: l'II1ae SamiWty in the (!rid, IWUnI mfralOll of 

shetp PO" ...... reported ooIy in Ihtep and goat ...'bIIe that of LSD 
VlfUI ..... reponed only 1ft Qdtle and bufruo (F_ ~, at 1987.) 

\Iam' Middle Eut (ountncs 'A1th 110 LSD but 'A1th enlOclI ... JbeqI 

PO' ,",1 Luge populatlOll of ((obc hl&h-arade dati)' rov.'S leponed no 
pox-like dlseuc nor eYldence of capnpox "lent rnfettion 
(seroeon\'cnlOn) In the catlle popuItion HOwe'oer. the \'Inue of host 

Jpec:iooty ~med to be lost to IOrne «tent In the Kenyan Qlttp and 

- &.ml Pf.ll. WUS IJObtcs (0I";e5. 1916). whit furthcf- ....ppon their 
use as Ii\"e UIXlneJ aprll$l LSD. yet rMSeI the pcu..blh) of 

eultlUOII 1ft palhosaKlly fOf cattle hid they been JlUU3ed In this 

target sp«reI) The Iwer ","'U 'ppareatt.' tIw cue as the 0:40 tmln 
of KeII)WI Ibeep and 8~ poll virus .ray ~kaIIatCd Ihtep but 
pI'IXtu.ed 1Ih_ elllueill (cacuoru an luah-If'dc d&ll'o co....s 1ft 

l~e.JI 

At laR II should be emphutud thu, In !pile of the IC«t11 .d-.lIntCS 
In molecular btoIogy and gent1ie engIllOCIllIjj.. 110 vacane Gin be 

Constl'\lCled WIth any de5lgNIled ~.·.'leQIlence (Femei'l:l al.• 

I 987b) T'IMt" larg"'Y beawe the molecular bur. of vil'\llelkc for 
molt \lLru~s IS IIOl y~ undcntood Wllill to ",,'hen tillt occun.. 
alltnUaled h-e VU\U \'KCioes empncall) dcrl\-ed by JCrUI pusaaC$ 
on cell NItII«' will ,_ po....erful toob of prophyla;m and tbar 

procas of moddialion ...11 rcnwn I weG-based mel 

rrillI\'d\'rl'lO\"ei approach of wide appIic:auoIl In \'C'Ieno&r') mediCIne 

00 the other band. DNA tccl\nokJgy tIIII p«IIIIlS IIIC COn$lrualOll of 

ro:oombinam \lruses, based 011 the concept of best !ip«llic polC 

~lru$C' &etl", U \Ied()f" \·...ar"a, ",rJJ add I full undefJlandlllll of the 

molKUlar biolOj)' of tllIl eandtdale \I!II:emt sUlln II rtqUlfCd before 

such polJiblhty il explOited 
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;~;Tlh --,--1~_":-".-i~l~.----':_:--'-i~---,"[_")_'00-"' 

\;d - m!r~fflt1.&I chaI~e SlIes 

SIC - subcutmeous challcll~e !Utes 

T.ble III Intudel'm.1 tilrilio. chaUenre or LSDV.Be.:C!Pl in 
The in-conlaet (l)ulrol .n..... 1 (No.JOJ4) 

II l'oJI-rhlllllrnv 

TABLE IV I.tradennal hyprrwlltitio il}' !e.!" 
v..... 5.. ,.., I{h , ­ , ­.­,- ­ ~ " •• •• • •• •• • • • • - " -
 , 
 , • •• •, •• •• I : • • ,•• •• •.". •• , , • ,•, -.. •• , ,•

• 
,; 
• 

·
•" •, ," m • •• • I 
• I : • ,.• •• 
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Site I ••d II were moc:ulatcd WIth 0 2 mI of LSD W'llanligen each 


Sile til I nd IV wert tnOCUlatcd wrth 0 2 ml ofcontrol .nlig~ ea.;h 


• LOI.' TelOs. 
I ""m pr.~'aCeiIAIIon ~ 
2 'Allh 1lO't'~~11\Uioo Kri 

1 .itth pte-cballtftle len 

• WIth poSl-dlallqe ten. 

" 
Mutr.m..1iOrI mdet 


N D ~ot done 

List or FiaurH: 

fig ( I) SubcutaMO.lJ lump followins inocullluo.! o(LSDV·8KCIP)< 
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Fia (2) SubrulaoeouJ lump folow1llg 1DOQI"1JOa ofLSOV-BKC/I>.. 

fig( 3) V .......... . ed IlllmaJ -lRlrlIdmnaJ IHl'1IlIon cballtnge (Forty­
.1 /)oun pI.UI~)IJ~ r.:bOllJ .ppeared M 
10' 10.1• 10..3 ud I(r' dlluuOll moa.aiulOlllUl'S 

• 
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