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ABSTRACT 

Orungo virua, n hitoorto undonoribod virua, flrot ioolatod 

hoc ~ pool or Anopholoo OOOquitoOO Cll116ht or£ hu!:l:ln bn.it in 

UBMdn. wo.n otudiod by biochomicnl, biopeyoicnl 011d eoro

cpidcaiologicnl cothodo . Thooo otudi.oo noro conducted to 

olt\OoUy O:rungo viruo, dotomino antigenic dU£oronooo botwoon 

Ot'\lf\80 viruo otrnine, 011d dotor.lino the hoot rQ1180 Md extent oJ: 

iJU'ootion or Orunao •tiruo in a.'U'l Md anim:'\l.e 1n llie'orin. Tlw 

toohniquoo ocployod inoludod ronctiono or Ot\IJ\80 viruo to ph,yoicnl 

nnd ohornicnl o.gonto, electron mioroeoopy, to dotorr.U.no tho 

\1l. traotrueturo or tho vi.ruo 1 noutnl iention toe to 1n n0\1-bom

cioo 1 oomploDCnt £ixntior.1 hooD8glutinntion nnd ~ gol pl'\loipi

tation tecto. Othor tocbU.quoo uood \/Oro plllquo !'omn.tion in 

tioouc cul turo 1 cxpo.rir.IOntnl in.Coction of lo.borator.f nniJ:t:\le and 

tr~acioeion otudioa wit~ arthropoda. 

Orunoo viruo 1 t~itb n virus po.rticlo oho of. 63nn nnd 311 

1ooaohodrnl cnpoid oo:tetruetion no.n found to bo ai.milar JJl rUl 

dDWle of oorf>holog· and 1:10rphogonooio to tho orbivir.woa - n 

SX'OUJI or viruooo 11h.l.oh a.ro aorologiol\lly \11\%\ll~tod but corpholo

gic4lly end rnorphoeonotical.ly idontiool. OruJ'l80 vinlo eM-No 

vith tho orbivirurco, th.l ooCDOn proport.y of rolntivc otohllity 

to lipid oolvon~c ond oodiv.::s dooo]Q'Cholnto , l.obllity nt piJ ) , 0 

an.1 lack or ant16cn1o Nl:1tioneh1p to MY or tho ~or ooz:ologio 
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group A, D nnd Dueynr.roorn. OX'Ill'\{,"0 viruo nae found to bo th!lmo

lahilo at ;G°C , ccnniti-,o to UV irra.d.iation ond trco.tmont with 

BPL nn4 fol'tl!U1n . T'r.o ho::~t rango ouoooptibility iiloludo tho Swiss 

olbino trl.co , hanotcra, lnobo nnd rabbito . Spo.rro\lo Md cJ.a.y old 

ohioko noithor oirculntod virua nor dovolopod nntiboty follof11.ng 

inoculo.tion nith Or.mgo viruo . 

Oruneo viruo mul tiplioo \iith rosul tnnt aPE 1n Voro ond 

litK-2, ooll 11noo, 'tut not in t\odos albopictue coll oultur .. a . 

l~orimonta.l tr:mm::.iooion of Oruneo v1ruo n~o achiovod uith Aedo..:o 

nlbopictuo nnd .\oc!Oo oogypti cooqu.itooo inooul. tod b:/ tho intn-

thoracic routo . 

Orungo v~o do ... o not alum hooaaglutinati.ng :l;)tivity, 

hom:vcr by CF, llJ\d N toots v:lrYin8 dogrooo of difforoncoo ~:roro 

doconstr3tcd ~woon th ... Orungo vi..nlo otr.Una. In I.GD tcato, 

thoro ~taa a OCr:II'j)loto lino of idootity 111th oll the atr:Uno. 

Stl."llin II6097 \ llrovioualy 1'0portod OUI o. atrai.n or Ol'UI'\80 vi..nlo 

tiM found to bo '2a.t.oeuino virus . 

llcutroJ.idn?; ontibodioo to Orut\&'0 vi.xua voro dotoo~d in tho 

ccrn or OM ond -;nil:uUo colloctod .rroa di.fi'ozoot parta or lligorio. 

Thcl:\1 vno nn incNMing tTOnd in -p:rcvnlonct. rato !roo tho rot 

foroCJtod o.ron to tho drlor or:wann:1.h l'(Jgiono. In adcl.iti.on tt-.o 

prcvalcneo or Mtib('dy inoJ:On.DOd uith '180 • 

The oo::nonly d.Pccribod ~·t.o~:~o or 01'U1180 vi.ruo in.footicn nro 

mn,. r .. 'Ytl~ or nhort ~uration , oyn.lelo., huad..'1Dh<.r .lolltl ocooaional 

'ITOOO\cae o! t\10 lnuur oxtroui t10ir. 
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Tho otor; or Orungo virus io ono or into:mntionnl co

opor;\tion . 

Uy oinooro Md profound grntitudo firot or all gooo to 

rroroooor /\ , Fo.biyi , tho Director of tho Virus Rooonroh Lt\bo:rntory 

nho mrpcrvioed the invoatig!\tiono on Orungo virus. 

Dr . G. 'B. IU...rya., uho BS tho lJCJad of the Dcpnr1::acn t of 

.ubovirology or tho East A.rrican V11'\lo noaoaxoh Inotituto gnvo 

hie vory otl:ong oupport f or tho otudy or thio vi1'\lo1 dooorvoo no 

lo so an approoia.tion. Ho, it wno, \lho g:wo tho in! tinl courtJ60 

to onbo.rk on this project. 

In tho 11rocooo or atudying Orungo vi.ruo, I luld tho priviloctao 

and tho r3r0 ol)pOrtunity of uorking uith ocinont ociontiato (too 

nUI:ICxouo to Hot) in tbroo of tho boot roaonrch lt\bor:ltori ... a in 

tho United Sta.too or .\ooric:l. I uioh to pla.cil on record ey honrt

folt grotitwlo to oll oy friends and oollo:'\8UOS a.t tho 5l)oo1al 

i'CLthoacna Divioion Md tho V1ropnt.hology Division or U1D Centro 

for DieoBBO Control (COC) A.tlanto. , Cool.l)i41 tho Vootor Dome: 

»1aoQOOo Divio.lon or t.11w OJX: nt lo'ort Collln.a, Color:Wo~ nnd tho 

Y!U.u Arbovirua noeonroh Unit of t.ho Dopn-t:lont of Epidooiology and 

I'ublio Rooltb, Yol.o Univoru1ty School of J.!ocllc1no, ll<m Ba.von, 

Connecticut, u.S.1\. They g:~.w oo CIUDh of tbo.1r tiDo nnd onar8)" 

tp holp IIClDOanc:o "Jbo ua.D po.rt1culnrly in a. burry. To r:r:t collaQ6Uoa 
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in tho Univor fll ty of lbndr.n nnd tho Viruo Rooooroh Lt\borntory in 

pnrtioulnr who n~ririood tico IUld Mtor1n.l. to soo tho otudios 

on 01'\IJlCO viruo cooo to rru1 tion , I oxprooo n oincoro grnti tudo . 

lithout n happy hooo to Ntuxn to , or n tender loving coro 

to blunt tho ohn.rp cdgoo or r:ruotra.tion ond diaappointcont or 

roaoo.rch, 1 eight not hnvo oocplotod thooo otudioo. To doar 

Omo11Uili , my trU'o , nnd Olt'\IU'Oitaju, cy son, you both told QO it wna 

north ol.l tho Tthilo . Thnnk you both oo vory CJUoh . I juot nondor 

nhat I trou1d ho.vo dono n1 thout you both. 

J,!y oincoN srt\ti tudo to Dr. l'. Tukoi, or tho Eru.::t Atrioon 

VinuJ Roaon.roh Inati tutc 1 I::ntobbo , Ugondn ltho oonoontod to tho 

uoo or Orungo, BD tho n!lllO for tbo viruo undor otud,y, otho~ico 

thoao ~u1d h"\VO bocn tho atudioo or n n!\DOloos virus. 

Undor n ooBtin8 of raodooty, I uioh to pnt eyoolf on tho brDk, 

for ~ job '!Toll dono , juot in 01100 no-ono ronotabOra m;y otm contri

butiono. 
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1 cortUy thnt this vrork ~1::\0 co.rriod out by 

Dr . Oy<mnlo Tooori in tho Virus nosoru:oh L:lhor~~otory, 

Unlvorolty of Ibadnn. 

.... - ,_ ... 

(}!~·cp~}• 
porrleor) 

/lkinyolo Fnbiyi , B. So. (5¥%'•), 
n .so . (Jonh. ), and Ph.D. ~PoM.) 
Roooorch Profoooor of VirolotY 
Viruo Roaoo.rcb Lcborotory, 
Onivotoity of lbadon, 
lbod~n , lli~tCrio. 
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t\BllREVIlTIOh'S 

a prori.x .for virus ieolnto froc Mitlalo 

D profix fOr ViruO i00l~t0d flOC arthropoda 

n bovine olbuoin in borGtO OalinO 

a bovina olbucin diluont ttith ponicllUn Md otroptoeyoin 

= botapropiolactono 

"' bolanood salt oolution 

~ cooploccnt fixAtion 

::a oqui vnlont to lognrl thn to baso 10 

a Eo.at 1Lfrioon Viruo Roocnroh Insti t.utu 

• profix for viruo ioolntc !':roo hucWl 

• hcnAgglotinotion 

r::a h<n:lllfmlut:l.no.tion-inhibition 

a iJ:cunO t:IOUOO l\.001 tiO nuid 

= intr:worobral. 

a intropuritono3l 

• intrnvonouo 

.. losnr1thm or noutr3lizing indox 

• nu:lbur 

• poat inOoulntion 

• uubautllnOOUD 

r . -p .n • • XOVOlutiono por a.imlto 

• • \ .R. U . .. Y3lo :..r'bovirua noaoaroh UnJ.t. 
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t\BDIIEVU.T10h'S 

• 
All c prafix for virus ioolnto from M.il:uiJ.o 

I.R .. pro!ix for viJ:wJ ioolntod rroc arthropoda 

DADS a bovino albunin in borato online 

'Dh./PS c bovine albumin diluont nith penicillin nnd ot~ptoeyoin 

BFL .. botnpropiolootono 

nss • balanced oalt oolution 

CF .. cocploccnt fixAtion 

dox "' O(luivalcnt to logn.rithn to baao 10 

Eh.vni .. Enot Mrloo.n Viruo Rooc.aroh Instit.uto 

R = prefix for virua iaolC\tO rroo hWlWl 

HJ\ "" bi:Ini:I8BluUna.tion 

llAI/m .. h~:oagglutination-inhibition 

DIAP a is:!:runc couoo Mel tic nuid 

IC .. intracorobral 

IP a intraporitonoal 

IV • intravcnouo 

L.ln 

Uo . 

p . i . 

BC 

r .p .n . 

• lognritbD of noutr('IJ.1z1ng indl:lx 

- nucbor 

a poet .LnoO\Untion 

• Bliboutonoous 

1a ;rovOl.utiooo por ainuto 

Y:Uo :.rboviruo noooo.reh Unit . 
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CJL'Il'TER 1 

Ull'JlOWCTIOU 

Tho Vil'\ls RoBOn.rch Laborntory in lbndM VlUI oDtnblinhod in 

196•\ prinoipnlly for tho folloai.ng objootivoo: 

( l) To dotonaino tho incidonoo nntl pL\.:vnlonco of ru:hovi.J."IIOe 

1n llieoru. 

( 2) "'o l oaXn tho oisnifion.noo or auoh viruaoa to o.'Ul Md 

domoatio nniml\l.o. 

(3) To otudy tho apidu iology or thooo vintooo uhich plQ¥ 

oigni..fioont rolo in the honl. th n.nd ooonooioo of I:Uil nnd 

onltl;Uo. 

(\) To conoidor tho npplio~tion or control oonsuroo bnaod 

upon tho kno~lodgo obtained in purGUing thoao objootivoo. 

llot1toon 1961\ o.nd 1971 ovur oix:ty d11'foron t typus or virusoo 

uoro iaolntod fl'Ol:l !'Inn, nnLJ;Uo Md nrthropods. Somo or thooo 

vi Nooo VON iool11.tcd for tho f1r11t til:lo in tho world. The groupo, 

n!l:rs r.nd Ib'l.dD.n prototype nucboro or tho vJ.x,tooo ioolr\tod in 

llicorin n.ro oho\10 in Tnblo 1. It 11ould thcroforu npponr th"'\t to 

n laxso xtcnt , t.ho r h"'lt objootivn for oot:\bliohing tho Vinla 

RoDCnrcl\ Lll.bort\to:cy hod b<.>cn nohiovod. 

llovavor, "TIQrt fl::oo Tlh~t vaa ltno•m nbout tho nlrond,y oetl\bliehod 

•tiruaca INCh aa yollou favor , donguo nnd ohi.kunsu.Y~. wry llttlo 

inrorr-'\tion UIUI nv!Ulnblo in ruapoct of tho ncu viru n 1oolntod in 

-

0 
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111gorin. flor vi.ru&aa DUoh no Sn.bo, KotonkM or Igbo-Ora, no 

Womn.ti.on ua.o cwo.ilnblo o.o rcgo.rdo their o18n1CiOMCC to Cl4ll 

r.nd dot:lOntio B11.iJ:ll\l.a nor uo.o rmy in!omntion a.vnilo.blo n.tJ to the 

cpldoclology or tho vi.ruooa in lligorla, not to contion nppllc3tion 

or control IXI"\B\.1.1')8 for such virua 1ni'oot1ono. In addition, t:10ro 

thn.n 7 viruooo h3d not ovon boon clCUJoi!iod 1\.8 to viruo group . 

In n·•ort , tho othor thl.\:lo objootlvco for oat:lblishin8 tho Viruo 

Rooonroh 'Lnbor~tory \'lOX\> otill to \» a.ohicvod. Thll prosont studios 

on tho b1ophyn1col 1 bioohocicnl nnd opidocdologioal ebarnctoriotico 

ot the vi run originnlly dooignntod o.o Ugt.!l' 359, •tilllo.:Jo .!!.! & · 

( 1962), but no;~ known na 01:'W180 viruo, Tooori ( 1976) QX\l tho begin-

nine or nttompto n.t tho xon.liontion of tho othor objootivoo t or 

o ntnbliehina tho Virus Roeonrob Loborntory. 

01'\\ngo virus ttns firot ieolr\tod !roc a pool of .\nopholoa 

nocquilooa cQU8ht on 'hw:l:ln bo.it nt Ol'\ln8Q , Toeo Dionict of Ug::ulCb 

( IUUoco ~ nl. op oi t . ) . &l'lcvor, apnrt froc thJ.o or1gino.l 

ioolnto , no oth r utr.:Una or tho vlruo h:!.a to-dnt-. b..ian ioolntod 

in Ugnnd.'\ !roo IU\Y of tho thouo"..lda of cooquito collection nnd 

otb:lr spcclDcna prooaGOod for virua isolation. !loxoovor, aorologieal 

ll'U.X'V\lya cn.rriod out in Ug;!llcla hnvo rovoaJ.. d noithcr elJ.n1onl nor 

GUbelinleal infcotiono o! nnn by tho "6Qnt (~~. C.B. poreonBl 

oa:::cuniolltion, 1972) . In m.sorin, on Ui othor h..:nd, d.l!!oxont 

a1W.~t.1on ox.ieto . Dot:'•o~n 1966 Me!. 197~. 10 atr.U.:no of 1\ virua 
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11\di.at~aM.blo by cooploc;cnt footion (cr) toot !rom tho 

lll"'totyylc 01'\D'I60 viruo atr:Uno havo bocn bol!\tod rroa C..'\1'\ Md 

caooquitooo in difforont p:uto of ll!aorlo. (Univorei ty or IbeldJ\n 

Arboviruo Roooaroh Project , Annual Roport 1 1972) . 

ln 1972, throe outbreaks of n hutl.ln dioon.so ohar:lctorlood 

by ruwoo n , voni t tins 1 QYnlsio., hu '\dl!Oho , nnd rcvor or 3-7 d.clya 

duration ucro reported froo tho Joa o.ro'\ of tho Donw, Platonu 

Sto.to of lligorio. , Fnbiyi ,£! ru. . ( 1975) . AlthoUGh no virus "o.a 

looli\torl Croo Otlnploa collootod during thoao outbreaks 1 o..-or 60;!& 

or thouo .Ui'octod roo.otod u i th oisnificantly hish c; nntibody 

ti tToa to Orungo viruo onl3 , thuo doaonotr:\tinlJ rocont in!oction 

by tho virus. Tno doo.tho \Tore 1'\Jl)Ort.Jd durin0 tho outbroF\ks, 

bovawr 1 the rcl:ltiontlhip of thooo dontho to the rcporl<ld outbroalc 

1o not olcl\r. llonath nnd co~orY.ora, ( 1972) iaolntod ~o strains 

of Orungo viruo i'roo blood or fobrilo potionto oollootod in tho 

.\n'll:lbr:\ St nto during M opidcQic of a. l'ruoM dioonao vith oisno 

aimili'U' to thoeo or tho Joe cpidoQio, .mtibodios to O:runso virus 

vcro dot.ectod in the oora. of other pnt1onta collootod Gt tho tico 

or thia apidoDio. 

Sowr:U roporto or IJ\liiPOO tod autbronko of yollo.., f avor 'A'aro 

inV\iotifp.tod in 1973 end 19711 et llebudi o.xoa G "" · aottlcJ:ICint 

locntod 11000 300 kD. !roo Joe nt ttw bo.oo of tho I'lntatW. Roaul.to 

of thaaa inwatiptione ~~honed the.t Orunso viruJI trM nleo n.otivo 
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at or about tho aamo timo o.a tho yollo'll rovor outbroolc, Tomori 

2.1 ~. ( 1976). Birlllnrly , during invoet~ationa into n dcnguo

liko outbrook in huoono nt t.bookutB, Orungo viNo \lnG icolntod 

from n fobrilo 13 yol\r old girl, Fag~ .£! ,!!!. ( 1976) . In 

Nigorin thorororo , Ol'UJ\80 virus apponre to constitute n public 

health hllrzo.rd to tho r.m6nitudo or ita boing oonoidorod n humnn 

inf'ootioue naont oauoing outbrooko or ovon opidolrloo. Jjoroovor, 

tho tond.onoy or Orunso vil:ua to oppor.r nl.ong "ni th othor '17011 known 

virnl. dlaonso .Croo 11hich di.Crorontiill dioanoois ia di.fficul t Dllkoa 

Orungo virus llorthy or n dcta.Uod study 00 1\0 to thrall IXIt'll lisht 

on 1 to role as rl1l ~nt; or huu."'.l'l diQ~JMo. 

OlUOOl'IVE_S .'illD .liltS OF THIS S'roD'i 

It is propoeod to study Orunao viruo ueing biootw!licnl., 

b1ophyo1041 and eoro-iccunolog1c cothoda nitb roforonoo to1 

1. RolAtionchip to othor viruooo. 

2 , AntisCnio nn'll.yaoa or llieerinn strains or Orunso vi.ruo 

and coopl\rioon vi th thu or.lei.n.al Ugnnd4 lrtrnin vi th B 

vi<r.l to dotooting ron.oono for tho di.ffcroncos in 

bioloe1CJ\l boh.-wiour or tho viNo atrcU.no in tho t':lo 

) . Dotomin::~.t1.on oC boat X't'~ of inCootion W)i.ng l.nbor:~.tory, , 

cSoaoatio and 'llild a.nio3la. 
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Clinical dinoa.oo oycptoco neooointod vHh tho 

vhuo Md opidoa.iologioa.l atudioe to dollni t 

tho extent of infection in Niscrin. 

It io hoped tho. 'I. thooo otudios will ley a. 

roundntion for tho dotnilod otudy or nortl.y ioolntod 

viruooa in Nigorin. 
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TABI..t: 1n 

GmuPS, UA!!F.S AlfD IB,\D,\11 Pro'.rOT'iiT. um•n:rns OF VDmS!::S IS>L:\TI:D m 

IITCLnlA 1961 - 1971 

croUP 
A 

B 

Conjao 

lly3111lo 

l'holobotomUJ rovur 

Chi.ku.ngunyn 

Igbo-Ora 

Sindbio 

Soml1lc.i Foroot 

Daknr bo.t 

Donauo 1 

Donguo 2 

PotiokuD 

Ugond!l 5 

.loooolobron 

::oat llilo 

Yollou f oJvor 

Zi.kn 

llot typod 

ll'llomb:'\ 

Ponaolo. 

Duabo 

llot typod 

,\rUOOvot 

n 35 

H 10964+ 

.Ut 17929 

AN 19809 

All 86.'.6 

n 28328 

n 112311 

AlF 10069+ 

AU 8829 

All 31956 

.ur t067 

B •:3913 

H 38681 

H 75 

AB72850 

AB 17,21
. 

An !5043 

All 1·t130 

+ !lull v1n~eoo !!rot iool.a.tod 1n ll;taol:'iA. 
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T:Jn~ 1b 

crows, UAJ{!'S Mm I.B.\D.\11 POO'IDTYPT:: :m.rm:ns or VIROSES ISOLt..TI:D nr 

liiCERI.\ 1961 - 1971 

GR>Ull 

l'iry 

Sinbn 

Ungroupod 
t.toaqui to bo:mo 

U I'\81'0Upo d 
Cul.iooidoo bo:mo 

Ungroupod tick 
boxno 

TYPE 

Sud. All 754-61 

ChD.ndipurn 

In gtr nv\.u:n 

Snbo 

S~go 

SnthUpuri 

Sh:lnonda 

Shun! 

Orungo 

Tn tngu.ino 

Toto 

Rift Vnlloy fovor 

Bluo tonauo 

£ . II .D. rol:ltod 

Abu.dintl 

Bhnnjl'l 

Congo 

Joo 

Thosoto 

Sor.xmc-

l~ynmnnini 

IB.'Jl.UJ FJIO'IDTYPE 

.m 10065 

All 9978 

All 28558 

All 9398' 

All "''J77 + 

AN 31273 

All 5550 .. 

AJI 10107+ 

R 11306 

H 9963 

All 32897 

.m 55171 

AR 279-~5 

t..R 22619 

.oUl 22388 .. 

AR 2709 

AN 7620 

AN 17854 

AR 2012 

.\R 350 t8 

1\R 511516 

•uow vJ.run<Jo, tir11t ieolntod 1n H~rio.. 
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T.\DLU 1o 

GJI)IJPS , IUJ!ES .um I MI>.\ll I'nO'roTYPC l~lm:IlS OF VIInJ~ ISOLATED Dl 

lTICCRIA, 196-1 - 1971 

TYPF!-_ IBAD.U1 PRCm:Yl'YP!: 

Rhl\bdov i ruoo o ~lokolll .Ul 27377+ 

Dovino cphoooril.l. all 59689 
rover 

Rnbioo :.11 657·~ 
Kotonkan .m 23380 

.U'rioon Uorso 
AN 53177 oioknoao 

Othoro 

All 2898 All 2896+ 

Hoxpoa n 21352 

NDV All 20·133 

Poxviruooa All 3H25 

Oox84Ckio ,\ 5 H 32075 

Cox84Ckio B 1\ 8 88711 

Eoho typo 11 fl 9211 

Ib .ur 26946 All 2891,6+ 

Eg All 1398-61 All 39652 

• ,UI 5-i 157 All 5'. 1 51~ 

Ali 17143 All 17113 ... ~' 
;.N 33709 AJI 3370.9+ 

H •11795 H 11795"· 

n 51378 n 51378" 
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OfL\Pmn 2 

LITERATUllE m;vn:.t 

2.1 lliotory or Onwso Virus 

Por obviouo roaoono , vory little io lcnOIIlt nbout Orunso vil:uo. 

Tho origin.'\l otrun, of tho viruo doaignntod na Uaf.IP 359 '17BD on 

inoidonta.l ioolntion from n pool of 13 ,\nopholoo funootuo mo&qllltooo 

Cn\\8ht orr h\mL\1'\ brU. t e.t O:runao I Tooo Diotriot of Ugl'.nda, in 1959 

during invootigntiono of tht. 0 11'\YOI'\£r-1\YOI'\8 fovor opidom.ic rcportod 

by H!\ddoll ct. nl . ( 1960) . Not until oovon yoiU"o lntcr 1n 1966, n:u~ 

onothor otr:Un of tho virus isolntod thio ti1:lo in Uf8orln froc 
• 

blood of n febrile child. Botncon 1966 ond 19751 nino other 

ot-r:dne or tho viruo weru ioolnt~.od fro~a ol\n Md mooquitooo in 

di.Cfo~t porte or llf8orln. Follotring tho rirat ioolation of 

0~ virun in N1(rcrlo. in AUIJU.Bt 1966 1 !'rom bopo.rinisod blood or 

n fobrilo child :lt tho Univoroity Colle~ ltospit:JJ. Conor:U. Outpn.

t.ionto Clinic (UCRCOP) 1 onothor otrai.n 'lll\.0 ieol'\tod aleo !'roc 
• 

ho'Pa.rlnlood blood of anothor rebrllo child in t1ovo111bor or tho aag0 

YO'I.l' llt the UCIIlOl' . llo 1\lrthor 11101 "\t10n 17.').5 cndU until 1968, 

•hon tho third ieolnto of Orungo wna obt.'\.lnod !roo ooruo or 11 

oiclc child (.Mnunl. noport 1 Vi.xua nocw!l.l'Oh Loborr.toryl Ibod.'Ul, 

1?59) . TR.: only IU.gorinn n.rth:ropod iaolRto or On~ngo nrua oMo 

!roo ll 'POOl or 17 O)Dgor6\)d tocnlo Aodoa dontntuo oooquJ.tooo oollootod 

at Du vUlnao no"\r Joe, du.r1n8 rollotr-ut~ atudioo on th .. ""otora or 

• 
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tho 1969 yolloT7 rovor opidomc in t\mt a.roa (Univoraity or Ibodo.n 

Viruo noeol\l'Ch Laborn.tory, Annunl. Report , 1970). Four more 

ioolntoo , 1\l.l or huDnn Origin liOX'O ioolntod from blood or aiok 

oh1ldron nt !bnilim ( 1) nnd l:;n.st Contrnl Stnto ( 3) , Monnth ot 1\l. 

(op , oit .) , In 1972 , and 1973, ono ioolation onch Croa !lora nnd 

t\bookutB roopootivcly uaa obto.incd from blood or febrile child.rcn. 

Ioolntiono of Orungo virua \mvo only boon :Nportod froc U~tln, 

( 1) UiaOrin ( 10) ond Control t..rrioM Republic \'fhoro one strain WI\.D 

ioolntod rroo n pool of Culex pod'ucuo ~:~ooqui toue (Robin , Y. nnd 

Bureau, r . poroonl\l communicntiono , 1975) . 

2. 2 Idrntifiontion of the proto typo at min !roc Dgnndl\ 

t.p:u-t !roo tho origin~ Orungo virus atr::Un , oix othor viruaoo 

tte'N 3l.oo iaol:1tod during tho O'nyong nyo.ng opidccio, Four VO'N 

la.tor identified 38 DITBI:Ibn vizuo st~s , ond ona ll.ll lly'VIdo vUua, 

( :u11rms.!!! nl. op . cit. ) . Tho lMt , TMgn vi.ruo, wo.o ~ported~ 

ll nvv vi"Na by .loodol.l and .Jilllnco ( 1967) . lniUnlly, norlcoro nt 

tho I!AVRI roportod rolntionohipo botnoon O~go ::vtd thu othor 

DnD:lbo. vixue et.rnlne ueinc CP tcat.a . lloiJOVOr, t\lr'tbor t.ootinB 

aho'll'tld 0 o rcl'l.tionohipo botvoon Oxune;o and 27 otn.r v:lru.va inclu.ding 

Duonba 1aoln~4 ill .\!riel\. 
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2.3 Propnrtioo or 0nUl8'0 Viruo 

Tho ngcnt killod ono-dny-old mioo 1n oix dnya nt tho original 

inoolll.ntion o.nd 1n four dnya (\t oubaoquont pn.ooagoa. It pBOCOd 

throush n Cra.docol ooobrVIO of nvor180 poro d.iJiooter (.\PD) or 

420 M . Eth~Jr eonoitivity ucw only 0 .8 log di.fforonco bot\".roon 

tro"\tod nnd control. Thu f1nd.1ngs or tho Usnnda "orkors uo~ 

oont1rmod by ot.hor 11orlcoro o.t tho Yolo .\rboviruo noooarch Unit 

(Y..J\U) o.nd Orungo viruo ua.o clMaiiiod n.o n non ungroupod CIOoquito

borno viruo (Y.\RO, Annu.ol Report, 1959). 

Dordon.!!! o.l. ( 1971) nloo con!hmod tho lon oonaitivity of 

OJ:'\11'180 v1ruo to lipid aolvonto and bnc.;d on tbio property and tbo ·~ , 

lnolc or onti.gcnio rd '\tionahip to =Y t'l'\jor o.rbovi.ruo oorologio 

sroup ... . D, Nld Dur:lyarr:'!Or:\, 01'UJ180 virua liQ.D pbDt'd !\long O'ith 9 

other viruaco in the Ol'bivirue tnxonor.110 group . .'U.tho\18h , tho:ro 

1a no oorologiool. intor-rolntionehip bot11oan 01'\l.llgO vi.r\ul nnd tho 

othor nino viruooo or tho sroup , Orunso vi%u:J hl\0 tho typicnl 

o l octrooicroocopio CIOrphology of tho orbiviruo group (.- . lJurphy, 

por oon'l OOQCUnic~tiona, 1975) . 

2. \ Cl1nic:U oYEPtona 1'\eaoointod flith 0~ v:l:run inCooti..!!!l 

H ... ot or tho i eolntiorus or 0J:'U.Ilg'O vil:WI ttoro obtninod from 

pntionta ~t thO OutpBtiont Clinic , ~ such tollo~-up oboorv3tiono 

voro di.f'fioult. Tbc ~nor:llly doDOribvd oynptoaa voN fuvor (38°C-AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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~.0°C) of 3-1 dl.\)'a durntion l'lnd gonornliaud body pa.ino . Fr.zrlluoi 

£,! nl • ( 1912) dcnoribod t\ OJ\00 Of a 2-yo u-old 1116\)riM girl, tho 

blood or t~hon yielded one or tho 111gurinn otr:dno of Orunso viruo. 

Tho child prooontod uith poroiotont £ovor and diru:rhrn o£ ono month 

du.r:\t1on doopito trontcont oi th ont1-mnll\rlnlo nnd antibiotics. On 

o.doi&Oion , t<JIIlpOrntuJ:\l r.no 1',0°0 1'11 th ./On1cn008 of tho l0110r oxtro-

oiti. e . Tha dio.n:hon rin"\lly auboidod rrith trontoont, but !cvor 

poraiotod !or fivo ~a. Dlood oacplo collootod on adciooian 

yioldud n otra.in of O:rungo viruo . Th-. wonknooo of the lo110r 

oxl.rol"litioo improwd on rocovcry. l't io d.1Uicml.t to "'ooribo oJ.l 

t.hu othor eycptooa boaid.lo £.;,vor to O:runeo vixuo. 

Fnbiyi .21.!!!· (ol'. cit.) doocrib..:d throo outbNllko or an 

opldoaio or huml\n illnoaa 1n Joe , Dllnuo Jn~toou St'lto or U~ri.'l. 

Tl1o d1BOG80 naa ch:l.r3Ctoriocd by nnuool\ , ley'~o, hond:\OhC and 

favor or 3-7 doYo dur1tion . ll.lthough no virus uos iaolntod, ovor 

6(l% of C:laOO 'ml~ pooitivo fot: Oruneo CP Mtibodioo only. 'l'uo 

dontho whooo rt;4tionohipo to tho outbrook u= not olon.r VOX'\. o.loo 

x-Jportod in 1ndivid\ll'llo rith tho doscribod sycptoos nt tho tiao or 

tbo upidotl.io. 

~hor eorologioo.l ovillonco or inCuotion by Orungo virus ni th 

" dotl\1lull doeori11tion or o1.1nio,U oygptoao, f1llB oncountorod in 

lbM.Vt (Oswuosi, un}"'lbliabld dAti\) . TbD lllnoss uno n llhort- t.o= 

• .. 
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!o'brUo typo pro110nting nith conjuotivitia, cu.eolo t~ttoknoae , popul!U' 

rnah nnd *in tcndomooD . :.t the p1'.lsont gorxnt, thoro IU'O no 

pathognomonic oy::tptooo C\oooci:\tod uith Oruneo viru• int~otion. 

2 . 5 tonti.Bonio V:\tin.Uono botroon Orunso virus etnin• 

l n proli.minru-y etudioe, alight anti!J')nic dif!orcncoo b.."lVO been 

o'beorvud botuoc.n Nigari:l.n ot1"t\inn ~d tho original otr:Un or Orungo 

viruo CroCI Ug-mcb (l.!ooro , • .nn\ll\l Roport, 1969) • 

• 
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) .1 I oolntlon l!!ld iclonttr1olltion of virun utrn.ino 

Humnn blood apoo.Laono troro obtainod by ti.ngor priolc d.xawn 

into hopnr1ni~d cnppiliU'Y tuboo. Four or !ivo tubvo vc~ !Ul.Dd 

from oach patient , cloood o.t one ond ult.h criotooa.po and placod 

togothor 1n a nucbo'Nd 12 x 17 1::11 tube:. . "Jholo blood, llo,;ND or both 

wore diluted 1:1 ul th a diluont comprio1ng 0 .02 II pboaphD.to bul!ol\ld 

phyeiologioal oal1no (pH 7 . 2) to \lhioh trBD addod O. 7~ bov1no pl!LIICUl 

albUC11n ( .\l.'l!lOur fraction v) S'Upplonontod !11th 100 unito/rtl or poni

cill1n and 100 nioro~o por cl or otNpto::zyoin (BAPS), and 

1nooulnU.d IC into 2-3 dn.y old baby lllio • Blood spvcin- na , collec

tod rron odul.ta or clu.ring opidomiologiool 1nwoti&nt1one 1n nnd 

out o£ Ibadan troro obtnined by vonopunotu.ro . Sera voro aopli.I'C\tcd 

and kcrpt 1n 11ctu1d ni troson until a.rrivnl in Ibadan. Blood and 

organ colloctiona rroc wild and d.ooolrtic aniJ:I'll.e tTClJ:o alec tocrtad 

tor Orungo v1.rw1 iooln.tlon. 

Uoaquitooo o&.l6ht by blDIUI b4l.t or llsht trap aa cSoooribod by 

Lou ( 1969) vuru :roolod by &TJ!Ocioo and etnsv or rcodi.nr, cyolo 1n 

nuoban uau.:Uly no t. oxoood..in.s 15. Thoy uoX"O tbon prooonaod by 

atoMo.rd tocln\.quoo utllieing IC inooulntion of bo.by a.J.co. 

Pro81.11:11Ptivo 110rologionl. idlmtiticn.tion waa a.tt.mptod on oa.rl.Y 

110\liiO br:Un pa.a•ll80• uo1.na etook DQ\1.80 aeoitio rlulde o.od orudo 
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nntt.sono dllutad in voronol buCfll:r in Cl." tontA. 119Cinit1V\l idnnt1-

r1co. tion tll\.8 mndo t\ft\lr tho lxmolosouo inr.runo UAF, nnd ouo:roao

n.cotono oxtrnotod nntifl'Cn uorc :wailnblo. The results ot CF testa 

voro confiDQOd by noutrali2o.tion toots porroxmod in 2-' lay-old 

ouokl1n(" oict~ by IC inooul'\tion . 

Dc1moon 1966 "Jld 1973, nino ot:ro.ins of O:rungo vixuo wore 

iaolRtild in Ui.sOrio.. Ei8bt of thooo \70:1:0 froc htu:1nn blood :~.nd the 

laat froc n pool of Aodco dontatuo cooctuitooo . Th'JIIO lli81Jr1Qn 

atro.i.ru,, nnd t;1o othoro , the prototype at:ro.in lAP 359 from .\nophclos 

runootun mooq,uitooo in Orunso, Osnndn, Md otrnin fiR B 2078 !:roo 

Cu1ox porfuoouo mooctui too a in II 1 dolo, Con tral AfrloM Republic, 

aro liatod 1n Tnbl~ 2 , by location , oouroo and ~to of coll~otion. 

Ono othor otro..in , 1160971 ori.gi.oolly reported :UJ o. atro..in or Orunso 

vi'ruo , by Monnth .2! .!!:!.· (op. oit . ) nne round during tho oouruo ot 

thoao atudi\lo to bo To.tQ8Uino viruo. 

/.ll tb.:l utrnina uso.:d in t.h"av atudioa, ht\d undorgono w.ry1ng 

nu=~bcre of intn.oorobrel (IC) pQ.OoCJ68 in ou.okJ.ins 2- : 1a.Y nbito 

St11D11 albino CU.oo . .\t th oarly pMaasoa, vi.rwJ tJ.toro or cnoot or 

tho atrtUJ\o ttorv lou. To utfcot hish<lr viru8 tJ.tore, CJOUIIO bro.:ln 

Bnttecnu nt the l oooat pnooQ81l nvnil.nblo woro rnpidly 'V\d OUC4011&1voly 

P~ll&eod IC in n1co, Driufiy, ton-fold sori4J. dilution a ot in.foo tod 

CO\UIO b't'~Uru! WQro m.'\.do in B'.PS. Each di.lution U'O.S inocul6tod into 

D. li.ttor ~ntaini.nl! 6 ouc!cling mioo . Brldno !roc eick CU.cc 3t tho 
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ORl.lliGO VIRUS 

ISOLATES 

JLP. }59 

H. 11306 

H. 13019 

H. 30115 

AR. B. 2078" 

AR. 52302 
,._ 
"" 

H. 54700• 

H. 00784 
H. 60818 

H. 68}67 

H. 76247 

H. 00974.• • • 

TABLE 2 

ISOLATES PR<ll IUC::RIA AND <7l'ICR PARJ'S OF THZ ~au,o t ., • 1959 - 197} 

LOCATial SOIJRCB DATE 0? SAilPLB 
c OLttx:TI Ql 

ORllll GO , U GA!IDA ~ophr1cs 1\u!o- tm Scptetlbo~ 1959 

IBJ..DA:! , NJCEW Hu::san 2}. I •• . ' A.UOJSt 1966 

IBADAN , Iii GERIA H\=an 4, 11 llovrnber. 1966 

IBJ..n.r.!; , N I~....BIJ. Hu.:an 2 , F Au£'111 t 1968 

N I DELE CEN'l'!lAL , 
AFRICAll REPUBLIC Culex ourf\15cus July 1969 

JOS , !llGERII. Aedes d••ntntus Au~t 1970 

IBADAll , lliGERIA Hu:um 15, )I Dececllcr 1970 

:EllUGU-EZIXE, Nl~ Human ~ . " ,\U.:'IJ5t 1971 

ET.Ll:.H, fQ:C;:RlA HUl:l3n 13 , li Au(U3t 1971 

!LORA, NIGERIA HWII40 6, p June 197!! 

ABE:<EUTA, !II CERIA Hw:lan 14. p June 197J 

Aa.AKALIKI , ITIGEIUJ. Hu::w.n 1!, F Au£U5t 1971 

• orungo viro5 :~trllin not ll!ICd in these studies . 

o•Age in ye!:~, and :sex (hunan cnly). 
•••Tataguintl virus origi.n:llly idcn:.ificd 11:1 Ol'\111~ viru:s . 
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hiablat 4Uution woro further diluted o.nd .tnooulntod into now 

littore of mioc et&rting t\ ililution n atop bolol'l thnt 11hiOh 

Jioldod tho eick mice . That iB H tho lBDt dilution yielding oick 
3 0 . 

Dioe waa a 10- • dilution , ooueo br:Un !'roo thio dilution qBD 

10rially diluted nnd inoeulnted into neu b~by cice otorting !roa 

a. 1o- 2 •0 dilution . This wna rcpeol.od until no eieniticant incron.ao 

in vil.'Ua tit%'0 nnn noticed uith t'Urthor pasaaeoa. Vi:ruo pool 17M 

thon pNparod for onch 1aolnto for uco 1n tho di.ffoX'Ont tooto during 

tho oouroo or thoGO etudic.o. Tho pool tli\B pr.op'll'Od 110 follows; 

0 . 02 ml of n 101' Wcoted oouae brn.in in D.\PS \lllO inooulatod IC into 

o~h or 10 lit tors or ouckling mie.. . ::hen I!Lioo lillN o1 thor oiclt or 

moribund , tho br:Une U\lN ru:cptically 1.'\Jt'lOVod. .'\ :!OJ' suspono1on or 

Weotcd oow:o brai.n ucus pNplll.'\ld in JL\FS Mel O. 5 nl diaponaod into 

Gl:lpouloo. Tho ocpouloo r.oN dividod into two groupo • 

• 'lrl'pouloo in tho tirot group tr0%'0 aoa.lod, r::tpld.l.y ooolod .tn 

lictuld n1troaon and atol:\ld ~t rro:on nt -700t until uood . Tho 

bra.S.n 1n1aponolono 1n tho e.lcond group r.orv 1,).-ophlliiiOd. in nn 

E4vard1 o P~o110 Dtyc:r codol E.F 0) ond otorod o.t. di.Cfox<lnt toapoxn-

turoo untU uaod . 

Tho viruS tltr- or oo.oh vi.rue otr::dn UBD doto:tminod by 

1.nocul.o.tinl:s 10 told aorinll.Y d.Uut <l auspGnoion or ooch atro.in 

i.nto IIUo\cli.ng r.Uoc. ThO inooulntod nioo uoro obODrvod tor 1 ~ ~a 

atte~ vh1ch 1nt' ot1v1ty titer vne doton:U.nod by tho aotbod or nood 

•4 11\aonoh (19)8) and oxproeaod 1n dox (• log 10, Haldono, 1960). 
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Suorocc- ilCOtono cxtrO\Ctlon or Woctod Mt)Ur" bro.in o.nt~n 

o.ccording to tho mothodtl or Clo.rko nnd Cnoalo ( 1958) \/o.B tho oou.roo 

or o.ntic;on u.oc d in this ntudy . L1ttoro or ouolclina oico t70TO 

inoculat ed 10 1 onch D!lUilO NCOiving 0 .02 nl or n 10-2 dilution of 

inroct<>d oouon brain ouoponoion in D1\PS . hficc ftorc o boorvad daily 

and h!U'V\)ot.od whon moat noro oiok or moribund, nnd hold frozon nt 
0 

- 10 C untll onti.A'On nno prcrpo.r.::d. l.louoo brains woro nsoptionlly 

1'-l!OY.)vod by auction nwllod throush 1. 20 nl syr1n£;V fli th M 18 ()WI6'0 

noodlo nttoc\DJnt . Tho broJ..n hiu'voot oolluotod into 11 univcronl 

bottle 1 wo.a then noighod and hooo!;'JnlDOd in lX (V/ I) of 'l • ,. 

BQ.UOOU!J onlut ion or oucrooo . l.Iocoaonizt1tion lltl.S noh!o;-vod by 

3-~ oinutc· sonication cyoloo with n ooniflor, c~h cycle intor-

oporeod by 1 tU.nuto X\lst porlodo. Til<: hoootrCnl::.od bn.i.n ouspcnaion 

trae noxt .:ld.llod slovly nnd d.ropwioo into n continuouoly ogitc.tcd 

no.u1c oont :Unina chilled ncctono . !"in:U. ncotono: hooo8Cnnto 

proportion W"\.11 tr.onty to ono . Tho flnllk vith tho content 171LD thoo 

vigorouol.y eholc .. n and loft Cor a Corr llinutoo to allorr pnrticloo to 

OOdiD;)nl;, The ~lOnO \t38 then 'lllJ'i Mt\)d Off 1 1\nd •-.Ot.~Or 20 Y0l\13el 

o r fr..: oh chilled ncotono n.ddod I =d. loft o:t ~°C Cor 1 hour. Tho 

BOoton<> 1"'1 ~ NllJirnWd orr ..nd t.ho r:r-;oipitnto clricd UOi.ng A 

V.:t.eu\11:1 pu::::p f o r ~5-60 Qi.nutoo. ,\11 a.=ipulotiono duri.n8 orl~tion 

and drying vuro M rriod out in ico ba.l h . Tllo driud r<loiduo 1708 brolcan 
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up nnd Nsu.cpcndcd in n voluoc or physiologic oaline> IM1o" tlV' \1o.dght 

or the oriGinal br:U.n h:uvoot . Tho T00\'.t1}'CnilC'd rooilluO llQ.S allowed 

to stancl ovo~ht a.t ~~°C . Tho rosultant suspension Tr~s oontri

~cl in a PR 2 Intornationol eontri.£'uSC nt 3,000 revolutions per 

lli.nuto (rpo) f or 20 lli.nutoo 11i th tc::Jporatw:o scttinc a.t ~°C. Tho 

supcrno.tant fluid , tha.t io , the <mtigcn , ~o.s tra.nsfo:Nd to Dijou 

bottles in 1 ol nliquota nod stored a.t -70°C until uaod. 

3. 3 Prcp~tion Of i.T'Dunc 1\.:JCitie fiuids 

Tnmnc mou.so o.scitio nuid (Uil.F) tr38 prcpa.rod to onoh atrain 

or 0rlln80 virua in 6- 9 vowr; old Swias nlbino c.ic<- • InoronDing 

l ovol of i=nity uns c.cbicvcd by inoculnt~ c.ico o11th 0 . 2 cl 

arJOUnta of one , two or four intra-porltonoal (IP} 1njoot1ona of 

in.Bctivutcd or livo vi.rwJ prcp!lrlltione na eboiln in Tnblt ) . 

Inc.ctivatcd cnU.gcne wo:ru pl:\lp:l%\)d by tho addition ot b...toproproll'lC

'toM (BPL} in distilled 'lfn.tor to o 1~ ~naion or 1n1'octod 

DUOkl.i.oG oouoo broJ..n t1tstlllll in p'lzyaiololdcl\l. aol.J.no held ovon1iGht 

at t.0 c. P'lnlal BPL concont~Uon vc... . 0"" (V/'7) . Livo vintJJ 

\lh"'Pn=t.ion vn.o n 1~ cugpc;naion or 1nr _ :.od oauao brain in 

Pb3"1l1oloclonl c:U.ino. Dot h lhD in:.cUY:l~od t.LDd llvo Vi:N D C~UpC~n

aiona tfON 1:11x 4 vith oqiUil volu::lO or Pruon<l ' e OODpl oto ndjuvnn~ 

(i'CA) lllJ Geocr1'bod b7 TikAD.insho Spc;.noo & lhune ( 1%6) , bcrol") IIDCh 

!nlcction. S~ 180/TC oolla voro civ.;n in 0 . 2 1!11 SlOunt b7 IP 
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1 

7 

14 

:1 21 

28 

TABIZ J 

mOCUI.ATI<II SCiiEDULES OF A.roLT lfOUS:E ?OR THE PRCOOC7I<II 01 D.'' 

ASCITIC FLUIDS (:c.IAPS) ?0 ORUIICO VIRUS S'i'l!AIJ:S 
'IB t;<X.ISE 

1 SHCYl' 

Virw + BPL + FCA 

Snrcoc~ -180/TC Cells 

- +++ 

8PL 

FCA 

+++ 

INOCULUM 
. 

2 SHarS 4 SHOTS 

Virus + BPL + FtA. ViNs + IH'L ·• PCA 

Snrcoma-180/TG Cells Virus + BPL + PCA 

Virus + PCA ViN' + FCA 

- 54 re a::.'I-180/TC Cc lli 

- Virus + PCA 

= Beta- propiolactono. 

= Fruend' s Cocplcto adjuvant. 

= no inoculA ti<l'ls . 

~t 

per Rcute 

CCIU.111 

0 . 2 cl IF 

0 . ? cl IP 

0 .2 cl IP 

0. 2 .u IP 

0 . 2 .u lP 
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inoculAtion as ¢nployad by Sortorolli, Fisher and Downs ( 1966} . 

First tapping of t:dco ~as carried out ~hun cost Dice nox:o distended, 

bowocn 10-1 2 days o.rtor tho oa.rcoDD. 180 TG injection; thoro:U'ter 

to.pping tlQS done depending on state of distension or cico . Each 

tapping vas li8htly centr1.i'IJ8cd to remove tho colb :md tho supcr

t\lltant nuid , oontnining tho antibody ll:lS storod frozen nt -70°C . 

DLrroront tappinca woro tested in cocpl<;c:ont f.Lxntion {CF) tcato 

ogo.inst tho ho>:loloe;ouc cnt~n, a.'ld pooled according to tb11 lovol of 

CP titre . 

3 . ~ Prop=tion or co-..lC"nCnt f~tion (CF) teat ontori!llo 

).~.1 Sheep rodblood 011lls 

Shoop rod blod colla ucro ~d ao CF ind1C4tor. Tho nholo 

blood WLUJ collected in nn nnti~t, Al*lV1'r'o <:~elution , in n 

l)roportion of 8 . 5 ol or blood to 1. 5 al l.lOOTOr' o oolution. Tho 

blood vaa 'SIN!hod ~011 in al\l.in t and tvioo in wrona.l butforod 

dUucnt (VBD) . A " crwspanoion ot uA.Ohcd colla uu DA4o in VBD 

81\d kapt l\t 4°c until us- d . .U8trVOr1 
• eolut!Dn fllld VBD "oru 

propuoud M chlnm bolOTI • 

• \Lm.."VI:B1S OOLOTIO!l 

DJxt%?OJ 

Codiuo Chloriill:l 

Cit rio C1C 111 

1, . 2 6 

0.55 t1 
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ALSEVER' S OOLUTION (contd. ) 

Sodium oitrata 

Dintillcd no.tcr q . a ad 

88.0 g 

1000 o1 

Sterilized by nutoclaving for 10 l:li.nutco at 10 lb. pNssure . 

VEnOltAL BUFFERED DILUGE!;T (VBD) 

Diosolvc 1 tablc. t of Oxoid CFT diluont table t in 100 ala. 

or diatill .. d water vith '23nling. 

Po:mul.a. for Oxoid ( 1969) c:? diluent table t 

Ba.rbi toM 0.575 g 

Sodiuo chloride 8.500 g 

H~coiuc oblorido 0, 168 g 

Calciuc chloride 0.028 g 

Barbitone oolublo 0. 185 g 

All dieeolvcd 1n 1 11 tJ:O diotillod .. 1\tur to g i VI) o pH or 7, 2 . 

3. ' . 2 Honoly=in 

llt'colyo1n , onti-ahoop Nd blood cell rlibbit ooruo VIUt WtOd 

to ecneit1zo oeythrooytc e. Tho 801"\m •M titrntod IW ehom 

bolou nnd uGOd llt 1, t.o 6 coon hcnolytio <10110a (liHD). 
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'Firat , thrco castor <tilutiono 1~10, 1:100 Md 1t 1000 mll'O 

D:ldc na follona: 

1 ~luoo of 80%'\lQ i 9 voluooa of vnD = 1: 10 

1 vol\OC of 1: 10 scruo o~ 9 voluncs of vcm = 1: 100 

2 volu:xa of 1: 100 seTUI.J + 18 voluooa of VBD = 1: 1000 . 

FroD the nbovc the other hcoolyain dilutions qcro oadc 

Pinal Volu:lC Final VolUI"' Final Volume 
hcooly- Voluoc of 1:' ( hoooly- Vol'U.Ce of !woo- Vol\IIJC of 
oin of VBD tt . :ol.y- oin of VDB 1:100 lysin of VBD 1: 100C 
dilution sin dilution hc.oo- dilution hCCIO-

l;ruin lyoin 

1:10 0 2 1:100 0 2 1:1000 0 2 

1:5<) I, 1 1:200 1 1 1:1500 1 2 

. 1:/,00 3 1 1• 2000 2 2 

1:8oo 7 1 1:2500 3 2 

1:3000 2 1 

1:4000 3 1 
• 

1:5000 • 1 . , 
--

Por titr::\tion pq.rpoooa, one. vol11:1C! or ftllproprinto hocol.yo1n .S1lut1on 

wn.o D.ddod to oM volunc or .t;~ ahoup rod acllo C.'1d incubated in WD.tcr bGtb 

at 37?C tor 15 n1nutoo. -nw dilutiDn oortoa h 10 to 11600 VIUJ rcnowd 

to at11na nt. r:xc t•.n=.;~Jrntur-;. ~ oboorvo QQ>lutin tion. A6slutinnti.on 
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shoul.d not occur in 6 lmD or bccolyain ond p:rvforably not c xccod 

1: 100 hemolysin dilution. To dilution& from 1: 1000 to 1: 5000 was 

addod 1 voluoo of 1:10 cocplooont dilution and 1 volUDO of diluent 

0 
and incubated nt 37 C for 15 ainutos. The h.13host dilution 

ohowing cocploto hooolyein \ll.\8 taken as 1 LIRD. 

3.4.3 Copplcmcnt 

i'roah or rcconat1 tutod lyophill:.od suinon pig 601'\10 \148 tho 

aoureo of cooplomont. Th¢ cocplUlOllt W48 titrated as f ollot1s: 

CoJ:IPl.<lriOnt diluted to 1:30 VB3 dietributcd ne shown beloiT into 8 

0!18tcr tubes. 

ftbc lh.lobor 
R<UJ6Cnt (.'21) 

1 2 3 ' • 5 6 1 8 

VBD 1. 9 1.8 1.7 1. 6 1. 5 1 . ~ 1.3 1.2 

':30, Cotlplo:acnt (C t) o.1 0. 2 0.3 o. ~ 0. 5 o.G 0.7 o.a 
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Con:c spond.inG titration tube: a ~axe sot up to nhich 0 . 2 Ill of 

cocplc:ocnt fron caoh tl"\etcr tube uao trann1\>rod. Othor rollgl.lnts 

uoro Bddcd to tho tubes as shoTm below: 

Tubo llwlbc.r 

Reagent (Ill) 

1 2 3 1', 5 6 7 8 

Cacplcn;;:nt (c t ) 0 . 2 0 . 2 0 , 2 0 . 2 0 . 2 0 , 2 0 . 2 0 . 2 

VBD 0 , 1 0 . 1 0 . 1 0 . 1 0 . 1 0 .1 0 ,1 0 , 1 

"' acna.itizod ahtlap 0 . 1 0 . 1 o. 1 0 ,1 0 , 1 0 . 1 0 . 1 0 . 1 
cella 

Pinnl volU!Xl or 1:30 c ~ 0 .0 1 0 . 02 0 .03 0 , 01, 0 .05 0 . 06 0 .07 0 .08 1n tubo 

0 
TbD t1 trntio n tubco woro incubated 1n nator b:\th "t 37 C for 

30 l:l1nut\ia o.ttor 11h1ch tho tit:rotion wn.a rolld. Tho tubo llhovinB 

oocplotc hl:1xllyaio "UI\.0 tho ond point vhitlb oonta.lnod 1 un.lt. of 

OOr:lp l <l'!'liDn t. • 

'Poz:uula ror eolcul.ntinG the oorroot clilution NQuiNd to givo 

~ ~ta oC CIOC;'laccnt io ILD tol..lao~a& 

!lodpr....o'\1 ..,r orlgltti'Ll diluU.one oL eo::pl nt X 0 .1 

'i"'rioo tho a:wuat o r Ct .in thD tubo 

Por <-"U:::~Vl.O , u CCJC:!lotc hacol.ye1a 1ma 1n Tubo 5 tho C a d.Uution 

n~K-6ccl ia )0 x 0 , 1 • 11)0 
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3.5 Ua.torin.la for hctlflB8lutin~tion (IIA) !!.Ad hcr:wyrlutinntion

inhibition (In) t usts . 

) . 5.1 Rod blood ~llo 

Coooo , goat, ohoap , ohi.okon (roootor), Pota.s and Rhoouo conkcy, 

and huoom orythrooytoa tror.:: tested :lB BA and III indioa.toro no usod 

by lku\or;1co ( 1965) . 17 nl.a or blood nne collected into 3 r.U of 

a.cid-oitrnto-d0xt1'0ao {.\CD} onti-coi38Ulnnt. Cooso ond chicken 

lfOXC blod f:roc the ':in{:; v .... in, :md the r.:at froo the jlJ6Ulo.r vein , 

Tho orythrooytco 9CrQ ua.shod J, ti.Dco '·ith icc cold dliXtroao 

gel11ti.n-voronn.l (tcV) oolution, uoing 2. 5 voluooo of rr.v for 1 

volu::w of uholo blood for the firot QCUJb, and 3 volunoo JY:.V for 

subaoctuont ~e.ahca . tit oacb lfo.ahing, th" ~ru.~JpCnaion ~.'\G c .. ntrlfuaed 

:lt 1, 500 rpo in the rofri8Cr1t;,d l'R2 intom:1tionn.l contrifueo for 

'15 ni..nutco; ond DUJI(Irn'\tont diaoiU"dod. .Ul m.nipul.'ltiona lt't.IN 

C!UTiod out 1n otcrilo gl.o.ssna.%\l l'.nd oith !\.BOptio p~ceutiona. 

h.ttor t ho 1th 17NihinS tho X'\.:4 blood cello 1111rc ouupcndod in IlCV 

11o11d ato~d at ~°C aD e 10:' awrp~118ion. 

). 5 . 2 'l'rontncnt ot lrrn1nC n"UISO !U!C)ltio Cluid Cor Hl.l t oatft 

).5.2.1 Knoli.n l\b110rntl.on 

4 a1urry ot 25 pllroGnt kAolin eM proparod by A~1dlnc 25 CZ'IID 

ot tb.J nci~~<l kMliD povd::r to 100 cl or borot o Ol!oli.M 

oolut1oo, pU 9 . 0 , vi th constant ncoha.nlc.!\l 111.1rT1n6 tor n,.tml 
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ousponeion . To 0 . -1 ol of asoitio t!l.uid 1'101.'0 added 1. 6 ol of 

bor ate saJ.ino pH 9 .0 nnd 2. 0 ol of the kaolin~ . The 

c i.xtur.: was sbnlmn vigorously nt 5 oinutoo intorvnl for 20 c.inutoo 

o.t r ooc t copcr<lturc and oontrii'ugod at 1,500 rpc for )0 cinutcs . 

Tho SUpOrn::l.tllnt fluid rcp:roeontod a 1 in 10 dilution of the;; original 

o.soi t ic fluid. 

3. 5. 2. 2 lcotono extraction 

0 . 2 cl or i.=uno ::u.oi tic nuid tr:l.O d.ilutod 10-fold "i th 0 . 85 

por cunt snl.ino . To tho tubo or diluted ircuno fluid cooled in Wl 

1oo vator bnth \ln.& n.ddod Zi cl of ohn 1 od a.octono . Extr::~otion 11:10 

el.lovod to toko phco f or 5 ni.nutos :rith intolnittcnt ahAlc.inc of 

tho oolut1on. Tho tube uno contr1!U8tld at 2 1 500 rp::1 for 5 
0 

!U.nutco nt ~ C , The Glll'IOrnllt..'lllt nuid Ul\8 OlU'Ilfully 1\Dl)ir>tod f:roc 

tho tube r.ncl tho 110cUnont vna :roaui!J'('ndlld by viso:rouely sholcina 

vith llZIOther 2.~ al chilled r..cot.ono . Contri.l'u(!ntion Ul\11 repented 

Md nftor R.q>ir:ltion or tho IJUPO:m'lblnt nuid, tho GOdiDcnt "'\.11 

dried un&rr vacuu:a at :roon tOtlpOr:\tu:ro rar nbout 30-60 ni.nutoa. 

The dried oodi.oont WIUI Nauepcndod 1n 1.8 al bon.to o:Uino oolu.U.on 

I'll 9 .0 to D:lko a. 1· 10 Ulution or tho oricinAl tout il:rnlnO tlu.id. 

Too IIW!p(;ru~lon w:~,~~ nllcvotl. to utlmd ovom.iet>t 1n tho rctrofi'Orotor. 

3.5.2. 3 .yrtutl.nin 'V!oorptlon 

oro th;; knolin - or DC<~t.ono - tl:'lloted 1110 U=.mc; Ou.id dilution 

wq cdtl~d o ,05 w. of pi!Ckod roll colla. 'l'ho tCNr.Wt1 i=Jno Ou.id WM 
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held in on ico ba.th to prwcnt hcnolyoio. .\dsorption ooou.xod 

within 20 ninutcc ':lith oconniC\nol. ahnlcinc nft<•x.· which tho 

0 ouupcnaion 'llQ.O ocntri.L'ugod Bt 1, 500 rpo for 10 mi.nutoa :1t t, C. 

The resulting oupomatant fluid was thon rondy for tootinS. 

3. 5. 3 Rcossnto for Bl• ...nr\ tTI tests 

All rcog .. nts -:reX\> p:ropi\X'\ld in glnss distilled or ducinorol.izod 

STOCK 9:>LUTIONS 

'\ .'j.l sodiun chloride ( 10 x 0 .1!' 11~1) 

Ne.Cl 87 . 675 g 

Distilled tratcr Cl• • ud 1000 Dl. 

0 , '}:! Bor1e o.c1d 

Di.otUlocl 11lltcr Cl• a • ....:1 1000 cl. 

Pir1lt diooolw in 700 al bot diJitUlod ontcr, coolocl Md andc up 

to 1000 cl, 

ll~H ~o.o G 

Diot1llcd ~rnt.or q.o. o.4 1000 cl. 

1..!:!!. Dt.nQ\U.u.~ hydr:>con ph<>~!J!h..,.to 

D1ct.1llcd vntor q.a. Ad 1000 Ill. 
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2.0l.S Sod.ioo dihydrogan phoaph:!.to 

276.02 g 

Distilled uater q. s . ad 1000 cl , 

B. 13ornto-aa.lino pH 9 . 0 (O .O'i4 bo:nto - 0 . 13J llaCl) 

1. 5 l.l llc.Cl 

0.5 1.& B-f~J'3 

1. 0 U UaOB 

ao Cllo 

100clo 

24 Cllo 

Diotillod vntor q . o. ad 1000 Ills. 

n 1 • Bor:1to- snlino pH 9 . 3 

s~ o.n for B but uaod 3' Ills or 1 . <11 N~ll. 

C. /.cid-eitr"'tc- DextTOoo (AC'D) 

Sodi\C citr ... tu (l~~c6a,o7 • ZJ20) 

Citrlo a.cid (~cGn5o7.B2o) 
11 

Diotlllcd n(ltor ct• e . ad 

11.26 g 

4.0 g 

11.0 e 

500 nle 

StorUi.UJd by :mtocl.Aving !or 10 cJ..nutce nt 10 lb prcesuro . 

'D. l)coxtroac - eoln tin-vo rontll (rov) 

Vo~ (&.rbit:U) o.~ a 

Colo. tin o. (,() s 

Sodiuo vo r:on 3.l ( SocUuc 'b:\rbit 1\l) o. )r) c 

CoCl2 ~4rowl 
0 . 02 8 

l4:SO, , 7U~ 0 .12 C· 

llnCl 8. 5 8 

Dortroc;o 10,0 c 
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First voronal nnd gclo.tin fmro dissolvod 1n 250 rue of hot n'a.tcr, 

bcfol:'O adding the other l:'OCGQnta and making up to 1000 mls nith 

distilled no.tcr. 

E. 'Boval.bu:lin- bor:lto s:\lln,_ (DABS) 

.\ntii:,"Cn-soruo diluent 0 . /,% bovine albuni.n in borate sal.ino pH 9. 0 

i . "' 'BovalbUili.n {FrD.Ction V). 

Bovo.l. 'tron1.n 

:Bornto oo.l.ino oolution pH 9 .0 q . a . ad 100 ml 

i1. • Ant 1gon-oo 1.'\lll dil w:: nt: 0 • 4,1& B:.DS 

~ Boval bu::l1n pH 9. 0 100ala 

Bonte ao.l.ino oolution pB 9 .0 

G. Vi'l'\1.8 -"ld,1unt1ng diluent (VAD) 

Solution A: 0 . 15!' !Jn.Cl - 0 . 0211 H~l, 

1.~ NaCl 

2 .CII fl~~ 

D1at1llod vn.~r 

Solution B: 

1.~ NcCl 

2 . <111 llnl!j04 

Dlatlllod ~tor 

100 I'll 

100 I'll 

8000 al. 

100 I'll 

100 al 

8oo al. 
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Tabl e of pH voluoa 

'Pinn.l pB Solution A Solution B 

0.1 'j& N::!Cl - 0 . 2M nn2HP0
4 

0 . 1~ NaCl - 0 .~ NaH2P01 

5.?5 3.0 cl 97 .o c1 

6 .0 12. 5 87 . 5 

6. 2 22.0 78 .0 

6 . ~ 32.0 68 .0 

6. 6 45 .0 55.0 

6.8 55 .0 ·15.0 

7.0 n.o )6.0 

7. 2 n .o 28. 0 

7. ~ 1';1.0 21 .0 
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3.6 Proparntion or l:l..'\tcritlls ..£2.r FiCl diffuoion 

The ao:n-gol precipitation test or Ouchtorlony ( 1956) and tho 

tooplnto thin- l..nyc:r gel diffusion cothod as doocribcd by 

,\ucl:Jlb:linor and Atchluy ( 1962) TIOJ:C us..;d. The lAtter io o. cioro-

t cchniquo for oondnoting tho Ouchtorlony toat . 

?or the routine Ouchtorlony wet , ciaroscopo slides th.rouahlY 

cloonod in distilled '17ntcr flcrc loft in a.c...tono until usod . The 

clean :md dry slides Tier~ coated vith o. 0 . 19& colton Difco lloblo 

~nr in diutillod ';'l:ltcr, 'll'ld loft to dry at room tccporl\turo ovo:r

~ht. Three n1ll1Ht.Jrs .Jf ~ Ct.--=- .in distilled qo.tcr cent~ 

a fcm d.ro}'O Of ~ Of eodiUC azide !l3 0. prcoo:rvntivo W~ lo.ycrod 

on oc.oh olido nnd ollonod to 6{!1 o.t rooc to:lpOraturc . Tho slldoo 

0 ucro ctorod in 11 hu:lid ch."'nbor l\t ~ C until WJOd, uou"\lly Tlith.f.n 

t-oo to t~c deya . ~sirOd pl\ttc~na voN cut into tho tl8:lX" ll.lth 

a Colo:ln eol punch (Clin1c:!l. clcctraphoroaia , 1970) nnd uxtrnctud 

by cuct1r·n. ollo VOX\1 Cillod llith ant~ .-r :::...ue_ ...ao1tio 

tlulda <J'\d diffwsion rU.lovod to UlkD pl.aco et roan for 21\-18 hours 

1n :\ hu:xlditicd oh."Dbcr. Sl.14 a wore at!Unod with tb.:l !ollow1ng dye 

n!ior proo1p1 tin l:tnoa tmd &volopod• 

o. , c 

100 .0 al. 

'1'b:l appo.rlltua tor Uw ;uornhoiDor nncl • tohloy ood!rion.U on 

lncludod ditt\ul1ort c~bor, k~lntoa end 0'1 rutrix rome. Tho 
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diff usion ohc.cbor \1!l8 a ooobincd oh".tlbcr and alido r'lCk 

f a.brioo.tod rroo acrylic plnstic shoot ns d ... scribed by AuomhoiJ:Ior 

nnd Atchley (op . cit. ) , It W38 used for ill steps of olido prepa

r ation , diffusion , elution , staining end drying. 

Tcoplatcs uarc piocoo or pl:lstio 1" x 'tt' x -,i" cut from 

ncrylic plMtic sheet. Holoo, uau.olly ~· ait!Dotor ucro drilled 

in tho plastic pieces in the dosircd pattoDlB. loll pnttomo uood 

in this study :lrc sboun in Fisuzo 19. 
1 

Ccl natrix roms ucro strips or vinyl plastic tnpc s 'li" x 1" 

plru:od oa.ch at end or tho ta rpl .. t o . Uicroaoope alidoo noro 

too tory procloanod elides l c :rt in nee: tone until used . A o. ~ 

Ditco Jloblo ~ 1n distilled 'I"Tiltor lloa ccployod to oont tho olidoo 

!lhich woro left 1n a ncar wrtical poaitiDn to dry o.t rooc tcl:1l)ora-

turc . Dry prccoatcd alldDe uoro then pl:u:cd on a oupport to moo 
thco orr or the bench top. A col ll3trix t oD:J vn.o placed on tho 

slidoo , tape da:rn. .\gn.rooo (0.~) at f:I}-~°C uno introduood into 

tho oo:pllln:cy GP:JCO botlrccm tho cl14'D o ".nd Ulo t;rUl with 1\ I'ADtour 

p1petto f1tt.od trith a rubbc.•r bulb . J.ttrr otortn.. in Lbo ooiot 

Oh:'.."lbor until tho C6ftr000 WQ.II troll aellod (uiiU.!llly nfta r 1 hour) o 

tho col tor:a ?lUI ~·10d by alJdin(: 1t. oct to ono DidD. In plJ\o;.. 

or t.hc eel rox::t a t.=pl ... tc on tho dooirod .roll p nttorn vaa alid 

on, ct~rt1J1l: ~t one odt;o 1n ordltr to pNvcnt aJ:r bubbles rron bo~ 

t m pcd . 'l'bo woU. 1:0r tilled with tho opr%0Pr1nto aolutlon or 
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anti.son or mouac "'..Ci tio fluid using a capillary tube . Tho top 

or t ho c:~.pillary fi::W placed oloso to the bottoc of tho 17Cll ond 

solution 1111.8 :ll.louod to gontly no:7 until tho well t1a& £1lll , 

:1void.i.nt; o.i.r bubbloo. i'illcd olidoe t7C%\'l then pl.Dcod in the 

cois~ saturated chaobor and kept at rooc tcoper..turc for 

21,- .A,S hours . f, t tho end of tho cllf!'Uoion period, the teoplato 

w.u~ :rocovcd rroo tho olidc by noTring a gontlo stzeac of tap vator 

over tbo nneccbly , t1hilo tbo t ... cpl.nto "JilS ca.ra.fully slid off to 

rwoitio fiuid uoro eluted by throe to four oh3ngco or buffer 

oolution ovor n 1, liour poriod. Slid.ou uo:ro stained mtb 0 . 1% 

thi.o.zino ned 1n 1% o.cotic o.cid, The buffe r for propnriJlG tho 

0 . ~~ Q&IU"' cc end for olution \7ll!l D.!l.® U? of tho i"ollotri.ng: 

Dieodiuc hydrogon phoaphr.to Un._IIPO. ·-z- -,; 
Sodii.L'l Chloride lf~l 

Sodiuc n.::Ulo ll:t.ll) (proDCrvc.tivo) 

:ntc;:: '1 • • od 

PinR ' ,.!.: ' 7 C \.~ • - ....... • J • 

) • 7 '1'1 OGUC cul t'll"l 

1 . 25 a 

6.5 c 

0 . 2 8 

1000 tll. 

Three oota.blic:hod ooll lin"• •oro u.od du.rJnc t.lw oouroo or 

t boao ut~ e . 'I'ht.:l VON :JriC!II'I trr'OC!I aonlc<ly, Cercr;plt~n 

ftO thiape kitiuoy (VoN) colla, Byritln or Cold..-n llatUtor, 1Jo1100rjar;tua 
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ouretuo kidney (BBK- 21) cella, :md '•odes albopictua (A . ol.b . ) 

cella. The ~ro and BHK- 21 cells 1te'l': obtained froe1 the ~cricon 

Type Culture Collection end tho A. alb . was tho Singh . Spring 

1970 8\lblinc na.inta.i.nod by Dr. S. Ducklcy at tho Y.Ue .\rbovirus 

Reoom:oh Unit , Nov BD.ven, Connecticut , U. S. A. 

Stock Vcro cell oul.turco wo~ carried in Rou.x bottloo \Tith 

n grol'Tth ce:diUD consisting of 9016 E.agl.oo Miniml Eosonti.a.l Medium 

(Jm&) nith lhnk1 s btll.ancod ca.lt oolution (BBSS) lllld 10}& Fcttll. 

oali SOrur:l (FCS) . Cu1turoo troro tr:mBfa:Nd r.cekly by~ 1:1, split . 

Two-ounce nint glADo proooription bottles rro:N seeded nith cell 

8\Uiponaion fl:oo stock culture cont:Unins 150 ,000 c ... lls/Dl, oach 

bottle receiving 5 Dl . ThDoo oul turoa lf\l:N used for virua nss~ 

3-i d:ty& attor GOoding tubes lfith 1 ell or cell GUCJPCnaion each. 

The ctablo DHK-21 coll line vQ.D fJTOliJl in Proncb oqWU"C bottles 

in :l octlluo cona1ot1o,:; or ~ LmJ c.'ld" up with IIDSS ond 1~ 'PCS, 

t hoec cul~a uuro tr311oforrod twico woolcl.y lr.r n 1:_, aplit. 

Tubo C\ll.to•.X"Or t or vil:ul:l atudioa woro \111\Ully pr<;p11Nd by aoodin8 

50 ,000 C(:L1 /Dl 1n an outerowth DCtdiu:J or IWA1 HBSS1 PCS ot 80:10110 

rt'\ t..io. 

r, , nlb, uto<:k oolla v.~ro lnintCLinod 1n 2-ounco flint ~lJ\ml --
PNIIOripiion bott.loe uith 5 Dl o f Mitlll.lhuhl..Uo.rtiD)roGOh (u-u) 

acdil.li:l. Eo:eh Vjck , thO M.J~ ao41JO wns dr!tll'n orr nnd NJ~lnce4 with 

1\."'l cq\131 voluoc of r~nb oodi'ID. i'or vi.ruo 4IUUI.,Y, on.oh olock bottlCl 
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'llO.O tra.nofcrod by n 1:8 split ratio . Hodiuo wa.s pou:rod oft th~,o 

bottle and cells dotach.::d rroc glass wnll ui th a "rubbor pol.iccCM". 

ThzQc ml of modiuo was e.ddod ond cell suspension pipattod up and 

down 10-20 times to bl:\"!ak coll clumps . To the dispersed collo 

t~ns "..ddcd enough oodiU!l to oaJm up 8 now stock bottles contc.ini.ng 

5 1111 of coll OWlpCnsion 0::10h. The bottles ~ore incubJ\tod for 

3 deyo nt rooc tcopcraturc by vhioh tiDe the cell oonoleycr nas 

oultnhlc f or viruo inoculation. 

?or ViruS inoculation, the nuid DCdi\C V::\S ~moved from tho 

c on.rlucnt oonolnycr cul.t\1.1"\.ls Md 0 .1 Ql ( tubo) or o. 2ml ( 2 ounce 

nint al.o.aa bottl.:s) or virus dilution ua.s a.d.sorbod for 1 hour llt 

37°C or rooo tcl:IP~raturc . Thio v:us follovcd by tho c.ddi tion or 

1...r:• nith Z'S PCS for Voro or IIHK- 21 cells, Jnd tho :•-u oodiuc for 

!• ~. colla . 

Por pl..Dquo fomation e.e~o, frcohly prcpn.rod nutrient oaG.r 

owrlny coditO vae added to connuoJnt oonol.Q.ycr oulturo llttor 

vb:uo c.4aorption . 'I'";Io proccclll%\lD 'lloro cr:plo~d ror ovurli\YintJ 

1ntoctcd aoDOl.'l)'ar cultu.r\.o. 'l'h oin()lo ovorl~ wdiun 1n which 

ncutr:U X'\ld eyo vna inoorpo~tud nnd thO double ovorlo.y conn1et1na 

or en 1n1t1nl CICclliC nithout naut=l rod and o ~~eoond&ry co4iua 

vi th nw t;ro.l J:Vd. 

Cech 2 OWH: bot:tlo rooo1-wd 5 ol or tho clrJClo ovcrl'\Y or 

3 al or tho initinl tl."ld 2 nla or tho occonda.ry over rq co4i~.e 
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uhon tho doublo ovot:l:\Y nndiuc fTQ.S used. Tho accondary ovcrla.y 

~aa added 3 dnys post viral infection . 

3.8 Prcpnr:l.tion of l.ti tsuh:l.&hi-Mo.raoorasch ( 196t:.) cediuc and 

RinrLldini ' s ( 19'Y,) solution £or A. alb . cell line 

3 . 8 . 1 ll.i touhn.ahi -tlnranoro sch r~diuo 

Tl'lo oolutiona ,\ ond D flare prcpo.rcd in distilled docinoralisod 

flntor and kopt for long periods ~t •0c. 

N:Ult?O ~ .H20 2 . 50 g 

JAeCl2. 6R20 1 . 25 g 

KCl 2. 50 s 
C~l2.H20 2.50 c 
Ntl.Cl 87 . 5 I'· 

Dcainor.Uicod distilled v~to..r q . a . ad 1000 111, 

OOLD'l'Ion B 

Ual!OO 
3 1.50 c 

l).:r::Unorn.liood diotill.od vntor 'l• a . ad 1000 Al. 

ll.".!:'IC U ...W ( S DX:LE G'I'IU«inl) WI:DillM 

Into 4 2 litro tliU:k, o44 

1) xtrono 5.0 a 
LG.otn.lbur:~in ll)'drolyanto O. 15 C 

Yoa.otolnto 6.25 8· 

J)~niorn.l1ood 4Jat111ud • t or 000 nl, 

• 
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Diosolv\l l.'.nd hold ovurn:icht :1t t,°C , llcxt beat t o l!lJI;>:Nrl

Ll:l.toly 80°C in a untcr b:-.th and a.llon to cool. Thon add 

Solution :. 

Solution D 

100 c1 

100rll. . 

Storili~ by filtration throUJh a Soitz-typo pad throuch ~hioh 

50 al or iootonic &.'ll ino bAd boon paoood prior to ru trotion or 

b nsi o ac di:uo. 

To 8oo c1 of tho tUtored b'\.Bic D.:diUl:l ill addod -

H.:lnt inectiV'l.tod fctlll. cnll' so= 200 nl 

ft.ntib1ot1c solution 10 m.l . 

Tho Bntibiotio oolution oont!Una 10,000 U!:lito of pcnioillin/cl 

C.."ld 10 ,000 alcro.:;r=o or otrcptooyoin/al . 

3. 8 . 2 Rin'\ldini'a aalt oolut12.Jl 

Thia 1e ua-.d for rirulins ]!. 1\lb. cultuzo tolloYing vi't\ID 

ndaol:lltion -

IIIICl. 

V.Cl 

Jlall.jO I, . B20 

D-61UC080 

)lclJX)3 

o.e s 
0 .02 6 

0 .005 c 
o., 6 

0 . 1 G 
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llinnldinis ol\l t ool,&ion { contd ..1 
Sodiu:::1 oi trato 

Antibiotio solution 

0.0676 c 

10.0 cl . 

(to give 100 unito/cl 
or penicillin ~d 100 
u.as:l cl or otl.'\J ptoQYo 1n) 

Diatillod wator q . s , nd 100 cl, 

St vriliacd by filtration boforu adding antibiotic solution. 

3. 9 J'X"Cp"U'ation or ovcrlw cc:dium r .r pl"¥!UO \\S&f\Y or:. Orunso virus 

l.g:l:r over ley me di\lD Ucdium Y 199 ( IX>UBLE STREl:ol'H) 

10 x W199 nith E:u-lc ' s baao 

Inao t1 vn.tod rot!ll c;:Uf eo rue 

Antibiotic o lut.ion (to civo 

200 ol 

20nl 

100 un1 to/ol of penicillin Dl'ld ·1 ol 

100 W!P/r:il. ot ~to::lyoin) 

Diotillcd nntur q . s . ad 

~ agar oolution 

ns.rco Doble .\gar 

DlotUlod tu~tor 

t.utoel~vo at 10 lb p:nll!IN..N tor 15 ::Unutos. 

D1et111od vnt r 

1000 al. . 

206 

1000 al . 

10 C1l 

1000 Ql 

Autoo~vc nt 10 lb pruall\lr'O tor 15 c11Nt.illl . 
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Single overlny t!Odium 

To n 500 ml gr3du~tud cyl inder add -

llaRCO 
3 

30 ol 

1.:199 (2X) mrdi'UI:I q . s . nd 250 Ill 

Uoutral Rod ( 1t 30) 3. 5 ol 

JJ199 (Z<.) COdiUI:l q . s . O.d 500 nJ. . 

To o.nothcr 500 ol ~ted cylinde r add -

~ Noble naar 

)Ool 

500cl. 

lHx content of both oyllndoro and in a 1'1..-t:k and hold in a 

.v,0c llator bath ubilc in u~ . 

Double ovcrlo.y cocUUD 

In1 tiol ovorl.ey 

To ::1. 500 cl g'r\duo.tod oyllndor add -

1 .~ tzomo
3 

JO a1 

1!199 (2JC) c1i1.n q , P , " 500 al. , 

To nnothor m al £;r3duntod cylinder n4d -

fA Jn!J'..-dox.trr.n 30 nl 

~ lloblu DI':V q . e . IS11 500 ol . 

1.11x oontonta or tho 2 cyl1n4ora 1n a nM~c =d hGld 1n 1\ 

o11,°C ~ntcr lmth vr.J.lo in usc • 
,#!' 
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Sccond.o.ry owrlny (a.ddad 3rd d.:l,y o.rtor virus inoculation) 

To a 500 r:l1 ur:u1untad oylindor ::~.dd -

To 

? . ~ NaH00
3 30 c1 

t.l199 (2X) DOdilm q . o . a.d 250 ::11 

$ lloutmJ. red 4Cil. 

'1.1199 (2X) C.:ldiU!l q. e. a.d 500 C1l 

nnothor 500 cl GTaduatod cylinder add -

1;6 IEJ..E-dcxtro.n 

~S t:oblo ngur q. o. ad 

30ml 

500 ml. 

lUx contonto or tho 2 cylinders in n Cl:ulk and hold in a 

.~ ~0c rmtcr b!1th uhllo in uao . 

3. 10 Suoooptibility otudi~o with Orunpy virus 

Six cxporioclnt3J. an1cl1l.o '171lro unod in tho host r:\1'18'0 I'IWicop

tibUity otud.l.oa Vith OnlnlrO virua. Thooo vorc uhito Sr1ioo clbino 

aice , 1--=atcra (lloooor1oet'l.lo nur'\tun) , llbito rnbbit (Orvotol!!{NII 

Tffi1eulun), l«lbo, d.o::x:olio apa.rrow (P~ dononticue) a.nd 

da::lolltio ohlclteno ( Cf\lluo dDoooticun). 

Tho uhito So:lico clbino cico voro C31ntainod in tho 'llzv..8 

Roacnreh L:lbor(ltory nt lb.."'.!Uln. They troro uocd ot c11.(CoNnt G£:Q 

6%'0upa ~ CI'OO on dn)' old to )-wcok old. ll~to:n1 II'ON 

obt '\i.nQ4 rroa u oolcny n.'\int:\i.nod At tho Vector Domo DiiiOLUIO 

D1via1on (VlJIQ) or tho ContN 1"or DiA0':\80 Contr?l e.t Fort Colllno, 
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Color a.d.o in t ho u .s . r~ . Thoy uerc usod at 2 day or 3-~ock of ago . 

Adult rabbits (G-10 vocka) m!l:o obtained from a coCDoroiDJ. robbit 

ram in l badan . They vroro observed in the laboro.tory for ten 

~a and oorti..ricd f l.'Co of orxy obvi ous diaonso prior to commonoo

mont or oxpor i..ccnt . Tho ~ult spn.rrcma were nild Cl\l.lght birds 

Daintru.nod at vm>D in Fort Collino , U. S .A. Baby chicko wore 

obtained na dny-old chicks fl:'O!l a co=croioJ. filn . Lnt~ba 170ro 

croao or local. ones ".Jld r:\."JlB sninto.incd in our laboratory. 
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4 . 1 Filtro.tion or 0!"1Ul8o virua strains throw::h "IUllipo:rc" rembr:v1es 

As a pre- requisite for further detailed studios, it ~ nocossary 

to dcten'lino iC tho e(;Ont so.tie.fios ono or the criterio. or virusoo, 

that is , flltL'r:lbili ty. Tl-.c tochnictuo dosoribod by Cns:'\ls ( 1968) 

l'IC1B USC d • -2 Briefly e 10 rrusponsion of infected newborn cousc 

brain tioO'UO ca:~ prepared in B:.PS oolution. Dctmlcn 50-60 nl or: 

th!l frcchly propOIQd viruo suspension 110.11 contrJ..i'u8od nt 12,000 -

15, 000 rpo for 30 oinutos. Tho supo:nutant nuid \71l8 th~n filterod 

by p1'C: aauxo ( 20 poi) 811Ceoso1voly thrcuch fll tors or avur:l{;\l pore 

dtonotcra (A:FD) ·~SO . }00, 220 and 100 nanoootoro (nc). At ot1.0h 

at08C , Bbout 5 ol wu ro03rvod for 1n!oct1vity titr.ltion. Tho 

ori&inc.l crudo oucpcnoion, tho cupex:no.tQllt nu1c1 nnd oo.oh IIUccoaoivo 

fi.ltr:~.to war.~ tit.r.ltod by IC inocullltion or 2-\ dn.:l old aioo , aix 

10\leo boin) US'Jd for CllCh .ulution. InCoct1v1ty titora WON 

oxprcu d in ll<Jx/0.02 c1 (llnl.dcno, op. oit.). 

Tbo rucW.t.e or 1nCoot1v1ty titr.t.Uona or rou:r at~11 or 

Orunco viruu nro llhovn in "i'Ablo ~. llo a~.1o~V~t lo11a 1n 1ntoo

t1v1ty 1m.11 &~teet d on rut-rnt.Lon thl'Q\.18h too IJ'D 1,50-220 ra. 

IIOWO'YU:r OD f'il trl\tiOn thrO~ tho brcn ot APD 100 nc rroator 

than 1 . 5 dolt or virull 1fn.D loat. A loee o r 1. 5 d~n~: or DON 1n 
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TABL'E 4 

INFECTIVI'l"i OF ORID{GO VIRUS STRAINS AFTER 

FILTRATIOi~ THROUGH "lflLLIPORE" liE!IRRAllES . 

In foeti -
vity of TITER OF' FILTRATE E9timlltod LD50 
unfU- Did.!! ter of APD OF ~iEJIBRAIIES m te:rod Particle 
SU3pen- llAll<m!TERS (EDP) • in 
sion nnnon:o te r:s 

450 .300 220 100 

1.-. }•• 3.7 }.4 3. 3 1.2 100 EDP 220 

5 .4 5.0 5.0 4.8 2. 6 100 EDP 220 

3.2 3.0 3. 2.3 0 .6 100 t.DP 220 

L.. 5 3.9 }.8 3.8 2.0 100 EDP 220 

•Bil.:led on the average pore din::ater ( .PO) f the two 
con:secutive fU ~n botrrecn nhich de 1. r or moro ol' 
virua uns rccovcd • 

.. Expro:~sod in dux/0 .02 cl. 

E:PD = Eatil:atcd Particlo Diaao1: 
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infeoti vi ty ti U'o was considOX\>d a,.q nio'U.fiocnt. Orungo vixus 

hr\s nn ost i.m.."'.tcd pnrtiolc ~otor (EPD) of less than 220 nm 

but gxoo.tor t hnn 100 no . 

l t oust be notod tho.t properties other than sizo cay o!foot 

t he fil t rnbili.ty of virusoo ond tho oomorcio.l.l,y n~blc 

ooobr.mo rcproeont only "' lio.i tod ran~ or .'.PD, so tho EPD 

obt llinod for O=no-o virus is only o. roueh catio."'.tc rothor than 

an accurate size dctercination. 

Dlnck ( 1958) arrivod o.t o. figul:o or 0 . 6.~ as tho relation 

bot11ocn po.rt.iclo siz.c u dotaxuinod by elootron r.licroaoopio obsor

vnt1on nnd tho fil t:rotion teohn1Cluc . OJ.'UJ\go virus po.rtlolos 

t hcl'l:fol:\.! nhould have 'l size bohoan 64 no t:nd 11.0 nc. Por an 

o.ccur~to dctcn.Unation of Ozunco viruts -po.rti.el.c oiz.c , Q.B 11011 aa 

thQ t!Dxpboloi;icW. and coxphoccnotic oh'U"30toriatioo, viruo srown 

in t1n1Noa cul.turo and t!DUCO bro.in tr3ll ox.-=inud by olootTon 

a1oroecupy. 

t, . 2 f:lootTOn aicroecoJIY or O!UJl.CO vir11o 1n tiatruo cul tuN nncS 

~00 brain 

Th!l Ib B 13019 otrnin or O=neo vh\la V!1.ll u.od 1n thooo etu<Uoo. 

It. ~ prc.v1owsly bo<m pNJaoecd C..:cttt tJ..coe 1n'l!" tJOr!W&3lly 1n 

lr..lCiklil\r. aico . Stock vi;r.lo t1tor 11,.. 1.0 a x/ .02 Dl. 
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BHK- 21 cell cul. tmNo noX"O in!'cotrd with o. 1 n1 or n 10-2 

dilut ion of O.rllJ'lGO virus . Cells 1701'0 harvested at tho oarlioat 

oisna of cytopathology (CPE), ueunlly at 40 hours for thin

section electron microscopy , ::~nd c.t a later et:Jge ( 60-72 hours) 

for negative contoot oicroscopy . NeTTborn b:1by oico 11cro oo.oh 

inoculated IC with 0 . 02 nl of 10-2 dilution of vi.rua nnd harvested 

nhcn sicl< or ®ri\:Jund . 

For thin section oieroocopy , con culturos troro acrn~d froc 

bott.lo and cent ri..L'Ueed nt 1000 110 for 10 Dimltcs, rooul ti.ng 

pellets uora fi.xo d for 2 hours nt 11°C 1n 2 . ~ gluto..mldotzydo . 

Llo\Uie brni.n tiosuo 11na cut into 1 llD) blooko ;md troatod in tho 

oc.:lD nnnnor ns cull cultur.l pollota. SpcoiJxns vera poot fixed 

in m ofiCiu::a totrox1do for 30 oJnut.co , dohydra~d in 4 StMdnrd 

othl'.nol oorioo end caboddcd 1n ;m .\rGJ.cUt.c-opon aixturo , 

(Uollc:nh:louor, 19&~) . Scctiono uora ot.ninod uith urtlllyl ccot..nto 

nnd lond citrate. 

For ru:cativo oontrnat a.1croacopy , IIO'All'l\1 oothodo or virue 

c;rovth nnd prcp~Hon vcxu cx..=inod 1n order to obt:U.n opti.o.U 

rooolut.1on or Jl(U'tiolo INrf't~oe¢ att'U!ltllnl . Viru..o trn.o (.'TO'iln in 2 , 

') or 10% r tol oDl.t' ac:N.Q , nn4 hnrvODt.od f\t 12, 21,, t,8 lllld 72 hourD. 

Coll cUarut~tion wno ci!Zricd out by rrooz.o-t.h!:Jrin(; , nootwuo:U 

di•ruption .om4 t.rypa1n trc.ntr.cnt. In 1\441 tion, pnrtil'l.lly purif 1od 

v1:ru. vna QX..~ d. PurU'icaHon wo.a oa=icd out by provioual,y 
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doocrlbod ncthods , Wartin ot .1!_. , 1975; and Martin and Z;;ooorink 

( 1972) • 1lr1oUy, DDdiUO 'aa.tl pourod ofr infected oolls
1 

and 

roplnocd with one- tenth voluoo or \later. Cella 11oro thon oor:!pod 

and lysed in 1\ hocoganbcr . Tho lyuod cella nero thoroaftor 

trontod tllicc vith oqunl. DCOUnts or fluoro carbon , ~nctron; on 

cnoh oc~o.ion the aq,uooua ph.'\.SC tfl\8 collected. Tha. pooled aqueous 

ph3oo vnn lr.yoxed onto a 3(1)& clyccrol - 601' poh.saiu:l tartar.:1to 

c:n:Ucnt , and c<ntri.fu8cd at tO,()l)() rpc for 19 hours in a ~.1 41 

Spinco rotor. 'l\10 b3.'lda :1'\)8\llt. \, nn upper thin prooioo b::~nd 

cont~inb thu virus partioloo, nnd a lo~cr fuzzy band contnining 

cellUlar dobrio . Spocioono froo thcoo b'Ulds ncl'IJ pNp"'.Nd for 

electron c.icroacopy by tho pE:UOdo ropliM technique of Sh.up 

( 1960) Nl fully doocribod by S::lith ( 1960). In this cothod, ~ 

pota.o&iuo phoopbotw::lgat:lto von uacd o.D tho nogatbv oontrut codiuo. 

In thin ooction olcotran rucroooopy, of intoctod BIIK-21 colla , 

Or.1."lCC virun p~rticloo voro round locat(ld in tho cytovlt\ll:l or 

intoctod colla (Pl-:.to 1). coat often , thcoo on.Booa woro NIIIOOiat.od 

'111 th ~'\1' D11triOOil of Vl\l'Yine donllitioa lllld D:UimiiJ Of fUanon

toue at~ turce (?1.41;(.) 2). Tho Vl\r1oty or thooo cm;t'Ot:"'t.icna 

voro ... xooptionnl, 1n particulAr V'\11 tho a.rr~nt or vi.n~a 

Jla.rt.tcloa aro~md tho Jlcrl"t~hor)' or a1tochcnc11rA 1n OllOO Woctcld 

oo1111 (rl"ll<i 3). 

p v1rue part1ol a voN obo rvad 1n tho :fll"'OOoa or buddtna 

t~ ooll ~b;ronl:la , cit) r 1.hro\l&h intra.cytopl'UD.lo oi'(;QI'\Ollc 
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Plc.to 1 

orunco ~ 1Jl Il!lY.-21 colla , v1th ·.rlrua particl«>ll 

l)'ine rruo 1n tnaecd ~ 1n tho cytopl:u:::. XMJ,OOO. 
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Pl at e 2 

OZ'\Ill60 virua 1n mM- 2 1 colla abov1n{; cocplax o.rrc.y or 

Yirull {lnrt.iolODr OIIVOro.l cl.cnaltloo O( Tf.ral Ent.rJJI 

cntorlnl t~nd o.AII0014t.o4 !'ilrv;l!Onh 1n 1nCootot1 oolle. 

X)2 ,000 . 
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Plato 3 

Qr\11'16'0 VinuJ p::u-tiolCG IUTMCQ4 llt poripMrJ of 

-.1tochomr1n ill 1\11 1ntcct.ocs IlfiY.-21 c•ll . x~a.ooo. 
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nornbr anco yiold.i.n,) vii.ua p:uticloo rrco in vo.cuolce or throueh 

pl~ ccnbranoa yieldinG vi:rus particles rroo in extracellular 

sp \CO bofo~ cell lysis (I'lnto '•) , Tho co po.rtiolce Otlintninod 

t hoi :r "pouodo-onvclopc" ao tho ocobr.:mo through nhich they budded 

1:0c,.,.in o.dhcront . The CIIJ.jor means of virus rolo~sc wno vin coll 

lysis end nout rclcnsed virus particles nc:ro not onvolopod, In 

thin s::~ctbn , Ol'\.JnSO vhuo pa.rticloo oonsiot."ld of on olootron 

donoo ooro c.nd o. loos donoo outer oholl , tho capsid . Tho coon 

dinoctor of 105 Orungo viruD pnrtiol o nan 63 ns nith a rnnso of 

52- 72 nn. Coro d1anotcr vnn 3+ no (r:l.Jl@.l 29 no - 41 nm) . Tho 

distribution of Orunso viruo piU"t1clo diacutor io ohorm in Pig. 1. 

llogative contr:u~t oloctron aicroocopy: Little surfa.co 

str.Jctu%\! ~as revealed by PJ1Y or tho tront::xlnta ccployod , including 

t.bc p'\rliol purification by ccntr~t1on on glycorol-tnrtamto 

sr.3.dicnto. In cost Jll"UJJ~tiono po.rticlo eurl'oeoo voro t'\lzey 

~oauao or thD proccnco of an J.n(tiotinot l'\Y'Or ovo:rlyi..rl($ tho 

iDo:;otrlo o~:q~a1ds. In on attccpt. to rceolw thia snrtiolly 

purified viJ:ua p:Npn:tntiono woro Dixod 111th an eqUAl voluco of n 

o.o~ Ditco 250 typllin 1n o .OUl eocuuo phoG'phnto- but'to:Nd a uino , 

pll 2 . 1 end .1n'Jub.-,tod nt. 37°C for 1 hour. s~.!JIIloa woro taXon nt 

1S Dinutc. 1nwr.nll ror olc.ctTOn cicroac::~py. ThaN '"II.G diXlp ponot.

TGt1on ot p:\rt1cloo by tb:l n«C!'tiw cont.r!111t c,!jdiuc, roaul t ine 1n 

YDJ:7 thin lcctron-tr"VliJP!U'.-nt l'I)'Ur b.'Uin.l to t:Ur!OOO Ctlp~l"'o, 
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Ol'U!'.(;.'"O virua pnrtioloo burSd.in~I t~;t 1ntrocytopli\GIUo 

IX.cbr.~n<~a yiold.inl; "pouc;.do onv.-lopod" Coma. X111, 100. 
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but this did not holp rosolvo oopeid structure (Plato 5) . 

Thin section electron cicroscopy of infootod couso brain , 

rovo~od idonticr~ viral pnrtioloo and associated struc~ros 

na ob on in infoctod DBK-21 coll cul turcs. Viral p;.rticloo \'lora 

inti..:latoly llllsociatod ':lith granul.-..r viralontrt:x (nnto 6) . 

·~ . ) Rcnction to ph;io1oal MCnte 

~ . 3 . 1 Th!irm.l ini\Otiva.tion of Orwy;o virus 

.~ 1CF',l: suopc:-n&ion of Oxun~;o vi.rua i.nfoctod ncHbom muse 

br:U..n tiBSUC (coueo br:U.n ant1tJCn) 'ilas Pl'OJ!iU'Ud in either phoophatc 

bu.Cfcr\ld aalino (PBS) pH 7 , / 'lithout 80ru::l or PDS aupplot:lontcd uith 

~ or heat iJu;.ctivatcd :cs. Tho vi:.tull 11Uspc.noion vaa contri!\lgcd 

et 25()0 r;l:l for 15 Dinut~ou llld the suporn:r.tMt nuid filtorod 

throur;,-h n "lUlliporc" ocobrMO or !PD 1,50 ~. Tho 1:0aulting 

fll~tc wa.a uood for thomDJ.. 1nr\Ct1Vlltion etudice. 'l'llo Dl. 

vol\IDCle '170ro dicpcnacd into rubber stoppered pyrex tuboa ( 1) x 100 m) . 

Thooo voro ir.s:cra!td in n va.tur b:1th at ~C, )7°C , or pli\Cod on a 

U'borntor,y bench o r in a Nfricc=tor (1,°C) roeycot1voly. M 

4 aien:r.wd lntorm.lo , tubuo voro rctXJvod onli chlllcd 1n = ioo 

b:1th end portlonc or 'th9 oon1.(lntll l=ocUatoly tibntod. 'I'm 

rocai.nine portiono V0%\:1 oto~d 11t -70°C for l.nt r toottn.a tor cr 

n.ot1.,1't7 . In x..;..-po')t cxporinento, •d.rwl aliquot a voro Z"CCCWd nt 
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01'\lngO virus 11nrtioloa v~iOWIIlY ;pcmotrnt.od lr1 lho 

nocuuvo oont=-ut e~:diuo (pot4aa1un Phoo(IMtWJCL\.n\.0} 

X11'1,1~. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 77 -

Pl ate 6 

Vi:t'Ua pl\rliolca f'Jid grMW.IU' l'lfttrix. in the cytopliUIO ot 

c. noUXon in brain or ooribund INoltl~ 1'»\.1 Tho pt\rii-

olca llrO eobod4od 91thin Uw ll!\trJ a , ..C61, , 000. 
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dcai.enntcd intcrvnls following thoroue\1 nixing of a virus pool 

in e. maotcr tube pla.ood a.t tho roapootivo tocporaturoe and cbCickod 

ror in!ootivity end CF ll.Ctivity, 

Vil:uo gJ:Oilll in Vor o cell cultuxo (cell oult\u:o nntigen) no.s 

nlso used 1n thr.l thorca.l. 1nectivation studios , honcvor vixus 

suspension '17<1.8 propo.:rod 1n l'BS only nithout 801.'\ttl a.ddition and 

1n.~t1vation no.a carried out a.t 56°C only. 

Tboxcal inactivation curves of Orungo virus at 56°C , 37°C and 

roao t ocporuturo (22°C 2°C) a.rc aho1rn in Figa . 2, 3 nnd .~ . Thoro 

woro two oocponont curves of tho:m:U inactivation of OX'UJ'l80 virua 

!ollOTlinc ino.ot1vn.t1on nt tho three t c::JpO:nturos, Ea.oh COr1pOnOnt 

curve roll01'10d r~ order ldnotica. The p..ri<:11\ or the cora 

0 
ro.pid inBotivntiOn pb.::ul.o VQD 10 ainu too at 56 Co Md 24 hours for 

0 
both 31 C :!nd rooo to::rpo=turo , lhon t'nc vi.nle IIUD'pcnd.inc ood.i.ua 

we.a PBS only, tm h:lli'-liro or Oruneo viruD una 0 ainutoa nt 56°C, 

0 '12 hour:1 Gt 31 C and 15 hours at rooc tocporature. On tho 

u.ddi:U.on or ~ oorua, tm oorroCJpOnd..ing pur1o4B Cor tho tw.r- 11to 
0 

or O=t!'P virua wn.a unch:ulsed at 56 C, but 22 hours o.nd 20 hourn 

at 31°C and rooc tecpcrnturo (22°C) XCIIJ"'ntlwl,y. 

l.ttor 11, ~., at ~0c , 2 dox Md 0 ,8 dllx or v1ru• 1ntoot1vity 

woN loa t 1n v1.rw1 IIUlJII(IJ1 dod 1n l'DS .:J\4 I"' ..!l cupp lctXIn tod "1 th " 

OG:r:IC roa:poot1vol.)r . 

~ C1" a.ot1:vi ty or Orune;o vll'\ID ... l'QduoOd to undr t< •otl\blO 

lovo1a 1.n G.o nimlt.oD r.t %°C, Inootivation t 37°0 , ~~"o and 4°0 
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Fig, 2 
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had no effect on the CP activity of Oruogo virus . 

4 . 3. 2 Stability of lYOphilhed Orungo virus suspension 

A ~ suopenoion of Orungo vil:lls 1n PBS supplen:ented with 

5l6 fetal caJ..r seru:n was dispensed 1n 1.0 ml aliquot& into 3 ml 

&::IPOules . The contents were shell-frozen by wi.rling in n dry 

ice-al.cohol bath and lett aubmeTgOd until o.ll ampouloo had been 

prepared. t;aoh ampoule was tbon tronafered to tbe exhaustion 

mgn1 fold of an l::dwardn Freeze Dryor, Uodel EP 03 for evaoU4tion. 

EvaoU4tion wna allowed to proceed until al.l material wan dry. 

Tbr> ampoules were th~m sealed under vacuum and stored at 4°C. 

At i.ntc.rvala or 1, 3, 6, 12 and 18 conth.s contents of three 

acpoulea were each reconstituted with 1 al. o! atcri1o diatlllcd 

water and titrated b'J introcerebral inocW..ation of bllby mioo . 

Tohle 5 ahowa r~lll\11 ta or 1n!oot1v1 ty titration• or 3:1p0ulod virue 

ycOp&rationa. On lyoph..Ub.ation , i.e . da:f Y.Cro poet l.yoph..Uiaa

tion 0 , 8 d8:at o! virua WIUI loot, a !\lrtber lose Of 1,0 dDX WU 

obaervod on eton.t;e at 4°C for 18 IK)nth.s . ll<T 'Virue wu detected in 

unl.)'ophilbed ua:::plco atored !or 3 aonth.s undDr tho .- condition. 

4 . 3 . 3 IniLCtivnUon of Orune;o vjJVD b;c ul,tn.-violet (UV) i.rrft4i tion 

1 1~ cuopcna1on or OJ'\lnGO viNe in BAPa was olar1!ied by oentri-

1'\:.cation and filto=Hon throl,lf;h a "'lllliporo" a£~bmne. Twenty •l 
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DfFECTMTY OF LYOPIITLIZED ORtnlGO vrnJS 

STORED AT 1+°C. 

Titre (in dex) arter indic11ted interval 

Vi.rwl prcpllro.tionG 0 1 mtb . } cths . 6 mtha . 12 lB 
cths . mths . 

LyophUhcd 4 . .,. 4 .6 I . 2 4 .0 3.8 }.7 

Hot l.yorholiscd 5. 5 2 . 9 0 
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or the filtered virus suspension was exposed in a petri dish 

(internal diameter 1 1 om) to a Philip UV lamp ( 3<1.7) plo.oed at 

diL'Cexent distances from the euspension . The virus euspeneion 

Was gently agitated by a oaenetic stirrer. At given intervals 

1 ml aliquote or viruu suspension \7oro romoved and ti tratod 

iJ:Dediately for infectivity and tho roet storod a.t - 70°C until 

tcatod for C? activity. 

The errect or UV i.rrad1.ation on tho infectivity or Orongo 

virus "a.'1"8 abown in Pia . 5. The hal..f - lite or 0 :rungo v lxua n itb 

UV lai:Jp oource at diotenoes of 10 01:1, 25 em, and 40 em wo.u 

25 aeoonds, 105 ecoonde end 282 ooconda roapectively. CF nntigon 

troa not ntrootcd tor a.a long il8 20 ainutco when the experiment was 

tom5natod. 

4 , 4 Reactions to chemical agents. 

4 . 4 . 1 Lipid nol vent oenr;1 tivitt 

Ether (anoatboaiCl ~) and chloroto:aa (re&6Cnt gro.de) 

oena1t1V1t1ea ot 0~ virus -ro dote%U1ned by tho 811tbocl ot 

Andrevoa and norat~ (\~9) end o ooditiocticm..ot tllo aotllod or 

J'oldcwl o.n4 'l&J'I8 ( 1961) roapoot1vely. A 10-1 dilution ot vinla 

propagated in couao brain WILli propArOcl in Jl.U'S . 'lor tho other 

.. na1t1V1ty toot, vi:r.1o preparation WM held v1UJ other (11 t ) for 
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Pig. 5 

• 

1 2 3 4 5 6 7 8 9 10 11 

Time '" mtnutcs 

liUICtivnt1on or Ol'W\80 YiNit by ultX"!JY1olot radiation; 

A • UV l=P 10 = !roc viNo tnurpondon, D • l17 lm:;p 

25 ca troa virwJ uuaponaion, end C • UV la::p 40 ca 

C.roa vir\lo DWJpOno1on. 

12 

• 
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, 6 to 20 hours at 4°C. For the chloroform tost, virus pxoparation 

was thoxoughl.y ci.xod in o. fi.n3l. chlorofom concentration or 1:10. 

Sorio.l dilutiono for inoculation "ere Clade in BAPS after reC!Oval 

or t.hc solvent by evaporation (ether) or centrifugation (chlorofom) . 

SodiUQ dooxyoholato testing QBS per.toXD&d nocording to o. modifica

tion or tho method or Thoilor (1957). Infoctcd mouoo brain ouspon

siona wore PX'Ollarcd in 'B.\PS ( 1q.(. V/'J) and contri.fuood o.t 10 ,000 rpm 

for 1 hour . Tho xocrulting auspe~to.nt nuid va.a t:dxod Qith equal 

volUDCa or 1:500 dilution ot oodi1.11:1 doo:cyobolo.te. Tho control 

wna Jlropo..rod si mil a.rly but '11i th BAPS diluent roplo.cing tho oodium 

0 doo:cyobol.o.to . Arter incubo.ti.ng ttwro Qixturoo at 37 C for 1 hour, 

thoy 'Ct!ro dilutad in aerial ten-fold atclpe and inooulatod. Knorm 

lipid aolvunt oonai tivo and reaistant viru~K~e 'l'lere alao included 

in thot:l detcm1nations. 

On treatin3 Orllf1&0 virus !:lith othor, chloro!om and oodium 

doo:cyohol.&to, thorc vu 1. 6 dox, 1 . 7 d.cz o.nd 1.4 doz or vi.Ne 

1ntoot1vity reduction :rvc:pootively (Table 6) . TogllVirucoa or 

which yollov rover vi:ruo ia n ccmbc!r arc knorrn to bo W10quivoo4ll,y 

acnaitbo to tho lipid eolvento. 'l'h1a lo borne out by U10 rooulta 

obta.inod !olloving too tre.nl.mont or yollow rovar, o!th lipid 

oolvcnt.. On the othor h!lnd, Lobo=bo vir\le or tho orb1v1rua t.&xon, 

{Bordtm ~ & · op. oit.) ahova n typical :Naotion or the taxon 

Which Arc knorrn to bel rolot1vuly at.ablo \o lipid aolvonto. 
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LIPI D SOI.NwM' ilESI 1TAl~F OF ORU:IGO , 'lELW.7 

ORlJJiGO 

FEVER MID LEBCJ.:BO VIRUSES . 

DiFECTIVITY REOOCTIQI (DI m:x/0 .02 ol . ) 

CHLOROroul SODIUI4 
_____ _____ __ __,D'WlClCHOLA'l'F. 

1 .6 

} .t 

0 0.2 

1 . ~ 

5.3 

0 .4 
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4.4.2 Bot a -propioln.otono (HPL) 1nn.ot1vation of OrunBO virus 

Inrcotod mouso brain mnterial was triturated wit h cold ooxmal 

aaline to make a 20"" suspension . The suspension Yraa cla.rified by 

ccntri!'ugati on and tho pB or aupomatant nuid wns adjusted to 8 , 

and m.ixnd "ifi th an equal volume or propQ.l:Od d.iluti.ono of BPL 1n 

ordor to obtain En concentration raJ'\60 or o .o~ to 0 . ~. Vil:us 

su.opcnaiona in this O%J>Cril:lent tJoro thus roduced to 1~. In one 

ser ies or experiments , tho DPL-virus suopenoion Wllll otorod nt 4°C 

' 

for 4 ~a t~ith occasional agitation, beforo titroting i.n baby l!lico 

for Wectivi.ty . For the oocond oorioa , i.no.otivation t7a.a OIUT!Od 

0 out ~t 31 C, and aacples for in!cotivity titration removad at 

5 ainuto intor.-n.J.a. uliqUDta were aloo stored for CF teat. 

'I'bo roaul.tu of Bl'L in::lct1vation of Orungo virus aN lho\ln in 

Pi811 . 6 and 7 . BPL roduced Orw\60 ... inla titre froCI 6 . 3 dox to 

non-dutcctable lovcla in 4 daye at 4°C \lith o. 0 .~ d.r\lg concontr:~.

tion. On tho other hand, a o. 1~ droe oonecmtrotion or IIPL .me 

requi.rcd to cocplotol;( 1na.ct1vato 4.6 dox or th? viru11 W\&lr tho 

c::!Xl oond1t1on. t.t 37°C, no si6nJ.!iOII-"'lt di.Cforonco wa.o found 1n 

tho inactivation t'llto or orunso virus by oithor o. ~· 0%' o . 'lJ! ~ 

oonoontrotion. 'I'ho halt-lifo or Orunso vinla :.t oithl:lr ooncont.~ 

Uon vu 7 , 5 lllnutea. At 0. ~ drue; oonO(IDtratJ.on, tul.!-lUC! or 

01'\U\£!) •fix-us VQ.II 11 Dinutco. 
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Fig. 6 
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Fie. 7 
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4 . 4 . 3 Fomo.lin- inaotivn.tion of Orungo vixus 

lnMtivation stu.dios \71th formalin we:ro carried out under 

simil~ conditions as for BPL using final concentrations of 0 .0'1% 

and 0 .0'$ formalin . Ino.ctivation QQ.S CtUTied out at 4°C for 4 da.ys 

only . The oourcc of formo.lin 11as comcrcial formald.:>hydc at a 

40% formalin concentration . 

TlY.l inactivation or Orungo virus ia ahoun in E'ig. 8. Under 

the conditions or the e~rloent, 1.5 dc!x or the virus flaa roduood 

to undetectable level by 0 . 06% foXQaltn concentration. 

4 .1\ . /1 plt ato.b1Hty or Orungo virus 

lnacti.vati.on of BHK-21 oell cul turo adopted viruo "1111 dotor

lllinod at vn:rlout:J ~drogon-ion conccntl'lltione :mng1"8 !'roo pH ) .0 

to pB 10.0 . DUuonts or d.1!for1ng h;ydrogon-ion concontrlltiona 

~ .. ro prepared by Rdjuating 0 .$ bovin<.:-plruma oJ.bu::lin 1n d.iatillod 

wat.or vith 0 . 111 naOB Md 0 . 1tl 11:1. Sc::plOG of in!oot..td BIIK-21 

coll-culturco wcro diluted 1; 10 1n oa.Gh pl1 ooluticm u.nd 1ncubatod 

for ) hoUX11 at 1'CXI::2 tcn:::poratuN ( 22 .!. 1°C). Ten-fold cUlutiona 

or co.ch a(l.:lplo vorc prepi:LrOd 1n Rank' • bAlo.nood aAlt eolution 

(HBSS) conta.1n1ng ~ inGOtiv"tod total c~ OOr~D ctvt t1tratod 

by 10 lnoculntion or b!WY CLiec . Controla oonalatod or lnteot.od 

coll cul.~ otorod t -70°C · • ·• toetod. 

OJNneo vi:Na tnt oUvit:f t.itoro m~re atablo bOtvoan pll 5.0 
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Fig. 8 
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and pll 7 . 0 , l oss t han '1 dcx reduction in viruo titre ooourod nt 

thos o pH range (?18. 9) . Virus wan undotootnble at pH 3. 0 , but 

ti.t orod 4. 3 dex ::Utor tNatocnt at pH 4 .0 . In the al.kalinu pH 

~. vi.rua titers nare 4 .6 dex, 3. 5 d.ox and 2. 2 dox for pB 8 , 0 , 

9 . 0 and 10 . 0 respectively. ContJ:ol titre uc.a 6 . 0 do~ . 

4. <\ .5 Effect or 5-iododoox;yuridinc (1,9DR) r Oruns;o Viru9 

cul tip11cnt1on 

Tho effect of 5-iodod• oxyurldinc oc Orungo vizuo multipli-

cation \"f!Ul atudiod in BHK-21 tubo cultu:N by procodw:oo pl':lviouoly 

outlined by Liobh:J.bor ot IU . ( 1965) . - - Ol'J)Oo viruo (DiiA) and 

e o utom enceplc.l.itie (EE) virus (,UI ,, oro cr:ployod all control 

virunoa or known auclcic acid cocpollition. A 10-2u utocl: of 

IUIIR VM prep ::.rod in dil'tilled vatc r; to n.chlo?O aolubili ty 0 . 111 

JloOH ""'a :lddod to r.Uoo tho pH to 9 . 0 .11d tho aolution vu ho!ltod 

bric:fly to 75° . Cult"\U.'Co vcro inc:ub.t-d !or 4-5 hr. with J:UI.into

nanoo aod11m oont:Un.lne 10-4 IUllB lll)lution, drained r~o or thie 

ccdiu::~ and inoeulntod with rl.rus 1304 then :Nfod vith trooh 

C!linton!lnce ~di.u:::l oontA.inin8 IU11l. Plu14o =ro c~d dAily. 

llon-lUDR- tl.'t'atod oul turoa IIOr"Nd lUI oontrola. 411 oul tuNa weN 

ln.rvcat.:d ~n thr.l cont;rol• ahowod ct 1 not n 3• cytopAthic 

err ot ((:p£) , V'hich ·~ 4S houra poat- 1nooulnt '1. Tho cella 

cr.d nu14• vcro rro n end th.:Prod Wioo end a.u!l,)' d ror v.lnl• 1n 

miY.- 21 tube cu:L turoa u!lling 4 tuboa/4UuU.on. 
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Fig . 9 

3 
pH 

Jnrcothity titN or Orwl()O vir\uJ nt c1J.ttorcmt pH ~uo•. 
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In t h!:! pN EI(lnco of 10- \1 IUDR concentration the yolld of EE 

(control RliA viruo) wtd Orungo v irus wo.a not reduced (Tablo 7) . 

A roduction of r • l dux oon\lr\ld ~hen Horpca (control lilA virus) 

v.u ci..clilnrly tNat od. Orungo vi.rua ~ thoroforc oo an lUI,\ virus . 

'\ • 5 Biologienl. e~tcriatios of Orunso viroa in experilllenta.l hoato 

4 . 5 . 1 Vortabratea 

4 . 5. 1 . 1 SWine albino 'llhito mouoo 

Sinco pr1ma:ey isolations or O=so virus ;roro c=iod out in 

S ion albino white mice , it uao ouccntiAl to dote=ino oortnin bn.oio 

b1ol.os1cnl ch!U'a.Oteriatica or Ormeo viiua tor thic host . Invoati-

gat iona noro conducted on tho errcoto or doec. on "li..rua , routo or 

inoculation end ooc or boot on tho oouroo or Orunso viruo infection . 

Prior to co=ncomcnt or the eo otudioa , the inCoctivi ty titvr 

or Ot\Ch or tho 0rut160 Vi.rlla atr&ino wno doWrninod in 2-) dny old 

b-by tU.co . SoriAl ten-told dilut.iona or cn.ch vizue pool vorc l:!l.d , 

and 0 .02 1111 or ca.oh dilution lnocubt.:d IC into c6Ch or oix 2-3 

d t:t old aucklins l:lioo in n lit tor. Tb) inocula ted l:lico \101"0 

oboorvod tor a1eno ot 1.ll.o!lao Cor 11 dJI,ya . End pointa VON o!Uou

lntod by tho C~Gthod ot Rood o.ncl U~nch (op. cit. ) snd xproocrod 

in cl x ( .. 1~ 10, Hnl.dAIJD , op . o1t.) . 

'I'm ro~rulta of .1.n!oct1vit:l t1Uir arc chovn Jn Pieure 10. Only 

2 a t raJ..n1 , 1:)019 o.nd 52})2 bA.d in! othity titers a.bov 4 dox at 
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TkBLE 7 

EFFECT 0? 5-IODODEOXYl'R.IDIIIE (IUDR) Oll 

MULTIPLICATIOU OP ORU"~GO VIRUS D1 BHK.-21 

CUL 'l'Ull::S 

Inoculuc Virus Yiold ( dcx TCIDsJDl .) 

(total d x TCID
50

) No. IUDR 10oo4 IUDR 

}. 0 5. 9 6.1 

4 .5 9.9 10.2 

5.0 8 . 2 2 . 1 
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mouse brain PMB:\ge 3. Hor.ovor t'u.rthor mouse in tre.cerebral 

pass~a shonod incro~sing infectivity titers until the sixth 

paaso.gc when Bll the six strains had titers a,bovo 4 dox, nnd 

bccP.mc stabiliz.ed for tho cxpori..ocntol. nnin'l.l . Altholl8h there 

\/ere senonl. inOTOQOOS in titers bcwecn the 10th and 12th IC 

'Pllsaago, hom.:vor oghon conoidorcd for each virus str.Una, those 

inorcnnoa o.ro not sianificnnt. 

Further dcte~~tion or infccticity was coasured by the 

length or timo inoculated mice survivu kncnm doses of vixua 

inoculum. This is 'k.noTm nn tho aVt:ra.gc survival time (AST) . Tl1a 

AST is cnlculntod 88 - Sum or cU.co surviving per da,y for tho 

durl\tlon or tho toot divided by the or.Lgi.nnl 

numb<..r or mice inoculnwd. 

Por axm:~plo , it 12 cU.co voro inoeul:ntod, and nll of thom 

survived !or the !1.rat ttu-lo d.!lyo, 6 die d on dey 4 , end no ou.rvlvorB 

on d.ey 5, 
tho = or cleo IJIU"rlvinv no::- 41\'f till cloao or oxpol'l nt 

r<U:Ibor or J:lioc orlg!nnlly inoca.l!ltod 

.. 12 + 12 i 12 + 6 ~ 0 

-~ 12 

12 

• ) .5 da,ya. 

lUly donth occurin8 wU.hin tho tint 24 I 

1DDoul. tlcn va.~~ not tala:ln in to 1')000\lnt 1n c'Al 

attor vixua 
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Tho liST ot 2- 3-dey old mi.co inoculated .tith any of tho 

o tJ'O;u or Oru.ngo virus w"'.r 3. 5 and 3 . 1 days tor 10LDSO nnd 100LDSO 

virus dose ~apcotivcly. Thu amount of viruu in brain tnrvasts 

aa ooe.sw::.;;d by infcotivi.ty titration decreases \71th inoro..'loing 

t\60 at inoculnti.on timt of tho Cl.i.Cl:l. 'l'his \13.9 3.CComp:lAiud by n 

corronponding inoxcBSC in tho :sr or inoculnt"d mice. llo virus 

unn dctootod in thr.: br'\ine of 11\-day old mice caerificcd nt tho 

oloco of cxpcricont (T~blc 8). 

\ • 5. 1. 2 Eft oct of 0run6'0 viruo infection on th(! I!'!'Oilth of SwioG 

nlbino nice 

It wo.a otoorrod f::oe tho prcccecU.ne exp r!D.;nt thl\t 10-dey 

old !doc inocula.to::d IC vith 10 LD
50 

or O.rungo vil'WI exhibited two 

typoo or No.ot1.ono: (1\) became aiok and cu.coumbod to intection; or 

(b) 'bee !'.DO e1ak, :z:ooovorod but rcCilU!wd unthrilty throuah tho oourc.o 

or tl~ cxp riJXnt . The coureo or Oruneo virue 1nf..,ction vaa t~rc 

foro atudiod in grontor dc.tllll in 2- and 10-dlly old l:lioo 1nooul.nt a 

lC 171\h 10 LD50 or O:ru.neo v1ruo. Cont~?lo. unJ..ooculated aoia&le 

'1oZY.l thoao inocul t d IC vi th etorilo diluent IroN cot 1n po.roJ.lol. 

Pollovins inoculnti.on , all ~by m1co ro pooled and aortvd out 

into npprox.il:llltc equAl i01ta ani cliatr1but 1'. in sroupa or oix 

per DOthor. Inooul.ntod Gnicola w-rc obll'l'l"lo'lll oneot. and 

courr;o or 1llncoe end r ocUne; h11bi us. In ~1 t1vn tho ortoct or 
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TAliLE 8 

.'..GE BEL:.TED DlFECTIVITY •trrR£S Dl BRAIN HARVESTS AliD 

/.ST OF SJISS ALBIOO UICE Dl)CUI.NrZ:l> liTH OR'Oll:O VIllUS 

BY THE l C ROU'i'E 

IliFEC'I'IVfli TI TERS .UID :.sr FOLI.O TDIC 
/.Ci: 0? lliCE INFECT1011 1lTB 

Dl Il.\YS 
10 LD50 VIRUS 100 LDSO VIRUS 

JEX/0 ,0 2 ml. as'!' T£1../0 .02 ml . ;\Sr 

1 6.5 ) , ) 8.5 ) . 1 

2 6.6 3.5 0.6 ) . 1 

3 0.5 ) .8 6 .6 ) .1 

, fl. ) 1, .5 8 . ) ) .6 

5 8 . 1 4.6 8 . 2 1; .0 

6 7.6 s.s 7.6 1, . 4 

7 6.9 6. 1 6. 3 1, . 9 

() 6.2 1. ~ ~ . ) 6.6 

9 6 . 2 o.o 6.8 6.5 

10 5. 2 ,. 11. .o 5. 3 6.6 

11 5·5 > 14 . 0 4.5 9. 1 

12 1. .9 > 11, . 0 ~ . 5 9.1 

13 ) .G > 14. 0 1\ . 2 1 1. 9 

1·1 0 .> H.O 0 > 14 . 0 
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0-rungo vhv.a Woction on tho gTOi7th of 10 day old m.ioo ;ras 

studied by daily recordings or ncight gaino . 

Onoct of illnoon in 2- d:l.y old mice no.e from ~ 2 Md death 

occul'TOd \;i thin 24 - 36 hour:: . Sic!- ::~ico ucro bunchod up, Oll'loued 

rapid rospir:J.tion 1 but con tinuod fee dint; until noribund. 11th 10 

d'ly old m.ice , onoot of illncoe vn.ri<ld from 3-7 day post inocula

tion , and courco of illncoa una up to 6-7 d~s ending tominnl.ly 

or in recovery. Sick nnimalo ahowod rurnod hair, hypurooncitivity 

to llUddon noioo and hind log pnrnl.ysio in Micals that aucoumbod 

to infc;otion. llthou.gh Mime) o continued feeding until 2-3 days 

botoX\l death, thoro Tle.c o. progroaoiw wasting o;.;cy with :reoultant 

l.oso in vo!~t (Fig. 1 l) . Thoro wns no aisniticMt d.itCo%\.:noo in 

too vuieht g:Uno or control uninocu1o.tod nnd aniinlo inoculntod 

\lith atcrUo <llluont. AniJ:1nlc that bcc.'li:IC ciok, but rucovorod 

nowr o.tttlincd t h., ~ vc16ht ao control nni.~:~:uo . There l1Cl0 nn 

1n1tinl looo in IIQ16ht tor 2-3 ~a, !ollovod by n alov dAlly 

inc roase in vo i.a"'t • An.iJ:uU o th!l t SUOC\IC bel d to viruo into a tion 

ahov a progrooaivo vo1c;ht looa until dDo.th. In soncr:U , tho lou 

in w i~t wo..a noticed c. dQ.J' oo.rl1or ta'Ul tho onDOt or cl.1nioal • 

~ . 5.1. 3 lfl nuoc~ptibil.ity pf Svie ntbino ~ ~oa t<> 

! nooul.tJ.tirm uj th Ol'\1!\!'? -rima 

'roupa or a:dco rroa 1 dll.)' to 11,~ old v ro 1nooulAtoc1 b7 

~ d1 C.f~o> ront 1'0U t.c 0 1 in trCLCOrobral ( lC) , in t n:po ri ten o.l. ( lP) 
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Pig. 11 

I 

0 • Control Mou 
o---o Sick, but rrco...cred !ria 

LtthaDy 1r1+cc~d ~ 

l:rroct or intraoorobml inoo-uloticm or 0J'WI60 viru• on 

th ®voloro;nt or to-dll)' old Swi a o.lb!J Jc • 

Oncct or Ulnooc ( 1") , d.oath or =w:r1 t t ). 
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and subcut :lllcouo (&:} , llith oithor 10 LD or 100 LD or 0'""""'"' 
50 50 --... -

vinta . The mico uoro obsorvod ror 11 days, after Which tho .\ST 

fiB.B ca.lcul:lt.:;d, Sick or dying mico uoro harvested and tTto brain 

har7oets from each group titmtod individu:llly. For this 

experiment, atTain R13019 of Orungo virus uaa used . 

• Ul the mico au.rvivod inooulo.tion by the IP or SC :route "ith 

'\00 LD50 or 10 LD50 of OrunGO virus, ond soneitivity to l.athal. 

infoct ion by tr. IC :routo d.ooroo.ocd 'llith ll6'C · The .tS'I' of nouborn 

micu inoculntod IC .lith 100 LD
50 

and 10 tn
50 

of O:rungo vi.rus was 

3 . 1 d.3ya and ) , 3 d::!,Yo roopoot!voly (Pis. 12) , Ton d.a,y old mice 

uuocul!ibcd to IC in.Cootion of 100 LD
50 

or vi:rua 1i7ith an ASr or 9. 1 

~a, hoTIOvcr onl;{ 16 or 46 mico or tho = oeo group in!'ootod 

IC uith 10 LD50 o£ vh'uu llllrrl.vod. Tho thirty lllicc that diad bo.d 

llll MiT or 12. 5 deyo. l!ico 1 .~ d.lyo old 'Uld old.;r voro not ldllod 

by Cl1 thor 10 tn50 or 100 LD50 or Orunuo viruD Jnoculatcd IC. 

4 . 5 . 1 •• ~ Or/O"U\ dlotributton ot Oron"'' •tle.to 1n .Uco 

Six litt<lro or 2-l-:d.o.;( old bcby l:l.ic<i vcrc inocu.l.D.tcd TC vith 

either 10 LD50 or 100 LD50 or Oruneo virus. Inily, two inoaulntod 

cleo vcrc cn.c:riric d nnd tbo tolloving ozgana: bra.in , h1Jarl , l!Jn6, 

llvt.r, kidn y 1\n~ srpl en r nov d ror vi:nu1 Uf.,-., no. In a.dd.ltion 

blood nnd urine ITO%') Ql.oo IUIIJII.YQd Cor ·.rirua <. • E&Seh Ortrt~n 

V JUJ VCUIIYJd in 1J \PS t<1 1'\.:::IOYU 0.0 auoli blood llU J>OOII1bl • Jfro::l 0 10: 
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Fig . 12 

-~---

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Age ot miC~t 1n days 

c:>--o IOLDSO 
e e IOOLDSO 

bee ~r~pt1bU1ty or SvioD olbin tc..oo to lzounso 

v1%U• :!..ntr3.00rob~ 1nfcot~<><"l. 
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suspension of each organ ( 1/V) or nuid (TT/V) , in DAPS , serial 

ten- fold dilutions ~OX\) mado and t1 trntod by IC inoculation of 

2- 3-d.ey old cieo . Inoculated mioo floro observed for 14 dcya and 

virus infectivity titors calculated by the mothod of Rood and 

!&uonch ( op . cit. ) • Brains of aick or rori bund mica f7Cro rccovod 

Md tc:stod by OF toot agai.not Orungo M.'3. 

Ten-d.~ old mico ;roro similarly inoculro.tud vith 100 LD
50 

of 

Orunso virun . Distribution of virus in each Org:lll was ass~d as 

dr nc.ribud for 2- ; :ley old mic1.1. Str:dn Ib H1 )019 tfaD uocd 118 tho 

iii oc:Ul.U!:I in all ca:pt> r i.e. n to. 

Inlly virun in!'ootivity titers in t~ d.1Iforont org:ms l).l.') 

ehoTin in Tnblo 9 . Thoru tillS o. progroooh~ inc:ruWI in amount of 

virus in the brl.in !ro~ d."ly 1 poat infection (p . i . ) to d'l,Y 6 p . 1 ., 

'17hioh yielded the highoot in.Coctivity or ~ . 3 aox. llo vixua nne 

dotoct.od in the boort, lunc, liver md kldJ, 1 on tho t irot mo 

cl!:l.ya !ollo'lling intooti.on. Tho pock intoctivity tor onch or thoao 

org:~no na.o rccordlld on dD;t 5 p.1. By d:l:f 6 p . i. , tho level or 

v1.r\1a had f'lllon in cllcll or tho orc;:uw; no viruo vna dttCiot d in 

th!l kidney on thia 4a:1. L09 lovol v1rca.1A and vinlri.a., oocurod 

on 4o.Y 2 :w\ dey 3 p . i. Tlx> virccJ.n rue.ohcod e p lk (2.6 c1oz) on 

dey t. p . 1 . nn4 droppod to 0.5 dcx an dt\T 6 p J lico boo lr.O a1ak 

on dey : 1 . 1.. 11Moh oo1no14c4 vith U'IO da:l • • fU'I(,. vil'\.c.iA. llo 

~1-:Jllt 4.rr r-; noo If /\II toWl'i 1n t.~ 1n.r ~Jt .. vity la"Wl or urin 
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TADLE 9 

INPEC"riVlT'i T1'rll2S (lEX/0 ,02 cl . ) IN DI»'El"lENr 

OHCARS OF 2-3- D.\Y OLD B.\DY YlCE IJJ:>CUL,\'l'ED :7ITH 

100 LD50 OP ORtJU<X> VIRUS ( ST.B.UN. IB H13019) . 

BY THI' D"l'RACnr:BRAL ROtm: 

Dey 
pocrt 

Itra~n Hoo.rt Luna Livor Kidney Splc~ Urino Blood 1.nfoo- . 
tion 

., 1 . 1 0 0 0 0 0 0 0 

2 2. 0 0 0 0 0 0 0 0 

3 •• 3 2 . 2 3. 2 2 . 1 2. 1 0 0 . 5 0 ,9 

t, , ,6 2.7 2 .9 1.6 2.0 0 0 .7 2.6 

5 5.8 3. t. 3. 5 2.3 1.1 1. 1 0 .7 1.7 

6 6. 3 2.5 1.9 2. 2 0 1. 7 0 0. 5 
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ca:Dpl co colloctod f rom dn¥ 3 p , i. to ch.y 5 p . i ., and no virus 

n~o dctoctod in tho urine sample collect ed on day 6 p . i . ( Fig . 13) . 

Tho Virocin nnd vi.ruria p attc m s n"e.rc further s tudied in 

dcta.il usfne two dooos: ( 10 LDSO lllld 100 LD
50

) or 0 4\lJ180 viruo, 

In addition baby mico l"lhich bucor..c sick follotfing inoculation l7i th 

daily blood Md u.rino O:ll:lplc coll ections tm:ro mstod by CF with 

OTUngo Ul.? . Tn.blo 10 oho\10 the vit'\.'tUn a.'"ld v1xur1n po.ttonto 

foll.oui.ng infecti on '17ith tho tTro virus doooa. 

Tho l ovol end d~tion or vil:ucia n.s ~<ell ::1.8 viru.rin uoro 

hiS)lor nnd l onecr nhon n loHor level of vi.r~I:J Han used. Simila.rl,y 

,\ST or mico inooula.t od u i th 10 LD50 or virus ':las 5. 3 dey• ao 

con:p:lNd vlth 3, 6 d:lyo f olloning inocula.tion '17ith 100 LD
50 

of virtiD. 

Ten d!ly old cioc 

Viruo 'lfiUI do t.octod in the brrlna or 1C>-do.y old cleo intootocl 

U!Ul t OO LDSO or vi.r..I.IJ for tho .l"ir.lt eleven do.:ro poat intcot1on . 

TOO hit;)10ot 1nt oct1vity (3. 2 dox) '171UJ obt:llnod on d."J;'f 6 p . i . , 

thoron.Ctor tho:N •n us o p rogl:(loaivo nJduct1on in infcct1v1ty until 

dny 12 p . 1. vhcn n:) viruo triUI do t ootod (Table 11) . Other orsano1 

lUD8 (c!..3y 2 , 3 r . L). honrt. (dny 5 p . i . ) , blood (dey 2 p . i . ). and 

urimt (4v 11 p . 1. ) yitlldcd loil lovol virua ~'l' tvity titQro 

(~ 0 . 5 c1ox - 0 . 9 4cx) • Uo virw~ '17wt <U. c.lJ t hU lhc r , 

l:: idno;~ :n4 Cf'lOon throughout t.h ClMt1<m OC o.«por.Jl:ont. Al l 
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PiJ. 13 

-

Post noculation days 

--·----· 

• • Brain 
o--o H~art 
• • Lung 
D-D Uv~r 
• 6 Kedn~y 
A A Spleen 
>f----K Blood 
a--e Unn~ 

O;ron.'l distribution or 0XWl(IO ViTWI in 2-d':l)' old Gviaa 

nlbiru> lllice rollowine lnt.racerotm:U ~aul~ticm. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- \ 09 -

TABLE 10 

VlmlllJ,. AliD V!RURU P.l.'I'rERU3 I ll 2- DAY OLD SVISS ALBIUO 

ltiCE Il!Y'.CTED 'TITB ORUllGO VIRUS 

Dayo I l!FmTIVITY TITRE 
poat 
inocu- rnocuun; .. 10 LDso IITOCULUil = 100 LD50 lntion 

Vi renin Vlruria Vireaia Viruria 
titre titre titre titre 

, 0 0 1.~ 0 

2 1.7 0 2 .5 1.0 

1.8 1.1 2.5 1. 0 

4 2., 1 . 2 0 . 5 1 .o 

5 }. 6 1.7 - b 

6 0 . 6 0 .7 

Cl • in1'cct1vity titre in dex/0. 02 ol . 

b • no aico a'nilablo , a.ll diod on t ho prcrv1oUD doy. 
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DlFEX!'l'IVITY 'nTRES Dl (lEX/0 .02 cl .) IN 

Dli'Fl!HEllT ORC.\!IS OP 10-DAY OLD tllCE OOCUL.~ 11TH 

100 LDSO 0? ORUITGO VIRUS (S'l'R.'JN 1113019) 

Infection Drain Lung Rco.rt Blood Urino 

1 1.0 0 0 0 0 

• 
2 1.8 0 . 9 0 0 . 7 0 

3 1 . 7 o. 0 0 0 

I, 2.5 0 0 0 0 

5 2 . 1 0 o.a 0 0 

6 3. 2 0 0 0 0 

7 2 . 0 0 0 0 0 

6 1. 6 0 0 0 0 

9 -·, 0 0 0 0 

10 0 . 7 0 0 0 0 

,, 0 . 7 0 0 0 0 . 5 

12 0 0 0 0 0 

13 0 0 0 0 0 

1~ 0 0 0 0 0 
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anoplou positivo for virus infectivity teat nora also confirmed 

in CF tosts. Ton ~ old cico that aurvived infection ~ith 

Orungo vi.ruo truro bled 28 dn.y3 p . i. Se:t'UI:l samples froo 2 oico 

each wcro pooled and t ootod for spccifio neutralisi!lg antibody 

to O:rune;o viru.n. Only nice inoculated by the IC routo dovclopod 

spucific ncutTalizing antibody to Orunso virus . Tho range of 

noutral.izin8 indox no.o 1. 2 dcx- 1. 6 dcx. 

:, . 5 . 1 . 5 Sprond of 0!\l!lf:? vi.ruc in mou&- br:lin 

The cp:roD.d of Orunso viruo '111 thin tho br:Un o! 2-] -dey old 

mioo following IC inooul "ltion into the routine sitt (Pig. 111) nn,a 

invaati(ptod in btlby oleo inocu.lo.tod vith cithor 10 LD
50 

or 100 LD
50 

Of 0 J:'Un80 Vi nltl. '1'110 oioo \10 rl1 rJ CO va d cbily 1 ond Cll.Ch COUOu b r:\1n 

Q.IIOpticD.l.ly ~vod nnd dividod with n lilllll'p rn:or bl3do lll.ong tho 

longi tudin:l.l a.nd trt'.nGVOroo fioiN.I'Ca , ond bolov the ccruboll'UQ 

(Fig. 11\). Thooo divisions yialdDd tho !olloll'in6 b~:Un DOc tiona: 

th:! risht a.nd loft corobra.l h3lvila nn4 tbcl cor.:~bollu= vith tho 

~&lll.A oblof16ntc. The apinlll oord vc.o rc::ovad rzoa tho dllcapi

totcd cou.ao , by r1rst NOO·rln6 th hind loge ond tho t!Ul Clld 

toroin6 tbc opinc.l cord 'll'ith n jot or sterile c11lw~nt eppl1od 

thro~ 6 n odlo and ey.rin&~· Pool d .:cti.one or tho brn.1.n VOl:\: 

tit"Mtod 1o 11\lek.lJ.nc c1cU. 
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Fig. 11, 

1 

A 
• 

l 
--~-- • , 

~ 

• 

... f :\ 
llouao br;Un to GhoV cite or inoaul ticn (A) ~rut 11r .. a 

or 41viDionJJ into lott. c robi\C ( 1), r1flht p.ro~· (2) , 

conbell.-.c vith aodulln obl.of1C!li!l (3) l'llld ~Jnal card (4). 
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Tho distribution of Orungo virus in the difCo~nt so'tions 

or tho mouse brain io llhoun in Tables 12 ... & b. No oignil'ioant 

diffor.mcoo troro detected in tm WJX)l.lnt of vh'uo found in ttw 

loft nrul right COl:\. bral hel.vt.:e , Tho lcvol of infoctiw viJ:ue in 

the ocrobcllu.'ll na.e oonaistontly lo";Jor than in c1 thor of tho 

cerebral h!llvtle . Tho 11prood of virus to tho spinal cord vas 

dowctod only t7hon thu highor infecting vi.ruo dose was uood. 

Tho COC!JplcD nt fix1ns antigen dovolopcd in perallol \'71th th" vi:rua 

infectivity . 

-1. . 5. 1. 6 R1 oto'OI\thologic :llld i=Nnofiuoro ccc:nt studioo of cicc 

intoot.:J d "1'1. t.h Orun= virwl 

Tao, U:n ond tT ~nty-onc-dny old cic <TOTO inoculn.tod IC with 

0l:Ung0 •ri.rwl ( otrn.1n Ib 11130 19). IJicc liON killed £Oriall,y .'lt 

variouo intortnlD c!U:lr inoolll ... t.l.an and procooo-d in th Collo'lfina 

o:nncr: Tlw ~;~ico vorc trS::r.od or oppcnd'lf>OD a..-'ld alcln , ozcopt on 

tho tdr.UJ.no, t.h?y vcr.J U'.cn cplit lonc1 tu41nnl.ly thro\.16h tho 

nSdlS~ vith n nharp r:u.or blnd.O • • ono h.'llr 'lm
1
tJ t~otorrod to 

'ROIIIIC!ID1 ., nwd (9 parte or a.looholio onturntcd .olutiDn or picric 

ooid to 1 pnrt or ro:m.cl~hYdo) !or ti:mti.on end CNbeQquont routino 

procoDI!Iinc 1n o;:.n nuto:l!lot1c tiocuu proct.Door tor hiat.>ra\holo(l'ic 

C)UI.'lination. Tho oth:lr b:llt wne .u:>W1~'4 in eryoot l Ua~ 

0 oc dl\rl t:nd l !t t.o !'r1:lOI:D at -16 C to -20 prior t.o 
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D&yn 
Post 
lnfoc-
tion 

, 
2 

' 
4 

5 

6 

- 114 -

TABLE; 12n 

DEVELOP?\EUl' OP VIRUS IllFECTIVITY AND CF A.HTICE!l Dl 

DIFFi:R"DfT SECTIOllS OF THE BR &m FOLLOIIIllG INOCULATIOtl 

OF 2-~DAY OLD SYISS A.LBDlO lliCE \ll'm 10 LD
50 

OF 

ORUF 00 V!HDS. 

\iHOLE LEFT RICBT 
CEli:JBElLI»I 

SPDl,\L 
BR.ml CEREBRUM CEaEBffillt 

lnfoc- In1'oe- Intoe- lnfec-
ti'rl.ty CP thity CP t1Vity CP tinty CF 

0 0 0 0 0 0 0 0 

0.5• 0 0 0 0 0 0 0 

0 . 9 2 .. 0 . 6 0 0 . 9 0 0 0 

1 . 6 8 1 . 4 2 1.} 4 0 0 

} .0 16 2 .7 4 2 . 1 4 0 .7 .... 
4.5 16 }.5 8 2 .8 4 0 . 9 + 

• 1ntect1vity 1n d. .. s/o.()? al. 

•• reciprocal or anti«GD d.Uution &1-r!D« at leu• 
n ~ rixat1an v1th ' :e dilution o r OJ"\l~ MU • 

... pooit1YO CP r.octicm v1t.b undiluted Allt~n. 

CORD 

Infec-
t1v1ty CF 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 1\5 -

TABLE 12b 

D!Mru)PltEll'r OF VIRUS Im'ix:TIVITY AliD CF AllTIGEll IN 

Dl~IDIT SEOTIOUS OF 'mE BRAIN OF 2-3-DAY OLD SWISS 

ALBINO MICE IliOCULATED \liTH 1000 LDSO OF ommoo VIRUS 

---
Dayn 
Post 
Info 
tion 

I 

2 

4 

'JBOLE LEFT RIGHT Cffir:Br.:LOM SPDTAL 
3:U.llt CEREBRUM CERESRU!\ OORD 

lnrec- Intec- lntec- In fee- Infeo-
tivity CP tivi ty CF tivity CP tirlty CP tirlty 

0 0 . 6 0 0.9 0 0 

J .6 6 2 . } 2 2. I 4 2.} 2 0. 6 

4 . 2 16 } . 6 6 }. 6 6 } . } 6 1.9 

6. 0 5.7 16 5.2 16 4.2 16 }.0 

•• J;"eC1proaal of nn~en dUulion jfivinf> at liNUit 
a )+ f1.ltAt.1.CID vith I sO dilution of Or.:r~o 111'. 

CF 

0 

0 

.... 
4 
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The h:U.!-couoo fixod 1n Rossr ann• s nuid trns procossad in 

a routino llllnncr in an nutomatio tiosue processor. The suct ions 

or the Paraffin- cmbodod blocks uexc out rrith ~ rotary microtoQo 

r-u~d stained tTith hccatoxylin and eosin. 

Iool~tcd org;u1c uero troated in similnr o:mnor as uholc cice . 

·.lhon 10 or 21-cl::ly old t:holo W.co •roro used for histopathologic 

otudica, they t:oro docaloi.Cied prior to troat:Jont in an automntio 

tia3UO proccooor. 

For d.i.root i.l:lmunofluoreacilncc, eypci=uno l!aF to Orunso viruo 

bulin Crnotiono noro conjUGated nith fluoxcooein ioothiooynnnto 

(FITC) nccorlling to tho cothod or l'luphy ct._&. ( 1973) . Por 

indiroct il:nunoCluorooocncu hypcril:z::o~C! ~mti Or<lllS'O viruo - W.:P 

end iT1'C - coat anti mouao Ie C voro ur:od nt prodctol:laincd dilutions. 

• 

Subatr'ltoo i.Dcludcd int.:;ctod nnd control ~lin8 COWJO brain 

icproeaiona end rroz..~ ccctiooa ot tzbolo auckUng ~ • Spc:a.1tlona 

'lltl~ c:xa.":lin d in n Zoioa cicroaoopc equipped vith ... tl..-1/~1 filtor 
J'#' 

ayvt ::1 ll."ld corcuey an: liSbt courco. Controls vhiCh in All 04DOII 

w r. r. (t"lth'O inolu.d d a4.ao .r}'lt ion , 1J:hi b1tion and u:u.nfeot.l d 

1r-1batxnto t.oato. 

IUoto!Y.Itholol)io ~~ 11 in .:oril;und n~born aico w:ro Natrictod 

t.o tl brcU.n. Tl~ro vlUl 4J.tfuao DOnOnucloa.r cc:ll int'ilt:mtion, 

})~nt po.riv:u~Cul.Ar c;nd .111t.onst11J.nl ockD9, DOCTOaia or U'.o 

tho ool:')br. An:l loo or tho sr-..nulnr la:r< r or tho 
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ceru'bollum (Pl a.tce '1 , 8 & 9) . Ton-d.c",r old mice &hotrod only 

mild and focal t:~ononuolca.r cell inriltr::~.tion with porivo.soulr,r •! 

cui'fi.ng; "rod cell" foTmation, that io, olonaation of microglio. 

cello (Pht& 10) . Thosu pathologic oho.ngoo wo:re rootirotod to 

tho CON'br::l.l cortex, Tho 21-da¥ old mica wcro histologicc.ll,y 

WU'Otn.:l.rko.bl c . 

la!runonuol:\Jocent etniningo of eooticno of m:rib\Uld nholo 

::30\l.DC sho;rod vidooprend !ooi of virol o.nti.GOno in the cytopl.nao 

or br.;c nc'\ll."'ne (Pl .to 11) . -nt~~Illl oocurod in l':U'SC ~g:1tod 

D.3GDCO. no cxtr;.s.-nour:ll nuorosconoc uno dDtoctod. 

1, . 5 . 2 Exoorir nhl 1.ntoot1on or ..,ldim lh::tstarfl (l.!.csocricotuo 

~to ~) -:71th Orunn virut1 

llcr.rbo:m ( 2-d.ey-old) tmd 3--:?oclt-old b:!mJt.,ru '110ro inocul.otod 

d thor IC 1 IP or 5C vi. th 10 oouoo LDSO or 100 couGt. LD50 of 

Ol'\U\00 vi.xur . · uly, for fiw ~o or loneor, blooil Md bmi.n 

s.;...plco ... r\. -.o&rJOd tor nrus content in II'\Wielin6 cou~. Tho 

dldly c=plua or 1-.=at.c:r br.Un '170ro .Uoo crxoa' nc.d !or r:'1 ont.f8cn. 

Th:l Jl.l:O&'::nco or Or.Jil£0 virUS in b:nloina or cick b:W:f a1co cubi.n?cu

lot d l71th h.=tora blood wvpcna~n lli\.D oleo clm:ko4 by CP toat . 

no h::lator vc.a killed .Collornna i.nocul tlon or Orufl60 vlrwl 

b;r tho ~ :rout • 'l'llrQV"?DOk ol • tu:::ust. ra 11\U"'.rivcd 1nocull\t1on ui th 

oltmr 10 LDSO or 100 LD50 ot orun., vin~a by Il' rouw. Ot 2.1 
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Plnto 7 

---~-~----·----------· 4 ~ -- -
• 

"Dlop CONb= or cor1bllnd GUCl:line couao int''ctcd u1lh 

O.nzneo VU'\lD, cho ille nccroaia, kA.eyorrhQ:d•, pt ri·ma- (" 

catory oullulor in!i~t~tion . 7.277. 

.. 
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Pln.to 8 

Cox-.:.bral cortex o! cor1bun4 GUOklillc oo1u10 . Zhcroaic 

Gnd co~ 1n e«orobl"'ll nuclol\r la;ron. W.5. 
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Pla.t o 9 

-• 

Coroboll\1:1 or coribund INOkl.ine 00\lOO. JJArltod 

_; ~, ,, -

1nt'Ut:mt1on or 1nf'l,rz=.: tory cononuclo= oclle, 

oda_l M1 n oroaia 1n tho~ leyor. X117. 
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Plntc 10 

-

1 

• 

J 
..... • • 

• • • . ~· • 
1 ~ • • 

~ 
~·,. •• • .. - •• ... . . ~ .... ·, 

' 
""' .. ~ ' ~ -~·· ~ , \ ""• ., . .. 
~ .... .. • , . ,. 
•• • .. . 

_j 

Corob:ral oortox or 1o-d!Q' old mr1bun4 oowtO choV'inc 

X100. 
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Plate 11 

PoooJ. diotr1bution or Ol"UJI60 VU\la apoaUio ia::unoClUl)-

1:'0.0.. noo.. 1n thg oyto.rlnc:a o! naw:ono. ?oci uuoh lUI thJ.o 

or. p~:; .. .nt rcndoal:r 1n tho (IJVJ o.'1tt r or thU ~. 

XI,OO. 
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two- dJl¥ oH hQI11Atl''t'n :iwcul.nt<>d by tho somll route , 11ith 10 LD50 

t'lllllvo survivod; thoac uith evidence of infootion died on day 11 , 

12 nnd 1'3 'P · i . 'ri':onty of 24 hOl:latoro inooul.ntud by th,.. IP routo 

nith 100 LD50 or virus , uuccumbod to infection, death oocuring on 

dey 9 , 13 a.nd 17 p . i . Vireoin una dotoctod irOill day 2 to d:ly 1 p . i . 

trith 10 couae LD50 inf..:cting doon, Wld dey 2 p . i. uith 100 ooUGo 

LD50 iniocting door; . Br:Uno of b:lby hc~stors nhich sucouobod to 

infection by tho IP route uo:N harvoot"d il.lld titrated in mico . 

Virus t1 trc o r:~ngcd be ween ~ . 2 dcx and 5.0 dcx. 

All the htlmstcra inoculated orith 0~ •rirus by th.J 10 route 

11\IDcutibud to infection '11th :m LS? o!' 4 . 0 dvo =d 3. 5 d.i\ye for 

10 lJ)50 Md 100 LD50 or ini'ect.i'JC vi.nlll doaco rocpoctlvoly. Thoro 

170.0 viroai~ botmlcn de.:~ 3 lltld dD.,y 5 'P . 1. The: lJCc.k or virol:lin 

ooinoidod qlth tho poak vizua tih\:1 1!"1 tho br.Un ('l''\blo 13) . Tho 

cliJvlllop::~<.nt or infcotioua viruo end car:plc:lent r1x1no cntigc:n in 

booby h :.oatcro foll(m!M IC inllcultltion io aho1m in 'Pia. 15. 'I'ho:N 

'11''\0 '1 otoi:l4y iracrr.•1110 in the r~t or tho vi:n~a 1n U a br-in • 
• 

7\o.by M=Jt<tra ~h.l.ch muv1vod ll' or SC inoC'.ll!\Uon vith Oruneo ·rirwt, 

11.11 vall u 'l.dul to inooulAtc•l by tbo CO or II' routoo rtO:rO bloG out 

30 Cl:I.YO poet inroction. Sor<l !roo o~h E:nNP of Cllin'\lu wro 

obockod by u t ot tor Ormco .,1rua antibOdy. 3clt":'\ fro=~ 2~ old 

b:::::nten tnocul"Ucl b)' the li' routo ntutrll1zod on U llvctr:!O' 

1 . 6 ~x (rtlllb..., 1.1 d x- 1.0 dox) or 0l'UJIO) v1rw11 J oc.k old 

• 
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Age 

2 days 

2 days 

2 days 

2 days 

.. 

Routo 

IC 

IC 

IP 

IP 

NT .. 

. 
-

TJJILE 1 J . 
D~viLOPltEN'i' OF DTF"X:'i"IOUS VIRUS Ill 7F. BP~\U> IJm Pt.T'i·::Rll OF Vl!l!"ru Ill 

IL'JISTERS IIIOCUIJ.rn IC :1rrn Oi:Ul~O Vl1WS 

Infcctivi ty ti tns ir: Oox/ I~oct1Tit.Y ·t1tro11 U. 'Du/ 
0 .02nl . 0.02:ll. 

Do so BLOOD El!Alll 
in t.ST in 
I!OUIIO doyll DGY Post Ir~ection D!IY l'O&t lJI!"t.iCID 

LDso 
I 2 J 4 5 I 2 ' 4 5 

• 

0 0 0 0. 6 1.6 0 .6 1.7 ~-~ .; .8 6.5 
10 oi .O ~ 

1.2 0 .8 1.2 2.0 )'.0 4.5 5.6 'l.Z 
3.5 o. 0 

100 ~ 

liT liT II! li? liT 
0 0 0 .6 1.5 0 

10 14.0 ,. 
b R'i' m JIT li'l m" 

1.2 0 0 
14.0 0 . 

100 . 
1:0 in brdn:J ot ha::aton d.YiliC botvoen d4.7 . 

vi Ull titre rn~ 
not toatod, however dnr 17 p i vna ~.2 del - 5.0 dol . 

9 p.i throu&h r · · . 
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Fie. 15 

I 
....._ ... -

• • 8 

' 
., 7 ..... '"') 

• - -s ·.o= E 

I >-N 5 
"=04 32 c > . ·- 0 

24 ~ --3 
~~2 16 ~ ~ . s 

1 a;~ 

• 
[ 4 1 2 3 4 5 

Days post 1ntection 

I> v l nt C 01.·.m vi.-o~ in!' 'Ct.ivJ ty uul oorpl nt-

fl.xir 1.1 ,, 1n h t. r ,Min; ( 100 LD
50 

• ol :1 

D<f 'U'C'a • cr. 10 LD
50

; 

• G 1ro l Scl' l1 J.ty, ., 0 C.). 
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2 dayo 

2 dayo 

J voll.lke 

J vecka 
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TABLE 14 

RISULTS OF lml'IRALISI11G All'l'IBODY STUDIES m 

&IliA OF B.AMSTEBS Ilffi:CTEl> !fl'I'B ORUUOO VIRUS 

Route of 
Infection 

Log of Neutrallaatioo loder• 

Croup I Oroup 2 Oroop J Aver48e 

IP 1 . 2 I . 8 I .6 

sc t. 9 2. 2 I . 8 2. 0 

lP 2.5 2. 9 

sc 2.4 2.6 2.5 

• LNl expreaeed •• dex 
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hMat orn lnC'Cull\t<l<l by tho RfS:!O ron to , noutrn.lizcd 2. 7 dox of Orungn 

virus (Table 14) 1 By tho SO route 2-d~ Md 3-lle:ck hacotora 

ncutlilliz.cd on tha avor:l6C 2 .0 dox nnd 2. 5 dcx of Orungo virus 

roapoctiv\lcy. 

-1 . s. 3 Exporioont:U infection of do~st1y rnbbi. te I orxotolf\6\.IB 

ouniculu.'\ 1 1. th Oxunn virus 

Tan :rnbbite , l-10 vocka old, vcro uood for thia o:xporimont . 

Tb£. 1\n.in:\lo vo:ro kept tuo por onoo end obscrwd tor ton deys 

prior to COt:::Xinccocnt or tro oxpori.cont . Pour routes or lnoouln

tion, 1ntr:lvonouo (IV) , intrJU)(lrlton nl (IP) 1 aubeutanoouo (sc), 

Md conjucti~ o'lO, '1701"0 ue .1 . TM XQUteo and •.riru.o doaoo 

c::;ploycd nrc eho'!ln 1n Tablo 15 . AninAla '1101"0 blCld tor tho f.Lret 

o:!'Ven dcyo poot irnlculat1ono 1 Md tho blood on::Jplon 1111onyod tor 

•riND oontcnt, 'by IC inoculotion or b:Wy c.ioo. At prc-d.ilw=inod 

in'l.orv.ll• both boforo nnd Bttor in!'oction 5 cc or blood trna 

oollcotcd for ooroloQ. Sor~ vc.ro ohoal:. d in n utnU1ut1on 

teat for apco1!1o 0%'\1080 virun cntibod,y. 

llo v1.rua vns 1ao1ntod t= on:y or ~ho blood ll~-:pl coll o

t1onn. /ul :mbbita C'ltecpt thou 1nt ctod b:r Uw SO routo1 

duvi:Jlopod apco1!1o .1 'l!ltibodioa to Or=..,-o v.i:rwl (T!Wl 15). Tho 

t1Da or d rolopn nt. end the 1 wl of cntibody ao'IJJ fl pcnd!mt on th 

=w1t or vir.1o 1noculnt-d. Jl)- t IV rout.£, oranco YiN• N

cntibod,)o d ;-v lope:<! fDIIt. r :n4 roau:t d n hf.dlOr lO'VUl vt-cn :lnfcotiv.lty 
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TABLE 15 

DE\'ELQ'PMJ?.NT OF Nill'lll!.LISDlC ...JITIBODIES 111 RABBITS 

roLto\llllG llJ:>CULA'l'lON WI'IB ORtmOO VIRUS BY DIFFE-

REliT ROOTFS 

' LOG OF I .. 'OTI!t.LtSJ.TIOll lllDI:X• 

&nignl Routo 
Ho . 

ag, IV 

895 IV 
' 

905 11' 

ens IP 

900 sc 

916 sc 

693 Con~uoti val 

907 ~njuet1val 

917 Control 

910 Control 

4 . 0 0 

8 .0 0 

4.5 0 

8 . 2 0 

6.9 0 

7 . 2 0 

5 . 0 o.o 
( .5 0 

0 

0 

+14 
d.aya 

0 

0 . 6 

0 

'·' 
0 

0 

1.0 

0.9 

0 

0 

• exprCDoed in dox. 
• • dll)'ll po. t 1nf' oc t1CIIl. 

+28 
days 

o.e 

2 .0 

0 

2.0 

0 

0., 

1 • 9 

1.5 

0 

0 

+42 
do.ya 

0. 7 

2.0 

0 

2. 0 

0 

0 

IT 

1.7 

0 

0 

+94 
dQY'II 

0.6 

2 . 3 

o.e 
, ,e 

1rr 

0 

I , 8 

2.0 

0 

0 
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virus doao nao 8.0 d'lx as coopll.lSld uith a virus infecting d.oso or 

ti, ,O dcx . SU311nr 1:\Jaul. to t7Cro obtained £ollowin6 ll' ini'cotion . 

Si.gnificc.nt noutroliz.i.ng c.ntibodioo poroiotod in thcoo o.nil:lalo 

up till 9 t ~0 a • i. hen thv cxperiLlont '17(18 tcmin!lt..Jd. 

'• · 5· 4 Expcrimcntnl infection of lo::1bo rrith Orumro virus 

Six 10-':lbo (:,- 6 uocka old) croo~> of orroo :md r:~~to J:ltlintainod 

in tho Virus RoocaJ:Oh LabontorJ, ao~ usod for thiu cxpori.ccnt. 

:.nil:ll\ls ":Toro inoculated mth either 3.0 dcx or 5 .0 dcx o! Orungo 

virus by SC or IV routo . 'i'ho;r 'illlr.'l th:m bled for tho fir:~t &even 

~o poot inoeulntion C'.nd tho blood oo--ploo Mea.yod for vix'ua 

content . 4t pru-dctor::U.ncd intcr1318 , 5-10 co of blood rr:~.o 

oollexltcd for aorolos:~ . Sen ora tcot ... d f or 0I'I.Jil80 vi.n.~a !T-
• 

antibody in cuoltlin{; cicc. llo virus vna icoletod fto::l P.n:/ or tho 

blol)d o!'ll:plOo eol,.loot d , Only nn1J::31o infected by tho IV rout , 

dD•mloped 11 r.ntibodioa to Orwl60 vi.n.~a . Tho t1Do or dovolop:....nt 

or ~"ltibody r.:nd tho l.tvc-1 of ontibod.)' ~ll n !o.otor or dovolopod 

v~o dooo . , t. tho h.1pr vi:ruo do II 1111Ubod,y r-:.ochod R hiahor 

lovol. l'onl: cntibody titro ~r~ Clotcot d nt 2S dey p . i. , and no 

antibody 'IS dotoctod by dey 63 p . i. ('l'ablll 16) . 

hbO:ruw 

Thirty lldul t mu apanu a ro: 1n£ ot d ith 3 x or 0l'WID) 

,. 11:-ua contain d in 0 . 1 al . 'l'cn 10h ro 1nr o~l\ by too IV. fiC 
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'UBLE 16 

..UITIBODY RESPO&SE Ill L.t.KBS l'OIJ.O\Jl.NC Ili'FEGTION VITi 

ommoo VIRUS 

LOG OF lml'l'R..LIS .. TIOII I1IDSX 

Routo Dooo 
(in De:r/0. 02 1111 . ) 

Aldaol or 1n 
Bo. lnf'oc- Do:r/al -s pi +14 pi +28 pi +42 pi +56 pi +63 pi 

tion 

441 IV 5 .0 0 0 . 8 2 . 0 1 .s 0. 5 0 

442 IV } . 0 0 0 0. 5 0 . 6 0 . 2 0 

44} sc 5 . 0 0 0 0 0 0 0 

444 sc }. 0 0 0 0 0 0 0 

445 CODtrol 0 0 0 0 0 0 0 

446 Control 0 0 0 0 0 0 0 
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and oTa.l route s . ,~mii\ stud.ioo r.or- oarri od out for ca.ch daiY 

or t h:! firs t scvon dnya follou.injJ W .. ction . On dey 1~ 3Ild dey 

28 p . 1. , fivo Min:Us hoc ca.ch gxoup 17t!ro bled out and tho scm 

t i tratcd in b11by 1\\ica for prasonce o£ ~~ antibody to Orunso virus. 

Rouse &pa.rroHa neithPr oixculat--d 0rutl80 vi.run, nor dcvolopud 

(!!) o.ntibody to thu v iru.o follo':lillg infection by the rv. sc and 

Or :m routoa . 

' . • ) , 6 Exporil:ll:!nt'll inf<-otion of bab·( chick~ '"'ith 0!'\.Ul@ vil.uo 

T::o groupo of om.-dn.:f-old chicks ucro u.ocd !'or thooo o.xpo.rlllcnt"' . 

Bnch of tho oix chicko in tho firat group v-:.o inooulntcd llith 0 . 1 oc 

or 10- 2 dilution or orunuo viruc (oquivnl nt to 100 LD50) I by tho 

IV ~uto . Tho other group 17AD inoculAted 111th th 11..'1::10 doBC of 

vir..1.0 b:r tho SC route . D;,.;.l.t , t;lood.in,gu 'll'L'%'0 dono tor tho fi.rnt 

BllVUD d:lyo !olloviJlc :Snoculntion, and thl) D1~lco toatcd for 

pr c.nco or ·n.r... . "p c1!1o Or..J.DCO vir.J.D cntibody tl0%'1- IUIIW.,YoJd 

for in nautroll::~ti. . .m tooto in c..r-::1 D'Ulpl 11 collootc.d 0:1 dl:!,y 14 

Md d..'\Y 213 p . 1. 

;\a :u1 ih O"'U)O 1 th bo= ap=va dey-old chicko ta.ilod 

to circul t ·r'-r.u: , JJOr did they d~Nt~lop IJPOCU'io (n) Mtibodioo 

to 0 r..ll160 vir.u:. 
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-~ . 6 Studioo on the tr->.ns:niaoion of Orungo virus by 1\Cdc..s nlbooictus 

nnrl :.cdc s "'-'p;ynt1 moogui toco 

Tho Ib ,.Jl. 52302 atro.in of Onmgo vi:r:us iaol ... tod from " pool of 

,\odco dontatu.o mosquitoes in Higvria 1"13.8 usod for theso atudioo. 

Tho otratn ~~o at the s~vcnth couoo b~ and socond BBK- 21 tioGUo 

c:rulbu:tl pnoengo level. Viruo otock tit :n, tr.:uJ 10- : .o TCID50/cl . 

'l'ao ap<;cice of oosquitooa .\odoo 'll.bopictuo ~d .\odoo ilD6YJ?ti 

;-rc~ uocd . Th- Aedes 3l.bopictuo coaquitool! C<lDil orioinnlly fro:~ 

l'oon~ in Indi!\; nnd the .<.!dL o r.ogynt- c:1. froc .'u:!hur ot~..i.n in 

Thnil.md. iloth opeeioo ncre no.i.ntai.n.Jd in thO cntooology lnborntory 

of tho Yulu ..>.r;,o.,.'ixuo Rooca.rch Unit, in 'lc-: Haven, U.S . A. uhoro 

thouo otudioo t:'Orc conducted. 

1roc oxporionoo thoro V'\0 no lcn?vn lnboratory oooto l¥hioh 

ohalrod hlch 1 v 1 of virc:Un '11n:n in! otod '171th 0l'l.lrl80 vi.No. 

lndood, intootion by tho SC route produced no .,i.rcu1. ot all in 

tour CXJKriccntal an1rnlo oo inooulntod. Intoction or tho mooquitooo 

uao t.ht rt.:CoN n.ceo:.pliDh:ld oitho.r bY intl"ll-thor:lCic (IT) J.noculnUon 

or oooqui~a vith ·rizuo GUep<;nDion , or ey poruitU.nc tho::l to oncorgod 

on v1l:\UI c:h1c:k blood cui!Jl')nB1on throu h 1111 #f8 eholl uo;1brnr.e or 

cot ton p1od8Cta. 

out or 

'n¥l imculntin.:J n dlo ta.a c.adD 

l t i.nr" roin t 0 111 n.r:f tu 1118 elm;'" :1 n to " •hlutl JlO 1n t 

ovor hot n=. Th:. tip lc.ctcd point. v1 th 
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pai r o r j<nrollor' 8 forceps under D. dioocotfns tdcroscopo ;md 

Cl!U'kcd orr 1n '\ ti:I (Jr.:J.d\l:l.tione . Inocult\tion or undiluted virus 

atoclt wn.a throUGh the cccbr(lnc just ;mtc rior to the atomo-plouron 

ond bolo01 the first tl'IOr:lCic opincl E~ch mosquito ~eo inoculated 

nith . 0006 al. of virus wsponaion ( 1 co on the noodle). .Ul canipu

lo.tiona ..-oro cnrricd out on adult i\'l::l:llo ooaqui.tooa li(;btl:f nnostbo-

si:.<ld r.ith c..ubon dio:ddo ilnd i=obilizod 0::1 Yot icc. 

En..."''r~llnt on v1ruo blood oool: Adult fcmlo cooquitooo 

(atru:vod for 2!1 hourn prior to f cod.in(; on viruc-blood cool) -:rcro 

tllt\Ood in holding oneco and nllo:rtd to ro-d on cotton plodgoto 

soo.kod in tho viruo-blood QOI\1 1 or thNI.lgtl M cgc-shcll r::c!'lbrono . 

Th::l occ; aholl contclncd 1 al or t h!: virus-blood J:IOol. The 'liruo 

blood D<ltU IJA.Il cn.do up of 2 :a or und.ilut d viruu otoclc, 7 . 5 ol 

or 1n:U!t1-lntod ft.nd do!ibrin~Uid chicle blood l!.nd 0 . 5 cl or llllt1-

b1ot1c oolut1on. 

Inooul.'l.tc d '!:1d C'llO')r.:;od coequit<XJa voro ~n pl.n.cod 1l1 

bobbin'lt OO'IroZ'Cd, cylindrict\1 pll\llt10 OflDlO 'Vld J'l.l"'VidOd IIi th 

n:W\t.On'l.'"lOO diet of 10:J dc1ll:trooc. throuch cotton plod£:1lte. Tho 

nooqu1toao UOI":! bal.J:1 !or 6 to II dey& 'lt 2~C ;nd ~...-7f.ti Nll\tiVO 

h\nidity . dJ..ntcly !oUovinC nooqu.ito inocul tiona (2 hn. 

or looa '\!tor tho at~ of t.hooo op r Uo:r~o), t.hc vi.J:uc blood 

t 1n torv'lla , Co Uo 1nG expo tr..1n> to 

1n1' ct:l.on , tiOGQuitoca ~ro !Ulo :1 to 'lit 1-2 44)' old n.lco. 
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Engorgod oooqu.itooa TIOl."O :Jto-rod at - 70°0 until tostt~d for virus 

by t;rinding ond inoculn ting thes mosquito matcri.o.l into baby oico , 

"Bitton nico llCtt r.:1tchcd for ai8Jlc of illnoaa and vi.rus !solntions 

~ froc bra.in:l nborc indic:1.tod. ~r:'l.in auapcnsiona ( 10',6 in 'B!.PS) 

or aick Dice «oro pn!!oa.sod IC to groupo of fresh tl!cc until :1. 

typicnl i.ni'oction rccu.l.tod. l3r3..1n suspension froc ono or more 

of tl!oo aho'lli.no the typical infection uo.o than set up in n CF test 

to oot.lbllnh viruo identity. 

Two oth~r cctbodo 1!4-rc ocplo)'lld to nholl possible tr.mat:ioaion 

of Orungo v.i.xuo by IXIOquitoo;;o . l.n ~~c !!rot cothod cooqu!toao wore 

nl.lo ttd to ongorso on 11 drop o:: o.~lood cocl ( oqu:U p::.rto or 2 . ~' 

.rctl!.l cnl.r stJxu.'J (PCS) , 10Al d~;xtro~ t'.."'d inn.ot1'1:1.tcd, do!r1br1nntod 

chick bl.o l) , On conquito ,;:-IUl pl:t.o;,d into n tulKJ stoppered nt 

one. end n1.th cotton plug o.nd oovt::X\Jd nt the ot.hor 111th u:;ntnotio 

!in caah net tinS C!ltorial . .'l. drop or the blood vu pln.c d on 

tho nc.ttin8 c.<:~;t crinl :nd th:l oouqu.ito<la allo'010d to Cf'IGOrt)O • .For 

th oeond rx:thod, tlw coaquitooo nc;or.., d !ron a blo~d tlC':\1 in n 

C.."qlillDZY ru~ . i'hio tbod h .a on CUll:! d ~~er1bcd by Ai Uton, 

(1?75) . Dri~n1 , tl cocquit:> van ali{:htly an ut!x.niZI!d 1th C02 

C D , nd thll firct t :> pe.lro or l 6IJ :r-;::'10Wd \llldbr 0. dit18tJOtinl) 

r:Jiorooeop • 'i'h proboccio ca n xt rw~hc4 t~ th nuro r 

d or :n 1noou1 t pX'olviOUDly tU1od Wi tl 

t bl d q-.11 toea tl t r&'=d on 
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the blood mcol through nny of the onthod - feeding on susceptible 

oo~ , blood droplet or cnpillary f·~ding, terc tostod for virus 

by srindins c.nd inoculnting tha ooequito oatcrial into bnby lli.oo , 

The inoculntod cico noN ua.tohod dtl.ily for ei8n£ of illnoeo nnd 

subsequently , proccdurue for th iaol:!.tion and idontificntion 

of virua OG119in6 illn000 VOl:\. cn.rriOd out , 

E'\Oh o£ tho blood cc!ll. on .-:hich tl:.o t:aoquitooo ha.vo engorged 

(blood drop , or ~plllnry) u:w then ::dxod oritb a drop (about 0 . 0) ol) 

of 2 . ~' l!'CS ::~.nd inoculntud intr-.;.thoncica.lly bto 1~15 m'.ul t .o<\co 

nlbolliotua or ~c!2.!! ROGYJ)ti Cocnlcs. Trn.c.o VOl:\} l:opt for 7-10 dtlyn 

nt 2t:>c ".lid ~7~~ rclntivo hlDidlty. They uerc o.'\lnt:unod on 

1~ dcxt-roco. .\t th and or tho .lncub...tion period, o.ll daad 

cooC(Ulto~o 'llo:ro :N::IOV d t:nd rc::::J..".in.i.-·1 • tcatcd £or virwJ by Lo. 

inocula.tio:1 of 2-dey old b!l.by cioo. Brnin catori:l.le fro.:~ uick 

cU.co aho'lling t'JPio:'ll in!ootion :ro lur: ctod end tooted ror 

vir.1o. The. r INl tc oC th tr.:mc::dco!on of Orungo b"/ '.odon 

'll.bopiotua end-~ ~Dmti aooquito<;.o nxv p:n:ac:ntc1 in Tllblo 17 . 

. "' a Al£opictu,;: Follo in::; p::u:cntor:U J.noculAtion ot l. B dox 

o!' Orunco vi:ruo Jl r cocquito, nrtitio.tnl tr.::ncaisoion VM o.ch1o•10d 

by o.ll011izl8 CIOIIq'li.to a to " bi tN" on blood dropl b on 4~ 6 Md 

do.:r 10 or xtrincio 1nou tion . Tbn; or o1x ooaquito a trr:ncni tt d 

0 n:n viru 11 on 4Il:l 6 , .1 Ux)\l,~h onJ¥ n: or tho aJ.x vu po a1 U vo 

for virua vHh UtY'IJ of ?. . 3 dcx. Tl 1 'ICl of virua injcot::.d 
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TABLB 17 

"' 'nlANSIIISSI OR OP ORUI~ Vl.RUS BY BlT£ 0? tr.OC':'" .\'W> nosQVl\'CIS 

Hll:lber ot aoaq.ui too a ~ CJt t:4aqllitoa 
Routes of Specie s ot Days ot poei ti 1"' t or vi T\111 t r.::ai "i.ai dNa 

Infec tion Jfoaqui t oea Bxt rill5io 
Incu~tion R~ebor Teatocl 11\ckr of 'fn:,S11oa1w 

Att .. h 

Hi co Bloocl Droplet Ki~ t loo4 D~et 

6 1/5 ~/6 0/5 .,,6 
IlfTRJ',TBO- Aedoo 

1/9 0/2 0/9 
RACI C olbOJ!iCtU8 7 0/2 

I 10 2/7 1/ t. 0/7 t/4 
\0 

4/ 19 ""' y 19 0/1 4 - 3/14 
I 

1/3 0/5 0/3 0/5 
6 

,t.edee 0/2 0/8 0/2 0/8 
ORAL c.lbOJ!ictua 7 oh 0/7 -

I I -
0/5 0/20 

1/5 0/20 ,,, - t/., 
7 -

Ilfl'RA TBO- AOdoa 

'" Rt.CI C 
aegypti 

'" --
0/2 - 0/'l 

- "' 7 -
acdoe - 0/3 

OR/ ..X. 80mti 9 O/S 
0/5 -- .. 
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into tho blood d.roploto by the oth::r t'.1o mosquitoes tranSillitti.ng 

viruo roctuir.Jd further llMBngo i.n fresh 1:10cqu1 toes be foro 

!NbGOctucnt isol'l.tion nnd idcnti.Cicntion. On tho s:lOO do.y , none 

or the 5 cnsquitoca uhich f ed on auoccptibl~ cico tranccittcd 

virus to tho host. Only ono of tbooo oooquitooo ;ras infocb,d, 

with a virus titro or 2.6 dcx. On~~ 7, nino oosquito~o 

Of160:tgcd on blood droploto, and none tr3ns:Uttcd viruo, although 

only one ";T<\8 pooitiw for virua (ti~rc 2. 2 dux) . Tho two inoculated 

OOoquitoco fccd.i.nc on tUOC 'OCr- ncsntbm for •riruo Clld fo.ilod to 

t-rnoiiCi.t na:x to bitten cioo . On ~ 10, on oocquito nith 11 

virua titro o£ ) . 0 dox "trc.."leoitt d" v1.ru to ~ drop of blood. 

Tho other thrc~ wro:.. nO(;"\tiVC for viruo Md did not tr.JnSt:lit •Tirus . 

or the. 7 ooaquitoco th:1t rod on D.i.o , two or which voro infected, 

(virus t1tTC 2 . 1. dox ~t~d 2. 7 dcx) no= tnn=ittcd vi.ruo to the 

• 
clc~ . One oofY.[ui.to , of thooo th!)t cnGQZOCO!.l on tho blood oonl 

contc.1nine vhuo, h'\d a tttTC or 1.9 d x, hovovcr it tailed to 

tr.:ncnt v1run to INilCC.,t.lblc aoueo a!'t'r ciJt c1:1,yo or oxtr1no1o 

incub.-ltion. llo vi'rU 'l.ll round in u othl:r al.x, muoh t\lao did 

mt. trvac::li t v1TU.• to euccaptibl r:U~ on which Uwy t 1 • 

.. ~oe ~.(lEY" u 1 on 4n.Y 7 or oxt:r1ne1o J.noub~tion ~.llla3tns o 

p nt.or:iJ. inocul uon or ·a~a mt.l r»oquitaoa vith I . dl:t:t or 

Orr:n£0:) v!.zua .P r co uito, o~ ot t t.hrOo t.aatcd, t.l-.niCi t. d 

tl vi'nlll . It ml! Utro or 2. 5 ll 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 138 -

ncgypU munquitooo uhioh OllGOrgcd on virus- blood t1Cal cont..'lined 

Dn:J virus, nor did they tX(U'ISI:Iit virus. Thoy wcra tested on 

dey 7 nnd d!ly 9 oC oxtrinoic inoub':l.tion. 

1•· 1 Tis:mc culture scoccntibilit:r studies 

Fivu atra.ins or Orunso virus 'ITCX\l t .. st"d for their ability 

to p't'Opllgi\tc and cuJ. tiply 1n Vc1:0, IlHK- 21 , D.nd .'.cd.:a nlbooictus 

coll l.inos. Dotailo or cstabl1oh:l..nt end cai.ntcnll\co of oooh or 

t.'lc coll lino3 h'l.W boc:n civ~n unilcr aa.tcri::U.s Md cethodo 

~a--ction 3.7) . 

'l'on :Pt.tl:e(on t; caul)(; brain mwponoion.n pr1J!!'U'Od in cu:U.nto

rumcc t:10d11.1:1 (l.li:liE) aupploncntod with ~ in'l.Cti':ratod res, 1ore 

inoculr.t d onto oon!lw.nt coll cul~ conol;»<cn fra 1hic~. c .. dii.C 

vlr~a r~~oion. 
0 

~tor ·.ri.r.U o:ulaoxption et 37 C f vr 1 nr. tho 

viru:l aw:pcnai.?n VC.O drninOd or! 'VId thl! .conal!J,Yor VIU!Md With 

ilank'a BSS (cxmU!inin<; m PC:>) . i!r\)ah n'l.intonnncc oodiun no 

th:ln nd!l d. Too tubc:o or bottles ore incub"l.tcd ~t 3'fC and 

oboor"li'Cd ch-1.1.)- !or CP • 

Pollo 1n at,Vld'l%'11 JIX'OOcd~e 1\1\d att.or aix blint.l 1 !la4-"\BBOo 

no crE 
11 

dc:"¥1f1Ctr:l.t 4 on lnCcction ot V"xo cell oul \111'011 111 th 
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Orunso virus . f, ali.eht modilioo.tion to the standard proccdu.rcs 

t~as t hon uood: .\t 24 hourly intervals, infected and control cells 

were trypsinizod usinG ~ 0 . 2~ solution of typsin in Rnnk' c 

bnln.."lccd Bnl. t solution . rhv disporsod cells uero regrown by 

subculturing into fNoh bottluo eonta.ininc no cello and rcinaubntod 

0 o.t 31 C '17ith dally ox,nino.tiono for CPE. iith this codi!'icn.tion, 

Oru.'lg'O viruo '17E.UJ c.dllptod O.l'ld propasntod in 'I oro coli oul turon. 

Pro: p:t'\ll.i.D.innry obscrv:1tiono, t:cypn~tion ~t;-rocn 21-16 houro 

post in£cotion, bo!ora ovcrcrowth ond .:>.;rinG or colla oonsiotcntly 

rccultod in production or CPE. Th trJPoini~tion nnd subculturina 

of lnfoctcd collc nan onlJ c~icd out ~t the 1nitinl stnco or 

infect in(; cell cul turoo tri th oouoo bn1n DWJpr.naiona. lith tho 

11roduotion of CIS rollo:r1ne thl'll initi :.1 <;rypoinlzation, it 11110 

poooibl to infect !N~ conrlu nt cello uslnc c:ulturc nuJ.do nnrt 

produce CI"E ithout tryroin1:.nt1on. Tbo Uno of oppcaro.nco or CPI: 

4ocrc~d 1th incrc:ltlin.::; p'lCII.QCJD '-l!ltll th 5th pas~ (Tnblo 13), 

vblln ~ appr.Q.r\;.d rcgul'lrlY !ro::J d!l)' 2 post in! ction. Ccq1l<ltc 

CPL :w o.chi \1\0d b'J dey 3 or 4 poet 1nt otion. Only tho t'Gault 

or Ib Hl)019 at~ or Or.ll'lCO vir..ut IU'Cl pzvacnt.od <US tho other 

tour etr~c G'~~ olail~ roculta • 

.. 7 . 1 .1 Rllt... or I9'lio U,an or 0Nni:'D v&ruo in V ro ooU cults= 

n°c rv~d l"'><r' v-:ro m tw-o 

'1'ho et'QWU\ xnto ot lb n . 1)019 tr-.in or Oranco v1:rua "u 

rtorcod in v ro 1n c 11 oonol~r oulturcla cro n 1n tubOa. 
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TABLE \8 

'..D:.PT.:.TION .uiD P'ROPL.C . .TIO!l OF ORUHOO (Bt 3019) VIRUS IN 

v:RO CELLS roLLOVI!lC 'mYFSilillL.'IOH !.Ill> SUB-CUL'IURINC 

TIT R B OFT 

'PlSSL.CE C?E DEX/0. 02 ml. D~0.02 ml HOUSE TC FLOlD 
110 . IlJ MOUSE IN VERO CELL BR!.Dl 

\ +(4)• ~ Wi' liT NT 

2 +(4) UT liT 0 0 

3 +(}) 0 .6 liT 0 0 

4 +(3) ITT ll'l !'IT l:T 

5 +(2} \.I 1.0 + ~·· 
6 +(2) ur t.'T + 2 

7 +(2) liT 2. I + 4 

8 +(2} .,.4 .. . 5 + 8 

9 +(2) rl''l } . 1 + 4 

\0 +(2) 4 . 5 }.7 + 4 

• ~ poot inoc:ul U.on on which CI'B tint oppeu"ed. 

•• Br not toatod • 

.... c~> 1 roc1procol or h14Jhual dilution or aull\re nuid . t tre, 
!fi~ 0 .,.. rsxouon. 
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Con!lu nt conolo.yllre t1o~ Tl:lohod thl:\)o tiooa uith Bonk' 
0 

BSS 

:md each tube wea inocul ted uith o. 1 "11 of virus suspension 

containing 5.0 dox TCIDsofnl in L'l~ oupplomontcd nith ~ FCS . 

Vi:ruo ndoo~1tion ll:'\.0 :U.lou d to tnko p l :.lCO for one hour, at 

0 0 
37 C or roo::~ tctnperaturo (23 .:!. 1 C) ...rtcr 'l'lhich, conoleyoro 

l'C~ t:nshcd three tiDoa uith Hank' a uSS . 'F.och tube r.as then fed 

uith 1 ,0 ml. or l:D~ GUJ!plc::lCntod uith ~ io'CS, a.'ld Nincuhtcd 'lt 
0 0 

37 C oT 23 C. ',t 6 , 12, 2•l , iB, 72, 96 md 120 hr. post infootion 

fivo tubcc tiOl':l h".rvt:stod 'llld tToo.t.t;d :1.0 folloos: Tho nuido 

froc 0!1Ch or t.hu tu"tx.s lfCN pool.:d, md ho oonolcyo~r oulturo 

rinnod -::ith Hank' o BSS . Colla IJO:ro ocropod off on.ah tube with 

::1 :rubb<:r poLi.coc:m . Tb!! ccrnpod colla ro then suapc.ndod ill tho 

1. 0 cl of codi'l!:. Th:l pooled fluidls end cell auspcnoiona ~:oro~ 

oton;d nt -70°C until Utr:lt.od ill b:lb:; rlco . 

The TCJ>li~tian of Tb il.1 3019 str!Wl ot Orunso v!No 1n 

Vcro c lla in :t'Qtnect of tho tieD or .lnou'nti.oo M4 cell- ntul • 

nuid- r..DBOOio.tcd •J'irwl iD oha:m in P'iJ;. 16, C>.Jl't'.UCD liON 

1nooulnttld ith ~ .0 dcx or Oru.nco ·til'WI. At 37°C 'Uld 6 h:luro ot 

h1cU'b.'\tion, 1 . 0 <lox of intoctioua V1No ua.o dotccto4 J.n tm c lla, 

h1l v:1.ru 'lll oiLk"Oto;.d 1n t!Y.l nuida. At 12 h?urs, v1rua 

%q'llc tion '\II tix·at -1 Cot d with Utr JncN 'lO) t.o 1. 5 <lox 

1n 11 R plic t1 D inc~ :4 until coll-=aooi t d vlNil 

z, ~ ~ titrf; r G.o X \ 72 :nd 96 houru r 
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Fig. 16 

CPE at 37°c 
~ l 
0 1-2· 

l 
• 

A 

8 
c 

24 48 72 96 120 144 
Hours of ncubation 

-----· ---------· ,.., __ _ 

I 
• 

f 

Rq>lic'\tion ot ON:\Cl (lb.IU3019) vir.la 1n Vo:ro colla 

t. 3'fc ( A • ll cwooo1 t<.d, • nu.td u :'Oint. a virus) 

:JOiAt d , D • nu1d '1DIIOOitlV.d viruo). 
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incubn.lion, Viru.n titro in the fluid increased 

and ~'\.Chod a poo.'< or •i . 5 dox :1t 120 hours post incubation. C?E 

U!l.D fir:lt detected bohccn 24- ~8 hours post incubation, cocplcto 

CP~ coincided ~ith po~~ ccll-~socintcd virus tit~ . 

:.t 23°C , virua rcplic1.tion t~tw first detected nt 48 hours or 

incub1.tion in cells, ll\d ponlc titre 17a.o ~ . ) dcx nt'tor 120 hours 

or incubation, lfo vit\Ul 11na dotoctod in tho fluido , until 

bbtl cJc.n tho 96th ~'.nd 120th hour or inoub-..tion 7hcn tho.l'Q t~as n 

d.r:u:mtio inO.l'Q:uKJ in virwJ titrv fron bolo; 1.0 dox to 2. 5 dex. 

CP1: 'rlno first obncrvod n.t 72 hours J'()Bt incubation, but ~tno not 

oocplcto 'l.t 120 hourn of incubo.tion llhcn th.., cxporlr-nt l'l:uJ 

ton:li.n'ltcd . 

Collulnr ~11lholof:ic:il al tcmtiano tollollfns vizuo infection 

'ABD nloo ntudiod in Vo~ cello. Vcro eoll cult-.~.roo ~ro 

prop~~.rCd in Loi£;hton tuboo nith covorolipa ee d.oeoribcd by 

l'tUnqUi.ot; ( 1962)' Than o.:.llo v=o cgn!'lucnt . tho nuid in tho 

tuba vn. rophoocl vlth of\intcmMoo DOdi\1::1 'lJ'ld tho ooll cu1 ~o 

int~Cul'lt d 'Tith 2 dox TCID50 or Orungo viro~o. 

tubc:o -ro ac.t up 1n pU'I\11 1 'll'ld OOVD:Nil1pll t'ro:J both inooulntod 

nd cont-rol tu 11 ro 'r'C'::lOv d tor llt.ninlns 0o11 !'ollcr.1os P!xntion 

ot colla ':1.0 o'UTi. 4 out 1n t\111 atren,.--th tl¢ '\looh,l Cor 

20 "linut a "'!d 1 !t to dry t roo: t 'T turo. 1'ho oovoralipe 

v ro th<.n ot:Un d il.h 1q Gi n d,yc 

be. tt.;; n ' to 1 h:w.r :n4 nehc.l<l in cU o Lllll. 11 v t r • 
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.~ nor.Jal. , uninfcc tod confluent Voro coll llOnol eyor culturo 

is shown in Plnt o 12. Ea.rly ( 2 dQYo poot incubation) (ll'ld btc 

\3- ~ deyo 'PO~'t incubnti on) CP"' of Orull{;o viruo i n tho u::~.:.Jo coll 

8.1'\J ohown in Pl'\tus 13 and 1t',, Er.rly nt (l8'Co CPE uc.:~ chnrllct

rizod by d!u:'Al y st:Uning hocogonoun nuoloi with loss of nucleoli 

end l.ooo or dc t o.ilcd nucloc.r internal structul:\. . Collul -u- outline 

begtm to diBnpponr with n few pookots or cloa.r sp:!.C~ s in tho 

ool.l nhoot , ov idcnco of ccllulnr nccrooio. Late at~ CPE 

ohowod C\ grantor do~c or collul<U" nccrosio with aegr~>gation o.r 

dArkly s t nining nuclei due. to cocplcto dcgoncration of oyto

pl c.c::Uo n:J.t c r inl . 

4 . 7 . 2 Oru=o vhuc in &iA- 21 cell. cultu:ron 

IlllX- 21 cOll culturco were arovn a.t 3S°C in U:::U::: uupplcoontocl 

n t h 10: c:Ut: oor.m, thay voro oaintoJnod on th. C:O.."'ICI oocUWJ 

n1th 2i6 colr ooru • c llo uOTo ~ in bottloo !or p!\.111'~ ~ ' • 

in tube a Cor ~uth curve , lllld 1o L".b-i'Dic alido oh=bc- ( lln/ 

ol ido , l'11cc Lotior .,.t or1oo , !'~pOr'IUl , Illino.La) tor 11.-'IUl OUu

:ru ooc:nc 'lncl his to loa. Sor1 t\1 h !l.rW a to t.ox:lln"l tintr n t oo::p l to 

CF.: ro ~ t or cronh ourvc , .tc;-w-..:~O~N£0(1~ llll!1 h1atoloQ". 

U:runoO~l"' oo<nao ot~ lUI CUJ prov.ioual7 d!l.or1bod tor 

br.:Un atuii a , u 1nG in! ot-;.;11 

crubalMW • F r hi.aWlocr, Snt ct<.:1 

t ho d . 

:s c:mtrol lll!l- 21 =lla Nl 

ll OOiltrol oul t:uo oolla 
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Plnto 12 

--

llor~ OOIIl)l.r.;t r ot YoM oolla. X250. 
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\ 

I'lnto 13 

--- -----

llonc.l~ycr or Voro extllo umwinc oytop,thlo ort<~ ot. or 

0%\:r~ vixua 2 4~ P'J81. 1n~biit1on . X250. 
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Plntc 14 

• 

~ 
.... • ~~ ~ 
--~ 

• r. 
' .. , 

I 

,., ~ , . 

llanolll)"a:r: ot Voro ooUe ehovln« eytopa thJ.o otfoot 

or O=so vixue ).-4 deya peat .f..noubatlen. X25Q. 

I 

" 
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Tho rato or growth of Orungo (Ib n. 13019) virus in DHK-21 

colla 1o ahown in r 4t. '7. Cul turoo noro inoculated with 4 . 7 dox 

of Orungo vixua • .\t 6 hours ae well na 12 hours incubation , 1, 2 

dex of vixua was dotootod in tho colla uhilo tho fluid wno 

nosa.tivo for vil:ua. Vixuo I'()plioation wns first dotoctod Bt 

24 houro incubation, with a ti tro inCNI\80 to 2. 5 dcx in tho C6llo 

and 0, 7 dox in the nuida. The peak vi.rua replication wu 5.2 

dox for tho colla at 72 houre incubntion. Vi.ruo titro p111lk or 

3. 5 dox in tho fluids wa.a ot 96 hauro inoubiltion, by vhioh ti.co 

tho coll-llaoooia.tod vil:ua titro ha.d dccNasod to 4, 5 dox, 

possibly duo to rolooao ot viruo into tho fluid codiUD. 

Tho ti.Do or 1ni tial. appoQX":~nco or CPE tru on ch:ly .1 , bowovor 

this docro~U~~~d with incxoaain& .BR!{-21 coll paaell€0& and ota.blliood 

ot 36 hours from the third pon~ onwa.rde . Cocploto CJ>I: uaa 

ocbiovod a.t 60-72 houre or incub!ltion ot 36°C. 

The character or tho CPl: in J.n.rcotod BHK-21 colla a.o etudiod 

by Ciomao. ataJ..nJ.n..-r or auquontiol bnrvl:ote, rcvuolcd Cocal round.t.ng 

oC colla with a rotraotion of oytoplocr.s rosultinG in oxtn:oo 

donaUy (Pl~tv 15) . This pl'Oirl'QIOOd to involve on.aeivv aegrogntoo 

of cclb with rueian ~ ncoroeia ondine in hocogvnoue, bo.oophilio 

OP!IItll!l ClloiiQa (Pl.olto 16) . 'I'hoeo ft88'NE."atoo rolllllinod Att.Mhocl tor 

lone porioda; thoroattor lArgO oleo.r IIJIDCW• oppoArOd 1n thO ooll 

COnol~r, na tnoeo aaaeoa or ncoroUo d.Obrie deta.chod troa tho 

8loae (Plnto 17) . P&rollol J..cnunonuoroaocncc aiaroaaopy n:vulllod 
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CPE 

0 
72 96 

Hours of incubation 

R plio:l~ion or 0%'\11\ '? (lb 111)019) vizua in IID:-21 

O"ll o '\t 37°C. 
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Plnto 15 

BHK- 2 1 ooll11 Woctod aith OrunE") vi.xull ohollin8 

early cytopr.thio ocr oct ( 12 houro) . X177 . 
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Plo.to 16 

• 

\_ -----
f .L 

Bmt-21 co 11 a W octo4 •Uh 01'\1116D rlzue Wuat.rnU.~ 

lo.to o~ oytopo.thic ot.root ( 60 hour e). X 177. 
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Plnto 17 

' • -- , 
' • .,~ 

c ,, . 
I! ~ a • , J , '• • 

.~ w 
' ..... 

-

Tn!X- 21 COlle 1ntootoc1 With Oruneo viru. llbowi.ng 

clc.ar cpBOoa 1n conolQYOr nhoN auao• or noo=t1o 

oolll&lar dobrie h'\vo dlltn.chDcS. 7.1'p . 
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{\ t'oct\l diotribution or intr~ytopllllll:lio onti8\)n :lt 12 houro in n 

rou colla; by 1\8 houro tho rJa,jori ty or oollo sbollOd J.ntra.oytop

lal.l'lic ont1gon diotTibutod 1n lareo pWlctnto cmo110o (Plnto 18) . 

or noto w~n tho tondonoy of dond or dying cells to exhibit bright , 

epoo1fic , fluo~ecQnco uniforcly in oytoplBsc ond nuolcuo; it was 

concluded th'\t ~1o roprooontud n atnao oC oytonoorooio llhon 

nucloa.r t:l()mb~c intogri ty vrus loot nnd nnt~n Rao rruo to till 

tho otill 1nt~t c llo. 

• 

1\ .1 . 3 OrWlso y1No in Aodon nlbopiotuo colla lino 
• 

Aodoo nlbopictua cell lin<: p'I:'Ovidod '>Y Dr. Sonjn Buckley, 

'!nlo Arbovirwl Roooo.roh Unit, !lOTI U!lvcn, Cof\!lCOticut, U. S.A. •' 

waa uaod tor thooo otud.ios. 'l'ho cello ooro srow:n in 2 o:. flint 

sltu~o botUoo ond f!IIUntA.ined in ~a;.& N1tBUhm'ohi-U1U\100roooh (114.1) 

ncd.ium oupplomontod uith 20"h res , (!.1-N-80-20) . Oonfluont culls 
• 

•oro inocull\tod "ith o. 2 cl or ; .o dox or O%UJ'I.80 vi.ruo, inoub:t.tod 

Cor 1 hour ot room tCI!IJIOr\tu:tu boCoro rinoJ.ne lfith R1nl\l.d.1n1' e anJ.t 

DDlution, Lach bottle VOD tblln Cod <:ith 5 nlo or 14-M...ao-20 CIIDdiUD . 

Previous puaQ60 hiatorJ of thO Orunao (1111.52302) vi.rua strain 

uood 'liM 7th rJOWIO br:Un pooo!J60 ond 2nd mJK-21 ooll pn.aaoeo . At 

prodotomJ.nod intnrvllln nuids and colla .... rv harwetcd Met Utrntod 

1llcodi.ntcl y 'by C? , -uoo inocul"tion, or .inoculation or BHX-21 ooll 

conol11.1cr . Tllo d.ropo or und.llu tod rroa intootod ooll culturo (on 
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Pl '\tc 18 

m!K- 21 oollu in! oU.d nith ONn<tO viruo. SpCIOUio 

inlunonuorcoocnov nl VJ hoi.U • X250. 
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:ro X'OilCtod acn!not tTio-fold dilutionn or cpoci.fio 

in n routino Cr' teat. OrwlSO viruc fnJ.lcd to roplicnto 

1n fit II n nlbopict.uo lino o.Ct r throe ouccoooi w pnBoaaua. 

h IJW:T.\1\l."y oi' host suuccptibility of Orun8Q viruo lo proCKJntod 

in Tnbl 19. 

•\ .8 l'lngu for.:U~.Uon ln_V ro U1d mDi-21 coll oulturoa 

Th dovolopmcnt of plllquoo in Voro nnd BHK-21 coll culturoo 

by Orunso virus slroino 11no lnvootignttid. Ono ounco flint lno 

praooription bottl<HI r.'OXIJ GQOdl..d ni~h 5 rnlu of coll uuapcnoion 

oonto.lnJ..ne 150 ,000 ccllfl/ml o.nd inoub(l~od \t. 37°C for 2 un.ro to 

obt~ oonfluont ob<loto . For inoculation of ¥b:'lo, th nuid 

n cllUill "'no .ccoovod from t'tlO oil turoo and 0 , 1 o.l of o110h v.l,rlJu 
0 

dilution Wl\3 nd110rb0d ror 1 hour o.t 37 C. Thin II Ill! rollowt~d by 

1.h deli t.ion or 5 nl. of frochly PNfll\r\':d nutrient aco.r ovorlny 
• 

cont:Uni.ns n.mtr"U. rod, or 3 o.l or th ovorlo;y uithout neutral red. 

O'Xlrl'\id ouUIU'()O UOl:<l l.nCUbll.t.c<l ln 'll1 inverted JIOD!tion nt 37°C 

:rut oxo.."'inod dnJ.ly tor pponr11noo of pl~:~quoo . lo'orty-oi01t houro 

l tor 3 ol of n oocond ov rlo;r aontninlris D utrnl Nd VllD nppll d 

to t.h bo l tloo cont'\inin3 lni tl.lll ovorl~ oodiuo :7ithout noutr'll T(ld, 

All t fio,ro Orunc;o vin.~D otrorlno <1 ~lopod plaquoa 1n Varo 

colla only . Tha:t\.l v= no .urroranca in plDQ.ua ai:o . Pl.Gto 19 ohoW 

~ tYPic 1 O'l"'JJIGG vi.rull plnqu • Thu diricranco in t.!= of rsppo=oo 
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SUSCEPTDW.ITY OF VElti't:!liLd'ES, AB'rrlilllFO:OO .uzn CEl.L <XJLTtr.u:s TO E:ti'i:!lil!::..u. nmx:rrou ;ng 
OffiT'.n> v:mus 

.w., t":lt.'"O I::xporio=tn W. Pru!BIJUC hinto:ey •\CO or Inoculation Evi®oco or l!Urviv:ll Titro in Hoot of atr.l.in used aico Wcctlon ti:... 'S:1 ( dol'/O.C2 al) Routo 11. ( 1l,Yt.) 
Mice 7th auclc.lin& 1-{ cl.ey:J ic .02 D<l:l th, vi.rt... "lie )-·, 3.5 coueo br31n ((Db) 1- ~ deys ip .0) 

1-!~ dcya 
. 

.0) JC 
10 .d.:l,ys iC .02 I>..ath 12-1~ ) . 2 

6-7b ) .0 

sc .0) • 3. 4 sreek ic • 03 
ip . 10 - . 

~ 
:) 

6.5-7. 2 ic .02 Death, viremn 3-5-1 .0 \0 7th (cb) 2 day,s· 
ip .03 Death, nntiboey 14.0 : . L- 5.0 ~n lla::url e r.J '\:;;;--

cU\'CloP=~~nt , 
~..: 

antibody 3 week ip . 10 
.10 nntiboey sc 

10 w:eck!! con." . ·10 
.L'ltibodY in 3- .$ )rd (cb) ip 2~ 10 ~bbit::; 

week11 p. i. 

iv 2 
sc 2 and 5 ---
iv 1.0 Antibod1 

}rd (~) 4-6 t:eckQ. 1.0 ! . oc ---SJrc:p --·--
,. conj uc t1 vnl route • AFRICAN DIGITAL HEALTH REPOSITORY PROJECTUNIV
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T,JJLE 19 (continuod) 
- _,,, 

--- ~-- - --
Avcr~"'l! 

~ri=ntnl Pllti~'"O hlotory A .. :-c of Inoculntion Evi~ncc: of 81U'Vival 
1' it 'l'C ill tbe AS'Z llost or strn.in uood ::dec infection 

(!Uya) (dex/0.02 al) Route f'l . 

Sp tlr%'0'11 G 7th ( acb) Adult iv • 1 
8e . 

onl v . 1 --
Chicko 7th {anb) 1 day old iv 0 .1 

:;e 0 . 1 

Cell culture: 
CPD 2-3 c; ,2 BI!K- 21 7th (anb) 
CPE, plaque o 2-3 r.o Voro II 

Acda., 
llo :::ultiplication nlbonictun .. 

line ' --- ·---

2.0 dbx/ ~aquito. Adult Intra- I T.iJic 0 
Tnno!czion 7th (r:=b) .0006 6 2/11 oooquitoac Aedca tho::acie Day 

infected t:ith 2. ) dex 'oJH:i\'e. fr\ nlbonictun 
olo'ld 2. a dox o! viru~. -

D:13' 7 1/11 OOS(lUitoea 1:0 

inCoctod vith 2. 2 dox. 
Tr~"llDillsio:l Day 10 3/11 oooqui toea 

WocU'il uith 2. : dox, fOG-1 t:! '"I! • 
•• 2.1 dox and ) .0 dox 

~ : of virus N~cthely. 

Intr~- Ticc 0 1.~ de:c,/-OIIQW to. 
~'lciaoion 'dul"" • 0006 D:1Y 1 1/5 cooquitoco 

~t!vc • 7th ( c:~b) - . thoracic Wee tell w1 th 2. S clllx 
o!' \'!rue. --

-- --- --
i:! doCC 10 L!)50 ~ = !n[cetlne v rus 

h • infcctln..., vir.JG ~'9C 100 LDso· 
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Phto 19 

, -
~tffl• V\~Si..l 
~11'M. s~•·:a. o 

\ 

Orm~CQ viruB Pl.!J4UI1D in Voro colla. X1 
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or tho 'Plaquoo uno •lopcndont on tho typo or overlay codiUI!I uocd . 

lhon th doubl•1 owrley nao usod plaquo oppoiU'Od u 1 thin 3 do,yo ot 

inoubntion; with tho oinclc ovorlny , plnquo8 nppoQ.Nd 48 ~uro 

lntor. In sonur.:U , tho titroo or viruo otroino tNntod llith d.oublo 

ovcrl~ tro~ botwuun 101 - 102 plnquoo tomins unite (pfu) un1nt.or 

tht\1\ thooo trHh oinalo overlay . 

1\ .9 Antim:nio NliUYOOB of Orun69 viruo 

4 .9 . 1 Antlp;yn1o rolntionohip of Orunao viruo to othor virunoo 

Eisht otr.una of tho viruo ioolntod in tli(:l'lrh YhJ.oh no:rv 

oo.rlior reported to bo Mtigcnicnlly indlatin.o"Uinhnblo l'rom tho 

prototype 0run8'0 vi.ruo - Ue!o'P 359 otr<Un ioolBtcu J.n Ui)t\nda, uczo 

OOl'(lQnQd in CP taoto ot ovor 150 viruooo roproacntinG tho 

oo.,3or vi.ruo sroupo: Alphnvirua e , Ounyn :v\d Runyn.-11\:c v1ru80o1 

i'lnviviru.ooo, 0-rbivirueoo , Rhabdovi~ooo Md othor unclnnoifiod 

viru . n . Tho UCMdn. proto typo viruo otr<Un '1M nloo i:ncludod in 

thee... t ... ata. 

Ono or tM nino otr<Uno tooted , (11. 60974) snvo pooitivo CP 

TCa.ctiono '11Hh Tntt~eu1no virus. ThO other cisht olr:Una 1ncludin6 

t.ho Uf!;lnda ctrcr.1n fi!:LVO no anti"'- roaul to ui th tho ontigt>nn, or 

nnt.100l rn/onUlLU'S or both or tho follol71ne viruB<H! . 

Alph.•wi ruccn: Ch~d, ll3;fiU'O, &liddlobu:I:'S, II ' dw:u, 0 ' nJOne-

nyon~;, S~oliki Forool, Sindbio. 
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.\Nn:wirua: Laaoo., To.onr1bo. 

]lunynvirun: Aknbnno, Dntni, Dunyau11orn, llotlll'.lbi Dut~n.lillo17 , 

B'ilo:nbo., Co.eho valley , Cnlifom.in cnoophl\11 tio, CllJlin , Comioton 

Cuo:.1o., Iloaha, 11'18\IO.VUilln, Koyelona , to. CrooOi., Lokum , Lunbo, 

la68Unr1 , Main Drn.ln , L\nnz.nn1113 , .Nnritub~, M"ho, Olifnntsvloi 

Oropuooo , Ponsola, Snbo , Tole , 'l'rivittntu~t, Uluw11o., Utinsn,Ynbo. 1. 

Dunynvirua-liko: ( eiBila.r corpholoc;y, but serologic diooinilo.ri ty 

to Dun:/ a. vi:r:uooe): \nlnouot, Bnknu 1 Dhunjn, C~o, Con(itl, Jlu(;bo, 

C ll\j Ill , Itaporane'\, ~!poko, Rift Valley, Sandly fovor, TlltQ8UJ.nu, 

Tho eo to , 'l'urlook , Uob:N . 

'Pl"viviruaon: Bo.nzi 1 Douboui, Buknln.oao.bnt, Busouqun:m, Dllknr bnt, 

don,cru;:, 1,2 , 3 , \, Entobbc bat , Ilhouo, Koutr.J\80, Wodoc, NtQY!l , Snboy;l, 

Spondnoni , Tyuloniy , Ugnnaa S , UIIUtu , loooolobron, loot tlilu, Yollo'7 

r ovo r :l.l'ld Zllt3 • 

Orb1 viiUSQa • .\frioan horoo aioknooo, Ikllru, bluctoJl8UC, OI'III(JUi.nol.A, 

Cbonu<b, Coloro:ldo Holt rever, opi::ootio hoa:aorrhoaic dilllll£' ot door 

(l'JlD) , Eubonnneoo , Kooorovo , ~bocbo, Mono ~c. I'Aly!ll:l, UCAtillB., 

lad Uodoni. 

llh.~dovi:r:uaoe: Jovino ophocr"ral. Covor, Ch'Uldipurn, PlMdoro, HB.rt 

l'a.rlt , Koionknn , I;Bf!OII b!\t, lo!okoln l.loocn. :ll . 

Unolouu•1!i ... d vi.runoo: 'U:lndill , Botoko , Coaorus , Joa , l.our:\libll , Lo 

D!lnt c , llltolbLISOn , llylll;lonUii, NyMdo , Ol:oln, QU.O.r:lnfil , Tlllll;'-' o 

'l'oiU'O • y oguo • 
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Oth r : lb An 10~~. Ib .\n 10069 , lb An 17143, I b An 33709, 

lb II \1795, 

lb H 51373, lb An 5411\7, lb tm 22619, Jto rpoo, New Cautlo Diooano 

vi run (tmv) , Coxonckio Viruo /, & B. 

\ .9. 2 o\ntiRcnic oin1ln.r1t1o o botnoo11 Oronl3!? viruo atroins 

Sovlln Ol'\lJ\BO vl:nto otroJ.nu i oolntod in ll lGori n o.nd tho prot otypv 

otrn1n frail) Ugnnd11 'CTOXO c ol'lp:u-od by CF t ooto ror pootli blo nnticonio 

d1CCONnoo a . 1noludod in thlo s t udy 11/Ul otr:U.n H6o974 , uhioh h4d 

Cllrlior b C'n roport" d n o n otro.in or Ol'\11\80 vi rus , Nonnth .!!.!. & · 

(ol' • clt. ) but. .lhich in oowr!\1 OF too~& 1111!1 :·ound to IHl Nll\tod 

to 'l'ntll&\liniJ viruo lllld not Orungo virus. Suo:r:ooc-'.\Cotono oxtr;\Ot cd 

onti{,"\\na p:r:oducod r or C.:lCh s t rain o"\Ceord..in(; to t ho caot hod of Cl o.rlcc 

nnd Cnaolo (op . clt. ) oorvod t\0 th~o 00\Lt'CD or CF M t isono. ICCWlo 

'MFS to each virus atr"\ln i W:t'\> produced uoin,<; onu , tno or f'our 

inJection( o) , ?ruond' o culjuvMt f.ll'ld oazooo.a 180 'l'C colla u 

d ecri.b. d by Tik.aol..n<Ih E_! 1\l. ( op . ott . ). Tho u :.Ps thue produeod 

ropNex:ntod ot.Dgoa of ronativity l'ror. .JP-.Cifi c t o broBd-Nnoti.ns. 

ll.lrlUnll nu.idD =~ dilutod 1: 4 vith voronnl b\Ufor diluen t ~d 

in'lolltivatcd nt 56° c f'or )0 cinutoa . '1\to f old 8Crin.l dilution'l of 

t.ho 1..'"n\lnc nuida ~•oN roactad in n "Chock<lr bon.rd" or '1orooa block" 

CF toot "ith 1; •o- told ll<lrin.l onti.gcn dilutions. Tho ir.1un-. nuidll 

uo~ diutributod into opproprint~ volla in pla toa oith ~ aiorotitro 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 162 -

cltopJRr trhioh d livc;rod 0 . 025 ul pur drop . Ono drop or cor.~plc.oont 

oontnining 2 unito wav 'lddud to c oh ~on. Tho diluted lllt.i{lono 

tv: tJ n diotribut<.d nccordinc to tho pl,...n or th. t .. rrt, ont drop 

P r npproprintt t~cll . ln nddition to th viral VltiE\)no 'l!ld DIAFS 

tploy d in tho toot , no11'llll oouoo br•in 'l!ld no mal muao fluid 

~, .... :rc inoludc;d no oontrolo . t.nticomplllnuntn.ey con trola, 'VIti{l'Jn or 

imuno fluido \lith diluent l'IOJ:'I.l nloo included ! or ouch lr.cuno Ilu.id 

nnd ontigon. Fin'\l cor.:plononl titrntion to clotomino xnct unit 

or oocpleocnt unod in tent tt'\0 dono tllong t•ith tho tCJot by a.dcline 

2 dropo o( oonplt.mcnt rroc eriain'l.l n mter tuboe to 1 drop or 

d1lut.-nt. .in onch ';lOll. 

Tho plnlco wore inoubntcd nl 4°C for 15-18 hours. Tho:.n.l\l'tor 

thoy vc~ pluo~d nt 31°C for n raw oinutoo boforo ndding ono drop 

(0 .025 ol} or conaitbod ohoop cello p:.r "ell. Tho plntou ~ro 

1ncub..'\tud 1\t 3"1eC ror 30 l"ljJlutoo ..md sl\.."'lu:n nt ten runuto intorvl\lr:. 

Thay vol'C th:ln Jllocod nt ·1°C to o.llo 1 colla to oottlt.. \ rondinl; 

or 4 (no hcrolyuiu) or 3 (2~ hccolyoio) traS takon oa poll.ltivt~. 

R :\dine of 2 (50, h nolyuia) 'llld loao tiON nc.t;o.tivo . 

t!oGUJ. ta obtnin ... d by tho CP to a to &r-) otxwn in T/\bl<lll 20 B, b , 

c . Por oiJJplioity only th• Uh'Otl oi onUbodJ.oo oro aivcn. Tho 

l."'GUlto 'U\l uxproocod lUI tho Noiprocnlo or l\1chCBI. diluliono of tho 

lliU • 11 !Uin;; ooopl'c nt. . 1o; rour-Cold or t;rantcr cUtrul'\mCO b~twocn 

hocnlo_;)UD ti t.roll 'J.II cronllicl.Ortd oiSJU.Iic.lllt . Thoro ..ro ttmoo 
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R:!;il.ioTJ OP CROSS COl-iPLOffillT - YIY...'.TIOlf T:ST OF ORUIIOO VIRUS 

S'l'H!.lUS : SUCROSE /,Cm'OifD 4\liTI C:tf3 - SIIICL~ SBOT HI.Fe 

------ ·-· ·-- ----- -
rt:umrn !1003E .':.SCIT!C rwns 

JJiTICEH 
I 1}06 I }01 9 30115 52302 60764 60610 60974 

--
I \306 ~ 16 0 16 16 16 0 

130\9 a ..JL ~ 4 4 32 0 

30\15 32 32 ...!§._ 16 0 }2 0 

52}02 \6 4 e ...lL 4 }2 0 

60704 e 4 4 -1 ....!L 16 0 

606ta 6\ 6~ \6 16 6 _g_ 0 

6097\ 0 0 0 0 0 0 ....!.§... 

Uc11~59 0 0 0 0 0 0 0 

·--

• fti~a t dil14ti.on ot KAF civina at loaao 3+ ti.xation. 

·-
Ugt:r359 

16 

32 

}Z 

32 

8 

}2 

0 

....!.§... 
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Tto.BLE 20b 

RC3UL~ OF CROSS-COKPLEKENT-FI.X!.TIOII TC3TS OF ORIJIIOO 

VIRUS S'llUiliS-suCROS&-AOEn'O!IE :.Jl'l'IOEII - TW0-5HOT HA.Fe 

unrum: HOUSE ASCI'l'IC FLUID 
l.hi'lC£11 

I I 306 13019 30115 52302 60784 60818 60974 ti£HP359 

--
11306 64• 32 32 32 32 16 0 }2 

13019 64 .M... 16 32 }2 32 0 128 

30115 64 32 _ll.. 32 32 16 0 128 

52)02 64 16 16 _x_ 64 4 0 &4 

60164 64 16 8 32 ...R. 4 0 32 

600\e 32 128 M 32 128 _§L 0 256 

60974 0 0 0 0 0 0 ...X... 0 

Ud\PJS9 32 16 16 0 8 16 0 ...l~ 

" ll141boat dilution g1vin8 o.t: looot 3+ timtion. 
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TABLE 20o 

RE3ULT:J OF CROSS COKPLfl1Elll'-FmTIOII T::ST OF ORUNCO VIDUS 

STIV..INS-SUCROSE ACErolffi-liNTICfliS - FOUR-SROT HAFo. 

---------------------------------------------------
IHMUNE HOUSC !."lCI'l'IC FLUIDS 

,\h"l'l CEliS 

1 I 306 I 301 9 30115 52302 60784 60818 60974 Ust!P359 

11306 ~ 64 128 }2 128 16 0 64 

13019 64 .illL 128 16 126 64 0 128 

30\15 64 128 ~ 32 126 J2 0 128 

52'502 64 64 64 _jL 128 16 0 128 

6018'\ 64 }2 }2 8 .!:&.. 16 0 64 

60010 M 256 512 }2 256 J:L 0 512 

WJH 0 0 0 0 0 0 ...!a. 0 

Uf;MP}'jg 64 64 }2 8 64 }2 0 ....l!L 

----
• lliat~uat dilution sivill8 o.t looot '5+ timtion. 
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ci 'nificMt o'nocr.- tiona rroo th 1'1 rrulto or croan-CF r notiono . 

lt 1 llbviouo rroo th no rosulta , thnt vhus H6097if io not n otrnin 

of 01'\mco \-i.rus. 1n all ro'\Otiona botvc,on thti H609H ayotoco 'll'ld 

th.. othur viruo ot-r'l.ino, no crooc- r<.lCtiv1ty ti'IW dannnotr1.tod . 

This furth r con!in'lu tho rooul to or the ocro~;ninr; t..ot . Secondly, 

~ith onc.- ohot tlAP (opocirio) tho Usnndll otr'1in or Orunso viruo 

• 

ohonou '\ ono-trn,y croon ronolion nlth tho antir.10no or th-. other 

otr".ino. 1\.a Mti()Cn rl\ilod to Nnct nith tl1c ono- ohct I.L\PS 

produo .. d Q81Unot tho oth(.r olrnino . Uo11 vor, with brooder ro'lOU.n,. 

U!u'S (hypc•ri.cnuno) ~o.tor croou roo.ctivity WI\D noticoc.l , untU th(. 

\ - ohot J.IAF lov 1, than tho U(fMdn at min ahou.Jd oompll to 2- 11 -.:1 

oroot-ru':\CtivHy. Fln'\lly , strain 1160816 oonoistuntly llhovod n 

bro~or No.cting ayotcn tha.n ony or tnt, othor otrclnl!. UaiJ~C lho 

Ucr.nd.'l pTO'totypo otr:dn no n b~aio for ditfc.r.:-ntintion, it nppoc.ro 

tbnt ctr31n 52302 1o oli~tly dl:fforcnt tron th" oth:Jr otrnina . 

!.ll tho other atro.ina lU'J or h\C!In oriGin, \'11".llo ot:nin 52.»2 io nn 

n.rthropod laolnto. 

Thl.; d ta..ll :NilUlt of tho CF toota aN 11ho11n in Fil;tl. 18 n , b, o . 

. . f! nynlut1n-.t1n" proporty or Onmco virua 1\8 ~ notl'<:ld ,.. r 

'Ill t1 ,. l n :1 " ".11 '\l Y 110 n 

Ei.loroc:l a.coton xtr'\OtOd 'VltiGCnll or 111x etr:Una or Orunso 

viruo 1ncludin6 tho pMt.otYro \luro ocployod in IIA t onto ~1not 

coo.t, PO 00 , oll()up , I' ten 'U\d nh wn ruonln.y n.nd h=;o.n 0 or;rthroo)·wo . 
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ai<-nific~t o rv'\tion !:roc th r....mllto of croao-lJF r :LOtions. 

It i obvioun from th uo rouult:e , thnt viruo U6o974 io nt)t n. strAin 

or Orunv> v:truo . In oll 1'\l'l.Otiono bo~taon tho nG0971t ayot<Jma nnd 

t otrr ... r vi:ruo otr'\ino, no crooc- rc."\Otivlty 111\G ddnonotr:1tcd. 

Thia furt.hor confimn trc :Noulto or t.hu ocro"nin • wot. Secondly, 

with on .. - ohot MAP ( opocirio) tho Ucnnd.A otrilil or Ori.Ul£:0 viruo 

oro"Pcd 'l ona-q~ croon roncllon nith the ~V~ti!l(lna or the. other 

otr:Uno. 1 t.o Clllti()Cn ruled to rooot r.ith the ono;;-ehot LI.\FS 

produood nu::Unot the other atrnino. llow\lvor, '>lith brolldor r.;.'lOtln() 

'lAPS OlYP<lril:lnuno) f\1:\lntor oro111J roacti'll'ity o#l\0 notioJd , until th 

\ - ohot 1MF lov• 1 1 .~l·.on thu USMdn ah·:Un Bholi<Jd' C(lmplutc 2->:cy 

croos- rttnetlv lt.y . Finnl.ly 1 otrJ.in H606 t8 consiatontly oh1ll·lld n 

brondcr roncling oyolul th'Ul nn:,· or tho other otrtina. Usin.; tho 

U(lMdil prototypo otrcl.n :lO n bllaio for diff<lNntitltion, it ll.pJX'tu'3 

that otroin 52302 io olic;htly diffo~nt fron th ottlllr otr:Uno . 

All tho othur otrl\.ins nrc or huoon or18:ln , tThilc stmin 52))2 io nn 

nrthropod ioolo.to , 

Tho d ttl.il Ncu.l t or the. cr too to 1\%\l nhoun 1n Fisa. t8 "~ • b, o . 

~ . 9 . 3 II "~'Wslutin!l.tifu, pran,rty or Orun;o virua lUI 1\ nothod or 

'VIti= n 1 e "''\l yoc n 

!::uoro~ QOOton OXtr::\OtCcl "11\tJ.sOna or oix otr:Una or Orun,;o 

vl rua 1.nolud1n tliD ~~totypo ll~tro coployad 1n IL\ '\.octo "l;;\inot. 

l)O&t, gooao , olv op , Pntl\n Vid flho"'l" ~nlcoy Md hW'l'ln 0 Orythrooyt 
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Fi6. 1Bn 

--

l=unolo&tclll ~letionshipo tU:lOnS OJ:Un60 vtruo otr.lino in 

~l111rnt fix11tion tent. Zuci'QDO ncutonu nntisun vorouo 

1 a®t 1:1011CO n:~cit.J.c CluJ.da. { 1 • 1111306: 2 • H13019: 

3 • H)Oll5l 1 • .\ll52302! 5 • 1160781: 6 • 11608181 

7 • UGUP 359) • 
• 

.. 
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Fi(). 16b 

• if" 

Mouse Alciltc Fluids 

2 3 ' 5 6 

lmlunologio'U Nl'lt1onsh.ipo lli'XIne Orunso v1.ruo otr'\ine J..n 

COCJilv,...t.nt fL:tAti.on touta . Sucrooo o.ootono antiGen wr1111a 

2 ahot couo ::usoit.ic tluida . ( 1 ,. 1111)06; 2 • nl30191 

3 a IJ301151 4. lJI52302! 5 •116078~1 6 D}!608101 

7 • Ut::JP 3,) · 
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F~. 13o 

-

• 

.... 

!t::DUne>logletll Nl'\tlonDhipo or~•:mg OrunRO virue atmino 1.n 

ocnspl ncnt. f!Jrotion tc,ato. Gucrouo ooot.ono Mt~n vorauo 

4 amt uao Moitio fluidu. {I • 1111)06. 2 ""1)0191 

) • [1)0115~ , • :.R52.)02; 5 • U6078fl I 6 • 110010 1 

7 a Uf",JP 359) • 

\ 
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td1•~• ~•cl out a.ccordins to tho cothod or Ohrlr: nnd 

-Q..-l• ('JJ, o1t, ) , So rial 2-told dilutions ot antieon• in o •• 

bcwino al'blain (BA) woro proptu'Od . Tho o.ntfeon dilutions wore 

toned at pH ~ or 5. 6 to 7 . 2 nt 1°c, rooc tccpcmtu.ro ( 23°c 

.:!: 2°0) nnd 31°C. Tho orythrooytoa wore uood in n Cinnl cU.lu tion 

of 1t240 or pnckod colla. 

'1'ho HA. t1 trntiona wo:N porfo=od in plaotio plo.toa by thO 

IU.c'l'Otitor mothod . Tho bot noll in OMh ro11 oontninod oqu.o.l 

'101'111110 or diluont Md approprinto rod oollo a.o eontrolo. Thr\lo 
• 

eota ot pln.toa WOl':l incubated nt tho dit'Coront tomporaturoa to 

4Dtomino tho IIUi tl\blo torl}1Ul'i1turoo to inoullntc tho tuat • 
• 

No hoCQ6alutinlltin4 a.otlvity '1'1:\8 4otootod ~then suoroBC 

nootono oxtrn.otod anti{)on for tho oix otrnino of Oruneo virws 

(ovon nttor protlllllino trontnont) woro tostod 118a.1nat cooao , goRt , 

aboop, Patu end RhcBUo oonkcy , 'Ul\1 hu!:i."'..l 0 OX')'"throo.ytoo. Sicilnrly, 

'bJporilmuno MAFS propnrod DGa.J.not tbl otr:linn, (atnrtine dilution 

1&10) 414 not inhibl t aeslutination by hoonrralutinn.ln.s (4...(J unit a) 

-tor reproeonta.tlvo v1.tu110a of tho D.3jor virua groupo, 

4 .9. 1\ .\sty:=el p;oo1p1tation etu.ttoa vith Orunco vi=a atrAina 

'n. tp==pl proolpito.tion tuot or OuohtorloDY vn.a oaployod 

tbo ~n atu41oa or 0J:'Wl810 vi.zua otxtU.na. Ei8bt otrain• 

~091r4 , toun4 oa.rllor on to bO !i et-m or TL\~o vlrua 
• 
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1."( u d . lullo ro cut int.o tho lo.yorod 'l(Inr rith Colcl.v. punch 

h'Wlnt oight poriphoral nnd one oontr:U 1011 cutters. Tho cut 

\11 G..O of CIGIU' '1'1 N 1.'\.'novod fror.1 tho m llo by euction . Undiluted 

ouorooo-a.c tono oxtractod., or l(};S infootorl nouno hroin oulino 

cuopond d antigen 10x-;. ronotod with undiluted nnd uninn.otivntod 

D.ll\Po . lhon contr:U r.olla oonta.inod tho nntiavn& tho poriphor:U 

tlollo uoro fillod uith tholL!Al'o nnd vioo-vcra'l. . Tho olidoo 1crc 

inoubntod nt roon toi:!Jlonturc in hunidifiod ohemboro Vld obacrv.:.d 

d ily until pX'\Xlipitin linoo llorc vioiblo . Sliuoa ahoninrr pNOipitin 

lin o 1'101'0 photographed "ot or nto.incd for pcroo.nont NOOrd. 

IH.~ or olidoa '1'11\8 on.rriod out no f !lllovro: oliduo 110re ,, llhod 

for &eV\:rlll houro 1n nornnl n:lllno uith 3-1 oho.ngvo or sol .n< • 

Tho olidoo 110l'C next lfi\Ohod 1n cllatillod untcr for 30 oinut~~ · 

lot lintlooa p;1poro 'f'Drll plQQod on tho Q61U' eurfnoc nnd loft to dry 

ov1nniaht et roon tc!lPorntuX'I • lhOn tho elides t1oro d.riod, tho 

lintlooo P'\110 ro vor.:1 rttlOv~d o.nJ tho olidoo cln.incd t71lh Th11'1Zinu 

nod dyo for 5-10 ci.nutoo . Rxcoao attlin flllll rcrx>vod cith three 

oucooooivoJ "'"hin~ 1n ,~ QQotio n.eJ.d . ThO ot unotl lJ.dtlo \lOre 

Cl(;'1.in OOVOl'Od \lith lin tlooo p:\I)Or nnd 1-'ft to dry nt roDtl toapcrntul'l: • 

P16u.ro 19 llho"o tho ooho:nntic rcpxvDQ:ntntion or pxvoipitin 

linea obhJ.n>:d in tl1t. compf\doon atuclloa 'lfith ~GOl prooipitation 

toe~. Prco1p1tin l.inOII d volopud but 100n eJNdl) Mti8un propo.r>l

tionu nc1 IMo\Pa but not ith CJUOY'O~K-IlOOtOnO nntiecn. .. owlo 
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Fie. 19 

1 

1 1 
80 0 2 80 0 

~0 o2 
7. 0 0 3 7 0 I A~7 03 

0 
60 0 4 

60 0 
04 

5 5 
• • I' ~ 

~- -- - -

C<.nlznl, voll cwnt.\:irol 'lllUCQn, out r wollo, U.'.Joo . 

(1) • Onznco f'rotot~c." ntrlin U~ 359, (2) • H11J06, 

(3) .. 1113019, (il) • t1)0115; (5) • .<1152302; (6) • 116o81B , 

(7) • H6079',. (8) • IIG0818 . 
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r oox:;pl to identity d v lo~Nd ti th 1 tl'"'.in 

r Ol'UI\fiO viruo , Proeipitin linuo d volopud to the otMin 1160974 

only in hooolo(Puo N'\Ctionu , 

Crud 'Ult4."0n 'fiJ:\.P'U'!ltiono 'Uld DjAP or tho otrrun H60974 

ro N!l.Ctc.Jd trith ntrl\ln or Tnt'l(;Uin viruu ll996) ( cnt.i{l\!nD 'Uld 

1.1.\F) • P't<loi!)i tin lin n dcvolopOt\ bot.toon strl'llnn!IG09711 nnd thli 

Tnt'l8'lino virun oyotur , but not utth th othor 0I'W1ll0 viru:J 

ntr:U.no, ?i(l'. 20. This eonfi.mo lh .roault.o or CF taoto thnt 

tr~ H6097; is T~~~o viru . 

The microtitr\l uoclliicntion or Ouohtorlony toot M dosoribod 

by :,u .rnhoinor VIU ,\tchl( y (op. oit . ) .rtUJ -\l.EIO uncd in thO 

conpnriuon toot . Thiu w .o r<~portwd !... bJ noru r.onoitiw thlln th" 

ori inl'\1 Ouchtorlony teet. Sicil= :ruoul to lD obttUJ!od for tho 

Ouohtorlony toot t~oro r.::cord1.1cl . • 

~ .9 . 5 Noutr:Ulantlon tocto with OIWt,... vi.rllrt otr!\in 

'1\:lo t chniqu o of noutrali:.ation tooto uor.. ocployud nith 

orunco vU\lo etr11.i· 

<loao , 'Vld tho con _ ._.,t-virus- vneyinc ocru= do 1.ochn1qu o. All 

1\(.\l't.Taliz"\tlon t..oto vo:N ca.rriod out in 2-3- d. 'I old a.lco . 

In th om\Dt=t-n ruo-vD.ey1nc-viruo doac. t ... ohniquo, 1qual 

vol or IIJ\F 

incu '\t d to 

'"\lid \Q.-fold ocri.U dllu Uono 

37oc. th r f<>r 60 .:U.nutuo t 

of OoDh viru rDN 

attor 1ncub3tion, tb 

1x tur<> uarc. pl wull 1n 1o t!'\th ror i.nooul"tlon into 
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Pie. 20 

-

1 1 
9 0 ° 0 2 9o o o2 

7 0 r;; 03 7o (~ 9 0 3 
0 

Ag7 04 6 0 60 04 
5 0 

5 

ROJ'N(I(..ntn.tiv :n:oull Df '8t\X'-G"C-l pX\J01pit'1.t1on t..Jato. 

C<.ntro:ll. lt 11• oontnin nnLilJC.no, 0\lt.Or uollo , JJAPS. 

(1) Or=go pr.>toiy)\ , otr.'.in UcJ.!I' 359, (2} II 11)06 , 

(3) n 13019, (~) n 30115, (5) :.n 52302 , (6) n 60818, 

(7) U G097f., (9) liGerian topotn· or TntocuJ,n virua, 

a I. rain ll 996 3 • 

t 
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2- 3- ':lY Ql d bo.by Oi C • 0 . 02 n1 Of 0'\Ch Di.xturo Ot'.fl iooculntocl 

l C into baby nic ... 1hioh flot-:c obuat'VI)d for l'l dl\ya. Tit.rntion 

nd 1 ointo .Cron th noutrruiz:ltion ino;Lcoo truro oDlculc.fbd Md 

doton.\ln d by thCI OCthod of naod anti tluonoh (op . cit . ) , 

For tho oonolnnt-virua-vnrytnc aorun toohniquo, oquol voluoo 

of o. \tno1m viNts dooo ( 100 LD50) and 2-fold aorbl clllution of .UAF 

~oro inoubntcd for Go Dinutoa ni :n°c. Oih(,r prooodlll'\Jo t~o:r<. a.o 

dDoor,1\M:d for t ho oonatant.-aonJJ;l- varyino vil"llo doi!O technique.. . 

CMoo-ncut.r:'llizo.tj.on tuoto '17Csr.:> porron:~txd by ronotin8 oo.oh vi:ruo 
. 

ot~'l.in aith th" hPaolosouo 'llld hotoroloc;oua Dl.,~ . Tnbl 21 ohouo 

thu notrL\lization indiooo rroo r-;;oulto of crooe-noutmlJr.:ltion lo!lto 

by t'M oonstMt-ooru.':l--ro.ry~virull dilution toohniquo. Diffcrcnooo 

bctwocn otr3inu wo~ considu~d eianificnnt ii hotorcloJOUD nnd 

hoooloeoua UtNu difi'oNd by o.t lonot 1.0 dox. Usin8 tho prototype, 

Udtr 359 · t~ilin Goa n '.1-.uJio for rororoM• , •nly atr>Un 11 1 )019 oho11oJd 

tvo-~!lif croao II r;\0 t1 vi ty vi th tho prot- typ• • Tho II.U>' to tho 

prototypo noutr:Uizod 1. ~ dcx ond 1. 3 dc.x o. th. hocoloc;ouo '"llld 

h torolOCQWI virus otrnina ~ll!loctivoly . Si.uilnrly, 1!.\F 13019 

oh:l\lUd nouhal1s1n • imUooo 1. 3 '1114 1. 9 dox to hoool.ot;ouo 'Ulcl • 
hotorcl.O{;PUD v1ruooo roq>oot1 vuly . Tho ~ to the pNtotypo 

01.'\l.tl'l\l.i ~ d , • 7 clOX ~d 2 . 9 dox of otrUn H (.0781!. ~d n 60818 

vbuaoa 1'CIIJIOCt1V ly , 1 uV\.r loi,\P' G081B n.utr:Uit.~d only 0 .1 dcx 

o r t ho protot ype Jd:lo tl"rc:- vno no crooo- prot .. otion bot'lJOon tho 

I1.'.P 60734 Md t h I' ro to t ypo vi.ru o a trni n II • 
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Tf,BLE 21 

liL'UTRALlS1 TIOtl nmiCES OP CROS"-:IEU'l'r.ALISATIOI! T~ro 

IIITH ORUOOO V!RUS STP.A n1s 

Viruo NEUTRALl"'ATIOtl IIIDlCF.S (IN DEX) 
Stral.na I~muno llouoo Aooi tio Fluido (I'!AFo) . 

\\~6 \~\ 9 52302 60784 60d\8 60974 Ufl!!P }59 

\\}06 2-0 0 0 0 0 0 0 

1~\9 0 .L1 0 0 1.3 0 1.3 

52}02 0 0 .6 b.!! 2. 3 0 . 9 0 0 

60184 1.8 2 .8 2.8 2. 8 \. 7 0 I • 7 

60618 0.4 3 . 9 0 1.0 hl 0 2.9 

60974 0 0 0 
~ 

0 0 .i:Q 0 

\JC}tp 359 0 1.9 0 0 , 0. 7 0 .L.1 
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fron 11 rl v n "" clo ly rol .;od to otnin 11 60784, BD both 

virus nyotuoo crooc-protootud 1\lnoot: titn. for tltl'\.! . Strnin 

1111)06 ob':lrod only '1 on - uey oroon- ron.ct.lon uith otrnin H 60784 , 

'llith il.a 1.\,.P n utrMizintJ 1.6 dcx . Strilin H 60974 u:u. inolud d 

to oonfiro :rotNl to obtainud by thu Cf' 'U'ld .\GD tooto. 

Uoine tho conotnnt-vi:ruo-vn.eying ooru.-:1 t ochniqu , n four 

fold dHfc.l'(lnco but~oon hooolot;uoo ond hotcrolo[)OUO oor\C dilutiona 

noutruidn(! 100 LDSO or viruo, nao oonsidoxud oigniiicont in 

difforontintinc viruo ntrnino . Cro11tor oroon-ronotivity rno 

obnorvod bUt."Wo.'!on the. virun ntrdno 'l.Ooording to thu 1.'\lRllto 

obt.n.inod by thin r:1 t.hod ( Tnblo 22) . Strain H 11306, l"lhich in thu 

romor oothod oholf only C\ ono-1r.J.Y oroos-rcnotion with ot.rnin 

l\ 60?8~, non o\\onod n tt:o- dl\Y ronotlon , althoUGh n oi&JllflcMt 

diffcronco trtul noticed in the hncolooouo :md h tllrolonous Ni\Ctiono 

uith U~ 359 tho flr<>totypo at~n. SiDU'U"l,y otr:11n .'Jt 52302 

vhoae U.'.P croos protootod otr3i.n H 60784 by the. constr~nt-so:n.~t~ 

VIU")'ins vixuo t chni!lUO, no'll ohovod oroon-Na.ct1v1ty w1 th nll tho 

oth\.r ot'Mina, 1\l.th Uflh , ron.otion uith ut.rnin 11 607S.l VIUl CI'JBtbot . 

lenl GUJ"YC)n for Onanrn viNR ncutrnli::inc nntibodl"" 

1n liJ rin 

~ &rur~ y tor nout.r-Ui::.ine nntibo<lico to Oxun(IO viNo •nn 

O<)nductc<l on aor"' rro :v1 ond anln.'\la in 17 loo'\tionD or •i oJoolo-

:;io \1 UlntJU. Fi.IJU.r'C • ?.2 uhova tho co lOO"-tiona. 
V..nouo blood fll\o 
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TABLE 22 

REClPJlOCAL OF SEt'\lli DILUTIONS HruTilALISIIIG 2 DE".< 

OF onumo., VIRUS 

Virus lr.1t1uno JIOUI\O Ancitio Fluid11 (JIW'n) 
Stro.inD 

111()& 130\C) 52102 60784 60618 &0974 UE;![P 359 

\\,OS 25 16 12 15 25 0 7 

\1()19 8 40 7 8 50 0 17 

52J02 18 5 20 18 25 0 6 

60784 22 50 20 60 35 0 15 

608\B \8 17 4 25 50 0 4 

60974 0 0 0 0 0 64 0 

Ufl1lP 359 5 35 10 10 12 0 20 
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•• 21 

• ~ 
• Zona 

•• 
• 

0 • 

... 

• ~ 

l.'"JJ or lli l! rit\ ohD"~ oit o or oollootion or hua1U1 

\ 
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C011 C ll [!"" l hu: :ulD into otcrilo D'.{ril'\f.,'l.lO ~ VllCUtr:l' tub<Jtl, 

S ru wcro ':l.r'l.tod Md otorud .in plnotic tul." o in, Uquid • t 

ni troC\<n or k~pt cold in \10 t icc. On l'Jturn' to tho Ibry\l;n 

L:Worntory , GO:r3 \101.'1.1 lronoforrod to n DC.C1lhn1oal froc~r ( - 20 C) . 

Th nucbor, courco !l.lld t1~t.cJ of collection of hum.'lll sora tooted 

llr.:l oho m in Tnblo 2'3 . Datnil!1 of nothodo of collection and 

proooooinJ· of MOnkey BOra. hnw bo en doucribcd by l.!onn th ot !.Q.. 

( 1914) , nnd of docootio nnin:U. "11\d othot• d1l~ nn..iJ:I.:\1 corn by 
• 4 

Kor:p £.!. gl. ( 191'1) . llirdo woru oollcowd in miet note l..n Ib!\d."Ul 

nnd broucht bn.ok to tho t:\born tory, 11hcl'\.l they ;1oro blc.d bY 

OIU'din.o J)unctu:N . Soro. \ICN scpnratod by con trifl18nl1on P:ltld 

otorod nt -2flc until tootc:d. Tbo nut.~'ber 

collootion or nnln U. oor:\ tcot1.1l axu shor.n in Tnblo 2S. Tho 

lb U 1)019 otro.in of OTUnCO virus vno uood in thlo I!Urv<!Y 1t tho 

1th a:>UBO br~ pCWD'JGC lC.'V1.'1. 

For th~ nurv~yo, nc:utrali.z~tion (ll) tooto nor-. porr.,mod 

Ulli.na n conot.nnt 00~net:v~t-viruD d.OGO technique .l..n 2-1 -d!\Y 

old S\licc ~hlto cico . untlilutod ocr :1 o.:ro inDDti=toc1 nt W°C Cor 

t.n Of\U~ volu.?J (0 . 1 ul) oC vi:nJII ll\li!J'Clnllion cont~Lin.ine 

.~ pooltiw 

1noculnt<".c1 lC noh oouDC rocoivinG 0 .02 Ill of inclivl.dUlll vb:uo
TM 

100 t.D Tlll.S odtlocl to omoh co.NC <U1d thO aixtUJ:I. 
50 

37°c ror on haur . Littorn of 6 b~by nico uoru 

"\1'\ ootln"1tod 

1neu'bo.toil at 

CCr\1:: nixt.UN • 

octunJ. ch:ul.onGO doau r"Vl(l'l4 croa t,O L1>50 to 130 LDso· 

lnncul tod nico 110:l'> obuorvud Cor , ., d'l)'o . 
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TJ.BLE 23 

SOORCE, Dt.1'E OF COLLECTIOII At:D mntBER OF UUliiJI SERA 

'l'P.STED FOR ORtniGO VIRUS Jl!lJTRA.LIZilC AtrriDODIES lll 

JfiOERI.A 

'VPJC!'rATIOll ?.OIIF. LOCALITY DATE OP uu:msn 
OOLL!CTIOll S&RA 

bin Poroot Aboolruto. 1973 159 

Ibodan 1973-1974 157 

Onitaba 1973 111 

llnorl 1971 }2 

A!ilcpo 1974 41 

Uyo 1974 141 

llor-bod S4V'IUU\Ah Enuau I '174 }} 

Olologa 1971 94 

So11\bern Sh.o.ki 1'17) 19 

Mnea SaYannah 
1971-1972 42 

1'111p0la:l 

Lo1'10 1973-1974 ,a 

lor thorn t97D-1972 }9 
0\llMa SaYannah 

.Joo 

Shencllw Aroa• 197}-1974 2~ 

t 0 t • l 1197 

OP 

•sh-a4aa Ana& llblm4an • Jtab\Ld.i , 
Sobo~44, Jllokhan, anll llalcat . 
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.ICSO.LTS OF l:mTiUL!Zt.TIOll ?:STS :OR O.' .. MXJ VIRUS l.!r.'DlDII:S, ~.!.~ s:::!!, Ulc::Bll ~ ('il::.nS) 

Vocot!ltion Zono ~9 10- 19 20-39 
Sb'.n-hr-

",()-4· Totnl di'r.'ld m t: 
!"'r 'lf'O 

• 
Rnin ?ore ::t 2/V,5-( 1. 3j- 19/121,( 15 . 3) 59/301( 19. 6) 20/71(23. 2) 100/61,1 ( 15.6) 17-<El 

Dcriv<)d s,w:-.nnsh 2/11 ( 13. 3) 3/26 (11.5) 17/71 (23. 9) 7/13 (53.8) 29/127 ( 22.G) z: .J& 

Soutlr:m Culnc:l 0/5 (0) ~/37 ( 10.8) 11/36 (!,7.2) 7/21 ( )). 3) 26/99 
.,. 

29. 7.~ .. 
s :l';''l.''1."13h 

N I:orthcrn Guir.·:.J~ 
.~ Snv::m..-clt 

8/31 ( 25.8) 11;/55 (25 - ·~) 59/163 (36.2) 39/31 ( ":l) 120/HO (36 . ~) )~.¥. 

12/198 (6. 1) ~C/2.~2 (16.5) 152/571(26.6) 73/136(39-2) 277/1197(23.1) 
Totol 

St:mdcrdl~d 
17 , Jj 26 .~ )6 .q~ 

r::tto !or 9-~ 
o-rcphic 

- :>n 
• n=bcr po!Jiti..c/toW ~r toat.:ld.. 

• • pwrccnt~~ positi~- · 
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1'-0 rd r 6, 5 r G r 5 r 5 cic~ aurvi~d t 

U clo r t:h X}X-rin nt . .\11 oth r rvaulto 1 rc record 11 no 

or tut-u or 1197 huoll\ orr-. t ot d, 271 {2). 1,\') 

itiVD r r Orun viruo I ontibod,y (T"'\bl~.: 24). Tbu otnndnrdizc.d 

JIX(.vnl no r'\toc for ~ onJ. 'N&'"t.t~tion zonoo rc n t signiCi-

CMtly cliff ront fron U non-otondnrdi~d rt\t o, ho11avor tho 

at llldnrdi-: d rntuo 1 oN ua.;,cl in tl nnalynoo. Thv hichoot 

provl\lunc :ra.tc (.H . ~) l'Ul roun•l 1n I: I northum cuin r1 l!llVIlMah 

r. no . Tlv p:Nv"\lonct l'lf 'Ull.ibody in t.hc darivild Dlwannah :: n 

(?l . ~) {ll'\l1 o:l.hlln.r (1' > 0 . ?.5) t.o thnt in th couth<'"ll t,-uinu 

DIWJ\Imnh r.on (29 . 9:S) but oito:n.lfic'!Jltly 1.o or ( p <. ,C001) th.'U\ tho 

1'1"1 v:\.1 no 1n ~~. n dh rn auin•" B'\v-mn'lh eono. llo oi{;nii"io'lnt 

diffOl:':.nO (0. ~,~ > )' '.1) '\II foW11 in th prc.vi\1 nee. rat a 

b.;t oon th _. • ! n<> thorn (!\lin '\ nv:vma.ll zone~:~ • Tho 

1 t 
1
n,:.v'\l nau mt ( 17 .<I') or OI:WI(':'O vix'Wl (11) '!ntibollY llll 

fo~~nd in tb.. min foNot, 'll'ld 
oi ;ni£1o.'U\tly }OI r tlun thi:Jt 

l.n ;my t.l r " n • ,pru:t fro:l t.h min roro~t ::on , th< rJ :rv no 

i.rnifiO!l."\t dUf TOnCCO in pl"'V"\l nco n'IWD 'bo..t ,)00 ndj'IC nt 

n, but 

rror the. t; rorcat d 1\N 11 to ~m. dri r o lV U111nh rvt:;1on 

ln "Ill ro , t. pr-: v.U no<- or ru>tibodY Bi(;'l'l.Lficillltl.Y 

inc:ro itt • tllill .lndiOJ:l I onCianiO plt"oonco or thL \'iT\Uio 

b. l Dt ~t ( 9 • 3 ) '\II round in th 0-9-y._!U' 0SU ~ur • ThiD 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 1 ~ -

TADLF. 25 
m-~ OP ~eu•rn.u.xs.·.Txon T STS ·"On onurrco VlRUs .-.mnonrus Il 

l1111l!;,L SERJ, l I liiCTml.\ -
Gt 01 0 

Do otic nnimnl o: 

rlnco of aolloction 
IIUClbo.r 

Dlto or pooiti 
coll~ction ovar 

nu:Jbor 
tolrtod 

CQ 10 Ibadnn, Joo, Knno, !Jniull,;."""l.ri 1967-1969 1/'/99 
Goi\t Ibndnn nnd ll:l.iducu.ri 1970 1 ~b 
1 oroc.o Zll.ri:\ and LD.{.."'D 1970, 1973 0/12 
Sh up lbru1nn 1970-1971 .. 3/, · 
_c~~~l~a----------------~~~~ai~d~~~~~i----------------~1~97~0~----~0~/~I~O~~ 
Tot~l 31!213 

J ild nni.l::ml. 0: 

Rod nto: 

l.TV1oanthuo nllotiouo 
Criootqgyn cnnbinnua 
Lophurocys niknpusi 
ll;u,t:~gyo nntnl.onoio 
R11ttuo r~ttun 
!!._1":\.'\0cy o ruddi 

Prin'\tos: 

lb:ldnn, D;\8.1:'1 (Joo). Kw~ 
Ibo.dnn, Jlupoko 
Ib;1dM 
Ibad3n, Shundllll 
Ib.3dnn 
Io:u.ton 

c~!\rn danidovii D.'\dl\ 
C<iroopi thooun -;:;)"" Uupol<o 

1969-73 )/12 
1970-71 0/15 [f 
1969 of~ 
1970, 197) 0/1 
1967-60 0/12 
1969 0/12 

1969 0/20 
1971 6/24 
1971 2/d £.. thiopn hntnl.un lluvcko 

£.. n1ot1t~ ~~~~----~~lu~po~k~o~----------------------------------
Chirop tom: 

1971 1/6 

_lr\olon holvu."'l 
~.P!! tr:uy;ucti .,..._ 
ln.., c t1 vo t'l) 0: 

Ib:lda.n 
!lupoko 

lbiUlM 
lbM:m 
lbrvl::~n 
lb.:uinn 

J 11 I bnd"" 

?otQl do otic and wild 
nninun 

1970 
1971 

1969 
1969- 71 

1971 
1971 
1971 
1971 
1971 

0/5 
J/3 

0/66 
0/8 

J/1<: 
0/5 
0/2 
0/3 
0/5 
d:m 

·16/ If';. 
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if;nHieantl:r lo r (p < 0 .001) th'\1'1 th nt of 17, 3 in 

th 11)-19 yr...n.r f.>I'OU • In th 20-39 y nr :roup, 2G . ~ had II 

to Or..lllao viNu, whil )6.0 of thO '\bovo W-J v nr.o 

ll:l'OUJI l.'\.1 poait.iv for n '\ntilxldi o t..o Orun{.'O viruo. 

Porty- oix or 9 .~ or tho 486 nnl :\1 ourl\ toot<~d ""ro pooltivo 

f r lJ Mtiborli(lO tl' 0'1'1.1!'\(;'0 viruo (•rnbl 25) , Of lh 21) do olio 

:uwnl ~Wra toot d, 14 f.ron 99 oown Md 23 rroo 14 a hoop wo:ru 

po i tiVt> , ,.11 otht:r C~U:-:1 fro::\ {)O~t 1 horo 8 1 "'lld OIIDOlO l'O 

n ti vo . Thilo only oh op froc Jb d 111 c:u~n 'lO N o'l.o::pla\1 , 1 1 ~r 37, 

, \f 1' I 11\d 2 or 20 00 ~r~ oollact d .in lb'Ulrl.n, J<l'\l\0 Md llo.idU/l\lr'l 

TCepootivoly \10%'\l pt\Oitiv f.:>r MtiboU a Ul tho viruo. llon of' 

th 1 von con o rn fTo Joa uno ponitivo . lino, i.e . 2~ of 38 

nkuy GClr:J. rron 1 upc'ko tooted for 01'llll,..""" vh:uo II "11\tibot\Y :ru 

po 1\ivo . tul ot.hcJr wild onin:U '\1\d bird con" :n: n (pUvo. 

4 . 11 Clinic'l.l r:y:"!'tcnn of Orunf'O viru infection 

'1'1) d tc , nin otr'lin of Orunc;o viruo h w boon inolntod in 

1 ri . 

-rJ' • 1 th 

Ono of t.h!JOO ,. u rroo n I' ol of oqui to<Jo .;.::;:= .!!!;;~!!:!:~ 

:not n; h\ln.'Ul inolntoa. ,,lthouOl coat or tho OI'IIICO 

vi:ru iool"\t o 10:r or hun on oriein , Ut.tla inCom tlr~n 1 

t 
r 0 _,,.,.. vizu i nf 0 tion. 

v"\11 bl '\IXNt t!u;. clWo"\l aycp on o A-..,-

~1 u hu:::\."\1\ iool ,ua • ro obti'Un ~ t. 

L ttY-! out r t.i nt Clinicn hoi"- 11 ttl or 
c 11.1 n :r..porti.n lck 

n Olinic
_, ......... Lono of r rJ.l illn a or abort 

n info= t.J.on ""'" WJ~r 
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d~ t 1 n iu obtnin d . 1 nvnri~bly , noot of th~ p'\tionto nov~r 

~ort bn.ck , no thtJy z,;.,oov r fro!'l uuoh illnaao in apik of 

n t h r lhM lUI '\ ro-·'t f ....... o tho trt~ntrlont thuy T(jCt.iwd . l!oat 

of tl o illnooo nro dioanooc.ll o rr\lario. or at boot pyroxi11 of 

unknot1n ori :in . Tho t;unurally doGCriood ll)'l'll\to::'lo in nnooci'\tion 

t1lth th cnooo yi ldinc Ol.'\.lllCO vinao ioolntc.s t<'Ol'\; fCtvtir (38°c

I\00C) of 3-7 doyo tlur~tion nntl cun11raliood body p!Une. llouuvor, 

n r ow co.cuo aot nd.'"llttod boonuoo of other oocplio11tiono. One of 

t hooo ttl\u 1Xtl0rloll by Fao.iluoi (It nl (op . oit . ) . ,, 2-yoo.r old 

111 Qrinn gir l fll'\l oontud uith poroiotunt fovor '\11d dhrrno'\ or nn 

oon th' o durntion , dbopitc:~ tNntnont 11ith Mtin<lllll'il\lo Mtl Mti-

biotioo . 
0 

On nd.':lioo.ion , I.Or.lp\ :rll1.\lnl \JBS 10 C, with tlcn.kn~.:oc or tho 

lQnor uxtrc.nitioo . Tho diorrhon cuboiUod rrith t:Nntnont , but th 

rev r r:uro1Gtoc1 for fivo d'l)'o . 0rwl{,"O viruo una 1ooll\t..;d f.N:n tho 

blood oo.l'lplc.: collootod on ndn1oo1on. Tho 11tm.laaoeo of tha lowr 

... xtrcni tioo .iJ:Iprovocl on NOOVl:II'Y . llouc.V'C1r tho p'!.tian t Ul\8 

~aohnr(.~.l bofo~ " conv'\loocont ooru:~ c:1.'J)lC ooultl bo taken. 

P"\lJiyi ll.!!:l· (op . oit . ) '\leo clooeribod throe outbl'\1:\kB or M 

'(li.d lie of hu::l'\11 illnooo 1.n Joa , l'lntoou St.'\tO of IIJ.r.orin in 1972. 

The. illmoa no oho.root riood by ni\UOOn, o:rnll)i.A, lwlld~~ Mil 

r vcr of l-7 di\YD durtltion . ,\l thou,.·h no viruo 11M ioalat.od froo 

O'lqll colhot<.d d-.u-tn. th<J outbr.:!:lk, over Go;' roo.ctcd uith VCrJ 

h1 c 'lll'tibod.Y t.1 troa ( 1 32-1 128) l~ OZUJ\60 virull only. Trto 

d 'ltho ll.;~ "-'port ri 111 1nd1vidunlc uith th<. doaorJ.bcd aycptoao 
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ll. t tlw t.iDL (If tht. (_;nid~.~nic. .. Thu Nlntionahlp of thoo.; doatha 

t.o th roportu(l outbl:\lllko in unole;nr. lolon'\th ut ~· (op. cit.) 

l'::portod tho iool:!.tion or otrn.ino of 0'NJ'I(.IQ viruo froc thu blood 

Of pl\ti\lnto colluclorl durin! MOth~r opidor.l.io of h\11:\'\11 illraooo in 

the .\naubrn St.n.tc or lliaorln. Tho oyoptor.Ja of tho ruporl(Jd 

opidcn!c uoro rover, hondn.clti.l, llld oylll 1 ' · Sovurol roporto or 

IIUIIJlOOlutl OUtbronko or yollOII fvvcr infuv .. lun IICil"' invo&t16'\tOd 

in 1973 Md 19711 nt M~budJ. 1n tho Plnt."'Oll Sl'\tO or llit;'Cri~. 

nouul to or tho invcotication ohotr~t\ thnt Orungo virus oco 4loo 

aotivo !\l or nbout tho BMIU Linu on tho yollor. favor outbl'(L..'\k 

(Tooor1 ,!ll &. OlJ . cit. ). Two clonrl.y do!inod clinlo'\l aynptOLla 

voro rocordod durinG thooo outbl:')C\k; olMoicDl yollolt r .. wr 

oynptooo-biph:Ulic fobrilo rooponoo uith jrumcllc" , h. ~'lteoooia 

':nd DOlon'l.l nnd tho uO\Ull fOV.Jr Of llh:)rt durntlon, tl)''llt;ill Md 

ho'\4."\Cho ::ua Nport<~d !or tho tt:o p~ vioua outbl'\.llko of Onmso vi.zuo. 

Pl'l{;b n l.i,!:.!: .!!:!· (op . oit . ) 1oohlcd OrunJ~ vixuo froc n 1~-yonr old 

ohil1 llt Aboolcutn in 0~ !:tnto of lliO)ri , <lu.rinl> nn outiJ:Nnk or 

n ilcnf>'Uc-liko ill.nooo involvina ad\lltO .1nd ohild.:Nn . Othor vixufl"ll 

icol'ltc:d durinG thu outbNnk woru ohJ.kUnltWlYn Md dc.:IIC'Io • Tho 

aycpto~a or thiu outbr->ok includad fuV<Jr, hoodnoho, rn~oclo , Joint 

and rotro-orbitrU. pnin, QllOI'Cxi'l , rOJih, l)'tlphndDn:>p!lthy r.nd 

lou~p...ni • Jn n c~ roporl (Ocunloai, unpublillhOtl .Utn) , n 

50- yon.r old o~lo dc:vtclopcd n auddon illn"aa "Pith rever, hOruhchcl , 
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pnin Md wollknooo in hio 1•-:-bo ' C ...... onjuoti viti o wno noli cod two 

~o prior to tho onuot of fovAr , T'--· .. ,..., Jl'\in 1n th licb cuboidod 

Vi thin 24 houro but tovor, hoad:I.Cho r.ncl \'TOlll'.nuoa in thu linba 

C'nt.tnu d for B~VOn d 1 • 

Md AQ°C . Oth 't 0 r Di()l.i.fiC[l.l'll syoptoo uurinc tho illnooo r7'\ll Ilk in 

t.cndomooo ospooit\lly nround the trunlt. .• fino populnr raoh 

nppO'lt\ld on tho f11oo , cheat "'.lld nbdooon on U1o third dny or the 

1llnooo and thlo lMtod .for tuo to tht\lu d:l,Yo. ThoN 111\8 no pni.n 

or enroll in:; or tho join to nor 111\8 theN IU\Y "\bnom!IJ.i ty found in 

thv oh.Jr.t , nbdorncn nnd n~rvouo oyslu!l. .\outu and convn.loocont. 

lkl'NI:I oo::spl1.1o collcotod 1 dn:,rs Md 1) df'I)'D %\lapc.otivoly fron 

onaot or illnooo wcxu chCJck"'d ror vixuo ioolntion ond ooroloar. 

!JO Vlt\lD 'ff:lO loola.t .. d froD the tT:o DllOl'loe, hol'r~vor nautc Oll:lplC 

ll'no 110ultivc tor OX'W\v"'' viruo C7 onli'bocly to " titro or 1:0 'llld 

oonvnloooont oonplo to n t.Hr-.: of 1' ~56 . Thl) saoploo uoro nloo 

t etod by CF ~ainot thirty otllllr viJ."U!JOD Md found norrati vu. 

In noutrol.i::.:ltion toot ~at Orunco viruo , tho o.cuto t.11tl 

oonvalo•cont n!l.omloe nuut.r:Uizod 0 .0 d.)X Md ) . 7 dex NIJI()Ctivoly 

or OrunEQ virue. 'A nooo %\loul tD voul<l indian to thAt Ol'\oiA'iO viruo 

WilD coot probabll rcoponoiblo £or tho doooribod illnOoP . 

It uou1d f'\PPo.lnr tho.t rever, hood"'oohO '\Od caynl(;in or aonor.llt;cd 

body 1'"\in D.r\J tho oor.non aynptoca of Orun~ virue. 

F ::1Uuai.!!.!: & · (op . cit . ) ~.nd. Oaunl a.1 (op . cit . ) , 
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elinia,'\l aycptooo wow 1\:.COl"(locl, u tJJtn ou or tht. linbn TI'LD 

dO ocr1hcd • On both occnoion thu uoo.knooo or thl. rlrcni tioo 

ittylroV\.Id on roeo""ry . ConJuotivi l1 o mo rocordod only on one 

occna1on . Orunao v1ruu Ol'lll thCir\lforu bo doocribct.l ~ n fobrilo 

dioonoa of ohort dur:\tion, ohnr-...ctoriocd by hondo.eho, cyC\lr,in 

Md poooibly ncnknoao of tho linbc. In lhio Napoct it X'Jcc:Jbloo 

other vl.rol din.:l!\eco in mc:ori"\ and o Jlr..>por recordinG or tho cost 

dctnil olinioCJ.l oycptooa coupl.;d uith viruo iaolntion lllcl nntlbocly 

at.uc:ttoa 1\l"(/ nocdcu t;o cillfoNnt.into it froc tho..so othor v1ru11 

di. 'luao., aa well All tho ubiqldtoua CLalaria . 

\ . 12 _ldentifioa~on of virus atrnin II 60911 ~ttlljUino vin.~n 

FollotJin:; tho di.fforoJntinlion of otrn.in H 60971 froo the oUwr 

OrunGQ viruo atr-Une , nnd tho pocitiW CF r .etlnn flith Tnt".QUino 

M.\F 1n tho ocruonin- tonto, 1 t ttau r.>:lCtod n croo" CF tosts vith 

ouorooa 'lOOtono anti.:;on Md li.\FS or tvo lolo .. n T •"<>--uil~Q vi..ruo 

clrnl.nu , H9%3 and li3!Hll2 . Crooo nt.utraliontion tooto 111th 

1 d out. Pouitivv ond 
T n. t aeuinu Md 0 ru.nr,to K.' .FS ~<<H" nl oo onrr o • 

noe:;~tiv cont-rol& uoru ineludod .1n th:.. tootc . 

-JOP d cr:)lu:-(11) toots n.N pNecmtocl 
Tho X\luulto or tho oN&~ an 

in 'l'nblua 26 nn4 27 . Str'lin II 60971, .~od cOCllltltc anti{':anio 

identity w11.h tho tl'<> T t~c. viNII otT'\i.n• 
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TJ..BLE 26 

nE3Ulli'S OF Cr.003 CO'tPU'l1EIIT Fll.ATIO!' TF.STS !lE'riEEII vmus 

R60CJ74 AliD 2 STil.hDIS OF Tt.TJ,CUIIIE AliD OJ:.UJ~O Vlr.l SES. 

/JI'l'ICE'IIS HAFS 

R9963 BJ9482 tt60974 Ell3019 UgUP 359 

( '1'/. TACUIIJE) (TATAGUD:E) (ORUIDO) (ORUl.CO) 

B9963 64/16 64/t6 64/8 0 0 

11'59462 3?./6 64/32 32/16 0 0 

R60g-,4 32/3?. 64/16 64/64 0 0 

Bl}Otg 0 0 0 128/64 32/8 

U~lP 359 0 0 0 t 28/16 ,2/'2 
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vnrus 

11601Jl4 

11996} 

ll13019 

191 

...... 

RESULTS OF C£!0SS- 11EUTllAI.IOhTIOI1 TESTS BET !EEII 

H60~4 , TIITACUDm Aim ORUl:CO Vlr.tiSES. 

ASCITIC FI.UID Llfl 

Titro 1n n60~4 
H9963 

llo::t/0 .02 (TotQ8UinO) 

6 .0 .LQ 3.2 

5 .6 2.5 £.& 

5. 5 0 0 

01:5019 
(Orungo) 

0 

0 

.!..& 
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CH.'JlTER 5 

DISCUSS lOll 
c 

CortrU.n oht\raotorietico or Orungo virua ~oro inv~atiantod 

by bicrohot'l.\ot\l. nnd biophJf1:J1~ ooro-irr.ru.nologic tcahniquou. 

By olootron tU.oroooopy 1 Orunao vbuo 110.0 round to dow lop in 

tho oytoplRc or infootcd oollo no nn unonvclopod pnrt.1olo uith M 

oloct"J:On-donoo ooro . In n.auocintion nith ita dcv~loru:lOnt oni1 

O"cLtur:\tion 1 thoro woro 8J)CC1Cio vir:U crnnulnr 1'11\tricco nntl 

fil.tulOnta , Thla p'U"ticul!\1' typo ot r.10rpholoc; !llld corpho(;Cinooio , 

h!\0 only 'bocn dooor1lxld for tho orbivirus t.o.xonooio croUJ'o l.lurph,y 

~&· (op . oit. ); intonhichDordcn~&· (op. oit . )hrwo}llncod 

Ol'\JnCO virua. Thoao filDOOnto o~y ropNoont virnl oubunito 

~B'Qd in nnoc!Uoua oennor. ThoJ vi'CUD pnrtlclo dloaotor or 

63 nc 1• trithin the 62 - 80 no ~co z;'l.)portod Cor otho.lr orbiviz'uooa, 

llurpey .£! & · (op. cit. ) . Althouoh nono of •.he oothoda roaultod 

in optJnnl. r<laolutlon of p.'lrtiolo c;'l}laid otructuxo , tho J1z;'l.)8(.noo 

O( U hoXQ(;OrnU olcotion trMIJPI\1'01\t :,ono bl\fJ:\l to tho C4)pDOOOND 

II\.IQ30ota tho typicBl. icoanhod.rGl ~netNDtion {T = 3) ot tha =Jor 

eapdd lnyor. orunso virus le oxooption•ll tnOnast tho othor 

or'blviruooa 1n tbO ~eiotmoo or J.~a outor cont ln,yor. 
71th other 

orblviruiiCia, thor<l lo ueuallY dJJ'CicuHY 1n c.....JntQU>in,;: t.b:. lntourity 

or thJ 1ncUotinct outer cont llhich ob!louraa tho o.'\jor cnpaid ln,yor. 

I "-r oo·• io loot 40 v1NO 
i'or ~lc tr1th bluD toncuo vlr..aa, t. tO au..... .,.... 
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\ll.r')llfil nn t qull 1 bri\11".\ con triflllr\ tion t;rodion t, co thnt 

1\ t1 \ lL"\ll tho Pl.'C oio T 3 onpoid cnnotruction. Orunco 
1 ru P'U.lioluo nowr uoro found 1n n cht.J horo thc..ir. cr~r cont 

1" r ''\0 :r:ocovod nnd c p. d layer intoct. Tcypoin tront.acnt, !or 

~J:'Illtl , 1.'\:..ducod pc.u-ticlco to thuir inner ln.:toro (core p:~.rticlos) .. 

O;uuct1ono concern ina tho utnbility or O:runeo viruo rol:ltivo tc o th..lr 

orbivh~oua 'lntl ho 1 otnbility llt\Y bo t'l;.lntod to tho n.3tl1N or tho 

OUtC.~ COl\t l.nyor Of tha •druB (l'lrticlco, J:'IJtl.3in to bo M11!71l:nld. 

Tho oxccpticnr:\1 locnliznUon of 0I'Wln'O viruo p3rticloo around intact 

nttooho .. Jdd.a nuot roflcoL rll.ffcronooo in tho oytoplno::lic onv.1ron-

nt in di!foront p u-ta of tho in!.Jotod coll. lfo oxplNU\tlon ie 
• 

m:'lilnhlc., but. rurU1or ot.'Udy of thlo )lhonollOnon ill unrrantod. 

r:.L.O 0 
'l'botnnl in'lOti Y:\tion of OJ.-untro vf"ruo at .,. C, 37 C Md rooo 

P 1 tu.ro (22°c • 2°c) llllll of tho t to co lJIOrK.nt curvu, onch 

C\lrto follonln n Cirat. order kJ.notioo. Thio phcnol"l~non nppon.ro 

t.Q ba 'l. r.:tinllru oh..~·nctoriotico of Mill!U viruooo !oooo ( 1?53) · 

th:nl 1 volo or J.nnntivntion, th<..ro io a npid don.'\tur.3Uon , 

f 0- '0 Vi-aD I !lOrD th!ln 5(1,' Of Vb:UO 
in!ootivity be>ins loot dthin 

10 nhu\.o>a '\t 'j6°C Md tr1thin tho ruot 2-1 hou.rD ct 37°C MJ roro 

tl tl 1n co tli \W con to.!. nil\; ~ 
oro.tur..; o• olll l'lhcn V.J.l'UD t7'\8 OUIIP"" o 

i•~ t.o iool:'l'l<l orunr.;o virull 
• Thio tou1. c.:. c, xvl 'lin t h in11b11 "J 

.. 1.c.ld Of'lua k Jl'l. at rooc 

IU'".l'\lly th c o 1n coot or 

t;.t..upo:rntun> for ovor 24 t'DW'YI, '\8 

t ~ OUilPOC iN d 0 l'\lll50 vi:J:ua ell DO 'UIO 
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OU'tbro"'ko . Ho\lovor '\t •loC oto:r"nn ~- viruo in!ootitity io rotoinod 

Thuo l:oopina n.'\llj)loo juot nt r r n conoidornblo loncth or tir.lo . 
0 
C could roaul. i 1n ll ~hor nuobor oi' 01'\IJ\BO vinlo iooltltoo rroo 

fioH c11:1ploo. 

Tho CF :mticcn of 0~ viruo io lnbilo nt 56°c, but otnblc 

0 o.t 37 C and roam to!11JlOr'1.ture . lnfootivi ty or O:ru.r\80 viruo io not 

oJ.entricontly I.U'fcotod by lyophil1zntion Md subooquon t atortlr,O 

0 
nt <\ C for 13 rnonth'l . 

Tho innotivation of Orungo viruo bY UV il:r4d.i'ltion !U'footo tho 

1nfoct1vity but not tho CF :mtieun. OX'UI'\l3'(l virus io only oliahtly 

ooneitivo to oodiu.o doooxyoholnto , other o.nd ohlot'Ofom, nnd lrBS 

l':lON roaiot:mt to theoo rc~nto th~ yollon favor vi.J:uo ( B 

to~viruo) . RoaiotMco to oculiun doGOxyoholntc , a thor and 

chlorororc haD afton boon oorrcl:\tod 11ilh M uncn~lopcd virus 

1'11l:rliolo . Elootron 1uoroocop1o otudioo of Orun•~ viruo contbno 

tho nNt.od virion nntux"<; , end :lbocncc or '\ uc:abr:mo in thio virus . 

ln o1J UIU' st.~ico, tlordcn ~· 2!· ('I'· cit . ) au ~otod th:\t tl'C 

lllieht 'bllt roproduoiblo solvent : n it1vity of thO orbivirua.JII Oil,)' 

t\.rtlrooont n 1'\lndil."::CCnttU. virion propurt)' or 1 ~borilt.or.Y artori'\Ot • 

.'.t lo l oouao br'\J.n pMolll,."D , 01'\111(!0 vi ruo ".:>noitivi ty to the lipid 

GOl~nt 111\D o.J d'lX - 1 . 0 dox; • Hh inol"'oOflinC pa.DDII(l'OO, ONJ'l(;O 

v1:ruo bco= uoro noitl~ lo thllDO ll(tQnt-· SWlur .Noulta ,,o:N 

"NlY.)riA:ld Cor Color'\dl:l tick fil'IOJ' viruo by Jordon ,2!._!!.l. (op. cit. ) 
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This oolvont '"-'noitivtty ..... " bo 1 t k"" r n d to hol"t coll cont.ltninllllt 

or to lipid in tho Viruo itoolf . Vorwood, ( 1969) roportod th:lt 

pur1.:1'1od bluo tonsuo virus, nn orbiviruo, contnin 11 ~ lipid. 

Furth r invootiuntion io nccosal\ey to dotott:Uno tho oourco or Md 

t ho q,unntity of lipido in Orunuo virus. 

Orunco ViJ:Uo io ncnaitivo to I.Nntmont uith ohum10Al roat;onto 

auch 1:10 llPL r11d .foxma.'l.in. Undor tho Bllr.lO oxporiDvntru. conditiona 

n louor concentration of ro~~in in~cti~tod Orunao viruo than 

uno roquil:\)d by 'llt'l . H:>wcvor, ue1Jl8 fomo.lin nnd JlPL Rt 37°c, 

LoGripl"O t . u . ( 195-1) ~portod Lh'\t Ill'L i.M.otivntod robioo, 

OIUJto:m oq,uinv , nnd tol-ll otr:Un of murino c:ncopholoo,yolitia viruaao 

nora ro~ly l'~d :~.t louor concentration tlnn :uv l'lQUirod by 

fo:mnlin . lhoth.:~r Orunco vizua boina M orbivirua, diffore Iroc 

thoo otl'Kir viruoca o1· tho t.;cp.,rntuJ:v of inn.ctiv:~.tion :l!'tcoto tho 

property or tho X:VIl(30nto roo'\inc to bo dotcmJ..nod. 

Orunt;O viruo is lClbilc r\t. till ) .0, but ot:l'Jla bot17.,on pR 5 . 0 

'\lld 7 . 0 . aoid l'lbilHy bruJ boc,n ua.ld nil M 'lid in vinu1 cl u.ei.Ci

C'ltion (Hacp=inn ot . .!!!· 1963) . "'hio ia not a oa.jor t4XDnomic 

oh=o.ctor, but 1l h'\.0 bOon u~~<~ful 1n oopl\r'l tine' lu.c'ln rhinovirus 

r roo cmtoroviruD'lo , r\ a~;pn.r:ltion IIUbOo>quontly conii.mad b)" ooro 

t undNXnt..'\l Jl~!lic'll r.U.tfox:vnooo ('l'yr\111 , 196ll) . Orutlf.I'O v~ 1s 

oh·i ki ngl)" 14bil t rn ) .0, no infootivity ":uJ round 1n undiluted 

OJlOcirnznc nttor t.nu~toont . Sl.lldla.r rvuultll "~ roport.od by 
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rd n l . ~ . ( n it ) r - - •·• o • or th orbiviru 11 ouch na C?lorodo 

t.iok fiv r , Tritui ' blu tonGUo, Trib c , lad I udT'Illi nd Lobaobo, 

In c ntr l rooviruo o \1'0 otnblo ovor , uido r"\llctO or p!l vl'\luo.:o 

(SL"\1\l y I 1967). 

Tho ol'\bility or Or.1Jl60 vi'ruo to ')-iododcoxyiU'idlno oua; ots 

th t it 13:\Y bo nn nil • vlruo. Sinilnrly 11-"llY or oth r vinl o 

( blu Loncuo, Color~o tick rovor :llld Arrionn borou oicknooo) 
1 

ot 

tho orbivirua to.xon pooo no n doublo-otr:u1dod m1 .• ~nooo (Vcr.rooNd 

£1. nl. 1969, Groen , 1910; "..''d Oollorn.'Vl ~· nl. . 1 1970}. Furth..'T 

biochuaic:U tcot11 to dotoxoino the nntu.N or Orunco viruo conogo 

io uo.rrnntod. 

Followinc ouccoooivo lntr:\c.,robr'1l JIUI!~D 1n miou 1 Orun.;o 

vi.ruo bcon.'1C' nd.'lpt d nnd stnbilb:otl for the: hoot froc th oixth 

pnoo"'GG). Tho do orono in Orun~ viruo infoctivi ty with incNIIBino 

'\0 nt. inocul lion t!J:Io of o.ioo io o (I(Inurl\l obaor."i\l1 n with 

nnll~l\l vinusoo 1 (Tiur,Jh0r1 1971: nnd S!Ukku and Drw:nor-Xorvonkontio, 

1973). Tho %0nnon ror lh<~ dJ..Ifo:Nnoon in nco wao~plibility or 

1 bornt.ory anin'\lo to viruo inf~ot1on ia not dofinit ly known, 

1 t io thour;ht th!lt cort:Un ruocpt.oro J:(lqu.frcd tor viruo ottncho nt 

BN proacnt to 11 hi ·,hor }ovol in the tM"GVt oq,'"lUlo or tM younc 

th 
111 

in tho au of th '\dul t . Tho ))QOJ.' :t\l17th in 10-di\Y old tnin,Uc 

'17hioh beoono oick, but r-.coV1lrvd fJ:(Io .... ., infootion w1 th Orun(I'O vi1'WI 

O!ll\J'l:.lt b;l Dololy "t.t.rlbutod to ~nr f(Jcdin • ;:u~ 'Vlin:ll• continu d to 

• 
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r , throuJh th ri 1 r n1n Croo ly I Ort.llll or rl. 0 W'Nd 

nni.J l ro lft"\ll r th!lll thoao or t"' . '"' control uninf ctod. 'l'hia 

ct of Orw1 ':0 vbu intootion in aic 

'N r :Nne t th 

n do !urth~ inv oti

rr ot or inC otian 1n ti n with ~rtlcul 

pr...:;nMcy • lt ' ill th n b<.. pooaibl to dotoxmno if thaN io 

plnc ntnl tr:\nofo:r or th virua to lh r tuo ~>..nd th cffoot of 

uoh on tho dovolopi.n rotua . 

"lWUl diotribution of Oruneo virus in Suiao olbino Dice 

ho o th t t'tw brain 1 tho t:u"lJ'O t; or !11 . .~ th uch vi:n:.ni o.rul 

Vlrurill 'OUr(. UDMOnOlrt\tOd 1 tho lovvl tJf Vil'Uil in th body nuidll 

o 1"11 oa oranno ouch no thu han.rt 1 lun , livur, kidney Md 

upl n uo:N in aonornl oicnifionntly 1 u r th'ln in tho brnln . 

'l'hio io core cl arly broil.! ht out in inC ot d 10-.l!I.Y ld u 

htnX v1.rua cul tipl1C'\ti n cwn in th br \in v:1o l:link.'U . \t tho 

low r inf ctin • uoo 1 h4;hor vi1'lni Vld vil"\U'1 l v 1 w N 

out'\:in0tl
1 

poooibly '\II '\ ['( oul t or th inoN'laud • .sr 

Th<. apX'Ol\11 of Orun ~ v.Lruo to th diff Nnl 8<JOt1 ne of tho 

br<lin rollovin inooul tion int.o t.h<.l lo.!'t c robru Ml!' ia 

d p nd nt on thu vin~D d:>DC· Uoin.:; 10 LD50 • virus oultiplic\tion 

"'lld llulM" :l.nfooticn 1 Natriot.orl to till. ooNbr"ll h: lwa , with 

th coNbollun o)ll) •in lou virua inC otivity nt thO to=inlll atnsun. 

lth 
1000 LD or vi.ru• ILll Wedin • doa , vJ.:Na tOlD d t.ocl 1 tn 

~ 
I"'Un l'ti no . 'l'!W ruatriclion or Jl tll')lDGY in Wool II cic1.. 

noo ... r xtt'l'l-n re1 Orun vtruo IIJI<!Oitio 
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1 m !'hlO~ccuno rurth r confir1o th nCJUrotropic n"ltu:ro of 

O:runco viruo in£ ction in mice. . Fu-rthor ovidonoo for th 

n urot.roplc n'l.turo of Ol'Unl,'O viruo irlftotion io ohotrn by tt. 

in ility to inft.Ct cio by tho SC Md Jr- rout.ua . In nddilion, 

only mico 1ni at d ~Y tho IO rout.o dowlop .. d n utr.Ui:.ina nnUbodioa 

to Oruneo viruo. 

II !T.l&toro cu:o euooOt)liblo to Orun(IO viruo infection by tho IC , 

SC nnd IF 't'Outl:o. llon~.;vor, vi:rooin. UM dooonlltr:~.tod only by th 

10 nd II' 't'Outoo follol1inG infection pf 2-I.IJl,y old hmot ro. 

l.vidunco of infection in 3-.r~.;ck old l\nz;lstcro inoculf\Wd IJy tht; Il' 

nnd SO routoo lltlD tho dcvolopr.:unt of OJIUciUc 0run('o vinso tl 

nntibod.h . 

lb\..b1 to om\ l.llnbo , do not oir::u.l :1to Orllll;..""" virus follo in.., 

inf otion :ith the viruo by tho IV, SC, li' or conjuctuvnl route. or 

inoculntion. They howcv r d vulop apacifio OrunGV vi1'Uo ll Mtibody 

tho :1'3\Jbito rollo11in(t IV, II' 'Uld oonjuotivo.l routcc, om\ tho lnnbs 

folloHin.l IV routo of J.n!ootion. 

Tuo or t.h£ 1wiM IIJ'Io;.Clt:o , op.u-rowa <>.ml b!l.by chiclco n !thor 

circulntud orunco virua nor dov.lop 'l!ltilr.>dica to tho viruu follo~rin 

inocullltion by t.h IV. SC or or:U routos. 

,\ccoTdine t.o thO .orld Ileal. th 0l'b":''niG:lt1on ( 1967) orbov.Lrua 

~ vl~D 1lhic:h p.rv n'\intn.inud in n~tu.ro- rrinoip!tl.ly or w = 
1 ort.'Vlt xwnt th:rOuah biolocrionl. trnnr.J.ooinn but<tocn auoooptilllo 

thropodu Thoy nulti"lY nn4 
v rt-lbrn.bl hclotu b)' hoQ!ltoph.'\o-ouo nr · .. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



- 199 -

p:rotluc virooin in lh v rtohr t o, nultiply 1n th tioouo or 

lrthrol"atlo o.nd nro P~ d on to n v rlobrotoo by tlK bit 0 or 

arthropoda !l!tc.r \ JlOriod of cxtt"inaio inoub.'ltion. Orunco vi:ru:J 

h bo n ioolotod on th%\lo ocoMiono !.rom 1\rltu:opodo, ond CIOI:I tho 

bl ~d of vert bntuo during n. fobril>~ infcot.ion. Low 1 wl 

viroui:l nan douonott~ toll in l:l.bor:\lory cioo ~1d hllTlotcrn. Ho1 vor 

it ll\ not knoun iC '\rthropodo ootod 1\0 IJOOhnnicnl or 1:11olor:1cal. 

trnnaoittin(! omJnt . 'lh domonntr'ltiOn of II. pOBOibl t.ro.ncnf.onion 

or tho viruo \laD h'llli[JOl'\ld by th nbc nco of >L truit:'lblc ho t, oioo 

~ not infootod by sc 1nooul11li~m or Orv.n.GQ vin1o, 'Uld I :~~:~utorn 

r\l:y dov lop 'lntibodioe follo·Jin- inocul tion by th n routu. 

Orunso virus ao inooulntod p:lrlJnt rilly in t.o lliOoqui tol:io, Md 

follo 11n• M oxtrinoio inCUb'\tiDn period f 6-11 ~0, tr"ll\= -

oion lfl'\8 :\Ohiovod by 1\lloTTin"; thuco nooqui t~uo to '''>itc;" on 

bl "'d dropl to . III :Novor, v1ruu t1 t:No in th(loo mocttuitooll r:m '\ld 

fro 2. 3 dox t,o 3.0 d x. llono of tlw oquiloOc red by lho ornl 

ro t on n virtlll-l)lo,d ~turo trma:littod t.h virus . COrt:Un 

t"ICtoro oi~t h!\VO b "" r<.8JlOnoiblo for thlo nt.(;llivc rcault. 

'l'h:J loU lOV 1 ('\'bOU~ .0 dOX) Of 01'\111C0 vil;uo 1n tho blO:ld 001\l 

• f f J.lur of vi.nlD to 00 t ll liC'b in tl't r.IOoqu.i to , 
could o.ocoun ~ or 

ch !f r "l.lU1 .~ld ( 19'}\) II\1$0Dtod n v~r..-1· 1 Vul of ~.5 UQX 

no""·uito inf ottn.:. pot<: ntiCLl. Ev n h n th: 
d lbo·r~ ::u1 'l hi "" 

vlr,J,o 1 v 1 1 h.iJ;h , t tncoatoc1 vJ:n1 
t ourvi ... o nnntncio, 

lctU. l> rrioro in voral or ·nna or tho 
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aoectulto (.rut bofor fll'O()\lny viruo in dolivorod to tho cnlivo.ry 

ibl trwunieoion (Murphy, 1975) . Tbooo orations for poo 

bo.rrioro Z'Jforod tn o " rut bl\.n'ior" or "throohold" CIU.Ilt bo 

cvorcono boforo vin.to Nplic'1tion tnk a plc.cc in tho ooaqulto. 

•hcthor virua ia ncliiV\'lly dootroyod by monna W'lknorm or diu of£' 

n-lldu!Uly 1n th ®e.:nco of fnvour:!.blo con.Ution io Mt kno'llll, 

( Chl'll!lbcrln.in antl Sudi"l , 1961) . 

Tho lon,sth of incub11tion rcquiNd to nttain ~::~aXir.:U tr011u:::lit-

tin offieicney io o.loo i.nportant. Th 11 deyo cxLrinoio J.noub::~-

tion period Ut\!1 probnbly not lens t.nou·th t.o ntta.in <nou. ·h viruo 

ror tr:vtm:lios1 n by nosquitoos rod or:Uly, no cornpiU'Vd l~ 

oooquitoos inoculntod 1ntr:1thoraol.aally in th ·ricinity or tho 

a'lliVI\r'J cl~d nnd \7h1ch l70uld thoNfon. n:qu1N a. orortor incuba-

tion period . 

Tho f'11lurc or coaquitooo infcotud either by thor:10ic inoou-

l t1on or oral roodinc; to t.r::uurnit Orunco v1ruo to b:1by nicu 

turlhor lc;nda support. to pr-.:viouo obooJ"\•ntion tl~t oico do not 

~co 1ntcot<:d h,y th SC Nuto. 

11th tb: tr'VIa:liaoi'On of Orun(~ viruo by .• odoa D!'P· 

DOiqu.itooll , th virua h'\11 eot1otiocl tho •:aJar oritorl~ for 

olu•1!1ca.tion IIJI M r'XIvirll• · Uoucv r, " cui tlll>lo nnin'\l hoet 

~\ will oiraul t vJ;rua io r.: qulNd to tully und rat".nd t1 

tural txwns:U.aaion of t.h vLrua. 
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ny tro .tin. J.nroctu<l V r.) coll oul ~o ':lith. tr,rooin nnd 

1:\::':'1'0 in th 'lrJPoinizod colla 1 thoro no ~ inoroaocd oonoi

tivity of voro cull oulturoo to inf«otion by Oxunco viruo. 

Holt ot; , nl . ( ,9?0) h·w nloo ro'(lort u inoronaod tiOnoltivit..v of 

v ro o llo ror throe atrnino of influenZA ~d thrc~ of p~r~yxo

vi'ruooo rolla linrt troatucnt of th VDN colla ith trn1oin. Tho 

cul tUl:'lo r.ol'(l ~:~trlntrU.n d lli tl1 n Uiu:a codified by the 'lddi tion or 

trypoin . lniuctivity tllND of lho .influ<.nell Qlld p l.X' ~virua a 

woro nir;l'lOr in culturo!l with oddcu trypoin.ttun in nom:\l'/ ro 

oultUl.'la . '.lthoueh Itoh ~·~· (np. cit . ) :roJiorlcu no ai tnifi

onnt diffo~ncco 1n tho oonoitivity ~r Vcro collo to ~~ othor 

vlrunon, llft r trypoin tro:l.toont, it oppo11ro th.l\t th r:xl<ilfio~tion 

us (\ incronood thO oonaiv1t1 ty of Voro cello to Wcotion by 

orunco viruo . Since tho bioloaioo.l proporty or On~nso Vii'! II 

pBDoOCOd in ~rypoin txootod cul turo 11\11 not UitroJNnt rroo uco 

'b
-• d v• -·o it io o!l!o to ou.;coot that lh t.rypoin did 
~·u.O JII\OII~"'Q ~ .. 1 

not indUOG thoU cmor~nco or no" v1.rinnto, but r~tho:r :\Ct d to 

ino'l'\inco tho GDnoitivlty or Lhc cvll culture to Orun(.'O vii'Jn. 

Th 1 r O
_,ft.,.., vil'Uil Cro11 th!. nonolnycr oulluro intn 

ro ol\llo o ~ -·· ... 

th!:l fluid 
di\10 dQOO ®l OCC\11' until guaploto CJ'E ill (IDhiOVOd. 

1 
~ro :z:-.Jlorl 11 t or th< oth r orbiviNOOO 

Sin11 :r o'b110 rvnt one --

( 'urphY ...£· S.·' 1971). 
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Orunt;o viruo "' n tulil{\t vd to UID:-·21 cell QUl tuto without the 

n od ror o~nsit1za~1nn or thO oa1~ o~t~ . ThQ phunoi:Qn\lr.l of 

into l)\Q O.u,\<l no•,l.\Un ur,CJ aloo obaorv~tl in l t vi~.U rv).qa 

BHK- 21 OCill QUlt\11\')IJ , :ly ~o(lOUNGC nt ::J~ucU,~o viruc 

I' rt.icloa liON Cou,nd loct\t\ld in ~h.l oytapA~ in toc,U ~0"'8 

initially ond ltu',:O }lllnOWnto nn•ooa 1\t tho htc at~ qr Wucct!on. 

Tho flliluro or Orun~o viruo to rvplio:lotv in .lcdoo nlboptotuo 

coll linu could bo duo to non-:\dslptnbilit.t or th virua to thia 

piU"ticulo;r cell lino. Libikovl\ rwl Duakloy ( 1971), Nporlctl 

lhat. n. pcroiatont. Wootion in ,;. '\lbop1ctus calla by Kot1arovo 

vlrun 'il'i\B o.ohlovod owr aono 50 lrtuulfara of tho ao.rrior aul~ 

with only :1bout 1> or oolle ooin..> Wcoto·\. Kar.10rovo vi Nil 1u n 

tiok-bomo virus bolonLinc to tho orbiviN O taxon (norden ot . 1'\l, 

op . oit . ) . Furt.hor tr=oforo or Orunc;o vi%\111 W.ootod .:!· 

:.l~Pic~ cello 1'\a.Y nJ o' ~vvo.l poroiot~nt inf\lotion or U1.:: e.:lll 

Uno by Orun!. . .'O virull or '\d.o.ptobili ty of tho virua to thio p~tioulor 

ccoll Uno . 

Sucrooo B-Ooton nnti;:;cno pi'JJ>'U'><I frJ<C 01:\ln{;O viruc- in.Caotlld 

DOUG brUn tiOU\100 ftUJ,Od U) nar,lutin"tO g')OBO , c.htlup , 61)1\t, WI.Y 

Si:.dhr ro IIUl to 

u in onl:J (l'ODDO urythrooytoo with other or'livUu.aoa hAv.:~ bocn 

1"\.P')rlo!! by !lcn·don .!!..!:· &· (or- . cit. ) , ll:,.,cvor, S!U1lMOv" ct • .=!!· 

( ,
9
6

5
) dOtocwd ho ~ lut:t.n,.Una liClivity 1n Ko:x~rovo viruo Mti_on 
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in ohlok ODbrfo ond .wiM lddn y culturoe, OJ:'Ull6D viNa 

ou:l11~ antir,on l2ll.Y 1roll yiold ha!:anGr.lutiMtinc octlvity1 

W• DDOda turth r invoaticntione . 

Ona of tho 10 •tmina o£ viruaoa iaolntod in Hir.orb proviouely 

zoponed aa OJ:UnGO virue by Yonnth .£!. & · (op. cit, ) , 1111o round 

'b1 C1 toat to bu a. atrnin or Tntl\l,'U.l.nu viruo. Tho othor nin~.~ 

•t'rDina did not o:roso- J:Voct uitl\ owr 150 d.iffor.mt viruooo 

bolonsins to tho anjor nrboviruo croupu. In crooo-(:P t ato, 

bot1roon aovon N1(;oriM etT<U.nB Md thJ prototype Uc;nndn otl'3.1n, 

no aisnll'iollnt difforono .. o noro round in too ronctiona of th 

ditt'oront a train. nom:~wr it !a of now tlmt tho Uc,'"Md:\ otnin 

Mtiaon clid not rooot lith th~ specific ( 1 onot) 'L\Po proplll'Cd 

oe-!ntlt tho Hl(Jorian otri\.ins. In .W.dition, croso-Nnction una 

clcnlonatratod botwcon the UcnndA otroin nnUeun nnd otr!\in 

Ib M\52302 M.\F only !lith tho hypcrt=uno (-1 ahot) U:IF or Ib 

Al\52302 strain. Othor otM.lno crooa ronot"d o1th tho prototype 

f'l'QD tho :11!-ahot lofc\F at nco onll:\Z'dO. It would thcl'Jfol'\J ~q~poar th.'\t 

at.Taln Ib All52302 h aliehtl)' dilfor.c>nt troc t.lw othor otz-U.no. 

D7 ~1 ditf\Uiion toat , 11 ainnlo lino or identity wna 

dalloftlltntcd 'botwoon nll the atr!Una or 0~ vJ..xua , uDing orudo 

•\!e9n end )\yp011:'1Jmmlno4 1o1 ra. Hawovor, "ith aucroa ncotono 

S~nr roaulta VON 
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.tohl y ( ol. olt . ) . Thl 

n 11 Orunco v l:rua ot. rnl no, or th J'I\ oonoo of cornon 

'11\tl n. Ho ... v r tho .. en t ot. io lc:n'l :n to be. ouch 1 on a noitiv 

th.'ll\ t h CF or noutr'\lb·~tlon t ot . Tho rof'oN , ninutc. tUtr r. nc 0 

bt. t11 c.n otr aJ.ne trill not. bo dctoct d by th 1 oo oonsHlvo t.cot . 

1 t 'lJ)}\1)1\r D t lL'\t O'UOl'OIIO- :\OJtonv (.;Xtr I.Citi>n of 0run{10 vlz:uo :nl;i(:'ono 

rcn«l ru t.hllr.l unouitnbl for prooi{IHin loala . Thio io unutn11\l , '1.0 

l i th Thtoob::.-!'oneoln viruo GXOUJ' (T'Ilo::.ri 'In~ l\ iyi , 1976) both 

orutlo Md oucroco ac tono Mti(JCn 171"" prooipHi.n lin o. 

ln n~utrnli::."\tion tootr c;r;. ntor llirrc-rvnooo u":z:u tloJX>netr:\toe 

ih'ln pN viousl y notiood in thu CF tuoto. i)y th ... oonotMt run, 

v ryin · viruo n utrll.iont.ion toohniqu~.o , O:rur\1,<' virus utra.in 

n 1)0 19 'no round to ll coro closol:l rol ted to tho proi<ltYl" 

ntrt\in t h.f\.n M:J or tho other stralna . Tr.o nt~~. flr 52302 an l 

U 6070•\ nppocu: to lJ inc.Uot.iJ1GUiohllblo rron onoll otbor. SinillU"ly , 

otr j_no 11 60781\ '\ml II 60810 D.X\J cloovly %"1'\bod. ,>ron th~ lbo'"' • 

t b oix orunco viruo a tT 'UliD can be ol s d into thx\Jo aul>-croupo 

( 1) t bc uc:-.n® proto l ypo rv~d lli {:'Criu .. "' atrun II 1)019; (2) -tr"\ino 

!l.r 52302, B 6070.\ 'Vl 11 60818 an<l ( J) otrn.in n 11 )06 . .• bro r 

l'O 'l.Ot.i•~ity, ohov!.ne ol oco r oilllll=HY batnaon tl¥1 di.t'forc.n t atr-Uno 

~11 "!Chi v d by t h conot.nnt-vi.r\IP, v'U')'inr noru:l toalll\1«tU • . 

ThO p~uction r Jl l quoa o f II:IIX o1-r.c in Voro ooll , >y 

tl ctif! roont et.r'\inD o f Ol'Wll\'0 viJ:\I a i " rurtbor cvi donoo or 
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t n thu diff rtlnt etmino . 11 esv r ,. plllquc. 

X\lducti on n utr'\ll'U\tion toc.t ni hi bo th onntor t? n dL!initlvu 

diff rontintion of th Orun :.t1 viruo otr'liou. 

In tho nurvoy for II U\tibod1 o to Orun(>tl viruo in lli(;orin, 

tho l1i heat provnl nc r:~.to "llG found in th n:~rthom cu1n ,. 

BnvMnM zon , thi1: tho lo11~at r iu u ~o found in t.h<J rnin foruot . 

In cont;z:,'\at 1 noo\. ?! Orunuo viruo ioolClt.ionu in lli(;urh 11oi'O frol'l 

lho min fol'l)ot; ozonu which yioluod 7 or th nino OI'\UIUO viruo 

1oolnt;oo. Thio invoruo proportion botwocn viruo iool tiona 'lnd 

nntlbod.:l pr.:vr\l.<mcc ro.toB in tho difforunt ooar:\Jihicnl :.on of 

llit!Vl'i:l ha!! bOon oboorvod in pr.?vioun survuys for T'ltll(~ln Md 

lltr'li:I'Jn viruooe by FO[Jbn.ci .!:!.!· !ll_. ( 1972) 1 'l.lld Tooori E!·!!l· ( 1974) . 

Ono oxplnn:\tion is ti\Oo conocntrntion .,l ti.niD ioolntion 'Witivitios 

1n and n.round IbndM Vld cnvirona in th' rnWorvst 1::111 , hoi'O 

ttl(. ln.'borntory io looo.tod. 

Ovllr ~of n..,o!Jll , uith nbout 21, or nonltoyo l'IIHI lt~ of DOll!! 

GMJllcd no1:0 posit.iVQ for 'l 1\l\tibodi o to Orunso vbuo. .\l thoUGh 

llh I' nnd oonltc::; o frl'l 

or 11 C-'ltibodi 0 in GQ 

oin 1 loa -.tiona tllro oludiod, th.J Jll"&Cno<. 

oon oolloo~ d, '\t !.lcidu_..~i. Knno "llld 

1bnt1nn rould IIU(li>OOt n uiduOJ'IXVnd inf otion of tho va.l.c:\1 JIOpulc.-

tlo;z wr, both f\Jrthor rlll'l•1 

coll cticmo or rild ··.nd dooOstio nnic.Ua in ondocio ~~~~~ nnd 

r '1 ctudi"o n.N noodOd to ulueiclato tho .. pi::oo
xporinont.'ll in oo~ on 

t.ioloCY of Or\11\5? viEUo in liOJria . 
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i'h 1ool:ltion or Orunr,o vi:n~a ft-J 

app . 1n '11 :t:rh IU\d U nnrln. ro!ipjc tivoly (Tonori Md ~'abiyi , I . cit . )' 

llnll Culex 81lll · in tho Contr'\l . f:rioM IIO}lublic (nobin o.nd Surl.au 

np . cit , ), ulu au ot nn iDporto.nt rolu by oooquitooo in th 

t:r'll\IDi.ooion cyclo of 0l'Uil{ro VinJO , 1.! illY OJ cica of COilqUit()(llt 

inoludin • ,\cch.o , Culox , .\nopbiiloe ·Uld Jlnnoonif\ ~ involv d in 

th trnnoniooion or vir'\l d.toooooo bctwcon ll\!lll nnd 'Ulim1.lo: (or 

XL\tlPlO , louoolobron viruu (!Ioyno.nn £.!. _&., 1953), Rift V"llloy 

viruo (Go<u- ct . &·, 1955) o.nd JnpMOcu n oncoph:Uiti , Schoror 

.J:.. &· ( 1959 n, b). 

In lliuurio., MLd_oJ! D}T(l • ~ 11011 bo not1v in thu nl\tur1.l 

tro.nooioaion of Orun :o virus bct•ll.hln otul 'Uld nnin:1lo. In Uc".nd'l, 

only on" ntr:rln ( t.h Jlrltotypo) or 0Nng"O vizua hr~.o yet b<.;on 

1 olot<Jd. !Jo:NoVOr, corolo(Jic.'\1 IJUl"'II'YO oiUTiDd out .in UG'II'Icl.n 

h.w ravc"l.lod noith r olin1c'll DDr aubolinio.:u inf...ctiono .1n DM. 

It io difficult to o:q1lnlil thio ot.rikinl! t11ffO:t'\JnOO in th opidc

mioloc;iorU. ohu-.lCtoriotico or viruo ot~a th.'\t n.N not oi ,tn

o:ltltly di:ff.::Nnt rroo c'\Ch other. Hovowr, '> ::10ro doWlod 

rolo~icnl aul"'I'OY in OGfU'ldn trill J1rot>.,hly Nv.;U n truor 1ctUN 

or orun:;o viruo in! ct1 n in th-:\t coun~rt • 

. \t Jlx<~OCnt 
1 

tl.cro IU'\J n::> clo!U' out cl.nionl 111 no noDOci~to 1 

tlth OJ:Un!':O vt:ruo by ,'Jhioh i1; cnn 'bu cUifoNntl'\tod rron ott-Dr oild 

t'obril vtr~ in!ootiono. In t'm) " 11 doC\11'1C1nt.cd oi\C<.D or OI'Un(;.--o 
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viru infccti n (F ~u 1 t 1 0 'l. • op . cit . , Ocunlooi , op . cit . ) , 

·ronlm on r t l 1 '"' o r r ext roD! t.it n \Yhich iL'iprovod ui th I cowry 

t:upor to!l . It ~ bo th'"\t Orunao v1ruo Wootion io nnooci ted 

rith t h cont rol narvouo cyot<1111 invol V\ t\On t . Furth r l'hlll aurv y 

•ri tl1 dot-ul od dooununtnti 'On of olinic:U oit""O ,. ~ n~odod to eln~ly 

d cl'ln Orunc:o virun Wootion . 

In o. oc.rolocr!or\l lJUr'V'I)y for CF !l'ltibo!lic.s to 'lrbovhuooo 1n 

Jon , !li.c:~rL'\ , L'\rn>yln ( 1 7 ) r und 2$ rtf wbjuoto O%\l pooiUvo 

f o r Orun :o v i ruo CF M tiDvd.i .. . Bu lA nko .2.!:. n.l. ( 1971) , 1n " 

oi r:dl CU' wrvuy Of\XJ:l"d out in tho 1\:1-inji L11l<o 1\Nn of tliGt rin 

-roport u o ver so;~ of CF pooHi•,oe tor Orun.,-o viruo. Thio hi .. l• 

inc i l\onco or CF 'llltib:ullon clluld :N8Ult f1\:IO X'JOCnt infootlou 

by 0~ vi1~o, or por oiotcnt !nf ootion ith aub~quont d tuc~~ n 

o r CF '11\tibodioo . Th hi~ i.noi<.Jonoo r noutr..lbin .ntib dioo 

in hun"'nB 'Vld dooootio !lniJ:I.'\le in Nirori in Cld4it1on to too hi il 

inoi dunco rtf CP ".1\t.i.bod.iOil ohoiT u.- Lnd :deity or Orun-.. •riruo 

1ni'ooti.on in lliacri'\l . r oroiolont Wootion could 1:'1Jault fron 

J'l'O l On.' u vi~tli" '\t ttnn dct»not~t.c.d 111 t.h C lo<~r:'ldo tick rowr 

( "..l~Uwr or~iviruo) i.n zxtn , (Ekluntl .2!· .1!.· , 1961) "'"! 1.n nat urnl.ly 

m xpoT.iJlLntoJ.ly infect d o.nin U.e (~rl 'f ·nd LnrDOn, 195?; ~ 

'2ur. ·dorf r, 1959, 19S01 'Du.rb"'lofcr '~~'~" Ekl.una, 1959) · E::nono , 

u .L (j(j 961 nc r..n•l 1 nn tt , 1966 , sho=d tl• t Color"-Cl~ 
•7'>5 o 19 , 1 : 
t1ok re.ve r v~c <UJ ft..oDDc i ntc.d lnr "ly •Hh t h erythrocyte 
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fr~tion Of t~ blO~d nnd SboWOd Lh~ VllUU of fluorooc~nt 

Mti b:>d.y ato.1ninc to 1tlonti.fy viruo ~tio.no in blood colla. 

Ir tho lncidonc or OJW!.GO viruo CP nnt1body iu clu t..o poraiatcnt 

infuction in tho cryt:hrooyto frno t1on of tho blood , then tho 

proounoc o f v1ruo Md virus nnti{;'on in arythrocytoa for prolonc;od 

poriodo o.Ctor onoot Of diBOMO ohould fn.oilit.l\tO tho dilli_;nOD1G 

by viruo ioohtion or fluoruscont Mtibocly eto.1n1n'; nt any ot:J6'C' 

Of t\iBOI\00 .. 1 t 1o 8~1f1CMt th'lt durin " £1cld OUtbrooko Of 

t!Uapoot od Oumco vl.rue infcctiono ooru::~ onr.ploa rnthor th'ln 

a-eyihrooytoe arc ocployod for viruo iool'ltlon, Thie P~ 1n rvt 

nocount for thu 1aolnt1on or nll hunM ftl"\lno or Orun(;o virua 

rron Q.!ll:l}'loo oontcUnin(; orythrocytoo, Md nono fNc ooru::a oncploe. 
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ClL\I"mR 6 

Sln"IARY \liD OOIICUIS!OII 

Or.unao v1ruo, 'l. hithlrto wdloocribo.ll\ v1ruo, od i rvul.y 

d£Joi :no.t...d GO U(1{l 359 viruo, \lilD flrot iRol'lt d rmn 1\ pool or 
• 

~oph loo mooquitooc otwt ,t orr hun'Vl b:U.t 1.n Onmeo, TfJoo 

Diotriot or Ucnn~n ih 1J q , 

It m\0 otudiod by ln!Joh....d.onl , biophyale'\l nnd IICI'Q

it.nwlnlor,ic acthodo to dotonlin U.s rolntionohip to oth r viNCOD 

'Uld anti ;onic d.iffo't'l.lnc~.:u but :u~Jn tho dlfforcnt otn.i.no or tho 

viruo; to dol.il:lit tho xtl.'nl of infco tion 11th 01'W!. o vil'\ID in 

N1J-or1r~. ':ll\d thu hoot r:m t.l of tho vll'\lo. 

Orun ~ viruo h'Ul 'l fi'U"tlolo sizo of 6) nn •ith 1 ooro 

Ui'lf tcr or 3'1 lliJ, It hl\11 n typic'\l ioocmhodr:ll conut"Notion oi 

'thl. c tjor o~uid ln.Y r . Viruo role'\!~ tr;~c inf<~ct d oell ia by 

c 11 lyoio. 

OnlJ\SD vix'!B iD lnbilD 'lt 56°C but n:l tiv~ly "'hhlo nt )7°C 

nnd moo UILl}lOr:\turo r.nd 1\loo otnbl to l.yO);'h.Ul.:ntnr:- . h viJ:ua 

1o rundll:y .l.naativlltl.ld by ultr:wiolot ittDdil'\tion. Orunu"' viruo 

io only olichtl.Y ccnoitiVO to li;>id :\lvcntn, but l'.. 1cUly iniiOti

v:'\\. a by b<;tcpNJiiOlOC to no Md romnl.ln. It ia auwlo CLt pH r:li\13Q 

5 . 0 to 7 . 0 , but dooid dl.Y l~ilo tlt 1'-· ) . 5-iododc:.llx;yuridino b."\.11 

no ei ,urio'\1\t orroet on t.h nul tipli~t1on or O!W\rtl vin.~e thus 

indio .uno th"'t 1 t ~~ h"Y(J = rul.\ car- · 
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no found 1.n '\ll cl "tl ilo of norphnloey Md 

rpho~ n o i o t o bo o:l.mil11r to oth r orbi vi ruc 0 _ 
'\ 'TDUP of 

vh-u o Which Cu'C.. Ot1'h:llo icnlly idonti..ll rU. , 'hoy oh:mJ n o.xnnn 

prop rty or rolntiw ot:1bility t.o lipH llr\.m.o Md oodlu:J 

dooox:ycholnt n , libility nt. Jill ) . 0 M!l tho llclc or cnti{;onic 

Nl'\tionohip ~0 nn,y or ih ~)'ljOr oo~lo(jic IJI'OUP ,\, D Mrl 

'Duuny:v.morn . 

Lnb:>rntory nic , hll.t:u!tcro, n'lbbito , lcn'Jo nrc ouceoptiblo 

to o X.)() r i.r.lcnta.l inf<Jction by ONn(.'O viruo i th Ncul tent vi.rallln 

or c.ntibody dcvoloprl nt . Sp=rono ".11u tl'l\f old chicko U'O not 

ouoor.p tiblo to oxporinont3l inr"otion 11Lh Orun "0 viruo . 

.. rtitioil".l trVItrJ.ioci m of Orun !0 vi.ruu by .\otloo _:!lboplotuo nnd 

....Q!'!£ "-"ll".IJ!ti c:>oqui'Woo nne daDonotr:ltocl on}y on iolOoquit ~o 

J.njoctod ith viruo by tho intTnthoMOio route.. 

Qrul\0) viruo oultipliua nith %\Joulhnt eytO}Iathlo orroot on 

v..,r > collo •uul UJtJ(- 21 cell oullur o . Orun -o viruo nloo forno 

'Ill quuo in v ro bul not WllC-21 c 11 oulturoo. !lo mal:tipliontion 

r CPE u:u~ duo:~nctrntod n.ftcr t~o Jl'IDO_... 1\l~plotun 

00 11 l ino:l . 

Viruo otr'li.n 11609711 l"roviouoly 1:\lporttrl '\II OX'\Illu'O vJ.ruu ~rru: 

round 1.0 bo T~t!VJUino viruo b:l CF , II ...nd ACD tootQ. Uain • thoao 

l hro:o oo=i=wl!!l o "ic~ toGt o , olic;ht wrorcnooo vorv dotcotod 1n 

~ Cf"'Ct o r th« rol'\ti n , r t ho llicOri 'VI ntr\lns of Onmco v1.n.la to 

t ho proto tYJ'l<l otr:Un ic l '\tod in U n f C? Rtnirl .~52302 11 :.a 
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un l ' th 1 t n..l tionohip ~ th Jll"ltotyp~. , 
lthoUJh 

i diff l'l.. nOt. o luld not be contin d by • .CD t<Jot , :ro 'Ill 

tr ino ho 
1 

t\ id ntity, on th oth:.r h"Uld, by lit.. conot:111t aoru:J 

v~ry.i.n· viruc n~;.utr'\li~'\tim tc:.chnlquo , it /IUJ JIOoo:lbl to diffol."Cn

ti t OrunL'O viruo ~J.·a.inn into oub- ;roupo1 ( 1) Ill}:> 19 ~d UC:Jf 359 

(PIX' t~typo) · ( 2) ,ffi52302 , 1!60784 1\lld 116o IS 'Uld ( 3) H 11306, It io 

n t yot cloiU' 1f th D<l nro nrtltioil\l cU.rfcr.:ncoo CNnt<.d uy 

v;uol!ltion in pot.moy .,r inilividU!Ll otr:Un ouorooc-!\Cotono Mti~n 

Mil M,\.!;'o , Th\l lllflelu roduction noutrnlbnt!on toolo Dr'\/ y t yi ld 

'\ ?l.'CI dofinito :rovult. . Orunu., viruo chino oholl no ho..on,:,.;lutin.'ltin • 

O.Ctivity • 

. \ 2~ p:Nvo.lonc r'\to of Orun(,-o viTUIS noutrnl.i:o:.lzt: :11tibocy 

•'\O foun«l in huun.n ocrn coll<::owu rron di!!o:rcnt ptU·to or 111 :tlr •· 

h hl.~hoot prov:Uonoo (HI£) T1'\D found in lh northe;m :uin n 

O'\Vllnnnh z..lnu . 'I'h pt\lv~ nco in ttl-: thor r.on a w n.: 3~', 2:,; , 

'\1111 1~ in tho oouth :m :uim.n ow=nal1, d rlwd III<W:uvaall vul. tho 

nin !oX'Jot zonoo r.:IIIJl otiv• ly. • hillh incidonco or II "!tib..,diuo 

l Orun_.'lXI v1.xu11 ,,:\0 rlotoctud in .3 r' or olwup, oonkoyo •Vld ooflo 

in lit -crb. ?<>llo tin tho iaol'lti'Pn t O:n1.1 '1:1 viruo !ron .. odnl! CJIJI • 

.. th dC!~Y->noLratJ.on or tr:lllc;:llooion ot th aquit.oc.o in llil rin, nn .. 

_ft""uitoao , th oo oooqui tooo O.'\Y wll b<t il:'port'Utt vir.Ja by ;,odun IIJlP · --.. 

r 0-'"':'0 viTUD bot<to<Cn nn.n 'Vld Milln.l in !li~ri • . blolo~~c~ v otoro o ·-~ 

l 1'"'4 ""' 11 Lonll noooointo>d vith Orunao vi.rws 'lho:i = -ularly , ooor - -~· 

1o 1'101\dt:\ChO ~ :ln Mll ooono.lonBl ttoak-·~ r~r or ohort dur t n, • 

n oq or u.. loroor 
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RK 'r!l!lJt:CES 

.itkc.n , T .G.U. ,\rthropod-'~--Amc Viruo lnfor: .tion Exoh.:lncO Jlo . 2.3, 

Mo:reh , 1975. 

An tl.roo.: o o , ~ , • nd llortmMn, D.ll . 191\9 . Tho auoooptibility or 

'lirucoo w ethyl othOr. L· c<m llloro . 3: 290- 297 . 

• uommii.Wr, .\. H. Md ,\tchloy I r' .c . 1?62 . !JodJ.ficntiono of nicro 

"{;t\1" pr.:cipitin l oot . . - • Clin. Pnth . 39· 546-553. 

Cournrntivo l\. t,;lwl. l n'\bility of <lr.Jtllrocytca 

or tUff-.r-..nt liJ'Ooioo or nnlolllc uith nrbovintooa. 

Ind . Jour . _II a . n~o. I 53( J)· 1?9-2()) . 

nlwk, F .L. 1958· RLl •• tior.ahip bo tuo.n vi:Na p-u-Liclu ·ni~ Mil 

filtcr~bility. Viral . , 5: 391-392. 

Borden , E . C., Shope , n.E . '\rld lhuphy, r .... 1971. I'hyaiochcnie(ll 

o.nd Mor,,holo,;iol\l Rolntionoh.ipo or DODO ,\rthropod-bt>z:n 

vii'lOOO to muo t ono-uG Viruo - ,\ "~" t;u"DnoW.o Group . 

l'hyoiooh<.nicr.l wil oorolocJ.cnl 11ludioa. J. ""· Virol. 

1)1 261-271. 

1ur(;dorror, r, 1959 . Colur:Wl> Tick f\lv()r. Tho bohwiour .>r CTF 

viruo 1n ~he porcuvino. J . InC . ntn . 104 101-104 . 

1060 . Color:ldO T!ok Fovor. Thol 1.l011'wiour or CTl' 

vi:ND 1n rodcn~a . J. tnt . Din. 1071 )'ll\-)llcl. 

""d E)Uun6, c .J.I . 1959· Sl"lltca on tho oooloc;; o£ 

:.:·\~r .:...• ___,...-._· _,~. , 69: 127-1 )7. 
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ilur l'}wr , J .c. 19n . 1JGO or bnby ~u 1n yollou r ~ r 0 tudic;:: . 

/~':1 J . Trop . l.lod. , 21: 299-307 . 

Dutonko , ~ · , P'\biyi , 'VId Touori , 0 . 197\ . Dotootion of ci:rcul'ltion 

of o.rbovirun ... o in th KBinji loko nron, 111 1lri , '!COO~ 

to oorolo~io!\1 o\.l.rloyo . TrN1~tion11 or thG Inatitutti or 

I'oliosvolltio nnd Vlruo ~~neoph.rllitidoo , llod.io'll VirolN:;v, 

22(2): 2~5-251 . (In Ruooinn) . 

C onla , J . 1?SO . Piltr'\tion or nrb>virua ti1NU..,-h ''Ulllipnn" 

Ch'lnbor lnin, R. I . Vld Su{tin , U . D. 1')61 . llcohMia::J or 'l'l"lll..-·--fan 

or V1NOOO by LlDDquitooo . ~- Rov. £ntt>-. • 6: 371-)\l[ . 

Clcu:k , D.n. nnd C'la'l.le, J . 1953 . T<lohni<iu"o for ha~ lutin,..t..un 

nnll h U."l<' ;l.utinn.Uon-inhibition vith llt'thrapod- bomt 

ViNIKJO , /"' . J . . :-np . W d . '11\d •• I ')61- 57). 

Eklund, C .l!. , KonnYey , ll . C. C!UIOy , II. 1 Jb I. Color:ldo tick 

Jh vor. ~Icy "runt .in IJ d . J . , 58: 2 1-25 . 

!:!:::nona , n. I . 1, f: . Color '\do tick foVt.r prolon,:.-od \'Uclin. in 

hiborn ~in,; Citollua lnt.t.%"llic. \'"l J . TroJ! . Uod. E"··, 

15 : ,.,20- D). 

19(,7 , Color "'do U<1., r vc.r 'llon thG I'n.oJ..fi c slope of' 

llorth ~lOri0'3 . J~tpnn J . II 11 . Sci. nn•l Diol , , 20t 166-17 

------ f\1\d Lonnott.G , 1': .1 • 1, 1' DUnOClu~rcaoont at ninin... 

1n U1Cl 1Nx>rntory din.::;nolin o f Color:ldo tic~ rcvor. 

J . k \b . Clin . Jlo l. , G81 923-929. - -~ 
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\b 1y1, • .. . • Toooril 0 . I Bl-D:~,YQu:Ji I I .S .U. 1975. Dpid cJ.oc or n 

• brilo .1ll.n oo nosooht. d ith UJ.,lll' 35, viruc ln 

F 

23( 1)· 9-1,. 

bani 1 ·• • U. 1 lluiU\lh1 T P T<l .ori 0 L v H ·' p-,.1·-' ' ' I I • I ;) I • • '\l'lll UU J~t (,, 

1972 . Sb.ldioc on T tocuin inf otion .in lliv.ori 

!.~.R · ctoo,, ._.M_o.!b_ l ~1(3): 29 -302. 

To..10ri 1 0 . nnd Pl\biyi 1 • 1 76. Vi:rolo icl\l antl 

olinicnl oboorv\tiono u"-4.... on outbN'lk or Dlmi.'llO 'llld 

Dcnr.uo-lll:o illnoan '\t \boolrutn 1 0~ Shk, ll~ "rlo. 

tli i!.l~ ·~ (Tn l)rDIIO) . 

l?oniluoi , J . D. ' Uovr~ l D. I; ., FOr:IUf0\1 , ••• n. I C'!oUillly , o .n. 1?7 • 

Vh:uo Iool'\toc frot\ ohllllran ui1:h .fobrilo convul 

1n IIJ.r.orin ,\ oorNlntion otu<l:, or cliniC'~ M 1 

lnbor'\t.Or'/ obocrvntion . Qll!l:...D!.~ 11: 272-l"/6. 

F l 
.. _ " ' { l --. s s 1961 Sonoitivity r VJI.I.OUD ·-' - ·-o 

• 0 .,...nn, ,,, , \IV l·w• 1 • • • v~......, 
t.o ohlorofo.n; . ~..!!.~n~._.£!!!.,_!!inl. r.nt! llr II., 106: 

G .o.r
1 

J . , 11 lllon, . d, lo noux , ,\.F. !Cor~, n. 1 11'>nc- I.nnoc, n . , 

Stc::fl\ , J . 6 ., Ollrt 1 J.D., '!Zll Schul-;:, 

VnllDY Pov<lr in S~uth ,rrio , \ ctudy • 1953 

outbl\J"'lt in th Oran,;o V1"> ... tc- , "it I 

t..o th voetoro Ntt' poPo1 bl• rooorvoi.r he t • '> . U'l' . 
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C rlof f , n.A. ~d L rcon , O.L. 1959. ExporJ.bcnt 1 inf~,;Oti')O C 

r hocuo r nkoyo ti Ul Col'l:rnclo t i ck !av.Jr vinus. 

~. J • Pnt.L:., 35. 1013- 10511 . 

Grc n , I . J • 1079 . l:vidonc~o. Cor tho doubl - ntrMdod nnt\m; or tho 

IUt,\ or Cc'>lorn.UD t1ok rovc.r , '\l1 ""'-"'1'0\JPOd :'U'OoViruo . 

Viro\. ~01 1056-1059 . 

\\ndd¢,1, li. . J . , D'\vion C. I. nne\ 11\lkor, ,. , J . 1960. on:~onr.-n,yon 

Cover: tUl opidomio vll'\10 diu .. o.a;.. in E11nt :..rr~Q • 

I . I n t 'I.'Qduotion . Trlno. Jl_o.Y._._J;~._!r211.·~ Uod. 1n HY •• 1 

5!\.t 517-522 . 

107 679. 

lln-p'\rl U\ , V. ll ., Hille. 11\.n , 't .n., Md K 1 r , ... 1963 . Contr1lnl

t 1ono t o ohr~t<Jricntion ond olno::Ji!iot'!.tlon of nniJ:I'\l 

v.Lnu:ao. F..~3o , Soo . F-r.> . iii l ••• ..J-1£.!!:_ , t 12: t04D-t05Q . 

n yc:vm, c.s . , iCok mot, n.n. and l!oillon, n. do 195' . /~oo<tlobr<m 

I toh II 11~ •-t~ " l/~"11 • I . 1 1):)1 1 "' . 1 "'nnno , T. 1 t:alul•ir"'1 II , 1 
' •' ~r .......... I '. ' _. •. "' 

Oknstn, [i. . , 
h , 'l' . , Ioh.iltt.- . , ·•., Mil l.!\lr:l..-::1tau, s ., 

1970 . r~r~oto or trypoi n n vir3l aucooptibility of 

var
1 

acll culturoo - ooropt itiWO'.l kidney lillc. Jnnnn 

J • •• tl . Oo 1,_._ }2b.• 23( ~): 227- 235. 
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K ;p, C ..... . , Cnuooy , O.n . "Ultl Onuu y , C.E. 1!)71 . Viruo 1 ol•tiono 

l .. 'U'foyin, 0 . 197 , . Sttrolor,ic'\1. lll.lr1rJY !or arboVil'\I~D in Joo, 

ll1 :-orin, 1972 . Thooio in tho ~a.rtc nt of J::ridtmil"llO ;;y 
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