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A tot.al of 110 blood sampl.s rr. Lebanese "81.

d.,ts ..re ,.ned tor the pre.ence of antibodies to

certain sroUP A and sroup B arbov1r'us•• ineluding Slndbls.

·Rat Nile. Dengue 1 t Den&U. 2 and Y8110w 'ever by homagf,lu

tinatlon-1nhibltlonand neutralization tena.

Group 13 arbovlru8(ee) appa."~ly are pr8sentlll

Leblllnon u evidenCed 'by the elevated tite" to thea. viruee.

observed in h.-sglutl.natlon-inhibitlon testa. However,

clue to extenaive antigenic overlappinc among thea. viru_.

the exact etl010g1c agent.(s) responsible tor tho.e reaetlona

could not be dotH.mined by .erology. Its.1ta with neutra

liaation testa were 1J'.WWMc1ualve due to the l1m1ted number

of deteJ"m1nationapertormed. Future work should attempt

to isolate th1a agent (8) from. infected arthropod vectora.

Cootie red cell. won tound to M superior to l-day.
chiek erythrocyte. tor use in he~lutinatlonand he.tl'.ll.lUJ.u-

tinat1on-1nh1bl,tlon teata.

tanned er'YthJ'oeytu from varioua 8pecies ot animals

gave identical result. lnhe_gglutination te.ta aa compared

wtthunt.aJ!U'\$d. e.rythrocy"$s.



The kaolin a.nd acetone methods of \txtract1n8 the

...pecifi.c 1:nb1bltora :rom serum gave identical result.

in the hemagglutination-inhibitiQn tests.

Antigenic overlap among variO\l8 groupS arboviru_,

Indludins; 'lfleat Nile, nenSUG 1, Dengue 2 and fellow Fever

wae demonstrated 'by the uoe ot hemagglutination-inhibition

tearts.NevlrthelMa. in aU inatanc•• the homologoU8 serum

titer ... found to be higher than the heterologous titer.

Mosquitoes caught from various districts in Lebanon

ware identified aa aua.-.lu,•.~~,~• .B1.M\tU.

and.£.~.

(v)



TABLE 0' CONTEIa'S

Abatt"4U" " ••• 10 , •• .. .. • • .. 1.

1.181; otta~. •••••••••••••••••••••.•••• Y11

Introduetlctn •••••••••••••••••••••••••••• 1

,Matrn-lala and Method.. ••••••••••••••••••• 21

aeault:s ••••••••••••••••••••••••••••••••• '6

Dieau.1on.............................. 51

Reference. •••••••••••••••••••••••••••••• '9

(Yl)



6.

Arthropod..borne YiN•• lined by 6
ant1&enlo SJ"OUpa ••••••••••••••••••

Isolation and lchmt1ticatlon ot
anl1ropod..'borna'f'iru... .. ...... ""..... 17

i\djuaina diluent. ueed tor erythrocyte
8U8p41n81ona ••••••••••••••••••••••• "

H..g~ut,:S.natlon....1nbib1tlon testa by
ASce-croUpe on human sera with
80mG fP'OUp It and ~up B arbo-
viruM., Lebanon 1963 ••••••••••••• 41

Oompa.rlllUHl of hemagglutination-inhibition
and Mutral:J.zat.1oa antibody t:J.tere
1ft human eer-wn aample. obtained.
from Lebane•• resident "".... 42

Compan.tlft 8tOOl., on h••sglutlnation
inhibitlon t1tfltra in human aerum
&.lalnat West Nile. ue:1nl iOQ88
and l-day Old chick rod blood.
cena ••••••••••••••••••••••••••••. 4S

Aalutlnab111ty or erythrooyt.. from
'ft\riOWl 8pe01.. of an1.ml8 with
a:rboYir"ua•• betore and arter
t.reatment l't1tb tann.::lo aoid 46

~atlftatudl. on hernQ&8!utlnation.
1nh1bit:ton testa uanckaolin
and acetone extractlonl'nethod ....... 47



lC. Crou "activity amona various croup
J ar'bo'riru... in lnmn.mo mouse
aerum samples ••••••••••••••••••••

u. Ca.s1t1oation or moaqulto. collec
ted from difterent localiti••
1ft Lebanon, 1962-6) ••••••••••••••

(vili)

49



INTRODUCTION

!h.anhrOpod-~ animal Yin.... otten a'bbreY1ated

u arboJ'- OJ' arbov1ru._. are d.crt.d 0.8 tho•• YiN••

wh1ch We. arthropod. by their lngu1ilon 01 infected

vertebrat. blood, tollowd by multlplloatlOrl ot the v1rua

1ft the vector and ita tran.a.lon to tunher susceptible

hollta by bltlng,att.. a per1oc:lQt incubation in. the \'Got..

known .. the _rlnaic period (WHO Study Grou.Pt 19611 Porter-

field. 1962).VlnlM8 CU'rled raechan.loaUy by arthropoda are

exclwied~ thi. I"OUP or viruaee (Oasale aDd Reeves, 1959).

The al"bovint... haft been diV'1dec1 1n:to groupe depending

em thtlr :M'r'Olog1ca1 reaotlon8 and the oro. reaction patterns

'they display. the oonceptot antlpnl0 croups. a. introduced

by Oa••18 and Brown (1954). hae ana_the placement at arbo

vlrua. into A. D, C. and B~a. group. 'baaed on hemaglu

tinatlon-1nhlbltion (HI) ,complement t1xatlon (OF) and

nO'\ltraU.tlon teet. (tn) (C&aala. 19'7). Othw arbovirus•••

not -n. det1n«l, han been pla.ced in a ••parate 01.$ and

a••ip•••a "ungrouped" arboYiruae••

ArthrOpOd-borne Viru••• are eon.1dered to be wldel.,

d1etr1but«l throupout the world and are important as dl••a••

causing apats mainly in the tropical o<>unV':1ea ('ilIO study

O:r.p» 1961). Of the 150 arboviru... ava11ab1. SO are knO\Cl

1
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t. be pathogenic to man. Tnou.,sh &equently encountwedln

many parte 01 the -world.. _.ct information em thelr pogra.

ph10al difltribution ia Umtted. Se....ral reporta oto~
epld-.1c8 and atud.1e. in endemic areas haft ahCMl arboV"iru..

t. be present in the Ea.atem. Mediterranean basin.

Weet f~il. Yiru. waa tint isOlated in Upnds. from a

........ with tebri.1elllru.N (Smithbum.llll•• 1940). amlth.

bum (19'2) ftPGrtedon the pre.en. of ~Ieat Nile in Sudan

and other Eaat A&ican countrie.. Me1rd...... Al- (1951).

180lated.Wut Nile v1ru. t'roaI. &r3pt• Taylor,...... (1956)

iaolated tho virus tram t.brile chl1dr....~~.

s.. ......, and froq the hooded crow. They also "howed

tbat 4~ of the humtm .ampl. CGllected fro. Sudan and ~

t.rom Sgy'ptneutral1zt:d the Weet HUe virus. Similar aero10

gical studi•• 011 humane ..... made bySDd.th'bum .... .i1. (1954>

and &lao by Work ....al. (19'" on the w11d bird. of Egypt.

Results otth... Rud1. lnd.lcateti tMt W.tHUe virue 1a

endeda 1n Egyplh studi•• oarrled out in Iarael1ndicated

the prNGnce or th1a virua 111 thia country (Goldblum a.~.t

19'41 n~opt....... 1953). 8p1dcmd.caof Dengue rever an
aid to haft occurred .ta. Lebanon in 1861, 1869, 1913, 1916.

1920 and 1921. Aa Ul'lU8Uallyaeven outbreak involving over

100,000 peop'. .. apertenetd in Beirut durins 1945-46

(Ordham, 19021 Reunion du OrouJ*nent dea I'Wecina de Culture

!Taneai•• du 27 liovembre 1945, Conaacre~ A 1& Dengue,
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1945-461 Be:rberian, 1945. 111:ttl and. lbau-allah, 194').

Thet.lera Al. (1960) reported about ahnsue epidemic in

Greeoe wh1cb had ooCUft"Gd in 1927-28. Iaola.tlon in Igypt

of Sindbta virue .. carried out by Taylor...... (19'5).

and Gold'blum (1963) reported the rnaence of a 't1..rua aimil.ar

to Simbia in l ...a81.

8erologicalatudi...... undertaken to 11.... an u:nc1....

standing aa to the p:re.ence or a'baenci. of a certain Yirua or

~ia a population, tak1ng into consid.ention the as.
croup, _•• looa11ty, and the re1at1on ot th_ to the vector.

present. SUe atud1eepre_nt the l:ueana by wh1ch a population

18 known to beltDi"tRme arnot to certain infections. Th.,

aleo ad.d to tho existing seographlcal and microbiological

kn0\4edge. When an inve8ttptlon tor the presence ot arbo

v1ru.8.. 1. made, an antibody 8'Ul'¥eY ot tbe ,..iaenee (human

and other vertebrate.) 1m neceaaary• '.fbi. 18 f'oUowd 'by a

study ot the ecoloc1ca].ba~ made 1n relation to tormer

,.••ulta f and by at'••• to leolate and identify the viJ'ua

(\fI!O Study Group, 196].).

The 8tudi•• reported h....in were des1ped 'to lnfta'tl

pte in Leba,non the pre_nee of ant1bodlea 1ft a limited number

at humane aeleicted a1t random. The ... W8l"G te.t,ed again.

crouP )\ (S:Lndb1a) and. 80.- group B (Dengue 1, Dengu.$ 2. Yellow

'8VfItt.and. West f~11.) v1.rueea U'tllilinl the 111 and th. Nt'



\ena. A pn1.1nd.nar1 eurwy .. made, uaiftg the HI".'"

on1y. NewJlthel••, due to extensive antigenic owrupping

eneou.ntend 1n theae 'eata amona IWO'lP B virws.. NT , •••

.... ad.opted lat.. M they ·wn oonaidered to be more

epH1t1c than. HI or 0' t.at••



GIISIAL PROPER!It~S 0' ARBiOVIRU3ES

lADIiJl\l.J6..t.9Ji..m. al£U1itPIlAn&III.•, Tbe arthropod-borne

'Vinut•• MTeolrt/un o,ommoftobaraeterl8ti.. Generally their

alze tana within the ran._ of 15-40 rnUUmicra. For example.

YeUow 'ever-Virus •• enownto have a at••• of )6 ..1 S DIU aa

detend.aed by eleotronm:1croacop.lc etud1. (Bergold and Wi.bel,

1962). Slnd.b1a V1ru.~i_.U"'.4O-t10 mu. ('faylora Al.. 19~S) t

Densu.,11-2' 111 (Sehle.ln.... and PrankeU,1952) and \~.et

tIU.21-,l 1M (Smithburn.- a!t J 1940).

As-boViruaea ·are readily inaotl".t,eda't room temp.-ature

but at -20°C they are more stable. Nonnal 8erum and bovine

pla•• albumin haft a protect1w atJtlon Oft thea. viruaeaaad

ooneequently are u8ealn their pr••ervatton (Callal. and Re••••,

19'9). L1ttl. lOllS ollnitl,al titer ot the virus tak•• plaoe

upon 1y Uaation. An alkaline pH 1••1 ot the virus

8uape'nalon, 18 n...eaary .e arbovirus•• are unatableat a

lChm'p£'I. They are inactivated by \4"r&v101et 11Sl1t ~md by

Ii 1:emperatu", of 60°0 tor lG-30m1m.rtes,. Ina.ctivation of the

vlrwI by chera1cala, .uGh .a ton.lel.hyde. ethC'. and a 1:1000

411utionotaodi:um d.aoxycbola~. 18 considered as one of ~be

or1'..1a for the 14ent1fieat,1.on ottheaeviru.G8 (TheU.. ,

1951).
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avuctUft of arbovJ.ruae.. That haft a ribonucleic acid CON

(Clarice, 1960l McAUlater. 1962) ..

.AI~.LA.r.at2llSJ:A:'" AI,l arboV1ru_aat as good antipna.

and they provoke the formation of antlbodiM1n the 8W:Jtep.

t1bi. boat. Howeve'f', tho pre_nee ota ml.I'E.tber of COmmoll

ant1pna gi......loglc oro. reaction pat'tema w1tb.'bl t_
crouP. Clarite(i960) demonatra\ed the camplet nature of the

multiple anti.pnathrou.gh. ••rumabsorptlon audi8••

JU.lIlW&liUa'. fable 1 8bowa 1m. pOCJ'i\pblc dl8tribut1_

of arbovtrua. divided into antis.Rio srouPl ,. au.-.ed 'by'

Brown and Cuals (1954). eaea1a (19'7), and the WlIO St.,
Group (1961) •

....8: J.ii9raiRa dl&SQ&tWIl
Au:ra (DeA.. 10)15)
Ch1lc:ungurtya.

~

Be1'm (HraI11)
,anpny1kaMl~ncl.at South

A.t:r1. t ". nd



,

Iaatem equine encephalItIs

Qtayonl-nyonl
Mayaro
Mlddel'blu'l
Sem11ld.

UM (BeAr 131)6)
U~·

Venezuelan equ.ine encephalItis

Western equine en.c'lImallti.

~~} 1Un1;1oal!

AJl42,,.

~

USA~d~~t:l.:ra~Tr1nl-
Up.n4a
Trinida.d t a.14m, Colombia
Soutb A~1.
Ulanda. Wen Atr1ca (Kwnba) t

Mo-.m1:d.que
Egy~. Iadla. South AM••

-Ifi.l&ya (atra1n A.W4 2215)

Bel'm
Bolina

Ven••uela t . COl._la, Be16m.
TrirUda<1, Ecuador

USA, .ArlO....nt1na, V.leo,
Canada., 8rUu.ah Guiana

Malaya
Japan
.Malaya

Ba' eallyary sland (.Rl0 Bravo)
BU$s~a

Begue. t,ype 1

D~. type 2

Denr;ue, type )
Dengue, tYPe 4
nht1ua

USA
B.14m (l:'r...11). Colombia
Ha_l1, New Guinea, Japan,

India, Malaya
Ne. Cub_!. India, Trim.-

dad, Tha land
PbUlpptno Island.
Ph1Upp1n.$ leland.
BrazU (Ilh'U8, a.14m) t

1'rin1t1ad. Honduraa

Ja.pan,... eastern Aa,uraam..
land. tram USSR to Halay. f
IndI.a.., Guam



Modoc
Murray VaUey"-.phal1ti.
Ntaya
Spond'Wlll11
at Lotd..
Turkey men:1ngo-exuIGphalit1a
UgandaS

Weaae1ebron.
w.at NUe

Yellow fever

Zik..

AMM 11'1'
SA H "6 (s1milar to Uganda S)
Dlphuic men1nso-ennphaUtla
Central EUJ'OPetan tioki- or rrd.l1c-

borne
l"..anur forest ell.e..e
I..I.ngat (TP 21)
Loup1nc 111
Omsk ha~hag1c t ......
Powa.a~~n

Ru.lan.p~ oncepM.-,
11t1.

.~

USA (California)
Aua"t:l-aUa tr~.. Cuin_
Uganda
South At:r:Loa
USA I Trinidad, Paruma
Iereel
Uganda

South Africa
U~nda. South td'n eta t Egypt.

18",.1. India,
Atr1:r,Centr'al. and South

Am ea., Mr.t1dad
Uganda. tapria
Malaya
South Atrioa
USSR
Central Europe, a.den to

Balkan.
India
14alaya
QrtMt Britain
USSR

Canada.. USA (?)

USSR. Central 13urope

Apeu (AnS4lt)
Oaraparu (Aft 3994)
Marituba (An lS)
ltJrutucu (An 974)

a.14m (Brazil)
tt

It

"
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Oribooa (An 17)
I_u.1 (An l2191)

.~

Bel6. (Brazil)

"

Bunyamwera
CaChe Valley

Oh1ttoor
Gernd.ston
Guaroa
neaha
JCa1rl
Wyeomy1a

Upnda. Sou'th Atri..O&

US,I\.f 'l'r:l.J'Q.dad t a.14.
(,eraz11)

India, l~a
South A.tn.oa
Colombia, a.14m
Weat At:ri..ca
Trinidad, B.14m
Oolorabla_It A£91.JDI

California encephal1t18 USA (CaUfom1a)
fr1vttt,atua USA
Me180 Trinidad
BtaAr 803' a.14m (Brasil)

Ouama
Oatu
Simitl

lwamba
POl\lola

Si-rabu
Qropouche
Sathuper1

Be14m
B.16m
Trinidad

Upnda
South Atr10a

Sou'h Ab-ioa
Trinidad
India



JIM iE ~m'alX· s\&\aNa
furlock
Umbre

Anophel.. A
Anophel.. Ii

Tr 10016

A* 2549
A* 2)25

Tr 7994
Tr 8162
fr 922'

Quarantu
Chenuda
lIAr 1306

~

USA (Olalltomia)
IrJd1.a

Celomb1a
Colombia
Trinidad

14a1aya
1,1alaya

Trirdda.d.
'fr1nidad
'lr1ftldad

EgYP'
Igypt
Bgypt

Blue tongue

Colora.do \1* t ....
Cri~n h&~g1" t ....
Nairobi ehMP diM".
Sandfly fover, Neapolitan at%'aln
Sandtly lever,Sl.11an .train
Hart Par'k
.ManzanUla ('lr'5S1)

Africa and 'the lanern
Ned1'tel"l"anoan area

AMC:l,Nor-th Am.-1Ctl.
Spain, Portugal, Iara.el

USA
USSR
At.F1.
I.taly
Italy. ElYpt
USA (CaUlomia)
Tr1nldad.
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.11m' .• :La ,sn~_
tift VaUey t ..
!a.tWlll (BeAn 73)
Wl'wat~ (sa AI' 1062)
Argerrtln1&ft haeIDon-bagi.•

levw (.Junin ~.)

~

Atr1.
Bel4m (Bradl)
AM.
Arpnt1l'1a

I hIA·. - 1 n

"0 3\udy Group, 1961

.uD...&Jr.uUl:....IJW~..W.I- Maintenance of ar'bov1ru_ in

natured.pd. on the prea~•• ot an adequate number of auacep.

t:l.bl. "rt,brat. hoats, arthropod .<lt0"_ and. upon the

..._tation of th... w1th thelr env1ronment (Smith, 1960).

Otnaincritfti.a ·are n....ary tor a veatOI' to be

ftcongniHd aa a tl'anll'll1ttlng apnt. The YiN. must be.
ftcovend from an arthropOd that 18 intened by feeding em

a vi". boat. It ahould then tr'Anamlt the 'dNa to f'\u'tber

auceptibl. hNts. Weotlore prodUced by arboviru... may

'be tn_quito .. a:nd/or tlck.bome 10 nature. The vectors ahow

no 'lip .tintection to1.1ow1na virus multiplication 1n thou

tia8uM.. Ar'bovtrwl. haft a w1da hG8t ranee ot vertebrat•• ,



12

Several facto,. may lnt1uence tranami86ion of arbo

'I1rue1ntect1.ona inclUding, the amount ot Yirua in tbe host

blood.ne..esllry to eatabUah an infection in the arthropod

(118.11ns, 19S5). 'thl:'eehold et infection in the "801';01'. the

8Xtrinalo 1neubatlonper1od, preaeo. ot a nOD-1mrtune h08t,

and 1t8 availablUtytothe v.cto,.. MaD 1. only an occaalonal

hQat 'oaome of the rtru.. ot the arbo p-oupand the aurvtval

ot th... Y1ru... apptare \0 depend on a. cycle of tranami..iOl1

bet-.n lnaeot and bird. ··or mamml11aft boat.. Eplde.miolosioal

aftd.eoolQg!.ca.l e-tud1•• point out 'to apriraary avian-mosquito

avian cy.le with anoccaaloaalintectlon in lDan. For .~l••

the pattern ot tranemias1cmaDdmaln"enance innatu.n of St.

Louis Encel)ha11tla virue involves a primary w1.1d b.1rd-moaquito

(~~) ..bini cycle and a ••coDdArT bird-moaqu1te

~~)-man cycle. Isolation of ~.at Nl1. viNe

trom HlDA.DDI.&~. a bird 'b1t1na moaqulto. in U,~da.

1Ddicat•• 'hat bird. may act bothaa natural ho•• and reaes-

voire w1'tb man a8 a .tcondary 1"10," ('Woodall et a1., 1962).,

PurthereV1dtmce tbat man 18 l\l8oept1bletolntectlon with

arb~)v1ru•• baa been provided by the lGo1a.t1on or thea.

viru••~ hWlan blood. 'or example, ~.a't !JUe virus

isolation •• aueo•••tully undenakent'rompatlentawtth

'v-~a (Smlthbum .11.• 1940). Some Virus. haft be.n

adapted to a lite cycle tillch doe. not r.\~u1re a vertebrate.



l'
non-humaD hoat. auob aa Denaue 1nteetlona wh.... the , ••ondary

vector "'nerd:" trbo Yiru. d1rootlr t"rom rtIU!l to Dan. Contrary

to _ tick-borne v1rua infection tranaovar1an paasase <It the

Y1rualn moaqulto-bome lnt."'1.on do.. nat occur (Da:ri.. and

t ..pb~. 1954).

Tbe c11n1calmanit.8tatlonaot arbo~ infection

1D bumaneran&9 .trom ...... enc.phaUt1s tro mUd robrill

dla.... fh.D.nsu.v1ru.... caua• .ma.la1... te'v... headaobe,

..-1Ih ot thernac:ulopapula:rtype, with no lnvol~nt ott-he

oentre1 nenoua .ylltem (Sabu. 19'0, And..... A1. f 19").

~. 111,. v1rU... cau.. anon-tataltebrile iUn•• (H.andlton

and Taylor. 1954" 1'ay10:r.&\ ..... , 19S6). with viJ"Glu1a (South

am and )!oore.19,1). howYer, occurrence of encepha1t.t18

aDd the pnaen.eat neuroloslcall1gna1n. human. have be..

reported (Sp!&lan4.&\ a-, 19'81 Pruu.nsk1 a,nd. Altman, 1962).

lotbiAs 1. mown of the aymptoma:,olog ot natural intecrtlO1l,.

1n human. 'W1t.hthe Sind'bia V1ru. (Taylor" a .• 19S5,

Pt.,ttGl'korn and ilunter,196'.).

IIR~~. QD§IIII:g~~G.'. AJ:ibov1ru•••

l,nt.", a 't"8f'i4Jt;y of laboratory an1mala. Tbey propagate well

in auc,kUnsm1•• embryonated esgaand cell culture.. !ho

eucoeaatu1 prGpacat1anot w••t Nl1e YiN. in auckl1ns mioe

._ reported by 3ln1thbum..lla. (1940),Seutham.llJl1.

(1961). and ':&1101',.11 161.(1956). The 1nj.,etlon of arbo-



v:truaee by the lfttftcran1a1. 1ntNbU41, 1n'1ftperitonea1,

and subcutaneoua rout.. naul"a1.ll enoephd1tia and death

of whlte 8uokUq mi... Rbesus monkey•• ra'bb1ta, su1nea

ptsa 8how no aipa ot overt iUn... when. lnt'Mted wlt.h

Denp. a.nd. W..' NO.. Y1N_ ewn thou. til.., dewlop anti.

bodi.. :1n th.ir..... Adult _..0.. encephaliti.

involnm." only on 1Jrt,raeran1811njeetion ot the ¥1ra

(Hanraa, 19541 Sm1'thbum-..Il. t 1940). Sue.888M propa

sationot Densue ViNe in rd•• baa b..nrepoJ'ted bySa'Oirl

(19'2), Schlee1nprt and 1r'anke1l (19'2) and that. of Sindld..

'rirua by Taylor ... ,a. (19'S). lledSehop an cone1d..-..d aa

,..1'01. ft881"Yoira ot I.Uow , •.,.. nrua (DiCk,19'2).

Tahon. .. ,il. (1956) t etudiect the Weotl. rate.

incubation peri,odand thwahold titer ot 1rlteotlon wJ;th ....

NUe v.t.na 1ft the .......... moequto.. The extrinalo

1neu.batlon periodvar1ed from 1 to 21 day. A thrfaahold

tit.. tor tranaml.lon ot 10-1·' .. NpOrtitd. 1'Nnamiu10n

did not occur when the titer or the virua ..apenalon. •• 1••

'thaD 10-2•8• hid.nee tor multip11.t~onotviN. 1ft thie

vector .. enabUIh. by ehow1nS a r:L.. 1n titer withiD J

daya art.. lnlecrtlon. ae.ulta otViork .tIlJal. (19") t

Sou.thmn and MooN (1951) demonatJ"llted. 'that certa1Jl moaqultoeo

wve auacept1ble to A~ _rain ot if...- NUev:trua 1n ·the

ranp ot·~ found in human and vaM.OWS animal inteetlona.

Hurlbut (1956) abowed thtl't~~~M$""'t



~.ai»i.Iu and the tl0k~~allowd

the multiplication.lWeetH11. Y1ru. and tNn8Ud_edt"
atter exper1mGntal 1nteeticm.We. Nil. nru.e .. exp~

mentally van_tted to .ck11na mice by...AIUI..~

(Go1ch••saa and Danea, 19") and by.AlUl.~

(Ph11ip am Smade1.. 1940' l. ftwu.... W.at NUe V1:rua

diat.r1bu't1on 1n "he t,i.aue of lntaoted l~ mioe abi:.Jwed

ita appearanoe t1m 1ft the blood nat 1.n tbo brain, and

last 1D tbe 11..,.. (Taborl.JIl ..... 1956).

Variouelteu u.. haft been UMd tor arboV1ru.

8'tud1te. C~opat·boc.n1.erte. 1. noticed em. multiplication

ot~. 111 HeLa ••U lJ.nea (Buckley, 1961, 1964), and

chick f11roblan monola"... (Ptett....... and lturrter, 19630>

'l'rypaWa. rhe•• monkey kidney ••lle for Danp.. (Botta

and Ivane, 1955), hametw Jddney ••U cultuNlStw Jat*n..

B (Xundln and Dlercka, 1960). andkidn.. cell Un. l:rara

.hicks. guinea pip and hUlltera were ueed tor the 17D

atrain ot teUow 'ever (Ho"& ...... 1(62) wlth eatiataotory

N8ult.. liwnan aI1l101'l oell oulture., have show oyt.opatno-.
gonic effect tollowing~h of afty 1f'01lP A and B viru_

(3alm1ne. 1962.). The u.. of h'WDal'1 ek1n cella tor Denpe 1.

praopaptlen hu been reported by wtebenp (1961). Furth...

m.ore, IB celll'llQ1\Q1ayen 1d.ttl a methyl cellulose OYer-lay,

baft be. euo...tu11y 'WMIC1 1a the study of s;roup 8 arbo

'9i.1:'u8.. (SOhulse and. 8chl..lnpr, 19(3). The wce_.M

propaptlon of mouN adapted 1Ia-.11 .tra1n ot 'ensue
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(Sohlea1nser. 19,0) andW,- NU. v1rua (Taylor.&~. 1956)

in embryonated .fE~ baft alec beeft reported•

...t.II~....L.JrJUDIaJg.sIU..I- Arbcn'lrus 1aolaUons have been

carried out troll natu.ra11y inteet_ birds, moaqui'toea and.

human be1np. Sld.thbum (1952) 180lated WeatNU. 'rift8 f1'om

a humars volunt.er who 81'10'Wd I'lO 0'Yer't Qw:ptOal. ot inrectd.on.

Isolatlon o£_"111. v1rue .rro. infected children, from

moaCiu1toee.~.~, .~IAt;IDAd)1" piseone and.

tbe hoeded crow baa been "ported. (N_ln1ok .Il.ll.•• 19'1,

TaylW and liurlbut. 19". '1'aylor.&\ .... t 1956). Slndbia

Vit'ua 1801atlon. wre camed out from~·~t .£.
~ (Theobald) and the hooded crow (Taylor ... .11. t

1955). Act1,.. tranamisalon ct Y~low ,'tever intections by

.til..... IQ"II~•.Msisa~ AIdaa uexpt1 haa

been. "poned. (Ravena, 1954). Both Sindb1a virus and Wo.

liU. haft bee 180la\ed in Sou~ Africa tr-om~~

(Theobald) • Sindb1. riJ'u8 waa turth... 1801ated trom.~

~ (Tb4lObald) auggeatlng that hoat 8y}ec1flc1ty or

'ri.ruaea i8 variable -ns the ftctor lenuJJ (\4/0I'tb.a.l1,.,

1(61). Arthropod .ectons an identified and olaeeltied bet...

viNa 1.01&tlon procedure. are staned. l>bn detailed outline

of the proNd:ures ueed 1n th.1dent1fioe.t1on and isolation of

arboviru... 10 presented 1ft Table 2.



lAB1.i i

Isolat.ion and idGntlt1ca.tionot arthropod-bomo~

BLOOD

(1) heparin1sed \!thole blood.
plasma or serum

(2) macerat,:i.~lot.. in serum
or.dilu

TISSUB

1

ARTHROPOD POOL

~cn,~
10-3OJ' W,,,,, in
dl1uSltl: with
antibiotic.

d

I
Cw:. CULTU~

'tube 0.1 :4

11

.Pi .,1 .t

i
bacteriological study

BMBRtGNATED .mo~

'fS O.lml (8-1Od)
CAM 0.1 m1 (1):1)
me 0.o, ml (8-lOd)

Observation period 14-21dA18 3-7 day.

l I

, ...
aUCILImG HleB

route/doaii' 100.01 ml
IP C., ml

liOSTS

,.
1l1neoa ' 01' death;

bactfU"io1~gi.cal at,udY
I III '

bra1n; pool.ed vlacera; blood IS, CAZ4. we
l

~o study Group. 1961.

VJI~ nQT'mfil].ani.naleenutl• .tree from "aJlt:lbodyf't 1n aa1.1:oe.

YI/ Weight/volume.

'''1tc • intracerebral; IF • :1ntraper:l:toneal.

~s ., YQlk sac; CAM. chorioallantoic r.nbrane; EMS., embryo.

~mfU'Y ex;p1a.nt$ from ama1l labora;tory animal.s andto'Wl embryos: ~
t1DuOU8 c:eU linea (1).



'~". and. tropical areulUue"'. t.h,. 'pc-...n,•• ot a

m••han18a ''by 'which \h...V1ru.... may aU1'Yi.. ..".....nYlroft

mental conditione. lao1atlon or We_HU. YiNe durinl tbe

w1nter ••aeon (Taylor ..._, 1956) ,and. ~b. deve1,Opl'tle* of

ant1bodi•• in noa-1Jmulech1ldrctn point out te tho po88.1bUlty

that the vlrwt may aUl'Vive d~a pe:r1od when conditione

are \UUluitable tor 1'. tran.d....loa by arthropod Yecto",.

Variows euaseatlona to explain the mechan1am of "'erwlntcin.

SA a-b<rr1rutM8 baft been pres.nted. The viNe 18 thouab\ to

be,....., 1ft alon,11..a vedor .s inti•• tldch 41eopl••

the v1ru.8 to ,heir ottaprina tranaowrl.a11y. Chronio later4

lntoetlonin vertebrate holts. alia bata and. ..ept118., 1.

anoth.- poealb1llt,. Other lnV8Otlcaton bell... that

OY8I'W1nt.rina adult moequ1toee • .."., 'he Y1Na, or that there

ray be aeaaonal il'l'l'Oduct1oa ot the Ylrua by' migratory- biN••

!be' pre••n... of altema'.arthropot! ""ore and boat. DJ."

alao txPltdn the ai'tuatloa.A eoab1natlon of two or'men ot

th... meohan18me 18probabl.• und... natural condltlon.

()fcAU18te,r. 1962;1...... 1961' Ie...., 19621 Sohaetter •••

1(58).



Sorolog1oa1 etudin areoarried out to us••• the

aero-lmmu.nlty(,)l I. population s;roup to a apectticac_t.

Serolog1ca1 t.ata commonly ut111s. 1nthe etwiy of arbo

v:t..ruaea an the HI t lr1' and or '."a•

..taEU~~IW_tiDl~W"'DJIJa·,.Hemagglutination (HA)

w1thlftt1uensa Virus .. first described by Him (1941).

anclbt MaC1ellanc1 and Han (1941)• Independently, they' "ported

thattbe lntluen. Yiru.. poaI•• the capacity to aglut1nate

thick Hdblood eella. lu.rth.- _ric .. ItA wi. Deuro\ropU

apnta showed that the DC lI'OupotCol-t4M, and.ncepbal....

mye1itla '9"lN8e. ag1U-tlnate eheep vythrocyte., (Ol1taky

and. 'fa.... 1949, GC"d wHeUer. 19S1). 3pecltlcHA tty ~.

arbov1.N8_ ..d~ted 'by Sabin (19S1). Sabbancl

8...0"..(19,0), aDd. MaCdonald (19,2). kch arbov'irua haa

lta 0* apec1t1.c~t. to.,. the perfa,rman. of' eat1..

taetoryHA t.at. suOb u the pI 011;1'10 butter. the method ot

anti_ a:tftet1on, aM etn.. fa..... !be inhibitlOft ot.
~\1:t1nat1on by a. apec1t1. i.JJJram.•••NIl baa mad. the HI

Mat 1t"'.ru1 tool in the claealn.oatlon ofar~.

d1apoata of inteot1on. ea:uMd by then "V'1ruh8. and. baa

tufth.- tao111tJi1.ted ......,. _ric:.

19



, 'f1rua. He aho* the b~utlnatlns;parl;lo1e to be

,be the int.ctive Y.I.rws par1;lele Wl1ch &180 carri.••

'the majority 'but .not aU ot the oomplement-tlxinc aot1'V1ty.

The t1t. ot hem..l1utmtn.ia atfected by chloroform,

formalin, aoW pH, and 'by tree.inC and thawing, but lyophi.

llu.t1ol baa no eft,ott on 1t, (Chan.1e and Sabin. 1953 1).

!be he-alU1;1nina can be ].'ftpared from Weoted moue. brain.

11...... ... ....... and. trom. int.cted J:!'heaua monkey ••rum. How

...r. inteeted auckUn, ........ bra:ln 1s the mouree of' choi.

t. h--.gg1u.tinin preparation (Clarke and <:a.lA, 195t*).

S81"e"al meth.tor the extraottem of the hem~

t1n:S.n8 haw be. d.GI"1bed. The preparation ot hem&W.ut1n1na

by cont.rltupUon of alkaline brain auapemalona at 10.000

r.p.m. tor 1 hour. (C1a:rke and. Cuala. 1958) f _as. mod1ts.

oatlon of a proelun pftV1oua1y ut11118d by Sabin (1951) t

Ohanock and Sabin (1953 II). Extraet:lon with tluos-ocarbol1

(.......rtl.1d and Ro_. 1960), aQeton... ettl.., sucro.e 

a.tone (Clarke and ea.1.. 19S8) t an other procedune by

which aatiataetOIT antisena tan &1., be obtained. The.
aat1ata.«t·OITpreparAt1on of' hemagglutinin. 1ft tl18ue cultv.re

•• 4....1bM 'by Id.kar a"". (1962). Buckley and Sr1honpe

(:L96') I:ftpaftd~. bomaglu1;1n1ne in HeLa c.lla.

Sablinen (1962.) reported the hemagg1utlnin production ot

'¥Vloue ebov1NM81n con'ti.nuoua J:1umarl. anal. cell. 1a an

lnhlb.!:t,or .tree a1nMnanoe medium.
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Arbo'fb'wl.. haft individual pH and temperature r-equlr

menta (Sa'bta. 1,.. Smith. 1957). Protamtne treatment or tbe

anti88f1nduceatb1a depend.... Oft pH. (Clarke and Caaala,

19581 Salm1n.. 19620).

The m08t .t1ataaory HA Nault...... o'bta1ned 'by the

uo. of n.s., hatched chick tOthrocyt. t3ab1.n, 19".).

Itowe'tv, Port...tie1d (19'7) round that goo•• red ••118 p ..

c.m11ar neu1ta wi" higher hemaalut1n1n tit... and wJ:th

1... dependenee on variations :bt tho pH. The pattern of

IMKt1me~ ...,-t~..... d..c.rlbed by Sabin and Bu••ehw

(1950) a8 'beins like a shield tom'" a.t the bottom of the

tube in ceU.attened by the b~ut1n1n andaa clump. in

~ttect,ed eeu.. Tb.". blood eell. an· pnpared in aD

eloC'trOlJH waspena1. tor the .ability of tho aed1mentat1on

patten, and O.2$C 'bovine albuadrl 18 added to:Lm.prow this

aedim"atlon. H\I'l8l 0 and rhUU8 monkey cella haft 11"
Msat1,. naulta in wbov1rua HA. 'While ftd cella t.rcJI old

chicka and eheep cella deem.rated low titers and 1~r

"IUlta (Sabin and Bueaeh•• 1950. Sab+n, 1951.1 Cbanoak Q4

SA1d.n, 19" X). Varioue arbmrue_ requ1re clitterent

erythrooytea tor ItA. 'or -.ample, the Ru.uian Spr:I.na-S..

mnotphal1t.u vtru.. aglutlna~. aheep red cella (Sabin, 19'1) J

'.eMurray van.,. Sbnphalltia virue agglutinates pipcnred

.ella .. wU a. chick ... cella (Macdonald. 19'2). salmine

(1962a,) obaerwd .nat h. red cella area&f'.lutinated by



arb~., only an.. tre&trnent of arbo"1rua Q.ntla- W'J:th

~ne$Ulta:te.wb.t1e co* ftc! cella ca.e itA nU11y- He

...ted the behav10r 1ft IlA teste of erytbf'ocy'tU obtain•

.rr. lOcke injected td,t.h ... hormonea. The reault. of hie

.-per.nta .Ud1.'. that PI"'OP8terone aI1d teatoltet'One hael

no etteoton ,he aa1utlnat,1011 t1t.. Wine CMetr8dlo1

benzoate and d.lethylatilboe&ltrol adminlatratlon resulted 1n

10. of HA.

Human. rheaua monk.,.. mou•• and guinea piS normal

aeruna samples \1I8ft tou.nd to contd.a a non-epec:Lfic 1nh1bltor

wb1eb acrted aa a .eolubl,e"ceptor on the red blood cella

(Sabin and Bu_cher, 1950. C1arke and. caaal.. 1958). Jem

apecitlc inhlbitore WN .1. found in nonnal mou.ae brain

(Chan_ ·and Sabin, 19" 111). Tn.. 1nh1b1tora ".... cone!.

d.end to be lipid Ol'" lipoprotein 1n nature (Sabin"19S1).

Purth.. &tUtU.• 8howct tbat th•• lnhlblton .... oholeatwol,

pb.pboUpw.. :La coaab1aatlon with tree latty acida (Salminen,

196%01 Porterfield and no.. 1960). Thue 1nhlbl~ could

be~ .tl"'Om the ..rum by benzine, chl0r0t.nn or by hi'.
o

tUtntion. ~tment ot th•••rum with acetone xrec1p1tat••

tb.~lft. tbu.. r ....1rtg the inhibitor with no 111 ett••

oathe antibody. lemoval could .a1ao be a.ccompUeh.ed br

treatmet* w.l~b kao11rl or Mn'tonlM (Clarke and Quale. 19" J

CaMla and BI"01fn, 1954, Sabin, 19»'1 Chanook and Sabin. 19544).



serra ..,. a1.ao have qglutln1na specific tort g...

..ua. and 'theM can beftl1O"l'ed by adeorpt1on wlth goo.e

tnrthraocyt,eapr1or to na. (Caaaia and. Brown. 1954).

lfJaJlMiLII~ILAII"'" .eutraUzat.lon 1. deaned aa lou 01

1nfeCft1v:1ty of a'V'irua partiede following!t. react1c:m with

aapecl.tic antibody (U1ntt,. 1959). It ia st.udied bylnocUlw

latton of ••rum and 'riru.a mixturea into tift,nnt 11nne
boat .,..... In tb•• otueU._, laboratory animala aa n.d.ce,

bam••"s. and rabbl_ aa _11ae monkey k.idney and BeLa oeU

u.n. can" uaGd (HuraDn,19S61 Bv.ghe.r. 19"). The virulence

of therirua uMd i.tltrat4d.ln the hoat eyst.em and 1.ta S($

end point oalC\llated. Reed and )btmeh (19'8) designed a

atatlatlealmetbod by which thi. ;. end point could be

e,.1cu1a'tM. !hi. ia defined .. tbe dilution of v1rua which

would. atfect one half' of the intected holta d••lpat.ed ill

ter'ma ot LOSO. lethal doa•• ID50.intectivt d.,._. PDsa. para

lytic do.. lor teat animal•• and -rou,e, tor- ey1;opathogen1o

err•• 1n t:Law. culture. Nhtralizat1<m teeta can be nua

_two dUterent method.. In the firat method the m'IOUnt .f,

rirua 1. kept conet/i.nt wh11e "f'8.r'Yln.g the~ of .erum,

and 1ft the Mcond method ~nt of v1r'u8 1. Variable whU.

keoping the Uat ••run a't Ii corwtant dilutlon. The te.t 1.

standardised anc1adequate u:rwa. vtnus.. animal and other

oon1iir>Ola an r'OUtin.~y employ'" in onlerto ob'ta1n a_parana

reauJ:ta.th. A,u.lt.8 an reported int·4ln.8 of the neutft11..



_tlon 1.nd.ex Un:) llhlCh 18 'the antUosarithmQt the dittenn.

'bet;c'flfnn t_ LDSOe. .1rltUltu'. and convill••Gent .ra, OJ" 1n teet

and control .era. V1nl. NT may alao be npcJlted by reccmllnl

theN-tie> of tbe ftWlHr of inoculated an1tnale eurri¥1ngto

the t.ot.al of injected an1mala and the Nault. are interpre\ed

a.protect1... 1.nconclue1Ye. and neptlw UtU•• .Il ..... 1961+;

Taylor .Il.lll-. 19"). To ebow dirt".rent ~tlorl1. of

proteetlon. the a......... eun1val time i.used aa a crit.rion

1n the t ..t animal.. In t188ue cultuN the degree of cY.to

pathopDte etrect "corded ae one p1ua or mo" 18 employed.

a.aul. obtai.Ded 'by WI' testa. aa applied to the *Study

., arbOY1:rua.. art n'lOJ"e specific 'tban the OF or HI teata

(Lennett... 19'9). 14wtra11s1ng: antlbod1.. persist tor ••veral

y.... arter initial infection. Ro.-.Wi.... .11..- (196)~ repo....

ted .. the p.-a1atence of Yellow i'....er" neutl"al.iaing antlbodl..

16-19 yean aner ...clnatl_ with YeUo. 'ever 17D _rain.

In arbov1r\1e NT t.sta, mi_ are 'the animals of choice

a1th~ other animal. could a1&o 'be U8ed. With mice. the.
prln.clpa1 variable. are the age and nra1n of mice employed.

route of inooulation. time ot 1naotivatlon of serum, do.. 01

virus used and lncu'batlon condit1cm.a ot the nrua-.erum

mixture (Portert144d. 19(2).



OUlture by 'tn. a'beenceof C1t.Opathopnlc chana_ after tna\

ment ot\110 v:trua with tbe ll'M'lU.neMrWD. A lION eena1tl,.

mdhod 18 theplaqu••'.l.u,tlon te.chn1que ... reduetlon in

thel'lUlliber of plaque form1ng unlta 0 t virus t.f.ft..- mixt'tJft:

with the Ant1••X"\8 18 0*"_. Ac:leqUlA.'te control. are kept

to avoid n--.apeol11c reaults (MoAnt8t... 1960). l'>Orter

field (1960) d....lbed a plaque-inhibition tot torteUow

'ever. In thu. teats aera nduc1ng plaque counta by ~ .....

eone1derod _positive (KUee .Il1l•• 19t4).

~ tact0J'8might att.et the u ..t1.tact~ perto","

_n" of NT· teate. 'or ~l.t Y1ruasu8pOnaionecould be

neu:tra11_ by baot.eri4 contamination, thernllll inactivation.

or by 8OdlU1l d"oxrobola:te. Likewi. unaa:tiataetory etoaee

of HrWn aamp1ea or th.~ lnaet1vatlQn by heat .r C8uee 10.

or_ labU. ace•••orr fa_OI" neeu:sary tor NT (Sabin. 1950)

fo o.,.-come thie. ft-esh human. aerwn (W1........ .Jl. t 1962) and

treeb suino.pig ..rum ()tiles JIl A1.-. 19641 Schle&ingw end

h-ankell. 19'2) haw bien U.8. to provide thi. ta~or. Int,...

perltonflWll Nt '.ate 1n auckUnl mioe haft been utilized to.
m1n1m1. th••treot of the loas of th•••rum labile factof'

(WHO Study OrouP. 1961).

iSllrlI.ml..lJ.IIS;aU"J:I:J~JidJiiIi"',.:tE.r"'td&-,.... t- 'lb..tandan!

or tGst 18 app11td to the nudy of arboviru... (Ha:tnniOn, 1956).

In a:rboV1rue study it 1,8 a1n1y ueed1n aoreenlnl, and wb.



posit!w lt lndleatu a n_nt Wection. Comp1.-n~ fl••

antiiena .... propaNd t.rorn infected auck]J.q mOUN brain by

1;h. uae ot dlt.rennt "-action uthoda. All to the p......

ten" or comple_nt.-t1x1na antthoeU.e., 1t. .. an01Cft \hat in

Detlpe int_.lon of humaDe· and. meaua monkey. the ..p1....'t

fixing antil>ody ap~ 2-6 _eke after 1nooulat1•• and it

atayed 1ft hip t1M1' tOr' several month. after llbich it sra
duaUy 41.p1'.". (Sabin and founc, 194ft>. !be u.. of

com1Jlned arttlaena in OF "eata to det.crt the pre_n.ee or abeen..

ot antibodies in the apec:1:lT1ena t •••d._ :recently adwcaUd.

Sera ciV1nl positi_ f'ltJU1.ta agalnn the combined anti.- wre
tw.n.d pcW.tl" with one or 110ft antigens ..non ret_ed api_

aeparate antigen. (Carey. 1963).

eel diffusion techrd.. resulted in the fonDatlon or
....nou. lin.. of proclpltat:1QR wb1ch d_onJrtre:ted oro.a reac

tlon between ditterent viNe antipna and ftlated antlbod1u

(Clarke, 1962).



~t. 'lb.. virus· .trelna ueedwere t Dencuel

(Hawai.l). and Dengue 2 (Me. Guinea S) aupplled by tbe

aoalc.t.U"'oundatlon ViNS Laboratory, i~••t RUe (A....24S,

.M-81,), and S1ndbla(Ar-'39.J.i-162) aupp11catby Dr. Taylor.

and tbel1V.trdnet IeUow'ever aupp11td by the South

AMeen Institute tor14ld1oa1 Research. S'book Yirua ..

prepared 'by 1ft'C.......bra1 inoculatlon of 0.0) ml.ot a 10-1

Y1ru••uapenalon 1nto I.) day,. old tllee. Onparalyalaol"

deatb.wb1eb occ\l17ed within)-4 day'. with .." fil1e, 4-5

with Densue 2, 8-9w1tb Dencue I, 6 dayaw:1th Yellow 'e"er

and' daYlw1t.b Sindoie. the braina of lnt.otedra1ae _re

barYe.ted aaep,lcaUy, wlghed.ard bomosenlled 1n a mortar

ua1,Dsalundum. A _ au.pellston .eraade, u81ns ~ bovine

album1n 1ft phoaphate butter. pll e.SU81JGna1onl ..... teetod

tor ,atent1'tyand either atored at _70° or lyopb111.ed.

Each V:1rua 8uepenalon .._ tltratedln auck11namiOG, by

inOCUlation of 0.•0) ml. ot lQ.to1d dUut10ne f lr.la-9 t

prepa.red in ~at. ·aallne t pH9• Titers ....10.7•S tor

WeISt NUeY1rua,.1O-6·1 tor both J)en~. 1 and »ensue 2.

10-6 tor 8lnd.'b18 and 10-5•8 tor tellowt."Gr viNe. the

mae ueGd latb, experiment; 'were ,.,.1t. euckl1ns Swl.. mice

bred in t.his laboratory and. ..... obt.a1nedorig1nal1y trcIa

~h. United stat.. Haval a.eearch Un.l~ ) I CalJ'Oin 1951.



~~"..fE.~WIl··J. Antipna tor HI..,.. prepared by the

8ucroa_ootone ......100 method d••or1bed by Clarke and

caaal8 (19Sl1), ExtractlolUl .... carried out \lain, aullk11n,

f1tt.1IU.M "'a1M Weated wi:th o.n..o 1, Dcangu411 2, I.Uow , • .,..,.,

Wee" liU, and Sln4bl. viru... Nonnal mou•• 'brains _ft

11k.wi.. extracted to .... aa QOn'trola 1n the HA and ill

teeta. Ant1gen au.penai•• 'MIre tben lYOl>hW.ed and

kept a:t .zOe.

1l1lPu:I~D II lut • 81.. lampl••, obtained at random tram

Lebane. r ••1d-,t. repr8Mnting dUteftl'l$ a....sroup•• wre·

Oollected f'roIa 'Various anae 1n Lebanon. .fJlood sample. were

k.l~ tor one hour at ",oC, arter t4\1ch the clot ... 'broken.

and the tu.bes 8tOftd overnight at 4°0. The n,GX't day thlf

_" cenV1fusod. the eeru.ra coUected. and stored at -20°0.

l~ hu.man ..ru.m. -.m,plee _re t.ated. again. thl ,

ar'bov1N_ deser1'bod .-rlie'*. Ho.ver, _._ umpl....

teeted ae1l:nst only 2 or , viru.a due to 8bortap otthe

amov.ntot available ...... A total of UO eampl•• wre

teeted again. Wea' HUe V1r'U8, 19 again* Sind.b1a. 70

apin. Densue 1. 17 aca1nat Densue 2 and '2 qainat leU_

'."'1"'.
1mmu.n. mouse .....-n ap.ln8t each virus wu pNpared

.lns adult 1I1e. (Clarke and Casala. 1956). '1ve intraperi-



".eal YiNe injeotlM8, O.lml........ liven to .ohot three

.... old mice at ;...day int.-.al.. The tim two injoction.

_" given in III dilutiQn of 10.2 and the :rema1n1ftS , in a

dilution of 10-1. 'rbe m10...... bled 10 day. aRer the 1118'

injection. An incision .. made thl"OUsh the ch_t-.l1

tI\XPOelng the pWioard14 oaV1ty and blood __ drawn from. the

bea.rt UUns a 22..pup nHd18. The blood •• pooled, and

th•.~ ••parated tJrem the clot as deec:ribed above. Swwa

t.rorn normal mi" .a collected 11k.wi. to •...,. • control.

Bet.... UNtOI' HI te.ta ftOn-ep8citio lnhlb1ton Wl"'e

"moved troll the MI"UJa by kaol1n 8Xtnct1., Wltng the method

deacrlbed by Clarke .. 08,.a1. (1958). '01" oomparatlw

purpo•••• 10 hwnan ........... extracted botch by kaolin and

aoetone a:tractlon methode a. deacrlbod by Olarke and. Caeala

(19"). Hatu:ral1y occurring agglutinins to goo88 red blood

cella _" "'0"" uaiftl 0.1 ml. packed goo•• erytht\')cyt••

with S 111. 01 ••Nm 1n adaorption teet••

lD~ " iJ:nJJI:ssrt.1,.. led blood cella from l-elay.
old chicks and from adult p ... were ne.. iU8 wen

1nOUbated ..t,..,·O tl11 hatched. The chi cits .... bltd beton

tbey ....... 24 houra old. Goo. blood wa. obtained aa.pt1oal1y

by bleedlnt" the 'bird from the blood vea.els 1n the w1ng. The

blood was coU.oted in an ac1d-e1tN:te-.dextroee antlc<>asulant.

After _""ud.na. in ddtroa-gelatln veronal butt.rt· a ~



'0
8Uapena:t.on was pnpaJ'edin th..Oat;. dl1u~ and the 'eu'

atored at 4°0 (Cl&rkeand Oaaala, 19,8). Red blood oella

&om 100•• Chi•• humaI'ltsuinea ptg and sheep .... pro-

, ..sed 1n a l1ke mann.... Tanninl ot the erythrocyt,es ..

carried out according to the method d••w:J.bed by Garabedian

.JIl. (1957) with aome mocU.tlca:t!... To 9." ceot a

1/20,000 tannie aCid. 0., rd. of packed red blOOd cella ....

added. The. w" then incubated 1n ,.,00 _"Eta- bath tor 10

minutes, with oeca.lonal shaking. They _re oentritupd,

washed twice w1th. phoapha'te butt.. and. a O.2'~ au~enelOft

p:rep....d in phoepb•• butter. The pH of phoapbate butt.

used tor _shine cella and tor" preparation of the ceU au...

penaionvar1.Gd according to the 'l'anp 1nd.1c::atedt<:>r-.ch

v1rua itA teS'ta.

GlIIJI3 QI\J. •.1111&11"· (Clark. and Oaaala t 1955)

ImP iiUDI aJU (O.Os 14 'bGJ"at.t 0.12 M HaCl)

1.')1 BaCl SO ml.

0.' 14 H,sO, ., ". 100m.
1.0M BaCH ••••••••••••••••••••••••••• 24 ml•.
K1.xed and made up to 1000 ml. wltll eliatilled wat.....

AIa.~L:IiD......SDJ. (ACll)

Sod1um citrate (Ia'C6H,~.2H20) It

Citr1.8 aoid Ul,O,H,o-rK20) ...... , ..

De.xtroa••••••••••••••••••••••••••••••

U.26p.

4.00 p.

U.OOp.



)1

ltlke up to 500 niL. w:1th a auttic1ent quantity ot _ter.

3terill.ed by autoclavln€'lO minute. at 10 lb. pre....flh

.DtJM'9IkSiIJ.&\\lIkeIII:iDIIl (OOV)..Veronal ••••••••••••••••••••••••••••••

Oola;tln •••••••••• iI .

**SOdium Veronal •••••••••••••••••••••••

0.S8p.

0.60 p.

O.)Bgm.

•

Ca~ (anh;ydl"'OU8) ••••••••••••• til..... 0.02 me.
148 ao••?H20 •••••••••••••••••••••••••• 0.12 mi.

NaCl ••••••••••••••••••••••••••••••••• a.s mg.

Dextnae ••••••••••••••••••••••••••••• 10.00 ma-
Th. gelatin and ftronal '""" first hoated in 250 rnl.

of water alter whi. other' reagents were added and

a auttlcient quantity of water waa added to brine

up the volume to 1000 111. This preparation wa.
then sterilized tor 10 miwt.. at lOlh. pre8Bure•

•



'2
6Dt:aa__.. P1J.luml

the dUuflnt 'U,aed wa_ borate aallnew1ttb 0.2$ bovine

album1tt which wa.prepared from a.took Jr:J!,

suspension of bovine albwdn.

'l'hea. are O.lS M 1&01-0.2 it phoepha'••

Baaic Butter .. O.l~ 5;a01-0.2 NAilfO,.

NaCl ••••••••••••••••••••••••••••••••• 6.77 sm-

NaCl ••••••••••••••••••••••••••••••••• 6.17 sm.
Na11~04.H20 ••••••••••• • •• " • ...... • ••• • • 21.6 sm.
Ma.k:e up to 1000 ml. with distilled water.

The work1nc solution 1. prepared aocordins to Table).

JUlIIII~~IDIUtlIILi:- Tb.~~t.th.od fOllowed _a that of Clark.e.
aftd c...1II1' {19JeJ. the test was run in tubes. T1tratlone of

all tb. anticena.n oan'tfd out at ditte",nt pli ranps

(Table 3). The pH a" 't6l1ch the hlgh.eBt SA titer was obta:Ln.td

•• uaed 1n the teat.· The titer. obtained W.... 1/)20.'

pH 6.2 ttlt' Iel10'''' 'everl 1/640 at pU 6.61'01' Weet t~11.1

1/3aO:S;t p11 S.Stor S1nd.bla. 1/640 at pH 6.0 tor l)·enI'18 1.



'3
and 1/).20 at pH 6.2 for Densue 2. Proper controla WN kept

with eaoh •• of determination.

AdjUat1na <111u8.nt.• u* t.·~Ol" erythroc)rte
auapenaiona"

,."
6.0

6.2

6.4
6.6

6.8

1.0
7.2
7.4

'.0
12.,
22.0

)2.0

4,.0

".0
64..0

12.0

79.0

97.0
$1.,
78.0

68.0

".0
4,.0

36.0

as.o
21.0

"'Olarke and Casal. t 19'6.

~h. tlna1 pH wa. obtained bY mix1ng. oqual
volurl\. of the ad3u8t.lns diluent with
borate. saline, pH 9.



~18I""""''''''''~MIIll6l'1....u:1- (Cla,rke and Co...l., 1958).

Serum dUut10mJ ·.,..prepared in borate aaUne using O.~

bonn. albumin &II diluent. An't.lsen, 0.25 ml. contalnlns

Suni'a t was thenaddtd t...ch tube and. the m1xture held

oyern.isht at 4GO,Red cell 8Wlpen81.on, O. ~ml. t at apU

indicated by titra.tion, wall added to ea,ch tube 1n t11.• teat.

Con'trola 1:Rclud1ni normalmcuae ••nua, inlmune .Ou..lerum,

normal mouae brain, infected mou. brain, and the dl1uerrts

used lntheteat. we~ kept. The I'll titer ta8 recorded, a.
the h1,gheat dl1ut:Loft ot .erum which eb.otll8d inhibition 01

8 un.1tS otantlsen•

.&1Jf....lA1II.................. Th••• teat. were carried out accor

ding to the ~_thod. d••cr1bed by ~fl...man .&1- (1962) and

~al•• 4 .... (1964) with aomemodiflcatlon. Virua auspen

aionaot Oertguel. Densue 2. Yellow-'ever and 1tfdt Nil. ware

prepared to contain 200 mou•• LD)Oe. CalculatlonstorLDSO

.,.. made according to the laetboddeaeribed bra••d aDd.

Mlenah (19)8) with 80.- mod1tlcat1ona (Smadel., 19~2). Virus

dUueRtwas berate salinl pH 9. Bovine album1n 2$ was uMd
,

tor Denzue land Dengue 2. and UZ tor Iel1ow)1.... and Weat

N11e. Sq,ua16ulOunta ot v1ru.& au.pen.tonand inaetiWlted ••rum

together with 0.1 ml.ol tr.8h guinea pll ••rum were nd.xed.

The mixture waa kept at ,,,oCtOI' 2 hours .tor neu~raliu.tlon

to take place fatter whicb 1t •• chilled 1n an ice box at

1+°0 until uafld. Seven suckling mi. ..",.. lnoculatied intra-



'J

ceretrally with each ••~virt1. mi1dtu:rre t us1naO.03 ml. ot

inoculum rw .ach mou.ae. 140rmal and wnune mou•• aerum

controla .... included in each determination. The mice

..... obs,"_ daily tw e:Lsn1l of paralya18 or death tor a

period of 13 dayII·•

....U&LJ~~~a:lwa..Mo.qu1toe....... collected from

dltterentlocaUtl. in Lebanon. They were stQl"'ttd at _20°0

deep me.. in clQsed contain.... Identification wu

oUT1ed out aooot'd.l.ng to a key described by Parr (1943).

with 80me UlodUicat1one.



Tbe n1BU1'. of HI 'e.1;. pres.nled 1n fable" elearly

1nd1eat.tbat 8J!boY"1ru8inteotlcm 18 p,reaent iD LebtsaOft.

ot 7$ aarapl•• ' ••ted torSlndbia Vi,NS, 16 .... poeltlveln

'titers ot l/lo-l!20.0ttheUO .-pl.. te,lIted 79 ....

poait1,. tor ~~.at NU. v1rualn dilutions ot 1/10 and OWl'.

S1mUar atudl•• 1ndloated \ha't .f 10.llpl•• t.ated)...,..

poal'lve tor Dengue 1 and of 17tamplea 60 were poaltlve tor

Den,sue 2. L1kew1•• ot a total of S2eampl.teated, 12 wre

,,081t1.. tor Y.Uow 'eve:rv1rUaln HI ".:sts.

Tabl. S .bow the d1atri'but1oft lnva.,rioua age..groupo ot

..... ahowlna poal't1'w HI asa1n8t certain arbovirus.. • The incl..

denoe of po.1tlye reaotore with arbov1ru.... .re biBb in all

aae-srOUi}a. A sradual lnOna..tn 'he percenttlge ot t.he posl.

t1_ reac_ore •• noted bolde.. as.-groupa.Inthe ~up

ot 0-10 years, 4"" _re po.itl,. ,ap1nat w"'" '~U. and 1]$

&lUna' Dengue 1. In the ..--croup ot 40 yean and oYer 90.7'/J

and 91.7J, ·.... po.ltlv. api,nat Weet ·Nl1. and DertlUtl ViN•••.
r ••pect.l',ely. A 1... rnarked ria.1n the j:>eroentap ot positive

reactor-a waa·not,ed. wlth Denaue 2 and. YeUowi'ever viru,....

thirty .Ix human blOOd speoimens reaet1ns p081t1vel1

0I'·n.ll~t1.Y.ly1n HI teste to one ormon of Q.roup 13 ar43oYiruaea.

··.....analy.ed tor the pres.n.. or neutral111ns antibodie••



The resulta of theae deteft11Mtl.a ant preMnted. 1n Table 6.

Ot all the aampl•• that _" poaitive in HI t __areiatl..1y

tew bad neutra11m.ns antlbodlea. 'or example, only 1 ..rum

aample neutrallaod Wwt I,U, virual , Yellow ,..,.,., , DeJ'S&'le2

al"ld14 Densue 1. Resulta of Nt teata .... lntert>m.ed u81na

a protect!". ratich 'or example, 7 or 6 miOG aurvivlns out

of 11noculated mio... conal.red ..s poa1tivo. 5 or 4

eurdY1ng as inconc1uelva. aad 1, 2, or) as nes;atlYe or

ahowlns no protection..

Table 7 abo_ the result. of HI titra-tlo:ns on 8 human

eera ua1ng goo•• and chick red blood .11e. It elm be ••en

:er_ theae Naulte that the \1" ot 800M erythrocytea in HI

teata reGUlt.. in2-told 1ncr... in tlter.

Only al:lsht dltr.-.noea in tlter. _" observed ••n

tanned. and utttaM$! erythrocyt.. trom'VlU'ioua speci. of

animals .re compand ln the SA t ••'a. Untanned goo.........

..Ue p,vea titer ot 1/640 with W..t I~U. UNa and a titer

or 1/)20 with Sindb!a 'f1rua. whl1e tanned erythroc~•• gave a.
tita- of 1/1280 w1thWeet NUe a.nd 1/320 with Sltldbie.

Chick. hum&11. pin. pig red. ceUa sa- a ti'ter of <1/10

W'1th both Slndbla and West N11e Yiru..,. "Sar-dlM8 of .nether

the o,lla ..... hmed or not. Sheep cella showed a t1ter

of 1/40 with W••, Nil, and 1/10 wJ.th SW'b1a virue•• with

untanned. cella, and t1'.re 01'1/80 and 1/20 reapect.1wly c:th



SiX hwaan sampl•• WIN tested by th.-HI teet, ua1nc

kaolin or acetone tor extracting the non-e;p.cil1 c inhibitors.

!he "oul'- with tbe.. two methods _re uau.aUyc~bl••

Uevel"the1... 1- ·or 2-£014 d1tteren•• in tltv lIJI8n

observed.occa.a1ondly.

Preliminary experi.menta to d._Nine t.he ant1gen:lt

relat10Dahlpa &mOnS group D ar'bov1ru8....e calTied out by

the HI testa (Table 10). It can b$ noted that Yellow Fever

gaft a t11*" of 1/160 with the homologoU8 v:lrue, and a titer

ot <.1/10 ld.th Dengue 1. Dengue a andWeat Nl1e viruses.

The West Ji11e ~G HJ'l'Wn showed a titer ot 1/)20 with the

homologous nrue and titer. at 1/80 both with Yellow Feftr

and Densuea. ·and 1/40 with nencue 1. Dengue 2 1rmnune -arum

reacted w:Lth the homoloSOWll virU. andW.t Nile v1rua•• in a

tit.. of 1/40. LikewiM, it gllft a 1/20 titer with Denaue 1

and a tl"... <.1/10 wi"h YeUowFever-virua. Dengue 1

1~•••rum gave a t:S;ter of 1/80 with the h_ologous viruo.
and 1/10 with bo~ Weet N110 and Denaue:a y!.ru... Its

titer .... <.1/10 with J'e110w'ever V1N8.

ot ;131 m08quito.. atu.di. (tabl. U) <iSS were id.

t,1f1«1 aa ,&\.~ (mal.). 147SA.M~(feale) t

16.~..b4a:5lU11t 960 ". _IISU·, &\.00 71 ..Q.~.



:Ip••i •• Went it1eat1on 01 S42 Culex ."quito••e tl()t

carried onih A tota.l ot 1010 motqu1to. ..... not identi....

fied.



HemaggluUnation - inhibition titers ot bur.tW'1 sera with certain group It and
group B a:rboYiru8ea, Lebanon 1963

Posit!ve in -Titers ot:

)$
Positive

GDJIR It.

S1ndbta

5inamli
~eat Nile

Denaue 1

Dengue 2

Yellow Feftr

19 12 4 0 0 0 0 0 0 0 0 16 20.25

uo s ) 11 11 14 10 10 S ,. 6 79 11.-81

70 0 9 8 8 9 ) 0 1 0 0 )8 S4.2S

TI 1 1S 10 6 10 10 1 1 0 0 60 77.92

82 6 9 S IS 9 10 11 2 1 1 12 67.8



9J:sIJRA
S1ndb1a

Age-groupa

11-20 yft 21-)0 yra '1-40 rraU yra and
0ftJ'

, ! .... ! ! <! ! ..... ! !,.1 !
i~ ..,.~.. ··..·..·:.~i~ ~~.••. iJ~~ "''i. :I.·.·.:i."~. :1 :i ~iG. i~. Oe a c. co· 0 I)

A. ........ ea.. .. ~ ta. •.,. ~ Clot .&74 A.. A.

) ~ 12 1 8.3 1.6 2 l2.S 18 )16.7 18 1 )S.9

Total
•••
'r~

lirmmll.
~fiUe

Dtmaue 1

Dengue 2

Yellow F....

11

9

10

1)

g .1.1 2l

1 U.l 15

717o.C 16

11 f84.6 18

11;2.4 28

It 26.1 23

9 ,6.2 24

12 66.1 2)

25 &9.2 22

1669.6 U

21 S1.) 14

22 9S.6 13

1568.2 22

654.; 12

1011.4 1)

12.92.) IS

2G 90.7

U 91.1

1) 100

1S 100

llO

10

77
S2



9 <10

Itt lfl

<:10

<10

II If

.. 20

<10
--

12

12

12

13

<10

<10

-
...

<10
<10

..
c:=:: 10

<10

<10

<10

..
-

<10

20

20

..
-

17

17

19

19

19

21

)20

160

<10

<'10

<10

..

-

-

160

<10

<10

<10

4/1
7/7

1/7
1/1

320

20

<10

<10
640

20

<10

S/1

-
-

320

<10

<10

1/7

7/1



1lenp. 1

2) <10 .. 40 7/1 <10 - <10

<10 - 20 1/1
<10 ..

-

-

-
..<.10-

..

7/1

20

10

<10

<10

dO 7/1

80 1/7

40 1/7

)20 7./7

160 ..

<10 ..

<10 1/1

..

..
.. ..

80 -

-

)20

160

<10 ..

26

160

7/7 <10 ..

160 1/1

20

160

20

-
20 .. 160



1>enfple 1

HI lft

le11ow'fTIftr

31

32

37

47

320

160

-..

-

160
160
160

160

320

-
1/7

-
1/7

1/7

-
7/1

320

10

80

-

1/1

-
1/1

-

160

)20

-
-

'Bo~ion.
'-clprocal of serum dUut1on.
~ce~Ting after inoculation.
~ce inoculat:ed.



AM-62-m

AM -" -210

AM -6) - )11

All ... 6) .. 269

160

160

<10

160

G008.
red .el18

5120

320

40

)20



Agg!utlnabUltyof erythrocytes .trom varioua epeei.. oCani....18
w1~ arbOYiru.e8 bet'ON and after'trea1;ment with tannic acid

Weat flU.
(pH 6.6>

Chick

Un1;amed

faMed-

<10

<10

<10
<10

<'10

<'10

~10

<'10

<10

<10

~10

~10

)20

<'10

<10

<10

<~O

<10

10

<10

<10

<10

<10

<'10

<10

<10

~10

<'10



4'1

LabOJia<tory
d.1patlOll

Kaolin A_en. kolin Acetone
Ixtraetlcm Ixtraotl_ iatN.otlon.Extraetlon

AM .. 64. • 23'

»t - 64 • US

Immune Mous.
Serum

NOf'[l'.Ial F"buae
Serum

<10

40

160

<10

10

10

4.0

so

160

<10

<to

<10

40

40

<10

,

20

160

160

<10



Croas reaet1vi~y among ftrlOU8 groupB arboYirua_ la ~1P'1.
mou.. serum samplea

})ensue 2

J>engu,e 1

<10

10

10

<10

Dengue 2

20

<10

320

<10

Yellow

'f1WJIIr
160

<10

<10

<10

<10

~10

<10

<..10

<10



Beirut C1~,.

~:JfJa

Shotteyta~

i.. 4.....,...._28_........ ......__1.._•. _..-__46_._........_29_•.• _ ......._)24_._.---t
" ...... 16 29 177 1039

:~166 'S SO m

2 1 41
Damour

Rumeyleh

Aita~ 60

19 10

51 2lS

S6 269

105· 548



,t I It •••



DISCUSSION

Group B arbov1ru... have Men oxt8n81:n1y etudied.

Irlttet£. td.tb "&;rOUp B v1rue elicits tOl"ta't1on ot ant.t

bod1_ .peeitto totm. virwl inoculated and to other related

Vim.. within the crcup (Cua1a and Brown. 19541 Pond .IS.

..... 19", Sm1thbul'ft. 1954). ~ hureana or Q1mala a:re
1ntecrtM with a croup B ri.rua. and, lat.. by another v:Lrua of

the aam. 1rOUP. ant.1bod1•• d.eft1op to the .econd. virus. to

related v:1N••• , and the titer ot the orlS1nal virus also

rl.a. Thi. patten .taut.naively Men 1n human sera t ••ted

by HI (Pri••• JIl- t 19611 Southam ander-.ene. 19'8). Ant1

bod1. to a.ri>oviru... per.l. tor III long time. 'or example,

nAlU.t'ral1a1q antibodi•••w been reported 15 years atter

inteot:1on 1tb11e 1m.. ahowins HI .... obaened thlrty YeaN

alter a. Denp.• epidemic 1n Greece. The OF antlbodi. may be

detected durins a ~r1od of two or three years U4U••Al. t

1964l TM11er .. ,al. t 1960).

smithbum (19J4.) n"'ed that W..t NUe wu related.
antilerdoally to Japan••• B, Loup1ns Ul, and to aome _ent

to I.Uow ' ..... v1N... iyCl testa. Cdl:11. (1944) and

Me1n1ck .. JIl. (1951) aho" <I.tint'. relationship bet~ft

Japane.e !, st. Louis, and W.-t Nile 'ri.J"'tUSea. l>bnkeya imr;u,.

nized ap1nat both Ilb.eua and 3t.. Louis 'riruae.. developed

a.n$lbodleo. in hip tlter., to bath Japan"•• B and. West

'1
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Nil. viruse.. Hw.tral1utlon teata show a 010" ftlatlcmabJ.p

bet•• Japan... BfS", Loul.and Murray vaUeyGnoepha11tia

viruM. to WQ't r~11. V1.rUa (Go.1.db1w:D.Il .... , 19'11 Sm1tbbum,

1942. taylar •.~. 19S6). Sabin (1949) reported that th1tl

relation waa not proport,loua1 to the nu.m'berot homolopu_

units used apinst each .pec1.t1c 1mrIune ••rum. The pruen..

ot a specific antl_ .. shown tty Clarke (l960)tn .......

difterent 8trai118 ot w.t Nil. by the UN ot~ absorption

teat.. Japan•• B. !t. Lool.and Wee" Nl1.~...... &110

shown to have a spec1110 ant.iem. each 1n4epend4mt tram Ibe

eros. Nani. IJ*O'U.pa.Wi.eman",.a. (1962'. WiNeman and

S.et (1962). and __ ".11- (1962). "POrted the preeilnoe

in human., tollow.l.nl ..ooination \'11th 17D IG110w lever YiNe,

of heterologou8 antlbodi•• to we. Nile. Oenaue 1, Delp.e 2,

..never tb...... pnriou.a expertenoe with Japan•• Spri"

to Yaccinatlon. lio auoh antibodi.. were detected 'Whenth...

•• no p:revioue experience with a group B intection. The

Y1rer.da level..... the same 1ft bot,h ted crouP••

Th••• interactions 1ndlae:te a COIllnGn genetlcor11in

tor the.. viruaea (Sab1n t 1950) ,and thav '.how a a10w WfOlu..

tlonary trend. pou1b1y broulht about by enY1~nta1and

epldem1o1og1calc:ond1tloo8 (Clarki, 196C). Conaequerrtlyit

would. bo int.....t:1llS to obaeM'e the d.".. ot immunity .ich

this relatlonabl,. and. ..-010110 1n'teraC't1on. would confer tio

to t.he hoat.. Pr1......... (1961. 196) demonstrated }?Nt,...
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tic apil'lat, au_ian Spring~Sno.pbal,1.t:1s t Japan•• B.

St. Louie. Dengue 1, Dengue 2. Den.gue ,. Den,pe 4. West Nile.

and 1~y Valley inc.phalitlav1r'u... in monkeys ,following

YacoiMtlon. Ii trriplevaoclne P"cram atarting w11ib 17D

yellow'.... Y1rua toUowd by W_, N11e and then by the

au_ian Spr1n~r Enoephallt1a virua •• instituted.

Imam and 1t.1ROn (1957•• 19S7b) obaened that canbined va.d...

nat1onw1th We. Hile~ followed by Japan... 13 vaccine,

~••ed_nkey. aga1nat Japan••• D. The p0881bUity ot

WJ1n,s a:C:tenuated Wen NUe Y1rua with 8ubeequent inoculat!..

of tt booator do. 01 a ldllfld.Y1.-al vaccine asainat ~1oh

p'Nt.otlon 18 d••1ftd •• etudied. Admin1atra:t1On of Yellow

,..,.. YaCc1ne beton or with D.nsu. inf.ction to human

volunt..... f prolqed tbe1noubat1on period ", Dengue and

decreased the 8.....1t10£ the diseas. (Sabin. 1950).

Serolog1.cal studi. on a.rboviru... wwe carried out

in Lebanonln 19SJ by Garabedian and "'tos.lan by the u.. of

th. OF testa. St. Loui•• Baetern Squin. ineephaliti., and

~tern Eq,uine Enoepha11t18 YiN... were te8tGd ap1n1lt.
h.......... aampl.. collected. from Lehan... nsiden.\$ in

variows al~pa. A.mall peroen'tage ahowd. antibodie8 to

some ot thea. Y1~.. Ho..or, later _ric (1960) by the

.. 1IIIOrk... tatled to deteot ant1'bodieato thee. viruaea_

Th. rea.ontol" th18 diea-epancy was not understood.
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Theil.. and 0..-1. (1961) 8'tud1ed 60 .nun .ampl.

trom Leban••• rea1dents. Th..e .ampl.. ahowed no antibody

response to SJ"O'lP A ..'boYiru.... 11fteen ~J" cent in the

as..s;r~ 0..29 and 4~ 1nthe aca-crouP )0.69 ..... poe1tiw

to s;roup B arboYiru.....8p1C1aUyw:Lth Weat Nil. and oenpo 1.

Theller and Caeala rep0).'1;ed that "pealtl.. s-esulte w1tb. crouP
B 11'1 general. did not giv. a clear cut d1agn,o.atlc pattenl."

From the "8ult. reported 1n fables 4. ,. and 6. :1t

18 apparent that a large p....ntap ot the Leban•• populatlO1\

carry antibodies to IfWP B ar'bov1r'u8., and only' a small

pc-cer1tap have antlbod1eo to I"NP A arb<w1r'u8... the pre..

..nee ot low titer antibodies to 31OOb18 virus ln various 81......

groupa oannat be explained. This could be due to a pan
infection td.th this or- .. related Virua.

Iuaunoloc1cal owrlap must b. cona1derod 1n the int.-.

pret.atlon or ....01011..1 data. 'or exa.mple Table 1+ ahowe

antlbodl•• in many of .era t.ated to WM't. Nile, Denau.. 1.

Dengue 2 and yellow'...... v1rue.. in hi. titers. 'fabl"
,

ahowa antibod1U 1n the yauns age-group., w1th lne:rea81rl1

incidence 1ft the old.er ace-groups w10h eou.ld be attri~

toa 8ul»o.q:uen:' reintGO'tlon with "the .me or a related virws.

The pattern o1:)'tainld in thiaetudy 1. d:tttlcult to 1n'terpret

'becaUS8 the HI '.eta provide no 01. to the id.nt1ty of the

Tirua. Rosenzweig.al JI1. (1963) "pOrted on HI titer. ae
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h1sb and fI'INn hieber in heterologou$ reactlona 'than wl'\h the

homologous one. lark..- ........ (1962) reported that ~ of

the poa1tl.. ava from India bad sr<NP antibodl.. ap1!'Ult a

majority of &rOUP B 'liJ'uees t.ated_ 'wet and sabin (19J4)

~edthat D4\lnsue 1 V1.ru.. 1n,.otl.d1mulatea a hetero

logous antibody response as _11 .. a homologous one.

Neutral1..tlOl'l teata carried out ona nwnbe:r of umpl.

lndicat.ed a poait1ve reanlon-.inly with Densuel v1ru.$ anet

tew with Dengue 2. Thi. could b$ explained on the baata ot
theoccur,renoe of the nencue epidemic ot 1945, aa the $UnpiN

tested ·wwe celleeted trom lnctlv1dttala w.tthln theap-group

ot 17 to 6' years.· Only one sample neutralized th. ~i_t Nile

'V1rue. tne tact that , -..plea from Leban•• ne1denta neutra

lized the Yellow 'e.r virus can be ~1:ned by thefNquent

'I.'ra'ftle ot the Lebanese people abroad indicat1ns that vaoei.

natloncou.1d ha... been s1wn to the•• 1ndividua18 with 'the l1D

atrain of Yo1l.ow ' ..... v1rwI. One.erum sample trcm an indivi

dual of Sudanese or1g1n ahowd an HI tit... of 1/160 to YeUow

' .. Virua and neutralized. onlr this vir'Ua. Another aample.
p," protection 1n neutralisat1. teata to W.crt Nil., Denpe 1,

and Densue 2 but not to Yellow ,...... It pft an HI tlt..-or

1/640 with W88t N11., 1/160 wl:'b DefllLl8 2 and 1/320 with both

DeJ'1&U8 1 and teU. ,...... antipra. !hie was thought to b. due

to la'bonatory ,infection as it belonpd to an individual world.n.

wtth anoY1::ru•• in this l&.'bo.l'\\to"" Hamilton and Taylor (1954)



hported • one oaa. ot Weet NUe 1nt.etian acquired in the

laboNtOl'7'•

1ft conel_l_. 1t oan be Hated that agent. r ••pone1bl.

tt:l.r th••• varied. manifestation. o'bHrved 1n. HI and 1ft tena

poeaibly dW not 'belong to hith..-to recapllCed arbovirueea.

It is alao poaslblethat 80me ,,1rue .. v1r'u.aH e1o••1r related

to aayone of group B ar'bovir"ua•• 18 pro.ent 1rl the COW1try

and ia napona.ibl. to*' the.e urological Y'.ip:t'1... It 1.

tur'ther ponible that a multiple infection W1th a numb.. 01

g;roup B arbO't"irU.. in the same ind!vidual could have brought

forwardthia 1Im1unOlol1cal puzzle.

Attempt8 to 180late virue from rQQ8quitoea caught ft'"Om.

various aeft,lona of the country wn unaucoe..tul. It ahould

.". pointed-out that isolation of the et1010g1c agent(.) 1.

the only ..mean8 to contirm the ".sult. ot ••ttololP,c reactions.

ThUG, further attemptfa to1.801a:t. the viNaC •• ) reaporuslble

tor the "Gulta reported herein ahouldbe carried o\l't. N.y....

thel.,. the pn••rtt 1nYeRlptlone haye ••tabllahtd beyond any

doubt the tact that '¥1ru.. antipnically related to s;roup B

arboviru........ }.?Nsent s.n Lebanon.

Porterfield (19'7) reponed that the use of po••

erythrocyte. in b~utination t ••ta with arbOYiruaee ••

euperiOl" to that of 1 d.ay chick red nUe. In view of "lat1...
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unaval1a'b111ty of1-<1ayo1d chick red. blood cen. t goo..

erythroGY'...... U•• in theuexper1ments. Ho.....r. before

th1. ehiR 'Was made an HI titration for comparison purpoa••

• _ l'leo••ary. .lKper1m~a indicated that th... was a 1- to

2-told 1non~ 1n t,11;w when goose red ceU. 'W8l"e used in

plaeo of Chi. .el18 (fable 7). Red blOOd cella tram various

epeei•• 01 animal. haft been testedaa to their u•• in arbo

Yirua 8tudi. in HA teata. N.gatiw reault. \lJQre obtainecl

""8' rheeu.. monkey. human 0 red cella wen used and irregular

and low tit." wilen sheep cella ..... utilized (Sabin and

Du••ober. 1950, Sabin, 1951). The 'beat ....u1t8 were obta1.ned

wJ.th po•• 8!"Ythroeytea (Ponertield, 1957) or with r$d cella

of l.-day old chick. (Olarke and Casala, 1958). Tannic acid

18 knowtl to .UM a cha.nse on the red blood cGll surtace

potential. (Sprinpr, 1963). In QUI'" experiments the u.. of

tam'lC pinea piC. gooa•• human 0, chick and sheep red ceU.

did not l.-npX'Oft the liA titer as compared to uniUmned erythro

cytu (table 8).

The kaolin and 'theaoetone extraction methods tor

:removal of non.peeitlc inhibitors. gaveidentloal resulte

(Tabl. 9).

Antigenic relation.ship bert_en group B arbonN••'

haft beena'tud1ed ".nai...ely_ Ilemaaglut1natlon-:1nh1blt1on

testa with ir.mNn8 mou•• guinea piC, and monkey .rum demon...

tratedcroae reaot1one betwaen Dengue 1, Densue 2. w.st NUe.



Yellow '.'fer, I1heua, St. Louis, Japan•• It and liutl$ian

Sprins-SwmnC' &noephali1;,ia 'ViN.OS. (Clarke and ~le,

19S4.. ChanOCk and. Sabin. 19'4121 Woodall".11~ I 1962).

S1mUar ••rolog1eal Cl"'08. reactio... were o......ed. in the

prolMn1;, etudies. I'.. tufther 84'pnrent tram our testa

that Yollow Ie.,.... W.etion d.o.. not .81. a$ cd. a hetero

logou.• antlbody"apon....a the Dencue group or riN•••

(Table 10).
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