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Smat'i- and~ Iarge-plaque variants of aF~lorida strain (re '3-7c) ol Venezuelan
equine encephalopiyehitis viruis wecre studied'in vivo and In vitro. Trhe small-plaqtte
-variant was less~virtilent in mnice, hamisters, aind guineca pigs than the. large-plaque
variant. The variants could be distingu ished by c-alciumn phIo~iphtte~chromaitographiy.
Trhe imiplications of-plaque variants,-within a mixed-virus popuilation arerdiscussed.

Venezuelan equine encephal6myelitis (VE13) laid with-10 hil or, neutral red(0 'ng ii in] tanlks

lated 'by Chamberlain et at. in 1963 (4) fronti Virius titers aire expressed ats phlat~e-formfins, units
Uu1ex mosquitoes collected in theFloirida Ever- (PU. e lI i' irtoswr eftie ~
glades. The prototype-strain, Fe '34c, hit, been inlocuilat -ing sucklhing mice ic with 0.03 mll of a

diluition. Wie were observed daily for 10 days korsigovplace'd in antigenic subgroup 11 on the basis of 6 lns rdah h einlta ocwsclu
kinetic hernagghutiiiation inhibition serology (2 1). la1te( I y-th me thod of LReed anid Nueiicli (14).
This vius- has been stiggested as a candidate for -Plaque selection'. Cell cultures with agar, overlay
dIevelopment of at live v'acciiie (10) -as it, is con- wiare preziared'as dlescribed above. After 48' hr, dis-
-sidered to bi', tvirtilent for-horses and appears, to tiinct placfue t~l)cs weret aspiratedwith a curved Pasteurjconfer protection equivalent to, that elicited by pipette. The cells within the plaque a'nd the agitr
the TC.83 strainwof VEE (1). 'We-have detected imitimedizitely above the plaque were dispersed in 1.0)
two distinct -plaque types -in- the *Fe 3-7c viruis nit of P1BS. Five plaqtues were selected'at each cloifing
population' liopagated in duck entbryo cells slep, andl each lplatlu&-was-titrated separatelk, for thle

presence6 of 1.1 or S11 variants. The hinal p~ools of SI1(DEC). This report deals with studies conducted andL' aiants were prepared front thle thirdI conisecti.
with large~plflqlte (L11) and small.pau ~~ tive, subelonec of theazpproptiate variant.
vari~ants decrived froin: the parent- Fe 3.7c virus Animaitls. CGolden Syrian Itantsters (85 to 95 g) were
(I)V). obtainied f'ron thle Lakeview Haimster Coloty, New-

field, N.J. Hartley stratin guinea pigs (2a0 to 300 g)

Ni xris w u. laqu ANDy wr pefdM ed6 wer fohl. ~ a~had 0.5m th 4aI'Oast derse Bilgcried l
tiaru s dscraibedTby Dulec'tckof an rda vogti (1t Supl rnes is,() 'rheti h N.el wasste a lb Cino i.00'

3-7coh Wa idilytn pofvir&Is l eRe Sre opaed on phosphae lihosphat .) ehurer obtine 7.4,unti uthed Coalumswiere

Arbvitcii Resarc Unitml, Yald Utnoyiversity tew Bre0i .0 11. Wi tlssclmingoMs. 'Atrit n itnal wettin
PBaven C'irus Thisoul werei srinwicddnaed tomtulyes of aerid ithe gel its easlwd with) or00 mit philosphat
mie luck 'DI!0 es or s chike embry suclis (CEitnios brai sks ble nif h ufc psto su cntn
zinduik' whioch hato adobefrenh itt' 37 C. Te cellcs tinel C25mg-utul pack(ed vlumiet. The ohlem wasi cheke

Verm osraidwith Plqediumtq were lcntaining 1-aile- fror .5 chann l~ng or 5.ew N a2with batsdeosbocried by

ba'rlacd dtitslutions of W calf seru m .jae in ph osph, prpe dth toin vtate- phshtcofe1117,Utl lectd. ,lLtIS wefreth

411M.ilh 10uirts- ihocla er andd stor monolayt of~p mU . rirtdro ofil g~el apar was cashd nsith crcd stphopae o-

After incubation ait 37 C for 48 h'r the cells %%ere o~cr. volumoe A I ml amounit of-conciiinlraed '\ittis tca.
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[-01 ['I1-U lilt ua"- f~wl itiadde to the gel, and a to 40 -) IP PlFU itt!. Platque varianuti ',-lecued
Iowa~i gradmiet ol' dution buffer -0.1 to 00 6i t- plto fr.)iwthis'Di)l: %ibpjam~ge were pickvd, and each-

hate buff'er, pit 7.4, %%j aIppled. The flowv raeo ireti'h-ccr do Ingte i' s1igtire I
tile commnil %t 0 5 to 10 itl joi Hnt. andl 5.(irrjI frac v'7 Vadeoni l'n'.1

4. i~~~~~~~ionv- %%re ctfe 'rcite nifeecie %iius titer oft~ri'.tt %!.tell ndc~n~dS' n
-fractioin %%as deteroutiedt) IheS'-rnt,

Scrologic Iss leinlaggluitita i oll iInhibition~ lc,,) Ii lvrat ranged fronm I . to 2.1) nm
%%ere perforined~i% the nwto(io of ClarKe and Caisa fte 48 hr aid 1, 9 to-34 -mit-after 72 lir.-oi I)I:C.

51 Neutrahiiatioit tests. %%ere perrornited esscrittiali' 1) varia ntswere not'-dieleted ill aity passage of'
as cIecrit-d bý IDnlbccco et al. 17ý Gel- difft ision tile Sl" %ariant. The avvc~hige viruis yield- waN.ap
tests %%ere pcI orittewtbý tile ittethod of' Otlehtciloný p~roximately I .P I'W1FU [)laoiuL selected The
I 3ý using 0.75', agarowe buffered xitit ýodfiuti SiP pool titili,.ed inl tfitis ,ýtudy was haut vested'froin

Veronall. jIM 8-6. ionic treitgtii 1)07 CIX' and co'ntained, 4 0, 1W~ I'[U, lilt N LI1.1
I atmnt L~. Oomiiea pig uiittiunc scrumt~a oh, varianits w.Lie dt%:cv!i ;n the pooLh Idividual

lamed'21 days alter ip iiijeetioi of the Fe 3-7c I"'V, plaqu tes, produce.d hylkh ý11 cloite-'di~ 1ito0 have
or Li1' or Si' %ariaitt. well-delined -tprgiiý -but viere _gvuc,ýally very

eleardhrotiglutt ill;,atu
Ris~~i-The LI' 'arlants 'ýnged froitt 4, 0, to.2 m

Seeto of patu rimuits. 'ile seed lot.-of after 48;hir ar- - -3( ;i(llm after 72 hir oil

variedi front 1.5 to i'0 mti after 48 hir 00l I)LC. I Id ,1 I'l t! ",) ,ii st~lected. th'le 1;11 poll
Approximately 4.0',1 of tile poptilatioii Coll- ttilined ndil'1 lus tdy was harvested front- CEX
sisted of SI' -variants i < 2 ttnt),-U1 )on sequltentiajl 11nd clitadiOld -4,*1- 10 lP~t nITT mLI. virtis
(xi'ssage itt DElC, thle Si' ioptilation iticreased'to clones always Attained 2 to 4', of' tite SI'
42',- by-~thc third passage. andttl te tiler increased variant. 'rhe i,#- m itual plaqties indtieed, by thle

- .1(, 1I 'lajc ti'. o/I hi ? fin -IchlAt'n endi's O' iII '.( %I t aloed lits V, cmr1 if vc-i' tin talo
the, pare-ntal tgri 1ii Ill lia %am i~ed atter 1-v- hrt, lcir- plaque' it'll, ,and %mall plillic-I ISV - ,sanI'iit ,'rc- Vd~hnlc

aulter '2 hlit gr0)1 offil,0 Cl'I,



NVot. 6, 1972 -CONliIARATIVE STUDIMSOP VEE PLAQUE VAkIANTS, 78l-ý

LI) clone .'had very ~clear cezte rs with, slightly variant, 'died, HistbpatlqJigical dxamination
"-Mori! opaqiue, irregular- Margins. they were showed essentiallW-nirmal mouse brain;
visible by 18. hr posdtioculation and-'measured Suckling miice"'r nio~l susceptible toic
at'least I., mm in-id ia meter. -The, vaq ue -ýize 'then i fijectfioni' with 'eithe~r the, LP or SP variants of
increased'rapi dly. to 14,-iiimrby the jifth-dly. Fe 3 .7c. Although this- test host was approxi-

Ahim&1l studies. Table U- shows-the results ob- mately 10-fold more Sensitive 'than -ihe- plique
t~amed when weanlinig mice, hamsicers, an rd guinea assay of, infective viruses, no differiifctý -wehc
pigs were ifioculatod, with, the- PV, and SP and, 1.11 observed, between- the lethality or- the LP dhdd SO

-variants GlfFe 3-7c. Tle LP variant-was the most- - -ariants'.
ýirirulent ci' - the vim-is~ studied- afid showed a 6(aiiiw 0:4-siatc chromatlogrijhy. -The elu.
viralerice profile veri, siio'ilar to the [IV. The,-Sit ton-,profile of-.Fi e 17,(PY~IA ifustrated'ifi. Fig.
variant was aviruleuit -for -Sui/un' pigs anti ha,-i. 2. -Two distinict peýaks were bbtairied,-and OLtiqueg
Sters; however, some-ýWqflnlingmhicic were killed -were- individually, scored'as'laige (L>2 mrii or
by-this variant.Ifn~iuunizatiqn with, NW LP, or Sit small' (<2 Mm). The first peak, eluted in -te

conferred,- protection to' the 'survivdrs, howevtr, region of low- ionic -strerigth, contained preddmi.
- -thepoecin was uiot absolute. naritly- Ll1 virus, whereas the sec Iond peak con.

Ina separate-experiment, adult mice were in. tamned predominantlySPvius We subseqtly
jcted-, intravenously with- LIl ind SP variants. chomtoraphed the variants-separately, and'64

I ite--LP variant'killed 7"of 9 mi.-v 1016 to 4days reuls regd~picted-in Fig. 3 and 4. The peak of
postinoculation. Histopathologicat examination LP 'variant infectivity was elute from the columfi
Of-the -brins--from~deadsMic:-ý-shbedý-S-sVeivj -by',-.0;9-.Nt-phosphatc--bUffer. ~The,,peak of SP-
acute, diffuse rionsuppura~tive uiieningo-encepha. variant inifectivity was eluted by 0.30 st phos.
litis with' severe, neuronal arid glia! niecro~sis. phate buffer. These results are L-onsistent with the

Hi ,pahlgical examination of mice -which experimental- chromatogapy o th mxe
were not killed by the LP' vaiziant showed chronic parenial 'population.
:nonsuppurativeý men ingb-cencephalitis -with mod. Serollogic studies. Using guinea ýpig sera we
crate cmuffifoteal- chronic va'sculitis of thie-brain. -perlbrmned-neutraiiiation tests it the Fe 3.7c
In contrast, nonc of 9 mice injeccld'with the SI1 PV and LP' and SP variants. the results showed

TAs'IrE 1. Re'spuonses of test anitnlows to inoculation wig/a Fe 3-7v V-EE vi'ra, and subsequecnt ciwikaige wit/h
vibiik,,: (Tr/,aidau() VEE- irus

- Ieanling mice Hiamsters fuinea pgA'

it 34C ~ ~Vituti (loe - _-- - _I-
(C %PU 7 Survivy.Ors P~Iroteccicd" 1,1 $urivors" ProtecieiI4 Surv-itn 2% lwItecttAV.

no til) (no.Iiotrd) (n~I oi tno./iotal) t no./ttal) tino.Iiotal)

jiarental virus i2 X t0$ 0 (0/8) 20 (115) lt00 (1/1) 100 (6/6) -100, (5/5)
I 2X l0t 0 (0/8) 120 (1/5) 100 (1/l) 1100 (6/6) 1 P) (4/5)ý
2I -t10: ) 0(0/Si 120 (115) 100 (1/l) 100 (6/6) 80 (4/5)
2 X 10' o-(0/8) 1 40 (2/5) l100,~(2/2) 100 (6/6) tl00 (515)
0 looX (8/8) o (0/8) 100O (5/5) 0 (0/5) 100 (6/6) -01(015)

Large-plaque - X-101 0 (0/5) 0 (0/3) 0 (015S1
variant-2 X l01 0 (0/S) o (0/5) 0 (0/5)

2- X -10, 0,(0/5,f1 20(01 ) 100 (I/I) 20(115l/) -100) (1/1)
2 X lot o-(015'/) 40 (2,) 100, (2/2) 80 (4/S) - 50 (2/4)

0 INX) (515) -0 -Q/1/5) 1l00 (5/5) i 0 (0/5) 100 (5/5) 0 (0/S)

Sniull.11iaque 2 X< t16, 20 01/5)_ 40X) ý(1/1) }10 (515) '80 (4/5) 1 00 (5/5i Ho8 (4/5)
variant 2 X 10' R0 t./5) 100 (3/3) :100 (5/5) 100 (5/5) 100-1(4/4) 1(X0 (4/4)

2 O' 6 35 -30 33) 100 (5/5) 10 45) -100 (5/5) 80 (4/5i
2Xlot -4F1/$ - (02/2) 1601 (5/5) 110 (415) -100 (515) 4) (2/Si
Q Af1(X (515) 0 (0/5) 1(00 (515) 0 (0/5) --100 (515) 0 (0/5Si

Weaniling miice rund 1juitiea pigs,%Ycre inoculated ip with 0.5 ml of the virus. Hauinsters were inoculated
.sc with 0.5 nil Of the viruas. Sharn-inoculitted uninimals were Included u% challenge controls

I Challknge dose was i04SMlCLD,* imediaii lelthal dose to suckling mice via the intrauerebrat route)
given ut 23 days-

one guiuiint pig fromn ivah groups was exssnguiniated before chiallenge.
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during t. he a summern of 17,i/icr -isrenia e 37 u .E,,ii pten fii agdpaa ai
tirust fromh disakiw phopatenilOE chromtographyJer 0!a/mpopht oun

clurrent varcine useldual tqcreven insectron (>2h 0u
orE vnirus <s mtm) atnitJer , 8 straion dlck em riovedlr
Daeromaque. (E iniaI/prlaque (of F. virus isolted

ftham thebr'aind o' via donweye readil 'Hoeuve 0

SI' tairu obelcdifonsion tesTir. d heno sraed ofa thes0,

vaon de ve anbderencbaes bctweenthe posbltyuo

renersho -of~ the ,oontci the viulnitedaretatesrn
olufn the vrsume of0) 1971 thereiht iths reenewed k
ineested i thpt- dloise seoteanta of VEI3 virus. .he,

plae ofru is-8 th(t10). .T .3standeie

fjromthe Trnld Shrr(2fudFoiastrains of VE viru 15s0 5 0a5t4 4d-5

from te birulent fofr haidokeys ()however, th RCIO UBR

vnuatcionpero wahlnerventh been baw ntepsiiity ofit 4.Eul0mlen f h nalpltlt iin

revxrican YEE s toans ]th viulntrparental TC-o rm n jrlhnpopaeclan
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vaccine strain kills only i5 to 20%*ý of-iti6culated whether~it niuighc produce less overt illriesvihmi
hamisters (F. E. Cole, ir., .wrsmoaI conmmunica* TC-83. In additioii,jhemtse. of eif:,wr: Ate l'Vk or
dioh). I lorses immutnized with Fe 17c developed ,theJ.I1 vairiant of re 3.ic wvould~crtcimly -6b

* a 'transient vireniiai but the repdrted effects contraindicated baw~d on our, results, with animal
appewared -to he -less severe than in horses exv- mocdel systems, It may'be that thefeharacterist'ics
i~eriniienali-Y -inccul:tmed- with TC-83CJlO). applied to a ng'~ed virus 7)pW6i tioncoriiainifig

Other investigators have observed variations plaqupe variants In,,- Ittributablte to theW lw~cenftage
* in-the p~laqu~e siie of VEE (8, 9, 12), and Schafl'er of Us or. StI' ithiri-that p.pulution. TIefrif

and Sch'erer (16) have recently reported at range a given~i Virus is tos hIx considgred'asa can -didawe for
of 1A4 to 6.9mmn in the plaqum ie M& f the Fe 4.71 k an attenuated vaciun, -b.1iologic anld-genit-ic
sir 'aii of Florida VEEI. NVe fouind a-hetero'g~ieity characte si~tcs or- plaque itiitswithin that
OfrplatIlle size., in the~re 3-7c-VI!E strin (16"i strain should hi. inviestig~tifd).
stickling mouse brain), artip i1,,z-rr'MItp issage i
cell cuiltuee the ra'tio-of Si"P)~J.P increased. This AQK NOWt)(I;M'IN! 'l-- -

eftect 'has been reported fo~r _Westevliz v'q!ATt2-_ - !ýY gm ile? or Garb ICM, ri-
encephalitis virus (11), :ýZ yvý; t2(' and !`fvj ýrori'in se oraimil. omiopsi"i.

'and~mouth disease-virus (7 . The shift to~zot1hlI1
plaque characier in cell culture is felt to be as!;oi- Ib(.I'I
ated with an incretisedl Sensitivity -to -inhibitors L. I3xw T 0., J S. Hirki. and WV.I) 'igeill 194. AutIclit

- presnt-,in-agar.(I8). i0n) 4:1uj1kiiolu in guilIC, IA- Iicar; evils. 'All" , l ti.
Cloning-,Ihe-plaque variants shodvedLthat each '7s-209ý18.

had disiinci~biologicalzand chemical chalracteris. 2., uose, it, ia.-, G, V.. C.10,a Mid IIgiiN. 19703Sc -,r.tioit of'
tics. The Us5 variant was tmnif-inify-virulent-for SIiMMS liruis Ph~ImI'i:1)P0 ýIlfqmtlby cadkitlu ji'I
weainling mice and was highly lethal for banisters, 3, liirio~oriess, A . PA, 061.~ oiaf poquaci %;1.111 .i:8.
guiinea pigs, and adult mice. In contrast, the 'SI' 6 y virsmo.ih'i oil C.citli

variant was avirulent for' hamsters,,gtunea pigs, ito;ta.J.~o~ 3$~6

-and adult mice and less Viruileiit for~weainlingiiiice A~ Ch~ailtsviiain, it. W.,W, 1), StidiiadP. 11. Cuialom,an xa, I i,ý
than either-P[V or the 'Li' variant. Animals which,, 94 'ali.I c~pii~i ri ii

south iFtorida. Sodow 143i.172 274ýsurvived the initial inootilatioti of Fe.3-7c vittim -e 1)i'rc . Ii.. and' J, chs:t'. 19A8 Techi~ttk'S t'or ilcmagC-
were generally protected fromt the lefthal effects or" I;!taiuatioli ,ti w~~utaiiniaitwosil iiioot

at virulent (Trinidad) strain, of 'vE.E chanlenr' t~lt~its~ Ameir. J 'I rop,. Mcdý 7:%61 173,

virus. W~e feel that the ptesence of LP varhnits j i.utwc I. ad Vi 95.O Itwoicrt l

',the PV virus p ' ptlation (581.,.) probably cells~ grossii lit auroan .il aiial)sis of' %iols CkdSt'rcix sbifig
-tribuated to the deaths. observed with hari .. s Leflls Jjfl'p.'Mcd. 99:18,3-11A

stnd %%,can ling ..!ice. This does. not explair the 7. Diico.'o It., l.Vogil and A. GAC It.Srkkldna. 1956. A

resistanice Of guineat pi&% to the Fe Me IsV- It -nv Study ormei inksi asIxvis or-netaridlhioadlol of' Iuý) ailimiI

ever, species -specificity mfiight pernit tlie 81I" 1 im, irolol*y :i162 -2105.
variant to multiply preferentially or intcer:zJre-With S. hady '. siand it. J.- icam. 1961. 'lli rornmi'oli of'
the LP-virtig oin mask the 'vietiience (if~7 LI'U plaq.31k fy mo stratuls or VC41U0cl euim asi~l'tic vtuao

variant. lit) clats ý InM Aa'ner. J.1 I fyg. 73;W5-262,
'Citomatgrahie't~xpritient reiP~re te 9. Wanift, Ii. J., X. V. Scliohais, ~im,tA. A. Aindes~cii 11)(0)

'diniitogito~ic,--xpeifien- Ien~re te -actors Inuflleichi imic tiuace and ptlaque Itropvaiks of
1tInduigs of biological -dilhrenrrces- bvtweetu the aicutiWI~ catucvllieaus cq'loiwcn~cI.~uy,~i.srv
,ariants. Thes~e differ~nces; may bi*A'spresscid 'by itiiimladatois. J.-virol. 4:545 W4.

4ecl rg-on the viral membrane. 4hch, woul~d W i id'017.ýo ioisail

4svrCO~nt for the in 'dividtual eltation p'rptiles or the aircV strains orf VciitkIimi Vlui.Ct~tiI0irdi lt.

variants ohi-calcium 'phosphate' colti~ins. Other I. Clink~ ical mul roiotidca studicls. Amer. J. 13-pidoitioI 93:

rnzitogi~apfiy, and. in these systems the Lill variant by sil'.uios of mvaierin c(tuI0is' cliccrpaslkN %fills, Anilcr. i.
'.vas eluted at a lower ionic stiresigth of buffrer than' li)-fg76:216-224;
'the.0I va'riant,-as was theicase in our study. 12. us.y5,nd5nwi92Sdcssh;\ioogw

We have found that the SI',variant or Fe '3-7c ulid all1 aliclstlmitc sil~l of Wveolmeakh eqjuie icpallu
is eltielyavrtlen ad onfrs' irsia d itfuhl Aret egpli QL mPkiluusttn'm Arch (ks.'a-ail

is rlatvelyaviulei an eofe, protection to Vinasfoisc,sc 12.3$7 3912
tost hosts. Although our studies indicate that the 13. Oik:lulcflony, 0. 19$3, il~l~alt~ rv4d11iOIl lit gel.
SI' variant of Fe 2t 7e would' olfer no advantage IV. 'irtes oif m~solomna In cooidhiiiad 3slscots of dillfusion
over lihe TC.83 vaccine strain currently in' use, Aaa Imithl.l Zýicroblot, Scatid, 32:230-240.

the SP' variant is less virulent in ha~msters and essfl 1al~in fif MIv k'itnI~lviei'i Alc ititp rnctg 27.0
therefore might. deserve trial in horses- to learn 497,ln a~ lJ~it~Aor3.l~ 7"



184 71VDERSEN,, SjýOCUM, ANI) ROBINSON INFrer. MitT

ii Schaf~rq, P. X., and W.. KlSic~i e.I9071 Smbihty or ..imlcnee or' VIC11clu/ l d quit ck-4iu~tevrcphimlom)cIII in Trinidad. W. 1,
wd, plaque siic or vcriczuclaný cuecrhatlidi virus Auith, 1. 1 1w 19434944 cpiitýotl. Aincr. 1. Trop. Mod., IIyg.
Nw~icin'nlosquihos (Aidq a'hpi'p Anmer J; lpidettiol. 2:82.12-834,

'93:0~-4. . pWigd, llt 1962. hitrplhologic umnd antig-mic cliaameicrisitme
16, Seiiba, b,.OyP. llastived, and 1. S. Colter. 'I'69. Physical -or, pIltque mlutatngs or tin: prototypc striain ýC ECHIO i9
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