Am. F. Trap, Wed Hyp, S0EL WUEL pp. d44-445
Copyrighs %70 1980 by The Ar

ricin Society of Tropiond Medsine and Hegiene

VENEZUELAN EQUINE ENCEPHALITIS VIRUS:
HORSE VIRULENCE OF P-676 AND MF-8
SMALL AND MINUTE PLAQUES*
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The P-676 and MF-2 eplzootic strains of Venezuelan equine encephalitis (VEE)

wirns wert found fo condain g minude plague (MP), different from the predeminant small
plaguee (5P presenl i these viras strains, The MP amd 5P were stable after pazsapes in Vero
cells, mice, or harses. Equines were inoculated with the 2P or MP ol the P-676 amd MF-3
straivg, Inocolation of eicher P-676 51" or M1 into horses induced high fever and viremia but
no signs of encephalitis or death. Four borzes infected with MEF-8 SP hecame very ill, with
high fever and viremia; three of the inoculated animals died. Four harses were infected with
M-8 MF; onlv two showed viremia but appeared asymptomatic and afebrile. INeucralization
tests with immuane sera from the infected equines showed that the Poodo 50 and MP appear
clistinel, whale a elear difference canoed be ohserved with MEF-5 5P oand MP.

[Meringe the course of studics fo Investizate the
poszibility of chronie infection of hotzes infected
i utera as one possible survival mechanism of
epizootic Veneouelan equine encephalitis (V)
wiris in natiare during interepizootic periods, e
found that explant cultures fram fetuzes of mares
infected with epizootic VEE strain P-676 vielded
two plague tvpes, Oee was a minuce plague (34717,
0.3 1o 005 mm o diameier; the other a small
plague (5P, 1.5 to 2.0 mm in diameter, which
was the predominant plague tvpe in the parental
pron].

The finding of a P-676 MP vanant led gz to
search for minute plagues in the MF-2 epizootic
strain. We found and cloned a similar MF-2 MP
variant. In orcder to characterize theze P-676 and
ME-8 plague variants we conducted Lhe eouing
virnlence studies which thiz veport describes.

MATERIALS AND METHODE
VEE vivus

The MF-8 and P-676 epiznotic VEE wvirus
strains, which have heen characterized az mem-

Aceepted 12 Tuly LOE0.
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hers of subtvpe I-ABC of the VEE complex have
been described elsewhere ! The MF-8 strain was
originally isolated from
during the 1969 epizootic and the P-G76 strain
from moscuitoes in YVenezuela in 1963, The P-676
strain uzed 1o infect the equines had ohe passage
o mice, twooin Vero cells, and one in primary
fetal eguing kidney cells. The M-8 strain used
had one passage in mice, one in Vero cells, and
ane in primary fetal equine kidney cells. Explant
cultures from feluses of mares infected with P-6746
were the source of the small and minate plague
wvirns, Minote plaques were picked and inooulated
into tubes of Vero cell cultures; upon development
nf eviopathie effect (CPE) the fluid was harvested,
serially diluted, and Ineculated into Vern G-well
pancls, This procedure was repeated entil the MP
were cloned.

Peiit S were alio selected, diluced directly
with phosphate-baffered saline (PHS plus 005%
gelatin, and inoculated into G-well pancls, This
procedurs was repeated until the small plague
Lype was clonecd.

The MF-8 strain was mmoculaled into Vero
panels and the small and minute plagues were
selected and cloned. P-076 and MF-2 plague vari-
ants were condirmed as VEE by complement fix-
ation (CF ests and proved 1o be stable aller sev-
eral paszages in Vero cells and newborn mice, All
SP and MP wvirus pools were prepared in Vero
cellz as fallows: the cell cultures were moculated and
upen appearance of CPE, Lthe cells were frozen
aned thawed, and Lthe Auid was collected and cen-
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TapLe 2
Patterie af vivemia 0 Forses ieoculofed witl Venegnelan egudne enceflealifis vivies, small (5P and minuie (MF)

plagae tvpes af stvain P-474
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trifumed at 2,000 = g for 20 min. The supernatant
Auid was then dhiluted 132 with PHRS conlaining
13% sucrose and 4% hydrolveed gelating and was
dispensed in vial: and frozen at 707,

fovses

Local crossbrod mares (Pouns calinliee) =10
vears old were uzed. Animals were free of neu
tralizing antihodies azainst VEE and eastern
couine encephalitis virus, Witk the exception of
P-a76 5P, which was inoculated inie <ix horses.,
we ineculated cach of the other plague clones into
groups of four horses, Eguines were housed 1o an
insect-proof stable located in a pasture lancd 900
meters above sea level, The area is free of VEE
virgs deliviky.

Trocnlation and collection of specimens

Eeuines woere inocelted subeulancously wilh
1.0l of impculam contauining 10000 b 10,000
s kling mouse intracerebral median lethal dose
units of virus (SMICLD.), except those animals
inoculated with ME-8 M, which received T
Cweern 10 and 100 SMICLD,.. FRectal tempera-
tures were faken once daily from day | preinoee-
ulation to day 12 postinoculation. Heparinized
bload was collected from each horse from day zero
Jelay of neculatiom throush day 12, Plasma‘serum
was separaled, dispenscd inovials, stored o liguod
My and transported to the Babaratory.

Titrations of plasma were made by intracere-
bral inoculation (0.02 mb of [0-fold serial dilu
tionz of the plasma inw mice 2-3 days old. Only

Tasre 2

Patferrs of vivemie i Rorses Inpcaloted willy Vereswelan equine exceplulitis wdvies, soall (5P ard witnute (P,

Plague tyges of stvain ME-5

Virus viters it plasina fellawing iaaculatzan with

ME-% 517
Days afzer T — .
irclition 1alt 185 5
1 i 4.3 L2
z T3 6.4 6.2
) 5.1 .4 14
4 7.2 i fr g
i 4.0 E )
0 FhAn il
7 ]

= AT s el il
! Hurse numb=r
1 Tilers expressed as dexind
& iy, duerd

15 sarvived

ME-& MFT

o P 233 20 HES
4.3 0 0 [ a
5.2 d H [ 0
5.2 ik o [ a
il 4.3 o o 0
<17 4.5 3.1 [ 4]
0 i.2 0 0 a
(5] U L 0 0



SRl

JUSTIMES, ORG, AND ALVAREY

TanLE 3
Patlerns of antibedy in seva feomr horees infecled with Venezuelan equine encephalitis vivas, straing Po676 and MF-
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mice which became sick or died witkin the first
A days were conzidered for the suadv, Suspect iso.
lates were confirmed as VER virus by CF test.

Sevological Leats

Plaque reduction newtealization lests were car
ried ot in Vero cells as reported elsewhere,? with
overnight incubation of plasmalserum-virus mix-
tures, Antibondy tilers were recoriled as the highest
dilution of serum giving 90% reduction of 60—80
plagque-forming anits (pfud of the tost dose

Titrations of crude suckling mogse brain CF
antigen were performed using a micratechnic,?
with four to eight antibody wnics.

HESULTS

A proup of six horses was infecied with P-676
S oand anolther group of four with P-a76 MP

Bzciprical sergm or nl;

VEE virus strains emnloves
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(Table 1. All equines infecred with either =676
S oor MP ceveloped fever but no other elinical
signs, and none dicd, Fever was as high as 40,990
in zome animals and Lasted from day 1 through
day 7 oafter imoculation. Viremia was high in all
six horses infected with P-654 5P, In Ave of the
herses the viremia lasted as long as 4 davs. Vi-
retnin was alse hizh in three of four horses infected
with P-676 MP; but the other, mare Moo 190, had
barcly detectable level: of virus inoits blood. Vi
remia lasted 3 davs in three of the mares; mare
No, 257 was still viremic an day 4.

Three of four mares infected with MF-5 5P
died, huat all four horses infected with MF.5 MP
survived (Table 21 All equines ineculated wilh
MF-8 5P were severely il with fever which per-
sisled in some eases for 7 odavs and in same in-
stances reached 4170 Viremia was high mnoall four
animals and was prezent for § davs. Mares No.
190 died on day 6, No. 183 on day 7, and Mo 223
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which died on day 4, hael a peak viremia abose
T dexfml Mare Moo 236 was Lhe anly survivar
of the M-8 5F groap,

Mone of the four mares infected with MF-3 MP
developed fever or any other signs of disease but
all cleveloped antibodies. Only two animals
shoaeedd viremia;, Noo 228 had a S-day vircmia
which began 3 dayvs after inoculation, and mare
Mo, 233 had only a viremia with a low titer of 5.2
deximl onday 3. Viremic blood of equines infected
with either placgue Lvpe of P-276 aor ME-3 vielded
only the type of plague which bad been inoculated
into that horse,

Table 3 sunwmarizes the serologic response of
eouines infected with clooed plaguee variant: of -
ave and ME-5. {haly two aoimals from each of
thi: experimental sroups are listed, but they are
representative of the pattern obzerved in the entire
group of horses @sted. Homologous antibody was
first detected in moest of the animals 4 davs after
inoculation, and by day 3 antibody tilers were
high enough o that specific differences between
the virus plague varant: could be seen,

Mares No. 211 and 247 noculated with P-G76
S and mares No. 255 and 257 infectecd wtibh -
76 MEP developed highly specihc antibodies to the
homologous virns variant by day 3 afier inocala-
tign, with 8- te 1o-fold differences in titers, By
dav 7 the difference in antibedy titer was no great-
er than I-fold between the bomologous and the
cther varanls, wilh the cxeeplion of ammals No.
211 amd #2535 which maintained o high specificity.

The sera taken on davs 5 and 7 from the an-
mals imoculated with MF-2 5P showed no differ
ence 1o antibodies when compared o the other
plague variants, The P-676 51 and MIP viruses
wire neuatralized more avidly than the M-8 5P
homologous viruz, The horses noculated with
MF-2 MP showed a delaved appearance of anti-
Loelaes, prabably doe e the low viros dose inoe-
ulated. Animal Mo, 228, iofected with M-8 MP,
showed no greater difference in antibaody apecific-
ity among the virus variants. while Noo 210
showed low antibody titers at 12 davs after noc-
whatior, bul by clay 31, Lhe serum showed a high
speciicity Lo the homologous virus,

DIECURESION

Harses inlected with P-ria 5P had o longer vi-
remia than those inoculated with MP, Fither the
P-676 5P or MP alone appeared to be less lethal
for equines than the parental pool, which was

shown o cagsze 20-30% moralily. > We found
(G, Justines, wnpublished data) that two af four
horses develaped moderate newralogical sizns bl
nene died alter infection with an ineculam pre-
parecl Wy contain a proportien of 1 MP o 100 5P
of P-676. We do not know whether the combi-
nation of the 51" and MP warks synergistically 1o
increase lhe virulence of the P-676 strain for
equines, but one iz tempted to specolate that this
1% &0,

The resultz obtained with the MF-8 strain are
of particular interest sinee the MF-8 MP form in-
fectedd equires and induced viremia high enouzh
Lo infect vectors but appeared to e completely
romn-lethal for horzes. This was in contrast to the
MEF-3 5P form, which was highly lethal for horees.

The seralogical cesulls indicate that the =676
SP and ME are antigenically distinet, while a olear
difference cannot be observed with the MEF-3 vari-
ants.

Several havpotheses have been proposed to ac-
count for the apparent absence of epizootic VEE
wirus duting nonepizootic pertods.® The freding in
this study that twa plague tepes conld be isolated
from each of two epizootic VEE virus strains sup
ports the assumplion thal epizoostic strains are
maintained in silenl mosquito-vertebrate cyeles?
The presence of a MP form, distinct from the pre-
dominant 5P form in P-ote and MEF-8 virus
strains, shows that epizontic strains can he com-
poscid of a heterogencous virlan population. The
finding i the epizooltic viryses of virions which
are less lethal for equines seeeests that Auctua-
tions in the proportion of virion types in the viros
papulation may affect the pathogenicity of the
virtis for equines.

Martin et al. abserved that mortality in horses
varied in different areas duering the 1989-1971
VEE epizoctic in Central America ® It appears
doubtful that Tactors such as canditions af terrain,
eguine health, food. and water supply could ac-
caunt tetally Tar Lhis difference.

Modulations i the proportion of virions with
high and low lethality for equines in the wviros
population, as suggested by the MF-8 fimdings,
could possibly result from virus passing in differ-
ent hosts and vectors in the Geld.

After an epizootic strain emerges, its viralence
s measured Dy mortality for equines: might M-
tuate due 1o modulaglions of its virion components,
but prabably it would not subside naterallv to g
low-virulence, enzootic state. Furthermore, it
would have extended bevord s natural geo-
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graphic range amd its association with it pre-ep-
zpotic hosts, and probably woeold die oot

Tt seemes poszible that each epizootic strain must
arise de nova from ane or another natorally oe-
Curring enzaolic strains whick iochxie in their
miakeupr o subordinat: proportion of epizootic vi-
I VIS,

At present no eplzoctic virions have been found
i engootic (low-virulenes) viros steains, bae only
etxoolic slraing ram Cenlral America have been
examingd ¥ Hince past eplzoatics of VETR have all
emerged in South America, we cansider that en-
gootic strains from that area, especially Calombia
ancd Venerxuela, should be examined carclully for
Lhes presence of virions with e¢pizootic characler-
isbies,
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