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Venezuelan equine encephalitis (VEE) virus antigenic subtypes and varieties are considered either epidemic/
epizootic or enzootic. In addition to epidemiological differences between the epidemic and enzootic viruses,
several in vitro and in vivo laboratory markers distinguishing the viruses have been identified, including
differential plaque size, sensitivity to interferon (IFN), and virulence for guinea pigs. These observations have
been shown to be useful predictors of natural, equine virulence and epizootic potential. Chimeric viruses
containing variety IAB (epizootic) nonstructural genes with variety IE (enzootic) structural genes (VE/IAB-IE)
or IE nonstructural genes and IAB structural genes (IE/IAB) were constructed to systematically analyze and
map viral phenotype and virulence determinants. Plaque size analysis showed that both chimeric viruses
produced a mean plaque diameter that was intermediate between those of the parental strains. Additionally,
both chimeric viruses showed intermediate levels of virus replication and virulence for guinea pigs compared
to the parental strains. However, IE/IAB produced a slightly higher viremia and an average survival time 2 days
shorter than the VE/IAB-IE virus. Finally, IFN sensitivity assays revealed that only one chimera, VE/IAB-IE,
was intermediate between the two parental types. The second chimera, containing the IE nonstructural genes,
was at least five times more sensitive to IFN than the IE parental virus and greater than 50 times more sensitive
than the IAB parent. These results implicate viral components in both the structural and nonstructural
portions of the genome in contributing to the epizootic phenotype and indicate the potential for epidemic
emergence from the IE enzootic VEE viruses.

Venezuelan equine encephalitis (VEE) has been an impor-
tant human and equine disease for much of this century, and
recent epidemics (26, 33) clearly indicate that VEE viruses still
pose a serious public health threat. VEE viruses are serologi-
cally classified into six distinct antigenic subtypes (31, 35).
Historically, only viruses in subtype I, varieties AB and C, are
associated with major epidemics and epizootics. These anti-
genic varieties have been isolated only during VEE outbreaks
in human and equine populations, with one possible exception
(24). Equine mortality due to these viruses can reach 83%; in
humans, while the mortality rate is low (,1%), neurologic
disease, including disorientation, ataxia, mental depression,
and convulsions, can occur in up to 14% of those infected (13,
33). In contrast, viruses classified in the remaining subtypes
and varieties (II to VI and ID to IF) of the VEE antigenic
complex are considered enzootic. These viruses are usually not
associated with human or equine disease, and they circulate
continually in sylvatic or swamp habitats (31, 32).

In addition to the epidemiological differences between the
epidemic and enzootic viruses, several in vitro and in vivo
laboratory markers that distinguish these viruses have been
identified. Differential plaque size was one of the first markers
believed to be useful in distinguishing epizootic and enzootic
VEE virus strains (6). Epidemic IAB viruses generally produce
small plaques, while plaques of enzootic IE strains are signif-
icantly larger (19). A second marker was identified in 1974

when Calisher and Maness noted that an enzootic IE strain of
VEE virus did not kill guinea pigs when inoculated intraperi-
toneally (2). Specifically, the IAB strain Trinidad donkey
(TRD) killed 10 of 10 adult guinea pigs, while the IE strain
68U201 killed 0 of 10 guinea pigs when the animals were
inoculated subcutaneously (11). Subsequent studies confirmed
this finding and revealed a general trend that IE strains of
VEE virus are not typically lethal in guinea pigs and produce
lower viremias, while IAB strains are highly virulent and lethal
for guinea pigs (28, 29). Additionally, the differences in guinea
pig lethality correlated with equine virulence; inbred strain 13
and English short-hair guinea pigs survived infections with
VEE viruses that were known to be benign for equines, while
equine-virulent VEE viruses were lethal for guinea pigs (28). A
third marker, sensitivity or resistance to interferon (IFN), was
recently described as useful for distinguishing epizootic and
enzootic VEE viruses (30). These observations have been
shown to be useful predictors of natural, equine virulence.
However, no studies have been performed to examine the
molecular determinants involved in natural equine virulence,
epizootic potential, or markers of these traits. The work pre-
sented here describes an approach, using chimeric infectious
clones, to systematically analyze and map viral phenotypic and
virulence determinants.

MATERIALS AND METHODS

Viruses. TRD virus (subtype IAB) was used in the construction of pVE/IC-
109, which has been described elsewhere (14). The enzootic IE sequences were
derived from strain 68U201, originally isolated from a sentinel hamster near La
Avellana, Guatemala, in 1968, and subsequently passaged once in suckling mice
and twice in baby hamster kidney (BHK-21) cells. Both genomes have been
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completely sequenced, and comparison of the two sequences has shown approx-
imately 25% nucleotide sequence divergence (16, 20).

Generation of chimeric infectious clones. To construct the first chimeric in-
fectious clone, pVE/IAB-IE, two overlapping cDNA fragments of 2.25 and 2.36
kb, covering the entire structural gene region of the IE virus 68U201, were
generated by reverse transcription-PCR (RT-PCR). Superscript II (Gibco BRL,
Gaithersburg, Md.) was used to generate cDNA, and Pfu Turbo polymerase
(Stratagene, La Jolla, Calif.) was used for cDNA amplification (see Table 1 for
primers used). These two PCR products were cloned into a pBluescript II SK(1)
(Stratagene) shuttle vector to produce a complete 4.4-kb subgenomic cDNA that
was subsequently transferred into the IAB infectious clone, pVE/IC-109 (Fig.
1A).

A second chimeric virus, consisting of the IE nonstructural genes and the IAB
structural genes (pIE/IAB), was constructed by RT-PCR amplification of the IE
nonstructural genes in four overlapping fragments. These fragments were com-
bined by producing successive subclones using restriction enzyme sites conserved
between the TRD and 68U201 genomes, followed by substitution of this entire
fragment for the nonstructural genes in the existing IAB infectious clone (Fig.
1B).

The parental IE infectious clone, pIE.AA, was constructed by cloning the four
IE nonstructural cDNAs into the previously constructed chimera pVE/IAB-IE
(Fig. 1C). An additional 1.5-kb PshAI/Sse8387I fragment was inserted from a
subclone containing the IE 26S sequences to correct for a cloning deletion. All
of the final infectious clones were sequenced to ensure that no aberrant or lethal
mutations had been introduced during the cloning process. The final sequence of
the 68U201 sequence of pIE.AA differed from the published sequence of
68U201 at three nucleotide positions: 5406 (T to A), 5675 (T to G), and 6171 (G
to A). The first change results in an amino acid change from Val to Asp at
nsP3-459, the second changes Ser to Ala (nsP3-549), and the third changes Gly
to Asp (nsP4-152). These same changes were also present in the PCR product
(sequenced directly) used to produce the clone, so the differences are likely due
to variation in passage history.

In vitro transcription and rescue of recombinant viruses. The parental and
chimeric infectious clones were linearized with restriction endonuclease MluI to
produce cDNA templates for RNA synthesis. In vitro transcription was per-
formed as previously described (25) from the T7 RNA polymerase promoter,
using an m7G(59)ppp(59)A cap analogue (New England Biolabs, Beverly, Mass.).
After in vitro transcription, the RNAs were transfected into BHK-21 cells by
electroporation (23). Virus was harvested after approximately 48 h when cyto-
pathic effects (CPE) were evident in greater than 75% of the cells. Virus titers
were determined by plaque assay on Vero 76 (V76) cells and reported as PFU
per milliliter.

Immunofluorescence. Each rescued virus was characterized by an immunoflu-
orescence assay using variety-specific monoclonal antibodies (MAbs) (27) to
confirm the antigenic origin of the structural genes. MAb 1A1B-9 reacts with
variety IE viruses but not with IAB viruses; MAb 1A3A-5 is positive for IAB but
not IE viruses. These antibodies were diluted 1:400 in phosphate-buffered saline
(PBS) and incubated with acetone-fixed monolayers of V76 cells that had been
infected with the parental or chimeric viruses for 24 h at a multiplicity of
infection of 0.1. Detection was performed with a secondary goat anti-mouse
antibody conjugated to fluorescein isothiocyanate (Sigma, St. Louis, Mo.).

Plaque size analysis. The plaque phenotypes were compared essentially as
described by Martin et al. (19). V76 cells were seeded into six-well tissue culture
plates and allowed to grow to confluency. Tenfold dilutions of the virus were
adsorbed to the monolayers for 1 h at 37°C. A 4-ml overlay consisting of minimal
essential medium with 0.4% agar (Sigma) was added, and the cells were incu-
bated at 37°C for 72 h. Agar plugs were removed, and the cells were stained with
0.25% crystal violet in 20% methanol. Approximately 15 to 30 well-isolated

plaques were measured for each virus, and the means were compared by analysis
of variance (ANOVA) using Bonferroni comparisons.

IFN assays. One assay to determine the IFN sensitivity of the parental and
chimeric VEE viruses was performed, in three replicate experiments, essentially
as previously described (30). Briefly, monolayers of L929 mouse fibroblast cells
in 96-well plates were primed with twofold dilutions of mouse IFN-a/b (Sigma),
ranging from 2,000 to 0.1 U/ml, for 24 h. After priming, 50 ml of virus suspension
(10,000 PFU/ml) was added to quadruplicate wells, and the virus was allowed to
adsorb for 1 h at 37°C. Additional minimal essential medium supplemented with
penicillin-streptomycin and 5% fetal bovine serum was added (100 ml/well). Cells
were monitored daily for signs of CPE. Controls included unprimed L929 cells
infected with each virus and uninfected cells primed with IFN. Final determina-
tion of the concentration of IFN inhibiting 50% of the CPE was made on day 5
postinfection. Additionally, to corroborate the results obtained using the IFN
sensitivity assay described in the literature (30), assays were performed to de-
termine the titer of virus being produced at selected IFN concentrations. Du-
plicate 25-cm2 flasks of L929 cells were induced with 0, 0.1, or 10 U of IFN-a/b
per ml 24 h prior to infection with 2 3 105 PFU of one of the four parental or
chimeric viruses. At 1 and 3 days, 0.5-ml aliquots of supernatant were removed
and analyzed by plaque assay to determine viral titer. Both titers and IFN
resistance endpoints were statistically compared by ANOVA.

Guinea pig virulence. Stocks of parental IE and IAB viruses as well as chimeric
IAB/IE and IE/IAB viruses were inoculated into 3- to 5-week-old (300- to 500-g)
English short-hair guinea pigs. A 0.2-ml aliquot of each virus (1,000 to 100,000
PFU), diluted in PBS, was injected subcutaneously. Serum (20 ml) was collected
daily by the saphenous vein method (9) for 5 days, and the titer of virus in the
blood determined by plaque assay. Animals were observed twice daily for signs
of infection, and mean day of death was documented. Average survival time and
virus titer (which was affected by variable group size due to mortality during the
course of the study) were statistically compared using a one-way ANOVA and a
two-way ANOVA or general linear model, respectively.

RESULTS
Generation and rescue of recombinant viruses. Previous

studies have proposed that viral genetic elements contributing
to vector specificity or conferring subtype characteristics may
be expressed from both the nonstructural and structural gene
regions. In an attempt to broadly define putative virulence
genes and identify possible multigenic determinants, chimeric
IE and IAB variety viruses were engineered to contain recip-
rocal combinations of the entire structural gene region of one
variety of virus with the nonstructural genes of the other vari-
ety (Fig. 1).

Chimera pVE/IAB-IE was constructed to contain the IAB
nonstructural genes with the IE structural genes, while the
counterpart to this first construct, pIE/IAB, contained the IE
nonstructural genes and the IAB structural genes. Both chi-
meric viruses reacted as expected antigenically; fluorescence
was detected in VE/IAB-IE virus-infected BHK-21 cells using
the IE virus-specific MAb 1A1B-9, while a MAb specific for
variety IAB, IC, and subtype II viruses (MAb 1A3A-5) showed
no immunofluorescence. Conversely, the IE/IAB virus-in-

TABLE 1. Primers used in the construction of chimeric and parental infectious clones

Primer Orientationa Positionb Sequence (59339)

V-1(1)-T7P/Xba F 1–14 AAGCTTCTAGATTCTAATACGACTCACTATAATGGGCGGCGCATG
V-2908(1) F 2908–2929 TGTGTGGAAGACTCTTGCAGGG
V-3141(2) R 3117–3141 CACTGCTCTGTGGTCAAATCTATCC
V-4252(1) F 4252–4276 CAAAGTGTCTGAAGTGGAAGGTGAC
V-4447(2) R 4426–4447 CACATCTGCGTCTGTTGTGTCC
V-6509(1) F 6509–6530 GCTGCCCTGTATGCAAAGACTC
V-6707(2) R 6684–6707 GCACCAATTCTCTATGAATCCCAC
V-7037(1) F 7037–7064 ATCAATATGGTCATAGCTAGCAGAGTTC
V-7606(2) R 7582–7606 GCATTGGGTACATTGGTTGATAAGG
V-9101(1) F 9101–9128 GTACTTTACTGTCCATGAGCGGTAGTTC
V-9284(2) R 9257–9284 ACCCATTTGTCATTCTGTGTACGGTATG
V-11464(2) R 11436–11464 GAAATATTAAAAACAAAATCCAATTATGG

a F, forward; R, reverse.
b Position listed corresponds to nucleotides in strain 68U201 to which the primer anneals.
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fected cells demonstrated only 1A3A-5 MAb-specific immuno-
fluorescence.

Plaque size analysis. Size determination plaque assays were
performed to compare the recombinant chimeric viruses with
both parental strains. Although individual viruses typically pro-
duced a mixed-plaque size phenotype, the parental epizootic
strain produced significantly smaller plaques than the enzootic
IE parent. The average plaque sizes (6 standard deviation)
were as follows: VE/IC-109 (IAB parental), 3.3 6 1.1 mm;
IE.AA (IE parental), 5.5 6 0.4 mm; VE/IAB-IE (chimera),
4.6 6 0.7 mm; and IE/IAB (chimera), 4.5 6 0.6 mm (Table 2).
The mean plaque diameters of both chimeric viruses were
intermediate between those of the parental strains, and com-
parison of the means indicated that both chimeras produced an
average plaque size that was significantly different from that of
the IAB and IE parental strains (all P values , 0.005).

IFN sensitivity. A correlation between virulence of a given
VEE virus strain and its sensitivity or resistance to IFN has
been well established (10, 30). This same approach was used
with the viruses in this study; the parental IAB strain (VE/IC-
109) was the most resistant to IFN-a/b (50% protective dose 5
5.6 U), while the IE parental virus (IE.AA) was extremely
sensitive to induction with IFN-a/b (50% protective dose 5 0.4
U) (Table 2). One chimera, VE/IAB-IE, was intermediate
between the two parental types but still quite resistant to IFN
(50% protective dose 5 2.3 U). Interestingly, the chimera
containing the IE nonstructural genes was at least as sensitive
to IFN-a/b as the IE parental virus (50% protective dose , 0.1
U). Statistical analysis of variance indicated that the VE/IC-
109 parent was significantly different from the IE/IAB chimera
(P , 0.03) and that the IE.AA parent was significantly differ-
ent from the VE/IAB-IE chimera (P , 0.05). Additional VEE
virus isolates that had been previously characterized by the
IFN sensitivity technique were assayed here to confirm the
reproducibility of the test. Strains Fe3-7c (Everglades, subtype
II) and 93-42124 (subtype IE) were categorized as sensitive
and resistant, respectively, with 50% inhibition endpoints at
,0.01 U/ml (Fe3-7c) and 26 U/ml (93-42124). The IFN sensi-
tivity classifications assigned to these two virus strains corre-
sponded to those previously determined (30), although all
VEE viruses were more sensitive to IFN-a/b in this report.

Additionally, the plaque titers of all four viruses were deter-

mined at 5 days postinfection, using the supernatant from the
well identified as the 50% inhibition endpoint, and at days 1
and 3 from cells induced with 0, 0.1, or 10 U of IFN-a/b per ml.
At the 50% endpoint doses, none of the viruses were signifi-
cantly different, with titers ranging from 3.0 to 5.7 log10 50%
tissue culture infective doses/ml. Determination of viral titers
at the defined IFN-a/b doses of 10 and 0.1 U/ml confirmed the
results of the IFN sensitivity assay; each parental virus was
significantly different (P ,0.05) from the chimeric virus con-
taining the structural genes of that parent (Table 2).

Virulence for guinea pigs. Outbred guinea pigs were infected
with each of the viruses by subcutaneous inoculation, and daily
serum samples were used to determine the viremia throughout
the course of infection (Fig. 2). The clone-derived IAB virus
was by far the most virulent in guinea pigs (Table 2 and Fig. 2).
It produced a very high titered (4.6 to 6.3 log10 PFU/ml), rapid
viremia that consistently killed the animals in only 3 to 4 days.
In contrast, the IE parental virus was avirulent; animals in-
fected with this virus exhibited few clinical signs of illness,
produced a low-titered viremia (2.8 to 3.5 log10 PFU/ml) that
was cleared within 3 days, and subsequently recovered from
the infection. Guinea pigs receiving either VE/IAB-IE or IE/
IAB virus showed intermediate levels of virus replication and
virulence, both being statistically different from the IE parent
in average survival time (P , 0.01) and, at later time points,
guinea pig viremia (P , 0.02 at 96 h). Neither chimera differed
significantly from the IAB parent for guinea pig viremia (P 5
0.06 to 0.36); however, the VE/IAB-IE chimera had an average
survival time statistically different from that of VE/IC-109 (P 5
0.03). The IE/IAB chimeric virus appeared to be more virulent
than the reciprocal chimera (3.9 to 6.0 log10 and 3.8 to 4.6 log10
PFU/ml, respectively). Both chimeras were lethal for guinea
pigs; however, the IE/IAB virus produced a slightly higher
viremia and resulted in an average survival time that was 2 days
shorter than that of the VE/IAB-IE virus.

DISCUSSION

Determination of the molecular basis of reemergence of
VEE epidemics and epizootics, as well as the differential vir-
ulence of the epizootic and enzootic viruses, are significant
issues in arbovirology. Previous studies have shown that labo-

TABLE 2. In vitro and in vivo markers of VEE virus virulence

Virus IFN analyses Guinea pig virulence

Name Gene structure Mean plaque diam
(mm) 6 SD

Sensitivity
(U/ml)

Titera (log10 PFU/ml) at IFN concn of: No. dead/no.
infected

Mean day of
death 6 SD0 U/ml 0.1 U/ml 10 U/ml

VE/IC-109 IAB 3.3 6 1.1 5.6 8.2 6 0.2 7.9 6 0.4 7.3 6 0.4 4/4 3.8 6 0.4
IE.AA IE 5.5 6 0.4 0.4 7.3 6 0.4 5.6 6 0.1 5.4 6 0.3 0/4 NAb

VE/IAB-IE IAB nonstructural genes,
IE structural genes

4.6 6 0.7 2.3 8.4 6 0.2 8.2 6 0.1 7.6 6 0.1 3/4 6.0 6 1.2

IE/IAB IE nonstructural genes,
IAB structural genes

4.5 6 0.6 ,0.1 6.8 6 0.4 5.2 6 0.3 4.7 6 0.2 4/4 4.3 6 0.4

a Titers shown are for 24 h postinfection.
b NA, not applicable.

FIG. 1. Construction of IE and IAB VEE virus infectious clones. Boxes containing diagonal lines represent sequences derived from TRD, while hatched boxes
contain 68U201 IE sequences. The asterisk is the site of the MluI restriction enzyme recognition sequence used for runoff transcription. PCR-amplified fragments (dark
bars) were inserted using the restriction enzymes indicated. (See text for full details.) (A) Construction of pVE/IAB-IE by insertion of two IE PCR fragments into the
existing pVE/IC-109 clone. BglII and SspI cuts were partial digests. (B) pIE/IAB was produced by incorporation of four IE fragments into pVE/IC-109. (C) The IE
parental infectious clone was derived from pVE/IAB-IE by substitution of 68U201 sequences from the existing IAB sequences. An additional fragment (PshAI-
Sse8387I) was required to correct for a deletion incurred during cloning.
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ratory mutations in the VEE virus genome can lead to altered
ability to efficiently infect and disseminate in mosquitoes (34)
and mice (4), change cell type specificity (20), and generate
viral phenotypic changes (5, 7, 12). However, determinants of
the viral genome directly involved in natural virulence have not
yet been elucidated. Using a molecular genetic approach ex-
ploiting infectious clone technology, we determined that viral
genetic determinants in both the structural and nonstructural
gene regions are involved in natural enzootic versus epizootic
virulence.

Most studies concerning the role of VEE viral genetics in
virulence have focused on the structural proteins, in particular,
the surface glycoproteins. A single mutation in the E2 glyco-
protein of the TRD strain delayed replication of the mutant in
mice by almost 2 days and significantly reduced the pathoge-
nicity of the virus (4). Interestingly, because the envelope pro-
teins are in close association with each other as a dimeric spike
structure in the mature virion (1, 22), Davis and colleagues (3)
showed that attenuating mutations in E2 glycoprotein could be
compensated for by changes in the E1 protein.

The E2 protein is also important in infection of the insect
vector. One MAb-resistant mutant, containing a single muta-
tion in E2, was restricted in its ability to disseminate from the
mosquito midgut following oral infection. Dissemination of
this mutant was identical to that of the wild-type virus when
inoculated into mosquitoes, suggesting that the level of inhibi-
tion was the viral entry into midgut epithelial cells (34).

More recently, mutations leading to attenuation of the VEE
virus TRD strain to generate the TC-83 vaccine strain were
identified (14). A major determinant of attenuation occurred
at amino acid position E-120 in the E2 glycoprotein gene.
Incorporation of an additional mutation at genome nucleotide
position 3 in the 59 noncoding region (NCR) significantly en-
hanced the attenuated character of the vaccine strain. The
results of our work contrasting enzootic IE and epizootic IAB
strains corroborated this finding. The chimeric IE/IAB virus,
containing the virulent IAB structural genes, demonstrated an
intermediate mean plaque size, an increased resistance to IFN,
and an increase in guinea pig virulence compared to the wild-
type IE parent. These findings support the hypothesis that a
major virulence determinant is present in the structural gene
region, perhaps being enhanced by components of the non-
structural or 59 noncoding regions of the genome. However,
Kinney et al. (14) found that incorporation of the TRD nucle-
otide in the 59 NCR into the TC-83 infectious clone by itself

was insufficient to generate the virulent phenotype; the muta-
tion in the E2 gene was required in concert to show any
alteration in virulence. The phenotype of the VE/IAB-IE virus
seems to contradict this finding. This virus does not maintain
the IE-like characteristics as would be expected if mutations in
the E2 gene were absolutely essential for virulence. The VE/
IAB-IE virus was markedly different from the IE parent in
ability to replicate in the guinea pig model (Table 1 and Fig. 2).
In fact, this virus exhibited a mortality pattern in guinea pigs
that was more similar to that of the virulent IAB parent virus
than the avirulent IE parent, suggesting that a component
present in the 59 NCR or the nonstructural genes is an addi-
tional major determinant of viral pathogenesis. It is important
to note that the information derived from the TRD parent–
TC-83 derivative comparison, a pair containing only 11 differ-
ences in the entire genome (15), is merely a point to begin
comparisons between the wild-type virulence determinants of
IAB versus IE viruses, which involve many more genetic dif-
ferences that may have profound effects on viral phenotype.
Because protein products from both the alphaviral structural
and nonstructural regions interact with sequence domains in
the other region, the 25% sequence divergence between the IE
and IAB viruses may result in less competent chimeras, thus
limiting the utility of the large-gene-region chimeric viruses.
However, chimeric alphaviruses have previously been shown to
be useful for studies of viral replication and recombination (8,
17). In this study, because both VEE virus chimeras demon-
strated increased competence and virulence compared to the
IE parent, our results reveal that chimeric infectious clones can
provide valuable insight into the potential for a given gene
region to contain virulence determinants.

One potential candidate for a nonstructural protein involved
in VEE virulence is nsP3, which contains an extremely hyper-
variable region in its carboxy-terminal region (20). The nsP3
gene has been shown to tolerate numerous mutations, includ-
ing large deletions, and still produce viable virus particles in
vertebrate cells. Interestingly, some nsP3 mutations in another
alphavirus, Sindbis virus, while doing little to impair replica-
tion in mammalian cells, significantly reduced the replicative
ability of the virus in mosquito cells (18). Presumably, if the
nsP3 gene is involved in virulence, it could require additional
mutations to completely alter the virulence phenotype since no
difference in virulence in mice was noted for a TC-83 vaccine
strain derivative that contained the wild-type TRD nsP3 se-
quences (14). However, this would not be unexpected based on
our results demonstrating that intermediate virulence and
pathogenicities were observed for both the VE/IAB-IE and the
IE/IAB viruses.

Finally, it is important to note that the three different viru-
lence markers used in this study, differential plaque size, sen-
sitivity to IFN, and virulence for guinea pigs, may assess very
different aspects of viral virulence. These markers were chosen
because they have previously been shown to distinguish be-
tween epizootic and enzootic VEE virus strains, but they are
unlikely to separate them based on the same mechanisms.
Plaque size, for example, is likely to be a reflection of the
surface charge of the glycoproteins as the viral particles move
through an unpurified agar overlay containing polyanions that
may bind virus, thus affecting mobility but not binding or entry
into the cell (13, 19). Assays such as IFN sensitivity and guinea
pig virulence are more likely to distinguish the epizootic and
enzootic strains based on biological or epidemiological differ-
ences. Interestingly, the IE/IAB results presented here indicate
that even these two methods of phenotype characterization
may employ different mechanisms. The IE/IAB virus, contain-
ing the virulent IAB structural genes, was more virulent in

FIG. 2. Viremia of parental and chimeric VEE viruses in outbred English
short-haired guinea pigs.
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guinea pigs than its counterpart but was just as sensitive to
IFN-a/b (producing the same titers in the presence of IFN) as
the IE parental strain. This could imply that while IFN-a/b
may modulate VEE virus pathogenesis, it may not be the
dominant mechanism of protection from infection in guinea
pigs and possibly equines.

Most importantly, it is clear that the enzootic IE VEE vi-
ruses, which had previously been considered to have no equine
virulence, may indeed possess some epidemic potential in both
the structural and nonstructural portions of the genome. This
is a significant finding considering that in 1993 and 1996, IE
VEE viruses caused outbreaks of equine encephalitis in south-
ern Mexico, with over 160 cases documented (21). Utilizing
multiple approaches to characterize genotypic markers associ-
ated with virulence, chimeric viruses should be a useful ap-
proach for elucidating genetic determinants involved in patho-
genesis, transmission, and evolution of the multiple subtypes
and varieties of the VEE antigenic complex. Construction of
additional chimeras with this system, as well as using more
closely related VEE viruses, to investigate progressively more
defined viral genetic elements will eventually provide a better
understanding of the mechanisms of VEE virus virulence.
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