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Abstract
We developed chimeric Sindbis (SINV)/Eastern equine encephalitis (EEEV) viruses and investigated
their potential for use as live virus vaccines against EEEV. One vaccine candidate contained structural
protein genes from a typical North American EEEV strain, while the other had structural proteins
from a naturally attenuated Brazilian isolate. Both chimeric viruses replicated efficiently in
mammalian and mosquito cell cultures and were highly attenuated in mice. Vaccinated mice did not
develop detectable disease or viremia, but developed high titers of neutralizing antibodies. Upon
challenge with EEEV, mice vaccinated with >104PFU of the chimeric viruses were completely
protected from disease. These findings support the potential use of these SIN/EEEV chimeras as safe
and effective vaccines.
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Introduction
Eastern equine encephalitis virus (EEEV), a member of the family Togaviridae, genus
Alphavirus, is an important mosquito-borne human and veterinary pathogen in the Americas
[1–3]. The virus contains a single strand, positive-sense RNA genome of approximately 11.7
kb. Four nonstructural proteins (nsP1-4), encoded in the 5’ two-thirds of the genome, are
required for viral replication and polyprotein processing. A structural protein gene polyprotein
is translated from the subgenomic (26S) RNA and cleaved into the 3 major structural proteins
(capsid, and envelope glycoproteins E2 and E1) that are involved in receptor recognition, virus
attachment and penetration, membrane fusion and virion assembly [4].

Using antigenic and genetic analyses, EEEV virus has been classified into one North American
(NA) and 3 South American (SA) subtypes [5]. The NA subtype consists of isolates from the
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eastern United States, Canada, northern Mexico and islands of the Caribbean, while the 3 SA
subtypes include isolates from South and Central America, ranging from Guatemala to northern
Argentina. The NA strains are genetically conserved, uniformly virulent and cause severe
encephalitis in both human and equines, with mortality rates of 30–80% in apparent human
and 90–95% in equine cases [1,2,6]. Human EEE exhibits nonspecific clinical signs and
symptoms that usually begin with high fever, headache, dizziness, and vomiting, which can
sometimes progress to severe encephalitis by the second day of disease with coma and
paralysis. Up to 30% of patients, especially children who survive the infection, have life-
threatening neurologic sequelae and often require costly, permanent institutional care [7].
Similar to NA strains of EEEV, SA strains regularly cause fatal equine infections. However,
human EEE is rare in Latin America despite evidence of widespread virus circulation.
Epidemiologic studies suggest that SA strains are less virulent and/or infectious for humans
[8], possibly due to greater sensitivity to human interferons [9]. Most NA and SA EEEV strains
are lethal to mice, which develop disease pattern similar to those in humans and horses.
However, strain BeAr436087 isolated from Brazil in 1985, is completely attenuated in adult
mice by either subcutaneous (SC) or intracranial (IC) inoculation, and protects mice against
subsequent challenge by virulent NA strains (PVA, SCW, unpublished).

Eastern equine encephalitis virus is a zoonotic, mosquito-borne virus that circulates among
passerine birds in swamp habitats of NA. Aside from avoidance of enzootic foci, there is no
way to prevent infection or to treat EEE. No antiviral drug is available to treat EEEV infections,
and no licensed human vaccine is available. Formalin-inactivated vaccines have been produced
from wild-type, NA strains of EEEV [10], and used to vaccinate humans [11], equids, and other
domestic and wild animals affected by the virus such as pheasants, whooping cranes, pigs, and
emus [12–17]. However, immunity is weak and short-lived, and residual live virus can cause
severe disease, as exemplified in a vaccinated horse in California [18]. Two doses of the
formalin-inactivated vaccine are typically recommended each year in locations with year-
round enzootic circulation.

The rationale for the development of chimeric alphavirus vaccines included: 1) the consistently
attenuated phenotype of all chimeric alphaviruses described to date, including recombinants
between 2 highly virulent viruses [19–22], suggesting that their recombinant nature confers an
attenuation phenotype, rather than point mutations that are subject to high rates of reversion.
The latter may be explain the residual reactogenicity of alphavirus vaccines that rely on point
mutations that accumulate during cell passages, including attenuated strains of Chikungunya
virus [23] and VEEV [24]; 2) the success of the chimeric flavivirus vaccines also argues for
this approach [25]; 3) live-attenuated vaccines have advantages over other approaches (e.g.
subunit and inactivated vaccines) of rapid and long-lasting immunity, including both cellular
and humoral. In the present study, two recombinant SIN/EEEV strains were developed and
investigated as live vaccine candidates for protection against EEE. The nonstructural protein
genes and cis-acting RNA genome elements were derived from wild-type SINV strain AR339
[26], and the structural protein genes were derived from either north American EEEV strain
FL93-939, or from the naturally murine-attenuated SA strain BeAr436087. These recombinant
vaccine candidates were evaluated in mice to assess immunogenicity, protection against EEEV
challenge, and attenuation. Our findings suggest that both recombinant SINV/EEEV strains
are safe and efficacious.

Materials and Methods
Cells

Baby hamster kidney (BHK-21) and African green monkey (Vero) cells were purchased from
the American Type Culture Collection (Bethesda, MD) and grown at 37°C in Eagles minimal
essential medium (MEM) with 10% fetal bovine serum (FBS) and 0.05 mg/ml of gentamycin
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sulfate (Invitrogen, Carlsbad, CA). The Aedes albopictus mosquito cell line C7/10 was
maintained in MEM at 32°C with 10% FBS and 10% tryptose phosphate broth.

Construction of recombinant SIN/EEEV plasmids
Chimeric alphavirus infectious cDNA clones were derived SINV strain AR339 [26], and EEEV
strain FL93-939 (NA), a 1993 Florida mosquito isolate passed once in Vero cells, or
BeAr436087 (SA), a 1985 Brazilian mosquito isolate passed once in C6/36 mosquito cells and
once in newborn mice [9]. The nonstructural protein genes as well as the cis-acting RNA
elements were derived from SINV, and the structural protein genes were derived from EEEV.
The 3’ untranslated region contained 335 nucleotide sequences derived from SINV as well as
the poly (A) tail, followed by either a Pvu I restriction site for SIN/NAEEEV, or an Xho I site
for SIN/SAEEEV. Because the EEEV promoter functions less efficiently with SINV
replication proteins [27], the SINV subgenomic promoter was included, followed immediately
downstream by the 5’ untranslated sequence of the EEEV subgenomic region. Maps and
sequences of the plasmids are available from the authors upon request.

In vitro transcription, transfection and production of infectious virus
Plasmid DNAs of the SIN/NAEEEV and SIN/SAEEEV chimeras were linearized by restriction
endonuclease digestion with Pvu I or XhoI, respectively, and purified by phenol-chloroform
extraction and ethanol precipitation. RNAs were synthesized in vitro using the mMESSAGE
mMACHINE SP6 kit (Ambion, Austin, Texas) and examined on an ethidium bromide-
containing agarose gel to determine yield and integrity of the transcripts. The RNAs were
transfected into BHK-21 cells by electroporation. The V3526 VEEV strain was rescued from
an infectious cDNA clone as described previously . The rescued viruses were collected
following the development of cytopathic effects (CPE) at approximately 24 h post-transfection.
Virus titers were determined by plaque assay on Vero cells.

Virus replication in cell culture
Replication kinetics of SINV and the chimeric viruses were compared in Vero and C7/10 cells.
Confluent monolayers grown in 12-well plates were infected at a multiplicity of infection
(MOI) of 1 PFU/cell and incubated at 37°C for Vero cells and 32°C for C7/10 cells. Infections
were done in triplicate for statistical analysis. After 1 h of incubation, the plates were washed
with phosphate buffer saline (PBS) and 2 ml of EMEM with 2% FBS were added. At selected
times postinfection, cell culture medium was collected and replaced with fresh medium. Virus
titers in the harvested media were determined by plaque assay on Vero cells [28].

Mouse infections
Six- to 8-week-old female and older pregnant NIH Swiss mice were purchased from Harlan
(Indianapolis, IN) and maintained under specific-pathogen-free conditions. Newborn mice
were held for 6 days after birth prior to intracerebral infection.

Adult mice were vaccinated SC in the medial thigh in a total volume of 100 μl of PBS. Blood
samples were collected from the retroorbital sinus and virus titers were determined by plaque
assay. To monitor body temperature, some adult mice were anaesthetized before infection with
isofluorane and implanted SC with a pre-programmed telemetry chip (IPTT-300; Bio Medical
Data Systems, Inc., Seaford, DE) according manufacturer’s instructions. Mice were monitored
for 7–10 days to ensure that trauma, infection, or other reactions to the implanted chips did not
affect the infection results. Temperatures and body weights were recorded daily without
anesthetization.
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As an extremely stringent measurement that can distinguish vaccine strains with differences
in virulence, parental viruses [SINV, or EEEV (NA or SA strain)] and the SIN/EEEV chimeras
were also inoculated into 6-day-old NIH Swiss mice at a dose of 5.3 log10 PFU by the
intracerebral (IC) route. Animals were monitored daily for 28 days for signs of paralysis or
ataxia associated with EEE. Two animals per group were sacrificed on days 1 and 2 and virus
content in the brains was determined by plaque assay. Intranasal infection of adult mice was
done following light anesthetization with isofluorane, followed by instillation of a 10 μl volume
per nostril.

Serological assays
Neutralizing antibodies were assayed using 80% plaque reduction neutralization tests (PRNT),
and IgG responses were detected using enzyme-linked immunosorbent assays (ELISAs) [28].
For ELISAs, mouse brain antigens of a North American strain of EEEV, provided from the
Centers for Disease Control and Prevention in Fort Collins, Colorado, were resuspended in
0.25 ml of water and then diluted 1:2000 in PBS. Then, 100 μl of diluted antigens were added
to each well of a NUNC Immuno plate PolySorp 96-well plate (Nalge Nunc International,
Rochester, NY) and incubated at 4°C overnight. Plates were washed with wash buffer
[phosphate-buffered saline with 0.1% Tween 20 (Sigma)] and blocked with blocking buffer
(phosphate-buffered saline, 0.1% Tween 20, 5% nonfat dry milk). Following the addition of
experimental mouse sera at a 1:100 dilution, IgG was detected with horseradish peroxidase-
conjugated goat anti-mouse IgG (Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD).
Sera yielding absorbance values that exceeded the mean values of negative control sera by
more than 2 standard deviations (0.1 ± 0.02) were considered IgG positive for EEEV.

Results
Replication of chimeric viruses in cell cultures

The overall design of chimeric SIN/EEEV cDNA infectious clones was essentially the same
as that described previously for SIN/Venezuelan equine encephalitis virus (VEEV) chimeras
[19,20]. The chimera including the NA EEEV structural protein genes was designated SIN/
NAEEEV, while that containing the SA EEEV structural protein genes was designated SIN/
SAEEEV. Specific activities of the transcribed RNAs determined by infectious center assays
were similar to those of other alphavirus chimeric clones (data not shown)[19]. Parental and
chimeric viruses recovered from BHK cells after RNA electroporation were tested for
replication in Vero (an approved mammalian vaccine production substrate) and C7/10
mosquito cells at a MOI of 1. High yields of both chimeric viruses were produced in both cell
types, similar to those of the parental SINV (Fig. 1); unlike the SIN/VEEV chimeras described
previously [19,20], SIN/EEEV derived from electroporated cells produced large plaques on
BHK and Vero cells and did not require further passages to replicate efficiently. The SIN/
NAEEEV chimeric virus replicated to slightly higher titers than SIN/SAEEEV in Vero cells,
with peak titers about 10-fold higher (Fig. 1); however, these differences were not significant
(p>0.05, ANOVA). No cytopathic effects (CPE) were observed after infection of C7/10 cells,
while all Vero cells exhibited CPE with all viruses by 24 h postinfection.

Attenuation and immunogenicity
To assess attenuation and safety of the SIN/EEEV chimeras, 8-week-old, female NIH Swiss
mice were inoculated SC with either SIN/NAEEEV or SIN/SAEEEV at doses of 3.7–5.8
log10 PFU (Tables 1–2). Controls were sham-infected with PFU were determined on days 1
and 2 PBS. Viremia levels in mice that received ca. 4.7–5.8 log10 post-inoculation, and no
infectious virus was detected in the serum by plaque assay, where the limit of detection was 8
PFU/ml. None of the animals infected at any dose exhibited any signs of disease. Four weeks
after immunization, animal sera were collected to measure antibody responses. Antibody titers
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measured by PRNT and ELISA showed a dose response to SIN/NAEEEV, with the highest
mean titers following immunization with 5.7 log10 PFU. At this dose, 80% mean PRNT titers
were 1:320-1:1028; (Table 1) when tested against the NA EEEV strain. In addition, 8 of 10
mice immunized with the highest SIN/NAEEEV dose had cross-reactive neutralizing
antibodies against the SA EEEV strain (mean PRNT titers 1:20-1:60). After the lowest SIN/
NAEEEV dose (3.7 log10 PFU), 3 of 10 mice had undetectable homologous neutralizing
antibody titers (<1:20), but 1 of these 3 had a positive IgG titer (OD of 0.20) by ELISA (Table
1).

All mice immunized with SIN/SAEEEV developed neutralizing antibodies, with the highest
mean titer again found in the cohort that received the highest vaccine dose of 5.8 log10 PFU
(Table 2). At this vaccine dose, 80% PRNT titers against SA EEEV were 40-640. The SIN/
SAEEEV vaccine appeared to be less immunogenic than SIN/NAEEEV chimera, with mean
PRNT titers consistently lower against homologous SA EEEV. However, SIN/SAEEEV
appeared to be more cross-immunogenic, with 50% of the low-dose cohort (3.8 log10 PFU),
80% of the medium-dose cohort (4.8 log10 PFU), and all of the high dose animals (5.8 log10
PFU) producing anti-NA EEEV antibodies (Table 2).

Protection against EEEV challenge
Because the SA EEEV strain is avirulent for mice (PVA, SCW, unpublished), efficacy
challenges were conducted only with the NA strain FL93-939, at 28 days after vaccination.
With the exception of 2 mice vaccinated with 3.7 log10 PFU of SIN/NAEEEV that died 4 and
9 days after intraperitoneal (IP) challenge with 6 log10 PFU, all other immunized mice survived
(Fig. 2); in contrast, all sham-vaccinated mice developed clinical signs of encephalitis by day
3 or 4 after challenge, and then died by day 4 or 5. Consistent with these clinical outcomes, all
vaccinated mice with detectable IgG antibodies survived (Table 2), while the 2 animals that
were vaccinated with low-dose SIN/NAEEEV and did not develop detectable IgG antibodies
succumbed to EEEV challenge.

Body temperature and weight changes associated with vaccination and challenge
To monitor with greater sensitivity the potential clinical signs related to vaccination or
challenge, randomly assigned cohorts of weight-matched, seven to 8-week-old mice were
implanted with pre-programmed telemetry chips to measure body temperature before and after
SC vaccination with 5.3 log10 PFU of SIN/NAEEEV or 5.0 log10 PFU of SIN/SAEEEV. No
febrile response was detected after vaccination or sham-vaccination (PBS), and all body
temperatures remained within the normal range (35.5–38°C). However, following infection
with NA EEEV strain FL93-939 (positive control), mice exhibited a significant increase in
mean body temperature beginning on day 3 post-infection (39.6°C±0.4, P<0.05, ANOVA with
Tukey-Kramer multiple comparisons test) with a continued rise in temperature on day 4 (Fig.
3). Body weight was also recorded on days 0, 3 and weekly thereafter to day 28 after vaccination
(Fig. 4). All mice gained weight throughout the period, and there were no significant differences
(P>0.05) between SIN/EEEV-vaccinated cohorts compared to the sham-vaccinated animals
(Fig. 4).

We next challenged the immunized mice described above with virulent NA EEEV strain
FL93-939 at day 28 after vaccination. Mice were inoculated IP with 5.0 log10 PFU and
monitored for 28 days. As in the first study, sham-vaccinated mice developed clinical signs of
encephalitis by day 3–4, and all died by day 4 or 5 post-challenge. All of the sham-vaccinated
mice showed a febrile response by day 3–4, and exhibited hypothermia 1–2 days before death
by day 8 (Fig. 5). In contrast, mice vaccinated with either SIN/NAEEEV or SIN/SAEEEV and
then challenged with NA EEEV showed no signs of disease, and none of the chimera-
vaccinated mice exhibited a body temperature outside of the normal range (35.5–38°C). All

Wang et al. Page 5

Vaccine. Author manuscript; available in PMC 2008 October 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mice that were not sacrificed for virus content studies survived for at least 14 days after
challenge, when the experiment was terminated.

Levels of virus replication in immunized mice after challenge
We further examined viremia and virus replication levels in organs of 12-week-old mice
previously immunized with SIN/NAEEEV (5.3 log10 PFU) or SIN/SAEEEV (5.0 log10 PFU)
and challenged with the NA EEEV strain, either IP (6 log10 PFU) or IN (5.3 log10 PFU). On
days 3, 7 and 28 post-challenge, two animals per group were bled, perfused with PBS, sacrificed
and their brains, hearts, lungs, livers, spleens, and kidneys were collected for virus titration.
As described previously, all body temperatures remained normal, no abnormal clinical signs
were observed, and all mice in the SINV/EEEV vaccinated groups survived (data not shown).
Regardless of route, all sham-vaccinated mice developed fevers ≥38.3°C beginning on day 3
after challenge, and quickly progressed to encephalitis as indicated by hind limb paralysis. All
sham-vaccinated mice died within 5 days of IN challenge, while some survived slightly longer
(7–9 days) after IP challenge.

Regardless of route, EEEV replication was not detected in the tissues of SINV/EEEV chimera-
vaccinated mice on days 3 (Table 3), 7 or 28 (data not shown) post-challenge. The limit of
detection for the plaque assay was 0.9 log10 PFU/ml serum or gram of tissue. In contrast, sham-
vaccinated mice developed high virus concentrations in all organs collected on day 3 post-
challenge (Table 3) with the highest titers in the brain (≥9 log10 PFU/g). Viremia was detected
on day 3 after IN challenge, but not after IP challenge of sham-vaccinated mice. High levels
(8.7 log10 PFU/g) of EEEV were also found in the brains of 2 sham-vaccinated mice at 7 days
after challenge, with lower virus titers in other organs (data not shown).

Neurovirulence and replication of chimeric vaccine candidates in 6 day-old mice
To use a highly stringent model for neurovirulence, cohorts of twelve 6 day-old NIH Swiss
mice were inoculated IC (5 log10 PFU) with either SINV/EEEV chimeras, parental NA EEEV,
SA EEEV, or SINV strains, the previously described chimeric SIN/VEEV [20], or the TC-83
[24,29] or V3526 [30] attenuated VEEV vaccine strain, and monitored for signs of neurologic
disease (Fig. 6). Both NA and SA EEEVs were highly neurovirulent, and all animals died
within 4 days of infection. The SINV/NAEEEV strain was less virulent compared to the wild-
type EEEV parents, and caused death between 2 and 4 days after infection. SINV/SAEEEV
was even less virulent, with the majority of mice dying between days 4 and 9 after infection.
After day 9, some SINV/SAEEEV survivors developed hind limb paralysis and 2 of these mice
died on days 17 and 19 post-infection. The remaining 2 mice also developed signs of disease
but recovered and survived until the experiment was terminated on day 28 after infection.

Both the TC-83 and V3526 attenuated VEEV strains killed all mice by day 6, suggesting a
virulence intermediate between the SINV/NAEEEV and SINV/SAEEEV strain. The parental
SINV strain was also intermediate between SINV/NAEEEV and SINV/SAEEEV, killing all
the mice within 5–6 days of infection.

Levels of viral replication in the brains of the 6-day-old mice were quantified by plaque assay
on days 1 and 2 after infection (Fig. 7). On day 1, the parental NAEEEV strain replicated to
the highest mean titer of 9.2 log10 PFU/g and the mean levels of virus replication of the SIN/
EEEV chimeras were 1–1.3 log10 PFU/g lower than their respective parental EEEVs. Wild-
type SINV had levels of replication similar to those of SIN/SAEEEV.
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Discussion
To fill the need for an effective human vaccine against EEEV as well as to develop an improved
veterinary vaccine, we developed and evaluated 2 chimeric strains of SIN/EEEV. The rationale
for the chimeric approach was based on the previously described SIN/VEEV strains that are
highly attenuated and immunogenic for mice [19,20] as well as a chimeric Western equine
encephalitis/EEEV vaccine candidate [22]. Several chimeric flavivirus vaccines have a similar
combination of structural proteins of the vaccine target and the nonstructural protein genes of
the 17D attenuated Yellow fever vaccine strain [31]. In the present study, both SIN/EEEV
strains replicated efficiently in mammalian and mosquito cell cultures without any adaptation
to cell cultures. Therefore, commercial scale production should be adequate to generate a large
numbers of doses at even the highest vaccination doses tested (5.8 log10 PFU per animal).

Attenuation and Safety
Our initial data indicate that both of the SIN/EEEV vaccine candidate strains are highly
attenuated in mice. None of the adult or subadult mice we infected exhibited any signs of
neurologic disease, febrile responses, or growth delays as indicated by weight gain. Although
the SINV parent virus used to make the chimeras is not pathogenic in adult mice, most strains
of EEEV kill 70–100% of mice infected SC, IP, IN or IC [9,32]. Our data with the highly
stringent baby mouse IC model indicate that both chimeric SIN/EEEV vaccines are more
attenuated than most wild-type EEEV (although the SA BeAr436087 strain is an exception to
this pattern). Based on mean time of survival of IC infected 6-day-old mice, the virulence order
of the alphavirus strains we tested, was: NAEEEV > SAEEEV > SIN/NAEEEV > V3526 >
TC-83 > SINV > SIN/SAEEEV > SIN/VEEV. Considering the natural attenuation of the SA
EEEV strain BeAr436087, the epidemiological evidence that other SA strains are also
attenuated for humans [8], and that the SIN/SAEEEV chimera protects mice as well as SIN/
NAEEEV against NAEEEV challenge yet is more attenuated, SIN/SAEEEV may be the most
promising of the 2 vaccine candidates. Additional studies to determine if strain BeAr436087
is attenuated in other rodent models and equids would be useful to support the rationale for
further development of this vaccine candidate.

The NA and SA strains of EEEV used to generate our chimeric vaccine candidates differ overall
by ca. 23% in their nucleotide sequences and by ca. 10% in amino acids within the structural
protein genes. Therefore, the differences we detected in virulence between the SIN/NAEEEV
and SIN/SAEEEV chimeras could be due to any or all of the structural EEEV proteins.
Additional genetic manipulations to create chimeras that differ only in individual EEEV
structural protein genes or domains would be useful to map these virulence differences. This
approach might be helpful for designing additional SIN/EEEV chimeras that express most of
the critical antigenic determinants of the NA strain while exhibiting the reduced virulence of
the SA strain.

Although our vaccine candidates did not produce detectable viremia in mice, the potential for
viremia in other mammalian species needs to be assessed, as well as the ability of the chimeras
to infect and be transmitted by potential mosquito vectors. Additional studies are also needed
to assess the genetic and phenotypic stability of the chimeric viruses.

Immunogenicity
With vaccination doses greater than 4 log10 PFU of either SIN/EEEV chimeric strain, all mice
developed neutralizing antibody titers and were protected against a highly virulent EEEV
strain, with no evidence of viremia or disease. Antibody responses to the vaccines appeared to
be dose-dependent. Cross-neutralization titers between the 2 vaccines and their parent NA and
SA EEEV strains generally differed by ≥ 4-fold, consistent with previous antigenic data
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indicating these 2 isolates represent EEEV subtypes [5]. However, despite the lower
neutralization titers against the NA EEEV strain that were induced by the SIN/SAEEEV
compared to the SIN/NAEEEV chimeric strain, the former exhibited complete protection
against NA EEEV challenge, even at the lowest vaccination dose of (3.8 log10 PFU per mouse).
Additional studies are eventually needed using longer-lived nonhuman primate models to
determine the duration of immunity and to assess the possible role of interference in sequential
immunizations with SINV-based chimeric vaccines (e.g. SIN/VEEV followed by SIN/EEEV).
Experiments to test for interference are not possible with short-lived rodents because VEEV
and EEEV on their own induce cross-protective immunity for at least several months [8] and
the structural proteins are probably responsible for most of this immunity. However, studies
of vaccinees who receive the TC-83 attenuated strain of VEEV [29] as well as seroprevalence
data from VEEV-endemic locations [33] suggest that homologous immunity induced by live
alphaviruses is very long-lived.

In summary, we have developed 2 chimeric SIN/EEEV vaccine candidates that show in mice
promise as effective human and veterinary vaccines against EEEV. Further studies will need
to address the safety and efficacy in other animal species, mosquito transmissibility and
stability of attenuation. Because of the existing market in the U.S. and the larger number of
natural equine than human EEE cases, these new vaccine candidates may have their greatest
potential impact on veterinary health.
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Fig. 1.
Replication of chimeric SIN/EEEV strains and Sindbis virus parent in Vero (37°C) and C7/10
mosquito cells (32°C). SIN/NAEEEV - chimera including the North American EEEV
structural protein genes; SIN/SAEEEV - chimera containing the South American structural
genes. Cells were infected at a MOI of 1 PFU/cell for one h, washed three times with PBS,
then viral titers in the culture medium were determined by plaque assay at selected times after
infection. Bars indicate standard deviations for triplicate infections.
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Fig. 2.
Survival following vaccination and challenge. Eight-week-old, female NIH Swiss mice were
immunized SC by SIN/NAEEEV or SIN/SAEEEV with the indicated doses (expressed as
log10 PFU). Four weeks after immunization, mice were challenged IP with 106 PFU of EEEV
strain FL-93-939, and mortality was recorded.
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Fig. 3.
Body temperatures of 8-week-old, female NIH Swiss mice after vaccination with SIN/
NAEEEV, SIN/SAEEEV or after sham-vaccination with PBS. Infection with North American
EEEV was included as a positive control.
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Fig. 4.
Body weights of 8-week-old, female NIH Swiss mice after vaccination with SIN/NAEEEV,
SIN/SAEEEV or after sham-vaccination with PBS.
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Fig. 5.
Body temperatures of vaccinated (SIN/NAEEEV or SIN/SAEEEV) or sham-vaccinated (PBS)
female NIH Swiss mice following intraperitoneal challenge with North American EEEV.
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Fig. 6.
Survival of six-day-old mice after intracranial inoculation with 20 μl of PBS containing 5
log10 PFU the EEEV or SINV/EEEV indicated in the legend. The TC-83 attenuated VEEV
strain and SIN/VEEV chimeric vaccine candidate strain are included for comparison.
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Fig. 7.
Mean virus titers in brains of 6 day-old mice, one and 2 days after intracerebral infection with
5 log10 PFU the virus indicated. Two animals were sampled at each time point. Bars indicate
the standard deviations.
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Table 2
Viremia and viral titers in organs in vaccinated mice after challenge with EEEV

Organ Virus titer day 3 after intranasal challenge (log10 PFU/
ml or g)

Virus titer day 3 after intraperitoneal challenge (log10
PFU/ml or g)

Vaccine PBS SIN/EEEV PBS SIN/EEEV

Serum 3.6±0.1 <0.9 ND* <0.9
Brain 9.3±0.0 <0.9 9.0±0.5 <0.9
Lung 3.2±0.1 <0.9 5.0±1.0 <0.9
Heart 3.1±0.1 <0.9 5.6±0.2 <0.9
Liver 2.9±0.5 <0.9 3.7±0.7 <0.9
Spleen 4.3±0.0 <0.9 4.8±0.1 <0.9
Kidney 2.0±0.2 <0.9 3.9±0.1 <0.9
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