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ABSTRACT
Dengue is the most important arbovirus disease throughout the world and it is responsible for more than
500,000 dengue hemorrhagic cases and 22,000 deaths every year. One vaccine was recently licensed for
human use in Brazil, Mexico and Philippines and although at least seven candidates have been in clinical
trials the results of the most developed CYD vaccine have demonstrated immunization problems, such as
uneven protection and interference between serotypes. We constructed a vaccine candidate based on
vesicular stomatitis virus (VSV) expression of pre-membrane (prM) and envelope (E) proteins of dengue-2
virus (DENV-2) and tested it in mice to evaluate immunogenicity and protection against DENV-2 infection.
VSV has been successfully used as vaccine vectors for several viruses to induce strong humoral and
cellular immune responses. The VSV-DENV-2 recombinant was constructed by inserting the DENV-2
structural proteins into a VSV plasmid DNA for recombinant VSV-DENV-2 recovery. Infectious recombinant
VSV viruses were plaque purified and prM and E expression were confirmed by immunofluorescence and
radiolabeling of proteins of infected cells. Forty Balb/C mice were inoculated through subcutaneous (s.c.)
route with VSV-DENV-2 vaccine in a two doses schedule 15 d apart and 29 d after first inoculation, sera
were collected and the mice were challenged with 50 lethal doses (LD50) of a neurovirulent DENV-2. The
VSV-DENV-2 induced anti-DENV-2 antibodies and protected animals in the challenge experiment
comparable to DENV-2 immunization control group. We conclude that VSV is a promising platform to test
as a DENV vaccine and perhaps against others Flaviviridae.
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Introduction

Dengue, a mosquito-borne disease caused by any of the four
antigenically distinct dengue virus serotypes (DENV-1 to ¡4),
is a major public health problem in the tropics and subtropics.
The clinical spectrum of the disease ranges from asymptomatic
or mild infection to severe organ involvement, including a den-
gue shock syndrome (DSS). The World Health Organization
estimates that 500,000 people with severe dengue will require
hospitalization each year, a large proportion of those are chil-
dren and about 2.5% of those affected will die.1 Prevention
depends primarily on control of the mosquito vector and has
achieved only limited success in reducing dengue virus trans-
mission. The rapid expansion of epidemic throughout the
world has demonstrated that vaccines are the best means to
prevent dengue disease.

Dengue vaccine development has been a challenge to this
field in almost half a century. Sabin & Schlesinger.2 first tested
a mouse brain attenuated DENV-1 to immunize army volun-
teers. Although successful, this vaccine was left behind due to
safety concerns regarding to mouse brain products.3 Currently,
there are seven vaccine candidates being evaluated in clinical
trials,4,5 two live attenuated vaccines (LAV) are in the pipeline

of development and the results of the only vaccine evaluated in
phase 3 controlled clinical trials, the tetravalent chimeric yellow
fever dengue vaccine (CYD-TV) in Asia-Pacific and Americas
countries during the years of 2012 and 2015 have shown
uneven immunogenicity probably due to viral interference/
immunodominance among the four serotypes in tetravalent
formulations.6-9 To overcome this problem purified inactivated
virus, recombinant subunits, virus like particles and viral vec-
tors are attractive approaches to induce balanced antibody
response to all four serotypes.7 Due to the pathophysiology of
the severe disease manifestations, a dengue vaccine has to be
tetravalent and protect against all four serotypes. Failure to do
so may lead to increased risk of severe disease. Furthermore,
the risk of antibody-dependent enhancement (ADE) in individ-
uals partially protected, the limited understanding of protective
immune responses against dengue and the lack of an appropri-
ate animal model has hampered advancement of dengue vac-
cine candidates.10

Vesicular stomatitis virus (VSV) is a negative-strand RNA
virus of the Rhabdoviridae family (Vesiculovirus genus). It is a
promising expression vector that was already used in
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experimental vaccines such as Chikungunya, Influenza, Papil-
loma and Ebola viruses11-14 and it is currently being used in
HIV vaccine clinical trials (Clinicaltrials.gov, trials
NCT01438606). The virus genome is stable, and although rare
in humans, VSV infection usually presents itself as a mild or
asymptomatic infection that makes it attractive candidate for
DENV vaccines.

A live attenuated recombinant VSV-DENV-2 virus was con-
structed and tested in BALB/c mouse as a vaccine candidate to
DENV. This live vaccine expresses the immunogenic pre-mem-
brane (prM) and envelope (E) proteins of DENV-2 as vaccine
targets. The humoral immune response and animal protection
against lethal challenge were evaluated.

Results

VSV-DENV-2 construction and characterization

To generate the recombinant VSV-DENV-2 expressing prM/E
proteins, a RT-PCR fragment of 1982 bp of prM/E of DENV-2,
New Guinea C strain, was inserted into pVSV-XN2 plasmid. The
insertion of the 1.9 kb fragment was confirmed by enzyme
restriction analysis with XhoI, NheI and PstI and sequencing
(data not shown). The recombinant plasmid was then transfected
into BHK-21 cells for recombinant VSV-DENV-2 recovery.
Recombinant viruses were plaque purified and titrated in BHK-
21 cells. After 48 hpi, more than 60% of cells were detached and
the chosen recombinant virus titer was 7£ 107 PFU/mL.

Expression of DENV-2 prM/E by VSV-DENV-2

To determine if VSV-DENV-2 was expressing DENV-2 prM/E
proteins, infected cells were metabolically labeled with [35S] methi-
onine and the cellular extracts were resolved by 4–12% SDS-PAGE
(Fig. 1). A 18KDa and 53KDa bands on the gel confirm the expres-
sion ofDENV-2 prMand E proteins respectively, and are expressed
together with VSV L, N, G, P andMproteins.

The prM/E expression by VSV-DENV-2 was also demon-
strated in BHK-21 cells infected cells stained with the flavivirus
mouse immune ascitic fluid (MIAF) (Fig. 2C). DENV proteins
are evidenced by a specific intracellular reticular pattern of fluo-
rescence in VSV-DENV-2 but not in recombinant wild-type
(rwtVSV) or mock-infected cells.

VSV-DENV-2 vaccine candidate induces antibodies against
DENV-2

As demonstrated in the Table 1, inoculations with VSV-
DENV-2 and DENV-2 induced a specific antibody response.
To investigate serum conversion in immunized mice, the
enzyme linked immunosorbent assay (ELISA) and plaque
reduction neutralization test (PRNT) were used in sera col-
lected 30 d after the first inoculation. Results shown here repre-
sents the mean values acquired in three independent
experiments. Animals immunized with VSV-DENV-2 devel-
oped the highest geometrical mean titer (GMT) of 1:448, while
the control DENV-2 immunized mice developed GMT titer of
1:366, both were significantly different from mock-infected
mice (p < 0 .05). Slight cross-reactivity was observed in serum

from animals immunized with DENV-2 and rwtVSV. The
background in ELISA test was reduced with prior incubation of
serum dilutions with 2 £ 105 PFU of rwtVSV for 30 min at
37�C and the cutoff was set as the mean optical density plus
three standard derivations of DMEM control sera.

Neutralizing antibodies (NAbs), measured by plaque
assay, were also generated in animals immunized with
VSV-DENV-2 vaccine candidate and their GMT is compa-
rable to DENV-2. Control animals immunized either with
rwtVSV or DMEM did not produce NAbs. The GMT of
VSV-DENV-2 vaccine and DENV-2 was 1:100 and 1:133,
respectively.

The vaccine protects animals against lethal challenge

Thirty days after the first inoculation, mice were challenged
with 50 LD50 of a neurovirulent DENV-2 and followed for sig-
nals of paralysis or death for 21 d. As demonstrated in the
Figure 3A, the first deaths occurred in the control animal
groups within seven to ten post-challenge. On the other hand,
the mortality of wtDENV-2 and VSV-DENV-2 immunized
animals began on days 13 and 16, and at this time, 90% of
wtDENV-2 and VSV-DENV-2 immunized animals were alive
against only 30% and 20% of rwtVSV and DMEM inoculated
mice (p < 0 .01). By the end of experiment, 90% of wtDENV-2
and 80% of VSV-DENV-2 immunized mice survived the lethal
challenge and without significant differences in both groups. In

Figure 1. Metabolic label of rVSV-DENV-2 proteins and prM/E expression. SDS-
PAGE analyses of crude extract of BHK-21 infected cells labeled 30 minutes with
[35S] methionine after four to six hours post infection with: (1) mock-infected, (2)
rwtVSV, (5) VSV-DENV-2. The two extra bands in lane (5) with 18 and 53 KDa are
DENV-2 prM and E proteins, respectively.
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contrast, the rwtVSV and DMEM groups were severely affected
by DENV-2 infection and only 20 % and 10 % of animals sur-
vived to the challenge, respectively (p < 0 .01).

The signs of encephalitis were also reduced in the animals
immunized with the VSV-DENV-2 vaccine candidate as dem-
onstrated in the Figure 3B. By the end of experiment on day 21
after challenge, out of the eight surviving animals in the VSV-
DENV-2 group only two showed signs of encephalitis, one
mild and other severe, in contrast, none of wtDENV-2 control
group had signs of encephalitis, but both groups were statisti-
cally different from rwtVSV and DMEM control groups
(p < 0 .05 and p < 0 .001), respectively.

Discussion

The development of a dengue vaccine has faced unique chal-
lenges. The results of a phase 3 clinical trial of the most promis-
ing dengue vaccine candidate in children of the Asia-Pacific

and Latin America regions, the Sanofi Pasteur yellow fever/den-
gue chimeric vaccine failed to protect against DENV-2 and
showed limited protection against DENV-1, including the
increased risk of hospitalization of children under 9 y old, indi-
cating the need to pursue new strategies to reach a broader
protection against dengue infections.3,9,15,16 Among the strate-
gies used to construct dengue vaccines, the recombinant live
attenuated viruses are attractive because attenuated viruses are
able to induce strong cellular and humoral responses that
mimic natural infection, moreover inactivated and subunit vac-
cines require multiple inoculations, elicit short-term immunity
and fail to induce robust MHC class I T cell immunity.7,17

In this study, we describe, for the first time, the use VSV to
construct a dengue candidate vaccine. Our chimeric VSV-
DENV-2 expresses prM and E proteins of DENV-2 and indu-
ces humoral response in BALB/c mice. Because dengue virus-
induced NAb can bind these proteins and prevent it from bind-
ing to host cell receptors, inducing NAb is particularly impor-
tant to block virus entry into target cells. These proteins are the
major flavivirus structural proteins, they are involved in virus
attachment and are the main target of NAb. Therefore, they are
often explored for the construction of dengue vaccines.3,7,18,19

No animal model mimics natural human DENV infection.
The interferon (INF) deficient AG-129 mouse provides consis-
tent clinical manifestations of disease similar to human cases
and is suitable for vaccine studies, but VSV vector is lethal to
INF deficient mouse, so we decided to use immunocompetent
BALB/c mice to test VSV-DENV-2 candidate vaccine.20

Because mice become naturally resistant to intracerebral (i.c.)
challenge the majority of pre-clinical development of vaccines
is performed in young mice, no older than 6 weeks and neutral-
izing antibodies is correlated with protection.21-23 Immuno-
competent mice inoculated with wild type dengue virus
(wtDENV) through i.p. or i.m. route do not develop disease,

Figure 2. Immunofluorescence of BHK-21 cells infected with recombinant VSV-DENV-2. BHK-21 cells were infected with: (A) mock-infected, (B) rwtVSV, (C) VSV-DENV-2
and (D) control wtDENV-2 stained with MIAF broadly reacting with flaviviruses.

Table 1. Geometrical mean titer of IgG and neutralizing antibodies in mouse after
immunization with VSV-DENV-2 vaccine analyzed by ELISA and PRNT.

Vaccine group ELISA PRNT50

VSV-DENV-2 1:448 1:100
DENV-2 1:366 1:133
rwtVSV <1:100 <1:10
Mock NR# NR#

#No reactivity
Pooled sera were collected 15 d after second dose by the time of challenge experi-
ment. The cutoff value for seropositivity in ELISA was the mean optical density plus
three standard deviations of mock control sera. Due to cross reactivity between
rwtVSV and DENV-2 in ELISA, all mouse sera were adsorbed with 2 £ 105 PFU of
rwtVSV for 30 min before ELISA assay. The plaque reduction neutralization titer for
50% inhibition (PRNT50) was determined by probit analysis. Serum dilution repre-
sents the geometric mean titer (GMT) obtained in three independent experiments
with 10 animals per group (n D 40).
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but rather develops immunity and resistance to neurological
disease resulted from i.c. challenge, for this reason we used the
wtDENV-2 as control of protection. Even thought the experi-
mental approach we used were similar to the successful dengue
vaccines tested in mice that are current in clinical trials, the
protection and the magnitude of NAb responses cannot be
compared between studies due to the difference in the neutral-
izing antibody assay methodologies and animal models used.
In preclinical studies with a monovalent chimeric yellow fever/
dengue vaccine against DENV-2, BALB/c mice immunized
subcutaneously with 105 PFU developed high titers of NAb
(PRNT50 D 1:422) 34 d after second dose, but a poor antibody
response (PRNT50 D 1:19) with a single inoculation even
though mice were 100% protected against 100 LD50 challenge.

22

Another CYD vaccine constructed with prM/E of DENV-2
NGC strain, developed by Caufour et al.,23 demonstrated that
Swiss mice immunized with an IP dose of 105 PFU in a three
dose schedule developed high titers of NAb (PRNT50 D 1:426
to 1:4265) against homologous DENV-2 NCG, two weeks after
the last dose and 85% the animals were protected against chal-
lenge with 220LD50. By the time of challenge, immunization
with our recombinant VSV-DENV-2 induced NAb titers of

PRNT50 D 100 and protected 80% of the animals challenged
with 50LD50 of TR1751 DENV-2 strain. Although the NAb
titer is lower than previous reports with CYD vaccine tested in
mice, the magnitude of the response of VSV-DENV-2 was
comparable to wtDENV-2 immunization (PRNT50 D 100 and
133) respectively, while the CYD vaccine was 10 times lower
than wilt type DENV-2 immunization. The NAb titer is proba-
bly lower than CYD vaccine because of more complete immu-
nological response to a Flavivirus than a Vesiculovirus vector.
It is also expected a higher NAb titer to homologous than het-
erologous DENV-2 strain. In the CYD vaccine the NAb and
challenge were with homologous genotype DENV-2 NGC
strain, while in our experiment the prM and E of VSV-DENV-
2 belongs to DENV-2 NGC Asian genotype and the NAb and
the challenge were against DENV-2 TR-1751 American geno-
type. We have to bear in mind that mouse species, number of
doses and vaccine titer are different among works, but the most
relevant is that VSV-DENV-2 induce NAb and is capable to
protect against lethal challenge. Despite the high rates of pro-
tection, two animals immunized with VSV-DENV-2 showed
evidence of infection, but the scores of morbidity were compa-
rable to wtDENV-2. In contrast, neither the animals

Figure 3. Mouse protection experiments against challenge with 50LD50 of DENV-2. Groups of ten animals were immunized with 1 £ 106 PFU of DENV-2 TR1751/animal,
VSV-DENV-2 vaccine candidate, recombinant wild type VSV vector or only DMEM, in a two doses schedule 15 d apart, and challenged two weeks after the second inocula-
tion. Mortality (A) and morbidity (B) were observed for 21 d. 80% and 90% of animals immunized with VSV-DENV-2 candidate vaccine and the control DENV-2 respectively
are protected after lethal challenge. Two of surviving animals in the VSV-DENV-2 group had mild and severe paralysis, but the morbidity were statistically different of
DMEM or wtVSV group. Asterisks indicate statistically significant differences between vaccinated animals and mice inoculated with the control rwtVSV or DMEM
(�p < 0 .05 and ���p < 0 .001). Data represent one of three independent experiments with 10 animals per group (n D 40).
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immunized with rwtVSV nor mock-infected were protected
against lethal challenge or developed NAb response.

The current strategy for developing dengue vaccines is based
on monotypic protective immunity, it is the assumption that a
neutralizing immune response to a single strain will protect
against most of DENV within the serotype. But, it has been
demonstrated that dengue neutralization by antibodies could
vary up to 10 times among different genotypes of the same
serotype, this is one of the hypothesis of the reduced CYD 23
vaccine efficacy and might have an impact on the future of den-
gue vaccines.8,17,24-27 The prM/E expressed in VSV-DENV-2
belongs to the NGC Asian genotype 2 and the DENV-2
TR1751 used on the neutralization and challenge experiments
is an American genotype. Although they belong to different
genotypes and share 93% of identity,28 the immunity raised by
VSV-DENV-2 NGC was sufficient to neutralize the heterolo-
gous American genotype TR1751 infection in vivo and in vitro.
Our results are in agreement with the magnitude of neutraliza-
tion among the same serotype strains and extend these data to
animal protection.

Thus, this report on DENV-2 recombinant VSV vaccines
shows that VSV-vectored vaccines are good candidates for
developing a live-attenuated dengue vaccine. Furthermore, vac-
cine development approaches should aim at the production of
live-attenuated dengue vaccines, such as the ones shown here,
because different than inactivated or subunit vaccines they tend
to develop broad and long-lasting cellular and humoral
immune response, no adjuvant is needed and usually a limited
number of doses.

Material and methods

Viruses and cell lines

Mouse-adapted DENV-2 strains New Guinea C and TR1751/
Trinidad, kindly provided by Dr Robert B. Tesh, University of
Texas Medical Branch, were grown in C6/36 Aedes albopictus
cells (ATCC CRL-1660), propagated in Leibovitz L-15 medium
supplemented with 1% L-glutamine, 1% penicillin/streptomy-
cin/amphotericin B and 10 % tryptose and fetal calf serum
(FCS). VSVs were grown in Baby Hamster Kidney (BHK-21,
ATCC CCL-10) cells, maintained in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine
serum FCS. Vero cells (ATCC CCL-81), derived from African
green monkey kidney, were maintained in DMEM containing
1% L-glutamine, 10% FCS and antibiotics.

Construction of recombinant VSV-DENV encoding the
DENV-2 prM and E proteins

The prM and E sequences of DENV-2 strain New Guinea C
(GeneBank: KM2014118.1), nucleotides 439 to 2421 were
RT-PCR amplified using forward 50-GATCGATCCTCGA-
GAACATGAGAACTGCAGGCATGATCATTATG-30 and
reverse 50-CCGGGGGGATCGGCTAGCTTAGGCCTGCAC-
CATAACTCCCAAATAC-30 primers, flanked by XhoI and
NheI restriction sites at 50 and 30 end (boldfaced), respec-
tively. The amplified sequence was inserted into the pVSV-
XN2 plasmid, between the G and L genes of VSV genome to

generate pVSV-DV2 prM/E. Infectious recombinant VSV-
DENV-2 was recovered in BHK-21 cells as described else-
where.29,30 Briefly, 10 plates with 1£106 cells were infected
at a multiplicity of infection (moi) of 20 with a recombinant
vaccinia virus expressing T7 polymerase (vTF7-3). After 1 h,
vTF7-3 was removed and the cells were transfected with
pVSV-DV2 prM/E along with support plasmids pBS-L, -N
and -P, encoding the necessary VSV proteins to initiate VSV
replication. Transfected cell supernatants were collected after
48 h post transfection, filtered through 0.1mm filter to
remove vaccinia virus and then transferred onto fresh BHK-
21 cells. Supernatant containing the recombinant virus
(VSV-DENV-2) was collected after 48 h and plaque purified
to prepare virus stock in the same cell line.

Radiolabeling and SDS-PAGE of VSV-DENV-2 recombinant
proteins

To metabolically label VSV-DENV-2 proteins, 0.5 £ 106 BHK-
21 cells were infected at moi of 10 with recombinant VSV-
DENV-2, rwtVSV or mock-infected. At 5 h post-infection, cells
were labeled with 100 mCi of [35S] methionine in 1.0 mL of
methionine-free DMEM for 30 min at 37�C. Cells were then
washed twice with PBS and lysed with detergent lysis buffer
(1% Nonidet P-40, 0.4% deoxycholate, 50 mM Tris-HCl, pH
8.0, 62.5 mM EDTA) on ice for 5 min. Cellular extracts were
clarified at 16,000 x g for 2 min at 4�C and cell lysates were ana-
lyzed on a 4 to 12% Bis-Tris NuPAGE gel (Invitrogen, Inc.),
and protein bands were imaged using a Fujifilm BAS 1800
imaging system.

Indirect immunofluorescence microscopy

Approximately 2 £105 BHK-21 cells were infected at moi of 10
with rwtVSV or VSV-DENV-2. Four to 9 hours post-infection
(hpi), cells were fixed for 20 min with 3% paraformaldehyde in
PBS, washed three times with PBS and incubated with a 1:400
dilution of MIAF broadly reactive to flavivirus at 37�C for
30 min. The cells were washed as described previously and
incubated with 1:400 dilution of goat anti-mouse FITC-conju-
gate (Sigma-Aldrich, Co). After 30 min at 37�C, the secondary
antibody was removed and the cells were washed and counter-
stained with DAPI (Sigma-Aldrich, Co). Stained cells were
observed in Olympus BX40 microscope at 400 X magnification.

Ethics statement

All experiments were carried out at the animal facility of Virol-
ogy Research Center – School of Medicine of Ribeir~ao Preto –
University of S~ao Paulo - Brazil and approved by the institu-
tional ethics committee for animal experimentation and care
“CEUA FMRP-USP – Comiss~ao de �Etica no Uso de Animais
da Faculdade de Medicina de Ribeir~ao Preto da Universidade
de S~ao Paulo” (protocol number 021/2011) and in accordance
with the recommendations of the guidelines for the care and
use of laboratory animals of the Brazilian College of Animal
Experimentation.
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Animal experiments

Where anesthesia was used, a mixture of ketamine and xylazine
was administered at approximately 100 mg/kg body weight for
Ketamine and 5 mg/kg body weight for Xylazine injected intra-
peritoneally (i.p.) and euthanasia was performed by cervical
dislocation. Forty female BALB/c mice, 4–6 weeks old were
immunized either through subcutaneous route with approxi-
mately 1.0 £ 106 plaque formation units (PFU) per animal of
VSV-DENV-2, rwtVSV, DENV-2 strain TR1751 or mock-
infected. After 15 d post inoculation, the animals received a sec-
ond dose of homologous virus, and on day 30 they were anes-
thetized with a mixture of ketamine and xylazine and
challenged with intracranial inoculation with 50 LD50 of neuro-
virulent DENV-2 TR1751. One day before challenge, sera were
collected from submandibular vein, the complement was inacti-
vated at 56�C for 40 min and the sera were stored at ¡70�C.
The animals were followed for 21 d to score signs of paralysis
or death. The degree of morbidity was scored using a scale
ranging between 0 to 4 (0: no symptoms; 1: ruffling fur or
change in the behavior; 2: mild paralysis in one hind leg or
alteration of the spine characterized by a small hump; 3: severe
paralysis in one or both hind legs; 4: two severe hind leg paraly-
sis and deformed spinal column or death).

Antibodies against DENV

To detect IgG antibodies against DENV in the serum of immu-
nized mice, the indirect ELISA kit (Panbio-Alere) was used
with few modifications. All reagents and dilutions were used
according to the manufacturer’s recommendations, except for
the anti-human peroxidase antibody that was substituted by a
goat anti-mouse IgG conjugate antibody (Cell Technologies,
Inc.). Because there was a slight cross reactivity between VSV
and DENV antibodies using a Panbio ELISA plate, all serum
were previously adsorbed with 2 £ 105 PFU of rwtVSV for
30 min at 37�C before the ELISA assay. Briefly, 100 uL of mice
serum was serially two-fold diluted and pipetted into micro-
wells coated with DENV antigens. The plate was covered and
incubated for 30 min at 37�C. After incubation, the plate was
washed three times with washing buffer and 100 uL of a 1:5000
dilution of goat anti-mouse peroxidase antibody was added and
incubated for 30 min at 37� C. The plate was then washed as
described previously and 100 uL of substrate reagent was added
and incubated for 10 min at room temperature and then,
stopped with 100 uL of stop solution. The plate was read at
450 nm and 650 nm filter with Multiskan Ascent microplate
reader (MTX Lab Systems, Inc.) and the cut-off calculated as
the average of optical density of mock-infected mice serum
plus three times the standard deviation.

Neutralizing antibodies against DENV

To determine the neutralizing antibodies titer in the mice
serum, the PRNT50 was used.31 Briefly, about 100 PFU of
DENV-2 TR1751 were incubated either with DMEM only or a
serial two-fold dilution of mouse sera in serum-free DMEM.
The mixture was incubated for 1 h at 37�C and inoculated onto
confluent monolayers of Vero cells for 1 h at 37�C and 5%CO2.

The inocula were removed and a semisolid DMEM overlay (2%
carboximethilcelulose, 2% FCS, 1% antibiotics and 1% L-gluta-
min) was added. The cells were incubated at the same condi-
tions described above for 7 days, the overlay removed and cells
fixed for 1 h with 10% buffered formaldehyde solution at room
temperature. The monolayer was stained with 1% crystal violet
solution, the plaques counted, and the 50 percent PRNT titers
(PRNT50) were determined by probit analysis of two-fold dilu-
tion of mouse sera from 1:10 to 1:1280.

Statistical analysis

Prism software (version 5, GraphPad Software, Inc.) was used
to analyze all data. The comparisons of serum antibody titers
and score of morbidity were analyzed with Mann-Whitney test.
The Kaplan-Meier analysis was performed to generate survival
curves, and a p < 0 .05 was considered significant.
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