Journal of Animal and Veterinary Advances 12 (4): 458-463, 2013

ISSN: 1680-5593
© Medwell Journals, 2013

Immunogenicity of a Tuberculosis Salmonella typhimurium
Vaccine Expressing a Fusion Protein HspX-ESAT6 in Mice

Jingyu Liu, Suwen Zhang, Qi Pei, Jinna Di, Hui Zhang, Bo Hu and Hao Ai
The Third Affiliated Hospital of Liaoning University Medicine,
Iinzhou, 121001 Liaoning, China

Abstract: Tuberculosis remaims a major infectious disease worldwide due to the low efficacy of available
vaccine of the Mycobacterium bovis Bacillus Calmette-Guerin (BCG). There 1s a need to develop protective
vacecines against Tuberculosis (TB) that elicit full immune responses including mucosal immunity. Here, a live
attenuated salmonella typhinurium aroA SL7207 vector TB vaccine, namely SL (E6-HspX), harboring the
Mycobacterium tuberculosis (Mtb) H37Rv ESAT6-HspX fusion gene was developed. Its immunogemcity and
protective efficacy were assessed mn a mouse model of tuberculosis. Vaccination with the SL (E6-HspX)
significantly increased the frequency of peripheral blood CD4+ and CD&+ T cells and induced significantly
higher levels of cell-mediated immune response compared with vaccination with PBS or the pVAX] vector.
Vaccmation with the SL (E6-HspX) also induced the strongest TB Ag-specific mucosal, humoral responses and
exerted lugh protective efficacy i mice agamst virulent Mtb H37Rv challenge compared to the other vaccinated
groups (mice immunized with ST (HspX) or BCG only). This strategy may represent a novel promising mucosal
vaccine candidate for the prevention of TB and may be used for the prevention and therapeutic intervention
of Mtb mfection.
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INTRODUCTION

Tuberculosis (TB) is a highly infectious disease
mfecting one-thurd of the world population
(World Health Organization, 2006). In 1993, The World
Health Organization has declared TB a global health
emergency. Emergence of multi drug resistance in
M. tuberculosis strains has lead to a general consensus
that the disease should be best controlled by vaccination.
This high rate of mortality has persisted despite
the availability of an attenuated strain vaccine of
Mycobacterivm bovis, termed Bacillus Calmette-Guerin
(BCG) for =50 years. BCG only decreases childhood TB
and gives little protection against adult lung tuberculosis;
the protection in adults varies from 0-80% (Andersen and
Doherty, 2005; Franco-Paredes ef af., 2006). These data
indicate that the BCG vaccine lacks the immunogenicity
required to generate protective immunity n the immunized
adult populations. The major reasons behind the failure of
BCG have been ascribed to lack of protective antigens in
BCG (Agger and Andersen, 2002) and sensitization of
mfants with environmental mycobacteria (Brandt et al,
2002). Therefore, the development of safe, efficacious and
mucosal TB vaccines that can confer potent protection in
the respiratory tract mucosa remains a major challenge to
TB prevention.

Comparative genomic analyses have identified =100
coding sequences that are missing from BCG but are
present in Mycobacterium tuberculosis (Mtb) (Behr et af .,
1999) mcluding the 6 kDa early secreted antigenic target
antigen (Ag) (ESAT6) which has been shown to be a
protective Ag in several ammal studies (Brandt et af.,
1996, Pym et ai., 2003). An earlier study has shown that
vaccination with FEsat6 alone has a moderate protection
against Mtb infection (Zabolotmykh ef af., 2008). An
earlier study has found that the HspX, a 16 kDa protein
has strong immunogenicity and can induce a potent Thl
immunity in Mtb exposed subjects but a week 1 in
BCG-vaccinated individuals (Geluk et al, 2007).
Accordingly, vaccination with multiple antigens should
result in high protective effects.

Attenuated derivatives of Salmonella enterica have
been proposed as vehicles for the mucosal delivery of
heterologous antigens and as a basis for multivalent
vaccines. In fact, strains of S. typhi and S. typhimurium
were among the first bacterial recombinant vaccine
vectors used (Curtiss, 2002; Formal et al, 1981).
Recombinant salmonella vaccines are quite easy to
produce and store on a large scale, making these vaccines
more economically feasible and accessible. They have
been used as oral vaccines and as live vectors to deliver
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heterologous Ags such as gpl 20, HIV Gag and Ag&5A
which can stimulate mucosal, humoral and cellular immune
responses after ammals are mmmunized via mucosal
surfaces (Feng et al., 2008, Parida et al., 2005). However,
attenuated salmonella vector TB vaccine that carrying
ESAT6 and AgR5B of virulent Mtb H37Rv strain has
not been reported so far. Thus, in the present
study, two recombinant, orally delivered and
attenuated S. typhimurium vaccine strains, SL (HspX)
and ST (E6-HspX) that harbor the Mth H37Rv HspX gene
and the ESAT6-HspX fusion gene carried by a plasmid
PVAXI, respectively were constructed. Researchers
compare and analysis of the immune responses and
protective efficacy of the SL (85B) and SL (E6-85B)
vaccines, the DNA vaccine the BCG vaccine
against Mtb.

MATERIALS AND METHODS

Animal: Man BALB/c mice at 6-8 weeks of age were
purchased from Liaoning University Medicine
(Liacning, China) and housed in a special pathogen free
facility in the Institute of Laboratory Animal Science of
Liaoning Umversity Medicine (Jinzhou, China). For the
MTb H37Rv challenge experiment, the mice were
maintained in a ABSL-2 lab in the Institute of Laboratory
Amnimal Science of Liaomng University Medicine. Ammal
experiments were performed m accordance with the
guidelines of the Chinese Council on Animal Care. The
experimental protocol was approved by the Institutional
Ammal Care and Use Committee.

and M
preparations: MTb H37Rv strain was obtamned from the
Tilin University (Jilin, China) and was passed through the
mice twice to recover virulence. Mycobacterium bovis
BCG strain was purchased from the Changchun Institute
of Biological products (Changchun, China). The number
of bacteria was examined by serially diluting with 7H9
medium and moculated in 7H10 medium with OADC at
37°C for 3-4 weeks, followed by counting CFUs. The
HspX and ESATE antigens were kindly provided by
Professor Peng Zhang (Jilin University). Those antigen
proteins with a purity of >88% were used for following
experiments.

Bacterial culture tuberculosis antigen

DNA vaccine construction and preparation: The entire
HspX gene sequence from the genomic DNA of the Mtb
H37Rv strain was implified by PCR and subcloned into the
prokaryotic  expression vector pET-32  (Invitrogen
USA) and the eukaryotic expression vector pAVX13.1
(Invitrogen, UUSA). The priumner sequences were (forward)
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S-AGAATTCGCCACCATGGCCACCACCCTTCCCGTTC-
3'and (reverse) S-AAAGCTTTCAGTTGGTGGACCGGA
TCTG-3' where the underlined oligonucleotides represent
EcoRI and HindIIT sites, tespectively, to facilitate cloning.
The amplified products were purified with the Quiaex
I gel extraction kit (QIAGEN, Valencia, CA), digested with
EcoRI and HindIll and lLgated into the prokaryotic
expression vector pET32 that was digested by EcoRI and
HindITl. The plasmid pET-32 was cleaved with BamHI and
EcoRI to generate an HspX fragment that was subcloned
into BamHI and HcoRI-digested pVAXI to vyield the
recombinant plasmid pVAX1-Ag85B. The entire ES4T6
gene sequence of Mtb H37Rv was also successfully
amplified by PCR. The primer sequences were (forward)
5-GCAAGCTTATGACAGAGCAGCAGTGGAA-3 and
(reverse) 5-T'ICCTAGGTGCGAACATCCCAGTGACGT-
3. ESAT6 was digested with Hindlll and BamHI
and ligated to the eukaryotic expression plasmid
PVAXI-HspX which was also digested with HindIIl and
BamHI to vyield the eukaryotic expression plasmid
pVAXI-ESAT6-AgBSB. The plasmids pGEX-HspX,
pVAXI]-HspX (also called pV-HspX) and pVAX1 -ESAT6-
Ag85B (also called pV-E6-HspX) were confirmed by DNA
sequence analysis.

Construction of attenuated S. ¢yphimurium recombinant
vaccine strains: The eukaryotic expression plasmids
pPVAXI1-HspX pPYAXI1-ESAT6-HspX
electrotransformed mto the attenuated S. typhimurium
strain aroA SL7207 via the S. typhimurium-modifying
strain LB5000 (r-m+) with Ap® selection according to
previous reports (Liao et al, 2007). Then, this two
attenuated salmonella recombinant vaccine strains were
generated and confirmed by PCR and plasmid DNA
restriction enzyme digestion analysis.

and were

Immunization animal: One hundred sixety, 7-8 weeks old
female BALB/C mice were divided mto 8 groups (20 mice
per group). Three groups of mice were orogastrically (0.g.)
immurnized with the attenuated salmonella vaceine strains
SL (HspX) or SL (E6-HspX) or the parental bacterium
strain SL7207 by placing 100 uL of vaccine suspension
containing 10’ CFU into the lower escphagus using a
gavage needle on days 0, 15 and 30. Another two DNA
vaccination groups of mice that were preinjected with
10-12% lidocaine were intramuscularly immunized with
100 pg plasmid DNA pV-85B or the empty vector control
pVAX] per mouse on days 0, 15 and 30 by gene gun with
an Electric Square Porator (Scientz Biotechnology),
basically according to earlier method (Li ef af., 2007). The
BCG group of mice were injected subcutaneously with a
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single dose of BCG (5%10° CFUfmouse) and the a negative
control group received equal volumes of subcutaneously
admimstered phosphate-buffered PBS.

Measurement of antibody levels by Enzyme-Linked
Immunosorbent Assay (ELISA): The anti-HspX IgG
or IgA antibody was detected 2 weeks after each
immunization using an ELISA Method. Briefly, 5 pmL™
of the purified HspX were coated on 96 well microtiter
plates overmught at 4°C. After being blocked with 0.5%
Bovine Serum Albumin (BSA) in PBS at 37°C for 2 h,
individual serum samples at 1:100-500 dilutions were
added in triplicate and incubated at 37°C for 1 h.
Subsequently, the bound antibodies were detected with
1:500 diluted HRP-comugated goat anti-mouse IgA
(DAKO) or 1:1000 diluted HRP-conmjugated goat anti-
mouse IgG (Southern Biotech, Birmingham, USA) at 37°C
for 1 h, respectively. After being washed, individual wells
were added with Tetramethyl Benzidine (TMB) substrate
(200 pL/well) and the reaction was stopped by adding
50 pL/well of 1M H,S0,. The Optical Density (OD) was
measured at 450 nm.Titers are shown as the sample
dilution resulting in an OD 430 equal to twice the mean
background of the assay.

Analysis of peripheral CD4+ and CD8+: The 2 weeks
after the final immumnization, peripheral blood samples were
obtained from individual mice and the frequency of
CD4+ and CD8+ cells was characterized by flow
cytometry analysis using a FACS calibur instrument
(BD Biosciences). Briefly, peripheral blood samples
were stammed with a combmation of FITC-anti-CD3,
PE-anti-CD4, PE/Cy5-anti-CD8 or PE-anti-CD3 (Biolegend,
San Diego, USA), respectively.

Experimental infections: The 2 weeks after the final
immunization, mice were divided into eight groups (6 mice
in each group) and were infected 1.v., via the lateral tail
vein or intransally (in.) with an inoculum of 1x10° CFU of
Mtb H37Rv suspended i1 0.1 mL PBS (Chen ef af., 2007).

Statistical analysis: The data were analyzed using
one-way ANOVA and the Tukey’s post hoc test was
used for selected pairwise comparisons. The p-values of
<0.05 were considered sigmficant. Prism 4.0 Software
(GraphPad, CA, USA) was used for statistical analyses of
mouse data.

RESULTS

Construction of recombinant salmonella vaccine strains
harboring the HspX-ESAT6 fusion gene: To construct
the recombinant plasmids, the DNA fragment of the entire
HspX gene sequence from Mitbh H37Rv was amplified
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and cloned into the eukaryotic expression vector pVAX-1.
The DNA fragment of the entire EAST6 gene sequence
was amplified from Mtb H37Rv and then mserted mto
pVAX1-HspX to yield the recombinant plasmid
pV-E6-HspX. Recombinant plasmid pV-E6-HspX,
pV-HspX were transformed into the attenuated salmonella
stram (SL7207) after DNA sequence analysis, respectively
(Table 1). Recombimant salmonella vaccine stramn was
generated and confirmed by plasmid DNA restriction
enzyme digestion analysis. Restriction enzyme digestion
analysis (Fig. 1) showed that the relative molecular mass
(Mr) of each mserted DNA fragment was 1dentical to the
value predicted (Fig. 1).

Table 1: The frequency of different subsets of T cells. Data are expressed as
mean®o+SD of each group of mice (n = 6 per group) from three
separate experiments. *p<0.05 vs. the PBS group; ®p<0.05 vs. the

HspX group
Groups CD4 (%) CD8 (%)
SL (HspX) 25.76+2.18 6.78+1.38
SL (E6-HspX) 28.98+3.96% 9.12+1.74°
BCG 26.17+3.45 8.92+1.66
PV-HspX 23.75£3.10 6.46+1.34
pVAX1 21.08+2.07 6.25+1.18
PBS 20.89+2.00 5.89+1.09
SL7027 21.424+2.21 6.14+1.15

Fig. 1: Analysis of plasmid constructs in salmonella by
DNA restriction enzyme digestion analysis.
Restriction enzyme digestion analysis of
recombinant plasmids pV AX]1-HspX (BamHI and
EcoRI digestion, Lane 2) and pV-E6-HspX (HindITT
and BamHI digestion, Lane 3); Lanes 1 DNA
marker
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Vaccination with recombinant salmonella vaccine
induces potent humoral responses and mucosal immune
responses in mice: To determine the antibody responses
agamst the recombinant salmonella strains, BALB/c mice
were immunized orogastrically with the recombinant
vaccine strains. Hvery 2 weeks after the immunization,
levels of HspX-specific IgG in the sera of immunized mice
were determined by ELISA. Titers of HspX-specific IgG
increased in each immunized group as the number of
immunizations increased (Fig. 2). After the third
ummunization, all vaccine groups that were immurmized with
the DNA vaccine, recombinant salmonella vaccine strains
or BCG developed higher levels of IgG antibody
production compared to the parental strain (SL.7207), the
empty vector group (pVAX-1) and PBS controls) (Fig. 2,
*p<0.05). In addition, the antibody titers were similar in
the SL (E6-HspX) group, the BCG group which is higher
than other group. These data showed that these two
groups induced the strongest IgG antibody responses
among all groups.

To observe the mucosal immune responses against
recombinant salmonella vaccine strains, titers of HspX
specific mucosal secretory IgA (SIgA) antibodies from the
lung tissues of mmmumized mice were determined by
ELISA. Mice immunized with SL. (E6-85B) elicited much
higher levels of lung SIgA and serum TgA than other
groups (Table 2).

Vaccination with salmonella vaccine induces cell immune
responses in mice: Next, researchers examined the impact
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Fg.2: Otal serum HspX-specific IgG responses of
mmmunized mice. Mice were injected i.m. with DNA
vaccine pV-HspX or o.g. with SL (HspX) or SL
(E6-HspX). The immunization was performed on
days 0, 15 and 30 and HspX-specific IgG titers
were assayed by ELISA 2 weeks after each
immunization. 3ix mice were used mn each group.
Data points represent means+SEM. *p<0.05 vs.
parental vector control groups
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of vaccination with salmonella vaccine on peripheral T cell
population and eantigen-specific T cell response m mice.
The 2 weeks after the final vaccination, the frequency of
peripheral blood CD4+ and CD8&+ were analyzed. As
shown in Table 2, the frequency of peripheral blood CD4+
and CD8+ T cells in mice that had been vaccinated with
SL (E6-HspX) group were similar to that of mice
vaccinated with BCG and they were significantly higher
than that of the parental strain (SL7207), the empty vector
group (pVAX-1), the DNA vaccine group ( pVAX-HspX)
and the non-immunized mice (PBS controls). Hence,
vaccination with salmonella vaccine for the fusion protein
expression increased the frequency of CD4+ and CD8+ T
cells and stmulated antigen-specific T cell responses
in vivo.

SL (E6-85B) induced protective immunity against i.v.
Mth H37Rv infection: To evaluate protective responses
after Mtb challenge, immmunized mice were infected 1v.
with Mtb H37Rv. The recombinant salmonella vaccine
strain groups SL (E6-HspX) and the BCG group had
longer 50% death times (T50) and lower death rates mice
compared to the DNA vaccine pV-HspX group, the
parental strain group and the non-immunized PBS group
(Table 3). These data indicated that the bacterial vaccines
can induce stronger protective immunity agamst Mtb than
the DNA vaccine. In addition, the mice immumnized with SL
(E6-85B) survived nearly as long as the mice immumized
with BCG which was the most effective because all mice
i this group were alive at 50 days post-infection
while 16-80% of the mice in the other groups were dead
(Table 3).

Table 2: Titers of TgA in senun and lung tissues. *p<0.05 vs. the DNA
vaccine and the parental vector control groups. ®p<0.05 vs. BCG,
DNA vaccine and the parental vector control groups

Groups Serum Lung
SL (HspX) 39+5.8 16+2.1
SL (E6-HspX) 94+£7.4% 33+3.8
BCG 50+4.5 32434
pV-HspX 23+£3.1 18+2.9
pVAX1 17+4.0 16425
PBS 15£3.5 1542.0
SL7027 18+4.2 17£2.3

Table 3: Comparisons of various vaccines-induced protection efficacy in
mice infected with H37Rv. T50: Time when 50% mortality

Groups Ty (days) Mortality (%0) (50 days) Sample
SL (HspX) =60 14.00 20
SL (E6-HspX) =60 0.00 20
BCG =60 19.00 20
PV-HspX 38 33.00 20
pVAX1 31 75.25 20
PBS 26 70.18 20
SL7027 30 80.00 20
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DISCUSSION

Currently, great progresses have been made in the
development of novel TB vaccines such as attenuated
live or inactive whole bacterium, recombinant BCG,
subunit vaccine and DNA vaccine (Hoft, 2008). In
comparison with conventional vaccines, recombinant
salmonella vaccines are quite easy to produce and store
on a large scale, making these vaccines more economically
feasible and accessible. Moreover, the bacterial vector
may mimic natural infection and interact with the mucosal,
humoral and cellular compartments of the immune
systemn (Kotton and Hohmann, 2004; Roland et al., 2005;
Boyle et ai., 2007). Therefore, in this study, researchers
have constructed recombinant salmonella vaceine strains
and evaluated their efficacy.

In the present study, researchers generated two
recombinant salmonella vaccine strains, ST, (HspX) and ST
(E6-HspX) which harbor the Mt HspX gene and the
ESAT6-HspX fusion gene, respectively. The results
strongly suggest that a novel recombinant salmonella
vaccine strain, ST. (E6-85B) that harbors an ESAT6-HspX
polyprotemn gene can protect against Mtb infection.
Mice vaccmated with SL (E6-HspX) contained high titers
of Ag85B-specific IgG in their serum and STgA in their
lung indicating that vaccination with SL (E6-85B)
mnduced potent humoral responses and mucosal immune
responses. Moreover, the SL (E6-85B) salmonella
vaccine strains also enhanced T cells proliferations which
demonstrated that SI. (E6-85B) triggered a strong cellular
immune response. Both HspX and ESAT6 proteins have
been 1dentified as immunogenic for human leukocyte Ag
class T-restricted CD8+ T cells (Flynn et al, 1992;
Caruso et al., 1999). Therefore, the SL (E6-HspX) vaccine
strain could induce high levels of IFN-y and granzyme
expression and improved Thl-type cellular responses
which play an important role in the prevention of TB.
Importantly, challenge with Mth by SL (E6-HspX)
survival studies also indicated that immunization with the
SL (E6-85B) vaccmne strain induced sigmificant protective
immunity.

CD4+ and CD&+ T cells are crucial for defending
mtracellular pathogens. In addition, CD8+ T cells can also
produce perforin and granulysin which can directly kill the
Mth-infected cells and attack Mtb (Flynn et al., 1992,
Caruso et al., 1999). Researchers found that the frequency
of peripheral blood CD4+ and CD&+ T cells increased in
the SL (E6-HspX) and BCG-treated mice and that
there was a higher frequency of other groups, further
supporting that vaccination with the SL (E6-85B)
mnduced Thl response in mice. The data are consistent
with previous findings that vaceination with a salmonella
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vaccine strains encoding a fusion protein of Ag85B and
human ESATE significantly increases the frequency of
peripheral blood CD4+and CD8+ T cells and inhibits Mtb
replication n mice (Hoiseth and Stocker, 1981). Indeed,
several DNA wvaccines can elicit protective responses,
similar to that of BCG in primary infection models.
Researchers found that the protective effect of SL
(E6-HspX) vaccination was sunilar to that of BCG but
significantly higher than that of vaccination with HspX in
mice. The data are in agreement with e zarlier findings
and further support the notion that vaccination with a
salmonella vaccine strains that expresses multiple
antigens improves the protective effect against Mtb
infection (Lindsay et al., 2009; Wang et al., 2009).
Therefore, vaccination with a salmonella vaccine strains
for multiple antigens is better to induce protective
responses in mice.

CONCLUSION

The data demonstrate that the most effective
recombinant salmonella vaccine strain, SI. (E6-HspX)
would be a novel vaccine candidate for the prevention of

TB. Furthermore, treatments combining vaccination with
SIL (E6-HspX) and BCG against TB seem to be promising.

REFERENCES

Agger, EM. and P. Andersen, 2002. A novel TB vaccine:
Towards a strategy based on owr understanding of
BCG failure. Vaccine, 22: 7-14.

Andersen, P. and T.M. Doherty, 2005. The success and
failure of BCG-implications for a novel tuberculosis
vaccine. Nat. Rev. Microbiol., 3: 656-656.

Behr, MA., MA. Wilson, WP. Gill, H. Salamon and
G K. Schoolnik ef al., 1999. Comparative genomics of
BCG vaccines by whole-genome DNA microarray.
Science, 284 1520-1523.

Boyle, E.C., I.L. Bishop, G.A. Grassl and B.B. Finlay, 2007.
Salmonella: From pathogenesis to therapeutics. J.
Bacteriol., 189: 1489-1495.

Brandt, L., I.F. Cunha, AW. Olsen, B. Chilima, P. Hirsch,
R. Appelberg and P. Andersen, 2002. Failure of the
Mycobacterivm bovis BCG Vaccine: Some species of
environmental mycobacteria block multiplication of
BCG and induction of protective immunity to
tuberculosis. Infect Immun., 70: 672-677.

Brandt, L., T. Oettinger, A. Holm, A B. Andersen and
P. Andersen, 1996. Key epitopes on the ESAT-6
antigen recognized in mice during the recall of
protective immunity to Mycobacterium tuberculosis.
J. Immun., 157: 3527-3533.



J. Anim. Vet. Adv., 12 (4): 458-463, 2013

Caruso, A., N. Serbina, E. Klein, K. Triebold, B. Bloom and
I. Flynn, 1999. Mice deficient in CD4 T cells have
only transiently dimimshed levels of [FN-gamma, yet
succurnb to tuberculosis. J. Immunol., 162: 5407-5416.

Chen, F., I. Zhou, F L. Luo, A.B. Mohammed and X.I..
Zhang, 2007, Aptamer from whole-bacterium SELEX

new therapeutic reagent virulent
Mycobacterium tuberculosis. Biochem. Bio. Res.
Commun., 357: 743-748.

Curtiss, ITT R., 2002. Bacterial infectious disease control by
vaccine development. J. Clin. Invest., 110: 1061-1066.

Feng, Y., S.Q. Wang, F.L. Luo, Y. Ruan and L. Kang ef al.,
2008. A novel recombinant bacterial vaceine strain

as against

expressing dual viral antigens induces multiple
ummune responses to the Gag and gpl 20 protemns of
HIV-1 inimmunized mice. Antiviral Res., 80: 272-279.

Flynn, I.L., M.M. Goldstein, K.J. Triebold, B. Koller and
B.R. Bloom, 1992. Major histocompatibility complex
class I-restricted T cells are required for resistance to
Mycobacterium tuberculosis infection. Proc. Natl.
Acad. Sci. USA., 89: 12013-12017.

Formal, 5.B., L..S. Baron, D.J. Kopecko, ©O. Washington
and C. Powell et al., 1981. Construction of a potential
bivalent vaccine strainn Introduction of Shigella
sonnei form T antigen genes into the galE Salmonella
typhi Ty2la typhoid vaccine strain. Infect. Tmmun.,
34: 746-750.

Franco-Paredes, C., N. Rouphael, C. del Rio and
I.1. Santos-Preciado, 2006, Vaccination strategies to
prevent tuberculosis in the new millennium: From
BCG to new vaccine candidates. Int. J. Infec. Dis.,
10: 93-102.

Geluk, A, M.Y. Lin, K.E. van Meijgaarden, EM. Leyten
and K.L. Franken ef al., 2007. T-cell recognition of the
HspX protein of Mycobacterium tuberculosis
correlates with latent M. tuberculosis infection but
not with M. bovis BCG vaccination. Infect. Immun.,
75:2914-2921.

Hoft, D.F., 2008. Tuberculosis vaccine development:
Goals, inmunological design, andevaluation. Lancet,
372:164-175.

Hoiseth, SK. and B.A. Stocker, 1981. Aromatic-dependent
Salmonella typlhimurium are nonvirulent and effective
as live vaccmes. Nature, 291: 238-239.

463

Kotton, C.N. and E.I.. Hohmann, 2004. Enteric pathogens
as vaccine vectors for foreign antigen delivery.
Infect. Immun., 72: 5535-5547.

Ly, PF,Q Wan, Y. Feng, M. Liuand I.G. Wuet al., 2007.
Engineering of N-glycosylation of Hepatitis C Virus
Envelope Protein E2 Enhances T cell responses for
DNA mmunization. Vaccine, 25: 1544-1551.

Liao, X.L., H. Ren, P. Zhao, $.Y. Zhu and I. Cao ef al.,
2007. Efficient induction of mouse immune responses
to hepatitis C virus by viral core protein-carrying
attenuated Salmonella typhimurium. Viral. Immunol.,
20: 469-478.

Lindsay, 1.I., C.D.P. Simon and O.C.D. Simon, 2009.
Characterisation of a live Salmonella vaccine
stably expressing the Adycobacterium tuberculosis
AgRSB-ESATSE fusion protein. Vaccine, 27: 6894-6904.

Parida, S.K., K. Huygen, B. Ryffel and T. Chakraborty,
2005. Novel bacterial delivery system with attenuated
Salmonella typhimurium carrying plasmid encoding
Mtb antigen 85A for mucosal immunization:
Establishment of proof of principle in TB mouse
model. Ann. NY Acad. Sci., 1056: 366-378.

Pym, A5, P. Brodin, L. Majlessi, R. Brosch and
C. Demangel et al., 2003. Recombinant BCG exporting
ESAT-6 confers enhanced protection against
tuberculosis. Nat. Med., 9: 533-539.

Roland, K.L., S.A Tmge, K.P. Killeen and S.K. Kochi,
2005. Recent advances in the development of live,
attenuated bacterial vectors. Curr. Opin. Mol. Ther.,
7:62-72.

Wang, Q.L., Q. Pan, Y.F. Ma and X L. Zhang, 2009. An
attenuated  Salfmonella-vectored vaccine elicits
protective  immunity  against  Mycobacterium
tuberculosis. Vaccine, 27: 6712-6722.

World Health Organization, 2006. Global tuberculosis
control-surveillance, planning, financing. WHO
Report, Geneva, Switzerland. http:/Avrww. who.int/th/
publications/global report/2006/en/.

Zabolotnykh, N.V., T.I. Vinogradova, M.A. Stukova,
S.N. Vasileva and M.L. Vitovskala ef al., 2008. The
effectiveness of influenza vectors expressing the
protective mycobacterial antigen ESAT-6 in the
complex therapy of generalized tuberculosis m mice.
Probl. Tuberk. Bolezn. Legk., 12: 30-34.



