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Abstract
Burkholderia pseudomallei (Bp) causes melioidosis, a disease with a wide range of possible
outcomes, from seroconversion and dormancy to sepsis and death. This spectrum of host-pathogen
interactions poses challenging questions about heterogeneity in immunity to Bp. Models show
protection to be dependent on CD4+ cells and IFNγ, but little is known about specific target
antigens. Having previously implicated the ABC transporter, LolC, in protective immunity, we
here use epitope prediction, HLA binding studies, HLA-transgenic models and studies of T cells
from seropositive individuals to characterize HLA-restricted LolC responses. Immunized mice
showed long-lasting memory to the protein, while predictive algorithms identified epitopes within
LolC that subsequently demonstrated strong HLA class II binding. Immunization of HLA-DR
transgenics with LolC stimulated T cell responses to four of these epitopes. Furthermore,
responsiveness of HLA-transgenics to LolC revealed a hierarchy supportive of HLA
polymorphism-determined differential susceptibility. Seropositive human donors of diverse HLA
class II types showed T cell responses to LolC epitopes which are conserved among Burkholderia
species including B. cenocepacia, associated with life-threatening cepacia complex in cystic
fibrosis patients and B. mallei, which causes glanders. These findings suggest a role for LolC
epitopes in multiepitope vaccine design for melioidosis and related diseases.
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Introduction
Burkholderia pseudomallei (Bp) is a Gram negative bacterium that causes melioidosis, a
major cause of sepsis in regions of Southeast Asia and Northern Australia [1–3].
Furthermore, Bp is a category B pathogen on the NIAID category A–C pathogen list due to
concerns about its potential weaponization for bioterrorism or biowarfare [4]. Exposure to
Burkholderia among U.S. servicemen during the Vietnam War raised concerns about a
possible disease ‘time-bomb’ with the potential to emerge with a lag of decades from initial
exposure [5, 6]. In addition, there are concerns that melioidosis may be an emerging disease
that will assume increasing prominence with climate change [7]. Evidence for this comes
partly from the increased prevalence during monsoon season, as well as an increase in cases
in areas affected by the 2004 Tsunami [8].

Although the full genome has been sequenced, many aspects of pathogenicity and
immunology of Bp remain poorly characterized [2, 9]. Manifestations may range from
asymptomatic seropositivity, through localized tissue involvement, to sepsis and lethal
shock, including rare manifestations such as CNS involvement and necrotizing fasciitis [10–
12]. As an intracellular pathogen of antigen presenting cells which has the ability to cause
recurrent, clinical disease decades after initial exposure, it poses intriguing, unresolved
questions of T cell immunity. The nature and localization of the bacterial infection during
these dormant periods, as well as the nature of the immune control, is entirely unknown.
There is currently no model that explains where the bacterial reservoir exists during the
intervening years, its transcriptional status during this time, or how it evades immune
clearance. Importantly, there is currently no vaccine and a lack of consensus either as to the
form a potential vaccine would take or the nature of key immune mechanisms to promote.
Immunomics screening demonstrates that a very large number of Bp proteins are
seroreactive [13], though it has been less clear which are targeted by T cells [14].

Pathogenesis of the disease and mechanisms underlying its clinical presentation are poorly
understood, as are the precise contributions of T cell effector mechanisms of protection or
pathogenesis. Clues as to protective mechanisms have come from immunogenetic studies. A
study from Thailand showed a raised risk in HLA-DRB1*1602 individuals. Interestingly,
the DQA*03 allele (mostly likely paired with DQB1*03 gene products) was protective with
respect to septicaemia [15]. While these data are most readily explained by a role of CD4+ T
cell immunity, it has been noted that HIV seropositivity is not a risk factor for melioidosis
[16]. However, this may be too crude a measure for the nature of the T cell control in
infection: the list of infectious susceptibilities in HIV seropositives is a changing one, partly
due to the impact of HAART and partly due to more detailed immunological monitoring
[17]. Patients with sepsis have elevated levels of serum IFNγ, IL-12 and IL-18 indicating
likely involvement of the Th1 axis, although whether in protection of pathogenesis is
unknown [18]. As in other bacterial infections associated with lethal septic shock, there is a
potential contribution of T cell immunity both to host defence and to the pathogenesis of
shock itself, which is often associated with excessive immune activation, high pro-
inflammatory serum cytokines and the so-called ‘cytokine storm.’ [19] In murine challenge
models, it is clear that Th1 cytokines, and specifically IFNγ, are correlates of protection.
While the bacterium can trigger IFNγ production from CD4+, CD8+ and γδ T cells as well
as NK cells, studies of protection by vaccination with a live attenuated mutant show that
immunity is CD4+ T cell-dependent [20]. ABC transporter proteins and specifically, LolC,
are among the antigens responsible for stimulating the murine IFNγ T cell response [21]. For
this reason it is important to characterize the nature of the CD4+ T cell immune response to
LolC in human Bp infection. Here we show how, through logical progression from mouse
protection experiments to epitope prediction, HLA binding studies, ‘humanized’ HLA
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transgenic models and human patient T cell studies, it has been possible for the first time to
define CD4+ T cell epitopes implicated in the host adaptive response to melioidosis.

Results
LolC immunization confers protection against virulent B. pseudomallei challenge and
induces strong Th1 memory

Using a BALB/c model of acute experimental melioidosis, we previously showed partial
protection against virulent B. pseudomallei challenge by immunization with a recombinant
truncate of the ABC transporter protein LolC [21]. We initially confirmed this result with
the live auxotrophic mutant strain 2D2 as a protective control [22], showing substantial
protection in BALB/c mice challenged with B. pseudomallei six weeks after LolC boost
(Table 1). Extending the study to 16 weeks after priming, LolC immunization was
associated with a highly sensitive IFNγ response to low doses of antigen (Figure 1).

LolC elicits a variable immune response in HLA-transgenic mice indicative of a role for
HLA-DR polymorphism

The immunogenetic complexities of HLA-restriction of CD4+ T cell responses in human
populations are such that the number of expressed class II loci along with heterozygosity
determines that each antigen presenting cell may express 12 or more distinct HLA
heterodimers. We and others have therefore used H2-A null, HLA class II transgenic lines as
a reductionist tool for dissecting the role of individual HLA products in presentation [23–
25]. When identical mice expressing different HLA-DR alleles were immunized with LolC,
we identified a clear hierarchy of responsiveness, HLA-DR15 transgenics showed a slightly
greater response than HLA-DR4 transgenics and a significantly greater response than HLA-
DR1 transgenics (p=0.03 between HLA-DR15 and HLA-DR1, Figure 2).

HLA-DR transgenic mice make T cell responses to predicted epitopes from LolC
Because no specific CD4+ T cell epitopes from Bp have previously been described, we next
used predictive algorithms in an attempt to define HLA-restricted epitopes. The IEDB
analysis resource, Propred and SYFPEITHI programs were used to forecast HLA class II
binding peptides 10 aa to 15 aa in length from the full-length LolC sequence. Predicted
epitopes that ranked highly across all three programs were selected for further evaluation.
Preference was given to epitopes that showed high hypothetical affinity for several HLA
alleles. Eight peptides were selected for synthesis and analysis based on hypothetical
strength of binding and range of affinity (Table 2). Three of these, 6–20, 283–297, and 316–
330, were tested for actual HLA-DR binding across a panel of 7 alleles and shown to be
moderate to high-affinity binders across several alleles. HLA-DR1 transgenic mice were
immunized with LolC by footpad injection. Ten days post-immunization, popliteal lymph
node cells were stimulated in vitro with peptides 3–17, 6–20, 169–183, 283–297 and 305–
319 and IFNγ production measured by ELISpot. Despite only 2 of these epitopes (283–297
and 305–319) being predicted as preferential HLA-DR1 epitopes, there was a significant
response by a majority of mice in the group to 4 of the 5 peptides tested. All peptides bar
LolC 3–17 were shown to be T cell epitopes (Figure 3).

T cell responses of HLA-DR transgenic mice were further explored following immunization
with peptides rather than whole protein (Figure 4). Four of the epitopes elicited high avidity
responses, as judged by titration of IFNγ ELISPOT responses down to the nanogram range:
105–119, 283–297, 305–319 and 6–20. Three of these four had been tested and shown to
display moderate to high affinity binding across several HLA class II alleles. We therefore
tested the panel of predicted human T cell epitopes in responses from donors in a
melioidosis endemic area.
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LolC peptides elicit a response from peripheral blood monuclear cells of healthy donors
from an area endemic for melioidosis

There has been considerable interest and progress with respect to initiatives to define and
fine-map peptide epitope/HLA class II interactions in clinical settings [26]. We next set out
to determine whether the epitopes predicted through HLA transgenic models and predictive
algorithms had relevance to T cell responses of humans exposed to Bp. To investigate the
immune response to LolC and its peptides in healthy individuals in an area endemic for
melioidosis, peripheral blood samples from the Blood Transfusion Center, Faculty of
Medicine, Khon Kaen University were used. Twenty PBMC samples were stimulated with
heat-killed B. pseudomallei, LolC, and the 8 epitopes that had previously been characterized,
and were assayed for induction of IFNγ by ELISpot. This allowed us to define 5 of the 8
predicted epitopes as LolC T cell antigens in this human cohort: a significantly greater
number of cells responded to peptides 6–20, 247–261, 283–297, 305–319 and 316–330, as
well as LolC, as compared with the medium control (Figure 5). For each group for which
there was significant IFNγ production, the range of response was quite broad and could be
divided into high responders and low responders.

Discussion
Melioidosis is associated with significant morbidity that can lead to death, and the search for
protective determinants against infection by Bps is longstanding [14, 21, 27–32]. The wide
clinical spectrum poses challenging questions regarding the expression, availability and
immunogenicity of Bps proteins as possible antigens. While there is not yet a detailed
picture of protective T cell and B cell responses to Bp, some features have recently become
clear. Mouse model studies implicate IFNγ responsiveness [27]. Previous studies have
shown that healthy individuals from an endemic region of Thailand possess long-lived
cellular memory to periplasmic ABC transporters from Bps [14], and one such protein,
LolC, has been shown to be partially protective in a murine model of acute challenge [21].
Here we expand on our previous observations of protection in the mouse challenge model of
Bp by vaccination with LolC and definition of LolC CD4+ T cell epitopes that are strongly
recognized by responding cells of seropositive individuals in an endemic region of Thailand.
However, the overall picture is complex, as protein microarray screening of 1205 Bp
proteins showed 109 different antigens to be seroreactive [13]. Since the microarray panel
was for serological screening and highly enriched for cell-surface proteins, the full list of
immune targeted proteins will clearly be considerably longer. The demonstration of strong T
cell reactivity to LolC confirms that many of the CD4+ T cell targets are likely to include
intracellular components of Bp. In light of our previous data from the murine model of
protective IFNγ responses, we have elected here to quantify T cell memory by IFNγ
ELIspot. It is nevertheless possible that differential disease outcomes are influenced by
alterations in T cell effector cytokine profiles, an area we are currently investigating.

In a disease where there is an urgent need not just to elucidate the key immunogens for
vaccine strategies, but also to establish the basic T cell immunology correlates of the
different disease states, from protective seropositivity through to lethal septicemia, it is
surprising that no CD4+ T cell epitopes have been defined. Through initiatives such as the
NIH Immune Epitope Database, there has recently been substantial progress in
characterisation of CD4+ T cell immunity to serious bacterial pathogens [33–36]. Here we
report a comprehensive strategy encompassing epitope prediction and HLA binding,
validation in HLA class II transgenic panels and ELISPOT analysis in seropositive donors.
This has allowed us to define the first CD4+ T cell epitopes of Bp, some of them of potential
interest as immunogens since they seem to be of relevance across a range of HLA
polymorphism and to stimulate T cells with high avidity. The most common alleles among
the NE Thai population are DRB1*1202, DRB1*1502, DRB1*0405, and DRB1*1602 [37].
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While these specific alleles are currently not well represented either in the HLA class II
transgenic panels used by ourselves and others or indeed in peptide prediction algorithms, it
is clear that the experimentally predicted epitopes are of high relevance to this SE Asian
population since, 7 out of 10 of the HLA-DRB1*1502 seropositive individuals screened here
generated a strong response to Bp LolC 6–20.

Several ABC transporter families have been shown to be important to bacterial virulence,
and due to their high degree of conservation and often, significant immunogenicity, there is
much interest in them as vaccine targets. Proposed strategies include both ABC transporter
immunogens and avirulent mutants lacking specific transporters. Examples of successful
vaccine strategies based on ABC transporters have been reported for pathogens including
Brucella, M. tuberculosis, S. pneumoniae as well as Bp [38]. With respect to Bp, the case
has been made that due to its very diverse environmental niches, from soil and water to
intracellular adaptation to mammalian and avian hosts, this pathogen has had an
evolutionary requirement for a large number of ABC systems, and contains a total of 338
ABC system associated into 105 ABC systems [39, 40]. The ABC transporter epitope
sequences identified here are conserved across B. pseudomallei, B. thailandensis and the
causative agent of equine glanders, B. mallei suggesting they would have broad vaccine
applicability across human and veterinary use.

As we enter the so-called ‘decade of the vaccine’ [41], there is among the many scientific,
economic and political conundrums facing vaccine programs, a fundamental dilemma as to
whether the most effective strategies will turn out to be modified or avirulent pathogens,
recombinant proteins, or some form of multi-epitope (ME) string constructs, as trialled for
malaria infection [42]. It has been shown that the TB10.4 response of BCG-immunized
individuals is restricted to a few dominant – but nevertheless protective – epitopes which
differ from those induced by natural infection. It is therefore important to examine to which
degree an optimal vaccine strategy should target both types of epitopes [43]. The finding
here of LolC epitopes capable of eliciting strong IFNγ responses from T cells, across
individuals covering a broad spectrum of HLA alleles, is a step towards ME Bp vaccine
strategies for a disease of major significance for a sizeable part of SE Asia.

The central question of immunity to Bp is that widespread exposure leads to such diverse
outcomes, from asymptomatic seroconversion to death. We have now been able to look at
the first candidate, protective immunogen from the Bp genome and shown that it is rich in
HLA class II epitopes recognized by CD4+ T cells from immune individuals. When one
considers the large number of immunoreactive Bp antigens that are specific to immune
recognition in melioidosis, the full T cell epitope map for this pathogen will clearly be large
and complex.

Materials and methods
Bacterial strains and preparation

B. pseudomallei strain 576, originally isolated from a Thai melioidosis patient, was obtained
from T. Pitt at the Health Protection Agency, UK. B. pseudomallei 576 ilvI, referred to here
as “2D2,” was generated by transposon mutagenesis [22]. Bacteria were stored as frozen
stocks at −70°C, and grown on tryptone soy broth or agar (TSA) for use. Bacteria were
thawed from frozen stocks of known concentration and diluted in pyrogen-free saline
immediately prior to use B. pseudomallei strain K96243 is a clinical isolate from Thailand
and is the prototype genome sequence strain [9]. Intact heat-killed B. pseudomallei (hkBp)
was prepared by heating at 100°C for 20 minutes, washed twice with PBS pH7.4, aliquoted
and stored at −80°C. All procedures with live bacteria were performed under Advisory
Committee on Dangerous Pathogens containment level 3 conditions.
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LolC protein and peptides
The truncated, non-signal, non-transmembrane portion of LolC was expressed in E. coli
DH5 under kanamycin selection, and purified as previously described [21]. Predicted HLA
class II binding LolC epitopes were prepared as synthetic peptides (GL Biochem, Shanghai,
China) and resuspended in DMSO to make stock solutions.

HLA class II-binding CD4 epitope predictive programs
The following resources were used for prediction of CD4 epitopes: the Immune Epitope
Databse resource IEDB analysis resource
(http://tools.immuneepitope.org/analyze/html/mhc_II_binding.html), Propred
(http://www.imtech.res.in/raghava/propred/) and SYFPEITHI
(http://www.syfpeithi.de/Scripts/MHCServer.dll/EpitopePrediction.html). Those epitopes
most strongly ranked across all three programs were selected for further evaluation.
Preference was given to epitopes that showed high predicted affinity across diverse HLA
types.

HLA-DR peptide binding assay
Peptide binding to HLA-DR molecules was assessed by competitive ELISA, as previously
reported [44]. HLA-DR molecules were immunopurified from homozygous EBV-
transformed lymphoblastoid B cell lines by affinity chromatography. A biotinylated reporter
peptide was incubated with a dose range of LolC peptides and the appropriate HLA-DR
molecule. After 24–72h, the supernatants were transferred into ELISA plates previously
coated with L243 mAb and incubated at room temperature for 2h. The presence of
biotinylated peptide/HLADR complexes was revealed using streptavidin-alkaline
phosphatase conjugate (GE Healthcare, Saclay, France) and 4-methylumbelliferyl phosphate
substrate (Sigma-Aldrich, France). Emitted fluorescence was measured at 450 nm
postexcitation at 365 nM on a Gemini Spectramax Fluorimeter (Molecular Devices, St.
Gregoire, France). Unlabeled forms of the biotinylated peptides were used as reference
peptides to assess the validity of each experiment. Peptide concentration that prevented
binding of 50% of the labeled peptide (IC50) was evaluated. Data were expressed as relative
affinity: ratio of IC50 of the peptide to IC50 of the reference peptide. Sequences of the
reference peptide and their IC50 values were the following: HA 306–318
(PKYVKQNTLKLAT) for DRB1*0101 (4 nM), DRB1*0401 (8 nM), andDRB1*1101 (7
nM), YKL(AAYAAAKAAALAA) for DRB1*0701 (3 nM), A3 152–166
(EAEQLRAYLDGTGVE) for DRB1*1501 (48 nM), MT 2–16 (AKTIAYDEEARRGLE)
for DRB1*0301 (100nM) and B1 21–36 (TERVRLVTRHIYNREE) for DRB1*1301 (37
nM).

Mice
Female 8–10-week BALB/c mice were housed under specific pathogen-free conditions.
HLA class II transgenic mice (HLA-DRB1*0101, HLA-DRB1*0401 and HLA-
DRB1*1501) on an H2-Ab00 background were generated, maintained and genotyped as
previously described [23–25]. Groups of mice used for in vivo experiments were age-, sex-,
and weight-matched. Experiments were performed in accordance with the Animals
(Scientific Procedures) Act 1986; all were approved by local ethical review.

Infection
B. pseudomallei strain 576 was thawed from frozen stocks of known concentration and
diluted in pyrogen-free saline. 106 cfu in 0.2 mL was administered by ip injection. 5 mice
per group were used for all challenge studies.
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Immunization
2D2 immunisation was performed by ip injection of 106 cfu of B. pseudomallei 2D2 in 0.2
mL, followed by a boost 14 days later with the same concentration and volume of bacteria.
Boosted mice were challenged with wild-type, virulent B. pseudomallei strain 576 six weeks
after boost. No viable 2D2 bacteria were recovered from spleens after full prime-boost
regimen, as determined by tissue homogenate culture on agar plates (data not shown).
Recombinant, truncated LolC was prepared for immunization in monophosphoryl lipid A-
trehalose dimycolate (MPL-TDM, or RIBI, Sigma), Immunostimulatory complex – CpG
(ISCOMS-CpG, ABISCO and Coley Pharmaceuticals) or Titremax Gold. Briefly, LolC
solubilised in pyrogen-free saline was mixed 3:1 with RIBI to give a final concentration of
0.05 mg/mL, or 10 μg on ip injection of 0.2 mL for RIBI-adjuvanted immunizations. Two
boosts were given at day 14 and day 28. Six weeks post final boost, mice were challenged
with strain 576. Alternatively, LolC was mixed with ISCOMS (0.12 mg/mL) and CpG10103
(0.125 mg/mL) to a final concentration of 0.1 mg/mL, prior to subcutaneous (sc) injection of
2 × 50 μL into each hind rump. Two boosts were given at day 28 and day 49 with the same
concentration of protein, and spleens were harvested 9 weeks after final boost to determine
long-term memory to LolC. Immunization of HLA-transgenic mice with LolC and its
peptides was done by footpad injection of 10 μg protein or peptide adjuvanted with Titremax
Gold (1:1 emulsion) in 50 μL. Popliteal draining lymph nodes were harvested 10–12 days
after immunization for analysis T cell responses.

In vitro antigen stimulation of murine spleen and lymph node cells
Single cell suspensions were prepared and erythrocytes lysed with ammonium chloride.
Cells were washed twice with culture medium and 5 × 105 cells/well were plated in 96 well
plates with titrated recombinant protein or peptide. Cultures were incubated for 72h at 37°C
with 5% CO2, and supernatants collected for cytokine analysis. Lymph nodes were prepared
in a similar manner, without erythrocyte lysis or washes. Cells were adjusted to 2.5 × 105

cells/well, plated in pre-coated PVDF-coated 96 well plates with titrated recombinant
protein and incubated as above. After 3 days, plates were developed.

ELISA and ELISpot analysis of IFNγ
Anti-IFNγ antibodies AN18 and biotinylated R46A2 (MABtech) were used in sandwich
ELISA according to manufacturer’s instructions. ELISAs were developed with 1 μg/mL
streptavidin-conjugated peroxidase (Sigma) and Sureblue TMB substrate (KPL
Laboratories). IFNγ ELISpot was performed with kit reagents according to manufacturer’s
instructions (Diaclone, Tepnel).

In vitro human peripheral blood mononuclear cell (PBMC) stimulation
This study and consent forms were approved by the Khon Kaen University Ethics
Committee for Human Research (Project number HE470506). Informed consent was
obtained from all the subjects recruited into the study. PBMCs from each subject were
isolated from buffy coat samples by density centrifugation on Histopaque® 1077 (Sigma-
Aldrich). Isolated PBMCs were adjusted to 5 × 105 cells/well and plated in 96 well plates
pre-coated with anti-human IFNγ antibody 1D1K and co-cultured with the stimulators for 42
hours at 37 °C with 5% CO2. PBMCs were stimulated with PHA as a mitogen, 3×107 cfu/ml
hkBp as putative antigen control, 1 μg/ml LolC and 10 μg/ml each peptide. Secreted IFNγ
was detected by adding 1 μg/ml biotinylated mAb 7-B6-1-biotin and followed with 1 μg/ml
streptavidin-alkaline phosphatase (Mabtech) prior to enumeration under a stereomicroscope.
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HLA-typing of donors
HLA-DRB1 alleles were genotyped by PCR-SSP. Twenty pairs of primers for DRB1 were
used [45]. The primer mixtures contained a pair of allele-specific primers and a pair of 256-
bp internal control primers.
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Figure 1.
Antigen-specific IFNγ production by LolC-immune splenocytes 16 weeks after priming.
Mice (5 per group) were immunized subcutaneously (s.c.) with 10 μg LolC adjuvanted with
ISCOMS and CpG. Two boosts were given at days 28 and 49 and spleens were harvested 9
weeks after final boost. Spleen cells from LolC-immune (black bars), adjuvant-immune
(ISCOMS-CpG, grey bars) or unimmunized BALB/c mice (white bars) were stimulated for
72 hours with titrated LolC and supernatants were assayed for IFNγ expression by ELISA.
Data are expressed as median ± range.
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Figure 2.
IFNγ production by LolC-immune lymph nodes from HLA-transgenic mice. Mice (4 per
group) were immunized in the footpads with 10 μg LolC/Titremax Gold. Popliteal lymph
node cells were stimulated with 25 μg LolC. IFNγ producing cells were identified by
ELISpot. Data are expressed as scatter plots with the bar representing the median;
differences between groups were analysed by the Mann-Whitney test with a p-value <0.05
considered significant.
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Figure 3.
Peptide-specific IFNγ production by LolC-immune lymph nodes from HLA-transgenic
mice. HLA-DR1 transgenic mice (4 per group) were immunized in the footpads with 10 μg
LolC/Titremax Gold. Popliteal lymph node cells were stimulated with 25 μg peptide. IFNγ
production was assayed by ELISpot. Data are expressed as scatter plots with the bar
representing the median; differences groups were analysed by the Mann-Whitney test with a
p-value <0.05 considered significant.
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Figure 4.
Primary IFNγ responses to LolC peptides in peptide-immune HLA-transgenics are
titrateable. Mice (4 per group) were immunized in the footpad with 10 μg of peptide
spanning aa 105–119 (A), 283–297 (B), 305–319 (C) and 6–20 (D). Popliteal lymph node
cells were stimulated with peptide. IFNγ producing cells were identified by ELISpot. Data
are expressed as scatter plots with the bar representing the median.
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Figure 5.
IFNγ response of healthy seropositive donors from an endemic region to LolC protein and
peptides. PBMCs from each subject were co-cultured with 1 μg/ml LolC and 10 μg/mL each
peptide for 72 hours. Secreted IFNγ was detected by ELISpot development and data are
expressed as scatter plots with the bar representing the median. Differences between each
group and unstimulated control were analysed by the Mann-Whitney test with p-values of
each group compared with medium alone noted.
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Table 1

LolC immunization confers partial protection against B. pseudomallei challengea

Immunization Median Survival Time (* p<0.05; value)

Saline 2

MPL-TDM (RIBI) 13

LolC in MPL-TDM (RIBI) 25* (0.02)

B. pseudomallei strain 2D2 34* (0.002)

a
p-value of each immunized group vs. MPL-TDM only group (n=5 for all groups) by Logrank test
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