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ABSTRACT 

 

B. pseudomallei is the cause of melioidosis, a serious an often fatal disease of humans and 

animals. The closely related bacterium B. mallei, which cases glanders, is considered to be 

a clonal derivative of B. pseudomallei. Both B. pseudomallei and B. mallei were evaluated by 

the United States and the former USSR as potential bioweapons. Much of the effort to 

devise biodefence vaccines in the past decade has been directed towards the identification 

and formulation of sub-unit vaccines which could protect against both melioidosis and 

glanders. A wide range of proteins and polysaccharides have been identified which 

protective immunity in mice. In this review we highlight the significant progress that has been 

made in developing glycoconjugates as sub-unit vaccines. We also consider some of the 

important the criteria for licensing, including the suitability of the “animal rule” for assessing 

vaccine efficacy, the protection required from a vaccine and the how correlates of protection 

will be identified. Vaccines developed for biodefence purposes could also be used in regions 

of the world where naturally occurring disease is endemic 
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1. Melioidosis; The global incidence 

B. pseudomallei is the cause of melioidosis, a serious and often fatal disease of humans and 

animals. The closely related bacterium B. mallei, which causes glanders, is a clonal 

derivative of B. pseudomallei [1], with a reduced host range. In this review we have included 

references to B. mallei where appropriate. Human melioidosis can range from a localised 

skin infection to an acute septicaemia or a pneumonia. Some individuals develop chronic 

disease, whilst others apparently clear the infection only to suffer a relapse later [2, 3]. The 

diverse forms of disease make disease diagnosis based in clinical signs and symptoms 

challenging.  

 

B. pseudomallei and B. mallei were evaluated by the United States and the former USSR as 

potential bioweapons [4, 5]. They attracted attention because, at least in animal models, they 

are highly infectious by the airborne route [6]. This is consistent with cases of disease in 

healthy US helicopter crews during the Vietnam War, believed to be a consequence of the 

inhalation of soil-derived dusts containing B. pseudomallei [7].  Because of the potential for 

B. pseudomallei and B. mallei to cause disease in humans and animals these bacteria are 

classified as  tier 1 overlap select agents by the US Centers for Disease Control and 

Prevention and the US Animal and Plant Health Inspection Services.  

 

Naturally occurring melioidosis is usually associated with South East Asia or Northern 

Australia. In northeast Thailand melioidosis is the third most common cause of death from 

infectious diseases after human immunodeficiency virus (HIV)/acquired immunodeficiency 

syndrome (AIDS) and tuberculosis [8]. A wide range of underlying conditions predispose 

individuals to disease, but diabetes is the main risk factor [9, 10]. Melioidosis is not currently 

considered to be a neglected tropical disease, but evidence is accumulating that it is present 

in many sub-tropical and tropical regions of the world [11, 12]. A recent study (Table 1) 
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predicts that the global incidence of human melioidosis is 165,000 cases (95% credible 

interval 68,000–412,000) with 89,000 (95% credible interval 36,000–227,000) deaths [11]. If 

these predications are validated, then the global death toll from melioidosis is comparable to 

the global mortality from measles (95,600 per year) and higher than the global death toll 

from leptospirosis (50,000 per year) or dengue (9,100–12,500 per year) [11].   

 

B. pseudomallei (and B. mallei) is resistant to many antibiotics including many β-lactams, 

aminoglycosides, macrolides and polymixins [3] making the treatment of disease difficult. 

Even with aggressive antibiotic treatment the fatality rate is 50% in Northeast Thailand and 

19% in Australia [8]. Against this background there is an urgent need for improved 

preventative measures, such as vaccines, to protect against disease. Because many 

antigens are shared B. pseudomallei by B. mallei, and there is evidence of cross-protective 

immunity [13-19], it is feasible that a single vaccine can be devised which protects against 

both diseases. 

 

 

2. Vaccine candidates 

 

2.1 Live attenuated vaccines  

A range of attenuated B. pseudomallei (and B. mallei) mutants able to induce protective 

immunity in mice have been reported [14, 20-26]. However, not all attenuated mutants can 

induce protective immunity. Some are over-attenuated and are cleared too rapidly or the 

disrupted gene may play a role in biosynthesis of a protective antigen [27]. Immunisation 

with Burkholderia thailandensis, a naturally attenuated species that is related to B. 

pseudomallei can induce a protective immune response [28]. 

 

It is not certain that a live attenuated mutant would be acceptable as a human vaccine. The 

potential problem of reversion to virulence can be solved by introducing multiple mutations 
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and some mutants capable of inducing protective immunity [29] have been shown to be safe 

even in immunocompromised (IFNγ -/-, SCID) mice [30]. However, a concern is that, like 

wild type strains, attenuated mutants may be able to establish latent infections.  

 

In spite of these concerns live attenuated mutants of B. pseudomallei and B. mallei are some 

of the most protective vaccine candidates identified to date [31-33]. As such they are useful 

as a standard in studies comparing the protection afforded after immunisation with non-living 

vaccines. In addition, live attenuated mutants have proved to be valuable tools for dissecting 

the nature of protective immunity, at least in mice.  

 

2.2 Killed whole cell vaccines 

Immunisation with killed B. pseudomallei, B. thailandensis or B. mallei cells can induce 

protective immunity [18, 34, 35]. These vaccines may be attractive because they are cheap 

to produce and because a range of antigens are presented to the immune system. The 

recent report of the Steering Group on Melioidosis Vaccine Development (SGMVD) 

highlighted that killed whole cell vaccines could be acceptable if they met the criteria for 

efficacy, safety and progressed through clinical trials [33]. The principle disadvantages of 

killed vaccines are that some protective antigens are not expressed when bacteria are grown 

in vitro and some components in the vaccine, such as the lipid A of lipopolysaccharide 

(LPS), might cause short-term but undesirable side effects [36].   

 

A refinement of whole cell vaccines, exploits outer membrane vesicles (OMVs) [37, 38]. 

These are naturally shed from bacteria and contain cell wall lipids, polysaccharides and 

proteins. OMVs induce significant but incomplete protection against an aerosol challenge in 

mice [37]. In more recent studies OMVs have been shown to be safe and immunogenic in 

non-human primates [39]. These findings suggest that OMVs are an alternative to killed 

whole cell vaccines, and might be exploited as a low cost vaccine.  
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2.3 Sub-unit vaccines 

A sub-unit vaccine against melioidosis and or glanders would contain only protective 

antigens and consequently would not be reactogenic, would potentially be more effective 

and easier to produce reproducibly. Much of the effort to devise biodefence vaccines against 

melioidosis and or glanders in the past decade has been directed towards the formulation 

and testing of sub-unit vaccines in mice (Table 2). Many of these antigens are conserved 

between B. pseudomallei and B. mallei and have been shown to play major roles in 

virulence. For example, the capsular polysaccharide appears to block C3b deposition [40], 

whilst the lipopolysaccharide confers resistance to serum killing [41].  Many of the proteins 

tested are components or effectors of secretion systems which play roles in virulence. BopA 

is a putative effector of the type III secretion system [42], BimA is the type V autotransporter 

involved in actin polymerisation and motility in cells [43] whilst the Hcp proteins form the 

needle of the type VI secretion system [44].  

 

It is difficult to compare the relative efficacy of the different sub-units as protective antigens, 

because different immunisation regimes, adjuvants, animal models and challenge strains 

doses and routes have been used [33]. An additional concern is that many of the adjuvants 

used do themselves have protective effects, making the interpretation of protection data 

difficult.  

 

2.3.1 Protein sub-unit vaccines 

A range of proteins have been identified as partially protective sub-units against 

experimental melioidosis and glanders. These antigens are derived largely from the cell wall. 

However, to date the goal of finding a single protein that provides high level protection and 

sterile immunity has been elusive. One approach to address this problem might involve 

screening additional sub-units [23, 45-48]. Another approach is to use a combination of 

proteins. One study has shown that a combination of antigens can provide protection against 

experimental disease although sterile immunity was still not achieved [49]. An alternative to 
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using combinations of proteins would involve using combinations of epitopes derived from 

different proteins and there has been some exciting foundation work in this area [50-57].  

 

2.3.2 Naked DNA vaccines 

There are two reports that immunisation with DNA vaccines encoding the B pseudomallei 

flagellar subunit gene, fliC provided modest levels of protection in mice [58, 59]. In a whole 

genome screen, using expression library immunisation, 12 B. mallei ORFs which could 

induce protective immunity were identified and the proteins encoded by 3 of these were 

shown to induce protective immunity towards experimental glanders (Table 2) [48].  

 

2.3.3 Polysaccharide sub-unit vaccines 

Bacterial polysaccharides often make excellent vaccines and surface polysaccharides of B. 

pseudomallei and B. mallei have been investigated. LPS is attractive as a vaccine candidate 

but there are at least three different LPS O-antigens (A, B and B2) in B. pseudomallei [60] 

and the O-antigen may be O-acetylated and/or O-methylated [61] leading to subtle 

immunological differences. The O-antigen produced by B. thailandensis (strain E264) 

appears to be identical to the B. pseudomallei Type A O-antigen [61]. The B. mallei O-

antigen is similar to the Type A O-antigen but with some differences in acetylation [61]. The 

capsular polysaccharide is highly conserved between different strains of B. pseudomallei 

and B. mallei and  some strains of B. thailandensis produce a similar capsular 

polysaccharide [62].  

 

The immunisation of mice or hamsters with purified capsular polysaccharide or LPS results 

in the induction of protective, but not sterile, immunity [49, 63, 64]. Protection is dependent 

on antibodies, and the passive transfer of immune sera [63], or monoclonal antibodies 

against these polysaccharides [15, 65] can protect niaive animals.  
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One challenge associated with polysaccharide vaccine production, is the isolation of 

sufficient quantities, and the isolation of polysaccharide from B. pseudomallei (or B. mallei) 

can be hazardous. An alternative could involve growing an attenuated strain as a source of 

the antigen and in the USA some mutants of B. pseudomallei are exempt from select agent 

regulations [66]. The similarity of the B. thailandensis and B. pseudomallei Type A O-

antigens [61] indicates the potential to use the B. thailandensis antigen [67-69]. Another 

approach might be to produce the polysaccharide in an engineered strain of a non-

pathogenic species of bacteria. The expression of the B. mallei O-antigen gene cluster in an 

attenuated strain of Salmonella enterica serovar Typhimurium [13] indicates the feasibility of 

this approach. Finally, there has been progress with the chemical synthesis of 

polysaccharides. A synthetic repeat unit of the capsular polysaccharide (2-O-acetyl-6-deoxy-

β-d-manno-heptopyranose) has been shown to be immunogenic and protective [70]. Further 

refinement of the epitope(s) recognised could allow the refinement of the synthetic 

immunogen [71]. 

 

2.3.4 Glycoconjugate vaccines 

Polysaccharides are poor immunogens that do not generate an anamnestic response 

because of the lack of T cell involvement. To elicit a T cell dependent response, 

polysaccharides can be conjugated to proteins. Conjugates of capsular polysaccharide or 

LPS linked to tetanus Hc fragment, BSA, flagellin proteins or Hcp1 have been reported 

(Table 3). These are immunogenic in rabbits, mice and rhesus macaques [64, 68-70, 72-75] 

and, compared to polysaccharide alone, induce enhanced antibody responses, with a bias 

towards IgG production [64, 68, 72, 73]. The conjugates tested to date typically use 

chemically coupled polysaccharide and protein. However, one recent report highlights the 

potential for exploiting the natural glycosylation system found in Campylobacter jejuni but 

transferred in E.coli to devise biological conjugates of the B. pseudomallei O-antigen linked 

to AcrA acceptor protein [76]. 

 



9 
 

3. Criteria for candidate selection 

An efficacious melioidosis/glanders vaccine would ideally provide high level protection 

against multiple routes of infection, protect against multiple LPS types and provide sterilizing 

immunity. Additionally, it would be both safe and cost-effective to produce. At present, some 

of the most promising vaccine candidates undergoing pre-clinical evaluation include LPS- 

and CPS-based glycoconjugates, protein sub-units, OMVs and live attenuated strains. 

Important properties associated with these types of vaccines are shown in Table 4. Although 

good progress has been made, the development of a vaccine that possesses all of the 

attributes listed, in particular sterilizing immunity, may be difficult to achieve since B. 

pseudomallei and B. mallei are able to survive intracellularly [77]. 

 

3.1 Sterile immunity 

None of the vaccine candidates tested to date provide sterile protection in animal models 

questioning their usefulness for biodefense or public health purposes. The feasibility of using 

a vaccine that provides protection but not sterile immunity in a public health setting has been 

examined. A melioidosis vaccine providing only partial protection (50% protection for 12 

months or a 50% reduction in disease for 10 years) could be useful in high-risk populations 

[32]. A recent report from the SGMVD indicated that a lack of sterilizing immunity should not 

be a barrier to progressing promising candidates [33]. Furthermore, the SGMVD suggested 

that a partially protective melioidosis vaccine may be useful in endemic areas since it could 

reduce disease severity and death rates by extending the therapeutic window and allowing 

the administration of other treatments [33]. Similarly, a vaccine that shifts disease from an 

acute to a sub-acute or chronic form in endemic regions may provide a similar benefit by 

increasing the time an individual has to seek treatment.  

 

3.2 Need for head to head comparisons 

Due to differences in vaccination protocols, challenge routes and animal models, it is difficult 

to compare and contrast the various vaccine candidates identified to date. Consequently, the 
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SGMVD has recommended head-to-head protection studies in mice be conducted for 

candidate selection [33]. While all details relating to vaccine production, formulation, route of 

administration and dosage should be the responsibility of the developers, the SGMVD 

proposed challenges with 2 or 3 B. pseudomallei strains selected from the BARDA panel 

(strains MSHR668, MSHR305, 1026b, 1106a, K96243 and 406a). The preferred route of 

inoculation is subcutaneous using a challenge dose that results in the negative control group 

reaching humane endpoints within 7-14 days, with continued monitoring of the test groups 

for at least 28 days post-challenge. The SGMVD does not recommend a particular NHP 

model for further testing, does not state the specific criteria that would characterize a 

successful vaccine candidate and has identified specific hurdles in the process of advancing 

melioidosis vaccine candidates into  early phase clinical trials [33].  

 

3.3 Criteria for the selection of biodefence vaccines 

A Broad Agency Announcement from the U.S. Defense Threat Reduction Agency (DTRA; 

HDTRA1-14-CHEM-BIO-BAA Amd #3, Topic: CBMV-03) has outlined the criteria for 

protective efficacy of melioidosis and/or glanders vaccine candidates in preclinical studies. 

The preferred infection model for initial efficacy testing is C57BL/6 mice challenged via 

aerosol with B. pseudomallei (strains HPUB10134a, MSHR5855, or K96343) and B. mallei 

(23344 FMH). Demonstration of protective efficacy in mice is defined as “… >80% survival 

over 30 days and >50% survival over 60 days OR extension of therapeutic window by >28 

days”. For further evaluation of vaccine candidates in NHPs, “protective efficacy may be 

defined as >80% survival over 45 days and >50% survival over 60 days OR extension of 

therapeutic window by >28 days”. Additional criteria dictate that the time to onset of 

immunity be 28-90 days lasting for >1 year and can be achieved with no more than 3 doses 

of vaccine. The purpose of these decision points is to guide the development of vaccines to 

protect the warfighter from disease. It is anticipated, however, that such a vaccine would 

also be useful in public health settings. 
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3.4 Utility of Biodefence Vaccines for public health purposes  

Biodefence vaccines may be useful for protecting against naturally occurring disease in 

endemic regions but not all biodefence vaccines would be equally suitable. Biodefence 

vaccines would protect healthy people from infection, whilst a vaccine against natural 

disease would need to protect individuals who may be immunocompromised (e.g. diabetics) 

[33]. A biodefence vaccine would need to protect primarily against an inhalational challenge, 

whereas natural infection occurs by a number of routes [33]. An additional consideration is 

whether antibiotic treatment after vaccination or in parallel with vaccination is equally likely in 

biodefence and/or public health situations. 

 

Notwithstanding these concerns, the cost effectiveness of exploiting biodefence vaccines for 

the prevention of melioidosis in Thailand was examined recently [32]. The model considered 

the efficacy of the vaccine, the duration of protection afforded by the vaccine and the cost of 

the vaccine and revealed that in a number of scenarios vaccination would be cost effective. 

For example, a vaccine that cost $2 per dose, provided only 50% protection and which 

protected only for 12 months would be cost effective for vaccination of the population at 

greatest risk of disease. A vaccine that cost $25 per dose and which reduced disease by 

50% and provided protection for 10 years would be cost effective for use in all diabetics. 

Overall, this study concluded that in Thailand, a vaccine would likely be cost-effective if used 

in high-risk populations and highlighted the value of vaccines that provide only partial 

protection against disease [32]. 

 

3.5 The animal rule  

US Food and Drug Administration’s (FDA) Animal Rule was implemented to allow the 

licensing of medical countermeasures, such as vaccines, for diseases for which clinical trials 

involving exposure to the pathogen are unethical or impractical. This situation might apply to 

many biodefence vaccines. A similar mechanism exists for licensing products in Canada but  

the European Medicines Agency (EMA) currently does not have a similar licensing 
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mechanism. The Biothrax anthrax vaccine was the first vaccine to be approved under the 

FDA animal rule [78] which requires that the benefits of a vaccine are demonstrated in more 

than one animal species and predict the likely response in humans. Alternatively a single 

animal species can be used if it is accepted to be a well-characterized animal model for 

predicting human response to the vaccine.  

 

In the case of a meliodosis, a vaccine licensed for public health purposes would have 

undergone clinical trials but may have limited value as a biodefence vaccine, because it may 

not meet the criteria outlined above. Therefore, it is possible that a melioidosis biodefence 

vaccine may need to be approved under the FDA animal rule. In the case of glanders, there 

are very few naturally occurring cases of human disease and it seems certain that a 

biodefence vaccine would have to be approved under the FDA animal rule.  

 

There are no single animal models that are accepted as robust indicators of the efficacy of 

human vaccines against glanders or melioidosis. Therefore licensing under the FDA animal 

rule would require at least two animal species to demonstrate efficacy. Mouse models of 

inhalational disease caused by B. pseudomallei and B. mallei have been used extensively to 

evaluate vaccine candidates and it is likely that non-human primate models of disease will 

also be required. There have been several reports of the development of non-human primate 

models of disease. Marmosets [79] appear to be more susceptible than rhesus macaque 

[80, 81] or African green monkeys [80] to B. pseudomallei infection. Both rhesus macaque 

aerosol [82] and marmoset intranasal infection models [83] have been described for B. 

mallei, and rhesus macaques have been used to assess vaccine candidates [69]. There is 

one report of a s.c. infection model for B. pseudomallei and B. mallei in marmosets [84].  

 

4. Correlates of Protection 

All vaccine discovery and evaluation projects benefit from an understanding of the immune 

responses underlying protection. The term ‘immunological correlates of protection’ describes 
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an immunological response, typically measured by laboratory assay, which is statistically 

associated with vaccine efficacy and based on clinical trial data in humans [85, 86]. 

Correlates of protection may be mechanistic, where the response measured directly 

mediates protection, or non-mechanistic serving as an indirect indicator of protection. In 

situations where clinical trial data does not exist, as is currently the case of melioidosis, 

relevant immunological biomarkers could be identified and verified later as correlates of 

protection [87].  

 

Immediately following exposure, B. pseudomallei is extracellular, and therefore susceptible 

to antibody mediated defences. However, it also has an intracellular lifestyle able to grow in 

macrophages, and so would be a target for (T) cell mediated immune responses. Live 

attenuated, killed whole cell, OMV, and polysaccharide-conjugate vaccines using B. 

pseudomallei proteins as carriers will likely require an analysis of both antibody and cell 

mediated biomarkers. In contrast, studies with polysaccharide alone and polysaccharides 

conjugated to heterologous carriers (e.g. tetanus toxoid or CRM197) would likely focus only 

on antibody responses.  

 

4.1 Antibody mediated correlates of protection 

Antibodies are established correlates of protection for many vaccines in use today [85, 86]. 

The three primary parameters which determine antibody-mediated efficacy are 

concentration, class/isotype and affinity. Plasma IgM, due to its rapid production and 

complement fixing ability and to a larger extent IgG responses, because of their greater 

affinity, extended memory and opsonic activity are the most likely correlates of antibody 

mediated protection in any B. pseudomallei vaccine. The protective properties of mucosal 

IgA (and IgG) have been considered in other bacterial infections [88] and in theory provide 

an opportunity for actually preventing infection via the inhalational route, but their importance 

in melioidosis has not been considered.  
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Assays of antibody function integrate all three parameters providing direct and accurate 

correlates of protection. Typically these involve either i) serum bactericidal assays in the 

presence of complement, ii) Fc receptor mediated uptake of opsonised bacteria by host 

neutrophils or monocytes (opsonophagocytic-OP assay),  iii) subsequent intracellular killing 

of the bacteria (opsonophagocytic killing -OPK assays)  or  iv) bacterial agglutination. Flow 

cytometry based measurement of phagocytosis and respiratory burst have been described 

for B. pseudomallei [89], and intracellular killing can be measured by standard colony 

forming unit assays [90]. Few studies have used these assays in the context of immune 

responses to B. pseudomallei vaccine candidates [15, 38, 54, 91, 92]. 

 

4.2 Cell mediated correlates of protection 

Unfortunately, experience with other vaccines has shown that defining cell mediated 

correlates of protection can be a difficult process. The most dramatic example being that of 

BCG, a vaccine given to over 4 billion children since the 1930’s, where an immune correlate 

of protection is still not defined with any certainty [87].  

 

The role of antibody in protection against melioidosis indicates a likely involvement of CD4+ 

T-cells in protection against meloioidosis and especially follicular T-cells in the development 

of a humoral response. In support of this, in mice there is evidence that CD4+ T-cells play a 

role in protective immunity [93]. These cells might also provide IFNγ and it is known that B. 

pseudomallei is susceptible to killing by IFNγ activated macrophages further indicating a role 

for cell mediated protection. Humans do develop CD4+ T-cell responses to B. pseudomallei 

[94] and IFNγ production by Th1 cells might contribute to the survival of melioidosis patients 

presenting with acute infection [95]. Glycoconjugate vaccines would exploit the involvement 

of T-cells by promoting both the magnitude, subclass and duration of antibody responses 

against the polysaccharide and potentially enhancing protective immunity. For example, 

immunisation with a polysaccharide conjugates generated significantly higher levels of 

antigen-specific IgG than polysaccharide alone [64, 72]. In addition, the elevated levels of 
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IgG2a seen after immunisation with a lipopolysaccharide glycoconjugate suggested a bias 

towards a Th1 responses, whereas immunisation with lipopolysaccharide alone evoked 

almost no IgG2a [64]. 

 

Although B. pseudomallei is adapted to replicate in the cytoplasm of infected cells, and 

should load protein antigens into the Class I MHC antigen presentation pathway, we are 

relatively ignorant of the biology and role of CD8+ T cells in response to this organism. CD8+ 

T cells are a source of IFNγ for macrophage activation, but their cytotoxic potential against 

host cells infected with B. pseudomallei is not known. In a murine model of disease 

protection does not appear to involve CD8+ T cells [93], but it is not known whether CD8+ T 

cells play a protective role in humans. Further identification of Class-I MHC restricted B. 

pseudomallei-derived protein epitopes recognised by CD8+ T cells is warranted.  

 

NK cells, considered part of the innate immune response, may also need to be examined in 

future studies on B. pseudomallei vaccine induced immunity. These cells provide the initial 

source of IFNγ in both mice and humans in response to innate cytokines produced by 

macrophages and probably dendritic cells following exposure to the bacteria [94, 96]. In 

support of this possibility, activation of the innate immune system has been shown to protect 

against inhalational challenges with B. pseudomallei or B. mallei and to involve the activation 

of NK cells and the production of IFNγ [97].  

 

Just as functional (OP/OPK) assays integrate the key features of antibody dependent 

immunity, bacterial growth inhibition assays can assess the killing capacity of cell mediated 

responses induced following vaccination. Viable bacteria are incubated with whole blood or 

PBMC from vaccinated donors and bacterial CFU measured subsequently; killing being an 

integrated readout of phagocytosis, T/NK cell cytokine secretion and macrophage activation 

within the culture. These assays are providing important information in the search for 



16 
 

vaccines against M. tuberculosis and need to be developed in both mice and humans for B. 

pseudomallei [98, 99]. 

 

Finally, when future human vaccine trials are being conducted it will be important to 

harmonise the assays used in order to optimise data comparability. Useful precedents for 

this exist from  tuberculosis biomarker discovery which can be applied to B. pseudomallei, 

addressing issues such as standardization of T cell stimulation conditions, batch analyses of 

frozen peripheral blood samples and use of common flow cytometry antibody panels and 

gating and analysis strategies [100]. 

 

4.3 Systems biology approaches to vaccine evaluation 

Use of systems biology and the ‘omics technologies is increasingly important in the 

development and evaluation of vaccines [101, 102]. The search for correlates of protection is 

dominated by the use of transcriptomics, and in particular the genome-wide transcriptional 

profiling of peripheral blood immune responses following vaccination [103]. The 

transcriptional profiles of many polysaccharide and conjugate vaccines against other 

pathogenic bacteria have been defined, and will provide bench marks for future melioidosis 

vaccine studies [104]. To date, the peripheral blood gene signatures of both mice and 

humans infected with B. pseudomallei have been reported [105, 106] but there is currently 

no information on vaccine responses following administration of candidate B. pseudomallei 

vaccines. 

 

5. Conclusion  

There have been a number of important developments since the publication of previous 

reviews on the development of B. pseudomallei and B. mallei vaccines. In this review we 

highlight the DTRA guidelines on vaccine performance, and which might drive any 

assessment of the candidates which could be selected for development and clinical trials. 

These criteria might be equally applicable to vaccines for biodefence and public health 
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purposes. We also consider some of the important the criteria for licensing, including the 

suitability of the “animal rule” for assessing vaccine efficacy and how correlates of protection 

will be identified. Finally, we review the significant progress that has been made in 

developing glycoconjugates as sub-unit vaccines. We now believe that we are now in a 

position to select promising candidates for development. These candidates need to be 

produced under appropriate conditions and after appropriate quality control, efficacy testing 

in animals and toxicity testing they could be progressed into phase 1 clinical trials in 

humans. These trials might be undertaken in either the UK or in the USA. Completion of 

these trials might then allow licensing of the vaccine for biodefence purposes. However, as 

outlined above, it might also be possible to carry out further clinical trials to evaluate the 

potential for the use of these vaccines in regions of the world where naturally occurring 

disease is endemic.   

 

 

References 

 

[1] Nierman WC, DeShazer D, Kim HS, Tettelin H, Nelson KE, Feldblyum T, et al. Structural 

flexibility in the Burkholderia mallei genome. Proc Natl Acad Sci USA. 2004;101:14246-51. 

[2] Limmathurotsakul D, Peacock SJ. Melioidosis: a clinical overview. Br Med Bull. 2011:9. 

[3] Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med. 2012;367:1035-44. 

[4] Alibek K, Handelman S. Biohazard: The chilling true story of the largest covert biological 

weapons program in the world, told from the inside by the man who ran it. New York: 

Random House; 1999. 

[5] Moon JE, van C. US biological warfare planning and preparedness: the dilemmas of 

policy. In: Geissler E, Moon JE, C. v, editors. SIPRI Chemical and Biological Warfare 

Studies 18 Biological and Toxin Weapons: Research, Development and Use from the Middle 

Ages to 1945. Oxford: Oxford University Press; 1999. p. 215-54. 



18 
 

[6] Titball RW, Russell P, Cuccui J, Easton A, Haque A, Atkins T, et al. Burkholderia 

pseudomallei: animal models of infection. Trans R Soc Trop Med Hyg. 2008;102 Suppl 

1:S111-6. 

[7] Howe C, Sampath A, Spotnitz M. The pseudomallei Group: A review. J Infect Dis. 

1971;124:598-606. 

[8] Limmathurotsakul D, Wongratanacheewin S, Teerawattanasook N, Wongsuvan G, 

Chaisuksant S, Chetchotisakd P, et al. Increasing incidence of human melioidosis in 

Northeast Thailand. Am J Trop Med Hyg. 2010;82:1113-7. 

[9] Cheng A, C., Currie BJ. Melioidosis: epidemiology, pathophysiology and management. 

Clin Microbiol Revs. 2005;18:383-416. 

[10] Suputtamongkol Y, Chaowagul W, Chetchotisakd P, Lertpatanasuwan N, Intaranongpai 

S, Ruchutrakool T, et al. Risk factors for melioidosis and bacteremic melioidosis. Clin Infect 

Dis. 1999;29:408-13. 

[11] Limmathurotsakul D, Golding N, Dance DAB, Messina JP, Pigott DM, Moyes CL, et al. 

Predicted global distribution of Burkholderia pseudomallei and burden of melioidosis. Nature 

Microbiol. 2016; 1:15008 

[12] Currie BJ, Dance DA, Cheng AC. The global distribution of Burkholderia pseudomallei 

and melioidosis: an update. Trans R Soc Trop Med Hyg. 2008;102 Suppl 1:S1-4. 

[13] Moustafa DA, Scarff JM, Garcia PP, Cassidy SK, DiGiandomenico A, Waag DM, et al. 

Recombinant Salmonella expressing Burkholderia mallei LPS O antigen provides protection 

in a murine model of melioidosis and glanders. PLoS One. 2015;10:e0132032. 

[14] Mott TM, Vijayakumar S, Sbrana E, Endsley JJ, Torres AG. Characterization of the 

Burkholderia mallei tonb mutant and its potential as a backbone strain for vaccine 

development. PLoS Negl Trop Dis. 2015;9:e0003863. 

[15] Zhang S, Feng SH, Li B, Kim HY, Rodriguez J, Tsai S, et al. In vitro and in vivo studies 

on monoclonal antibodies with prominent bactericidal activity against Burkholderia 

pseudomallei and Burkholderia mallei. Clin Vaccine Immunol. 2011;18:825-34 



19 
 

[16] Schell MA, Zhao P, Wells L. Outer membrane proteome of Burkholderia pseudomallei 

and Burkholderia mallei from diverse growth conditions. J Proteome Res. 2011;10:2417-24. 

[17] Whitlock GC, Deeraksa A, Qazi O, Judy BM, Taylor K, Propst KL, et al. Protective 

response to subunit vaccination against intranasal Burkholderia mallei and B. pseudomallei 

challenge. Procedia Vaccinol. 2010;2:71-5. 

[18] Sarkar-Tyson M, Smither SJ, Harding SV, Atkins TP, Titball RW. Protective efficacy of 

heat-inactivated B. thailandensis, B. mallei or B. pseudomallei against experimental 

melioidosis and glanders. Vaccine. 2009;27:4447-51. 

[19] Qazi O, Prior JL, Judy BM, Whitlock GC, Kitto GB, Torres AG, et al. Sero-

characterization of lipopolysaccharide from Burkholderia thailandensis. Trans R Soc Trop 

Med Hyg. 2008;102 Suppl 1:S58-60. 

[20] Norris MH, Propst KL, Kang Y, Dow SW, Schweizer HP, Hoang TT. The Burkholderia 

pseudomallei Deltaasd mutant exhibits attenuated intracellular infectivity and imparts 

protection against acute inhalation melioidosis in mice. Infect Immun. 2011;79:4010-8. 

[21] Srilunchang T, Proungvitaya T, Wongratanacheewin S, Strugnell R, Homchampa P. 

Construction and characterization of an unmarked aroC deletion mutant of Burkholderia 

pseudomallei strain A2. Southeast Asian J Trop Med Public Health. 2009;40:123-30. 

[22] Breitbach K, Kohler J, Steinmetz I. Induction of protective immunity against Burkholderia 

pseudomallei using attenuated mutants with defects in the intracellular life cycle. Trans R 

Soc Trop Med Hyg. 2008;102 Suppl 1:S89-94. 

[23] Moule MG, Spink N, Willcocks S, Lim J, Guerra-Assuncao JA, Cia F, et al. 

Characterization of new virulence factors involved in the intracellular growth and survival of 

Burkholderia pseudomallei. Infect Immun. 2015;84:701-10. 

[24] Hatcher CL, Mott TM, Muruato LA, Sbrana E, Torres AG. Burkholderia mallei clh001 

attenuated vaccine strain is immunogenic and protects against acute respiratory glanders. 

Infect Immun. 2016;84:2345-54. 

[25] Muller CM, Conejero L, Spink N, Wand ME, Bancroft GJ, Titball RW. Role of RelA and 

SpoT in Burkholderia pseudomallei virulence and immunity. Infect Immun. 2012;80:3247-55. 



20 
 

[26] Ulett GC, Labrooy JT, Currie BJ, Barnes JL, Ketheesan N. A model of immunity to 

Burkholderia pseudomallei: unique responses following immunization and acute lethal 

infection. Microbes Infect. 2005;7:1263-75. 

[27] Atkins TP, Prior RG, Mack K, Russell P, Nelson M, Prior J, et al. Characterisation of an 

acapsular mutant of Burkholderia pseudomallei identified by signature tagged mutagenesis. 

J Med Microbiol. 2002;51:539-47. 

[28] Scott AE, Laws TR, D'Elia RV, Stokes MG, Nandi T, Williamson ED, et al. Protection 

against experimental melioidosis following immunization with live Burkholderia thailandensis 

expressing a manno-heptose capsule. Clin Vaccine Immunol. 2013;20:1041-7. 

[29] Silva EB, Goodyear A, Sutherland MD, Podnecky NL, Gonzalez-Juarrero M, Schweizer 

HP, et al. Correlates of immune protection following cutaneous immunization with an 

attenuated Burkholderia pseudomallei vaccine. Infect Immun. 2013;81:4626-34. 

[30] Propst KL, Mima T, Choi KH, Dow SW, Schweizer HP. A Burkholderia pseudomallei 

deltapurM mutant is avirulent in immunocompetent and immunodeficient animals: candidate 

strain for exclusion from select-agent lists. Infect Immun. 2010;78:3136-43. 

[31] Silva EB, Dow SW. Development of Burkholderia mallei and pseudomallei vaccines. 

Front Cell Infect Microbiol. 2013;3:10. 

[32] Peacock SJ, Limmathurotsakul D, Lubell Y, Koh GC, White LJ, Day NP, et al. 

Melioidosis vaccines: a systematic review and appraisal of the potential to exploit biodefense 

vaccines for public health purposes. PLoS Negl Trop Dis. 2012;6:e1488. 

[33] Limmathurotsakul D, Funnell SG, Torres AG, Morici LA, Brett PJ, Dunachie S, et al. 

Consensus on the development of vaccines against naturally acquired melioidosis. Emerg 

Infect Dis. 2015;21. 

[34] Puangpetch A, Anderson R, Huang YY, Saengsot R, Sermswan RW, 

Wongratanacheewin S. Comparison of the protective effects of killed Burkholderia 

pseudomallei and CpG oligodeoxynucleotide against live challenge. Vaccine. 2014;32:5983-

8. 



21 
 

[35] Whitlock GC, Lukaszewski RA, Judy BM, Paessler S, Torres AG, Estes DM. Host 

immunity in the protective response to vaccination with heat-killed Burkholderia mallei. BMC 

Immunol. 2008;9:55. 

[36] Geurtsen J, Steeghs L, Hamstra HJ, Ten Hove J, de Haan A, Kuipers B, et al. 

Expression of the lipopolysaccharide-modifying enzymes PagP and PagL modulates the 

endotoxic activity of Bordetella pertussis. Infect Immun. 2006;74:5574-85. 

[37] Nieves W, Asakrah S, Qazi O, Brown KA, Kurtz J, Aucoin DP, et al. A naturally derived 

outer-membrane vesicle vaccine protects against lethal pulmonary Burkholderia 

pseudomallei infection. Vaccine. 2011;29:8381-9. 

[38] Nieves W, Petersen H, Judy BM, Blumentritt CA, Russell-Lodrigue K, Roy CJ, et al. A 

Burkholderia pseudomallei outer membrane vesicle vaccine provides protection against 

lethal sepsis. Clin Vaccine Immunol. 2014;21:747-54. 

[39] Petersen H, Nieves W, Russell-Lodrigue K, Roy CJ, Morici LA. Evaluation of a 

Burkholderia pseudomallei outer membrane vesicle vaccine in nonhuman primates. 

Procedia Vaccinol. 2014;8:38-42. 

[40] Reckseidler-Zenteno SL, DeVinney R, Woods DE. The capsular polysaccharide of 

Burkholderia pseudomallei contributes to survival in serum by reducing complement factor 

C3b deposition. Infect Immun. 2005;73:1106-15. 

[41] DeShazer D, Brett P, Woods D. The type II O-antigenic polysaccharide moiety of 

Burkholderia pseudomallei lipopolysaccharide is required for serum resistance and 

virulence. Mol Microbiol. 1998;30:1081-100. 

[42] Stevens MP, Haque A, Atkins T, Hill J, Wood MW, Easton A, et al. Attenuated virulence 

and protective efficacy of a Burkholderia pseudomallei bsa type III secretion mutant in 

murine models of melioidosis. Microbiology. 2004;150:2669-76. 

[43] Stevens MP, Stevens JM, Jeng RL, Taylor LA, Wood MW, Hawes P, et al. Identification 

of a bacterial factor required for actin-based motility of Burkholderia pseudomallei. Mol 

Microbiol. 2005;56:40-53. 



22 
 

[44] Burtnick MN, Brett PJ, Harding SV, Ngugi SA, Ribot WJ, Chantratita N, et al. The cluster 

1 type VI secretion system is a major virulence determinant in Burkholderia pseudomallei. 

Infect Immun. 2011;79:1512-25. 

[45] Cuccui J, Easton A, Bancroft G, Oyston PCF, Titball RW, Wren BW. Development of 

signature tagged mutagenesis in Burkholderia pseudomallei to identify mutants important in 

survival, attenuation and pathogenesis. Infect Immun. 2007;75:1186-95. 

[46] Suwannasaen D, Mahawantung J, Chaowagul W, Limmathurotsakul D, Felgner PL, 

Davies H, et al. Human immune responses to Burkholderia pseudomallei characterized by 

protein microarray analysis. J Infect Dis. 2011;203:1002-11. 

[47] Felgner PL, Kayala MA, Vigil A, Burk C, Nakajima-Sasaki R, Pablo J, et al. A 

Burkholderia pseudomallei protein microarray reveals serodiagnostic and cross-reactive 

antigens. Proc Natl Acad Sci U S A. 2009;106:13499-504. 

[48] Whitlock GC, Robida MD, Judy BM, Qazi O, Brown KA, Deeraksa A, et al. Protective 

antigens against glanders identified by expression library immunization. Front Microbiol. 

2011;2:227. 

[49] Champion OL, Gourlay LJ, Scott AE, Lassaux P, Conejero L, Perletti L, et al. 

Immunisation with proteins expressed during chronic murine melioidosis provides enhanced 

protection against disease. Vaccine. 2016;34:1665-71. 

[50] Reynolds C, Goudet A, Jenjaroen K, Sumonwiriya M, Rinchai D, Musson J, et al. T cell 

immunity to the alkyl hydroperoxide reductase of Burkholderia pseudomallei: a correlate of 

disease outcome in acute melioidosis. J Immunol. 2015;194:4814-24. 

[51] Chu KK, Tippayawat P, Walker NJ, Harding SV, Atkins HS, Maillere B, et al. CD4+ T-

cell immunity to the Burkholderia pseudomallei ABC transporter LolC in melioidosis. Eur J 

Immunol. 2011;41:107-15. 

[52] De Groot AS, Ardito M, Moise L, Gustafson EA, Spero D, Tejada G, et al. Immunogenic 

consensus sequence t helper epitopes for a pan-Burkholderia biodefense vaccine. 

Immunome Res. 2011;7. 



23 
 

[53] Swetha RG, Sandhya M, Ramaiah S, Anbarasu A. Identification of CD4+ T-cell epitope 

and investigation of HLA distribution for the immunogenic proteins of Burkholderia 

pseudomallei using in silico approaches - A key vaccine development strategy for 

melioidosis. J Theor Biol. 2016;400:11-8. 

[54] Nithichanon A, Rinchai D, Gori A, Lassaux P, Peri C, Conchillio-Sole O, et al. 

Sequence- and structure-based immunoreactive epitope discovery for Burkholderia 

pseudomallei flagellin. PLoS Negl Trop Dis. 2015;9:e0003917. 

[55] Gourlay LJ, Thomas RJ, Peri C, Conchillo-Sole O, Ferrer-Navarro M, Nithichanon A, et 

al. From crystal structure to in silico epitope discovery in the Burkholderia pseudomallei 

flagellar hook-associated protein FlgK. FEBS J. 2015;282:1319-33. 

[56] Gaudesi D, Peri C, Quilici G, Gori A, Ferrer-Navarro M, Conchillo-Sole O, et al. 

Structure-based design of a B cell antigen from B. pseudomallei. ACS Chem Biol. 

2015;10:803-12. 

[57] Gourlay LJ, Peri C, Ferrer-Navarro M, Conchillo-Sole O, Gori A, Rinchai D, et al. 

Exploiting the Burkholderia pseudomallei acute phase antigen BPSL2765 for structure-

based epitope discovery/design in structural vaccinology. Chem Biol. 2013;20:1147-56. 

[58] Chen YS, Hsiao YS, Lin HH, Liu Y, Chen YL. CpG-modified plasmid DNA encoding 

flagellin improves immunogenicity and provides protection against Burkholderia 

pseudomallei infection in BALB/c mice. Infect Immun. 2006;74:1699-705. 

[59] Chen YS, Hsiao YS, Lin HH, Yen CM, Chen SC, Chen YL. Immunogenicity and anti-

Burkholderia pseudomallei activity in Balb/c mice immunized with plasmid DNA encoding 

flagellin. Vaccine. 2006;24:750-8. 

[60] Tuanyok A, Stone JK, Mayo M, Kaestli M, Gruendike J, Georgia S, et al. The genetic 

and molecular basis of O-antigenic diversity in Burkholderia pseudomallei 

lipopolysaccharide. PLoS Negl Trop Dis. 2012;6:e1453. 

[61] Heiss C, Burtnick MN, Roberts RA, Black I, Azadi P, Brett PJ. Revised structures for the 

predominant O-polysaccharides expressed by Burkholderia pseudomallei and Burkholderia 

mallei. Carbohyd Res. 2013;381:6-11. 



24 
 

[62] Sim BM, Chantratita N, Ooi WF, Nandi T, Tewhey R, Wuthiekanun V, et al. Genomic 

acquisition of a capsular polysaccharide virulence cluster by non-pathogenic Burkholderia 

isolates. Genome Biol. 2010;11:R89. 

[63] Nelson M, Prior JL, Lever MS, Jones HE, Atkins TP, Titball RW. Evaluation of 

lipopolysaccharide and capsular polysaccharide as subunit vaccines against experimental 

melioidosis. J Med Microbiol. 2004;53:1177-82. 

[64] Scott AE, Ngugi SA, Laws TR, Corser D, Lonsdale CL, D'Elia RV, et al. Protection 

against experimental melioidosis following immunisation with a lipopolysaccharide-protein 

conjugate. J Immunol Res. 2014;2014:392170. 

[65] Jones SM, Ellis JF, Russell P, Griffin KF, Oyston PC. Passive protection against 

Burkholderia pseudomallei infection in mice by monoclonal antibodies against capsular 

polysaccharide,  lipopolysaccharide or proteins. J Med Microbiol. 2002;51:1055-62. 

[66] Anon. Select agents and toxins exclusions. Attenuated strains of Overlap Select Agents 

excluded from the requirements of 9 CFR Part 121 and 42 CFR part 73:.  Federal select 

agent program: Centers for Disease Control and Prevention and Animal and Plant Health 

Inspection Service; 2014. 

[67] Ngugi SA, Ventura VV, Qazi O, Harding SV, Kitto GB, Estes DM, et al. 

Lipopolysaccharide from Burkholderia thailandensis E264 provides protection in a murine 

model of melioidosis. Vaccine. 2010;28:7551-5. 

[68] Gregory AE, Judy BM, Qazi O, Blumentritt CA, Brown KA, Shaw AM, et al. A gold 

nanoparticle-linked glycoconjugate vaccine against Burkholderia mallei. Nanomedicine. 

2015;11:447-56. 

[69] Torres AG, Gregory AE, Hatcher CL, Vinet-Oliphant H, Morici LA, Titball RW, et al. 

Protection of non-human primates against glanders with a gold nanoparticle glycoconjugate 

vaccine. Vaccine. 2015;33:686-92. 

[70] Scott AE, Christ WJ, George AJ, Stokes MG, Lohman GJ, Guo Y, et al. Protection 

against experimental melioidosis with a synthetic manno-heptopyranose hexasaccharide 

glycoconjugate. Bioconj Chem. 2016;27:1435-46. 



25 
 

[71] Marchetti R, Dillon MJ, Burtnick MN, Hubbard MA, Kenfack MT, Bleriot Y, et al. 

Burkholderia pseudomallei capsular polysaccharide recognition by a monoclonal antibody 

reveals key details toward a biodefense vaccine and diagnostics against melioidosis. ACS 

Chem Biol. 2015;10:2295-302. 

[72] Scott AE, Burtnick MN, Stokes MG, Whelan AO, Williamson ED, Atkins TP, et al. 

Burkholderia pseudomallei capsular polysaccharide conjugates provide protection against 

acute melioidosis. Infect Immun. 2014;82:3206-13. 

[73] Burtnick MN, Heiss C, Roberts RA, Schweizer HP, Azadi P, Brett PJ. Development of 

capsular polysaccharide-based glycoconjugates for immunization against melioidosis and 

glanders. Front Cell Infect Microbiol. 2012;2:108. 

[74] Bryan LE, Wong SE, Woods D, Dance D, Chaowagul W. Passive protection of diabetic 

rats with antisera specific for the polysaccharide portion of the lipopolysaccharide isolated 

from Pseudomonas pseudomallei. Can J Infect Dis. 1994;5:170-8. 

[75] Brett PJ, Woods DE. Structural and immunological characterization of Burkholderia 

pseudomallei O-polysaccharide-flagellin protein conjugates. Infect Immun. 1996;64:2824-8. 

[76] Garcia-Quintanilla F, Iwashkiw JA, Price NL, Stratilo C, Feldman MF. Production of a 

recombinant vaccine candidate against Burkholderia pseudomallei exploiting the bacterial N-

glycosylation machinery. Front Microbiol. 2014;5:381. 

[77] Titball RW. Vaccines against intracellular bacterial pathogens. Drug Discov Today. 

2008;13:596-600. 

[78] Beasley DWC, Brasel TL, Comer JE. First vaccine approval under the FDA Animal Rule. 

npj Vaccines. 2016;1:16013. 

[79] Nelson M, Nunez A, Ngugi SA, Sinclair A, Atkins TP. Characterization of lesion 

formation in marmosets following inhalational challenge with different strains of Burkholderia 

pseudomallei. Int J Exp Pathol. 2015;96:414-26. 

[80] Yeager JJ, Facemire P, Dabisch PA, Robinson CG, Nyakiti D, Beck K, et al. Natural 

history of inhalation melioidosis in rhesus macaques (Macaca mulatta) and African green 

monkeys (Chlorocebus aethiops). Infect Immun. 2012;80:3332-40. 



26 
 

[81] Yingst SL, Facemire P, Chuvala L, Norwood D, Wolcott M, Alves DA. Pathological 

findings and diagnostic implications of a rhesus macaque (Macaca mulatta) model of 

aerosol-exposure melioidosis (Burkholderia pseudomallei). J Med Microbiol. 2014;63:118-

28. 

[82] Yingst SL, Facemire P, Chuvala L, Norwood D, Wolcott M, Huzella L. Pathological 

findings and diagnostic implications of a rhesus macaque (Macacca mulatta) model of 

aerosol exposure to Burkholderia mallei (glanders). J Med Microbiol. 2015;64:646-53. 

[83] Jelesijevic T, Zimmerman SM, Harvey SB, Mead DG, Shaffer TL, Estes DM, et al. Use 

of the common marmoset to study Burkholderia mallei infection. PLoS One. 

2015;10:e0124181. 

[84] Nelson M, Salguero FJ, Dean RE, Ngugi SA, Smither SJ, Atkins TP, et al. Comparative 

experimental subcutaneous glanders and melioidosis in the common marmoset (Callithrix 

jacchus). Int J Exp Pathol. 2014;95:378-91. 

[85] Plotkin SA. Correlates of protection induced by vaccination. Clin Vaccine Immunol. 

2010;17:1055-65. 

[86] Thakur A, Pedersen LE, Jungersen G. Immune markers and correlates of protection for 

vaccine induced immune responses. Vaccine. 2012;30:4907-20. 

[87] Fletcher HA, Dockrell HM. Human biomarkers: can they help us to develop a new 

tuberculosis vaccine? Future Microbiol. 2016;11:781-7. 

[88] Jacobs AJ, Mongkolsapaya J, Screaton GR, McShane H, Wilkinson RJ. Antibodies and 

tuberculosis. Tuberculosis. 2016;101:102-13. 

[89] Saengmuang P, Kewcharoenwong C, Tippayawat P, Nithichanon A, Buddhisa S, 

Lertmemongkolchai G. Effect of host factors on neutrophil functions in response to 

Burkholderia pseudomallei in healthy Thai subjects. Jpn J Infect Dis. 2014;67:436-40. 

[90] Kewcharoenwong C, Rinchai D, Nithichanon A, Bancroft GJ, Ato M, Lertmemongkolchai 

G. Glibenclamide impairs responses of neutrophils against Burkholderia pseudomallei by 

reduction of intracellular glutathione. Sci Rep. 2016;6:34794. 



27 
 

[91] Mulye M, Bechill MP, Grose W, Ferreira VP, Lafontaine ER, Wooten RM. Delineating 

the importance of serum opsonins and the bacterial capsule in affecting the uptake and 

killing of Burkholderia pseudomallei by murine neutrophils and macrophages. PLoS Negl 

Trop Dis. 2014;8:e2988. 

[92] Peddayelachagiri BV, Paul S, Makam SS, Urs RM, Kingston JJ, Tuteja U, et al. 

Functional characterization and evaluation of in vitro protective efficacy of murine 

monoclonal antibodies BURK24 and BURK37 against Burkholderia pseudomallei. PLoS 

One. 2014;9::e90930. 

[93] Haque A, Easton A, Smith D, O'Garra A, Van Rooijen N, Lertmemongkolchai G, et al. 

Role of T cells in innate and adaptive immunity against murine Burkholderia pseudomallei 

infection. J Infect Dis. 2006;193:370-9. 

[94] Tippayawat P, Pinsiri M, Rinchai D, Riyapa D, Romphruk A, Gan YH, et al. Burkholderia 

pseudomallei proteins presented by monocyte-derived dendritic cells stimulate human 

memory T-cells in vitro. Infect Immun. 2010:1. 

[95] Jenjaroen K, Chumseng S, Sumonwiriya M, Ariyaprasert P, Chantratita N, 

Sunyakumthorn P, et al. T-cell responses are associated with survival in acute melioidosis 

patients. PLoS Negl Trop Dis. 2015;9:e0004152. 

[96] Lertmemongkolchai G, Cai G, Hunter CA, Bancroft GJ. Bystander activation of CD8+ T 

cells contributes to the rapid production of IFN-gamma in response to bacterial pathogens. J 

Immunol. 2001;166:1097-105. 

[97] Goodyear A, Kellihan L, Bielefeldt-Ohmann H, Troyer R, Propst K, Dow S. Protection 

from pneumonic infection with Burkholderia species by inhalational immunotherapy. Infect 

Immun. 2009;77:1579-88. 

[98] Tanner R, O'Shea MK, Fletcher HA, McShane H. In vitro mycobacterial growth inhibition 

assays: A tool for the assessment of protective immunity and evaluation of tuberculosis 

vaccine efficacy. Vaccine. 2016;34:4656-65. 



28 
 

[99] Smith SG, Zelmer A, Blitz R, Fletcher HA, Dockrell HM. Polyfunctional CD4 T-cells 

correlate with in vitro mycobacterial growth inhibition following Mycobacterium bovis BCG-

vaccination of infants. Vaccine. 2016;34:5298-305. 

[100] Smith SG, Smits K, Joosten SA, van Meijgaarden KE, Satti I, Fletcher HA, et al. 

Intracellular cytokine staining and flow cytometry: considerations for application in clinical 

trials of novel tuberculosis vaccines. PLoS One. 2015;10:e0138042. 

[101] Hagan T, Nakaya HI, Subramaniam S, Pulendran B. Systems vaccinology: enabling 

rational vaccine design with systems biological approaches. Vaccine. 2015;33:5294-301. 

[102] Rappuoli R, Bottomley MJ, D'Oro U, Finco O, De Gregorio E. Reverse vaccinology 2.0: 

Human immunology instructs vaccine antigen design. J Exp Med. 2016;213:469-81. 

[103] Chaussabel D, Baldwin N. Democratizing systems immunology with modular 

transcriptional repertoire analyses. Nat Rev Immunol. 2014;14:271-80. 

[104] Li S, Rouphael N, Duraisingham S, Romero-Steiner S, Presnell S, Davis C, et al. 

Molecular signatures of antibody responses derived from a systems biology study of five 

human vaccines. Nat Immunol. 2014;15:195-204. 

[105] Pankla R, Buddhisa S, Berry M, Blankenship DM, Bancroft GJ, Banchereau J, et al. 

Genomic transcriptional profiling identifies a candidate blood biomarker signature for the 

diagnosis of septicemic melioidosis. Genome Biol. 2009;10:R127. 

[106] Conejero L, Potempa K, Graham CM, Spink N, Blankley S, Salguero FJ, et al. The 

blood transcriptome of experimental melioidosis reflects disease severity and shows 

considerable similarity with the human disease. J Immunol. 2015;195:3248-61. 

[107] Nelson M, Prior JL, Lever MS, Jones HE, Atkins TP, Titball RW. Evaluation of 

lipopolysaccharide and capsular polysaccharide as subunit vaccines against experimental 

melioidosis. J Med Microbiol. 2004;53:1177-82. 

[108] Harland DN, Chu K, Haque A, Nelson M, Walker NJ, Sarkar-Tyson M, et al. 

Identification of a LolC homologue in Burkholderia pseudomallei, a novel protective antigen 

for melioidosis. Infect Immun. 2007;75:4173-80. 



29 
 

[109] Hara Y, Mohamed R, Nathan S. Immunogenic Burkholderia pseudomallei outer 

membrane proteins as potential candidate vaccine targets. PLoS One. 2009;4:e6496. 

[110] Su YC, Wan KL, Mohamed R, Nathan S. Immunization with the recombinant 

Burkholderia pseudomallei outer membrane protein Omp85 induces protective immunity in 

mice. Vaccine. 2010;28:5005-11. 

[111] Legutki JB, Nelson M, Titball R, Galloway DR, Mateczun A, Baillie LW. Analysis of 

peptide mimotopes of Burkholderia pseudomallei exopolysaccharide. Vaccine. 

2007;25:7796-805. 

[112] Casey WT, Spink N, Cia F, Collins C, Romano M, Berisio R, et al. Identification of an 

OmpW homologue in Burkholderia pseudomallei, a protective vaccine antigen against 

melioidosis. Vaccine. 2016;34:2616-21. 

 

  



30 
 

Table 1. Estimated global burden of melioidosis  

 

 melioidosis cases - 

thousands (95% credible 

interval) 

melioiodosis deaths – 

thousands (95% credible 

interval) 

South Asia 73 (31-171) 42 (18-101) 

East Asia & Pacific 65 (28-161) 31 (13-77) 

Sub-Saharan Africa 24 (8-72) 15 (6-45) 

Latin America & Caribbean 2 (1-7) 1 (< 1-3) 

Middle East & North Africa < 1 < 1 

Total 165 (68-412) 89 (36-227) 

 

Adapted from [11] 
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Table 2. Sub units shown to provide protection against experimental B. pseudomallei or B. mallei infection 

 

Antigen animal 

model 

immunization 

route 

challenge  reference 

strain  route dose 

(CFU)  

dose (LD50 / 

MLD) 

capsular polysaccharide BALB/c 

mice 

i.p. B. pseudomallei 

NCTC4845 

i.p.  2 x 104 5000 [107] 

lipopolysaccharide  BALB/c 

mice 

i.p. B. pseudomallei 

NCTC4845 

i.p.  2 x 104 5000 [107] 

capsular polysaccharide BALB/c 

mice 

i.p. B. pseudomallei 

NCTC4845 

inh.  12.5 2.5 [107] 

lipopolysaccharide  BALB/c 

mice 

i.p. B. pseudomallei 

NCTC4845 

inh. 12.5 2.5 [107] 

lipopolysaccharide from B. 

thailandensis 

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. NR 55 [67] 

PotF (ATP binding cassette system) BALB/c 

mice 

i.p.  B. pseudomallei 

K96243 

i.p.  4 x 104 40 [108] 
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LolC (ATP binding cassette system) BALB/c 

mice 

i.p.  B. pseudomallei 

K96243 

i.p.  4 x 104 70 [108] 

LolC  BALB/c 

mice 

i.p.  B. pseudomallei 576 i.p.  6.6 x 

105 

8250 [108] 

LolC  BALB/c 

mice 

i.n. B. pseudomallei 

1026b 

i.n. NR 2 [17] 

LolC  BALB/c 

mice 

i.n. B. mallei ATCC23344 i.n. NR 2 [17] 

BopA (type III effector) BALB/c 

mice 

i.n. B. pseudomallei 

1026b 

i.n. NR 2 [17] 

BopA  BALB/c 

mice 

i.n. B. mallei ATCC23344 i.n. NR 2 [17] 

BimA (autotransporter protein) BALB/c 

mice 

i.n. B. pseudomallei 

1026b 

i.n. NR 2 [17] 

BimA  BALB/c 

mice 

i.n. B. mallei ATCC23344 i.n. NR 2 [17] 
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Omp3 (Outer membrane protein) BALB/c 

mice 

i.p.  B. pseudomallei 

D286 

i.p. 1 x 106 10 [109] 

Omp7 (Outer membrane protein)  BALB/c 

mice 

i.p.  B. pseudomallei 

D286 

i.p. 1 x 106 10 [109] 

Omp85 BALB/c 

mice 

i.p. B. pseudomallei 

D286 

i.p.  1 x 106 10 [110] 

peptide mimotopes of 

exopolysaccharide 

BALB/c 

mice 

i.p. B. pseudomallei 

NCTC4845 

i.p. 4.7 x 

104 

250 [111] 

Hcp 1 (integral surface-associated 

component of T6SS)  

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 5 x 104 50 [44] 

Hcp 1 BALB/c 

mice 

i.n. B. pseudomallei 

1026b 

i.n. NR 2 [17] 

Hcp 1 BALB/c 

mice 

i.n. B. mallei ATCC23344 i.n. NR 2 [17] 

Hcp 2 (integral surface-associated 

component of T6SS)  

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 5 x 104 50 [44] 
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Hcp 3 (integral surface-associated 

component of T6SS)  

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 5 x 104 50 [44] 

Hcp 4 (integral surface-associated 

component of T6SS)  

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 5 x 104 50 [44] 

Hcp 6 (integral surface-associated 

component of T6SS)  

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 5 x 104 50 [44] 

OmpW BALB/c 

mice 

i.p. B. pseudomallei 576 i.p. 6 x 105 7500 [112] 

OmpW C57BL/6 

mice 

i.p. B. pseudomallei 576 i.p. 4 x 106 NR [112] 

BPSL1897 + BPSL3369 + BPSL2287 + 

BPSL2765 

BALB/c 

mice 

i.p. B. pseudomallei 

K96243 

i.p. 7.5 x 

104 

/100 [49] 

BMA_A0768 mannitol dehydrogenase 

family protein 

BALB/c 

mice 

i.m. B. mallei ATCC23344 i.n. 1 x 105 2 [48] 

BMA_2821. ABC transporter ATP 

binding protein 

BALB/c 

mice 

i.m. B. mallei ATCC23344 i.n. 1 x 105 2 [48] 
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BMA_0816 maltooligosyl trehalose 

synthase  

BALB/c 

mice 

i.m. B. mallei ATCC23344 i.n. 1 x 105 2 [48] 

GroEL BALB/c 

mice 

i.m. B. mallei ATCC23344 i.n. 1 x 105 2 [48] 

 

In none of these reports did the immune response to the antigen(s) indicated consistently provide sterile immunity. CFU = colony forming units. 

LD50 / MLD – lethal dose for 50% / median lethal dose. i.p. – intraperitoneal; i.m. = intramuscular; inh. = inhalation; i.n. intransal. NR = not 

reported. 
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Table 3. Immunisation and protection studies with glycoconjugates  

 

polysaccharide protein immunisation protection measured protection profile (%) a reference 

acute chronic survivors 

capsular 

polysaccharide 

BSA BALB/c mice challenge i.p. with 14 MLD (1x104 CFU) 

of B. pseudomallei K96243 i.p.  

0 10 90 [72] 

capsular 

polysaccharide 

BSA BALB/c mice challenge i.p. with 113 MLD (8.4 x104 

CFU) of B. pseudomallei K96243 i.p.  

0 30 70 [72] 

synthetic CPS 

hexasaccharide 

TetHc BALB/c mice challenge i.p. with 120-137 MLD (9x104 

- 1x105 CFU) of B. pseudomallei 

K96243.  

0 33 67 [70] 

lipopolysaccharide TetHc BALB/c mice challenge i.p. with 40 MLD (4x104 CFU) 

of B. pseudomallei K96243. Reduced 

splenic burden at 48 hr post challenge.  

0 20 80 [64] 

lipopolysaccharide BSA BALB/c mice challenge i.p. with 54 MLD (4.05 x 104 

CFU) of B. pseudomallei K96243 i.p. 

NA NA NA [72]  
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Reduced hepatic burden at 24hr. No 

overall reduction in mortality  

lipopolysaccharide BSA BALB/c mice antibody enhanced opsonophagocytic 

uptake by RAW264 cells 

NT NT NT [73] 

lipopolysaccharide Tetanus toxoid Rabbits passive transfer of IgG or IgM antisera 

into streptozotocin diabetic rats. 

Provided ≥104-fold protection against 

i.p. challenge with B. pseudomallei 

strain 316c 

NT NT NT [74] 

lipopolysaccharide TetHc BALB/c mice challenge i.n. with 1.9 LD50 (1.2x105 

CFU) of B. mallei ATCC23344.  

33 0 67 [68] 

lipopolysaccharide TetHc BALB/c mice challenge i.n. with 6.5 LD50 (4x105 CFU) 

of B. mallei ATCC23344.  

67 0 33 [68] 

lipopolysaccharide FliC BALB/c mice challenge i.n. with 1.9 LD50 (1.2x105 

CFU) of B. mallei ATCC23344.  

33 11 56 [68] 

lipopolysaccharide FliC BALB/c mice challenge i.n. with 6.5 LD50 (4x105 CFU) 

of B. mallei ATCC23344.  

67 22 11 [68] 
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lipopolysaccharide Hcp1 BALB/c mice challenge i.n. with 1.9 LD50 (1.2x105 

CFU) of B. mallei ATCC23344.  

0 11 89 [68] 

lipopolysaccharide Hcp1 BALB/c mice challenge i.n. with 6.5 LD50 (4x105 CFU) 

of B. mallei ATCC23344.  

67 11 22 [68] 

lipopolysaccharide FliC Rhesus 

macaques 

challenge inh with 4.6 LD50 (6.4x104 

CFU) of B. mallei ATCC23344. No 

overall reduction in mortality, but 

reduced fever and bacterial burdens in 

immunised animals 

NA NA NA [69] 

O-antigen B. 

pseudomallei 

flagellin 

Rabbits passive transfer of antiserum into 

streptozotocin diabetic rats. Provided 

102-fold increase in LD50 dose of B. 

pseudomallei 316c i.p. 

NT NT NT [75] 

O-antigen  C. jejuni AcrA BALB/c mice challenge i.n. with 10-12 LD50 (2x103 

CFU) of B. pseudomallei K96243. 

Delayed time to death. 

0 100 0 [76] 
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a The protection profile summarise the proportion of challenged mice that develop acute disease (die between day 1 and day 7 post challenge), 

the proportion that develop chronic disease (die between day 8 and the end of the study) and the proportion of mice that are alive at the end of 

the study. NA = not applicable - no difference between survival of control and immunised groups of animals. NT = not tested. CFU = colony 

forming units. LD50 / MLD – lethal dose for 50% / median lethal dose. i.p. – intraperitoneal; inh. = inhalation; i.n. intransal.  

 

 

 

 

 



40 
 

Table 4. General properties associated with lead melioidosis and glanders vaccine 

candidates 

 

 

 

 

property sub-unit 

 

inactivated 

(whole cell, 

OMV) 

live attenuated 

 

route of administration injection injection injection or 

natural 

number of doses multiple multiple single 

need for adjuvant yes yes/no no 

humoral immune responses IgG IgG IgG, IgA 

cell-mediated immune responses poor poor/moderate moderate/strong 

duration of immunity short/mid-

term  

short/mid-term long-term 

potential for side effects low low/moderate low/moderate 

use in immunocompromised 

individuals 

yes yes yes/no 

cost high moderate/low low 

shelf life long medium short 


