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Setting the scene: 
General introduction and outline of the thesis
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GENERAL INTRODUCTION

Melioidosis and Burkholderia pseudomallei

Bukholderia pseudomallei, the aerobic gram-negative bacterium causing melioidosis, is an environ-

mental saprophyte that can be isolated from wet soils and rice paddies in endemic areas1, 2. The 

disease is acquired through soil or water contamination of skin abrasions (rice farmers), or by inhala-

tion. The majority of infections occurs in south-east Asia and northern Australia, predominantly 

during the rainy season1. In north-eastern Thailand melioidosis accounts for 20% of all community 

acquired septicemias, with a high mortality rate of almost 40%. The clinical spectrum of melioidosis 

and Australia is similar, with a high proportion (50%) of cases presenting as pneumonia3. The 

clinical presentation of melioidosis and its severity are highly variable, however, and besides sepsis 

more chronic localized infections or even subclinical infections occur. Indeed, the seroprevalance 

of B. pseudomallei can be as high as 80% in endemic areas. Clinical trial evidence supports the 

use of ceftazidime or a carbapenem antibiotic for initial parenteral therapy4. This is followed by a 

prolonged course of oral antimicrobial therapy with trimethoprim-sulfamethoxazole (TMP-SMX) 

with or without doxycycline to prevent relapses4.

Interest in the pathogenesis of B. pseudomallei has increased following their recent classification 

as category B agents by the US Centers for Disease Control and Prevention. It now well established 

that the pro-inflammatory cytokine interferon (IFN)-  plays an important role in early resistance 

against B. pseudomallei infection. Inhibition of IFN-  expression in mice lowered the LD50 from >5 

x 105 to ~2 colony-forming units (CFUs) and was associated with an 8,500- and 4,400-fold increase 

in bacterial loads in liver and spleen, respectively5. Inhibition of interleukin (IL)-12 or IL-18, the 

predominant endogenous inducers of IFN-  production, resulted in increased mortality in the 

same model5, 6. The pro-inflammatory cytokine tumor-necrosis factor (TNF)-  is also likely to 

be an important element of the early immune response, as passive immunization against this 

mainly macrophage derived cytokine increased mortality in experimental murine melioidosis5.

Serum IFN- , IL-12 and TNF-  concentrations are elevated in melioidosis patients7, 8; the involve-

ment of TNF-  in human disease is further suggested by a report that the –308 TNF- promoter 

polymorphism, which is related to severity of disease for several other infectious diseases, was 

associated with both the occurrence and severity of melioidosis9.

Host defense against invading pathogens

The immune response to microbial pathogens relies on both innate and adaptive components. 

Adaptive immunity is mediated by clonally distributed T and B lymphocytes that provide 

immunological specificity and memory. In contrast, the innate immune response traditionally 

has been considered non-specific. In the last decade, it has become clear that the innate immune 

system can specifically recognize groups of microorganisms, and that it not only provides a first 

line of antimicrobial defense, but also has a profound impact on the establishment of adaptive 

immune responses. The innate immune system discriminates potential pathogens from self with 

the use of a series of receptors that recognize conserved motifs on pathogens that are not found 
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Chapter 1

Toll-like receptors (TLR) and pathogen recognition. The TLR family discriminates between specific patterns 
of microbial components. TLR2, which can associate with TLR1 and TLR6, is essential for the recognition of 
microbial lipopeptides. TLR4 recognizes lipopolysaccharide (LPS). LPS first binds to LPS-binding protein (LBP), 
which transfers LPS to CD14. Binding of LPS to CD14 leads to the association of CD14 with MD2 and TLR4. 
TLR5 is a receptor for flagellin. TLR9 is the CpG DNA receptor, whereas TLR3 and TLR7 are implicated in the 
recognition of viral double-stranded RNA (dsRNA) and single-stranded RNA (ssRNA), respectively. After TLR 
stimulation, the adaptor molecule myeloid differentiation primary-response protein 88 (MyD88) is recruited. 
This will lead to the release of nuclear factor (NF)- B, which will result in the transcription of a whole range of 
inflammatory genes. Next to MyD88, the adaptor molecules Toll/interleukin receptor (TIR) domain-containing 
adaptor protein (TIRAP), TIR domain-containing adaptor protein-inducing interferon-  (TRIF), and TRIF-related 
adaptor molecule (TRAM) have been identified. TIRAP is essential for MyD88-dependent signaling through TLR2 
and TLR4. TRIF is essential for the TLR3- and TLR4-mediated activation of the MyD88-independent pathway. 
TRAM is involved in TLR4-mediated MyD88-independent/TRIFdependent signaling pathways. Figure adapted 
from: Wiersinga WJ and van der Poll T, Is the septic response good or bad, Current Infectious Disease Reports 
2007, 9:366–37317.
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in higher eukaryotes. These motifs have been termed “pathogen-associated molecular patterns” 

or PAMPs, whereas their cognate binding partners on host cells involved in the innate immune 

response have been named “pattern-recognition receptors” or PRRs10. Examples of PAMPs include 

lipopolysaccharide (LPS) from the outer membrane of gram-negative bacteria, peptidoglycan 

(present in most bacteria), flagellin, and mannans in the yeast cell wall (see Figure). 

Toll-like receptors

The family of Toll-like receptors (TLRs) has been implicated to play a central role as PRRs in 

the initiation of cellular innate immune responses10, 11. TLRs are distinguished from other PRRs 

by their ability to recognize, and more significantly, discriminate between different classes of 

pathogens. TLR4 is considered to be the principal (signaling component of) the LPS receptor. 

Activation of TLRs is generally considered important for mounting an effective innate immune 

response. For gram-negative infection and TLR4 this notion is primarily derived from early studies 

with C3H/HeJ mice, which have a mutant, nonfunctional TLR4 gene12 and display a diminished 

capacity to clear intraperitoneally administered Salmonella typhimurium13. Our laboratory 

extended this observation to pneumonia caused by the gram-negative bacterium Klebsiella 

pneumoniae, i.e. TLR4 mutant mice demonstrated an enhanced bacterial outgrowth in their 

lungs associated with an increased lethality14. However, TLR4 mutant mice displayed a normal 

resistance against Legionella pneumophila15, like B. pseudomallei an intracellular gram-negative 

bacterium, indicating that TLR4 might not be essential for an adequate host defense against all 

gram-negative (LPS containing) microorganisms.

Inflammation and coagulation

Activation of inflammatory and coagulation pathways is an important event in the pathogenesis 

of sepsis16. In sepsis, which can be defined as the disadvantageous systemic host response to 

infection, the blood coagulation system is triggered. Activation of coagulation and deposition of 

fibrin as a consequence of inflammation can be considered instrumental in containing inflam-

matory activity to the site of infection. However, inflammation-induced coagulation may be 

detrimental in those circumstances when the triggered blood coagulation system is insufficiently 

controlled, which can lead to the clinical syndrome of disseminated intravascular coagulation 

and microvascular trombosis. In recent years, the roles of several elements of the hemostatic 

mechanism during sepsis have partly been unraveled, including those of tissue factor, thrombin, 

protease-activated cell receptors, urokinase receptor (uPAR) and activated protein C. Knowledge 

of the role of the coagulation and fibrinolysis system in the pathogenesis of melioidosis and its 

interplay with inflammation is highly limited.
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Chapter 1

Aim and outline of this thesis

The overall aim of this thesis is to increase our insight into the pathogenesis of melioidosis in 

order to identify possible new treatment targets for this debilitating disease. More specifically 

we focused on host-pathogen interactions in melioidosis. Our key objective were (I) to further 

characterize the innate immune response during melioidosis, (II) to determine the potential role 

of TLRs in the innate recognition of B. pseudomallei and (III) to obtain more insight into both 

coagulation and fibrinolysis in melioidosis. To evaluate these three key objectives the thesis is 

divided into three parts. 

Part I starts with chapter 2 which serves as a general introduction into the world of melioidosis, 

chapter 3 describes our mouse model of melioidosis and typifies the inflammatory patterns elicited 

by different Burkholderia species in mice, while chapter 4 and 5 characterize the inflammatory 

gene-expression profile in humans and mice with severe melioidosis. More specifically, chapter 6

investigates the role of IL-18 in disease pathogenesis. 

Part II focuses on the role of TLRs in melioidosis and sets off with an overview of current 

knowledge on TLRs in sepsis (chapter 7). Chapter 8 characterizes the TLR expression profile in 

melioidosis and studies the role of TLR2 and TLR4 as recognition receptors in this gram-negative 

disease. Additionally, in chapter 9 the function of myeloid differentiation primary-response gene 88 

(MyD88), the key TLR signaling molecule, is investigated during experimentally induced melioidosis, 

whereas chapter 10 addresses the role of CD14 in host defense against gram-negative sepsis 

caused by B. pseudomallei. The last chapters of Part II describe studies on the regulation of TLR 

signaling during melioidosis: chapter 11 is on immunosuppression and the negative regulators of 

the TLR-cascade, chapter 12 centers on triggering receptor expressed on myeloid cells (TREM)-1, 

which has been identified as an amplifier of TLR signaling. Finally, chapter 13 is on macrophage 

migration inhibitory factor (MIF) which has been described to be capable of TLR4 upregulation. 

The last part, part III, describes our studies on coagulation and fibrinolysis in melioidosis. 

Chapter 14 represents a review of the interplay between inflammation and coagulation in sepsis. 

Chapter 15 reports on activation of coagulation and fibrinolysis in patients with septic melioidosis. 

Lastly, chapter 16 describes the role of the fibrinolytic actor uPAR in the host defense against 

melioidosis. The results and potential implications of our studies are summarized and discussed in 

chapter 17. We sincerely hope that the increased knowledge of the innate immune response to B.

pseudomallei gained by the work presented here can make a contribution towards the development 

of new therapeutic strategies in patients with melioidosis. 
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