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SUMMARY

Melioidosis is caused by the aerobic gram-negative soil-dwelling bacillus Burkholderia pseudo-

mallei and is an important cause of community-acquired sepsis in Southeast Asia and Northern 

Australia. The high associated mortality rate, wide availability from the environment in endemic 

areas, intrinsic resistance to many antibiotics and the potential for aerosol spread has made this 

organism a potential bioterror agent. Chapter 2 gives a general introduction into the world of 

melioidosis and highlights recent advances in this research field. Recent advances include the 

description of the genome of B. pseudomallei which consists of a large chromosome (4.07 Mb) 

carrying genes mainly associated with cell growth and metabolism, and a smaller chromosome 

(3.17 Mb) which has a greater proportion of genes encoding accessory functions such as adaptation 

and survival in different environments. No single B. pseudomallei determinant has been shown to 

have a role in virulence during human disease, persistence or latency. However, putative virulence 

factors include quorum sensing, type III secretion system, capsular polysaccharide and, with less 

conclusive evidence, lipopolysaccharide (LPS) and flagella. B. pseudomallei is an intracellular 

pathogen that multiplies within macrophages. Interferon (IFN)-  and tumor necrosis factor 

(TNF)-  play important roles in early resistance against B. pseudomallei infection. Although 

more is becoming known about the pathogenesis of this bacterium in disease, host-pathogen 

interactions are still ill defined. This thesis aims to increase our insight into the pathogenesis of 

melioidosis with a strong focus on the innate immune response to B. pseudomallei.

In part I of this thesis we further characterize the innate immune response during melioidosis. 

Chapter 3 gives an introduction to our murine model of melioidosis. In this article we determined 

differences in inflammatory patterns elicited by virulent and avirulent strains of Burkholderia by 

comparing differences in the host response of C57BL/6 mice after intranasal inoculation with 

either B. pseudomallei-1026b, a clinical virulent-isolate, B. pseudomallei-AJ1D8, an in-vitro invasion 

deficient mutant generated from strain 1026b by Tn5-OT182-mutagenesis or B. thailandensis,

which is considered avirulent. Mice infected with B. thailandensis showed markedly decreased 

bacterial outgrowth from lungs, spleen and blood 24-hours after inoculation compared to animals 

infected with B. pseudomallei or the invasion mutant AJ1D8. 48-hours after inoculation B. thai-

landensis was no longer detectable. This was consistent with elevated pulmonary cytokine and 

chemokine concentrations after infection with B. pseudomallei-1026b and AJ1D8, and the absence 

of these mediators 48-hours, but not 24-hours, after inoculation with B. thailandensis. Histologi-

cal examination however did show marked pulmonary inflammation in mice infected with B.

thailandensis, corresponding with a substantial granulocyte-influx and raised myeloperoxidase 

(MPO)-levels. Survival experiments showed that infection with 1x103 CFU B. thailandensis was 

not lethal, whereas inoculation with 1x106 CFU B. thailandensis was equally lethal as 1x103 CFU 

B. pseudomallei-1026b or AJ1D8. These data show that B. pseudomallei-AJ1D8 is just as lethal as 

wild-type B. pseudomallei in an in-vivo mouse model and that B. thailandensis is perhaps more 

virulent than is often recognized.
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Infection with virulent B. pseudomallei can lead to overwhelming septic illness. Sepsis is character-

ized by an uncontrolled inflammatory response to invading microorganisms. In chapter 4 we 

describe the inflammatory mRNA-profile of whole blood leukocytes, monocytes and granulocytes 

using the multigene-system multiplex ligation-dependent probe amplification (MLPA) assay 

for 35 inflammatory markers that included pro- and anti-inflammatory cytokines, chemokines 

and signal transduction molecules in a case-control study with 34 patients with sepsis caused 

B. pseudomallei and 32 healthy volunteers. Relative to healthy controls, septic patients showed 

increased transcription of a whole array of inflammatory genes in peripheral blood leukocytes, 

granulocytes and monocytes. Specific monocyte and granulocyte mRNA-profiles were identified. 

Strong correlations were found between inflammatory mRNA expression levels in monocytes and 

clinical outcome. These data underline the notion that circulating leukocytes are an important 

source for inflammatory mediators in patients with gram-negative sepsis such as melioidosis. 

This chapter also shows that gene expression profiling such as done here provides an excellent 

tool to obtain insight in the extent of inflammation activation in patients with severe infection. 

Knowledge of the inflammatory gene expression profile in the pulmonary compartment after 

infection with B. pseudomallei however is highly limited. This is important since septic melioidosis 

is often associated with pneumonia and bacterial dissemination to distant sites. Since it is not 

feasible to study the local inflammatory gene expression profile in humans with melioidosis, in 

chapter 5 we used our mouse model to characterize the inflammatory mRNA-profile in the 

pulmonary and systemic compartment during murine melioidosis. Using the MLPA assay we 

determined the expression profile of a whole range of genes encoding inflammatory proteins 

in lung tissue, leukocytes in bronchoalveolar lavage fluid (BALF) and blood leukocytes in mice 

before and at several time points after intranasal infection with B. pseudomallei.  Relative to naïve 

mice, mice intranasally infected with B. pseudomallei showed increased transcription of a whole 

array of genes involved in inflammation, Toll-like receptor-signaling, coagulation, fibrinolysis, 

cell adhesion, tissue repair and homeostasis in the lung, BALF and blood compartment. Notably, 

many inflammatory genes showed to be differentially expressed during the course of infection. 

These data provide new information on compartmentalized inflammatory gene-expression 

profiles after infection with B. pseudomallei, increasing our insight into the extent of inflamma-

tion activation in the pulmonary and systemic compartment during melioidosis. One of these 

mediators is IL-18, which is known to partially control the production of IFN- . Therefore, we 

studied the role of IL-18 in the immune response to B. pseudomallei (chapter 6). Plasma IL-18 

and blood monocyte IL-18 mRNA levels were found to be markedly elevated in patients with 

septic melioidosis when compared to healthy controls. Additionally, IL-18 binding protein levels 

were markedly elevated in patients, strongly correlating with mortality. Furthermore, IL-18 knock-

out (KO) mice showed an accelerated mortality after intranasal infection with a lethal dose of 

B. pseudomallei, which was accompanied by an enhanced bacterial growth in their lungs, liver, 

spleen, kidneys and blood at 24 and 48 hours post infection when compared to wild type (WT) 

mice. Moreover, IL-18 KO mice displayed evidence of enhanced hepatocellular injury and renal 

insufficiency. Together these data indicate that the enhanced production of IL-18 in melioidosis 

is an essential part of a protective immune response to this severe infection.
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The second part, part II, of this thesis focuses on the potential role of TLR in the host response 

against B. pseudomallei. TLRs are essential in host defense against pathogens by virtue of their 

capacity to detect microbes and initiate the immune response. TLR2 is seen as the most important 

receptor for gram-positive bacteria, while TLR4 is regarded as the gram-negative TLR. In general, 

the immune activation that follows TLR activation will be sufficient to combat the wide variety 

of pathogens that daily try to invade the human body. However, in the case of sepsis these TLR-

mediated responses may exceed the threshold to maintain homeostasis of the immune system. 

Chapter 7 provides an introduction to this part of the thesis and focuses on the new insights 

in the pathogenesis of sepsis that is offered by the impressive amount of research that has been 

conducted in the TLR research field and their potential clinical implications for intensive care 

medicine. In chapter 8 we aimed to characterize the expression and function of TLRs in septic 

melioidosis. We found that patients with melioidosis display an upregulation of multiple TLRs 

in peripheral blood monocytes and granulocytes. Patients had increased expression of CD14, 

TLR1, TLR2 and TLR4 on the cell surface of monocytes and granulocytes and increased CD14, 

TLR1, TLR2, TLR4, MD-2, TLR5 and TLR10 mRNA levels in purified monocytes and granulo-

cytes when compared with healthy controls. With in vitro experiments we showed that whole 

blood and alveolar macrophages obtained from TLR2 and TLR4 KO mice are less responsive 

to B. pseudomallei, whereas in the reverse experiment transfection of HEK 293 cells with either 

TLR2 or TLR4 rendered these cells responsive to this bacterium. In addition, we found that 

the LPS of B. pseudomallei signals through TLR2 and not through TLR4. Surprisingly, TLR4 KO 

mice were indistinguishable from WT mice with respect to bacterial outgrowth and survival in 

experimentally induced melioidosis. In contrast, TLR2 KO mice displayed a markedly improved 

host defense as reflected by a strong survival advantage together with decreased bacterial loads, 

reduced lung inflammation and less distant organ injury. We here conclude that although both 

TLR2 and TLR4 contribute to cellular responsiveness to B. pseudomallei in vitro, TLR2 detects the 

LPS of B. pseudomallei and only TLR2 impacts on the immune response of the intact host in vivo.

MyD88 (myeloid differentiation primary-response gene 88) and TIR domain-containing adaptor 

protein-inducing interferon-  (TRIF) are regarded as the key signaling adaptor proteins for TLRs. 

Chapter 9 investigates the role of MyD88 and TRIF in the host defense against melioidosis. MyD88, 

but not TRIF, deficient whole blood leukocytes released less TNF-  upon stimulation with B.

pseudomallei compared to WT cells. Subsequently we inoculated MyD88 KO, TRIF mutant and 

WT mice intranasally with B. pseudomallei and found that MyD88 KO, but not TRIF mutant mice 

demonstrated a strongly accelerated lethality, which was accompanied by significantly increased 

bacterial loads in lungs, liver and blood, and grossly enhanced liver damage compared to WT mice. 

The decreased bacterial clearance capacity of MyD88 KO mice was accompanied by a markedly 

reduced early pulmonary neutrophil recruitment and a diminished activation of neutrophils 

after infection with B. pseudomallei. MyD88 KO leukocytes displayed an unaltered capacity to 

phagocytose and kill B. pseudomallei in vitro. Taken together, MyD88 dependent signaling, but 

not TRIF dependent signaling, contributes to a protective host response against B. pseudomallei

at least in part by causing early neutrophil recruitment towards the primary site of infection. 

Finally, chapter 10 shows that CD14 is crucially involved in the recognition of B. pseudomallei

by innate immune cells but plays a remarkable detrimental role in the host response against B.

pseudomallei. CD14-deficient macrophages and whole blood leukocytes released less TNF-
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upon stimulation with B. pseudomallei or B. pseudomallei LPS in vitro compared to WT-cells. 

Strikingly, CD14 KO mice intranasally inoculated with B. pseudomallei demonstrated reduced 

lethality, accompanied by significantly decreased bacterial outgrowth compared to WT mice.  

Administration of recombinant soluble CD14 to CD14 KO mice partially reversed their phenotype 

into that of a WT-mouse. Lastly, CD14 deficiency did not alter the capacity of macrophages or 

neutrophils to phagocytose or kill B. pseudomallei.

The next set of papers focuses on the question how the TLR-signaling cascade is regulated during 

melioidosis. Sepsis is associated with immunosuppression (characterized by a reduced capacity 

of circulating monocytes to release proinflammatory cytokines), which has been implicated 

in late mortality. Previous in vitro and murine studies have suggested a key role for so called 

negative regulators of the TLR-signaling pathway in immunosuppression. In chapter 11, we 

investigated the expression of these negative TLR regulators in patients with septic melioidosis 

in association with the responsiveness of peripheral blood leukocytes of these patients to LPS 

and B. pseudomallei. In accordance with an immunosuppressed state, whole blood of patients 

demonstrated a strongly decreased capacity to release the proinflammatory cytokines TNF- ,

IL-1  and the chemokine IL-8 after ex vivo stimulation with LPS or B. pseudomallei. Analysis of 

MyD88-short, IRAK-M, IRAK-1, SOCS-3, SHIP-1, SIGIRR and A20 mRNA expression in purified 

mononuclear cells showed decreased IRAK-1 and elevated IRAK-M expression in patients with 

septic melioidosis. Immunosuppression was correlated with mortality; furthermore patients who 

went on to die had higher IRAK-M mRNA levels on admission than patients who survived. To sum 

up, immunosuppression in sepsis caused by B. pseudomallei is associated with an up-regulation of 

IRAK-M and an indicator of poor outcome. Chapter 12 in contrast focuses on an amplifier of the 

TLR-cascade, named triggering receptor expressed on myeloid cells (TREM)-1. In patients with 

melioidosis, we found increased soluble-TREM-1 plasma levels and TREM-1 surface-expression 

on monocytes, but not granulocytes. Similarly, mice inoculated with B.pseudomallei displayed a 

gradual rise in soluble-TREM-1 and an increase in blood monocyte but not granulocyte TREM-1 

expression. At the primary infection-site, however, granulocyte TREM-1 expression was enhanced 

and the rise in soluble-TREM-1 occurred earlier. Additionally, purified human TREM-1-granulocytes 

showed reduced responsiveness to B.pseudomallei relative to TREM-1+granulocytes, a difference not 

detected for TREM-1- and TREM-1+monocytes. Treatment with a peptide mimicking a conserved-

domain of soluble-TREM-1 partially protected mice from B.pseudomallei induced lethality. This 

study shows that during melioidosis TREM-1 expression is differentially regulated on granulocytes 

and monocytes; measurements of TREM-1-expression on blood granulocytes may not provide 

adequate information on granulocyte TREM-1-expression at the infection site. Lastly, chapter 

13 describes studies on macrophage migration inhibitory factor (MIF), which has been shown 

to be a main effector molecule in severe sepsis. MIF levels are shown to be markedly elevated 

during clinical melioidosis and to correlate with patient’s outcome. In experimental melioidosis 

MIF modestly impaired antibacterial defense. Mice inoculated intranasally with B. pseudomallei

displayed a robust increase in pulmonary and systemic MIF expression. Anti-MIF treated mice 

showed lower bacterial loads in their lungs upon infection with a low inoculum. Conversely, mice 

treated with recombinant MIF displayed a modestly impaired clearance of B. pseudomallei.
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In the last decade the bidirectional relation between inflammation and coagulation has been well 

established. Knowledge of the involvement of coagulation and fibrinolysis in the pathogenesis 

of melioidosis however is highly limited. Therefore, part III focuses on both coagulation and 

fibrinolysis in melioidosis. In sepsis the blood coagulation system is triggered. Chapter 14 

focuses on the new insights in the pathogenesis of sepsis offered by the impressive amount of 

research that has been conducted in recent years on the coagulation system in sepsis. Chapter 

15 defines the involvement of the coagulation and fibrinolytic systems in patients with severe 

melioidosis. Patients demonstrated strong activation of the coagulation system, as reflected 

by high plasma levels of soluble tissue factor, the prothrombin fragment F1+2 and thrombin-

antithrombin complexes (TATc), and consumption of coagulation factors resulting in a prolonged 

PT and PTT. Concurrently, anticoagulant pathways were downregulated in patients: protein 

C, protein S and antithrombin levels were all decreased when compared to controls. Patients 

also demonstrated evidence of activation and inhibition of fibrinolysis, as reflected by elevated 

concentrations of tissue-type plasminogen activator (tPA), PAI-1 (plasminogen activator inhibi-

tor type I), PAPc (plasmin- 2-antiplasmin complexes) and D-dimer. High TATc/PAPc-ratios in 

patients pointed to a predominance of the prothrombotic pathway in melioidosis. Furthermore, 

soluble thrombomodulin levels were increased. The extent of coagulation activation correlated 

with mortality; patients who went on to die had higher TATc, F1+2, tPA and PAPc and lower 

protein C and antithrombin levels on admission than patients who survived. This shows that the 

coagulation system is strongly activated during melioidosis. A high degree of activation of the 

coagulation system is an indicator of poor outcome in patients with melioidosis. Chapter 16

further focuses on uPAR, a glycosylphosphatidylinositol-anchored protein, which is considered 

to play an important role in fibrinolysis and inflammation. uPAR mRNA and surface protein 

expression was found to be increased in patients with septic melioidosis in/on both peripheral 

blood monocytes and granulocytes as well as in the pulmonary compartment during experimen-

tal pneumonia-derived melioidosis in mice.  uPAR deficient mice intranasally infected with B.

pseudomallei showed an enhanced growth and dissemination of B. pseudomallei when compared 

to WT mice, corresponding with increased pulmonary and hepatic inflammation. uPAR KO mice 

showed significantly reduced neutrophil migration towards the pulmonary compartment after 

inoculation with B. pseudomallei and uPAR deficient macrophages and granulocytes displayed 

a markedly impaired phagocytosis of B. pseudomallei. Interestingly, uPAR deficiency did not 

influence hemostatic and fibrinolytic responses during severe melioidosis. Taken together, uPAR 

is crucially involved in host defense against sepsis caused by B. pseudomallei by facilitating the 

migration of neutrophils towards the primary site of infection and subsequently facilitating the 

phagocytosis of B. pseudomallei.

GENERAL DISCUSSION

Severe melioidosis can probably be seen as the clinical manifestation of a TLR mediated dysregula-

tion of the immune response to invading B. pseudomallei. Sepsis has always been regarded as the 

result of an exacerbated detrimental inflammatory response to invading bacteria. However, recent 
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Figure. Proposed sequence of events in the pathogenesis of septic melioidosis. Invasion of B. pseudomal-
lei and the septic response: the pro- and anti-inflammatory pathways in septic melioidosis. Invading bacteria 
are recognized by pathogen recognition receptors, such as the Toll-like receptor (TLR) and nucleotide-binding 
oligodimerization domain (NOD) proteins, after which a proinflammatory response is initiated via nuclear factor 
(NF)- B. Next to the release of proinflammatory cytokines, the antibacterial response is characterized by activation 
of both the complement and coagulation systems. Triggering receptor expressed on myeloid cells (TREM)-1 
serves as an amplifier of the TLR-initiated inflammatory response. The counteracting anti-inflammatory response 
is subsequently characterized by negative regulators of the TLRs such as ST2, the release of anti-inflammatory 
cytokines, apoptosis of lymphocytes, activation of the nicotinic anti-inflammatory pathway, and the release of 
anticoagulant proteins. Eventually, the balance between the pro- and anti-inflammatory reactions will determine 
the outcome of the septic response. Please note: the role of among others the NODs, the complement system, 
ST2, lymphocyte apoptosis and the nicotine pathway have not yet been studied in the context of melioidosis and 
still have to be elucidated for melioidosis. The here proposed sequence of events in the pathogenesis of septic 
melioidosis has partially been derived from research on sepsis caused by other bacteria. 7nAChR: 7-nicotinic
acetylcholine receptor; APC: active protein C; HMGB-1: high-mobility group box 1 protein; IL: interleukin; IL-1RA: 
IL-1 receptor antagonist; IRAK-M: IL-1R-associated-kinase-M; MyD88: myeloid differentiation primary-response 
protein 88; ST2; TGF: transforming growth factor; TF: tissue factor; TFPI: tissue factor pathway inhibitor; TNF: 
tumor necrosis factor.
Figure adapted from: Wiersinga WJ and van der Poll T, Is the septic response good or bad, Current Infectious 
Disease Reports 2007, 9:366–3735.
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insights such as described in this thesis have forced us to reconsider this sepsis paradigm. Indeed, 

septic patients can die from the initial exacerbated hyperinflammatory response, but remark-

ably, most patients will succumb during the following extended period of immunodepression. 

Likewise, sepsis will cause triggering of the coagulation system while diminishing the activity of 

both natural anticoagulant mechanisms and the fibrinolytic system. Augmented interactions 

between inflammation and coagulation can give rise to a vicious cycle, eventually leading to 

dramatic events such as those manifested in septic melioidosis. A careful balance between the 

inflammatory and anti-inflammatory response is vital in order to survive a potential deadly 

invasion by B. pseudomallei. The Figure gives a proposed sequence of events in the pathogenesis 

of septic melioidosis. Please note however that the role of among others the nucleotide-binding 

oligodimerization domain (NOD) proteins, the complement system, the negative TLR-regulator 

ST2, lymphocyte apoptosis and nicotine pathway have not, or only to a very limited extent, 

been studied in the context of melioidosis. Their potential role in the host defense against B.

pseudomallei has been based on research on sepsis caused by other pathogens and their role in 

melioidosis have to be elucidated1, 2. Taken together, one could probably state that without a good 

inflammatory response to invading B. pseudomallei all infected patients will succumb, however 

too much of an inflammatory response will also lead to a fatal outcome. 

Table 1. Potential new immunomodulating treatment strategies for acute septic melioidosis 

Target or strategy Potential mechanism

CpG
Unmethylated CpG motifs in synthetic oligodeoxynucleotide can enhance the uptake 
of bacteria by mouse macrophages. CpG treatment one hour before bacterial 
inoculation offers protection in a murine model of melioidosis6.

G-CSF

G-CSF increases neutrophil count and stimulates neutrophil function. Receipt of 
G-CSF is associated with a longer duration of survival but is not associated with 
a mortality benefit in patients with severe sepsis who are suspected of having 
melioidosis in Thailand7.

activated protein C

Recombinant human activated protein C (rhAPC) is a natural anticoagulant with 
potentially important anti-inflammatory properties. Treatment with recombinant hu-
man activated protein C reduces mortality in a cohort of adults with severe sepsis8, a 
finding that was not seen in children with severe sepsis9.

CD14
CD14 deficient mice are partially protected against a lethal dose of B. pseudomallei.
Inhibition of CD14 in addition to antibiotics might give a survival advantage (this 
thesis)

TLR2
TLR2 deficient mice are partially protected against a lethal dose of B. pseudomallei
through a yet unknown mechanism. Inhibition of TLR2 in addition to antibiotics 
might give a survival advantage (this thesis).

TREM-1
TREM-1 serves as an amplifier of the TLR-cascade. Treatment with a peptide mimick-
ing a conserved-domain of soluble-TREM-1 partially protects mice from B. pseudomal-
lei induced lethality (this thesis).

G-CSF: granulocyte-colony stimulating factor; TLR: Toll-like receptor; TREM-1: Triggering receptor expressed 
on myeloid cells-
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Table 2. Questions for future research

Epidemiology

To what extent will new global environmental sampling studies and improvements in diagnostic microbiology 
give a more complete picture of the geographical distribution of Burkholderia pseudomallei? What is the 
real burden of disease from melioidosis worldwide?

Are there any geographical or environmental differences that can account for the varying states of 
endemicity in regions with a climate that resembles highly endemic northeast Thailand, such as Vietnam 
and Laos?

Virulence and pathogenesis

What is the precise role of putative genomic islands in virulence?

Will the comparison of the genetic structure of isolates from the environment with those associated 
with invasive

Will the comparison of the genetic structure of isolates from the environment with those associated 
with invasive disease define whether some clones are more adept at causing melioidosis than others?

To what extent is LPS an important factor in the virulence and pathogenicity of B. pseudomallei?

Why is B. pseudomallei acute suppurative parotitis almost exclusively seen in Thai paediatric cases?

Why is person-to-person transmission so rare despite the high number of bacteria detected in the 
sputum of patients?

What is the mechanism that enables B. pseudomallei to hide from host defences for years or decades?

What mechanism renders diabetes such a disproportionately important risk factor for disease 
acquisition?

How is B. pseudomallei recognized by the innate immune system on first encounter?

What is the role of CD4+ lymphocytes in the control of infection by B. pseudomallei?

Treatment and prevention

Which treatment option is most effective at reducing the high disease-relapse rates? What combination 
and duration of antibiotics is optimal?

To what extent will better clinical care (including preventative measures, earlier clinical identification and 
better management of severe sepsis) improve the outcome of melioidosis in endemic areas?

What will be the optimal vaccine strategy? And to what extent will a vaccine prevent severe disease due 
to B. pseudomallei?

Derived from: Wiersinga et al. Nature Reviews Microbiology, 200610

FUTURE DIRECTIONS

Despite several decades of clinical research, the mortality rate for septic melioidosis remains 

unacceptably high (20 to 50%, depending on regional differences). Current studies are underway 

to address whether meropenem is superior to ceftazidime during parenteral therapy, and whether 

doxycycline is a necessary component of oral treatment3. Several possible vaccine candidates 

have been identified and studied in animals, but no vaccine will be available in the near future3.

Studies on host-pathogen interactions in melioidosis have not only shed light on pathogenic 

mechanisms, but have also identified potential new treatment targets (Table 1). However, many 

key questions await investigation. Table 2 summarizes some important questions for future 
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research on B. pseudomallei pathogenesis. The ongoing hunt to dissect pathways and discover 

new treatment targets for severe infections is intimidating and irresistible at the same time.  

CONCLUSION

These studies significantly contribute to our knowledge of the role of TLRs and the innate immune 

system in both sepsis and melioidosis. The current results have challenged the paradigm that 

TLR4 is the exclusive receptor for all gram-negative bacteria. Severe melioidosis can probably be 

seen as the clinical manifestation of a TLR mediated dysregulation of the immune response to 

invading B. pseudomallei. The characterization of the innate immune response to B. pseudomallei

could well contribute to the development of new preventive and therapeutic strategies in patients 

with melioidosis: TLR2, CD14 and TREM-1 are identified as potential new treatment targets. “Ik 

heb gezegd en hierna is twijfel niet meer mogelijk (sic)4!”.
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