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ABSTRACT

Background

Melioidosis, which is caused by infection with the Gram-negative bacterium Burkholderia pseu-

domallei, is an important cause of sepsis in SE-Asia with a mortality of up to 40%. Knowledge 

of the involvement of coagulation and fibrinolysis in the pathogenesis of melioidosis is highly 

limited.

Objective

To define the involvement of the coagulation and fibrinolytic systems in patients with severe 

melioidosis. 

Methods

Parameters of coagulation and fibrinolysis were measured in 34 patients with culture proven 

septic melioidosis and 32 healthy controls. 

Results

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 com-

plexes (TATc), and consumption of coagulation factors resulting in a prolonged-prothrombin-time 

(PT) and activated-partial-thromboplastin-time (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), 

plasminogen-activator-inhibitor-type-1 (PAI-1), plasmin- 2-antiplasmin complexes (PAPc) 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. 

Conclusions

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. 
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INTRODUCTION

Melioidosis is caused by the Gram-negative bacillus Burkholderia pseudomallei and is an important 

cause of community-acquired sepsis in Southeast Asia and Northern Australia 1, 2. Sepsis almost 

invariably leads to hemostatic abnormalities, ranging from insignificant laboratory changes to 

severe disseminated intravascular coagulation 3-5. Activation of inflammatory and coagulation 

pathways is an important event in the pathogenesis of sepsis and is known to be a significant 

contributor to mortality 4, 6.

In recent years, the vital roles of several elements of the hemostatic mechanism have, in part, 

been unraveled, including those of tissue factor (TF), thrombin and the protein C pathway 7, 8. As 

a result many new potential anti-sepsis targets have been identified. Three specific anticoagulant 

proteins were evaluated in large multinational clinical trials to test their efficacy in the treatment 

of severe sepsis: recombinant human activated protein C (APC), antithrombin and TF pathway 

inhibitor (TFPI) 9-11, of which recombinant human APC was shown to be effective in reducing 

28-day mortality of sepsis patients with a high likelihood of dying 9.

The underlying mechanisms responsible for the high mortality observed in severe melioidosis 

remain poorly understood. Similarly, our knowledge of the involvement of coagulation and 

fibrinolysis in the pathogenesis of melioidosis is highly limited. The aim of this study was to 

obtain new insights into the pathogenesis of this infection by defining the involvement of the 

coagulation and fibrinolytic systems in patients with severe melioidosis. We focused on the three 

major pathways – procoagulant, antitcoagulant and fibrinolytic – that together determine the 

overall balance of clot formation and resolution. Furthermore, we investigated whether the extent 

of coagulation activation was associated with patient outcome. 

MATERIALS AND METHODS

Study population

34 patients with septic melioidosis (mean age 52 years, range 18-86 years; 50% male) were recruited 

prospectively at Sapprasithiprasong Hospital, Ubon Ratchathani, northeast Thailand in 2004. 

The overall mortality rate in this group was 44%. Study design and subjects have been described 

in detail 12. Sepsis due to melioidosis was defined as culture positivity for B. pseudomallei from 

any clinical sample plus a systemic inflammatory response syndrome (SIRS) 4. To meet the SIRS 

criteria, patients had to meet at least three of the following four criteria: a core temperature of 

 38ºC or  36 ºC; a heart rate of  90 beats/min; a respiratory rate of   20 breaths/min or a 

PaCO2 of  32 mmHg or the use of mechanical ventilation for an acute respiratory process; and 

a white-cell count of  12 x 109/l or  4 x 109/l or a differential count showing > 10% immature 

neutrophils 4, 9. Blood was drawn within 36 hours of the start of appropriate antimicrobial therapy. 
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32 healthy blood donors (mean age 41 years, range 21-59 years; 71% male) recruited from the 

Sapprasithiprasong hospital blood bank served as a control population. The study was approved 

by both the Ministry of Public Health, Royal Government of Thailand and the Oxford Tropical 

Research Ethics Committee, University of Oxford, England and written informed consent was 

obtained from all study subjects.  

Flow cytometric analysis

Heparin blood samples of patients and controls were drawn from the antecubital vein and 

immediately put on ice. For determination of  the cell surface expression of tissue factor (TF) on 

peripheral monocytes and granulocytes, all samples were analyzed directly by flow cytometry 

using FACSCalibur (Becton Dickinson Immunocytometry Systems, San Jose, CA) by using 

fluorochrome-conjugated mouse anti-human TF antibody (BD Biosciences, San Diego, CA) in 

accordance with the manufacturer’s recommendations. Granulocytes were defined according 

to their scatter pattern and monocytes according to their scatter pattern and CD14 (BD Biosci-

ences) positivity. To correct for non specific staining, appropriate isotype control antibodies (BD 

Biosciences) were used. Data on mean cell fluorescence intensity (MFI) are represented as the 

difference between MFI intensities of specifically stained cells and nonspecifically stained cells. 

Data on the number of positive cells were obtained by setting a quadrant marker for nonspecific 

staining.

Evaluation of mRNA levels by quantitative RT-PCR

Leukocytes were isolated from heparinized blood using erylysis buffer. Monocyte and granulo-

cyte enriched populations where isolated using Polymorphprep (Axis-Shield, Dundee, United 

Kingdom). Monocyte and granulocyte fractions were > 98% pure as determined by their scatter 

pattern on flow cytometry. After isolation, leukocytes, monocytes and granulocytes were dissolved 

in Trizol and stored at –80 C until used for RNA isolation. RT-PCRs were performed on cDNA 

samples in a LightCycler apparatus (Roche, Indianapolis, IN) as described 13. Data were analyzed 

using the LightCycler software as describedby the manufacturer. Gene expression is presented as 

a ratio of the expression of the housekeeping gene 2-microglobulin 14. Primers used for human 

TF were S410 TGAAGGATGTGAAGCAGACG and AS583 TTGTTCCCACCTGTTCAAAA. The 

forward primer for the housekeeping gene was hB2M TCAATAGGACTGGATATGCGA and the 

reverse primer hB2M AS231 GCCCTGTACCTTGATCCTTG. Oligonucleotides were obtained 

from Eurogentec, Seraing, Belgium.

Assays

All assays were done in citrated plasma. Plasminogen activator inhibitor type 1 (PAI-1) and soluble 

thrombomodulin were measured using enzyme-linked immunosorbent assays (ELISA) accord-

ing to the manufacturer’s instructions (PAI-1: TintElize PAI-1, Biopool, Umea, Sweden; soluble 

TM: Diagnostica Stago Asnieres-sur-Seine, France). The plasma concentrations of prothrombin 

fragment F1+2 and thrombin-antithrombin complexes (TATc) were measured by ELISA (Dade 

Behring, Marburg, Germany). Plasmin- 2-antiplasmin complexes (PAPc) were determined by 

ELISA (DRG Instruments GmbH, Marburg, Germany). Tissue-type plasminogen activator (tPA) 

was assayed by ELISA (Innotest, Hyphen BioMed, Andrésy, France). Soluble tissue factor (sTF) 
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was determined by ELISA (American Diagnostica, Stamford, CT). TFPI activity was measured 

on a Behring Coagulation System (Dade Behring, Marburg, Germany) according to a method 

described by Sandset et al 15. Protein C was determined using the Coamatic protein C activity kit 

from Chromogenix (Mölndal, Sweden). Free protein S was measured by precipitating the C4b-

binding protein-bound fraction with polyethylene glycol 8000 and measuring the concentration 

of free protein S in the supernatant. Coagulation assays (prothrombin time (PT) and activated 

partial thromboplastin time (PTT)) were performed on an automated coagulation analyzer (MDA, 

bioMérieux, Durham, NC) with reagents and protocols from the manufacturer (bioMérieux). 

D-dimers were measured with an automated quantitative latex particle immunoassay (MDA, 

bioMérieux). The results of the MDA D-dimer assay are expressed as micrograms of human 

fibrinogen equivalent units (FEU) per millilitre of plasma. Antithrombin activity was determined 

with Berichrom Antithrombin (Dade Behring, Marburg, Germany) on a Behring Coagulation 

System (Dade Behring). 

Statistical analysis

Values are expressed as means ± SEM unless indicated otherwise. Differences between groups were 

analyzed by Mann-Whitney U test. These analyses were performed using GraphPad Prism version 

4.00, GraphPad Software (San Diego, CA). P < 0.05 was considered statistically significant .

RESULTS

Activation of coagulation 

In patients with septic melioidosis, coagulation was significantly enhanced as reflected by elevated 

plasma concentrations of TATc and prothrombin fragment F1+2 compared to healthy controls 

(both P < 0.001 for the differences between groups, Figures 1A and B). In addition, both PT and 

PTT were prolonged in patients compared to controls, pointing to an increased consumption of 

clotting factors (both P < 0.001 for the differences between groups, figures 1C and D).

Enhanced expression of TF  

TF is regarded as the primary initiator of the inflammation-induced coagulation cascade 7, 8. In 

patients with sepsis caused by B. pseudomallei strongly increased plasma levels of soluble TF were 

seen when compared to healthy controls (P < 0.001 for the differences between groups, figure 

2A). Using flow cytometry, we found an upregulation of TF on the cell surface of granulocytes in 

patients (99.8 ± 8.4 MFI) compared to controls (63.2 ± 2.4 MFI, P < 0.001), but not on the monocytes 

of patients (73.1 ± 17.1 MFI) compared to controls (57.4 ± 4.8 MFI, P = 0.46). However, TF was 

found to be expressed on only 1.0 ± 0.2% of the granulocytes of patients versus on 3.1 ± 0.6% of the 

granulocytes of controls (P < 0.001). Equally low numbers of TF positive cells were found in the 

monocyte populations: only 2.6 ± 0.3% vs 2.1 ± 0.2% vs of the monocytes of patients and controls 

respectively expressed TF (P = 0.24). To gain further insights into TF expression by circulating 

monocytes and granulocytes during melioidosis we analyzed TF mRNA expression in isolated 
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blood monocytes and granulocytes. We were, however, unable to detect TF mRNA expression in 

either cell type (data not shown). TFPI, which forms a complex with TF and blood protease factors 

leading to inhibition of thrombin generation and fibrin formation, was significantly upregulated 

in patients compared to controls (P < 0.001, figure 2B). 

Activation and inhibition of fibrinolysis 

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

plasma concentrations of tPA and PAI-1 (P < 0.001 for the differences between groups, figures 

3A and B). In addition, the plasma levels of D-dimer and PAPc complexes were strongly elevated 

Fig. 1. Activation of coagulation in severe melioidosis. Significant increases in plasma levels of thrombin-
antithrombin complex (TATc) (A) and prothrombin fragment F1+2 (B) were seen in patients (black bars; n=34) 
compared to healthy controls (white bars; n=32). In addition, increases in PT (C) and PTT (D) were detected 
in patients compared to controls. Data are means ± SEM. *** P < 0.001. 

Fig. 2. Enhanced expression of tissue factor TF. In patients with melioidosis increased plasma levels of soluble 
TF (A) were seen when compared to healthy controls. In addition, tissue factor pathway inhibitor (TFPI) was 
also significantly enhanced in patients (black bars) compared to controls (open bars) (B). MFI: fluorescence 
intensity. Data are means ± SEM.  *** P < 0.001. 
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Fig. 3. Activation and inhibition of fibrinolysis. Activation and inhibition of fibrinolysis in melioidosis was 
reflected by elevated plasma concentrations of tissue-type plasminogen activator (tPA) (A) and plasminogen 
activator inhibitor type I (PAI-1) (B) in patients (black bars) compared to controls (white bars). In addition, 
patients showed strongly increased plasma levels of D-Dimer (C) and plasmin- 2-antiplasmin complex (PAPc) (D) 
when compared to healthy controls. To assess coagulation—fibrinolysis (im) balance, the TATc/PAPc-ratios were 
calculated, which were significantly higher in patients (E). Data are means ± SEM. * P < 0.05; *** P < 0.001. 

in patients compared to controls (P < 0.001, figures 3C and D). In order to determine whether 

the procoagulant or fibrinolytic pathway was dominant we analyzed the TATc/PAPc-ratios 16, 17. 

We found that patients displayed significantly higher TATc/PAPc ratio’s compared to controls 

pointing to a predominance of the procoagulant pathway (P < 0.001, figure 3E).  

Downregulation of anticoagulant pathways

The increase in coagulation and fibrinolysis factors was paralleled by a downregulation of the 

anticoagulant pathways: protein C, free protein S and antithrombin levels were all decreased in 

patients with melioidosis compared with healthy controls factors (all P < 0.001 for the differences 

between groups, Figures 4A-C). In patients decreased protein C concentrations coincided with 

elevated soluble thrombomodulin levels (P < 0.001, figure 4D). 

Activation of coagulation and inadequate fibrinolysis correlate with clinical 

outcome

Having characterized the spectrum of coagulation activation in patients with melioidosis, we next 

sought to examine differences in the coagulation profiles between survivors and non-survivors of 

sepsis caused by B. pseudomallei. Table 1 shows the association between markers of coagulation 

and mortality in survivors (n=20) and non-survivors (n=14). In particular, patients who went 

on to die had significantly higher TATc, F1+2, TFPI, tPA and PAPc concentrations than those 

who survived (P < 0.05-0.001, table 1). The ratio between coagulation activation and fibrinolysis 

activation (TATc/PAPc) was higher in non-survivors than survivors, suggesting inadequate 

fibrinolysis in patients who died (P < 0.01; table 1). Moreover, non-survivors had lower levels of 

the anticoagulants protein C and antithrombin than survivors (P < 0.05-0.01, table 1). Further 
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Fig. 4. Downregulation of anticoagulant pathways and upregulation of soluble thrombomodulin 
(sTM). Anticoagulant pathways were downregulated in patients with melioidosis (black bars) compared to 
controls (white bars): protein C (A), free protein S (B) and antithrombin (AT) (C) levels were decreased in 
patients compared to healthy controls. Moreover, sTM was upregulated in patients (D). Data are means ± 
SEM. *** P < 0.001.

TABLE 1. Association between markers of coagulation and mortality in patients with sepsis caused by B. 
pseudomallei. 

Units Survivors Non-survivors P-value

TATc μg/L 9.5 ± 2. 54.7 ± 16. < 0.00

F1+2 nmol/l 1.4 ± 0.2 3.2 ± 1.1 < 0.05

sTF pg/ml 165 ± 4 170 ± 10 Ns

TFPI % 150 ± 9 292 ± 51 < 0.001

tPA ng/ml 16.7 ± 1.5 41.0 ± 8.1 < 0.001

PAI-1 ng/ml 271 ± 34 1140 ± 396 Ns

PAPc μg/l 731 ± 56 1180 ± 178 < 0.05

TATc/PAPc ratio 0.016 ± 0.004 0.093 ± 0.004 < 0.01

Prot. C % 66.9 ± 5.0 40.4 ± 5.9 < 0.01

Prot. S free % 35.4 ± 2.6 30.9 ± 2.5 Ns

AT % 86.1 ± 3.9 73.2 ± 6.9 < 0.05

sTM ng/ml 131 ± 6 136 ± 6 Ns

D-dimer μg/ml 5.7 ± 2.4 10.7 ± 4.5 Ns

aPTT sec 54.7 ± 4.7 66.4 ± 5.3 Ns

PTT sec 20.6 ± 0.9 26.5 ± 3.9 Ns

Correlation between markers of coagulation and mortality in survivors (n=20) and non-survivors (n=14) in 
patients with sepsis caused by B. pseudomallei. Values given as mean ± SEM. P values are according to the 
Mannn-Whitney test. Ns denotes not significant.
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evidence for an association between the plasma levels of coagulation markers and disease sever-

ity was obtained in 8 patients who survived and from whom a second blood sample was drawn 

after successful therapy. In these patients strong decreases in plasma TATc, tPA, PAPc, sTM and 

D-Dimer concentrations were detected, while PTT and protein C levels both normalized (P < 

0.05-0.001 for the difference between admission and discharge values; figure 5). However, plasma 

levels of F1+2, soluble TF, TFPI, PAI-1, free protein S and antithrombin were not yet normalized 

at the time of discharge (data not shown). 
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Fig. 5. Normalisation of parameters of coagulation and fibrinolysis in patients that survived. Patients 
(n=7-8) that survived after two weeks of intensive treatment showed near normalization of thrombin-
antithrombin complex (TATc) (A), tissue-type plasminogen activator (tPA) (B), plasmin- 2-antiplasmin complex 
(PAPc) (C), protein C (D), soluble thrombomodulin (sTM) (E), D-Dimer (F) and PTT (G). Lines connect paired 
data from individual patients. * P < 0.05; ** P < 0.01; *** P < 0.001. 
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DISCUSSION

In the present study, we demonstrate that the coagulation system is strongly activated in severe 

melioidosis, involving all three major pathways – procoagulant, anticoagulant and fibrinolytic. The 

clinical importance of these findings is underscored by the notion that the extent of coagulation 

activation correlates with mortality. This sheds light on one of the possible underlying mecha-

nisms responsible for the high mortality observed in severe melioidosis (in our cohort 44%). On 

admission, patients who went on to die had higher TATc, F1+2, TFPI, tPA and PAPc and lower 

protein C and antithrombin levels than patients who survived. Moreover, the TATc/PAPc-ratio, 

which provides insight into the coagulation—fibrinolysis (im)balance, was higher in patients, 

especially in those who did not survive. Together these data point to an overall prothrombotic 

state in patients with melioidosis. 

Several lines of evidence indicate that TF is the primary initiator of coagulation activation in 

severe infection 7, 8. Patients with  severe bacterial infection have been reported to express TF 

activity on the surface of peripheral blood mononuclear cells 18.  Importantly, inhibition of TF 

activity attenuated coagulation activation in models of systemic inflammation and infection 
19-21. Although in our study cell-associated TF was expressed only to a very modest extent on 

peripheral blood granulocytes of patients with melioidosis, this does not exclude an important 

role for this protein in activation of coagulation. TF is constitutively expressed by different cell 

types in the extravascular compartment, including pericytes, cardiomyocytes and smooth muscle 

cells, which as a consequence of a disruption of the vascular integrity during severe infections, 

may get into contact with the bloodstream 7, 8. Additionally, endothelial cells may express TF 

upon activation. Whether or not TF is expressed on neutrophils continues to be the subject of 

intense debate 22, 23. However, neutrophils but may acquire circulating TF derived from other 

cell types 23. Furthermore, one could imagine that neutrophils that express or acquire TF upon 

activation and will move out of the circulation towards the place of infection. 

Of note, recent evidence points to a role for blood-borne TF in blood clotting: microparticles 

bearing TF and the P-selectin glycoprotein ligand-1 have been found important for the formation 

of thrombi at sites of injury 24, 25. In our cohort of patients the observed upregulation of TF on 

granulocytes could reflect the state in which activated granulocytes  instantly bind soluble TF 

(mainly derived from TF rich microparticles). As a conseuqnce, the observed TF expression on 

the cell surface of granulocytes is far from indicative for de novo TF synthesis. Of note lipopoly-

saccharide (LPS) stimulation of whole blood is associated with a direct transfer of TF from 

monocytes to platelets in the absence of free TF-rich microparticles, which probably is accounted 

for by the fusion of TF-rich microparticles with activated platelets exposing P-selectin 26. Indeed, 

a significant part of the active TF observed in patients with septic melioidosis will probably be 

associated with the platelets 26. Circulating microparticles are found in septic patients and are 

derived from monocytes, platelets and endothelial cells 25. The extent to which they contribute 

to the disease process is not known: recent evidence suggests that the presence of microparticles 

and microparticle-cell conjugates may predict a more favourable outcome in severe infections 
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25, 27. In our cohort of patients we did observe that the sTF levels in blood of the survivors and 

the non-survivors were almost identical. This could indicate that TF-rich microparticles are 

associated with blood cells and not abundantly available in its free form in plasma. Recently, there 

has been considerable interest into whether or not microparticles might have any diagnostic 

potential 25. One could question however whether or not measuring microparticles in plasma 

will have any diagnostic value in patients with septic melioidosis. It has been reported that 

increased TF production which is not balanced by TFPI promotes a poor prognosis in sepsis 

patients 28. Indeed, the increased levels of TFPI, the physiologic inhibitor of TF, were apparently 

relatively incapable of blocking the TF-driven activation of coagulation in our cohort of patients 

with severe melioidosis. 

Fibrinolysis was grossly activated in our cohort of patients as shown by increased tPA, PAPc and 

D-Dimer levels. However, the strong release of PAI-1 probably results in a net suppression of 

fibrinolysis 8, 29. Of note, the assay used for tPA also detects tPA complexed to its inhibitor PAI-1, 

which further adds to the observed high tPA antigen levels. Although it has been reported that 

high PAI-1 levels correlate with adverse outcome in severe sepsis 30, in our patient population 

only a trend towards higher PAI-1 values was identified in those patients who did not survive.

Our data collected in a cohort of melioidosis patients are consistent with results obtained in 

patients with severe sepsis caused by various organisms, confirming the notion that the vast 

majority of septic patients have increased markers for systemic coagulation activation, decreased 

anticoagulant proteins and depressed fibrinolysis 31-33. In addition, our data on reduced expres-

sion of anticoagulant mechanisms are consistent with a previous investigation reporting low 

circulating levels of protein C, protein S and antithrombin in patients with suspected melioidosis 
34. Notably, activation of protein C requires binding to the thrombomodulin-thrombin complex 7, 8.

We here demonstrate that patients with melioidosis have decreased plasma protein C concentra-

tions together with elevated circulating levels of soluble thrombomodulin; a further indication 

of a prothrombotic state in melioidosis.

This study adds to accumulating evidence demonstrating a bidirectional interaction between 

coagulation and inflammation 7, 34, 35. Several proinflammatory cytokines  are capable of activat-

ing the coagulation system in vivo, including tumor necrosis factor (TNF)- , interleukin (IL)-1, 

IL-6 and IL-12 36-39. We have recently shown that melioidosis is characterized by an increased 

expression of TNF , IL-1, IL-6 and IL-12 mRNAs in whole blood leukocytes 12. We now show that 

in severe melioidosis the blood coagulation system is triggered. As a consequence, one could 

postulate that in melioidosis activation of coagulation and deposition of fibrin as a consequence 

of inflammation can be considered instrumental in containing inflammatory 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 

overwhelming infection with B. pseudomallei subsequently leading towards the clinical syndrome 

of disseminated intravascular coagulation, microvascular thrombosis and multi-organ failure. 

Indeed, post-mortem examinations in patients who died from acute septicaemic melioidosis 

have demonstrated fibrin clots as part of the pathology seen with this disease 34, 40.
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In conclusion, we characterize for the first time the disturbances in the both the coagulation and 

fibrinolysis system as seen in severe melioidosis and demonstrate that strong activation of the 

coagulation system is an indicator of a poor outcome in patients with melioidosis. Our results 

can open a new window of research in the melioidosis field focusing on the interplay between 

coagulation and inflammation. Promising treatment strategies could include those in which the 

inflammatory reaction during severe melioidosis is suppressed while the activated coagulation 

system is inhibited. This could include combined plasma- and  leukopheresis in which inflam-

matory cells and products are removed while new plasma provides essential inhibitors of the 

coagulation system
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