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THE COAGULATION SYSTEM
PROTECTS AGAINST LIFE-
THREATENING INFECTIONS
BUT INADEQUATE RESPONSE
INCREASES MORTALITY



S. AUREUS HAS
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S. AUREUS HAS
EVOLVED TO USE THE
COAGULATION SYSTEM
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TO PROMOTE INFECTION



S.aureus and coagulation
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DIRECT THROMBIN INHIBITORS IN
PATIENTS WITH S. AUREUS
BACTEREMIA: 

A RANDOMIZED CLINIAL
TRIAL
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PRIMARY ENDPOINT
FEASIBILITY

RECRUITMENT OF PATIENTS
ANTI-STAPHYLOTHROMBIN ACTIVITY

SAFETY
MAJOR BLEEDING
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2 OUT OF 3 
SCREENED PATIENTS 
WERE EXCLUDED…
(BLEEDING RISK…)
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SAFETY?

CLINICALLY RELEVANT BLEEDING: 
5 DABIGATRAN VS 5 LMWH

THROMBOTIC EVENTS:
7 DABIGATRAN VS 7 LMWH



SECONDARY ENDPOINTS
CHANGE IN D-DIMERS
CHANGE IN INFLAMMATORY PARAMETERS
CHANGE IN BLOOD CULTURES

CLINICAL OUTCOMES

METASTATIC INFECTIONS DETECTED BY PET/CT
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The difference in D-dimers from day 0 to day 4 was -189 ± 156 ng/mL (mean ± 

SEM, 43 vs. 39) in the control group, compared to -783 ± 234 ng/mL in the DTI-treated 

patients (P=0.042) (Figure 3A).  In a per protocol analysis of patients that received at 

least 80% of scheduled doses of DTI, the change in D-dimers was -862 ± 265 ng/mL 

(P=0.027, as compared to control patients) (Figure 3B).  

 
Figure 3. Change in D-dimers between inclusion and day 4.  
In patients receiving direct thrombin inhibitors (DTI) a faster decrease of D-dimers is observed, compared 
to patients treated with low molecular weight heparins (LMWHs). The number of patients is noted between 
brackets. Mean ± SEM. A. Intention-to-treat analysis of all included patients in initially allocated group. B. 
Per-protocol analysis of patients that received at least 80% of scheduled DTI doses between inclusion and 
day 4, compared to control (LMWH) patients. DTI = direct thrombin inhibition, LMWH = low molecular 
weight heparin. 
 
 

Fibrinogen, platelet count and PT showed similar values and evolution in both 

patient groups (Figure 4). Significantly higher aPTT values in DTI-treated patients were 

observed, as expected. The inflammatory parameters (CRP, white blood cell count and 

neutrophilia) were comparable in both groups (Figure 5). We observed similar results in 

the per protocol analysis (data not shown).  
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POSITIVE BLOOD CULTURES
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Figure 6. Persistently positive blood cultures.  
Percentage of patients in control (LMWH-treated) 
or DTI-treated groups with persistently positive 
blood cultures on day 1, 2, and 3 after study 
inclusion. The analysis on day 2 blood cultures 
was prespecified; the analyses on day 1 and day 
3 are exploratory. LMWH = low molecular weight 
heparin, DTI = direct thrombin inhibitor, BC = 
blood cultures. 
 
 
 
 
 
 

 
 

There was no significant difference in defervescence between both groups: at 

72 h after study inclusion, six patients in each group still had fever. Hospital stay was 

also comparable in both groups (Table 2).  

If clinically feasible, an FDG PET/CT scan was scheduled to screen for 

metastatic infections. Twenty-seven PET/CT scans were carried out in the enoxaparin 

group, compared to 30 scans in DTI-treated patients. Multiple infectious foci were 

detected on PET/CT scan in six enoxaparin treated patients (of which three were 

already diagnosed with disseminated S. aureus infection), and in two patients on DTI (of 

which one was already known based on previous imaging). Another DTI treated patient 

had a presumed metastatic infection at admission (elbow bursitis and facet arthritis).  

Native valve infective endocarditis was diagnosed in two patients on DTI and in 

three control patients.  

During the three month follow-up period, there was a recurrent S. aureus 

bacteremia in two patients in the DTI group, compared to 0 in the enoxaparin group. 

One of these recurrences occurred after a ten day antibiotic treatment despite 

diagnosis of septic thrombophlebitis. The other patient was adequately treated for a 

catheter-related bacteremia but was readmitted 4 days later with relapse of S. aureus 

bacteremia and diagnosis of S. aureus infective endocarditis.  

During the three month follow-up period, ten patients in the DTI group and nine 

in the enoxaparin group died; of which in total four deaths were probably infection-

related (one patient in each group died of shock, one patient suffered a severe stroke 

secondary to embolization from infective endocarditis, one patient developed sepsis 

with renal insufficiency). 
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CLINICAL PARAMETERS

DTI LMWH
HOSPITAL STAY 19 (13-39) 16 (12-30)
DEFERVESCENCE (h) 26 (0-58) 12 (0-50)
ENDOCARDITIS 2 3
METASTATIC INFECTION 2/30 (6.7%) 6/26 (23%)
90 day MORTALITY 10 9
Of which infection-related 1/10 4/9

Peetermans et al, TH 2018



S.aureus and coagulation



S.AUREUS TARGETS SPECIFIC
THROMBIN EXOSITES TO
FORM FIBRIN CLOTS THAT
INCREASE INFECTIVITY AND
ADHESION IN VIVO



TARGETING COAGULASE
ACTIVITY HAS POTENTIAL
TO MODULATE PATIENT
OUTCOMES



S.aureus and platelets
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When we analyzed bacterial loads 1 hour after infection, lower numbers of 

bacteria were present in the circulation of Vwf knock-out mice (2,78 log, IQR 2,57-2,94 

vs. 3,19 log, IQR 3,05-3,30 or vs. 3,26 log, IQR 3,23-3,29 for wildtype or Adamts13-/-, 
respectively, n=8-10 per group, P<0.001 for pairwise comparison of Vwf-/- to wildtype 

or to Adamts13-/-) (Figure 2).  
 

Figure 2. Initial clearance of S. aureus bacteremia.  
One hour after injection of the same inoculum of 5 x 
107 CFU of S. aureus, we performed quantitative 
cultures of blood samples of mice from different 
genotypes. The remaining circulating bacterial load is 
lower in Vwf knock-out mice, compared to wildtype or 
to Adamts13 knock-out mice. *** denotes P<0.001. 

 

 

 

 

 

During a 10-day follow-up experiment, we found increased weight loss and 

mortality in Adamts13-/- compared to wild type mice. On the other hand, Vwf-/- mice 

had improved survival and exhibited less sepsis symptoms than wild type or Adamts13-
/- mice (Figure 3). 

 
Figure 3. VWF and ADAMTS-13 influence outcome in murine S. aureus sepsis.  
A. Survival curves, B. weight loss, and C. disease severity scores of mice after bloodstream infection with 
S. aureus Newman (5 x 107 CFU). We compared mice of 3 different genotypes: wildtype (n=26), Vwf knock-
out (Vwf-/-)(n=24) or Adamts13 knock-out (Adamts13-/-)(n=19). P<0.001 for the difference between survival 
curves, P<0.05 for Vwf-/- vs. wildtype, P<0.05 for Adamts13-/- vs. wildtype, and P<0.0001 for  
Adamts13-/- vs. Vwf-/-. Weight is shown as mean and SD, disease scores as median and IQR, * indicates a 
significant difference between knock-out mice (Adamts13-/- or Vwf-/-) and wildtype, $ indicates a 
significant difference between Adamts13-/- and Vwf-/-groups.  
 

We questioned whether the different genotypes, apart from a different severity 

of infection and mortality, would also show differences in platelet consumption, as well 

as intermediate markers of organ dysfunction. We therefore performed a second set of 
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RESULTS 

 
Figure 1. VWF to ADAMTS-13 ratio correlates with disease severity, inflammation and kidney 
function in patients with S. aureus bacteremia.  
A VWF antigen levels and B. ADAMTS-13 antigen levels at diagnosis of S. aureus bacteremia. The shaded 
area indicates the reference range.  C. Ratio of VWF to ADAMTS-13 (arbitrary units). One outlier (open 
circle) was not included in the correlation analysis. D-G. Correlation between the VWF/ADAMTS-13 ratio 
and different parameters: APACHE II disease score (D), D-dimers as parameter of coagulation activation 
(E), C-reactive protein as parameter of inflammation (F) and kidney function assessed by eGFR (G). 
Spearman r coefficients and the corresponding p-values are shown on the graphs.  
 

In patients with S. aureus bloodstream infection, we found median VWF plasma 

levels of 31.94 μg/mL (IQR 21.22-42.88) and mean ADAMTS-13 antigen levels of 

55.13±19.55 % of normal (Figure 1A-B). Of note, no significant correlation existed 

between VWF and ADAMTS-13 antigen levels (Spearman r -0.0371, p=0.7328).  Strong 

correlations (r>0.30; P<0.01) were observed between VWF levels and D-dimers, and 

between VWF and kidney function (expressed as eGFR). For ADAMTS-13 antigen, 

strong correlations were observed with the diseases scores APACHE II and SAPS. 

ADAMTS-13 levels also correlated with DIC score and its parameters (platelet count, D-
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IN PATIENTS WITH S. AUREUS SEPSIS

VWF LEVELS ARE HIGH AND
ADAMTS-13 LEVELS ARE LOW



IN PATIENTS WITH S. AUREUS SEPSIS

VWF/ADAMTS-13 
CORRELATES WITH DISEASE SEVERITY



S.aureus and endocarditis





Infectieuze endocarditis & stolling?
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S. AUREUS USES VWF TO ATTACH
TO DAMAGED VALVULAR
ENDOTHELIUM IN VIVO

MORE REFINED ENDOCARDITIS
ANIMAL MODELS ALLOW MORE

DETAILED STUDY OF EARLY 
ADHESION



Liesenborghs et al. Eur Heart J. 2019

A new model to study early bacterial adhesion
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A new model to study early bacterial adhesion
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Mechanisms of adhesion
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Mechanisms of adhesion
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Mechanisms of adhesion
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S.aureus
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TARGETED VIRULENCE FACTOR INHIBITION


