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Abstract

Background: Previous clinical evidence correlates levels of von Willebrand fac-
tor (VWF) and its cleaving protease ADAMTS13 with outcome in septic patients.
No previous studies addressed if VWF and ADAMTS13 affected the outcome of
Staphylococcus aureus sepsis.

Objectives: We studied the role of VWF and ADAMTS13 in S. aureus sepsis both in
patients and in mice.

Methods: VWF levels and ADAMTS13 activity levels were measured in plasma sam-
ples from 89 S. aureus bacteremia patients by chemiluminescent assays and were
correlated with clinical sepsis outcome parameters. In wild-type mice and mice defi-
cient in VWF and ADAMTS13, we investigated the outcome of S. aureus sepsis and
quantified bacterial clearance and organ microthrombi.

Results: In patients with S. aureus bloodstream infections, high VWF levels and low
ADAMTS13 activity levels correlated with disease severity and with parameters of
inflammation and disseminated intravascular coagulation. In septic mice, VWF de-
ficiency attenuated mortality, whereas ADAMTS13 deficiency increased mortality.
Bacterial clearance was enhanced in VWF-deficient mice. The differences in mortal-
ity for the studied genotypes were associated with differential loads of organ micro-
thrombi in both liver and kidneys.

Conclusions: In conclusion, this study reports the consistent relation of VWEF,
ADAMTS13 and their ratio to disease severity in patients and mice with S. aureus
sepsis. Targeting VWF multimers and/or the relative ADAMTS13 deficiency that oc-
curs in sepsis should be explored as a potential new therapeutic target in S. aureus

endovascular infections.
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1 | INTRODUCTION

During bloodstream infections, activation of the hemostatic sys-
tem is part of the host response to the pathogen. Widespread en-
dothelial activation by inflammatory cytokines further promotes
a prothrombotic state.® Many bacteria also directly activate the
coagulation system or exhibit specific interactions with the vas-
cular wall.*®

Activated endothelial cells release von Willebrand factor
(VWF) from Weibel-Palade bodies. VWF forms high molecular
weight multimeric molecules that remain temporarily associated
with the vessel wall. The (ultra) large VWF multimers trigger the
adhesion of platelets and platelet-leukocytes conjugates, but
also of bacteria such as Staphylococcus aureus.®’ Under normal
conditions, this VWF is rapidly cleaved by ADAMTS13, a VWF-
specific protease.® Inflammatory and septic states have been
associated with reduced ADAMTS13 activity.”*? Indeed, a large
body of clinical data confirms that during sepsis, VWF levels and
multimer size tend to increase,***® whereas ADAMTS13 activity
decreases.'>1¢1824 |n many cases, these changes correlate with
outcome and organ failure.}#16:22-27

This imbalance between VWF and ADAMTS13 was hypothe-
sized to contribute to the development of microvascular thrombo-
sis and multiorgan failure in sepsis.3° However, animal studies using
models for Gram-negative or polymicrobial sepsis, such as cecal
ligation and puncture or lipopolysaccharide injection, have yielded
conflicting results on the contribution of VWF and ADAMTS13 to
the course of sepsis.31

Up to one-half of bloodstream infections are caused by Gram-
positive bacteria, with S. aureus being the second most frequently
isolated single pathogen.”'33 S. aureus is highly specialized to in-
teract with platelets, the coagulation system, fibrin, and subendo-
thelial matrix proteins.5'7'34'36 In addition, S. aureus can also bind
directly to VWF using its von Willebrand binding protein (vWbp), a
feature that has been proved crucial for its adhesion to the vessel
wall.”%¢ S aureus can form small bacteria-platelet-fibrin micro-
aggregates, which will stick avidly to VWF exposed on the vessel
wall.7:34.37

Because of these specific features of S. aureus, we aimed to in-
vestigate the role of VWF and its cleaving protease ADAMTS13 in
S. aureus bloodstream infection as a relevant addition to the con-
flicting literature data on VWF and ADAMTS13 in Gram-negative
sepsis.

2 | METHODS

2.1 | Patient samples

Plasma samples from patients with a diagnosis of S. aureus bacte-
remia were collected between March 2013 and April 2016 in the

University Hospitals Leuven as baseline samples of a clinical trial
(NCT01911624).%8 Patients provided informed consent for study
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Essentials

e Conflicting data on the contribution of von Willebrand
Factor (VWF) and ADAMTS13 to sepsis outcome.

e We studied the role of VWF and ADAMTS13 in S. aureus
sepsis both in patients and in mice.

o VWF/ADAMTS13 ratio in bacteremia patients correlate
with a more severe disease state.

e Vwf-/- mice had enhanced bacterial clearance and re-
duced mortality rates and organ microthrombi.

procedures including coagulation testing on plasma samples. The
clinical trial was approved by the institutional review board. In this
trial, patients with renal or hepatic failure or severe thrombocytope-
nia were not included.

VWEF:Ag and ADAMTS13 activity were measured by chemilumi-
nescent immunoassays using an AcuStar according to the manufac-
turer's instructions.®? A plasma pool (Visucon, Affinity Biological Inc)
was used undiluted and diluted threefold in diluent buffer (Werfen)
as quality controls. In addition to VWF:Ag levels, VWF collagen
binding (VWF:CB), and VWF ristocetin-triggered GPIb binding ac-
tivity (VWF:RCo) were also detected. These data were available for
89 patients (VWF, n = 88; ADAMTS13, n = 89; VWF/ADAMTS13
ratio, n = 87). Other laboratory and clinical parameters included:
hospital stay, acute physiology assessment and chronic health eval-
uation (APACHE) Il score, simplified acute physiology score (SAPS)
score, weighted Charlson index, activated partial thromboplastin
time, prothrombin time, platelet count, fibrinogen, D-dimer (and cal-
culated disseminated intravascular coagulation score), white blood
cell count, neutrophilia, C-reactive protein (CRP), creatinine, and es-
timated glomerular filtration rate chronic kidney disease epidemiol-
ogy formula (CKD-EPI).

2.2 | Murine infection model
2.2.1 | Mouse strains

All animal experimental procedures were approved by the Ethics
Committee of the KU Leuven. Five- to 11-week old mice of the
same sex were housed in standard conditions with free access to
food and water ad libitum. Knock-out mice for Vwf and Adamts13
in C57BL/6 background were available from our in-house breed-

ing program.

2.2.2 | S.aureus sepsis models

Bacteria were grown overnight in tryptic soy broth, washed, and di-
luted in phosphate-buffered saline. Mice were injected via the tail

vein with S. aureus Newman, using an inoculum of 5 x 10’ colony
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forming units (CFU). Preliminary experiments showed that an infec-
tious inoculum of 2 x 10° CFU of S. aureus Newman administered
via tail vein injection to wild-type mice did not cause severe symp-
toms, whereas 2-6 x 10’ CFU resulted in signs of sepsis, and a 10-fold
higher inoculum of 5 x 108 CFU led to mortality in wild-type mice
within 120 hours.

C57Bl/6 wild-type (WT), VWF, or ADAMTS13 homozygous
knockout (Vwf-/-, Adamts13-/-) mice were used. These were
observed four times daily to assess disease score and mortality
during a 10-day follow-up period. If the disease score was above
a predefined threshold of 9 points, mice were euthanized and this
time point was used as a proxy for mortality. Infection with the
same inoculum of an isogenic mutant of S. aureus Newman, lacking
the vWhbp (S. aureus del vwb) was compared with infection with
the parent S. aureus strain.

In a second set of experiments, mice were infected with the same
inoculum of S. aureus Newman, and blood samples were taken on
citrate (3.2% sodium citrate, 10% vol/vol) on days 1, 3, and 5 after
infection. In a final set of experiments, mice were euthanized at
24 hours postinfection via heart punction. Liver and kidneys were
collected for histology.

We also performed these experiments with the addition of an
injection of either 3500 U/kg of recombinant human ADAMTS13
(rhADAMTS13, kindly provided by Baxalta [research project H16-
32463]) or vehicle [NaCl 0.9%] (final volume, 90-120 pL). The treat-
ment was randomly assigned and the observations and sample

collections were carried out by blinded operators.

2.2.3 | Blood analysis

Neutrophil and platelet numbers were analyzed in a cell counter
(Cell-Dyn 3700, Abbott) on blood samples of days 1, 3, and 5 after
induction of S. aureus bacteremia.

We also analyzed interleukin (IL)-6 levels in these plasma sam-
ples, using a commercial mouse IL-6 ELISA kit (mIL-6 ELISA Ready-
SET-Go!, eBioscience).

Cell-free DNA was measured using Sytox Green Dye (Life
Technologies) and a standard curve of lambda-DNA (Fisher
Scientific), as previously described.*°

In a subset of 24-hour sepsis experiments, a blood sample was
taken 1 hour after infection and used for quantitative plating on
blood agar to determine S. aureus bacterial load (CFU/mL) in blood.

2.2.4 | Histology

Paraffin-embedded tissue samples of kidneys and liver were used
to prepare 10-pm-thick sections. Routine histopathologic stainings
with hematoxylin-eosin and Martius Scarlet Blue were performed.
The load of microthrombi per surface area of liver or kidney tissue
was scored. We also performed a modified Gram staining on tissue

sections (Brown-Hopps staining).

2.3 | Statistical analysis

Statistical analysis was performed using GraphPad Prism 5.0b
(GraphPad Software). Correlations among VWF, ADAMTS13, or the
VWF/ADAMTS13 ratio and the clinical and laboratory parameters
were assessed, using Pearson r coefficients.

For the sepsis experiments with 10-day follow-up, survival
curves were compared using Mantel-Cox test, with Gehan-Breslow-
Wilcoxon posttest to compare curves in pairs. The data for weight
and disease score at each time point were compared among the
three groups with ANOVA, with unpaired t-test as post-test. If not
normally distributed, Kruskal-Wallis test and Mann-Whitney test

were used.

3 | RESULTS
3.1 | Patients

In patients with S. aureus bloodstream infection, we found
VWF:antigen (Ag) plasma levels of 332 + 114% (mean + standard
deviation) and ADAMTS13 activity levels of 49 + 18% (Figure 1A,B).
Of note, no significant correlation existed between VWF and
ADAMTS13 (Pearsonr=-.1684, P = .1168). Levels for the VWF:CB
and VWF:RCo activity were 254 + 102% and 299 + 118%, respec-
tively. Strong correlations (r 2 .25; P < .01) were observed between
VWEF:Ag levels and VWF:RCo, VWF:CB, D-dimers, fibrinogen, and
CRP (Figure S1A1-2, 4-6). VWF levels also correlated with APACHE
Il score (r = .2204, P = .0427) and borderline with SAPS Il score
(r = .1901, P = .0796) (Figure S1A3). ADAMTS13 activity levels
strongly inversely correlated with D-dimers, CRP, and with neu-
trophil count (r = -.2315, P = .0442) and SAPS Il score (r = -.2282,
P = .0346) (Figure S1B2-3, 5-6). Borderline significant correla-
tions were found between ADAMTS13 and VWF:RCo (r = -.2037),
APACHE Il (r = -.1996), weighted Charleston index (r = -.197), pro-
thrombin time (r = -.2077), and leukocytes (r = -.261).

We calculated the ratio of VWF:Ag to ADAMTS13 activity lev-
els (Figure 1C). This VWF:Ag/ADAMTS13 ratio showed strong cor-
relations to D-dimers (r = .4208), leukocytes (r = .3299), and CRP
(r = .4105) (Figure 1D-l). Additionally, the VWF:Ag/ADAMTS13
ratio correlated with diseases scores (APACHE I, r = .2764; SAPS
I, r=.275).

3.2 | Mice

To investigate if VWF levels and VWF multimerization grade (regu-
lated by ADAMTS13) can modulate the outcome in S. aureus infec-
tion, we studied S. aureus sepsis in a mouse model.

During a 10-day follow-up experiment, we observed increased
weight loss and mortality in Adamts13-/- compared with WT mice.
On the other hand, Vwf-/- mice had improved survival and exhibited

fewer sepsis symptoms than WT or Adamts13-/- mice (Figure 2).
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FIGURE 1 von Willebrand factor (VWF) to ADAMTS13 ratio correlates with disease severity, inflammation and disseminated
intravascular coagulation score in patients with S. aureus bacteremia. (A) VWF antigen levels. (B) ADAMTS13 activity levels at diagnosis
of S. aureus bacteremia. (C) Ratio of VWF to ADAMTS13 (arbitrary units). Three outliers (open circle) were not included in the correlation
analysis. (D-1) Correlation between the VWF/ADAMTS13 ratio and different parameters: APACHE Il disease score (D), SAPS Il score

(E), D-dimers as parameter of coagulation activation (F), leukocytes (G), neutrophils (H), and C-reactive protein (CRP) as parameter of
inflammation (l). Pearson r coefficients and the corresponding P values are shown on the graphs

When we analyzed bacterial loads 1 hour after infection, lower
numbers of bacteria were present in the circulation of Vwf-/- mice
(2.78 log, interquartile range [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 WT or Adamts13-/-, re-
spectively, n = 8-10 per group, P < .001 for pairwise comparison of
Vwf-/- to WT or to Adamts13-/-) (Figure 3).

We investigated if the different genotypes, apart from a different
severity of infection and mortality, would also show differences in plate-
let consumption. We therefore performed an additional set of sepsis
experiments in which we took blood samples of mice at days 1, 3,and 5
after infection with S. aureus. At 3 and 5 days postinfection, Vwf knock-
out mice had normal or increased platelets counts, whereas Adamts13
knock-out mice developed severe thrombocytopenia (Figure 4).

There were no significant differences in neutrophilia on days

3 and 5, but Vwf knock-out mice had numerically higher mean

neutrophil counts, compared with WT or Adamts13 knock-out mice.
No significant differences in cell-free DNA were found among the
three groups of mice on day 1; however, Adamts13-/- mice had
higher cell-free DNA values on day 3 compared with WT or to
Vwf-/- mice (Figure 5). IL-6 levels were elevated in all mice, but no
differences between groups were observed (data not shown).

In another set of experiments, mice were euthanized at 24 hours
after infection to evaluate kidney and liver pathology. More micro-
thrombi were present in these end organs in Adamts13-/- mice,
compared with Vwf knock-out mice (Figure 6).

We performed the same sepsis studies using an S. aureus strain
that lacks the bacterial vWbp, a coagulase that also mediates spe-
cific direct binding of S. aureus to VWF. In these experiments, the
increased mortality in Adamts13-/-, compared with WT mice was

still observed (P < .05). Hence, even in the absence of the specific
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FIGURE 2 von Willebrand factor (VWF) and ADAMTS13 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 10’ CFU). We compared mice of three
different genotypes: wild-type (n = 26), Vwf knock-out (Vwf-/-) (n = 24), or Adamts13 knock-out (Adamts13-/-)(n = 19). P < .001 for the
difference between survival curves, P < .05 for Vwf-/- vs wild-type, P < .05 for Adamts13-/- vs wild-type, and P < .0001 for Adamts13-/- vs
Vwf-/-. Weight is shown as mean and standard deviation, disease scores as median and IQR. *Indicates a significant difference between
knock-out mice (Adamts13-/- or Vwf-/-) and wild-type. $Indicates a significant difference between Adamts13-/- and Vwf-/- groups
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FIGURE 3 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 with wild-type or to
Adamts13 knock-out mice. ***P < .001

bacterial vWbp, the presence of ultra large VWF strings resulting
from ADAMTS13 deficiency still promotes worse outcome of S. au-
reus bloodstream infection (Figure 7A). In addition, also when using
ADAMTS13-deficient mice, the presence or absence of the S. aureus
vWhbp did not influence sepsis outcome (Figure 7B).

We then performed the S. aureus sepsis studies (using WT
S. aureus Newman) in mice that received a dose of rhADAMTS13
or vehicle control to study whether we could rescue these mice
from the development of widespread organ microthrombi. When
using Adamts13-/- mice that received supplementation with rhA-
DAMTS13, we indeed observed less liver microthrombi (Figure 8).
However, rhADAMTS13 did not reduce microthrombi in WT mice.

Platelets
2000 -8 Adamts13 —/~
-&- wild type
1500 -o- Vwf—/~

1000

500

Cell count (x109/L)

Time (d)

FIGURE 4 Severe thrombocytopenia during S. aureus sepsis
in ADAMTS13 knock-out mice. Platelet counts were assessed on
the day of S. aureus injection, and on days 1, 3, and 5 thereafter.
*Indicates a significant difference between knock-out mice
(Adamts13-/- or Vwf-/-) and wild-type. %Indicates a significant
difference between Adamts13-/- and Vwf-/- groups (n = 6-7 per
group)

4 | DISCUSSION
We present the first study that specifically addresses the role of
VWEF in S. aureus sepsis in both patients and mice. S. aureus is a fre-
guent cause of bloodstream infection that exhibits many specialized
interactions with the vessel wall and VWF. Our data confirm that a
profound deregulation of VWF and ADAMTS13 is observed in pa-
tients with S. aureus bacteremia and that this is associated with a
more severe disease state and pronounced inflammation. In a mouse
model, we observed that low VWEF levels protect against mortality
of S. aureus sepsis, possibly because of a decrease in microvascular
thrombosis in end organs. In contrast, ADAMTS13-deficient animals
showed high mortality, and more microvascular thrombosis, which
could be rescued by the administration of recombinant ADAMTS13.
In our patient population of septic patients, a severely disturbed
VWF/ADAMTS13 ratio was observed. Interestingly, we found no cor-
relation between ADAMTS13 activity levels and VWF antigen levels.
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FIGURE 6 Analysis of cell-free DNA in plasma of mice after

S. aureus bacteremia. Samples were analyzed on days 1, 3, and

5 after injection of 5 x 10’ CFU of S. aureus Newman. Day O
control values are from control mice of the respective genotypes.
*Indicates a significant difference between Adamts13-/- and wild-
type. *Denotes a significant difference between Adamts13-/- and
Vwf-/- groups. (n = 15 Adamts13-/-, 26 wild-type, and 16 Vwf-/-)

However, the use of the VWF/ADAMTS13 ratio augmented the cor-
relation with the laboratory parameters of coagulation, inflammation,
and end-organ failure, suggesting that a disbalance of VWF multim-

ers release and cleavage plays a role in end-organ damage.

The relative ADAMTS13 deficiency, with observed values of ap-
proximately 50%, may affect hemostatic balance in septic patients,
even when these are higher than the values encountered in patients
with TTP. In vitro flow experiments have shown that at 25% of nor-
mal ADAMTS13 concentrations, ultra large VWF multimers are only
cleaved half as well.** Functional deficiency of ADAMTS13 in sep-
sis may already occur at plasma ADAMTS13 antigen levels above
25%. Indeed, inflammatory cytokines, bacterial products, and white
blood cell enzymes can result in release of large amounts of ultra
large VWF from endothelial cells.*?*3 Furthermore, a proinflamma-
tory environment will inhibit ADAMTS13 synthesis44 and action,®
and finally, plasmin, thrombin, and elastin can cleave and inactivate
ADAMTS13.%% |n our patient plasma samples, the ADAMTS13 ac-
tivity levels did not correlate with plasmin-a2-antiplasmin complex
levels (data not shown).

Although the high values of VWF and low values of ADAMTS13
in patients do not prove their causal role in the course of sepsis,
there is a biological plausibility, which we investigated in our ani-
mal model. When manipulating the host background, we showed
that disease severity paralleled the VWF/ADAMTS13 ratio in
mice, consistent with patient data. A strength of our work is the

use of a model for monomicrobial Gram-positive bacteremia, a
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FIGURE 7 The role of the specific VWF-binding protein of S. aureus is limited in sepsis and ADAMTS13 deficiency. (A) Survival of mice
after bloodstream infection with 5 x 10’ CFU of a S. aureus Newman mutant strain lacking the specific VWF-binding protein (S. aureus
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in the experiments with the parent S. aureus Newman strain. (B) Survival of ADAMTS13-deficient mice after bloodstream infection with
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FIGURE 8 ADAMTS13-deficient mice can be partly rescued
from widespread microthrombosis by the administration of
recombinant ADAMTS13. The burden of microthrombi in the
liver of Adamts13-/- mice, injected with either recombinant
human ADAMTS13 (rhADAMTS13, 3500 U/kg), or with vehicle
control, were compared: Adamts13-/- mice, supplemented with
rhADAMTS13 (n = 8), had significantly less microthrombi than
control mice (n = 7/8). *Denotes P < .05

frequently encountered entity in patients that is overlooked in
most current animal models of sepsis. However, we admit that the
bacterial loads of S. aureus and other pathogens, which are needed
to induce severe sepsis in mice, are higher than those present in
septic patients.“g'49 In other animal models for bacterial sepsis, a
lower mortality was noticed in VWF knock-out mice in two studies
using cecal ligation and puncture (CLP),°%! but opposite findings
of increased mortality in VWF knock-out mice have also been re-
ported.>? To further complicate available experimental evidence,
ADAMTS13 knock-out mice had similar survival as WT mice after

CLP°! and did not show signs of thrombotic microangiopathy.
Even though we could reduce organ microthrombi in ADAMTS13-
deficient mice by administering rhADAMTS13, we could not prove
a similar rescue effect in WT mice. One could hypothesize that
the changes in our mouse model might be more pronounced than
those observed in patients because of the high bacterial load used
in animal models, and possibly not amenable to salvage with rhA-
DAMTS13 therapy.

The observed decrease in platelet count in parallel with
end-organ microthrombosis is consistent with the human phe-
notype of sepsis-associated thrombocytopenia and disseminated
intravascular coagulation.53 Previous experimental investigations
of microvascular thrombogenicity, using light/dye-induced throm-

5455 or ferric chloride-induced throm-

bosis in cremaster venules
bosis in mesenteric arterioles,’® have shown dependence on VWF
for endotoxin injection but not for CLP sepsis. These models of
isolated direct vascular injury do not allow to capture all the play-
ers relevant in sepsis. Similarly, our group has previously identified
a central role of the vWbp protein of S. aureus to adhere to an
inflamed mesenteric vessel wall that exposes multimeric VWF.”
ADAMTS13 knock-out mice expose ultra large VWF multimers;
however, a role for its binding partner vWbp was not evident in
S. aureus sepsis in these mice, probably reflecting the presence of
several redundant mechanisms for adhesion of microthrombi, ac-
tivated platelets, and S. aureus to VWF exposed on the vessel wall
in septic conditions. Also, comparing ADAMTS13 deficient with
WT mice, the importance of this single host factor was far greater
than the single bacterial factor vWbp. Nonetheless, this does not
exclude a role of vWbp in primary adhesion in other diseases such
as infective endocarditis.

In conclusion, the levels of ADAMTS13 and VWEF correlate with
the outcome of S. aureus sepsis, both in patients and in a mouse
model. We could show increased bacterial retention and more mi-

crothrombi in organs of ADAMTS13 knock-out mice, whereas a
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protective effect on sepsis outcome and microthrombotic compli-
cations was observed in VWF knock-out mice. Interestingly, in sep-
tic patients, ADAMTS13 activity levels are frequently diminished,
whereas VWF levels tend to increase, causing an imbalance between
VWEF and its cleaving protease.

Because (relative) ADAMTS13 deficiency worsens outcome of
S. aureus sepsis, the question arises if substitution of ADAMTS13
could revert this. In the past, similar rationale has driven research
on activated protein C and antithrombin Il as adjunctive treat-
ments for sepsis. However, compilation of the available evidence
does not support their efficacy, and both are associated with
bleeding complications.>”® Interestingly, ADAMTS13 supplemen-
tation has no or minimal effect on bleeding.>’"%? The potential role
of ADAMTS13 repletion in ameliorating outcome, as shown for
stroke and myocardial ischemia,®”"®? and in our experiments with
ADAMTS13-deficient mice, should be tested in more detail in sep-
sis models. We and others hypothesize that the cleavage of the
highly adhesive ultra large VWF on endothelium by ADAMTS13,
could reduce recruitment of platelets, neutrophils, and bacteria,
and microthrombosis in end organs during sepsis.>® ADAMTS-13
could be delivered as injection of the recombinant protein, or via
adeno-associated viral expression.’ Alternatively, rather than
cleaving the ultra large VWF, one could inhibit its interactions with
platelets, by blocking the platelet GPlb-binding site on VWF with
the nanobody caplacizumab.63 The further study of ADAMTS13
and other molecules that reduce the adhesive and prothrom-
botic phenotype of an activated endothelial cell layer in sepsis, is

warranted.
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