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Abstract: Sepsis is a life-threatening multiple-organ dysfunction induced by infection and is one of
the leading causes of mortality and critical illness worldwide. The pathogenesis of sepsis involves
the alteration of several biochemical pathways such as immune response, coagulation, dysfunction
of endothelium and tissue damage through cellular death and/or apoptosis. Recently, in vitro and
in vivo studies reported changes in the morphology and in the shape of human red blood cells
(RBCs) causing erythrocyte death (eryptosis) during sepsis. Characteristics of eryptosis include
cell shrinkage, membrane blebbing, and surface exposure to phosphatidylserine (PS), which attract
macrophages. The aim of this study was to evaluate the in vitro induction of eryptosis on healthy
RBCs exposed to septic plasma at different time points. Furthermore, we preliminary investigated
the in vivo levels of eryptosis in septic patients and its relationship with Endotoxin Activity Assay
(EAA), mortality and other biological markers of inflammation and oxidative stress. We enrolled
16 septic patients and 16 healthy subjects (no systemic inflammation in the last 3 months) as a control
group. At diagnosis, we measured Interleukin-6 (IL-6) and Myeloperoxidase (MPO). For in vitro
study, healthy RBCs were exposed to the plasma of septic patients and CTR for 15 min, 1, 2, 4 and
24 h. Morphological markers of death and eryptosis were evaluated by flow cytometric analyses. The
cytotoxic effect of septic plasma on RBCs was studied in vitro at 15 min, 1, 2, 4 and 24 h. Healthy
RBCs incubated with plasma from septic patients went through significant morphological changes
and eryptosis compared to those exposed to plasma from the control group at all time points (all,
p < 0.001). IL-6 and MPO levels were significantly higher in septic patients than in controls (both,
p < 0.001). The percentage of AnnexinV-binding RBCs was significantly higher in septic patients with
EAA level ≥0.60 (positive EAA: 32.4%, IQR 27.6–36.2) compared to septic patients with EAA level
<0.60 (negative EAA: 14.7%, IQR 5.7–30.7) (p = 0.04). Significant correlations were observed between
eryptosis and EAA levels (Spearman rho2 = 0.50, p < 0.05), IL-6 (Spearman rho2 = 0.61, p < 0.05) and
MPO (Spearman rho2 = 0.70, p < 0.05). In conclusion, we observed a quick and great cytotoxic effect
of septic plasma on healthy RBCs and a strong correlation with other biomarkers of severity of sepsis.
Based on these results, we confirmed the pathological role of eryptosis in sepsis and we hypothesized
its use as a biomarker of sepsis, potentially helping physicians to face important treatment decisions.

Keywords: sepsis; eryptosis; endotoxin; EAA

1. Introduction

Sepsis is described as a life-threatening multi-organ dysfunction originated by a
dysregulated host response to infection, induced by different alterations in numerous
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biochemical pathways [1]. Despite advancements in diagnostic and therapeutic tools,
the declared incidence of sepsis is increasing and it accounts for one of the principal
causes of mortality and critical illness worldwide [2]. The pathogenesis of sepsis is very
complex, and it involves several mechanisms, such as infection, inflammation, oxidative
stress, immune system dysregulation, blood coagulation, endothelium dysfunction, tissue
damage, elevated cellular death and/or apoptosis [3].

Gram-negative infection is one of the many causes of sepsis and it is associated
with endotoxemia-induced alterations in the immune system [4]. Recent advances in the
diagnostic tool of sepsis allow detection of endotoxin in whole blood using neutrophil-
dependent chemiluminescence [5]. This has important diagnostic and therapeutic relevance
given the possibility of removing endotoxins from the bloodstream with Extracorporeal
Blood Purification Therapy. IL-6 and MPO are involved in the altered inflammatory
response and they are commonly used as biomarkers for diagnosis and evaluation of
severity in sepsis [6,7]. IL-6 is a pleiotropic multifunctional cytokine that acts as endogenous
pyrogen and one of the main stimuli for the secretion of acute-phase proteins from the
liver [8,9]. Therefore, increased levels of IL-6 do not necessarily reflect a pathological role
in sepsis. Myeloperoxidase (MPO) is an enzyme stored in the neutrophil granules that act
as a component of innate immunity, participating in the phagocytosis of bacteria [10].

During sepsis, an alteration between pro-inflammatory and anti-inflammatory cy-
tokines exists with the activation of inflammasomes and expression of iron-associated [11].
Inflammation is therefore highly correlated with sepsis-induced anaemia.

Recently, in vitro and in vivo studies reported changes in the morphology and in the
shape of human red blood cells (RBCs) causing erythrocyte death (eryptosis) during sepsis.
Erythrocyte RBCs have a greatly peculiar and well-organized membrane composition and
structure, which react to xenobiotic and endogenous compounds, such as inflammatory
molecules, cytokines, toxins and oxidative stress molecules [12–15]. Nonetheless, these cells
are very susceptible to damage and are characterized by a specific type of programmed cell
death, comparable to apoptosis, defined as eryptosis [12–14]. In particular, the biological
mechanism of eryptosis is very intricated and it is defined by different steps, such as
cell shrinkage, membrane blebbing, and surface exposure on the outer membrane of
phosphatidylserine (PS) that attract macrophages. PS-exposing RBCs were degraded and
cleaned out from circulation [16–19]. During eryptosis, RBCs induce CD4+/CD8+ T-cell
proliferation through the release of exosomes. The subsequent release of haemoglobin from
damaged RBCs induces activation of macrophage, phagocytosis and expression of heme
oxygenase 1 leading to inhibition of oxidative damage [20].

Eryptosis is known to be involved in the pathogenesis of many clinical conditions,
such as anaemia, diabetes, uremia, fever, peritonitis and dehydration [16,17,21–27]. During
sepsis, eryptosis is associated with a higher severity of disease and mortality rate [28].
Furthermore, compared with other biomarker of sepsis, eryptosis is easy to assess and less
expensive [29]. Nonetheless, very little is known about the exact mechanism of eryptosis
and its timing in the pathogenesis of sepsis.

The aim of this study was to evaluate the in vitro induction of eryptosis on healthy
RBCs exposed to septic plasma at different time points. Furthermore, we preliminary
investigated the in vivo levels of eryptosis in septic patients and its relationship with
Endotoxin Activity Assay (EAA), mortality and other biological markers of inflammation
and oxidative stress.

2. Results
2.1. Subjects Baseline Characteristics

A total of 16 septic patients were enrolled in this pilot study. The mean age was
58.25 ± 14.4 years and 69% of these patients were males. In the case group, seven (43.8%)
patients had diabetes, five (31.3%) had hypertension and five (31.3%) had cardiovascular
disease (CVD). Four patients had Chronic Kidney Disease (CKD), one patient was treated
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by peritoneal dialysis and one patient received kidney transplantation. Table 1 reported
baseline characteristics for all patients (Table 1).

Table 1. Baseline characteristics.

Septic Patients,
n = 16

Age, years 58.25 ± 14.4

Sex 11 male

Diabetes 7

Hypertension 5

CVD 5

CKD 4

EAA level 0.55, IQR 0.42–0.77

In the control group, the mean age of 17 healthy volunteers was 51.4 ± 8.2 years and
53% of these subjects were male. The biochemical parameters of all subjects were within
the range. Diabetes, CVD and CKD were not found in this group.

2.2. EAA Evaluation and Outcome

We evaluated EAA in all patients. The median value of EAA was 0.55 (IQR 0.42–0.77)
in our septic population. In particular, four patients had an EAA ≤0.39 (low level) and the
median EAA was 0.3 (IQR 0.2–0.37) in this group. Six patients had an EAA value ≥0.60
(high level). In this group, the median value of EAA was 0.28 (IQR 0.76–0.88). Six patients
had an EAA value in the intermediate range (median: 0.48, IQR 0.51–0.54).

Six (37.5%) patients died during the ICU stay. The 6-month mortality was 20% (two patients).

2.3. In Vitro Exposure to Septic Plasma and Induction of Eryptosis

The cytotoxic effect of septic plasma on RBCs was studied in vitro at 15 min, and
then after 1, 2, 4 and 24 h. Healthy RBCs incubated with plasma from septic patients
demonstrated a significant derangement of cell morphology and a significant increase in
eryptosis compared to healthy RBCs exposed to plasma from the control group at all time
points (all, p < 0.001). Table 2 reports the level of eryptosis on RBCs treated with septic and
healthy plasma (Table 2). Figure 1 shows induced eryptosis in our in vitro experiment (red:
case group; blue: control group) (Figure 1).

Table 2. In vitro induced eryptosis at different time points.

In Vitro Induced Eryptosis

Septic Plasma Healthy Plasma p-Value

15 min 13.5, IQR 2.9–27.5 1.1, IQR 1.0–2.3 0.001

1 h 12.9, IQR 2.7–17.6 1.6, IQR 1.1–1.9 ≤0.001

2 h 12.5, IQR 2.3–15.8 1.3, IQR 1.2–1.9 ≤0.001

4 h 8.8, IQR 1.8–16.5 1.2, IQR 1.3–2.2 0.001

24 h 10.4, IQR 2.9–20 0.9, IQR 1.3–2.3 0.001
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Figure 1. Induced eryptosis in our in vitro experiment. Blu dots indicate degree of eryptosis induced 
in RBC from exposition to plasma from control group, red dots indicate eryptosis induced from 
exposition of healthy RBC to septic plasma. Healthy RBCs incubated with plasma from septic pa-
tients demonstrated a significant increase in eryptosis compared to healthy RBCs exposed to plasma 
from control group at all time points (all, p < 0.001). 

In particular, we analysed the cytotoxic effects of septic plasma at each time point. 
Figure 2 shows the cytotoxic effects of septic plasma on healthy RBCs (Figure 2). Induced 
eryptosis by septic plasma showed significantly different results: at 15 min compared to 1 
h (p = 0.001), at 1 h compared to 2 h (p = 0.02) and at 2 h compared to 4 h (p = 0.03). The 
percentage of eryptosis was similar at 4 and 24 h (p = 0.18). 

 
Figure 2. In vitro experiment: eryptosis induced from exposition of healthy RBC to septic plasma. 
Induced eryptosis by septic plasma was significantly different: at 15 min compared to 1 h (p = 0.001), 

Figure 1. Induced eryptosis in our in vitro experiment. Blu dots indicate degree of eryptosis induced
in RBC from exposition to plasma from control group, red dots indicate eryptosis induced from
exposition of healthy RBC to septic plasma. Healthy RBCs incubated with plasma from septic patients
demonstrated a significant increase in eryptosis compared to healthy RBCs exposed to plasma from
control group at all time points (all, p < 0.001).

In particular, we analysed the cytotoxic effects of septic plasma at each time point.
Figure 2 shows the cytotoxic effects of septic plasma on healthy RBCs (Figure 2). Induced
eryptosis by septic plasma showed significantly different results: at 15 min compared to
1 h (p = 0.001), at 1 h compared to 2 h (p = 0.02) and at 2 h compared to 4 h (p = 0.03). The
percentage of eryptosis was similar at 4 and 24 h (p = 0.18).

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 4 of 13 
 

 

4 h 8.8, IQR 1.8–16.5 1.2, IQR 1.3–2.2 0.001 
24 h 10.4, IQR 2.9–20 0.9, IQR 1.3–2.3 0.001 

 
Figure 1. Induced eryptosis in our in vitro experiment. Blu dots indicate degree of eryptosis induced 
in RBC from exposition to plasma from control group, red dots indicate eryptosis induced from 
exposition of healthy RBC to septic plasma. Healthy RBCs incubated with plasma from septic pa-
tients demonstrated a significant increase in eryptosis compared to healthy RBCs exposed to plasma 
from control group at all time points (all, p < 0.001). 

In particular, we analysed the cytotoxic effects of septic plasma at each time point. 
Figure 2 shows the cytotoxic effects of septic plasma on healthy RBCs (Figure 2). Induced 
eryptosis by septic plasma showed significantly different results: at 15 min compared to 1 
h (p = 0.001), at 1 h compared to 2 h (p = 0.02) and at 2 h compared to 4 h (p = 0.03). The 
percentage of eryptosis was similar at 4 and 24 h (p = 0.18). 

 
Figure 2. In vitro experiment: eryptosis induced from exposition of healthy RBC to septic plasma. 
Induced eryptosis by septic plasma was significantly different: at 15 min compared to 1 h (p = 0.001), 

Figure 2. In vitro experiment: eryptosis induced from exposition of healthy RBC to septic plasma.
Induced eryptosis by septic plasma was significantly different: at 15 min compared to 1 h (p = 0.001),
at 1 h compared to 2 h (p = 0.02) and at 2 h compared to 4 h (p = 0.03). Percentage of eryptosis was
similar at 4 and 24 h (p = 0.18).

2.4. In Vivo Eryptosis Evaluation

Eryptosis is characterized by cell shrinkage, cell membrane scrambling and PS expo-
sure at the RBC surface. In order to investigate cell membrane scrambling, cell shrinkage
and PS exposure at the RBC surface, markers of eryptosis, and eryptototic RBCs were
identified by FS (cell volume dimension) and AnnexinV-binding using flow cytometric
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analyses. RBCs of septic patients were dramatically deranged in their morphology and the
average FS, reflecting cell volume, was significantly higher in case group respect controls
(p < 0.001).

The percentage of AnnexinV-binding RBCs was significantly higher in septic patients
(22.1%, IQR 12.2–32.1), compared to healthy subjects (1.4%, IQR 1.0–2.3) (p < 0.0001)
(Figure 3).
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Figure 3. In vivo experiment: eryptosis in septic patients and CTR.

Furthermore, we performed a sub-analysis in septic patients: the median percentage
of eryptosis did not differ in patients with or without diabetes (p = 0.7), with or without
hypertension (p = 0.9), and with or without CVD (p = 0.7). The percentage of AnnexinV-
binding RBCs was significantly higher in septic patients with EAA level ≥0.60 (positive
EAA: 32.4%, IQR 27.6–36.2), compared to septic patients with EAA level <0.60 (negative
EAA: 14.7%, IQR 5.7–30.7) (p = 0.04) (Figure 4a). Furthermore, we classified patients into
three groups based on EAA value: low level, intermediate level and high level. There
was no significant difference in terms of eryptosis among these three groups (p = 0.08).
However, the p-value did not reach statistical significance; there was a tendency towards a
lower level of eryptosis in septic patients with a low level of EAA (Figure 4b).

The median percentage of eryptosis did not differ in patients with positive or negative
outcomes (15.7%, 4.5–33.9 versus 12.9%, 5.2–22.9; p = 0.43).

2.5. Relation to Other Biomarkers

We evaluated inflammation (IL-6) and oxidative stress (MPO) biomarkers in our septic
population and in healthy subjects. Table 3 reported IL-6 and MPO levels in septic patients
and in controls (Table 3). IL-6 and MPO levels were significantly higher in septic patients
than in controls (both, p < 0.005). The median values of IL-6 and MPO did not differ in
patients with EAA levels≥ or <0.60 (p = 0.41 and p = 0.59, respectively). The median values
of IL-6 and MPO did not differ in patients with positive or negative outcomes (p = 0.97 and
p = 0.85, respectively).
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Table 3. Cytokines and oxidative stress level in septic patients and controls.

Septic Patients Controls p-Value

IL-6, pg/mL 750.8, IQR 98.7–1342.8 5.4, IQR 4.4–7.8 0.0049

MPO, pg/mL 261.2, IQR 175.2–329.2 12, IQR 9.8–16.3 <0.001

Moreover, statistically significant correlations were observed between eryptosis and
IL-6 (Spearman rho2 = 0.61, p < 0.05), MPO (Spearman rho2 = 0.70, p < 0.05), and EAA
levels (Spearman rho2 = 0.50, p < 0.05).

3. Discussion

In this case–control study, we performed both in vitro and in vivo assessments of
eryptosis in sepsis. In the in vitro experiment, healthy RBCs were incubated with plasma
taken from both septic patients and healthy volunteers. Flow cytometric analyses were
performed in order to detect eryptosis. We found a significant alteration in the morphology
of cells and an increased degree of eryptosis in RBCs incubated with septic plasma. In
particular, septic-induced eryptosis reached its maximum value at 15 min The present
experiment suggests that eryptosis occurs very rapidly in the pathogenesis of sepsis. The
timing of this phenomenon has to be validated and confirmed by in vivo settings with
multiple biological samples at specific time points.

Flow cytometric analyses conducted in both groups confirmed the presence of a
dramatic alteration in the morphology of RBCs of septic patients and showed a higher
percentage of AnnexinV-binding RBCs compared to healthy subjects. Furthermore, we
performed evaluation of EAA, IL-6 and MPO in all patients. Finally, we found a significant
correlation between eryptosis and other biomarkers of sepsis such as EAA, IL-6 and MPO.
However, the degree of eryptosis did not correlate with comorbidity and mortality.

Alteration of RBCs’ shape and morphology during sepsis has been already described
during in vitro studies and subsequently confirmed in humans [30,31].

Even if this phenomenon is well known, the molecular pathway behind it remains to
be clarified. An important role is played directly by the pathogen that invades the cytosolic
space of RBC and induces a hyperosmolar state, oxidative stress and intracellular Ca2+
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activity [32]. However, RBCs’ exposure to septic plasma may induce phosphatidylserine
translocation and activation of sphingomyelinase leading to eryptosis [29]. In our study,
we found similar alterations in the morphology of erythrocytes in both in vitro and in vivo
studies. This alteration in morphology occurs also in aged erythrocytes, making them
susceptible to phagocytosis by macrophage. RBCs’ destruction depends on the net positive
and negative signals sent to macrophages. CD47, a 50 kDa plasma membrane protein, pro-
tect healthy RBCs from phagocytosis by sending negative signals to macrophages through
specific receptors [33]. However, during sepsis, an increase in cell-free haemoglobin due to
hemolysis has been described. The aetiology is multifactorial and associated with hemolytic
pathogens, disseminated intravascular coagulation, RBC apoptosis and LPS invasion of
erythrocytes [34]. Furthermore, during the acute phase of sepsis, there is secretion of
different pro-inflammatory cytokines. IL-10, in particular, can inhibit phagocytosis and
represents a biomarker of the immunosuppressive phase of sepsis [35].

In animal model with sepsis induced by LPS, sepsis-free heme worsened the septic
state [36]. Endotoxin (LPS) is a component of the cell wall of Gram-negative bacteria
and its presence in the blood usually results from bacterial infection or traslocation from
gastrointestinal tract. The Endotoxin Activity Assay™ is a chemiluminescent assay and
provides an easy and quick tool to determine patient’s endotoxin level. An elevated
level of EAA is a significant risk factor to developing severe sepsis and is associated with
increased organ dysfunction and mortality [37]. Based on these observations, several
therapies targeting endotoxin were studied, in particular in the setting of extracorporeal
blood purification therapies. In the EUPHRATES trial, the use of polymyxin-B cartridge in
patients with EAA levels between 0.6 and 0.89 was associated with significantly reduced
28-day mortality, adjusted for the APACHE II score and baseline MAP [38]. In this study,
we found a strong relationship between eryptosis and EAA level, with a percentage of
AnnexinV-binding RBCs significantly higher in septic patients with EAA levels ≥ 0.60. In
our analyses, we did not find high percentages of AnnexinV-binding RBCS in patients with
intermediate levels of EAA (0.40–0.60), even if a positive trend was found. This could be
due to the low number of patients analysed, and further evaluation is needed in this group
of patients to validate and confirm these interesting results. Evidence suggests that LPS
induce apoptosis by activating cytokine production and release via the secretion of TNF-
α [39]. Among these cytokines, IL-6 is able to prolong STAT1 (mediator of the signalling of
interferon) activation, induce the expression of major histocompatibility complex (MHC)
class I and finally lead directly to apoptosis [40]. This finding could provide a rationale
for the strong correlation between eryptosis and EAA and IL-6 levels that results from
our analyses. Moreover, in our study, we found a correlation between eryptosis and MPO
levels. In a recent observational study, MPO levels measured in critically ill patients at the
time of ICU hospitalization allowed us to distinguish septic patients from patients without
sepsis. Furthermore, the maximum MPO level measured in the first 48 h was correlated
to short-term mortality [41]. MPO is a hemeprotein that synthesized different reactive
oxidants necessary for the lysis of the ingested bacteria. Given its role in phagocytosis, we
can consider it an executor of the innate immunity. On the other end, eryptosis is an effect
of phagocytosis of RBCs induced by the septic milieu. Because innate immunity is the first
to take place during infection, the presence of these epiphenomena allows clinicians to
assess the severity of sepsis in the very early phase.

Unfortunately, we did not find correlations between eryptosis and comorbidity as we
expected. There is evidence that cytokines play an important role in altering the ultrastruc-
ture of RBCs, platelets and endothelial cells leading to the development of conditions like
atherosclerosis and metabolic syndrome [42].

It is well described that pathogens during the invasion of the bloodstream and organs,
induce secretion of pro-inflammatory cytokines such as IL-6 and IL-8 and also cause
phagocytes to produce reactive oxygen species. However, these effectors of innate immunity
can also affect RBCs and lead to eryptosis. Subsequently, cell-free haemoglobin and free iron
are responsible for further damage leading to inflammation, bacterial growth complement



Int. J. Mol. Sci. 2023, 24, 14176 8 of 12

activation and disseminated intravascular coagulation [20]. For this reason, we expected to
see a strong correlation between the degree of eryptosis and short-term mortality. Probably,
the small cohort of patients studied in this pilot study is responsible for this result. Probably,
it is necessary to increase the sample size of our cohort to investigate this aspect. Alternative
per metterla in positive, eventualmente modifica.

Although the small cohort of patients enrolled, our study provides new evidence
on the genesis and pathophysiology of eryptosis in sepsis suggesting a prominent role
of LPS in inducing eryptosis and hemolysis. Our preliminary results can be considered
hypothesis-generating, and stimulate further explorations. Our in vitro study shows that
this phenomenon reaches its peak at the very early phase of sepsis (15 min from incubation
of RBCs with septic plasma), pointing out once again the clinical relevance of early diagnosis
and prompt therapy. In a prospective study, Reggiori et al. demonstrated that after 3 days
of hospitalization, patients with sepsis exhibited lower haemoglobin and hematocrit values
compared to patients without sepsis [31]. Our in vitro results suggest that mechanisms
leading to the alteration of RBCs and haemoglobin occur in the very first phase of disease
and this could help to early identify patients with more severe disease. Even if our in vivo
study did not find differences in the degree of eryptosis among patients with positive or
negative outcomes, eryptosis is known to be a marker of the severity of the disease. In a
retrospective study, Sadaka et al. demonstrated a strong correlation between increased
red cell distribution width and mortality among patients with sepsis or septic shock [43].
Furthermore, the strong correlation with EAA level suggests an important role of LPS in
inducing apoptosis, clarifying some of the molecular basis of this phenomenon. The positive
trend seen in the intermediate EAA group, if confirmed in future studies with a greater
number of patients, could represent a further tool in the decision to start Extracorporeal
Blood Purification Therapy in patients who do not meet the criteria.

The in vitro assessment of eryptosis at different time points allowed us to define this
phenomenon as an early complication in sepsis. Our in vivo study shows an important
correlation between this phenomenon and clinical outcome and other biomarkers of sepsis,
clarifying important aspects in the aetiology of eryptosis and its potential role as a marker
of the severity of disease. We acknowledge some limitations; our study population was too
small, and in our in vivo study, we did not evaluate the timing of eryptosis and therefore
we could not completely confirm the in vitro data.

To our knowledge, this is the first study that assesses the timing of onset of eryptosis in
the pathogenesis of sepsis. Even if the assessment of the timing of eryptosis was conducted
only in vitro, we think our experiment represents a further step in the comprehension
of eryptosis and a first attempt to integrate this physiopathological epiphenomenon into
the clinical setting. This is of particular interest in both diagnostic and therapeutic fields;
even if the presence of eryptosis is considered to be a marker of the severity of sepsis, the
possibility of detecting its presence in the very early phase of the disease could improve
therapeutic management. Another important finding in our study was the correlation
between eryptosis and other biomarkers of sepsis. Correlation with IL-6 and MPO could
be used in the clinical setting to develop an early severity score. In particular, eryptosis
represents an economic test, easy to perform without advanced laboratory equipment. As
is known, a therapeutic option in patients with severe sepsis from Gram-negative bacteria
is Extracorporeal Blood Purification Therapy with polymyxin B cartridge when EAA is
above 0.6. Given the strong relationship with EAA, eryptosis could help to define the
severity of disease in those patients in which clinical and laboratory setting does not allow
to reach criteria for extracorporeal blood purification therapy, moving one step toward
precision medicine. These preliminary findings provide a further rationale for ongoing
clinical studies and give an interesting clinical perspective on eryptosis: our results need to
be validated in vivo in randomized clinical trials with larger sample sizes.
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4. Materials and Methods
4.1. Subjects

In this case–control study, we enrolled 16 septic patients (“case” group) admitted to
the Intensive Care Unit (ICU) of San Bortolo Hospital in Vicenza and 16 healthy subjects
(no systemic inflammation in the last 3 months), as a control group, from the Department
of Transfusional Medicine of San Bortolo Hospital in Vicenza. Sepsis was defined as a
life-threatening organ failure caused by the host’s inappropriate response to infection
according to the Sepsis-3 criteria. Organ failure and severity of disease were defined
according to the SOFA score [44]. For each patient, we obtained demographic and clinical
information at the time of hospitalization including routine hospitalization laboratory
analyses. All parameters were reported in a specific data collection form and in a specific
dataset. Negative outcome was defined as death during the ICU stay.

4.2. Sample Collection

Peripheral venous EDTA blood samples were collected for each patient within 4 h
from the diagnosis of sepsis. Samples were processed within 30 min after collection and
centrifuged for 10 min at 1600× g, to obtain plasma that was immediately separated and
stored at –80 ◦C until use.

4.3. Endotoxin Activity Assay (EAA)

Plasma endotoxin activity was determined by the EAA (Endotoxin Activity Assay)
(Estor Spa, Milan, Italy). Endotoxin activity levels are expressed as units on a scale rang-
ing from 0 to 1. This diagnostic test is based on a monoclonal antibody that recognizes
endotoxin. In particular, LPS activity is calculated on the corresponding oxidative burst
of primed neutrophils (complexes of an anti-endotoxin antibody and endotoxin) and is
detected via the chemiluminescence methodology [45]. We defined three categories of
patients based on their EAA level: low was used for EAA levels between 0.00 and 0.39,
high was used for values above 0.60 and finally intermediate for EAA levels between 0.40
and 0.59. According to the literature, values above 0.60 are considered associated with
worse outcomes and in these cases, Extracorporeal Blood Purification Therapies may be
beneficial [46].

4.4. Enzyme-Linked Immunosorbent Assay (ELISA) for IL-6 and MPO

Quantitative determination of plasma Interleukin-6 (IL-6) was executed by Human
IL-6 Simple step ELISA Kit-ab178013 (Discovery Drive, Cambridge Biomedical Campus,
Cambridge, CB2 0AX, UK) according to manufacturer’s instructions. The concentration
values for these molecules were calculated by the extrapolation with standard curves
(values of standard tested: 1000-500-250-125-62-5-31.3-15.6-0 pg/mL). All tests were carried
out in duplicate.

Quantitative determination of plasma MPO concentration was analysed by Human
Instant ELISA kit-BMS2038INST (Invitrogen, Bender MedSystems GmbH, Campus Vienna
Biocenter 2, 1030 Vienna, Austria). Preliminary plasma dilution 1:100 was performed for
each sample with specific Sample Diluent. MPO determination was performed according
to the manufacturer’s protocol and instructions. The levels of this molecule were estimated
from the interpolation with the standard curve (values of standard tested 10000-5000-2500-
1250-625-313-156-0 pg/mL) based on the manufacturer’s protocol. All tests were executed
in duplicate.

Optical density for both testes was read by VICTORX4 Multilabel Plate Reader
(PerkinElmer Life Sciences, Waltham, MA, USA) at 450 nm for both molecules.

4.5. In Vitro Exposure to Septic Plasma and Induction of Eryptosis

We performed an in vitro study with healthy RBCs exposed to the plasma of septic
patients and CTR at different time points. We evaluated the induction of eryptosis during
exposure of RBCs to septic plasma in comparison to the exposure to healthy subject plasma.
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For this in vitro experiment, 1.5 µL of RBCs from a healthy subject were plated per
well in 48-well plates in 300 µL of RPMI supplemented with 2 mM L-glutamine, 100 IU/mL
penicillin and 100 µg/mL streptomycin (all from Sigma Chemical Co., St. Louis, MO, USA).
Each well was incubated with 10% EDTA plasma from septic patients or controls. We
used untreated RBCs as a negative control (RPMI supplemented with 2 mM L-glutamine,
100 IU/mL penicillin and 100 µg/mL streptomycin and 10% of heat-inactivated Fetal
Bovine (Serum-Sigma Chemical Co., St. Louis, MO, USA). All RBCs were incubated in
standard conditions (37 ◦C in 5% CO2). Each incubation was performed at different times
(15 min, 1, 2, 4 and 24 h) in duplicate. Each well was tested twice.

4.6. In Vivo Eryptosis

In vivo eryptosis was evaluated in controls and in septic patients on the first day of
sepsis. In total, 1µL of leukocyte-depleted RBCs was diluted in 400 µL Ringer solution
containing 5 mM CaCl2. Then, this solution was diluted 1:1 in Ringer solution containing
5 mM CaCl2.

In total, 1µL of AnnexinV-FITC-conjugated (Beckman Coulter, Brea, CA, USA) was
used for eryptosis evaluation (incubation for 20 min under stained protection from light).
Finally, 400 µL of Ringer was added to each tube.

4.7. Flow Cytometry Evaluation

All eryptosis measurements were taken in freshly isolated RBCs. The analysis was
executed by Navios Flow Cytometer (Beckman Coulter, Brea, CA, USA) and 1 µL of
AnnexinV–FITC-conjugated (Beckman Coulter, Brea, CA, USA) to identify the subpop-
ulations of the eryptotic RBCs. Cell volume was determined utilizing Forward Scatter
(FS). PS avidly binds AnnexinV, which was employed to identify eryptotic cells. Thus,
PS exposure at the RBC surface was estimated from FITC–AnnexinV binding. AnnexinV
fluorescence intensity was measured with an excitation wavelength of 488 nm and an
emission wavelength of 530 nm. RBCs were gated and enumerated by identifying those
cells that exposed PS at the RBC surface. A minimum of 100,000 events were collected on
each sample.

4.8. Statistical Analysis

Statistical analysis was performed using the SPSS Software package(VERSION 11). A
p-value of <0.05 was considered statistically significant. Graphs were achieved by SPSS
and Excel. Categorical variables were expressed as percentages; continuous variables were
expressed as mean ± standard deviation (parametric variables) or median and interquartile
range (IQR) (nonparametric variables). The Mann–Whitney U test or t test was used for
comparison of two groups when appropriate. The Kruskal–Wallis test or ANOVA test for
multiple comparisons was applied to compare the groups when appropriate. Spearman’s
rho correlations were calculated to verify the correlation between variables.

Author Contributions: M.M. and G.M.V.: conception of the study, interpretation of data and drafting
the article, D.M.: interpretation of data and drafting the article, N.M. and L.S.: collection of data,
M.d.C.: biological analysis, S.D.R.: final approval of the draft, C.R. and M.Z.: providing intellectual
content of critical importance to this work. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by AARVI (Associazione Amici del Rene Vicenza).

Institutional Review Board Statement: The research protocol and informed consent were approved
by the ethics committee of San Bortolo Hospital (approval number 21/15).

Informed Consent Statement: All patients were provided with information about the experimental
protocol and the study’s objectives. Patients who declined to provide consent were also excluded
from the study. The study adheres to the principles outlined in the Declaration of Helsinki.



Int. J. Mol. Sci. 2023, 24, 14176 11 of 12

Data Availability Statement: All data generated or analyzed during this study are included in this
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: No conflict of interest, financial or otherwise for all authors.

References
1. Jarczak, D.; Kluge, S.; Nierhaus, A. Sepsis-Pathophysiology and Therapeutic Concepts. Front. Med. 2021, 8, 628302. [CrossRef]
2. Rudd, K.E.; Johnson, S.C.; Agesa, K.M.; Shackelford, K.A.; Tsoi, D.; Kievlan, D.R.; Colombara, D.V.; Ikuta, K.S.; Kissoon, N.; Finfer,

S.; et al. Global, regional, and national sepsis incidence and mortality, 1990–2017: Analysis for the Global Burden of Disease Study.
Lancet 2020, 395, 200–211. [CrossRef] [PubMed]

3. Stearns-Kurosawa, D.J.; Osuchowski, M.F.; Valentine, C.; Kurosawa, S.; Remick, D.G. The pathogenesis of sepsis. Annu. Rev.
Pathol. 2011, 6, 19–48. [CrossRef] [PubMed]

4. Marshall, J.C.; Foster, D.; Vincent, J.L.; Cook, D.J.; Cohen, J.; Dellinger, R.P.; Opal, S.; Abraham, E.; Brett, S.J.; Smith, T.; et al.
Diagnostic and prognostic implications of endotoxemia in critical illness: Results of the MEDIC study. J. Infect. Dis. 2004, 190,
527–534. [CrossRef] [PubMed]

5. Romaschin, A.D.; Harris, D.M.; Ribeiro, M.B.; Paice, J.; Foster, D.M.; Walker, P.M.; Marshall, J.C. A rapid assay of endotoxin in
whole blood using autologous neutrophil dependent chemiluminescence. J. Immunol. Methods 1998, 212, 169–185. [CrossRef]

6. Molano Franco, D.; Arevalo-Rodriguez, I.; Roque, I.F.M.; Montero Oleas, N.G.; Nuvials, X.; Zamora, J. Plasma interleukin-6
concentration for the diagnosis of sepsis in critically ill adults. Cochrane Database Syst. Rev. 2019, 4, CD011811. [CrossRef]

7. Yu, H.; Liu, Y.; Wang, M.; Restrepo, R.J.; Wang, D.; Kalogeris, T.J.; Neumann, W.L.; Ford, D.A.; Korthuis, R.J. Myeloperoxidase
instigates proinflammatory responses in a cecal ligation and puncture rat model of sepsis. Am. J. Physiol. Heart Circ. Physiol. 2020,
319, H705–H721. [CrossRef]

8. Wong, G.G.; Clark, S.C. Multiple actions of interleukin 6 within a cytokine network. Immunol. Today 1988, 9, 137–139. [CrossRef]
9. Van Snick, J. Interleukin-6: An overview. Annu. Rev. Immunol. 1990, 8, 253–278. [CrossRef]
10. Klebanoff, S.J. Myeloperoxidase: Friend and foe. J. Leukoc. Biol. 2005, 77, 598–625. [CrossRef]
11. Pishchany, G.; McCoy, A.L.; Torres, V.J.; Krause, J.C.; Crowe, J.E., Jr.; Fabry, M.E.; Skaar, E.P. Specificity for human hemoglobin

enhances Staphylococcus aureus infection. Cell Host Microbe 2010, 8, 544–550. [CrossRef] [PubMed]
12. Pretorius, E.; du Plooy, J.N.; Bester, J. A Comprehensive Review on Eryptosis. Cell. Physiol. Biochem. 2016, 39, 1977–2000.

[CrossRef] [PubMed]
13. Lang, E.; Lang, F. Triggers, inhibitors, mechanisms, and significance of eryptosis: The suicidal erythrocyte death. BioMed Res. Int.

2015, 2015, 513518. [CrossRef]
14. Lang, K.S.; Lang, P.A.; Bauer, C.; Duranton, C.; Wieder, T.; Huber, S.M.; Lang, F. Mechanisms of suicidal erythrocyte death. Cell.

Physiol. Biochem. 2005, 15, 195–202. [CrossRef] [PubMed]
15. Virzi, G.M.; Mattiotti, M.; Clementi, A.; Milan Manani, S.; Battaglia, G.G.; Ronco, C.; Zanella, M. In Vitro Induction of Eryptosis

by Uremic Toxins and Inflammation Mediators in Healthy Red Blood Cells. J. Clin. Med. 2022, 11, 5329. [CrossRef]
16. Lang, F.; Lang, E.; Foller, M. Physiology and pathophysiology of eryptosis. Transfus. Med. Hemother. 2012, 39, 308–314. [CrossRef]
17. Bonan, N.B.; Steiner, T.M.; Kuntsevich, V.; Virzi, G.M.; Azevedo, M.; Nakao, L.S.; Barreto, F.C.; Ronco, C.; Thijssen, S.; Kotanko, P.;

et al. Uremic Toxicity-Induced Eryptosis and Monocyte Modulation: The Erythrophagocytosis as a Novel Pathway to Renal
Anemia. Blood Purif. 2016, 41, 317–323. [CrossRef] [PubMed]

18. Nguyen, D.B.; Wagner-Britz, L.; Maia, S.; Steffen, P.; Wagner, C.; Kaestner, L.; Bernhardt, I. Regulation of phosphatidylserine
exposure in red blood cells. Cell. Physiol. Biochem. 2011, 28, 847–856. [CrossRef]

19. Lang, E.; Qadri, S.M.; Lang, F. Killing me softly-suicidal erythrocyte death. Int. J. Biochem. Cell Biol. 2012, 44, 1236–1243. [CrossRef]
20. Chan, C.Y.; Cheng, C.F.; Shui, H.A.; Ku, H.C.; Su, W.L. Erythrocyte degradation, metabolism, secretion, and communication with

immune cells in the blood during sepsis: A review. Tzu Chi Med. J. 2022, 34, 125–133. [CrossRef]
21. Lang, F.; Abed, M.; Lang, E.; Foller, M. Oxidative stress and suicidal erythrocyte death. Antioxid. Redox Signal. 2014, 21, 138–153.

[CrossRef]
22. Lang, F.; Lang, K.S.; Lang, P.A.; Huber, S.M.; Wieder, T. Osmotic shock-induced suicidal death of erythrocytes. Acta Physiol. 2006,

187, 191–198. [CrossRef]
23. Lang, F.; Gulbins, E.; Lang, P.A.; Zappulla, D.; Foller, M. Ceramide in suicidal death of erythrocytes. Cell. Physiol. Biochem. 2010,

26, 21–28. [CrossRef]
24. Lang, F.; Gulbins, E.; Lerche, H.; Huber, S.M.; Kempe, D.S.; Foller, M. Eryptosis, a window to systemic disease. Cell. Physiol.

Biochem. 2008, 22, 373–380. [CrossRef] [PubMed]
25. Virzi, G.M.; Milan Manani, S.; Marturano, D.; Clementi, A.; Lerco, S.; Tantillo, I.; Giuliani, A.; Battaglia, G.G.; Ronco, C.; Zanella,

M. Eryptosis in Peritoneal Dialysis-Related Peritonitis: The Potential Role of Inflammation in Mediating the Increase in Eryptosis
in PD. J. Clin. Med. 2022, 11, 6918. [CrossRef] [PubMed]

26. Virzi, G.M.; Milan Manani, S.; Clementi, A.; Castegnaro, S.; Brocca, A.; Riello, C.; de Cal, M.; Giuliani, A.; Battaglia, G.G.; Crepaldi,
C.; et al. Eryptosis Is Altered in Peritoneal Dialysis Patients. Blood Purif. 2019, 48, 351–357. [CrossRef] [PubMed]

27. Gok, M.G.; Paydas, S.; Boral, B.; Onan, E.; Kaya, B. Evaluation of eryptosis in patients with chronic kidney disease. Int. Urol.
Nephrol. 2022, 54, 2919–2928. [CrossRef]

https://doi.org/10.3389/fmed.2021.628302
https://doi.org/10.1016/S0140-6736(19)32989-7
https://www.ncbi.nlm.nih.gov/pubmed/31954465
https://doi.org/10.1146/annurev-pathol-011110-130327
https://www.ncbi.nlm.nih.gov/pubmed/20887193
https://doi.org/10.1086/422254
https://www.ncbi.nlm.nih.gov/pubmed/15243928
https://doi.org/10.1016/S0022-1759(98)00003-9
https://doi.org/10.1002/14651858.CD011811.pub2
https://doi.org/10.1152/ajpheart.00440.2020
https://doi.org/10.1016/0167-5699(88)91200-5
https://doi.org/10.1146/annurev.iy.08.040190.001345
https://doi.org/10.1189/jlb.1204697
https://doi.org/10.1016/j.chom.2010.11.002
https://www.ncbi.nlm.nih.gov/pubmed/21147468
https://doi.org/10.1159/000447895
https://www.ncbi.nlm.nih.gov/pubmed/27771701
https://doi.org/10.1155/2015/513518
https://doi.org/10.1159/000086406
https://www.ncbi.nlm.nih.gov/pubmed/15956782
https://doi.org/10.3390/jcm11185329
https://doi.org/10.1159/000342534
https://doi.org/10.1159/000443784
https://www.ncbi.nlm.nih.gov/pubmed/26848873
https://doi.org/10.1159/000335798
https://doi.org/10.1016/j.biocel.2012.04.019
https://doi.org/10.4103/tcmj.tcmj_58_21
https://doi.org/10.1089/ars.2013.5747
https://doi.org/10.1111/j.1748-1716.2006.01564.x
https://doi.org/10.1159/000315102
https://doi.org/10.1159/000185448
https://www.ncbi.nlm.nih.gov/pubmed/19088418
https://doi.org/10.3390/jcm11236918
https://www.ncbi.nlm.nih.gov/pubmed/36498493
https://doi.org/10.1159/000501541
https://www.ncbi.nlm.nih.gov/pubmed/31291616
https://doi.org/10.1007/s11255-022-03207-3


Int. J. Mol. Sci. 2023, 24, 14176 12 of 12

28. Adamzik, M.; Hamburger, T.; Petrat, F.; Peters, J.; de Groot, H.; Hartmann, M. Free hemoglobin concentration in severe sepsis:
Methods of measurement and prediction of outcome. Crit. Care 2012, 16, R125. [CrossRef] [PubMed]

29. Kempe, D.S.; Akel, A.; Lang, P.A.; Hermle, T.; Biswas, R.; Muresanu, J.; Friedrich, B.; Dreischer, P.; Wolz, C.; Schumacher, U.; et al.
Suicidal erythrocyte death in sepsis. J. Mol. Med. 2007, 85, 273–281. [CrossRef]

30. Piagnerelli, M.; Boudjeltia, K.Z.; Rapotec, A.; Richard, T.; Brohee, D.; Babar, S.; Bouckaert, V.; Simon, A.C.; Toko, J.P.; Walravens, T.;
et al. Neuraminidase alters red blood cells in sepsis. Crit. Care Med. 2009, 37, 1244–1250. [CrossRef]

31. Reggiori, G.; Occhipinti, G.; De Gasperi, A.; Vincent, J.L.; Piagnerelli, M. Early alterations of red blood cell rheology in critically ill
patients. Crit. Care Med. 2009, 37, 3041–3046. [CrossRef]

32. Jemaa, M.; Fezai, M.; Bissinger, R.; Lang, F. Methods Employed in Cytofluorometric Assessment of Eryptosis, the Suicidal
Erythrocyte Death. Cell. Physiol. Biochem. 2017, 43, 431–444. [CrossRef]

33. Veillette, A.; Thibaudeau, E.; Latour, S. High expression of inhibitory receptor SHPS-1 and its association with protein-tyrosine
phosphatase SHP-1 in macrophages. J. Biol. Chem. 1998, 273, 22719–22728. [CrossRef] [PubMed]

34. Effenberger-Neidnicht, K.; Hartmann, M. Mechanisms of Hemolysis During Sepsis. Inflammation 2018, 41, 1569–1581. [CrossRef]
[PubMed]

35. Hortova-Kohoutkova, M.; Tidu, F.; De Zuani, M.; Sramek, V.; Helan, M.; Fric, J. Phagocytosis-Inflammation Crosstalk in Sepsis:
New Avenues for Therapeutic Intervention. Shock 2020, 54, 606–614. [CrossRef] [PubMed]

36. Larsen, R.; Gozzelino, R.; Jeney, V.; Tokaji, L.; Bozza, F.A.; Japiassu, A.M.; Bonaparte, D.; Cavalcante, M.M.; Chora, A.; Ferreira, A.;
et al. A central role for free heme in the pathogenesis of severe sepsis. Sci. Transl. Med. 2010, 2, 51ra71. [CrossRef] [PubMed]

37. Danner, R.L.; Elin, R.J.; Hosseini, J.M.; Wesley, R.A.; Reilly, J.M.; Parillo, J.E. Endotoxemia in human septic shock. Chest 1991, 99,
169–175. [CrossRef]

38. Klein, D.J.; Foster, D.; Schorr, C.A.; Kazempour, K.; Walker, P.M.; Dellinger, R.P. The EUPHRATES trial (Evaluating the Use of
Polymyxin B Hemoperfusion in a Randomized controlled trial of Adults Treated for Endotoxemia and Septic shock): Study
protocol for a randomized controlled trial. Trials 2014, 15, 218. [CrossRef]

39. Hoareau, L.; Bencharif, K.; Rondeau, P.; Murumalla, R.; Ravanan, P.; Tallet, F.; Delarue, P.; Cesari, M.; Roche, R.; Festy, F. Signaling
pathways involved in LPS induced TNFalpha production in human adipocytes. J. Inflamm 2010, 7, 1. [CrossRef]

40. Regis, G.; Icardi, L.; Conti, L.; Chiarle, R.; Piva, R.; Giovarelli, M.; Poli, V.; Novelli, F. IL-6, but not IFN-gamma, triggers apoptosis
and inhibits in vivo growth of human malignant T cells on STAT3 silencing. Leukemia 2009, 23, 2102–2108. [CrossRef]

41. Schrijver, I.T.; Kemperman, H.; Roest, M.; Kesecioglu, J.; de Lange, D.W. Myeloperoxidase can differentiate between sepsis and
non-infectious SIRS and predicts mortality in intensive care patients with SIRS. Intensive Care Med. Exp. 2017, 5, 43. [CrossRef]

42. Bester, J.; Pretorius, E. Effects of IL-1beta, IL-6 and IL-8 on erythrocytes, platelets and clot viscoelasticity. Sci. Rep. 2016, 6, 32188.
[CrossRef]

43. Sadaka, F.; O’Brien, J.; Prakash, S. Red cell distribution width and outcome in patients with septic shock. J. Intensive Care Med.
2013, 28, 307–313. [CrossRef] [PubMed]

44. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801–810. [CrossRef] [PubMed]

45. Virzi, G.M.; Mattiotti, M.; de Cal, M.; Ronco, C.; Zanella, M.; De Rosa, S. Endotoxin in Sepsis: Methods for LPS Detection and the
Use of Omics Techniques. Diagnostics 2022, 13, 79. [CrossRef]

46. Cruz, D.N.; Antonelli, M.; Fumagalli, R.; Foltran, F.; Brienza, N.; Donati, A.; Malcangi, V.; Petrini, F.; Volta, G.; Bobbio Pallavicini,
F.M.; et al. Early use of polymyxin B hemoperfusion in abdominal septic shock: The EUPHAS randomized controlled trial. JAMA
2009, 301, 2445–2452. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/cc11425
https://www.ncbi.nlm.nih.gov/pubmed/22800762
https://doi.org/10.1007/s00109-006-0123-8
https://doi.org/10.1097/CCM.0b013e31819cebbe
https://doi.org/10.1097/CCM.0b013e3181b02b3f
https://doi.org/10.1159/000480469
https://doi.org/10.1074/jbc.273.35.22719
https://www.ncbi.nlm.nih.gov/pubmed/9712903
https://doi.org/10.1007/s10753-018-0810-y
https://www.ncbi.nlm.nih.gov/pubmed/29956069
https://doi.org/10.1097/SHK.0000000000001541
https://www.ncbi.nlm.nih.gov/pubmed/32516170
https://doi.org/10.1126/scitranslmed.3001118
https://www.ncbi.nlm.nih.gov/pubmed/20881280
https://doi.org/10.1378/chest.99.1.169
https://doi.org/10.1186/1745-6215-15-218
https://doi.org/10.1186/1476-9255-7-1
https://doi.org/10.1038/leu.2009.139
https://doi.org/10.1186/s40635-017-0157-y
https://doi.org/10.1038/srep32188
https://doi.org/10.1177/0885066612452838
https://www.ncbi.nlm.nih.gov/pubmed/22809690
https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://doi.org/10.3390/diagnostics13010079
https://doi.org/10.1001/jama.2009.856
https://www.ncbi.nlm.nih.gov/pubmed/19531784

	Introduction 
	Results 
	Subjects Baseline Characteristics 
	EAA Evaluation and Outcome 
	In Vitro Exposure to Septic Plasma and Induction of Eryptosis 
	In Vivo Eryptosis Evaluation 
	Relation to Other Biomarkers 

	Discussion 
	Materials and Methods 
	Subjects 
	Sample Collection 
	Endotoxin Activity Assay (EAA) 
	Enzyme-Linked Immunosorbent Assay (ELISA) for IL-6 and MPO 
	In Vitro Exposure to Septic Plasma and Induction of Eryptosis 
	In Vivo Eryptosis 
	Flow Cytometry Evaluation 
	Statistical Analysis 

	References

