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Historical perspective and definition
Sepsis affects approximately 700,000 people annually
and accounts for about 210,000 deaths per year in the
US. According to recent reports, the incidence is rising
at rates between 1.5% and 8% per year (1, 2), despite
technical developments in intensive care units (ICUs)
and advanced supportive treatment. Septic patients
are generally hospitalized for extended periods, rarely
leaving the ICU before 2–3 weeks. Accordingly, sepsis
represents a major burden to the US health care sys-
tem, with costs estimated to be approximately $16.7
billion per year (1). The question of why the incidence
is rising has been extensively discussed, but a final
answer has not yet been found. Interestingly, the spec-
trum of responsible microorganisms appears to have
shifted from predominantly Gram-negative bacteria in
the late 1970s and 1980s to predominantly Gram-pos-
itive bacteria at present (2). In addition, the rate of fun-
gal infections is reported to have increased more than
200% during the same period (2). As difficult as the
treatment of septic patients and the improvement of
their survival rates have been, equally difficult has been

the development of a clear clinical definition of sepsis.
The lack of consensus regarding a definition has
resulted in great difficulties in making meaningful
comparisons of study results. Often, the lack of a pre-
cise definition of sepsis has also compromised the
reproducibility of results of phase I clinical trials since
the patient populations being studied were nonho-
mogeneous. An analysis of studies in recent years has
demonstrated that the risk of death (and therefore the
severity of disease) significantly correlates with the
effectiveness of anti-inflammatory treatment (3). This
finding implies a need for a better clinical definition
of the disease in order for patients to be enrolled in
treatment groups with well-defined entry criteria. In
other words, the exact clinical status of each patient
needs to be established.

For nearly a century, sepsis has been defined as the sys-
temic host response to an infection, and even though
many subclassifications have been made over the years,
there has been little modification of this definition.
Originally, sepsis was believed to be associated with the
presence of bacteria in the blood (bacteremia), and the
terms “sepsis” and “septicemia” were frequently inter-
changed in the clinical setting. In 1989, Bone et al. esta-
blished a simple definition for sepsis syndrome, which
was based on specific clinical symptoms and included a
known source of infection (4). The clinical signs of sep-
sis, however, were frequently presented by patients not
characterized by measurable levels of bacteria in the
blood, or by those with acute pancreatitis (5) or trauma
(6). This discrepancy was first taken into account at a
Consensus Conference held by the Society of Critical
Care Medicine and the American College of Chest Physi-
cians in 1992, when the term “systemic inflammatory
response syndrome” (SIRS) was established (Table 1),
for which no definable presence of bacterial infection
was required (7, 8). In addition, the terms “severe sepsis”
and “septic shock” were introduced to differentiate
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between different stages of disease. The criteria for the
various clinical definitions shown in Table 1 have been
well established in clinical use.

However, discussion at the most recent consensus
conference led to the addition of several new criteria
for the diagnosis of SIRS and sepsis (Table 2) (9). This
was due in part to the documentation of additional
clinical symptoms and laboratory findings that are
frequently present in patients with acute systemic
response to infection or other insults. At this same
consensus conference, the definitions of SIRS, sepsis,
severe sepsis, and septic shock, including multiple
organ dysfunction syndrome established in 1992
were endorsed. It can be argued that the earlier defi-
nitions did not facilitate the diagnosis of precise
stages of disease or allow for accurate prognosis of
the host response to infection. Therefore, a new stag-
ing system has been developed, similar to that used
to stage tumor progression. The PIRO staging system
facilitates a more accurate characterization of the
stage of sepsis disease and the associated risks and
prognosis. We endorse the introduction of the PIRO
system for diagnosing and tracking sepsis progres-
sion, which characterizes the disease based on pre-
disposition (especially to genetic factors), the insult
infection (especially the type of infection, source,
etc.), the response of the host system (SIRS, septic
shock, etc.; specific markers like IL-6, protein C, TNF,
etc.), and organ dysfunction (9). This classification
would take into account the clinical status of the
patient in addition to biochemical analyses. This
should ultimately permit more precise classification
of sepsis-related disorders and might be particularly
helpful in more closely defining entry criteria for
clinical trials of sepsis therapies.

Early experimental basis for clinical 
anti-inflammatory therapeutic interventions
The idea that sepsis was caused by an overwhelming
reaction of the patient to invading microorganisms
was probably at least partially based on the observa-
tion that, on many occasions, no clinical evidence for

infection (e.g., positive bacterial blood cultures) was
found in patients with septic symptoms. In 1972,
Lewis Thomas noted in The New England Journal of
Medicine that “it is our response that makes the dis-
ease” and that the patient was, therefore, more endan-
gered by this response than by the invading microor-
ganisms (10). According to this view, interventions
designed to attenuate immune and inflammatory
responses might be clinically useful. In the 1960s, the
first clinical trials featuring suppression of the
immune and inflammatory responses were conduct-
ed, in which septic patients were treated with supra-
physiological doses of glucocorticoids (11) (Table 3).
However, these studies were unsuccessful, despite the
fact that more recent studies have suggested benefits
from low-dose glucocorticoid treatment (see “Failure
of clinical trials in sepsis”).

As mentioned above, the predominant source of
infection in septic patients before the late 1980s was
Gram-negative bacteria. LPS, the main component of
the Gram-negative bacterial cell wall, was known to
stimulate release of inflammatory mediators from var-
ious cell types and induce acute infectious symptoms
when injected into animals. In 1969, Davis and col-
leagues found that infusion of IgGs improved survival
in an experimental setting after endotoxin infusion
(12). Based on these and other findings, LPS blockade
became a target for clinical intervention (13).

Given the frequency of Gram-negative infections in
septic patients, it was assumed that large amounts of
circulating LPS must be present. Based on this
assumption, animal models of sepsis were established
mainly in rodents, in which large doses of LPS had
been administered. In contrast to the responses
observed following bacterial infection (e.g., bacteria
delivered by intraperitoneal or i.v. injection, or released
into the peritoneal cavity in the cecal ligation and
puncture [CLP] model), LPS infusion models often did
not mimic the changes observed during sepsis (Figure
1). This fact became apparent in the case of TNF-α, a
potent proinflammatory mediator. In addition, infu-
sion of TNF-α into animals induced the symptoms
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Table 1
Clinical definition of sepsis

SIRS Temperature >38.3°C or <36°C
Heart rate >90 beats/min
Respiratory rate >20 breaths/min or PaCO2 <32 mmHg
White blood cell count >12 × 109/l or <4 × 109/l, or >10% immature band forms

Sepsis Systemic response to infection, manifested by two or more of the conditions mentioned under SIRS 
(SIRS + evidence of infection)

Severe sepsis Sepsis associated with organ dysfunction, hypoperfusion, or hypotension including lactic acidosis, 
oliguria, or acute alteration in mental state

Septic shock Sepsis-induced hypotension (e.g., systolic blood pressure <90 mmHg or a reduction of >40 mmHg from base line) 
despite adequate fluid resuscitation, along with the presence of perfusion abnormalities that may include lactic acidosis, 
oliguria, or an acute alteration in mental state. Vasopressor- or inotropic-treated patients may not be hypotensive 
at the time of measurement

MODS The presence of altered organ function in an acutely ill patient such that homeostasis cannot be maintained 
without intervention

PaCO2, arterial partial pressure of carbon dioxide; MODS, multiple organ dysfunction syndrome.
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characteristic of sepsis (14), while passive immuniza-
tion with anti–TNF-αwas protective (15, 16). High lev-
els of TNF-α have been found in the serum of humans
following i.v. injection of LPS (15). In 1985, Beutler
and colleagues found that passive immunization
against TNF-α protected mice from lethal endotoxic
shock (16). These results were confirmed when Tracey
et al. found that TNF-α blockade was beneficial in ani-
mal models of shock following infusion of endotoxin
or Escherichia coli (17, 18). But subsequent clinical trials
failed to demonstrate the utility of this therapy in sep-
tic humans (19) and in CLP mice (20). Why?

One possible explanation is that the results
obtained from studies performed in LPS infusion
animal models did not accurately reflect clinical
developments in human sepsis. Serum TNF-α levels
after infusion of LPS into mice were later described
to be more than 200-fold higher than in CLP animals
(20). In a similar study, CLP mice treated with anti–
TNF-α antibodies showed not improved survival but,
rather, a tendency toward worsened outcomes (21).
Interestingly, the circulating LPS levels in the CLP
sepsis model (which more accurately reflects the
dynamics of sepsis occurring in humans) were found
to be very low, and extreme elevations of TNF-α levels
were not observed in rodent LPS infusion models
(21). As indicated above, TNF-α levels observed in
CLP models are generally very low and not compara-
ble to TNF-α levels found after LPS infusion. In addi-
tion, LPS levels in septic patients are also reported to

be low, and while in some cases of sepsis in humans
(e.g., meningococcal sepsis in infants) elevated serum
levels of TNF-α have been found in up to 90% of
patients (22), several other clinical studies in septic
patients reported only minimally elevated or unde-
tectable levels of TNF-α (23). The failure of anti–
TNF-α and anti-LPS interventions in septic patients
can be seen as an example of how conclusions based
on animal models may not hold true in humans, or
may not be applicable to human sepsis because of
incorrect assumptions underlying the animal models
(e.g., that LPS is a major initiator of sepsis and is pres-
ent in the serum at high levels during sepsis) (Figure
1). Currently, there is general agreement among
researchers in the field that LPS injection may serve
as a model for endotoxic shock but not for sepsis.

Failure of clinical trials in sepsis
The nearly 40-year history of clinical trials of anti-
inflammatory strategies for the treatment of sepsis
might be referred to as a “graveyard” for pharmaceuti-
cal companies, since almost none of these strategies has
resulted in significantly improved survival of patients.
In Table 3 the anti-inflammatory strategies used in
clinical trials are summarized. The various strategies are
discussed in detail elsewhere (23, 24). Often, promising
initial results from small uncontrolled phase I or II clin-
ical trials subsequently could not be confirmed in larg-
er randomized clinical trials. The possible reasons are
numerous. Some of these failures resulted from the use

Table 2
Extended criteria for the diagnosis of sepsis

General variables Fever or hypothermia (temperature >38.3°C or <36°C)
Heart rate >90 beats/min or >2 SD above the normal value for age
Tachypnea
Altered mental state
Significant edema or positive fluid balance (>20 ml/kg over 24 h)
Hyperglycemia (plasma glucose >120 mg/dl or >7.7 mmol/l) 
in the absence of diabetes

Inflammatory variables Leukocytosis (wbc count >12,000/µl)
Leukopenia (wbc count <4,000/µl)
Normal wbc count with >10% immature forms
Plasma C-reactive protein level >2 SD above the normal value
Plasma procalcitonin level >2 SD above the normal value

Hemodynamic variables Arterial hypotension (SBP <90 mmHg, MAP <70, or an SBP decrease 
>40 mmHg in adults or <2 SD below normal for age)
SvO2 >70%
Cardiac index >3.5 l/min × M–23

Organ dysfunction Arterial hypoxemia (PaO2/FiO2 <300)
Acute oliguria (urine output <0.5 ml/kg/h or 45 mmol/l for at least 2 h)
Creatinine increase >0.5 mg/dl
Coagulation abnormalities (INR >1.5 or aPTT >60 s)
Ileus (absent bowel sounds)
Thrombocytopenia (platelet count <100,000/µl)
Hyperbilirubinemia (plasma total bilirubin >4 mg/dl or >70 mmol/l)

Tissue perfusion Hyperlactatemia (>1 mmol/l)
Decreased capillary refill

wbc, white blood cell; SBP, systolic blood pressure; MAP, mean arterial pressure; SvO2, mixed venous oxygen saturation; PaO2, arterial partial pressure of
oxygen; FiO2, fraction of inspired oxygen; INR, international normalized ratio; aPTT, activated partial thromboplastin time.



of unsuitable animal models (LPS infusion) and wrong
assumptions, as discussed previously. In the case of glu-
cocorticoids, follow-up studies in the 1990s suggested
that lower doses of glucocorticoids might be beneficial
in septic patients. In 2001, a large multicenter phase III
clinical trial was completed, which suggested that 7-day
treatment with low doses of hydrocortisone and flu-
drocortisone significantly reduced the risk of death in
patients with septic shock who also demonstrated rel-
ative adrenal insufficiency (25). Such benefits, howev-
er, were not reported in patients who lacked evidence of
adrenal insufficiency. Thus, in this case, the dose of the
therapeutic intervention as well as the patient group
appeared to determine failure or success.

Retrospectively, a crucial problem in most of the
clinical trials investigating anti-inflammatory agents
appears to be the nonhomogeneity of the patient pop-
ulation enrolled, which partially stems from an inabil-
ity to more effectively classify the immune status of

the septic patient. The recent finding that the success
of anti-inflammatory treatments in animals and hu-
mans with sepsis closely correlates with the severity
of disease (3) may explain why some trials report ben-
efits (especially those with patients in severe sepsis or
septic shock) while others do not.

The immune system in a septic individual undergoes
substantial modifications during sepsis. Experimental
data support the theory that an early intense proin-
flammatory response of the immune system after
infection or trauma can cause harm or set the stage for
subsequent organ damage, but it is also well docu-
mented that, during sepsis, the innate immune system
frequently loses the ability to effectively kill invading
microorganisms (26). Depending on the ability of the
immune system to respond to infection, an anti-inflam-
matory strategy may not be helpful and could even be
harmful, as in the clinical trial in which a TNF-α
antagonist was reported to increase mortality (27).
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Table 3
Targets in clinical trials for the treatment of sepsis

Immune modulation Glucocorticoids (inhibition of overactivation of the immune and inflammatory systems)
IVIG (improvement of host defense)

Endotoxin (LPS) Anti-endotoxin antibodies:
polyclonal human antiserum
human monoclonal anti–lipid A (HA-1A)
murine monoclonal anti–lipid A (E5)
human mAb’s

Bactericidal/permeability-increasing protein
LPS elimination (hemofiltration)

TNF-α TNF-α antibodies:
murine monoclonal antibodies
F(ab)2 anti-TNFα

Soluble TNF receptors (TNF inhibition)
IL-1 IL-1 receptor antagonist
PAF Phospholipase A2 antagonist (reduction of PAF)

PAF antagonist
PAF-acetylhydrolase (PAF inactivation)

Bradykinin Bradykinin antagonist
Arachidonic acid metabolites Prostaglandin (PG) E1 and liposomes containing PGE1 (anti-inflammatory)

Thromboxane inhibitors (anti-inflammatory)
Ketoconazole (thromboxane synthetase inhibition)
Ibuprofen (COX inhibition)

Reactive oxygen species N-acetylcysteine (restoration of cellular antioxidant potential)
Selenium has been used to bolster selenium-dependent glutathione peroxidase, which is a scavenger for O2

–

NO L-NAME (NOS inhibition)
L-NMMA (iNOS inhibition)
Methylene blue (guanylyl cyclase inhibition)
PHP (NO scavenger)

Phosphodiesterase Pentoxifylline (phosphodiesterase inhibition, cAMP increase)
Neutrophil activity IFN-γ (reactivation of neutrophil immune functions)

G-CSF, GM-CSF (increase of immune-competent blood cells)
PGG-glucan (increase of phagocytosis and bacterial killing in neutrophils)

Complement system C1 inhibitor (inhibition of classical and lectin pathway activation)1
Coagulation Antithrombin III (inhibition of thrombin, factors IXa, Xa, XIa, and XIIa)

TFPI (inhibition of factors X and IX)
APC (inactivation of factors Va and VIIIa)

IVIG, intravenous IgG; PAF, platelet-activating factor; PGE1, prostaglandin E1; L-NAME, N-nitro-L-arginine methyl ester; L-NMMA, N(G)-monomethyl-
L-arginine ; PHP, pyridoxylated hemoglobin polyoxyethylene conjugate; PGG, poly-(1-6)-β-glucotriosyl-(1-3)-β-glucopyranose; APC, activated protein C.
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The new PIRO scoring system can be seen as an
attempt to stage a septic patient, with the ultimate
goal of treating sepsis according to the patient’s
immunological status. A substantial hurdle will be
development of diagnostic tools that facilitate an effi-
cient and accurate determination of this status.

The mysterious success of activated protein C
In November 2001, drotrecogin alfa (Xigris), a recom-
binant form of activated protein C (APC), was approved
by the US Food and Drug Administration for the treat-
ment of patients with severe sepsis. The original large
multicenter randomized trial, known as Protein C
World Wide Evaluation in Severe Sepsis (PROWESS),
that evaluated the utility of this drug against sepsis

(27–29) revealed an overall reduction of 19.4% in the
relative risk of death and a reduction of 6.1% in the
absolute risk of death (30.8% mortality at 28 days in
the placebo group vs. 24.7% with drotrecogin alfa). A
detailed analysis revealed that only patients with a
high risk of death (APACHE II scores ≥ 25) showed sig-
nificantly reduced mortality, by 13% (44% mortality
with placebo vs. 31% with drotrecogin alfa). Concerns
emerged regarding infrequent bleeding complications
(intracerebral hemorrhage) that occurred when the rec-
ommended doses of APC were used. Warnings were
added to the labels for drotrecogin alfa, stating that its
efficacy in septic infants, and its safety for severely sep-
tic patients receiving concomitant heparin, were un-
known. The recently started Administration of Drotre-

Figure 1
Possible reasons for failure in sepsis trials. The flow diagram reflects various stages in the development of sepsis therapies that precede
clinical trials in sepsis patients. At each stage, possible reasons for failure of the strategy are listed. The murine LPS infusion model illus-
trates that anti–TNF-α antibody treatment can successfully increase survival rates of septic animals; however, this same therapy proved
unsuccessful in clinical trials in humans with sepsis.



cogin Alfa in Early Severe Sepsis trial (ADDRESS) will
be the largest clinical sepsis trial in history, aiming to
enroll 11,000 patients to determine the potential ben-
efits of this drug in septic patients with a lower risk of
death and with dysfunction involving only one major
organ (lungs, liver, or kidneys).

Thrombin, after binding to thrombomodulin on the
cell surface of endothelial cells, can activate plasma pro-
tein C, which, together with its cofactor protein S, then
functions as a proteolytic inhibitor of the clotting fac-
tors Va and VIIIa, thereby acting as an anticoagulant.
In addition, APC is a powerful anti-inflammatory mol-
ecule capable of inhibiting cytokine production (TNF-α,
IL-1, and IL-6) in monocytes and reducing adhesive
interactions between neutrophils and endothelial cells
(30). APC also indirectly increases the fibrinolytic
response by inhibiting plasminogen activator in-
hibitor-1 (PAI-1). In humans with sepsis, plasma levels
of proteins C and S fall significantly, and thrombo-
modulin present on endothelial cells is downregulated,
leading to reduced APC generation. A recent study
demonstrated that APC employs the endothelial cell
protein C receptor as a coreceptor for cleavage of pro-
tease-activated receptor-1 (PAR-1) on endothelial cells
(30). The study suggests that APC may play a role in cell
signaling and gene transcription of protective genes
through selective PAR-1 activation on endothelial cells
and related induction of monocyte chemoattractant
protein-1 (MCP-1), which protects cells. Treatment of
sepsis with APC is associated with a risk of significant
complications (e.g., intracerebral bleeding) and is there-
fore the subject of intensive debate (30–32).

The mechanisms by which APC treatment improves
survival in humans cannot be explained at this time. So
far, significant reductions in mortality have been
observed only in patients with severe sepsis, who seem
to be more likely to benefit from anti-inflammatory
strategies. Given this fact, one might speculate that the
anti-inflammatory potential of APC provides protec-
tion in severely septic patients, especially since other
anticoagulant strategies, such as antithrombin III and
tissue factor plasminogen inhibitor (TFPI), have not
resulted in significant benefits (ref. 33 and Table 3).

New strategies raise new hope
The success of APC provides new hope that other new
therapeutic strategies for the treatment of sepsis may
be introduced into the clinic in the near future. The
main target groups for anti-inflammatory treatment,
according to the lessons learned, will likely be patients
with severe sepsis or septic shock. Some new develop-
ments in the area of sepsis research appear to be
specifically promising.

Apoptosis inhibition
Programmed cell death (apoptosis) is differentiated
from cell necrosis by typical features, such as DNA
fragmentation, condensation of chromatin, mem-
brane blebbing, and cell shrinkage. Several proin-

flammatory mediators (such as TNF-α) produced
during experimental sepsis are known inducers of
apoptosis involving various cell types. During sepsis,
lymphocytes have been shown to undergo rapid apop-
tosis, whereas other cells, like neutrophils, demon-
strate delayed apoptosis (34, 35). Hotchkiss and col-
leagues recently demonstrated that the prevention of
lymphocyte cell death during sepsis could improve
outcome (35–37). Caspase inhibitors were found to be
an effective tool to protect animals from death during
pneumonia-induced sepsis (38). These findings led to
the hypothesis that immunodepression resulting
from the loss of lymphocytes could represent a central
pathogenic event in sepsis. Further studies have sug-
gested that inhibition of intestinal epithelial apopto-
sis (by selective Bcl-2 overexpression) significantly
improved outcomes in two different models of sepsis
in mice (38, 39). Recently it was demonstrated that
adoptive transfer of apoptotic splenocytes in septic
mice worsened the outcome, while transfer of necrot-
ic splenocytes had protective effects (40). The under-
lying mechanisms of these studies are not yet under-
stood. Treatment of septic patients with apoptosis
inhibitors has to overcome several problems, includ-
ing the selectivity of such inhibitors and potential
uncontrolled cell growth. However, the concept of
regulated apoptosis warrants further investigation.

High-mobility group B-1 protein
Kevin Tracey and his group have recently demonstrat-
ed that high-mobility group B-1 protein (HMGB1)
acts as a late mediator in LPS-induced endotoxicity
(41, 42). HMGB1 was originally described as a nuclear
binding protein, facilitating gene transcription by sta-
bilizing nucleosome formation. HMGB1 can bind to
the cellular receptor for advanced glycation end prod-
ucts (RAGE), facilitating activation of the transcrip-
tion factor NF-κB and MAPK (43), and thereby induc-
ing generation of proinflammatory mediators in
monocytes (43). In endothelial cells, HMGB1 induces
VCAM-1, ICAM-1, and RAGE expression, as well as
secretion of TNF-α, IL-8, MCP-1, PAI-1, and tissue
plasminogen activator (44). A recent study found that
HMGB1 increases the permeability in enterocytic
monolayers and bacterial translocation to lymph
nodes in mice in vivo (45). These findings demonstrate
the proinflammatory potential of HMGB1 and its
linkage to the coagulation system. Recently, ethyl
pyruvate, which inhibits HMGB1 production in vivo,
was found to improve survival in a sepsis model in
mice when administered 24 hours after the onset of
sepsis (46). This finding makes HMGB1 a potential
therapeutic target for the treatment of sepsis.

Macrophage migration inhibitory factor
Blockade of macrophage migration inhibitory factor
(MIF) or targeted disruption of the MIF gene signifi-
cantly improved survival in a model of septic shock in
mice (47, 48). Earlier studies found that administration
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of MIF induced greater lethality after LPS infusion (47,
48) and that MIF knockout mice demonstrated im-
proved survival after endotoxin challenge and showed
reduced levels of TNF-α (48).

MIF was originally described as a T cell cytokine and
later found to be produced by other cells such as pitu-
itary gland cells (49), eosinophils (50), tubular epithelial
cells in kidney (51), epithelial cells in lung (52), and
macrophages (53), in which glucocorticoids acted as
strong inducers of MIF (54). MIF is capable of inducing
production of various proinflammatory mediators in
macrophages and other cells and thereby can override
the glucocorticoid-induced inhibition of proinflam-
matory-cytokine production (54). Septic patients show
elevated serum levels of MIF (55, 56), as do patients with
adult respiratory distress syndrome. In both cases, ele-
vated levels of MIF are correlated with poor prognosis
and death. Accordingly, MIF is an interesting target for
therapeutic intervention in septic patients.

C5a and C5a receptor
The various complement pathways are activated on
bacterial surfaces and by bacterial products such as
LPS, by acute-phase proteins (e.g., C-reactive protein),
by immune complexes, and by many other stimuli.
Complement activation then results in assembly of
the terminal membrane attack complex C5b-9, which
forms pores in invading microorganisms and leads to
their lysis. The anaphylatoxin C5a is cleaved from the
complement protein C5 and exerts numerous proin-
flammatory effects, such as chemotactic responses of
neutrophils (57), release of granular enzymes from
phagocytic cells (58), neutrophil production of super-
oxide anion (59), vasodilatation, increased vascular
permeability (60), and induction of thymocyte apop-
tosis during sepsis (61, 62).

Blockade of C5a generation with antibodies during
the onset of sepsis in rodents has been shown to great-
ly improve survival (63). Similar findings were made
when the C5a receptor (C5aR) was blocked, either with
antibodies or with a small molecular inhibitor (64, 65).
Earlier experimental studies in monkeys have suggest-
ed that antibody blockade of C5a attenuated E. coli–
induced septic shock and adult respiratory distress syn-
drome (66, 67). In humans with sepsis, C5a was elevat-
ed and associated with significantly reduced survival
rates together with multiorgan failure, when compared
with that in less severely septic patients and survivors
(68–70). The mechanisms by which C5a exerts its harm-
ful effects during sepsis are yet to be investigated in
greater detail, but recent data suggest that generation
of C5a during sepsis significantly compromises innate
immune functions of blood neutrophils (71, 72), their
ability to express a respiratory burst, and their ability to
generate cytokines (73). In addition, C5a generation
during sepsis appears to have procoagulant effects (74).
The concept of blockade of C5a/C5aR during sepsis
therefore has therapeutic potential, especially in the
context of prevention of development of sepsis.

Conclusion
The definition of sepsis appears to be very complicat-
ed because of the nonhomogenous nature of the
patient populations studied and of the underlying
conditions related to sepsis. The difficulties in precise
clinical classification of septic patients could at least
partially explain the failure of so many clinical trials
that have used anti-inflammatory strategies. Thera-
peutic interventions are currently considered more
likely to be successful in patients who exhibit severe
sepsis or septic shock. Recent clinical studies suggest-
ed that early aggressive-volume resuscitation is bene-
ficial in patients with severe sepsis or septic shock
(75). Intensive insulin therapy for critically ill diabet-
ic patients has reduced the frequency of occurrence of
sepsis by 46% and lowered the mortality in patients
with bacteremia (76). Significant improvements in
supportive treatment in ICUs (e.g., more specific
antibiotic treatment, improved mechanical ventila-
tion, improved monitoring of circulation, etc.) are
mainly responsible for improvements in survival sta-
tistics of septic patients. Still, the incidence of sepsis
is rising; at this point, this cannot easily be explained.
Accordingly, other strategies that more specifically
target pathophysiological disorders in septic patients
must be pursued to counteract these developments.
With the approval of APC, new hope has been raised
regarding the success of such strategies in general,
including some of the emerging new strategies that
have been discussed here. The development of new
diagnostic tools that allow more accurate determina-
tion of the immune/inflammatory status of a septic
patient may significantly contribute to the success of
strategies that are based on defined and specific dis-
orders in the context of sepsis.
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