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The improvement in mortality outcomes
of patients with sepsis is attributable to the
early recognition of sepsis, better adherence
to guidelines, and a prompt organisation's
responsiveness. However, sepsis remains
the leading cause of death in the intensive
care units and long-term sepsis mortality
is still a burden for our healthcare system.
In fact, managing infections in a critical
area are increasingly complex and today
more than ever requires a shared multi-
disciplinary and structured approach. In
order to further improve outcomes, it is
vital to highlight the importance of defin-
ing uniquely and clearly what is sepsis,

SEPSIS

Sepsis in Critical Care

The importance of clearly defining sepsis, improving early recognition
strategy, and increasing the understanding of innate and adaptive immune
system derangements that facilitate the development of sepsis.

improving early recognition strategy, and
increasing our understanding of innate
and adaptive immune system derange-
ments that facilitate the development of
sepsis. A deeper understanding of complex
interactions between the infectious insult
and the host's immune response warrants
interesting implications at diagnostic and
therapeutic levels, allowing to tailor the
treatment to patients’ characteristics and
to certain phases of the disease.

The Importance of Definition
Sepsis is a "time dependent" disease, the
clinical outcome of which depends on the
speed of recognition and the effectiveness
of clinical management starting from the
first hour. The definition of sepsis has
constantly changed over the time. This is
due to the importance of defining uniquely
and clearly what is sepsis for rapid recogni-
tion and treatment, in a standardised way.

In 1991, the initial definition of sepsis
and septic shock was proposed during the
American College of Chest Physicians/
Society of Critical Care Medicine Consensus
Conference (Bone et al. 1992). Sepsis was
defined as a host systemic inflammatory
response syndrome (SIRS) to infection. SIRS
was defined as a syndrome characterised
by at least two of the following parameters:
temperature >38° C or <36° C, heart rate
> 90 beats per minute, respiratory rate >20
breaths per minute or CO, partial pres-
sure <32mmHg, white blood cell count
>12,000/ml or <4,000/ml or >10%
immature forms (band). Severe sepsis was
sepsis complicated by organ dysfunction
and septic shock was defined as sepsis
characterised by persistent hypotension
despite adequate fluid resuscitation.

In 2001, a task force of 29 participants
from Europe and North America gathered
during the International Sepsis Definition

Conference with the aim of revisiting sepsis
and septic shock definition. Due to the
lack of strong evidence, the expert panel
concluded not to change the definition
of sepsis and septic shock; however, they
expanded the list of signs and symptoms
of septic panel (Ley et al. 2003). The use
of the SIRS concept for the definition of
sepsis is burdened by the problem of poor
specificity, as multiple non-infectious
clinical conditions can be associated with
a picture of SIRS. In the €Imnergency room,
many patients have criteria compatible
with SIRS, but only some have an associ-
ated infection, while on the other hand an
infection does not always lead to a systemic
inflammatory response. Furthermore, the
criteria developed for the II definition
presented the problem of being difficult
to apply in the real world, both due to the
complexity deriving from the number of
parameters considered, and to the scarce
specificity of the criteria.

In an attempt to overcome these prob-
lems and to identify more agile tools to be
used in clinical practice, in 2016, during
the 45th Critical Care Congress, the Third
International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) was
proposed. Sepsis was defined as “a life-
threatening organ dysfunction caused
by a dysregulated host response to infec-
tion”. This new definition revolutionises
the previous criteria, overcoming the
concept of SIRS and clearly highlighting
the importance of the interaction between
the host and pathogen with consequent
host response (local or systemic). The term
“dysregulated” can be conceptualised as
an anomalous response of the host that,
independently of the infection, might
induce organ damage. The immune imbal-
ance resulting from this altered response
is characterised by multiple concomitant

ICU Management & Practice 4 - 2022



https://healthmanagement.org/icu/viewProfile/106490/Francesco_Forfori
https://healthmanagement.org/icu/viewProfile/135572/Etrusca_Brogi
https://healthmanagement.org/icu/viewProfile/135574/Marta_Pillitteri
https://healthmanagement.org/icu/viewProfile/135573/Chiara_Piagnani

proinflammatory and immunosuppressive
aberrations involving both the innate and
the adaptive immune response systems
(Delano and Ward 2016). The loss of the
normal homeostasis between the pro
and anti-inflammatory system results in
uncontrolled activation of the inflamma-
tory response leading to the development
of progressive physiologic dysfunction in
two or more organs (Chen et al. 2018).
The other fundamental change concerned

SEPSIS

useful for early diagnosis. The usual cut-off
value for an abnormal lactate level is >2
mmol/L.

In parallel, Surviving Sepsis Campaign
(SSC) was launched for the first time by the
Society of Critical Care Medicine (SCCM),
ESICM, and the International Sepsis Forum
during the ESICM annual meeting in Barce-
lona in 2002. In 2003, representatives of
several international societies assembled
and started to develop the guidelines for
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and their families (Evans et al. 2021).
Despite progress in disease definition, there
are still opportunities for improvement
especially in light of the new understand-
ing of the central role of proinflamma-
tory and immunosuppressive aberrations
and possible new diagnostic tools (i.e.,
immunomonitoring) as described below.
An overview of the evolution of sepsis
definition and guidelines is provided in
Figure 1.

2002 ssc 2004 SSC
sl

First Surviving Sepsi p
Campaign (SSC)
(Barcelona Declaration)

- 6 hours management
- 24 hours management

2013 SSC 2018 SSC
Sepsis Bundl Sepsis Bundl
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Definition of SIRS and SIRS criteria with 1) New definition of Sepsis:
Severe Sepsis documented “Sepsis is a life-threatening organ dysfunction caused
American College of Chest Physicians/Society of infection and by a dysregulated host response to infection"
Critical Care Medicine Consensus Conference expansion of . . R .
Suspected or documented infection and acute increase in
symptoms

Systemic inflammatory response to

insults with 2 or more criteria:

- Body temperature > 38° or < 36°

- HR>90bpm

- RR>20bpm or PaCO2 < 32mmHg

- WBC > 12000/cu mm or < 4000/cu
mm or immature neutrophils >10%

Severe sepsis:

Sepsis associated with organ

dysfunction, hypotension or

hypoperfusion

SOFA > 2 points

International Sepsis Definition
Conference

2) Introduction of qSOFA:
at least two of following altered parameters
1) Level of consciousness: GCS <15 or APVU =from A

2) SBP < 100 mmHg

3)RR >22/min

3) The importance of Lactates
Acute increase in Serum Lactates > 2mmol/L

45t Critical Care Congress

Figure 1. Sepsis - the evolution of definition and guidelines

the introduction of the quick SOFA (qSOFA).
The qSOFA is based on the use of three
objective parameters: altered level of
consciousness (GSC <15 or AVPU = from
A), PAS <100 mmHg, FR >22/min. In the
presence of at least two of these parameters
altered in the presence of infection, the
suspicion of sepsis arises; in these patients
the risk of death is high, and it is correct
to implement the appropriate manage-
ment protocols. Another important aspect
introduced in 2016 was the concept of the
importance of lactate. An increased level
of serum lactate is a clear sign of tissue
hypoperfusion and septic shock and is

the management of sepsis and septic shock.
The first and second edition of the SSC
guidelines was published in Critical Care
Medicine and Intensive Care Medicine
(Dellinger et al. 2004; Dellinger et al.
2008). Guidelines implementation was
further realised in 2012 and 2016, along
with revised bundles (Dellinger et al. 2013;
Rhodes et al. 2017). Finally, in 2021, the
Surviving Sepsis Campaign updated the
international guideline for management of
sepsis and septic shock. The latest version
put a special light on the evaluation of
post discharge care, long-term outcome,
and rehabilitation issues involving patients

The Importance of Preventing
Sepsis and Early Identification of
Patients at High Risk

In 2017, a Resolution of the World Health
Assembly invited member states to act
"for the improvement of the prevention,
diagnosis and clinical management of
sepsis" (Kilpatrick et al. 2018).The resolution
highlighted the need for the prevention of
healthcare-related infections, the correct use
of antibiotics, and the necessity of training
operators on the risk of progression from
infection to sepsis. In fact, the response
to sepsis can be carried out thanks to an
integrated path that expresses the various
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functions in relation to the different settings.
Managing infections in a critical area are
increasingly complex and today more than
ever requires a shared multidisciplinary and
structured approach (Silal 2021). Preventing
sepsis means preventing infection, through
the management of risk factors that make
it possible to frame the infection in the
context (healthcare-related infections and
lifestyles) and in the response of the host.
It is, therefore, necessary to consider both
the risk factors (i.e., frailty, comorbidities)
and the patient's clinical history (i.e., recent
surgery, immune response).

An important component of the sepsis
and septic shock management concerns
the identification of infectious risk and
choosing the appropriate diagnostic and
therapeutic pathways (Leong et al. 2021).
The identification of infectious risk situ-
ations and the severity of sepsis is based
on the use of three types of tools: the risk
factors of infection, the severity score and
the bioscore.

The identification of risk factors aims
to identify the presence of predisposing
factors. The reconstruction of the recent
medical history (i.e., recent hospitalisation-
the risk of colonisation) and the evaluation
of the environment in which the patient
lives (e.g., family infection cluster, local
recent bacteria outbreak) aim to search
for all those events that may increase the
risk of sepsis and septic shock. The severity
scores detect the deterioration of vital signs
and are calculated at the time of contact
between healthcare professionals and the
patient. The severity scores (i.e., NEWS,
MEOWS, qSOFA, SOFA) aim to systemati-
cally detect and quantify the deterioration
of the vital signs of the patient and, there-
fore, they help the healthcare professional
to assess how severe the health status of
the patient is compromised (Sricharoen
etal. 2022; Latten et al. 2021).The sever-
ity scores are intended to frame a state of
instability and to trigger the appropriate
treatment responses. Finally, the bioscore
combines biomarkers (i.e., PCT, lactate),
prognostic and infectious risk scores in a
multiparametric way (Jekari et al. 2019;
Song et al. 2019). This tool intends to

SEPSIS

direct the patient to the most appropriate
path, based on the processing of all the
information collected. The integration of
the information collected allow to stratify
the risk and to initiate sustainable and
consistent diagnostic, antibiotic and sepsis
stewardship paths.

The early identification of patients with
sepsis and the evaluation of individual risk
factors (i.e., immunodepression, long hospi-
talisation), are also extremely important for
the best choice of microbiological test and
for evaluating long-term outcome. Being
as early as possible in formulating a diag-
nosis and establishing a rapid and adequate
therapy is, undoubtedly, one of the most
impacting aspects of the outcome of our
patients. It is the clinician's task to identify
which patients will benefit the most from
new diagnostic methods (i.e., fast micro-
biology), mainly through multiparametric
pathways of clinical reasoning, including,
among other things, the advanced use of
biomarkers (i.e., procalcitonin) (Mangioni
et al. 2020). Fast microbiology allows the
evaluation of antibiotic resistance with a
faster prescription of the appropriate anti-
biotic treatment, and prompt de-escalation
strategy (Muzzi et al. 2022).

Even more, it is worth remembering
the long-term outcome and the rate of
hospital readmission in patients who expe-
rienced septic shock (Prescott and Costa
2018). After sepsis, patients experience
several common persisting complaints
such as mental health problems (e.g.,
anxiety, depression, post-traumatic stress
disorder, difficulty in thinking clearly,
sleep disorders), muscle weakness, asthe-
nia, difficulty swallowing, greater risk of
contracting further infections, heart or
kidney failure (Shankar-Hari et al. 2019;
Sekino et al. 2022). Subsequent hospitalisa-
tion of patients who experienced sepsis is
high and it is mainly due to the fact that
sepsis is responsible for impairing immune
system and accelerating the progression of
pre-existing chronic conditions (Schmidt
et al. 2020). Consequently, it is extremely
important to evaluate the medical history
of the patient experiencing sepsis and to
individuate fragility patients especially,

at risk of the long-term consequences
of sepsis in order to create and support
specific post-discharge rehabilitation treat-
ment from hospitalisation for sepsis (e.g.,
physiotherapy), to identify new physical/
cognitive problems and initiate appropriate
treatment and to review and adjust long-
term drug treatments.

The Importance of Understand-
ing the Central Role of Immune
Dysfunction
Given that the centrality of the complex
interactions between the infectious insult
and the host's immune response is now
well established, the investigators' attention
cannot help but turn to the mechanisms
involved in the dysregulation of the innate
and adaptive immune response. Conse-
quently, immune modulation strategies
appear as promising adjuvant therapies
in septic patients (Evans et al. 2021; Shoji
and Opal 2021; Hennessy et al. 2010).
It is not only the pro-inflammatory
responses that determine the outcome
of an infection, but the final result of the
process depends on the homeostasis that
is established between pro-inflammatory
and anti-inflammatory mechanisms, lead-
ing either to the resolution of the infection
or to its evolution with organ damage
and possible secondary infections. An
exaggerated and uncontrolled activation
of the inflammatory response, resulting
from an alteration of the balance between
pro- and anti-inflammatory stimuli that is
necessary for proper healing, can result in
the inability to confine the flogosis to the
site of the primary insult, thus causing
diffuse tissue damage and multiple organ
failure (MOF). The cellular pathophysiology
behind the transition from a circumscribed
infection to a systemic syndrome with deep
organ derangement still remains largely
to be elucidated. It is now clear that the
individual genomic profile, through the
upregulation or downregulation of genes
involved in the inflammatory response, is
partly responsible for its inter-individual
variability (Sapan et al. 2017). Certain
allelic polymorphisms have been shown
to be strongly correlated with the develop-
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ment of secondary complications and an
increased likelihood of MOF (Qiu et al.
2019; Luetal. 2019). Epigenetic modifica-
tions are also able to influence the extent
of intercellular crosstalk, contributing to
the spread of inflammation (Namath and
Patterson 2011).

Among the families of genes that influ-
ence the individual response to an insult is
that of pattern recognition receptors (PRRs),
which are expressed by many cells of the
innate immune system rendering them
capable of recognising highly conserved
motifs recurring in microbe structure, also
known as pathogen-associated molecular
pattern (PAMPs), and danger-associated
molecular pattern molecules (DAMPs),
which are molecules released by injured
host cells that can start a non-infectious
inflammatory response (Rajaee etal. 2018;
Mogensen 2009; Grazioli and Pugin 2018).
Among the PRRs, toll-like receptors (TLRs)
and nucleotide-binding domain leucine-rich
repeat containing (NLR) receptors, are the
most represented (Ye and Ting 2008).The
interaction between PRRs and one of their
ligands triggers the activation of a complex
transcriptional programme, including the
nuclear transcription factor NF-kB, with
consequent mediates the expression of
genes that code for cytokines, chemokines,
nitric oxide and other mediators. A total
of ten TLRs are described and differ from
each other in their localisation and for their
ability to recognise microbial antigens. The
possibility for some TLRs to bind differ-
ent microbial antigens and the presence
of multiple antigens on the same germ
broaden the range of possible inflammatory
cascades that can be activated in response
to an infection, further accentuating the
interindividual variability (Latz et al. 2004;
Wong et al. 2016).

Furthermore, the vascular endothelium
is an important effector of the non-specific
response, as it is reached by multiple acti-
vation signals that cause vasodilation and
which are responsible for a series of complex
interactions between endothelial cells and
immune cells that facilitate the adhesion
and migration of the latter through the
endothelium to reach the site of interest.
The price to pay is endothelial damage

SEPSIS

and consequent dysfunction due to the
inflammatory response that is triggered
by immune cells through the release of
mediators such as nitric oxide and reac-
tive oxygen species (ROS). Endothelial
dysfunction is one of the cornerstones of
the pathophysiology of MOF syndrome,
paving the way for further tissue damage
and organ failure (Ince et al. 2016). The
infection is able to trigger also the comple-
ment cascade that in turn contributes to
amplify the phenomena described so far
(Ward 2010; Markiewski et al. 2008). In
addition, endothelial activation with its
consequences and the formation of the
fibrin plug hinder the ability of germs to
disseminate into the tissues through the
systemic circulation (Levi and van der
Poll 2010). Furthermore, the counter-
regulatory pathways that inhibit coagulation
are suppressed and fibrinolysis is inhibited

d din the pathophysiology
of sepsis not only
pro-inflammatory stimuli
contribute, but also the
anti-inflammatory forces
have their own weight in
the overall balance PP

overall (Levi and van der Poll 2017); the
cascade of inflammation and coagulation
stimulate and amplify each other, aggra-
vating endothelial dysfunction and thus
playing a crucial role in the onset of MOF
(Levi 2010).

However, as already mentioned, in
the pathophysiology of sepsis not only
pro-inflammatory stimuli contribute, but
also the anti-inflammatory forces have
their own weight in the overall balance.
In some patients, for reasons not yet fully
understood which certainly depend on
multiple factors, anti-inflammatory factors
predominate overall, determining a condi-
tion of immunoparalysis, equally deleteri-
ous even if in different ways (Hamers et
al. 2015; Boomer et al. 2011; Nierhaus
et al. 2003). In both cases, however, it is
evident that the in-depth knowledge of
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the complex interactions that govern the
immune response could give some expla-
nations on how to possibly intervene to
regulate it, conditioning the evolution of
sepsis towards its resolution.

Potential Future Role of Immune
Monitoring
The increasing knowledge of the complexity
of the pathophysiology of MOF and the
growing awareness of the need for targeted
therapy based on the individual patient's
immune status is leading to a growing
interest in immunomonitoring. In fact,
the possibility of identifying clinical and
laboratory markers that allow portraying
the immune status of a patient, defining its
degree of activation or suppression, could
guide therapeutic choices with a possible
impact also on the clinical outcome.
Much attention has been paid to the
search for a correlation between the plasma
levels of some key cytokines and clinical
outcomes (Qiao et al. 2018; Kraft et al.
2015) (i.e., IL10/TNFa ratio). Data from
trauma patient studies showed that the
IL-6/IL-10 ratio is able to discriminate
between more inflammatory response and
one that tends toward immunoparalysis,
showing in both cases correlation with
MOF (Sapan et al. 2017). Finally, in burn
patients, high levels of IL-8 correlated
with an increased risk of MOF, sepsis, and
mortality (Kraft et al. 2015). Nevertheless,
none of these are routinely used to stage
and monitor septic patients (Bozza et al.
2007). Even more, cytofluorometry allows
the measurement of the level of expression
of markers on the cell surface, emerging as
a method to evaluate immune cell activa-
tion and immunophenotypic changes of
cells during sepsis (Daix et al. 2018). Itis
now possible to measure the expression
of CD64 on neutrophils, the expression of
HLA-DR on monocytes and the percentage
of circulating regulatory T lymphocytes.
The HLA system molecules are involved
in the presentation of antigen to the CD4
+ T lymphocytes, leading to their activa-
tion and therefore triggering the adaptive
immune response (Kessel et al. 2009). It is
interesting to note that HLA-DR molecules
exhibit a high level of conservation in

ICU Management & Practice 4 - 2022




198

those domains that are responsible for the
interaction with conserved domains of
T lymphocyte receptors, but at the same
time show extensive polymorphisms in the
domains responsible for binding to antigens
and interacting with the variable regions of
T-cell receptors (Jin and Wang 2003).This
reflects the ability to enormously expand
the number of antigens they are able to
recognise, always preserving the ability to
present them to the cells responsible for
carrying out a specific response. Importantly,
many studies show that reduced mHLA-
DR expression is associated with adverse
clinical outcomes, including increased
rates of secondary infections and increased
mortality, following various types of insults
(e.g., trauma, burns, major surgery, and
sepsis) (Hotchkiss et al. 2013; Monneret
et al. 2006; Venet et al. 2013). Moreover,
mHLA-DR levels can be used to assess the
status of immunosuppression: patients
with reduced levels of mHLA-DR should
be considered immunosuppressed and
therefore could benefit from targeted
immune-enhancing therapies (Boomer
etal. 2011; Boomer et al. 2014; Peters et
al. 2018).

However, despite the extensive insights
from the literature, it should always be kept
in mind that measuring the concentration
or expression of a single molecule provides
only a partial picture of the patient's clini-
cal situation, whereas results are capable
of having an impact on the formulation
of therapeutic strategies could derive from
panels of markers which, unlike the single
parameter, could provide greater details
about the current immunity profile of
the patient.

Potential Future Role of Immune
Modulation Treatment
The possibility of systematically evaluat-
ing, in a certain phase of the disease, the
state of the immune system of a patient
opens up interesting implications also at
therapeutic level, allowing to personalise
the interventions and to evaluate their
accuracy and effectiveness during therapy
(Venet et al. 2013).

Despite the large arsenal of potential
immune-modulating therapies available

SEPSIS

for the septic patient (Figure 2), the only
one for which the international guidelines
of the Surviving Sepsis Campaign 2021
maintain a recommendation in favour of
its use are glucocorticoids (weak recom-
mendation) (Evans et al. 2021). As for

Schmidt et al. 202 1; Bermejo-Martin and
Giamarellos-Bourboulis 2015). However,
the overall balance of the desired and
potentially harmful effects remains to be
defined, given the non-negligible number
of adverse reactions.

Immune modulation
treatments in Sepsis

Immuno-modulating agents:

- mAb against TNFa

- RecombinantIL-1 receptor antagonist;
Anakinra

Recombinant cytokines:
- IFNy

—

Immuno-stimulatory agents:
- RecombinantGM-CSF -
RecombinantIL-7

Coagulation pathways agents:

- RecombinantHuman-soluble Thrombomodulin;
rhT™M

- RecombinantHuman Activated Protein C; rhAPC

Intra 1s Immur

— . b
Pentaglobin

- Trimodulin

Others:
- Glucocorticoids
- VitamineC

Immune checkpoints blockade agents:
- mAb against PD1; Nivolumab
- mAb against PDL1; BMS 936559

- Epigenetics
Stem cells

Figure 2 Graphical representation of different types of immunotherapies

vitamin C, no recommendation could be
made about its use in the septic patient:
in fact, the large trials that have evaluated
the effectiveness of administering high-
dose vitamin C alone or in combination
with thiamine and hydrocortisone did not
show significant differences in mortality
(Putzu et al. 2019; Fowler et al. 2019;
Coloretti et al. 2020; Marik et al. 2017).
Similarly, the international guidelines for the
management of sepsis maintain the recom-
mendation against the use of IVIGs in this
clinical context (Rhodes et al. 2017; Evans
et al. 2021). Given that low endogenous
immunoglobulin levels in the septic patient
correlate with a worse outcome (Venet et
al. 2011), the use of immunoglobulins as
an adjuvant therapy appeared promising
right from the start. It seems that exogenous
immunoglobulins not only act as agents
capable of enhancing the proinflammatory
response, but they act rather as modulators
of the immune response as a whole (Lux
et al. 2010), proving potentially useful
not only in the early stages of sepsis but
also in the late ones, characterised by
profound immunoparalysis (Lux et al. 2010;

Potential new immune-modulating
therapies are constantly increasing with
controversial and contrasting results in vitro
and vivo studies (Figure 2). Recombinant
cytokines, pharmacological analogues
of endogenous cytokines and of factors
stimulating the growth of colonies, may
potentially increase the immune response
in the course of immune paralysis induced
by sepsis. Studies conducted on animal
models have shown that a defect in the
production of IFN-y increases secondary
infections and mortality (Wang et al. 1994).
In humans, IFN-y levels have been found
to be reduced in dying septic patients
compared to surviving ones (Boomer et al.
2011). However, despite the encouraging
data in animal studies, it is still unclear
what the role of IFN-y adjuvant treat-
ment in clinical practice may be, as there
is a lack of large clinical trials capable of
demonstrating its real benefits (Jarvis et al.
2012;Turrel-Davin et al. 2011). Likewise,
granulocyte-macrophage colony-stimulating
factor (GM-CSF), a myelopoietic growth
factor, has attracted great interest due to its
immunomodulatory properties active on
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the innate system. Despite the promising
results of preliminary studies involving the
administration of thGM-CSF, at the moment
it is not possible to recommend the use
of thGM-CSF in clinical practice (Mathias
etal. 2015; Bernstein et al. 2002; Bo et al.
2011). Given the key role played by some
molecules in the cytokine storm during
sepsis, interest has grown in monoclonal
antibodies capable of selectively targeting
them, so as to reduce their levels and some-
how mitigate the deleterious inflammatory
response. Anakinra represents an interesting
example of monoclonal antibody against
TNF-alpha and a recombinant antagonist of
the IL-1 receptor (Qui et al. 2013; Abraham
etal. 2001; Reinhart et al. 2001; Gallagher
et al. 2001; Shakoory et al. 2016).

Considering the massive activation of
the coagulation cascade during sepsis,
interesting therapeutic implications seemed
to derive from the use of recombinant
human thrombomodulin (thTM) and
recombinant activated protein C (thAPC),
given the involvement of the corresponding
endogenous molecules in the modulation
of coagulation in an anticoagulant sense.
RhTM seems to exert a protective effect
on the development of damage to various
organs during MOF (Yoshihiro etal. 2019;
Yamakawa et al. 2015). RhAPC (drotreco-
gin alpha), on the other hand, exerts a set
of pleiotropic effects by modulating not
only the coagulation cascade, but also the
inflammatory one, with a protective effect
also on the endothelium (Levi and van der
Poll 2007; Bernard et al. 2001).

Certain pathways involving immune
checkpoints also play a role in sepsis-
induced immunosuppression, therefore,
the possibility of inhibiting them allows to
enhance the immune response (Hotchkiss
et al. 2019a). In sepsis-induced immu-
nosuppression, the pathway involving
programmed cell death protein-1 (PD-1)
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Finally, the interaction between pathogen
and host can induce important epigenetic
changes, capable of influencing both the
acute phase of sepsis and having an impact
on its long-term sequelae including a
prolonged inflammatory or immunopa-
ralysis state (Falcio-Holanda et al. 2021;

tives for guiding replacement therapies. Int J Antimicrob
Agents. 46 Suppl 1:525-8.

Bernard GR, Vincent JL, Laterre PF et al. (2001) Efficacy and
safety of recombinant human activated protein C for severe
sepsis. N Engl J Med. 344(10):699-709.

Bernstein HM, Calhoun DA, Christensen RD (2002) Use of
myeloid colony-stimulating factors in neonates with septi-
cemia. Curr Opin Pediatr. 14(1):91-4
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Cross et al. 2019); it can also determine
a functional reprogramming of the tran-
scriptional pathways of innate immunity
cells which takes the name of "trained
immunity" (Netea et al. 2020; Saeed et al.
2014; Netea et al. 2016; van der Heijden
et al. 2018), thus favouring the memory
of the infection (Moorlag et al. 2020).
Given the attractive prospects opened by
the possibility of regulating epigenetics,
preclinical studies are underway which
are evaluating various histone deacetylase
inhibitors (i.e., HDACi), molecules already
in use in cancer patients (i.e., Vorinostat,
Givinostat) (Kim and Bae 2011; Mann et
al. 2007).

Conclusions

The management of infection is increas-
ingly complex and requires a common
multidisciplinary approach. Central aspects
of fighting sepsis are represented by the
need for the prevention of healthcare-related
infections, the correct use of antibiotics,
and the necessity of training operators
on the risk of progression from infection
to sepsis.

The new definition revolutionises
the previous criteria, overcoming the
concept of SIRS and clearly highlighting
the importance of the interaction between
the host and pathogen. Consequently, the
new understanding of the central role of
proinflammatory and immunosuppressive
aberrations opens up interesting diagnostic
and therapeutic implications, theoretically
leading to a tailored medicine. It is, there-
fore, necessary to consider both the risk
factors and the patient's clinical history
and to choose the appropriate diagnostic
and therapeutic pathways.
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