CHAPTER 1

UNDERSTANDING SEPSIS:
PATHOPHYSIOLOGY, DEFINITIONS AND GLOBAL BURDEN

Zeynep Tiire Yiice', Emine Alp Mese?

1.1. Introduction

Importance of Sepsis

Sepsisisacomplex clinical syndrome defined aslife-threatening organ dysfunction
resulting from a dysregulated host response to infection.! This medical condition
develops when an infection causes the body to damage its own tissues and organs.
It is crucial to control the source of the infection, provide careful hemodynamic
support, administer appropriate antibiotics, and ensure early diagnosis of sepsis.’
Hippocrates is credited with creating the term “sepsis,” which comes from the
Greek word sepo, meaning “to rot”.> With the development of antiseptic measures,
the germ theory of disease, and bacteriology, the belief emerged that sepsis is a
systemic infection (septicemia) resulting from the invasion of a host by a pathogenic
microorganism. However, the pathophysiology of sepsis is quite complicated, as
evidenced by the widespread use of antibiotics and the discovery of endotoxins.?

Sepsis remains the leading cause of mortality in non-coronary intensive care
units (ICUs), despite advances in understanding its complex pathophysiology.’
Globally, it affects an estimated 49 million individuals annually and is responsible for
approximately 11 million deaths, representing nearly 20% of all deaths worldwide.*
These statistics underscore the substantial morbidity and mortality burden that sepsis
imposes on healthcare systems across the globe.” Over time, the initial definition of
sepsis has changed to reflect the fact that the disease is a combination of systemic
infection and a dysregulated host response driven by the complex interaction
between pathogens and host immunity. Diagnostic and treatment strategies are
directly impacted by the medical community’s awareness of the disease’s complexity,
which is reflected in the shift from “septicemia” to “dysregulated host response”.
This ongoing refinement of definitions underscores the challenges of diagnosing
and treating sepsis.? It also emphasizes the value of individualized treatment plans
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and the shortcomings of a one-size-fits-all strategy for sepsis therapy, as well as the
importance of continually updating diagnostic and treatment standards.>®

1.2. Definitions

1.2.1. Early Definitions: SIRS, Sepsis-1, and Severe Sepsis

Definitions of sepsis have changed significantly as understanding of the disease
has evolved®. In the first international consensus meeting held in 1991 (Sepsis-1),
sepsis was defined as the presence of two or more Systemic Inflammatory Response
Syndrome (SIRS) criteria together with a suspected or confirmed infection®. These
criteria included:

* Temperature below 36°C or above 38°C
* Heart rate above 90 beats per minute

* Respiratory rate above 20 breaths per minute or arterial carbon dioxide
partial pressure below 32 mm Hg

e White blood cell count below 4x1079/L or above 12x1079/L, or more than
10% band forms

Severe sepsis was defined as the progression of sepsis to include organ
dysfunction, tissue hypoperfusion, or hypotension.” Results such as a lactate level
above 2 mmol/L could be included in this category. Persistent hypotension and
organ failure despite volume resuscitation, along with the requirement for vasoactive
medications, is known as septic shock’. The Surviving Sepsis Campaign (SSC)
adopted these standards in 2004 after revisions in 2001 added updated clinical and
laboratory variables. Septic shock was defined as fluid-refractory hypotension and
the need for vasopressors; severe sepsis as sepsis with organ failure; and sepsis as at
least two SIRS criteria plus infection.?

While SIRS criteria initially provided a framework, they are now recognized
as overly general and nonspecific. Many non-infectious conditions (e.g., trauma,
pancreatitis, burns) can trigger SIRS, leading to overdiagnosis of sepsis. Furthermore,
not every infected patient is septic, nor do all septic patients meet SIRS criteria
(especially those who are immunosuppressed).' The broadness of SIRS criteria has
resulted in low sensitivity for early sepsis diagnosis, which can lead to excessive
treatment or the overlooking of true sepsis.® This limitation highlighted the need for
more specific diagnostic tools with greater prognostic value.

1.2.2. Sepsis-3 Consensus Definitions: Sepsis, Septic Shock, SOFA, and
qSOFA Ciriteria

The criteria for sepsis were substantially updated in 2016 by the Third
International Consensus Committee on Sepsis and Septic Shock (Sepsis-3).> Sepsis
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was redefined as “life-threatening organ dysfunction resulting from a dysregulated
host response to infection.” This definition emphasizes the importance of the
immune response in pathogenesis. The update eliminated the term “severe sepsis.”®

In this new definition, organ dysfunction was defined by an acute increase of
2 or more points in the Sequential Organ Failure Assessment (SOFA) score due to
infection.” The SOFA score is an objective scoring system that assesses significant
organ dysfunction based on variables including oxygen levels, platelet counts,
Glasgow Coma Scale (GCS) scores, bilirubin levels, creatinine levels (or urine
output), and mean arterial pressure (or need for vasoactive drugs).® The SOFA score
can be zero in patients who do not have baseline organ failure. Patients with a SOFA

score of 2 or above have been shown to have an in-hospital mortality risk exceeding
10%.’

Septic shock is defined as tissue hypoperfusion (lactate >2 mmol/L) with
persistent hypotension despite fluid resuscitation and the need for vasopressors to
increase mean arterial pressure (MAP) to 65 mm Hg or higher.® This condition is
associated with a higher risk of death, with hospital mortality rates exceeding 40%.””

The quick SOFA (qSOFA) score was developed for rapid assessment at the
bedside. The qSOFA includes three independent predictors of organ dysfunction:
a respiratory rate of at least 22 breaths per minute, a systolic blood pressure of 100
mm Hg or less, and altered mental status (Glasgow Coma Scale score <15)."° A
qSOFA score of 2 or more combined with suspected or confirmed infection has
been recommended as a trigger for aggressive treatment and ICU admission."

Sepsis-3 aimed to provide more specific and prognostically useful definitions.
While SOFA is comprehensive, SOFA is designed for rapid bedside assessment
outside the ICU.® However, qSOFA is mainly used to identify individuals at
high risk for mortality rather than as a definitive diagnostic tool for sepsis, and it
has lower sensitivity for early sepsis detection than SIRS. This implies that while
qSOFA might be a useful triage tool, it is not a diagnostic tool on its own.® The
ongoing debate between the Centers for Medicare and Medicaid Services' (CMS)
continued use of SIRS and the Sepsis-3 SOFA/qSOFA recommendations highlights
the practical challenges of applying the new definitions across different clinical
settings.'' Sepsis-3 definitions have provided more accurate and prognostically
meaningful recognition of sepsis. However, due to the limitations of gSOFA in early
diagnosis, clinicians must use a combination of tests and clinical assessments when
screening for and diagnosing sepsis. As a result, diagnostic algorithms have become
more complicated."!

1.2.3. The Effects of Differences in Definitions on Clinical Practice

While recommending the Sepsis-3 SOFA and qSOFA criteria, some institutions
such as CMS continue to use criteria based on SIRS. This discrepancy has caused
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debate in the development of care protocols and confusion among professionals.
Appropriate, guideline-driven care may be delayed if a patient meets SIRS criteria
for sepsis but does not meet Sepsis-3 criteria. The absence of a common definition
makes it more difficult to collect and evaluate epidemiological data as well as
clinical practice since studies may employ different inclusion criteria, which makes
comparisons challenging.¢

Although qSOFA has been shown to be useful in detecting severe organ
dysfunction and predicting mortality risk, its sensitivity is low in situations where
infection may not be immediately recognized as the source of organ dysfunction.
It has also been underlined that preexisting chronic diseases may affect SOFA and
qSOFA measurements, and that gSOFA has been validated primarily in non-
intensive care settings. This diagnostic discrepancy may result in delays in early
detection of sepsis, differences in treatment procedures, and ultimately, variations in
patient outcomes. These factors emphasize how crucial it is to establish a universal
diagnostic language across nations and educate medical professionals on these
variations.®

Table 1. Evolution of Sepsis Definitions and Criteria

Definition Sepsis Definition of Septic Shock  Diagnostic Tools/ Mortality
Period Definition Severe Sepsis Definition Criteria Relationship
Persistent SIRS criteria: Body

temperature (<36°C
or >38°C), Heart
rate (>90/min),

hypotension

Sepsis + Organ despite volume

1991 SIRS + Dysfunction, rescl)lscltatlon Respiratory rate U ified
(Sepsis-1) Infection  Hypoperfusion, +D szﬁa:ztion . (>20/min or PaCO2 — PEHC
or Hypotension Va};oactive Drug <32 mmHg), WBC
Requirement + (<4x10"9/L or
>12x1079/L or

>2 SIRS criteria ~10% band)

Persistent
hypotension
Sepsis + desp 1t.e ﬂl,ud SIRS criteria +
2001 SIRS + resuscitation L. .. .
(Update) Infection Organ + Orean additional clinical/  Unspecified
P Dysfunction 5 laboratory variables

dysfunction +
Vasoactive drug
requirement

Sepsis + Organ Fluid-resistant

. hypotension
2004 22. SI,RS Dysfunction +y\F/)asopressor SIRS criteria, U ified
(CMS) ;rllft:;?(); l(:j;t:ejuzm requirement Serum lactate fspectiie
mmol/L) or lactate > 4
mmol/L
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Life- Fluid-resistant
o o s a o
dysfunction requirement point increase), >10% for
2016 resulting (MAP > qSOFA seore SOFA > 2;
(Sepsis-3) from Removed 65 mmHg) (Respiratory rate In-hospital
dysregulated + Tissue ’ 222/min, SBP <100 mortality
host hypoperfusion mmFg, Mental >40% for
response to (lactate > 2 status change) septic shock
infection mmol/L)

Note: SIRS, Systemic Inflammatory Response Syndrome; SOFA, Sequential Organ Failure Assessment
1.3. Sepsis Pathophysiology

Sepsis pathophysiology involves a multifaceted disruption of the delicate
immunological balance between inflammation and anti-inflammation.'> This
leads to the systemwide release of cytokines, mediators, and pathogen-associated
molecules, which in turn activate the coagulation and complement cascades.'?

1.3.1. Dysregulated Host Response and Immune Dysregulation

Sepsis begins with the recognition of pathogen-associated molecular patterns
(PAMPs)—including endo- and exotoxins, lipids, and DNA sequences—or
endogenous damage-associated molecular patterns (DAMPs).> These molecules
trigger the transcription of genes related to inflammation, cell metabolism, and
adaptive immunity by activating certain receptors on antigen-presenting cells
(APCs) and monocytes, such as toll-like receptors (TLRs)."

PAMPs and DAMPs are critical triggers in the onset of sepsis. While recognition
of these molecules is crucial for initiating a protective immune response, their
excessive or prolonged presence, or a dysregulated host response, leads to a detrimental
“cytokine storm” and subsequent immunosuppression.>'? This dual nature (initially
beneficial, then detrimental) highlights the delicate balance of the immune system
in sepsis. Consequently, therapeutic strategies should focus on restoring immune
homeostasis rather than solely suppressing inflammation. The main role of PAMP/
DAMP recognition in the onset of sepsis supports the development of potential
diagnostic biomarkers and targeted therapies. However, the dual effects of these
molecules necessitate caution in the timing and dosage of treatments.>'?

1.3.2. Hyperinflammation and Cytokine Storm

In the early stages of sepsis, a “cytokine storm” occurs, characterized by excessive
release of pro-inflammatory cytokines (IL-1, IL-12, IL-18, TNF-a, IFNs, IL-6,
IL-8) from inflammatory cells and activation of the complement and coagulation
systems. This can lead to systemic inflammatory response syndrome, metabolic
disorders, infectious shock, multiple organ dysfunction syndrome (MODS), and
disseminated intravascular coagulation (DIC). Laboratory tests usually show
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increased white blood cell counts, C-reactive protein (CRP) and procalcitonin
(PCT) levels, elevated lactate levels, and abnormal coagulation function.>'>"?

A “cytokine storm” is a hallmark of early sepsis and leads to widespread tissue
damage. However, current knowledge also suggests that anti-inflammatory pathways
aresimultaneously upregulated, followed by the development of immunosuppression.
Initial hyperinflammation is not a static condition but rather rapidly transitions
or coexists with immunosuppression. The therapeutic challenge is to target this
hyperinflammation while not exacerbating subsequent immunosuppression, which
increases susceptibility to secondary infections. This dynamic shift explains why
anti-inflammatory therapies have largely failed in clinical trials in sepsis. Instead
of solely targeting pro-inflammatory cytokines in sepsis treatment, more balanced
immunomodulatory approaches that consider the dynamic nature of the immune
response are needed.'

1.3.3. Immunosuppression and Immunoparalysis

In many patients, concomitantimmunosuppression (“immunoparalysis”) occurs.
This condition is characterized by downregulation of activating cell surface molecules,
increased apoptosis of immune cells, and T-cell exhaustion. This immunoparalysis
makes patients susceptible to nosocomial infections, opportunistic pathogens,
and viral reactivation. Early sepsis shows depletion of B and T lymphocytes and
an increased rate of apoptosis of stromal cells and APCs. The precise mechanisms
of lymphopenia are not fully understood, but factors such as increased migration
into tissue, increased apoptosis, and decreased production due to prioritization of
neutrophil and monocyte release during emergency hematopoiesis may play a role.
Persistent lymphopenia and decreased immunoglobulin levels during sepsis have
been associated with increased mortality.”

Although hyperinflammation is frequently the first focus, the emergence of
“immunoparalysis” is a crucial, frequently delayed, and just as dangerous phase.
This stage makes patients more susceptible to secondary infections, which can
exacerbate the clinical course, lengthen ICU stays, and negatively impact long-term
outcomes. This knowledge is further supported by the Persistent Inflammation,
Immunosuppression, and Catabolism Syndrome (PICS) hypothesis, which illustrates
long-term effects extending beyond the acute stage of sepsis.'® This hypothesis
implies that managing sepsis effectively necessitates continually monitoring and
possibly correcting the immunosuppressive state in addition to controlling the initial
infection. Early diagnosis and management of immunosuppression, a significant
cause of long-term morbidity and mortality after sepsis, are vital to improving patient
outcomes. This necessitates the development of immunomodulatory therapies and
immune monitoring.>'>!>1¢

1.3.4. Neutrophil and Macrophage Dysfunction

Neutrophil dysfunction is commonly observed in sepsis. Severe bacterial
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infections induce the release of both mature and immature neutrophils from
the bone marrow. When activated by PAMPs or DAMPs, immature neutrophils
exhibit reduced phagocytosis and oxidative burst capacity. Clinical deterioration is
associated with increased levels of neutrophils, which are in turn linked to increased
spontaneous production and release of neutrophil extracellular traps (NETs). NETs
are large extracellular structures composed of decondensed chromatin and proteins
that immobilize pathogens. Excessive NET production or inadequate degradation
is associated with hypercoagulation and endothelial damage. Overactivated
neutrophils excessively produce substances such as reactive oxygen species (ROS),
which can lead to tissue damage and organ dysfunction. Overexpression of ICAM-
1 on endothelial cells contributes to cellular stiffening, vascular occlusion, tissue
hypoxia, and organ damage by increasing affinity with neutrophil B2 integrins."”

Macrophages are critical innate immune cells with high plasticity that regulate
immune homeostasis and inflammatory responses. In the early stages of sepsis,
M1-like (inflammatory) macrophages, activated by Th1 cytokines or PAMPs (e.g.,
LPS), secrete pro-inflammatory cytokines (IL-6, IL-12, IL-23, IL-1p) to eliminate
pathogens. Prolonged M1-like polarization can lead to tissue, organ, and immune
cell damage. In the late stages, M2-like (healing) macrophages, activated by Th2
cytokines (IL-4, IL-13), TGEF-B, IL-10, glucocorticoids, and immune complexes,
participate in immune regulation, angiogenesis, tissue remodeling, and suppression
of inflammation. This imbalance plays a critical role in the pathogenesis of sepsis.'®!”

Although neutrophils and macrophages are critical for pathogen clearance, they
can become dysregulated in sepsis and contribute to tissue damage. The concept of
“immature neutrophils” with diminished phagocytic capacity and excessive NET
production highlights how mechanisms designed to protect the host can become
detrimental. Similarly, M1/M2 macrophage polarization illustrates the dynamic and
often contradictory roles played by these cells, shifting from a pro-inflammatory to
an anti-inflammatory state. This implies that treatments should focus on establishing
appropriate functional balance and maturation rather than just boosting or
inhibiting certain cell types. The development of sepsis is significantly influenced by
the dysfunction of neutrophils and macrophages. Altering these cells’ phenotypes
and functions provides valuable targets for future treatment approaches.'>"

1.3.5. The Role of T Cells

Increased regulatory T cells (Tregs), immune cell death, and a decrease in IL-7
are among the mechanisms associated with overexpression of immune checkpoint
molecules on T cells (such as CTLA-4, Tim-3, and LAG-3). Increased inflammation
and tissue injury may result from the production of pro-inflammatory mediators
caused by overactivated T cells.'®

One of the main components of sepsis-induced immunosuppression is T cell
depletion and dysfunction. T cell dysfunction makes patients more susceptible
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to viral reactivation and subsequent infections. Potential therapeutic targets to
reverse this immunosuppressive state are suggested by the participation of immune
checkpoint molecules like PD-1 (as demonstrated in cancer immunotherapy).
Treating the initial inflammatory burst, promoting long-term healing, and
averting chronic critical illness all depend on rebuilding adaptive immunity. The
long-term consequences of sepsis are significantly influenced by T cell depletion
and dysfunction. This immunosuppression may be reversed by novel therapeutic
strategies, such as immune checkpoint inhibitors.'®

1.3.6. Coagulopathy and Endothelial Dysfunction

Sepsis is frequently associated with coagulopathy, which contributes to organ
dysfunction. Sepsis-associated coagulopathy, synonymous with disseminated
intravascular coagulation, is characterized by activation of intravascular coagulation
with loss of localization, leading to microvascular damage and organ dysfunction.
Activation of systemic coagulation and suppressed fibrinolysis are observed in
sepsis.”” Endothelial cell damage is a fundamental pathogenesis of sepsis, leading
to hypotension, MODS, and DIC. Inflammatory mediators compromise vascular
integrity by disrupting endothelial cell junctions. Degradation and shedding of the
glycocalyx expose molecules such as integrins and selectins, leading to increased
leukocyte adhesion, vascular permeability, tissue edema, and decreased blood
pressure. Damaged endothelial cells, neutrophils, monocytes, eosinophils, and
platelets activate coagulation factors by expressing and secreting tissue factors
(TF), leading to widespread microvascular thrombosis. Despite increased t-PA and
u-PA in sepsis, PAI-1 expression also increases, leading to generalized inhibition of
fibrinolysis."

The strong link between endothelial dysfunction and coagulopathy creates a
critical, self-perpetuating cycle in sepsis. Endothelial damage exposes procoagulant
surfaces and activates coagulation by secreting TF, which further damages the
endothelium. Microvascular thrombosis and impaired tissue perfusion are direct
causes of organ dysfunction. This emphasizes that sepsis is not merely an infection
but also a systemic vascular disease in which microcirculatory failure plays a central
role in organ damage, even in the absence of macrohemodynamic instability.
Endothelial damage and coagulopathy are key drivers of organ dysfunction in sepsis.
Targeting these mechanisms (e.g., anticoagulants, endothelial-protective agents)
offers potential therapeutic strategies to prevent sepsis progression and reduce organ
damage.”

1.3.7. Complement System Activation

The complement system plays a crucial role in the pathophysiology of sepsis.
Complement activation products, particularly anaphylatoxins C3a, C4a, and C5a,
are present at elevated levels in the early stages of sepsis. Physiologically, C5a is
associated with the chemotaxis of neutrophils to the site of infection. However,
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excessive C5a activation in sepsis exacerbates systemic inflammation, promotes
lymphocyte apoptosis, and causes neutrophil dysfunction. Excessive C5a levels lead
to downregulation of the C5a receptor (C5aR), affecting neutrophil homing to
micro vessels, tissue damage, thrombosis, and multiorgan failure.

While the complement system is vital for host defense, its overactivation
in sepsis contributes significantly to the pathology. Particularly, C5a has been
identified as a crucial modulator of neutrophil dysfunction, lymphocyte apoptosis,
and inflammation. Blockade of C5a or C5aR has been explored in clinical trials and
has demonstrated benefits in mice models, indicating that it may be a promising
therapeutic target. This demonstrates how protective processes may become
disruptive when dysregulated. The pathogenic role of the complement system in
sepsis, particularly C5a, presents a promising target for developing new drugs (e.g.,
monoclonal antibodies) targeting this pathway.'®"

1.3.8. Molecular Mechanisms and Cellular Interactions

In the pathophysiology of sepsis, key signaling pathways such as NF-kB, JAK-
STAT, PI3K-Akt, and p38-MAPK are essential. Targeting these pathways can
modulate the inflammatory response and offer new approaches to sepsis treatment.
For example, preventing the activation of the NF-kB pathway, a crucial modulator
of the inflammatory response, may reduce mortality and inflammation. Through
its involvement in cytokine signaling, the JAK-STAT pathway is essential to the
pathophysiology of sepsis.*

Ferroptosis is a type of cell death that involves fatal lipid peroxidation events
and is dependent on iron. Iron accumulation driven by sepsis-related dysregulation
of iron homeostasis increases the generation of ROS and causes the development
of harmful lipid peroxides. Inflammatory factors, such as IL-6, inhibit hepcidin
production, increasing blood iron concentration, which promotes oxidative stress

and widespread cell death.
1.4. The Global Burden of Sepsis

Sepsis remains one of the most common causes of death worldwide. Despite the
challenges of collecting reliable data globally, current estimates indicate that sepsis is
a significant public health problem.*

1.4.1. Incidence, Prevalence, and Mortality Rates

Globally, there were an estimated 11 million sepsis-related fatalities and 48.9
million sepsis cases, according to data published in 2020. This number represents
20% of all deaths worldwide. Notably, children under the age of five account for
almost half of the 20 million estimated cases of sepsis. An estimated 15 out of every
1,000 hospitalized patients develop sepsis as a complication of healthcare.*

A retrospective cohort study conducted in Hong Kong between 2009 and 2018
revealed significant trends in sepsis incidence and mortality. In 2018, the age- and
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sex-standardized sepsis incidence was determined to be 756 per 100,000 population.
A 2.8% annual increase in sepsis incidence was observed from 2009 to 2018 (from
623 in 2009 to 756 in 2018). During the same period, the sepsis rate among all
hospitalizations was reported to have increased from 3.3% to 3.9%. Sepsis mortality
also increased similarly, with 156 deaths per 100,000 population recorded in 2018.
This rate represents a 1.9% annual increase from 2009 to 2018 (from 142 in 2009
to 156 in 2018).*

Data from Hong Kong illustrate a paradoxical trend: while overall sepsis
incidence and mortality are increasing, the case fatality rate (CFR) is decreasing
slightly. The sepsis case fatality rate decreased from 23.0% in 2009 to 21.6% in
2018. Even though more people are developing sepsis, improvements in acute
care, early diagnosis, and management protocols have improved survival among
those who develop sepsis. This is a critical distinction, reflecting progress in clinical
management despite the increasing burden. The rise in sepsis incidence places an
increasing burden on global health systems. However, the decline in the fatality
rate demonstrates the effectiveness of early diagnosis and treatment strategies. This
highlights the need to maintain and expand prevention and early intervention
efforts.>*!

1.4.2. Regional Differences and Trends

Sepsis incidence and mortality vary significantly by location, with low- and
middle-income countries (LMICs) having the highest rates. 85% of sepsis cases
and 84% of sepsis-related fatalities occur in LMICs, contributing to the global age-
standardized sepsis-related mortality rate of 148.1 deaths per 100,000 population.
South Asia, Oceania, and Sub-Saharan Africa have the highest death rates. One
significant global health disparity is the difference in sepsis burden between high-
income countries (HICs) and LMICs. This is driven by factors such as differences
in health infrastructure, access to early diagnosis and treatment, availability of
antibiotics, and public health measures (vaccination, hygiene). The LMICs account
for most cases and deaths highlights that sepsis is a significant contributor to global
health inequalities and a key target for achieving the Sustainable Development Goals
(SDGs) related to maternal, newborn, and child mortality, as well as infectious
diseases such as HIV, tuberculosis, and malaria.*

1.4.3. The Economic Burden of Sepsis

Globally, sepsis places a considerable burden on economies and healthcare
systems. The annual cost of care for sepsis in the US exceeds $20.3 billion. The
average hospital stay for a patient with sepsis is thought to cost more than $32,000
in high-income countries. Acute treatment, long-term rehabilitation, and lost
productivity contribute to these expenses. This high cost underscores the fact that
sepsis is both a clinical and an economic challenge, particularly in LMICs. For
LMICs, where resources are already limited, this burden is even more devastating
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and exacerbates health inequalities. This suggests that effective sepsis prevention and
early intervention strategies are not only lifesaving but also economically beneficial
because they reduce the need for expensive long-term care. The high economic
burden of sepsis places significant pressure not only on healthcare budgets but also
on national economies. This suggests that investments in sepsis prevention and early
diagnosis can be cost-effective in the long term.>*

1.4.4. High-Risk Populations

Although sepsis can affect anyone, some groups face a higher risk. These
include older adults, pregnant or recently pregnant women, newborns, hospitalized
patients—particularly those in intensive care—people with weakened immune
systems (such as individuals with HIV or cancer), and those with chronic illnesses
like kidney disease or cirrhosis.

The wide range of at-risk populations demonstrates that sepsis is not confined
to a single demographic group but is influenced by age, physiological status
(pregnancy, newborn), and underlying health conditions (immunosuppression,
chronic illnesses). This heterogeneity suggests that a “one-size-fits-all” approach to
sepsis prevention and early diagnosis may be inadequate. Instead, targeted screening,
education programs, and preventive measures are needed for these particularly
vulnerable groups. For example, specific sepsis guidelines have been discussed for
children under 16 and pregnant women. The diversity of sepsis risk factors suggests
that public health campaigns and clinical screening programs should target these
specific risk groups. This can be helpful in using resources more effectively and
improving outcomes in the most vulnerable populations.***

Table 2 summarizes diverse epidemiological data on the global burden of
sepsis, highlighting regional and temporal variations in incidence, mortality, and
economic impact. This illustrates that sepsis is a pressing health problem that must
be addressed internationally.

Table 2. Global Incidence, Mortality, and Economic Burden Data of Sepsis

Category Data Year / Term  Population References
Gl().bal 48.9 million cases / year 2020 General Population WHO*
Incidence
31.5 million hospital- 1990-2017 Ho.spltahzed Fleischmann et
treated cases / year Patients al. %
Global 11 million deaths / year . .
Mortality  (20% global deaths) 2020 General Population WHO
148.1 deaths per 100,000 2017 General Population Rudd et al.

population
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Overall Moraality: 179 19902017  [lospitalized Fleischmann et
Patients al.?
85% of sepsis cases in . 2
LMICs and 84% of deaths 2017 General Population Rudd et al.
Regional
/ Country  China (2019): 422 cases per Hospitalized 2
Based 100,000 population 2017-2019 Patients Weng et al.
Incidence
Regional
/ Country  USA (1995): Severe sepsis Hospitalized 2
Based mortality 28.6% 1995 Patients Angus ecal.
Mortality

Pakistan (2013-2014):
Sepsis mortality 9.8%,
Septic shock mortality rate
22.8%

Sepsis or Septic
2013-2014  Shocked Adult Ahmed et al. %

Patients

Economic  USA: > $ 20.3 billion

: 4
Load annually Unspecified ~ US Health System  WHO

High-Income Countries:

High-Income

Average hospital costs per  Unspecified . WHO *
patient >$32,000 Countries
USA (1999): Annual sepsis ;g US Health System  Angus et al. »

care cost 16.7 billion USD

1.5. Conclusion

Sepsis is a complex and life-threatening syndrome driven by a dysregulated
host response to infection, characterized by the interplay of hyperinflammation,
immunosuppression, endothelial injury, and coagulopathy. Despite advances
in understanding its mechanisms and refining its definitions, challenges persist
in early diagnosis, targeted therapy, and equitable access to care worldwide. The
disproportionate burden in low- and middle-income countries underscores
the urgent need for global health initiatives, tailored screening programs, and
prevention strategies for high-risk populations. Future progress depends on
integrating precision medicine, emerging technologies such as artificial intelligence,
and novel immunomodulatory approaches to optimize treatment for individual
patient profiles. By combining early recognition, evidence-based interventions, and
equitable healthcare delivery, we can reduce the morbidity, mortality, and economic
burden of this widespread global threat.
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