CHAPTER 2

SEPSIS EPIDEMIOLOGY:
GLOBAL TRENDS, CHALLENGES AND OPPORTUNITIES

Esma Eryilmaz Eren'

2.1. Introduction

2.1.1. Sepsis Global Overview and Economic Burden

Sepsis is a severe and life-threatening response by the body to infection and can
cause tissue damage, organ failure, or death. Current reports show that sepsis affects
49 million people worldwide and causes 11 million deaths annually, accounting
for 20% of all global deaths." This makes sepsis one of the most costly and deadly
conditions for healthcare systems. In the US, 35% of all in-hospital deaths are related
to sepsis, and it accounts for over $53 billion in annual hospital costs. Sepsis places
a significant economic burden on healthcare systems. In high-income countries, the
average cost per patient is estimated to be over $32,000. The financial burden of
sepsis extends beyond acute treatment. Sepsis is also a leading cause of readmissions
to hospitals, resulting in over $3.5 billion in additional costs annually.**

Sepsis is a global public health emergency. According to the latest reports, the
burden of sepsis is distributed differently geographically and demographically.
Opver the past decade, while mortality rates have declined in high-income countries
(HIC:s), low- and middle-income countries (LMICs) have borne a disproportionately
heavier burden.’ This mortality rate indicates that sepsis claims more lives than all
types of cancer combined.®

The risk and mortality of sepsis show significant differences according to
demographic factors. It is known that the highest incidence of the disease is seen
in very young children and individuals over the age of 65, exhibiting a bimodal
distribution depending on age.” Although it has been reported that the incidence of
sepsis is higher in men than in women, the exact reasons for this are not yet fully
understood.®

A general decreasing trend in sepsis-related mortality rates was observed in most
of the 36 countries examined between 1985 and 2019. During this period, a 31.8%
decrease in age-standardized median mortality rates was recorded in men and a
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29.3% decrease in women.” This positive development is attributed to improved
sepsis awareness, carly diagnosis, the widespread adoption of internationally
accepted treatment protocols, and general advances in critical care services.'?

A study conducted in Brazil has revealed that the reduction in sepsis mortality is
only sustainable in private institutions, while success remains more limited in public
hospitals."" This finding demonstrates that evidence-based clinical guidelines alone
are insufhicient; overcoming systemic barriers and providing continuous support are
essential for the successful implementation of these guidelines.

The COVID-19 pandemic has had profound effects on the epidemiology and
management of sepsis. Severe COVID-19 cases are considered a form of viral sepsis
due to the body’s uncontrolled and massive response to infection.'”” Hospitalized
COVID-19 patients were found to be 22% more likely to develop sepsis and
113% more likely to develop septic shock compared to influenza patients. This
has led to widespread acceptance of the fact that viral agents can also trigger severe
sepsis cases, going beyond the classic definition of sepsis associated with bacterial
and fungal pathogens.” This new perspective has made it clearer that diagnostic
and treatment approaches should not only focus on bacterial infections, but also
acknowledge the importance of specific biomarkers that target viral pathogens and
antiviral treatments.

2.1.2. Diagnosis, Approach, and Challenges

The cornerstone of sepsis treatment is the principle that “early diagnosis saves
lives." Studies show that every hour of delay in treatment increases the risk of
mortality by 2% to 10%.". However, this principle faces significant challenges in
practice. On the other hand, sepsis symptoms can be confused with other serious
illnesses, and a sepsis diagnosis may be made unnecessarily.''® Clinicians face a
dilemma between the pressure to treat the patient quickly and the concern about
contributing to unnecessary antibiotic use and antimicrobial resistance. This paradox
underscores the importance of developing rapid and accurate diagnostic tools and
supporting approaches that promote the judicious use of antibiotics.

2.1.3. Antimicrobial Resistance

Antimicrobial resistance is one of the most significant and growing barriers
to sepsis treatment. The risk of death increases in patients infected with resistant
pathogens.” WHO data show that an estimated 4.95 million deaths in 2019 were
associated with antimicrobial resistance, and 1.27 million deaths were directly
attributable to resistance.”* While sepsis requires the rapid initiation of broad-
spectrum antibiotics, this practice further exacerbates the global antimicrobial
resistance crisis. This situation makes the use of new technologies to speed up
diagnosis, public awareness about unnecessary antibiotic use, and the development
of targeted, personalized treatments an urgent priority.*!
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2.1.3.1. Barriers at the Political System Level: Personnel, Infrastructure,
and Management

The success of sepsis treatment depends not only on evidence-based clinical
guidelines but also on the capacity and structure of the healthcare system. Major
obstacles include insufficient healthcare workers, lack of coordination among
healthcare personnel, and limited resources. In emergency departments in particular,
inadequate hospital infrastructure and a lack of qualified personnel seriously impede
accurate diagnosis and treatment.”> A study on a quality improvement initiative
in Brazil found that the decline in sepsis mortality was sustainable only in private
institutions, with limited success in public hospitals.”” This finding proves that
clinical protocols alone are not sufficient; leadership commitment, sustainable
financing, and systemic infrastructure improvements are also critical in the fight
against sepsis.

2.1.3.2. Socio-Cultural Awareness of the Public about Sepsis

Although sepsis is a common cause of death, low public understanding continues
to be a major barrier to early diagnosis and prevention of this disease. In LMIC
countries, this problem, combined with factors such as poverty, cultural beliefs, and
low health literacy, leads to patients seeking healthcare too late.* > Awareness rates
in the US rose from 63% in 2023 to 69% in 2024, thanks to campaigns run by
the Sepsis Alliance, demonstrating the effectiveness of awareness efforts. However,
awareness rates remain low at 51% among Black and Hispanic adults, highlighting
the need for culturally sensitive and targeted campaigns.?® Public health education
and social justice are as important as clinical medicine in the fight against sepsis.

2.1.3.3. Future Trends in Sepsis Early Warning Systems: Artificial
Intelligence and Machine Learning

Artificial intelligence (AI) and machine learning (ML) algorithms offer
revolutionary opportunities to overcome the biggest obstacle in sepsis diagnosis.
Al systems can diagnose sepsis 3-4 hours before shock symptoms appear by
continuously analyzing numerous data points such as vital signs, laboratory values,
and patient history.”” The potential for early intervention results in an absolute
reduction in hospital mortality rates due to sepsis.?® Al supports clinical decision-
making processes by identifying complex patterns that human observation may
miss, thereby standardizing and reducing experience-related variations. However,
Al systems also carry the risk of generating false positive alarms, which can lead to
“alarm fatigue” and increase unnecessary antibiotic use.” Therefore, the goal of Al
should be to enhance, not replace, clinical suspicion and manual monitoring.
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2.1.3.4. Next-Generation Personalized Therapies: Immunomodulation
and Nanomedicine

Beyond traditional antibiotics and fluid resuscitation, next-generation therapies
targeting the complex pathophysiology of sepsis are being investigated. These
innovative approaches include immunotherapies (e.g., anti-inflammatory agents that
reduce cytokine storms), blood purification and adsorption methods, mesenchymal
stem cell therapies, and nanotechnology-based products.””** Mesenchymal stem cell
therapies offer the potential to repair organ damage and fight infection by exhibiting
both anti-inflammatory and antimicrobial effects.’ Nanotechnology has great
potential in the field of personalized medicine by enabling these treatments to be
targeted to specific cells or regions. Although most of these treatment methods are
still in the clinical trial phase, they offer a promising way to reduce sepsis mortality
and improve treatment processes.*>>*

In conclusion, sepsis continues to pose an urgent and multifaceted threat to global
health systems. Analyses show that the burden of the disease is unevenly distributed
according to geographic and socio-demographic factors, but common challenges
(delayed diagnosis, antimicrobial resistance, and systemic infrastructure deficiencies)
exist worldwide. The COVID-19 pandemic has deepened understanding of the
nature of sepsis and provided a roadmap for global preparedness. Technological
innovations such as artificial intelligence, telemedicine, and next-generation
therapies offer promising opportunities to overcome these challenges. However,
turther research and global collaboration are needed to realize the full potential of
these solutions.
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