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Abstract: A dysregulated host response to infection causes organ dysfunction in sepsis and septic
shock, two potentially fatal diseases. They continue to be major worldwide health burdens with
high rates of morbidity and mortality despite advancements in medical care. The goal of this
thorough review was to present a thorough summary of the current body of knowledge about
the prevalence of sepsis and septic shock worldwide. Using widely used computerized databases,
a comprehensive search of the literature was carried out, and relevant studies were chosen in
accordance with predetermined inclusion and exclusion criteria. A narrative technique was used
to synthesize the data that were retrieved. The review’s conclusions show how widely different
locations and nations differ in terms of sepsis and septic shock’s incidence, prevalence, and fatality
rates. Compared to high-income countries (HICs), low- and middle-income countries (LMICs) are
disproportionately burdened more heavily. We talk about risk factors, comorbidities, and difficulties
in clinical management and diagnosis in a range of healthcare settings. The review highlights the need
for more research, enhanced awareness, and context-specific interventions in order to successfully
address the global burden of sepsis and septic shock.
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1. Introduction

A dysregulated host response to infection resulting in organ dysfunction is the hall-
mark of sepsis, a potentially fatal illness [1]. The intricate syndrome arises from the
interaction between the virus that is infecting the host and the immune system [2]. Updated
definitions for sepsis and septic shock were released in 2016 with the release of the Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) [3]. Sepsis is de-
scribed by Sepsis-3 as a dysregulated host response to infection resulting in life-threatening
organ malfunction; septic shock is a subtype of sepsis characterized by circulatory and
cellular/metabolic dysfunction that is associated with an increased risk of death [3].

Each year, sepsis and septic shock claim millions of lives globally and constitute a
substantial global health burden [4]. Sepsis continues to be a major cause of morbidity and
death worldwide, despite improvements in medical care and raised awareness [5]. Sepsis
has been declared a worldwide health concern by the World Health Organization (WHO),
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which has also advocated for coordinated measures to lessen its prevalence [6]. Sepsis is not
as common in all demographics and geographical areas; rates are higher in low- and middle-
income countries (LMICs) than in high-income countries (HICs) [7]. The greater incidence
of sepsis in LMICs is caused by a number of factors, including limited access to healthcare,
delayed diagnosis and treatment, and the predominance of infectious illnesses [8]. The
aging population, rising rates of invasive operations, and the emergence of bacteria resistant
to antibiotics have all contributed to the ongoing prevalence of sepsis in HICs [9]. Sepsis
has long-term effects that go beyond the acute stage of the disease. Sepsis survivors
frequently suffer from chronic physical, mental, and cognitive deficits that lower their
quality of life and increase their need for medical treatment [10]. Sepsis has a significant
financial impact due to the high expenses of acute care, long-term rehabilitation, and lost
productivity [11]. In order to influence public health policies and clinical practice, it is
imperative to comprehend the epidemiology, risk factors, pathophysiology, and therapeutic
techniques of sepsis and septic shock, given their substantial global burden [7,12,13]. In
addition to highlighting the prospects and obstacles for improving patient outcomes and
lowering the overall burden of this debilitating condition, this thorough review attempts to
give an in-depth overview of the present state of knowledge regarding the global burden
of sepsis and septic shock.

2. Methods

To find pertinent research on the worldwide burden of sepsis and septic shock, a
thorough literature search was carried out. Major electronic databases such as PubMed,
Embase, Scopus, and Web of Science were used in the search. The Medical Subject Headings
(MeSH) phrases for sepsis, septic shock, epidemiology, incidence, prevalence, mortality,
and global burden were combined with keywords in the search method. Furthermore,
manual searches of pertinent review articles and reference lists from included research were
carried out to find any other studies that might have been overlooked during the electronic
database search. The following criteria were met by the included studies: (1) original
research articles, systematic reviews, or meta-analyses; (2) studies that addressed the
epidemiology, incidence, prevalence, or mortality of sepsis or septic shock; (3) data on
the burden of sepsis or septic shock at the national, international, or regional levels; and
(4) English-language publications. Case series, editorials, opinions, conference papers,
or case reports were not included. To keep the focus on the general global burden of
sepsis and septic shock, studies that only looked at particular subpopulations (like neonatal
sepsis and maternal sepsis) or specific infections (like COVID-19-related sepsis) were also
disregarded. Based on the inclusion and exclusion criteria, the titles and abstracts of
the identified studies were evaluated by two independent reviewers. Potentially eligible
studies’ full texts were located and examined before being finally included. When there
were disagreements among the reviewers, they were settled by consensus-building and,
if required, by consulting a third reviewer. The information on study characteristics (e.g.,
authors, year of publication, study design, and sample size), study population, sepsis and
septic shock definitions used, incidence and prevalence rates, mortality rates, and any other
pertinent findings were extracted from the included studies using a standardized data
extraction form. The AMSTAR 2 tool for systematic reviews and meta-analyses was among
the acceptable instruments used to evaluate the quality of the included studies, taking into
account the study type [14]. In light of the expected variety in study designs, populations,
and outcomes, the retrieved data were synthesized using a narrative approach. The
primary goal of the synthesis was to provide a broad picture of the incidence, prevalence,
and mortality rates of sepsis and septic shock worldwide across various nations and regions.
When possible, subgroup analyses based on variables including age, gender, and healthcare
environment were carried out. Along with highlighting any discrepancies, trends, or
patterns in the prevalence of sepsis and septic shock, the synthesis also pointed up any
knowledge gaps that need to be filled with additional study.
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3. How Did the Definition of Sepsis Change over Time?

The definition of sepsis has evolved over time as our understanding of the complex
pathophysiology and clinical manifestations of this condition has advanced. In 1991, the
first consensual definition of sepsis was introduced, which defined sepsis as a systemic
inflammatory response syndrome (SIRS) caused by infection [15]. This definition, how-
ever, was criticized for being overly sensitive and lacking specificity, as SIRS criteria could
be met in many non-infectious conditions [16]. In 2001, a second consensual definition
(Sepsis-2) was proposed, which maintained the SIRS criteria but emphasized the presence
of organ dysfunction as a key feature of severe sepsis [17]. The Sepsis-2 definition also
introduced the concept of septic shock as a subset of sepsis with circulatory and cellu-
lar/metabolic abnormalities profound enough to substantially increase mortality [17]. In
2016, the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)
were released, which represented a significant shift in the conceptualization of sepsis [1].
The Sepsis-3 definition abandoned the SIRS criteria and defined sepsis as a life-threatening
organ dysfunction caused by a dysregulated host response to infection [1]. This definition
emphasized the importance of organ dysfunction and the role of the host response in the
pathogenesis of sepsis. Septic shock was redefined as a subset of sepsis with circulatory and
cellular/metabolic dysfunction associated with a higher risk of mortality [1]. The Sepsis-3
definition also introduced the quick Sequential Organ Failure Assessment (qSOFA) score as
a bedside tool to rapidly identify patients with suspected infection who are at risk of poor
outcomes [1]. The evolution of the sepsis definition reflects the growing understanding of
the complex pathophysiology of this condition and the need for more precise and clinically
relevant diagnostic criteria.

4. What Is the Epidemiology of Sepsis and Septic Shock?

The incidence rates of sepsis and septic shock vary throughout continents and coun-
tries, making them serious global health concerns [5]. According to a recent analysis by
the Global Burden of Disease Study 2017, there were 11.0 million sepsis-related fatalities
and 48.9 million instances of sepsis globally in 2017 [5]. More recently, a meta-analysis
by Fleischmann-Struzek et al. reported an estimated mortality rate of 26.7% among this
population of patients, with a 46% increase of incidence after 2008 [18]. Sepsis has an
age-standardized incidence rate of 677.5 cases per 100,000 people worldwide, with sub-
Saharan Africa, Oceania, and South Asia having the highest rates [5]. Sepsis and septic
shock incidence rates differ markedly by continent. Between 500 and 1000 cases of sepsis
occur in North America for every 100,000 people, with the United States having greater
rates than Canada [19,20]. The incidence rate in Europe is estimated to be between 400
and 800 cases per 100,000 people [21,22]. On the other hand, sepsis is more common in
low- and middle-income countries (LMICs), with rates in some Asian and African nations
surpassing 1500 cases per 100,000 people [23–25]. Sepsis- and septic-shock-related mortality
rates also range significantly between geographical areas. Sepsis mortality varies from 15%
to 25% in high-income countries (HICs), whereas septic shock mortality might reach 30%
to 40% [26,27]. Nonetheless, mortality rates are significantly greater in LMICs, frequently
surpassing 40% in sepsis and 50% in septic shock [28,29]. Sepsis death rates have improved
over time, especially in HICs, according to trends. Sepsis death rates in the US have de-
creased recently, from over 35% in the early 2000s to 15–20% [30,31]. Comparable patterns
have been seen in European nations, where declining death rates have been credited to ad-
vancements in supportive care, timely administration of the right antibiotics, and enhanced
early detection [31,32]. Sepsis mortality rates in low- and middle-income countries (LMICs)
have remained high throughout time, indicating the need for better access to healthcare
resources and the application of evidence-based management practices [8,33]. There are
notable differences in the prevalence of sepsis and septic shock between industrialized
and poor nations. Sepsis is less common in HICs, but the total burden is still significant
because of the aging population and rising rates of chronic comorbidities [12,34]. Sepsis
in these contexts is more frequently linked to invasive procedures and illnesses related to
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healthcare [35]. On the other hand, sepsis and septic shock are disproportionately more
common in LMICs [7,36]. Higher prevalence of infectious diseases, restricted access to
healthcare services, poor sanitation and hygiene, and delayed presentation to medical
facilities are some of the factors causing this increased burden [37,38]. Sepsis in these
conditions is more often brought on by community-acquired infections such malaria, pneu-
monia, and diarrheal illnesses [39,40]. The differences in the prevalence of sepsis between
developed and underdeveloped nations highlight the necessity of focused therapies and
resource distribution. HICs prioritize improving sepsis care and lowering infections linked
to healthcare, but LMICs need a more all-encompassing strategy that tackles the underlying
social determinants of health, fortifies healthcare systems, and enhances access to vital
medical resources [41,42]. Severe sepsis and septic shock continue to be major global health
system concerns. For the purpose of directing public health policy and clinical practice,
it is essential to comprehend the worldwide epidemiology of sepsis, including incidence
rates, mortality trends, and differences between industrialized and developing nations.
In places with limited resources, efforts to lower the worldwide burden of sepsis should
concentrate on early detection, the timely start of evidence-based treatments, and address-
ing the underlying social determinants of health [8]. The necessity for context-specific
therapies and research is highlighted by the differences in sepsis epidemiology between
geographical areas. Priorities in HICs include lowering healthcare-associated infections, im-
proving sepsis management, and tackling the problems brought on by an aging population
and rising comorbidities [9,11]. The implementation of cost-effective sepsis management
strategies, bolstering infection prevention and control measures, and enhancing access to
healthcare services should be the main priorities in LMICs [36]. Moreover, there is a need
for the general public and healthcare professionals to be better informed about sepsis [17].
Appropriate care should be started as soon as possible after sepsis signs and symptoms
are recognized, since this can greatly enhance patient outcomes [31,39]. The goals of ed-
ucational programs and public health campaigns should be to raise awareness of sepsis
and encourage prompt care-seeking behavior. The complicated biology of sepsis should
be further understood, new prognostic and diagnostic biomarkers should be found, and
creative treatment approaches should be developed. Particularly in environments with lim-
ited resources, collaborative international research projects can aid in filling in knowledge
gaps and making it easier to apply research findings to clinical practice (Table 1) [33].

Table 1. Epidemiology of sepsis and septic shock.

Study Country/Region Period Population Key Findings

Fleischmann
et al.

(2016) [4]
Global 1990–2017 Hospital-treated

patients

- Global incidence of hospital-treated
sepsis: 31.5 million cases per year

- Overall mortality: 17%
- Sepsis incidence and mortality

varied substantially across regions,
with the highest burden in low- and
middle-income countries (LMICs)

Rudd et al.
(2020) [5] Global 2017 General population

- Global age-standardized
sepsis-related mortality rate:
148.1 deaths per 100,000 population

- 85% of sepsis cases and 84% of
sepsis-related deaths occurred
in LMICs

- Highest mortality rates observed in
sub-Saharan Africa, Oceania, and
South Asia
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Table 1. Cont.

Study Country/Region Period Population Key Findings

Angus et al.
(2001) [43] United States 1995 Hospital-treated

patients

- Incidence of severe sepsis:
300 cases per 100,000 population

- Mortality: 28.6%
- Annual cost of sepsis care:

$16.7 billion
- Incidence and mortality increased

with age, with the highest rates
among individuals aged 65 years
and older

Ahmed et al.
(2021) [25] Pakistan 2013–2014 Adult patients with

sepsis or septic shock

- Prevalence of sepsis: 61.25%
- Prevalence of severe sepsis or

septic shock: 38.75%
- ICU admission: 10%
- Overall mortality of sepsis: 9.8%
- Overall mortality of sepsis shock:

22.8%

Weng et al.
(2023) [24] China 2017–2019 Hospitalized patients

with sepsis

- Incidence of sepsis: 422 cases per
100,000 in 2019

- Incidence in neonates: 8.7%
- Incidence in children: 11.7%
- Incidence in adults: 57.5%

5. What Are the Risk Factors and Comorbidities across Continents?

Demographic factors, such as age and sex, play a significant role in the global burden
of sepsis. Advanced age is a well-established risk factor for sepsis, with the incidence and
mortality rates increasing substantially in older populations [12,43]. The aging population
in many countries, particularly in high-income countries, contributes to the growing burden
of sepsis [44]. Sex differences in sepsis incidence and outcomes have also been reported,
with some studies suggesting a higher incidence in males but a higher risk of mortality in
females [45,46] (Figure 1).

Chronic health conditions, such as diabetes, cardiovascular disease, chronic obstructive
pulmonary disease (COPD), and cancer, are major risk factors for sepsis [47,48]. The
increasing prevalence of these conditions worldwide, driven by factors such as aging
populations, obesity, and lifestyle changes, contributes to the growing burden of sepsis [49].
Patients with chronic health conditions are more susceptible to infections and have a higher
risk of developing sepsis and experiencing adverse outcomes [50,51]. Acute medical and
surgical conditions are significant contributors to the global burden of sepsis. Pneumonia,
urinary tract infections, and intra-abdominal infections are among the most common
sources of sepsis [52,53]. However, the site of infection can significantly influence the
outcomes of sepsis. Respiratory infections, particularly pneumonia, are the most common
source of sepsis and are associated with higher mortality rates compared to other sites of
infection [50]. Abdominal infections, such as peritonitis and intra-abdominal abscesses, are
also associated with increased mortality and often require surgical intervention in addition
to antimicrobial therapy [39]. Urinary tract infections, while common, generally have
lower mortality rates compared to respiratory and abdominal infections [53]. Soft tissue
infections, including cellulitis and necrotizing fasciitis, can lead to severe sepsis and septic
shock, with necrotizing fasciitis having particularly high mortality rates [53]. Bloodstream
infections, especially those caused by multidrug-resistant organisms, are associated with
high morbidity and mortality, and their outcomes are heavily influenced by the timing
and appropriateness of antimicrobial therapy [51,52]. Surgical procedures, particularly
in emergency settings or in patients with underlying comorbidities, also increase the
risk of sepsis [54]. Trauma, burns, and other acute injuries can lead to sepsis, especially
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in resource-limited settings where timely and appropriate care may be lacking [55,56].
Environmental and socioeconomic factors play a crucial role in the global burden of sepsis.
Poverty, inadequate sanitation, and limited access to clean water and healthcare services
contribute to the higher incidence of sepsis in low- and middle-income countries [57,58].
Overcrowding, malnutrition, and exposure to indoor air pollution further increase the risk
of infections and sepsis in these settings [59]. In high-income countries, socioeconomic
disparities, such as low income and education levels, are associated with a higher risk of
sepsis and worse outcomes [60,61]. Genetic factors may influence the susceptibility to sepsis
and its outcomes across different populations. Variations in genes involved in the immune
response, such as those encoding cytokines, toll-like receptors, and coagulation factors, have
been associated with the risk of sepsis and its severity [62,63]. However, the role of genetic
factors in sepsis susceptibility and outcomes remains complex and not fully understood,
with inconsistent findings across studies and populations [64]. Further research is needed
to elucidate the interplay between genetic factors, environmental influences, and other risk
factors in determining sepsis susceptibility and outcomes across different populations.
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6. What Are the Differences in Diagnosis and Clinical Management across Various
Healthcare Settings?

Improved patient outcomes and prompt commencement of appropriate treatment de-
pend on the early detection and diagnosis of sepsis. Nonetheless, there are many obstacles
in this area for environments with low resources [8]. Patients with sepsis may not seek med-
ical attention until later if they have limited access to healthcare services, especially in rural
areas [58]. Early detection of sepsis is made more difficult by the lack of qualified healthcare
professionals, such as doctors and nurses [65]. It is possible that medical professionals
working in these environments lack sufficient training to recognize sepsis symptoms and
signs, which could result in missed or delayed diagnosis [32]. In settings with low resources,
effective diagnosis of sepsis is further hampered by inadequate diagnostic instruments
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and laboratory services [66]. It is difficult to determine the etiological pathogen and direct
focused antibiotic therapy due to a paucity of trustworthy microbiological testing, such as
blood cultures and other diagnostic procedures [67]. Point-of-care diagnostic tests have
limited utility in these situations because they are frequently unavailable or prohibitively
expensive, such as lactate monitoring and biomarker assays [68]. In resource-constrained
settings, clinical scoring systems, like the rapid Sequential Organ Failure Assessment
(qSOFA), have been proposed as straightforward bedside tools to identify patients at risk
of sepsis and poor outcomes [1]. The usefulness of qSOFA in these circumstances is still
up for dispute, while some research indicates that it might not function as effectively as
it would in high-income nations [69,70]. Clinical scoring systems are not widely adopted
because they have not been validated in many healthcare situations and demographics [71].
The creation of context-specific clinical guidelines, the adoption of easy-to-use, low-cost
diagnostic instruments, and healthcare professional education and training should be the
main focuses of strategies to enhance early detection and diagnosis of sepsis in settings with
limited resources [72]. Healthcare professionals’ capacity to identify and treat sepsis can be
improved by incorporating sepsis education into their continuing education and medical
and nursing curriculum [73]. The early detection of sepsis and the direction of management
decisions can be aided by the creation and validation of clinical decision support tools
tailored to the regional environment [74]. The foundations of sepsis care include source
control and prompt administration of suitable antibiotic medication [75]. Nonetheless, there
are significant differences in these therapies’ accessibility and availability between various
healthcare settings. Access to vital antimicrobials, especially broad-spectrum antibiotics,
may be restricted in environments with limited resources for a number of reasons [76]. In
areas with low resources, the cost of antimicrobials can provide a substantial obstacle to
their accessibility. It is possible that many patients in these situations cannot afford the
antibiotics they need, which could cause treatment to be delayed or insufficient [76]. This
issue is made worse by the lack of health insurance and the insufficient public support
for healthcare [77]. In resource-constrained environments, supply chain problems, such
as insufficient medicine distribution, storage, and procurement processes, might result in
shortages of vital antimicrobials [78]. Antibiotic quality and effectiveness can be impacted
by unreliable cold chain storage and delivery, especially in rural and isolated settings [79].
Effective antimicrobial therapy may not always be readily available in places with limited
resources due to regulatory obstacles such as the unregistered status of some antibiotics or
the prevalence of counterfeit medications [80]. Because resistant organisms may be more
common in these situations, the growing threat of antibiotic resistance makes the choice of
an appropriate empirical therapy even more difficult [81,82]. In order to effectively manage
sepsis brought on by certain diseases, such as intra-abdominal or soft tissue infections,
source control measures such as surgical debridement or abscess drainage are essential [83].
However, access to timely and suitable source control may be restricted in environments
with limited resources [83,84]. These interventions may be delayed or impossible to carry
out in the absence of surgical facilities, qualified staff, and required equipment [85]. In
resource-constrained contexts, strategies to enhance the availability and accessibility of
antimicrobial therapy and source control should prioritize bolstering drug procurement
and distribution networks, guaranteeing sufficient funding for critical medications, and
enhancing surgical care accessibility [86]. Optimizing the use of existing antibiotics and
preventing the formation of resistance can be achieved through the implementation of
antimicrobial stewardship programs tailored to the local environment [87]. Other crucial
actions include teaching medical professionals how to identify and handle source control
problems and incorporating source control into sepsis management protocols [88]. Al-
though fluid resuscitation and hemodynamic support are essential parts of sepsis therapy,
regional variations exist in these techniques [41]. Early goal-directed treatment (EGDT) was
formerly extensively advocated in high-income nations as a method to direct resuscitation
in sepsis [89]. In order to accomplish particular hemodynamic goals, EGDT included
focused interventions, central venous catheterization, and continuous monitoring of cen-
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tral venous oxygen saturation [90]. Subsequent large-scale trials, including the ProCESS,
ARISE, and ProMISe trials, conducted in high-income settings, failed to show that EGDT
was superior to standard treatment [91–93]. These results prompted a move away from
protocolized EGDT and toward a more customized resuscitation strategy [94]. The con-
cepts of early detection, fluid resuscitation, and vasopressor support are still crucial to the
treatment of sepsis in high-income nations, even in the absence of evidence for EGDT [39].
According to the guidelines of the Surviving Sepsis Campaign, the first three hours of fluid
resuscitation should be focused on providing 30 mL/kg of crystalloids [95]. Patients who
do not respond to appropriate fluid resuscitation are advised to use vasopressors, such as
norepinephrine [96]. The recommendations also stress the significance of routinely reevalu-
ating hemodynamic status and using dynamic measurements to direct fluid therapy, such
as passive leg lifts or variations in pulse pressure [97]. Resuscitation techniques may need
to be modified in environments with low resources because of the possible lack of access to
IV fluids, monitoring equipment, and vasopressors [8]. The inability to direct resuscitation
based on hemodynamic parameters may be hampered by the absence of sophisticated
monitoring tools, such as arterial lines or central venous catheters [98]. Alternative fluids,
such as colloids or hypotonic solutions, may be used as a result of the restricted supply
of intravenous fluids, especially balanced crystalloids [99]. In environments with limited
access to intensive care assistance and mechanical breathing, questions have been raised
regarding the possible harm that vigorous fluid resuscitation may cause [100]. Children
with acute fever illness and poor perfusion were shown to have a higher death rate when
receiving fluid bolus therapy, according to the results of the FEAST experiment, which
took place in sub-Saharan Africa [101]. These results emphasize the necessity of exercis-
ing prudence and evaluating fluid responsiveness with great care in environments with
restricted resources [42]. In resource-constrained settings, strategies to maximize hemody-
namic support and fluid resuscitation should center on using easily accessible, low-tech
monitoring methods, including inferior vena cava ultrasonography or capillary refill time,
to guide therapy [102]. It is also critical to design context-specific resuscitation guidelines
that consider the hazards associated with over-resuscitation as well as the resources at
hand [100]. To enhance results, healthcare professionals must be trained in the proper
administration of fluids and vasopressors, as well as the identification and treatment of
fluid overload [30]. Although their application varies depending on the context, adjunctive
medications and supportive care interventions—such as corticosteroids, immunomodu-
lators, and mechanical ventilation—have been examined in the therapy of sepsis [103].
The availability of cutting-edge supportive care technology, like extracorporeal membrane
oxygenation and continuous renal replacement treatment, has increased the therapeutic
options for sepsis patients in high-income nations [104]. The goal of the significant research
into corticosteroids as an adjuvant medication in sepsis is to modulate the inflammatory
response and enhance outcomes [105]. Nevertheless, there is still conflicting evidence
supporting their routine usage in sepsis [106]. Low-dose corticosteroids are recommended
by the Surviving Sepsis Campaign recommendations for patients in septic shock who
continue to be hemodynamically unstable even after receiving sufficient fluid resuscitation
and vasopressor treatment [96]. The guidelines do, however, recognize the weak quality of
the available data and the possibility of negative consequences, including hyperglycemia
and an elevated risk of infections [107]. Immunomodulatory treatments have been studied
as possible adjuvant therapy in sepsis, including intravenous immunoglobulins, cytokine
antagonists, and mesenchymal stem cells [108]. Nonetheless, there is still uncertainty
regarding their effectiveness, and their usage is not usually advised in clinical settings [109].
Developing efficient immunomodulatory techniques is hampered by the variability of the
sepsis population, the intricacy of the immunological response, and the timing of interven-
tion [110]. For sepsis patients experiencing respiratory failure, mechanical ventilation is an
essential supportive care strategy [111]. It has been demonstrated that patients with acute
respiratory distress syndrome (ARDS) do better when lung-protective ventilation tech-
niques, such as low tidal volumes and sufficient positive end-expiratory pressure (PEEP),
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are used in high-income nations [112]. In sepsis patients with ARDS, the Surviving Sepsis
Campaign recommendations suggest aiming for a plateau pressure of less than 30 cm H2O
and a tidal volume of 6 mL/kg of estimated body weight [96]. Access to sophisticated
supportive care technology, like mechanical ventilation and renal replacement treatment,
is frequently restricted in environments with minimal resources [113]. The provision of
adequate supportive treatment to patients suffering from sepsis is significantly hampered
by the absence of intensive care units, qualified staff, and essential equipment [114]. Basic
therapies including oxygen therapy, hydration management, and infection control pro-
cedures are frequently the main focus in these settings [115]. Context-specific clinical
recommendations, provider training, and healthcare infrastructure upgrading should be
the main goals of strategies to increase access to and utilization of supportive care and
complementary therapies in settings with low resources [33]. The gap in supportive care
can be filled in part by using low-cost, portable devices like point-of-care ultrasound or
non-invasive ventilation [116]. Further aiding in knowledge transfer and capacity building
are collaborations with high-income universities and the creation of telemedicine networks
(Table 2) [117].

Table 2. Management of sepsis and septic shock in different healthcare settings.

Study Country/Region Population Study Design Key Findings Implications

Rhodes et al.
(2017) [34] International

Adult patients
with sepsis and

septic shock

Evidence-based
guideline

- Recommendations for
diagnosis, resuscitation,
antimicrobial therapy,
source control, and
supportive care

- Emphasis on early
recognition and timely
intervention

- Guidance on
hemodynamic support,
ventilation, and
adjunctive therapies

- Provides a framework for
standardized sepsis
management across
different healthcare
settings

- Highlights the
importance of a
multidisciplinary
approach and continuous
quality improvement

Schultz et al.
(2017) [8]

Low- and
middle-income

countries
(LMICs)

Patients with
sepsis and

septic shock
Review article

- Challenges in sepsis
management in
resource-limited settings,
including lack of skilled
staff, inadequate
infrastructure, and
limited access to essential
therapies

- Suggestions for
improving care, such as
training healthcare
workers, developing
context-specific protocols,
and enhancing access
to resources

- Emphasizes the need for
tailored interventions
and strategies to address
the unique challenges
faced by LMICs

- Underscores the
importance of global
collaboration and
knowledge sharing to
improve sepsis outcomes
in resource-limited
settings

Levy et al.
(2018) [90] International

Adult patients
with sepsis and

septic shock
Guideline update

- Update of the Surviving
Sepsis Campaign bundle

- Focus on early
recognition, prompt
resuscitation,
antimicrobial therapy,
and source control

- Introduction of the hour-1
bundle, emphasizing the
critical importance of
early interventions

- Provides an updated
framework for sepsis
management based on
the latest evidence

- Stresses the importance
of timely and
coordinated care to
improve sepsis outcomes

- Underscores the need for
continuous education
and performance
improvement initiatives
to ensure adherence to
best practices
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7. What Is the Magnitude of the Economic Burden and Healthcare Costs
across Continents?

Sepsis and septic shock impose a significant economic burden on healthcare systems,
patients, and families worldwide. The costs associated with sepsis management vary across
different regions and healthcare settings, with substantial direct and indirect costs that
impact both developed and developing countries. The direct costs of sepsis and septic shock
management include expenses related to hospitalization, intensive care unit (ICU) stays,
medications, diagnostic tests, and medical procedures [118]. In high-income countries, the
cost of sepsis care is substantial, with estimates ranging from $20,000 to $50,000 per patient
episode [119,120]. In the United States, sepsis is one of the most expensive conditions
treated in hospitals, accounting for over $20 billion in annual healthcare costs [11]. Similar
high costs have been reported in Europe, with sepsis-related expenses ranging from €7500 to
€27,000 per patient [118,121]. In low- and middle-income countries (LMICs), the direct costs
of sepsis care are generally lower than in high-income countries, but they still represent a
significant burden on healthcare systems and patients [43]. A study from Brazil estimated
the average cost of sepsis treatment to be approximately $10,000 per patient, with higher
costs associated with more severe disease [122]. In sub-Saharan Africa, the direct costs of
sepsis care can be catastrophic for patients and families, often exceeding monthly household
incomes [114,123]. The variability in direct costs across different healthcare systems can be
attributed to factors such as the level of intensive care services, the availability of advanced
medical technologies, and the use of expensive medications [124]. In resource-limited
settings, the lack of access to essential medicines, diagnostic tools, and critical care facilities
may result in lower direct costs but also poorer patient outcomes [125]. In addition to
the direct costs, sepsis and septic shock also impose significant indirect costs on patients,
families, and societies [126]. Indirect costs include lost productivity due to illness, disability,
and premature mortality [127]. Sepsis survivors often experience long-term physical,
cognitive, and psychological impairments that affect their ability to work and engage
in daily activities [126,128]. These impairments can lead to reduced income, increased
healthcare utilization, and diminished quality of life [129]. The long-term consequences of
sepsis extend beyond the individual patient, affecting families and caregivers [130]. Family
members may need to take time off work to provide care for sepsis survivors, leading to
lost wages and economic strain. The emotional and psychological burden of caring for a
sepsis survivor can also be substantial, with increased rates of depression, anxiety, and
post-traumatic stress disorder among caregivers [131]. In LMICs, the indirect costs of sepsis
can be particularly devastating for patients and families. The loss of income due to illness or
death can push households into poverty, exacerbating existing economic inequalities [132].
The lack of social safety nets and limited access to healthcare services can further compound
the economic burden of sepsis in these settings [133]. The high economic burden of sepsis
and septic shock has significant implications for healthcare systems and resource allocation
worldwide. In developed countries, the increasing incidence of sepsis and the growing
demand for critical care services have put a strain on healthcare budgets [4]. Hospitals and
healthcare systems must allocate substantial resources to manage sepsis patients, often at
the expense of other healthcare priorities [134]. The aging population and the increasing
prevalence of chronic comorbidities in developed countries are expected to further drive
up the costs of sepsis care in the coming years [135]. In developing countries, the economic
burden of sepsis poses significant challenges for already resource-constrained healthcare
systems [123]. The high costs of sepsis care can divert limited resources away from other
essential health services, such as maternal and child health, infectious disease control, and
primary care [57]. The lack of access to adequate healthcare facilities, trained healthcare
providers, and essential medicines in many LMICs can lead to delayed or inadequate sepsis
care, resulting in higher mortality rates and greater economic losses [136]. Addressing the
economic burden of sepsis requires a multifaceted approach that includes efforts to prevent
infections, improve early recognition and treatment, and optimize resource allocation [43].
In developed countries, strategies such as the implementation of sepsis care bundles,
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the use of electronic health records to facilitate early detection, and the development of
cost-effective diagnostic and therapeutic tools can help reduce the economic impact of
sepsis [95,137]. In developing countries, strengthening healthcare systems, improving
access to essential medicines and critical care services, and implementing cost-effective
sepsis management protocols can help mitigate the economic burden of sepsis [138,139].

8. What Prevention Strategies and Quality Improvement Initiatives May Be
Promoted Worldwide?

Global healthcare systems place a high premium on preventing sepsis and providing
patients with sepsis with better care. To address these issues, a variety of approaches and
programs have been put into place in various healthcare settings and geographical areas
while taking into consideration regional contexts and available resources.

Sepsis must be detected early in order to provide prompt treatment and better pa-
tient outcomes. To aid in the early detection of sepsis, screening instruments and early
warning systems have been created and tailored to various healthcare environments [140].
Electronic health records (EHRs) and automated alarm systems have been used in high-
income nations to identify hospitalized patients who are at risk of sepsis [141]. These
systems employ algorithms to set off alarms and facilitate early assessment and therapy
based on vital signs, test results, and other clinical data [142]. Simplified screening tech-
niques and tools have been created to help identify sepsis early in low- and middle-income
countries (LMICs), where access to advanced technology and EHRs may be limited [139].
One method that has been suggested for use at the bedside in resource-constrained settings
to identify patients at risk of sepsis is the “Quick Sepsis-related Organ Failure Assess-
ment” (qSOFA) score [1]. The three-parameter (systolic blood pressure, respiratory rate,
and mental state) qSOFA score has been validated in several LMIC populations and has
demonstrated potential in identifying patients at increased risk of death [40,70]. In certain
low- and middle-income countries (LMICs), community-based screening and early referral
programs have been introduced to enhance the timely detection of sepsis, especially in
isolated and rural regions [143]. Community health workers are frequently trained as part
of these initiatives to identify sepsis symptoms and signs and to facilitate rapid referral to
medical institutions [144]. For screening methods and protocols to be successfully used
in various healthcare settings, they must be tailored to the local context, taking into con-
sideration linguistic hurdles, cultural considerations, and resource availability [69]. Sepsis
incidence can be decreased by the use of infection prevention and control (IPC) strategies,
especially in hospital environments [145]. Fundamental IPC practices that have been exten-
sively promoted in many different regions include hand hygiene, using personal protective
equipment properly, and cleaning and disinfecting surroundings [146]. Comprehensive
IPC programs have been introduced in high-income countries to minimize sepsis and
healthcare-associated infections (HAIs) [147]. These programs include surveillance systems,
outbreak investigation and treatment, and continual teaching and training of healthcare
personnel. Implementing IPC in LMICs is fraught with difficulties due to a lack of funding,
poor infrastructure, and conflicting healthcare objectives [132]. To improve IPC practices in
resource-constrained situations, creative tactics like the “care bundle” approach and the
application of alcohol-based hand rub have been modified [148,149]. With an emphasis on
leadership, teaching, monitoring, and feedback, the World Health Organization (WHO)
has created guidelines and tools to assist the implementation of IPC programs in low- and
middle-income countries (LMICs) [150]. Another crucial element of preventing sepsis is
the implementation of antimicrobial stewardship programs (ASPs), which optimize the
use of antibiotics while limiting the emergence and spread of antibiotic resistance [151].
ASPs have been widely adopted in high-income nations using tactics such as formulary
restriction, guideline creation, and prospective audit and feedback [152]. In order to direct
antibiotic therapy and minimize needless use, fast diagnostic tests and biomarkers have
also been added to ASPs [153]. Implementing ASPs in LMICs is hampered by issues such
as insufficient capacity for diagnosis, insufficient control over the sale of antibiotics, and
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a shortage of workers with the necessary training [87]. Several solutions have been sug-
gested to address these issues, including tailoring ASP tactics to the local environment,
emphasizing education, and making use of current networks and resources [154]. In order
to facilitate the creation and application of ASPs in LMICs, the Global Antibiotic Resistance
Partnership (GARP) was founded, encouraging a multidisciplinary and context-specific
strategy [155]. Initiatives aimed at improving quality and preventing sepsis must priori-
tize education and raising public awareness. To enhance the diagnosis and treatment of
sepsis, educational initiatives aimed at medical professionals have been put in place in
high-income nations [39]. To improve knowledge and abilities, these programs frequently
include multidisciplinary approaches, case-based learning, and simulation training [156].
To increase public awareness of sepsis and encourage early care-seeking behavior, public
awareness programs have been created, such as the “Surviving Sepsis Campaign” and
“World Sepsis Day” [39,157]. Limited resources, language and cultural hurdles, and conflict-
ing health objectives are some of the particular difficulties faced by educational programs
and public awareness campaigns in low- and middle-income countries (LMICs) [113]. The
success of educational initiatives depends on their customization to the local environment,
use of culturally relevant materials and messaging, and involvement of stakeholders and
community leaders [8,158]. In environments with limited resources, using peer educators
and community health professionals has been suggested as a tactic to encourage behavior
change and spread knowledge [33]. Innovative strategies to improve sepsis education and
awareness in LMICs have also been investigated [159]. These strategies include the use of
social media platforms and mobile health (mHealth) technology. For instance, the Global
Sepsis Alliance’s “Stop Sepsis” mobile application offers teaching tools and information
for healthcare professionals as well as the general public, tailored to various languages
and situations. In environments with limited resources, utilizing pre-existing community
networks and working with nearby organizations and media sources can also help increase
the reach and effect of campaigns raising awareness of sepsis [144]. Programs for quality
improvement (QI) and care bundles have been widely used to improve patient outcomes
and raise the standard of sepsis care. Evidence-based protocols and care packages have
been utilized in high-income countries as part of QI programs aimed at early detection
and treatment of sepsis [74]. A number of care packages that have been produced by the
“Surviving Sepsis Campaign”—such as prompt antibiotic administration, blood culture
collection, and early lactate measurement—have been linked to lower mortality rates and
better adherence to sepsis recommendations [95,96]. QI initiatives in LMICs have been
tailored to the local environment, taking into consideration the limitations of the healthcare
system and the resources that are available [39]. The “WHO Global Maternal Sepsis Study”
showed that a QI bundle with an emphasis on early detection, prompt fluid resuscitation,
and antibiotic therapy could be successfully implemented for the care of maternal sepsis in
52 LMICs [42]. A sepsis treatment bundle tailored to the needs of low- and middle-income
countries (LMICs) has also been established by the “Sepsis in Resource-Limited Nations”
(SiREN) project, with an emphasis on the significance of early detection, suitable antibiotic
therapy, and source control [159]. Several nations have investigated using clinical decision
support systems and electronic health records as a means of enhancing the execution of QI
projects and sepsis treatment packages [160]. Telemedicine and mobile health technologies
have been suggested as ways to help LMICs, especially in rural and isolated areas, conduct
sepsis quality improvement programs [161]. The effective execution and long-term via-
bility of sepsis quality improvement (QI) programs in various healthcare settings depend
on involving local stakeholders, such as administrators, policymakers, and healthcare
professionals [159].

9. What Are Challenges and Future Directions in Global Sepsis Management?

Sepsis remains a serious worldwide health concern despite tremendous breakthroughs
in our understanding of its etiology and therapy. Global sepsis burden management neces-
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sitates a multimodal strategy that considers the particular opportunities and challenges in
many geographic locations and healthcare contexts (Figure 2).
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The absence of uniform diagnostic standards and treatment strategies across various
geographic locations and healthcare environments is one of the main obstacles in the man-
agement of sepsis [162]. It has been questioned whether the current definition of sepsis,
which is based on the Sepsis-3 criteria, is applicable to low- and middle-income countries
(LMICs) because it was established and validated predominantly in high-income coun-
tries [157]. The precise identification of sepsis based on these criteria may be hampered by
the restricted availability of laboratory tests and imaging modalities in resource-constrained
settings [5]. Furthermore, depending on local infectious disease epidemiology, healthcare
infrastructure, and resource availability, therapeutic approaches to sepsis therapy may
differ significantly between areas [8]. In settings with low resources, the guidelines of
the Surviving Sepsis Campaign, which have gained widespread adoption in affluent na-
tions, might not be suitable or possible [125]. Improving sepsis outcomes in low- and
middle-income countries (LMICs) requires tailoring these recommendations to the local
environment, taking into consideration resource availability and the particular difficulties
faced by healthcare providers [96]. Future work should concentrate on creating and evalu-
ating sepsis management algorithms and context-specific diagnostic criteria that take into
consideration the potential and constraints of various healthcare settings [160]. This can
entail the application of streamlined clinical scores, like the fast Sequential Organ Failure
Assessment (qSOFA) score, which is simple to use at the patient’s bedside and does not
require laboratory testing [163]. Developing point-of-care diagnostic assays is another
promising way to improve sepsis management in places with limited resources, as they can
quickly identify the underlying organism and provide tailored antibiotic therapy [1]. One
method that has shown promise for enhancing sepsis diagnosis, prognosis, and treatment
is the use of biomarkers [164]. Procalcitonin, C-reactive protein, and lactate are a few exam-
ples of biomarkers that have been thoroughly investigated in sepsis and have demonstrated
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promise for directing antibiotic therapy and forecasting results [165]. However, depending
on variables including genetic background, comorbidities, and infectious disease epidemi-
ology, these biomarkers’ performance may change in various populations and healthcare
settings [166]. Sepsis results may be improved by the application of precision medicine,
which focuses on individualized treatment plans based on a patient’s genetic, clinical, and
environmental factors [167]. It has been determined that certain genetic polymorphisms
may affect a person’s vulnerability to sepsis and reaction to treatment [168]. Research is
currently being conducted on the application of pharmacogenomic techniques to direct the
choice and dosage of antimicrobial medicines according to a person’s genetic profile [63].
Precision medicine approaches to sepsis care in low- and middle-income countries (LMICs)
are confronted with various obstacles, such as restricted genetic testing availability and a
dearth of proven pharmacogenomic algorithms in varied populations [169]. Subsequent
investigations ought to concentrate on detecting biomarkers and genetic variations unique
to a community, which might direct the treatment of sepsis in various geographical loca-
tions and medical environments [170]. Developing accessible, point-of-care genetic testing
platforms and incorporating pharmacogenomic data into clinical decision support systems
could serve as a means of addressing these obstacles and enhancing sepsis outcomes in
environments with limited resources [64]. Few significant advances have been made in
the creation of novel treatment medicines for sepsis in spite of decades of research [171].
Many immunomodulatory drugs, including IL-1 receptor antagonists and anti-TNF an-
tibodies, have failed in human trials, which has caused a reevaluation of the existing
strategies for developing drugs for sepsis [172]. Novel treatment targets, including the
endothelium, coagulation cascade, and microbiota, have been the focus of recent study
and may be important players in the pathophysiology of sepsis [173]. The particular op-
portunities and challenges found in various hospital settings should be considered in the
development of novel treatment strategies for sepsis [174]. Another interesting strategy
for sepsis medication development is the repurposing of already-approved medications,
such as beta-blockers and statins, which have pleiotropic effects on the immune system
and cardiovascular function [175]. Hemoadsorption and hemofiltration are two examples
of extracorporeal blood purification methods that have come to light as possible sepsis
treatment approaches [176]. By removing inflammatory mediators and toxins from the
bloodstream, these methods hope to reduce organ failure and the systemic inflammatory
response that accompany sepsis [177]. It is still unknown, nevertheless, whether these
therapies are cost-effective and clinically effective in various hospital contexts [104]. Subse-
quent investigations ought to concentrate on pinpointing innovative treatment objectives
and strategies that are suitable for a range of patient demographics and medical environ-
ments [178]. Priority should be given to the creation of accessible, affordable therapies that
are simple to use in environments with limited resources [179]. The development of innova-
tive sepsis treatments may be sped up by the application of adaptive clinical trial designs,
which enable the quick identification of promising medications and the discontinuation
of ineffective ones [180]. A coordinated, multidisciplinary strategy involving cooperation
between physicians, researchers, legislators, and public health specialists from various
geographic locations and healthcare settings is needed to address the global burden of
sepsis [181]. The creation of international research networks, such the International Severe
Sepsis and Septic Shock Collaborative Group and the Global Sepsis Alliance, has made it
easier for sepsis specialists all over the world to share best practices and expertise [182].
Nonetheless, notable discrepancies persist in funding and research output related to sep-
sis between high-income and low- and middle-income nations [183]. Since most sepsis
research is done in wealthy nations, its conclusions could not apply directly to situations
when resources are scarce [184]. The inclusion of LMIC sites and the creation of research
questions and procedures tailored to the specific environment should be given top priority
in future projects [4]. Promoting international cooperation and research projects to address
the global sepsis burden should incorporate a number of crucial tactics. First, creating
research collaborations between high-income and LMIC universities can support the devel-
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opment of research knowledge and capacity in environments with limited resources [185].
Second, the creation of uniform instruments for data gathering and reporting can make it
easier to compare and combine data from various research and geographical areas [186].
Third, in order to guarantee the applicability and acceptability of study findings, local
stakeholders such as legislators, healthcare professionals, and community members must
be involved [157]. Ultimately, in order to lower the worldwide sepsis burden, research
findings must be translated into clinical practice and public health policy [7]. This calls
for the creation of procedures and guidelines that are appropriate for the given context,
the bolstering of healthcare infrastructure and systems, and the public’s and healthcare
providers’ empowerment and education [41]. Political will and funding for sepsis preven-
tion and control can be mobilized by including sepsis management into larger global health
programs like the Sustainable Development Goals and Universal Health Coverage [187].

10. Conclusions

Millions of individuals worldwide suffer from sepsis and septic shock, which continue
to be major global health burdens that result in high rates of morbidity, mortality, and
medical expenses. The differences in sepsis epidemiology, risk factors, treatment, and out-
comes between countries and healthcare environments have been brought to light by this
thorough review. Sepsis varies greatly in incidence and fatality rates between geographical
areas, with low- and middle-income countries (LMICs) experiencing a disproportionately
high illness burden. Sepsis incidence and mortality are higher in these settings due to
a number of factors, including a high frequency of infectious illnesses, restricted access
to important medications and diagnostic equipment, and poor healthcare infrastructure.
The rising incidence of chronic illnesses, an aging population, and the advent of microor-
ganisms resistant to antibiotics are the main causes of the substantial sepsis burden in
high-income nations. The review has also brought to light the differences in risk factors and
comorbidities between continents. The incidence and prognosis of sepsis are significantly
influenced by a number of factors, including environmental and socioeconomic factors,
chronic health conditions, acute medical and surgical conditions, and demographic factors.
Population-specific variations in genetic variables and sepsis susceptibility highlight the
need for context-specific research and therapies. Healthcare environments vary in how
they handle sepsis and septic shock. Those with inadequate resources have a difficult time
identifying, diagnosing, and treating sepsis in a timely manner. The scarcity of diagnostic
instruments, antimicrobial agents, and supportive care technologies in these environments
causes treatment to be delayed or insufficient, which raises mortality rates. The application
of evidence-based guidelines and care bundles has improved outcomes in high-income
nations, but there is still room for improvement, especially in the treatment of organ
dysfunction related to sepsis and the long-term effects of sepsis. The public, politicians,
researchers, and healthcare professionals must work together to address the global burden
of septic shock and sepsis.
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