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SEPSIS Global Impact

Prevalence in ICU:
*ICU Patients: Sepsis affects approximately 1 in 5 ICU patients.
*Mortality Rate: The 90-day mortality rate fin ICUs is about 30-40%.
*Septic Shock: 30% to 50% depending on healthcare settings.

Regional Differences:
*High-Income vs. Low-Income Countries
*Resource Availability

Risk Factors:
+Age and Comorbidities: (e.g., diabetes, cardiovascular diseases).
«Infections Leading to Sepsis

septic shock
vs. controlled
infection

Why patients react differently to bacterial infections, with
some developing septic shock while others do not?

host factors, pathogen characteristics, and environmental
influences




Host Immune
Response Differences

* Genetic Variability: Certain genetic
polymorphisms affect immune function, including
variations in TLR (Toll-like receptor) signaling,
cytokine production (e.g., IL-1, TNF-q, IL-6), and
complement system activation.

* HLA (Human Leukocyte Antigen) Type:
Different HLA haplotypes influence how the
immune system recognizes and responds to
bacterial antigens.

* Innate Immune Variability: Some individuals
have an exaggerated immune response (cytokine
storm), while others have a more controlled
inflammatory reaction.
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Preexisting Conditions

* Comorbidities: Diabetes, chronic
kidney disease, heart failure, and liver
disease impair immune responses,
increasing susceptibility to sepsis.

* Immunosuppression: Cancer, HIV/AIDS,
or immunosuppressive therapy (e.g.,
steroids, chemotherapy) reduce the
ability to mount an effective immune
response.

* Malnutrition: Deficiencies in essential
nutrients (e.g., zinc, vitamin D) can
weaken immune function.
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Pathogen Factors

* Virulence Factors: Some bacteria
produce superantigens (e.g.,
Staphylococcus aureus, Streptococcus
pyogenes) that cause massive cytokine
release, leading to toxic shock and sepsis.
* LPS (Lipopolysaccharide) Load: Gram-
negative bacteria (e.g., E. coli, Klebsiella
pneumoniae) release LPS, which triggers a
strong inflammatory response via TLR4
activation.

 Bacterial Load: Higher bacterial counts
can overwhelm the immune system,
leading to uncontrolled systemic infection.

PRE-EXISTING CONDITION

* Hearing/Vision Impairement
* Physical Disability

* Hypertension

* Asthma

* Diabetes

* Epilepsy

* Mental Illness

* Terminal Illnesses (Cancer)

Note: Always check the policy document carefully before purchasing travel insurance
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Early deaths due to initial intense
inflammatory response - 10%

Homeostasis and
Recovery - 60% of
Patients

Later deaths due to
immunosuppressive state
unable to combat
secondary infections - 30%

Early Phase—Transition—Late Phase

Immune
Dysregulation:
Hyperinflammatory vs.
Immunoparalysis

* Some individuals exhibit excessive
cytokine release
(hyperinflammation) leading to
septic shock, multiple organ
dysfunction syndrome (MODS), and
death.

* Others develop immune

t ion (i ysis) with
reduced monocyte function and T-
cell anergy, making them susceptible
to secondary infections.

Immune homeostasis

Excessive inflammation causing
cytokine storms & MODS

>

Immune
homeostasis

PAMPS/DAMPs 1
Initiation

T cells exhaustion

main cause of

poor prognosis
in septic
patients

Immunosuppression
raising susceptibility to
secondary infections

Liu et al. Military Medfcal Research (2022)

Immune homeostasis

SEPSIS

Pathophysiological Impact:
* hyperinflammation/immunosuppression
complicates management of sepsis

Innate immune system

Early response

* Release of IL-1, IL-6, IL-8,
IL-12, IL-18, TNF-q, IFN-y

* Activation of complement,
coagulation, phagocytes

* host'simmune system > immunosuppression.

* Characteristics of Inmunosuppression:

AcclL lati of Anti-infl; y
Cytokines: Elevated levels of cytokines like IL-10.
Impaired Immune Cell Function: Reduced
activity of immune cells, leading to compromised
defense mechanisms.

Over-proliferation of Suppressor

Cells: Increased numbers of myeloid-derived
suppressor cells and regulatory T cells, which further
dampen the immune response.

Depletion of Immune Effector Cells: Loss of
key immune cells through various forms of cell death,
weakening the body's ability to fight infections.

Adaptive immune system

Cellular immune response
« Activation of B cells, neutrophils,
myeloid-derived supressor cells

Humoral immune response
« Production of Immunoglobulins
(i.e. 1gM, IgG)

Inflammatory response

Anti-inflammatory events

T- cell exhaustion

Apoptosis of immune cells

(i.e. lymphocytes, monocytes and antigen-

presenting cells)

Immunoparalysis

Decrease of HLA-DR expression

| Recovery

|Nosocomial infections |

_ |Viral reactivation

o,

Endotoxin tolerance, &,



a Effects of protracted sepsis on the innate immune system
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Surviving Sepsis

Surviving Sepsis .
i Campaign’

Campaign's®

Antibiotic Vasoactive Agent

Management

Use norepinephrine as first-line
vasopressor.

Shock is present ‘Shock is absent

Target a MAP of 65 mm Hg.

For patients with septic

shock on vasopressors [A

Sepsis is
definite or
probable

Administer
immediately, idealy within|
1 hour of recognition.

Administer
immediately, ideally within
1 hour of recognition.

Consider invasive monitoring of arterial
blood pressure.

Sepsis is Administer antimicrobials Rapid assessment"
possible immediately, ideally of infectious vs. yet available peripherally.”
‘within 1 hour of noninfectious causes

recognition. of acute illness.

If MAP is inadequate despite

(T Consider adding vasopressin.

Administer antimicrobials
within 3 hours if concern
for infection persists.
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@ JAMA Network

From: The Third International Consensus Defi

ons for Sepsis and Septic Shock (Sepsis-3)

JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287

What are we doing
Patient with suspected infection
] .
ey - ome - ommman. ON these patients?
(*'Q\/‘) » el > reevaluate for possible sepsis )

if clinically indicated

Yes Yes
Assess for evidence
of organ dysfunction

(R) SOFA Variables

SoFAs22 | o | Monitorclinical condition; Respiratory rate

> reevaluate for possible sepsis Mentalstatus
=@ if clinically indicated Systolic blood presstre
Yes
EED |y (B) SOFA Variables
i Pa0,Fi0, ratio
Despite adequate fluid resuscitation, Glasgow Coma Scalescore
1 vasopressors required to maintain
e No Mean arteria pressre
AND Administration of vasopressors
2. serum lactate level >2 mmol/L? with type and dose rae of infusion
Serum creatinine or urine output
s Bilirubin
. Platelet count
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PECIAL ARTICLE

Executive Summary: Surviving Sepsis
Campaign: International Guidelines for the
Management of Sepsis and Septic Shock 2021

lar instability of sepsis. In the Rivers’ Early Goal Directed
Therapy (EGDT) study, 4.9 L of crystalloid was given in
the first 6 h and 13.4 L in the first 72 h [1

Let’s do some maths

* 70 kg x 30 ml = 2100 ml in the first 3 h (plus
boluses)

Marik et al. Annals of Intensive Care 2011, 1:1

e amlsoersecrmomlt ot 11 ® Annals of Intensive Care

a SpringerOpen Journal

q! f:d uid are adr
septic patients during the first day of ICU ad
Hemodynamic parameters to guide fluid therapy

Paul E Marik"", Xavier Monnet’, Jean-Louis Teboul”



Inflammatory response
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What’s next?

Early phase
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Fluids

Recovery

Antibiotics
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Deterioration
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Immunoparalysis
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Excessive Inflammation

Immune Suppression

Septls Post-sepele Innate Immunity Adaptive Immunity

Innate Immunity Adaptive Immunity

Recruited leukocytes O (LGS . « Upregulated apoptosis of

Release of pro-inflammatory Plasma cells differentiation P~ Macrophage polarization ymphoid cells
mediators e xpansion of MDSCs « Exhaustion of T cells

Activated neutrophils, S H induced HLA-DR expression Increased regulatory cells

macrophage and NK cells Activation of Teff cells : « Impaired presentation of impaired effect function

DAMPS production : antigens Th2 cells polarization
Pro-inflammatory | Immunosuppression
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Immunoparalysis

Recovery

Hyper
Inflammatory
Syndromes (HIS)

* Excessive and dysregulated immune
response leading to widespread
inflammation and potential organ
dysfunction.

Key Features:

- Overp ion of pro-i

cytokines (cytokine storm).

Involvement of multiple organ systems.

Can be triggered by infections,
i diseases, and




Heterogeneous cohort
of patients with sepsis
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Epigenetic
Regulation in
Sepsis

What is Epigenetic Regulation?

* Changes in gene expression without altering
the DNA sequence.
Acts like "tags" on DNA to turn genes on or off.
Affects how immune cells respond to infection
and inflammation.

Key Epigenetic Mechanisms

* Histone modifications (HAT & HDAC): Control
I)D}IA accessibility.

DNA methylation: Silences or activates immune
response genes.

Non-coding RNAs: Regulate inflammation and
immune function.

0 opi S e
I mechanisms and intervention therapy
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Non-cading RNA

Mistone modification

Dentritic cell

Impact on Sepsis
Can enhance or suppress immune response.
X Dysregulation leads to immune
paralysis or hyperinfl ion.

. Therapeutic Target: Modifying epigenetic
pathways may restore immune balance.

Metabolic
Reprogramming in Sepsis

What is Metabolic Reprogramming?

@ Cells switch their fuel source to adapt to stress
or infection.

@ Alters energy production to support immune
activation.

Key Changes in Sepsis
o Glycolysis Activation: Increases ATP for rapid
immune response.

Mitochondrial Dysfunction: Leads to energy
crisis and organ failure.
A Altered Lipid Metabolism: Affects inflammatory
signaling.

Impact on Sepsis
W Helps immune cells respond efficiently.

damage.

activators) may improve outcomes.

Xif dysregulated, it can worsen inflammation or cause organ

.+ Therapeutic Target: Drugs modifying metabolism (e.g., Nrf2



racteristics of Hyper Inflammatory Syndromes
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Immune Dysregulation:

Uncontrolled immune activation
leading to systemic inflammation.

Limit excessive

inflammation by
promoting Treg
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Cytokine Storm:

Excessive release of cytokines like
IL-6, TNF-qt, and IL-1B.
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Neutralize AR
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Fohance HLA-DR |
phagocytosis and
| maturation of M2

Activate natural
immune cells

Thymosin

alphal | .

Enhance
phagocytosis
and cytokine

¢

Organ Dysfunction:

Affects lungs, heart, kidneys, and
liver.

Examples include ARDS, cardiac
failure, and renal impairment.

(GM-CsF L7
Promote
poliferation of

release

Stimulate T cell proliferation

* Enhance antibacterial ability

R
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Common Syndromes:

Sepsis, Cytokine Release
Syndrome (CRS), Hemophagocytic
Lymphohistiocytosis (HLH),
Macrophage Activation Syndrome
(MAS).

Restore function of
! innate and acquired
immunocytes

Exhausted
immune
cells

BTLAS

% Exhausted
lymphocytes

Diagnosis and Treatment Strategies

| Treatment Approaches:

¢ Laboratory Tests: Elevated CRP, ¢ Anti-inflammatory
ferritin, and cytokine levels. Therapies: Corticosteroids, NSAIDs,
¢ Imaging: Assess organ involvement cytokine inhibitors (e.g., tocilizumab).
using CT, MRI, or ultrasound. ¢ Immunosuppressive
* Clinical Assessment: Identify Agents: Anakinra, cyclosporine.
symptoms and potential triggers. e Supportive Care: Respiratory support,
fluid management.
¢ Targeting Underlying
Causes: Antimicrobial therapy,
addressing autoimmune triggers.

Anakinra — IL-1 Receptor Antagonist

What is Anakinra?
@ A recombinant IL-1 receptor antagonist (IL-1Ra).
@ Blocks IL-1a and IL-1B, reducing inflammation.
Mechanism of Action
Prevents IL-1 from binding to its receptor.
A Reduces the production of pro-inflammatory cytokines.
Helps modulate excessive immune activation in sepsis.

Uses in Medicine
Sepsis & Septic Shock: Reduces cytokine storm and inflammation.
Rheumatoid Arthritis: Controls chronic inflammation.
Still’s Disease & MAS (Macrophage Activation Syndrome): Regulates immune overactivation.
Potential Benefits in Sepsis
Reduces hyperinfl ion and organ d
v Improves survival in select septic patients with high IL-1 levels.
v May help prevent immune dysfunction in later sepsis stages.




Tocilizumab — IL-6 Receptor Inhibitor

What is Tocilizumab?
@ A monoclonal antibody targeting the IL-6 receptor.
@ Blocks IL-6 signaling, reducing inflammation and cytokine-driven damage.
Mechanism of Action
* Binds to IL-6 receptor (IL-6R), preventing IL-6 from exerting pro-inflammatory effects.
* Lowers CRP levels, reducing systemic inflammation.

Helps mitigate cytokine storm in hyperinflammatory states.

Uses in Medicine

Cytokine Release Syndrome (CRS): Used in COVID-19 and CAR-T therapy-induced
hyperinflammation.

Sepsis & Septic Shock: Investigated for its role in modulating inflammation.
 Rheumatoid Arthritis & Giant Cell Arteritis: Controls IL-6-mediated inflammation.
Potential Benefits in Sepsis

V Reduces IL-6-driven cytokine storm.

v May improve hemodynamics and prevent organ failure.

v Helps balance immune response without excessive suppression.



