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Sepsis is a clinical syndrome resulting from a dysregulated inflammatory response to infection. Sepsis management
demands early diagnosis and timely treatment that includes source control, antimicrobial therapy, and resuscitation.
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| 1. Introduction

Sepsis is a clinical syndrome resulting from a dysregulated inflammatory response to infection. In 2017, an estimated 48.9
million cases of sepsis accounted for 11 million (19.7%) deaths worldwide [, In 2013, in the United States alone, sepsis

accounted for $24 billion in hospital expenditures with the financial burden rising significantly over the subsequent 5 years
(23],

Delayed identification and incorrect treatment lead to worse outcomes, increased costs, and higher mortality [4. Managing
sepsis in the contemporary era revolves around early diagnosis, administration of antimicrobials, hemodynamic support
with fluids and vasopressors, and source control via procedural drainage and removal of the inciting pathogen. While
these interventions have led to a decrease in hospital mortality, significant shortcomings in early recognition and treatment
of the underlying cause of sepsis remain: the biomolecular triggering and subsequent inciting of an uncontrolled
inflammatory response [l Overreliance on culture data delays identification of an infectious etiology and increases the
possibility of inappropriate antimicrobial selection. The downstream effects of delayed or inappropriate antimicrobials
include emerging antimicrobial resistance, medication toxicity, adverse microbiome alterations, and ineffective therapy.

While source control on the macro scale is important, the trigger of the pathological inflammatory cascade in sepsis
ultimately occurs at the molecular level. The complex interaction between infectious molecules and the immune system is
often overlooked in present-day management of sepsis. Innovations that prevent or attenuate this pathological interaction,
as well as novel supportive therapies that provide time for patients to recover, are essential to improve outcomes in
sepsis.

| 2. Novel Diagnostics in Sepsis

According to the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3), sepsis is defined as
life-threatening organ dysfunction caused by the dysregulated host response to infection B8, Early identification and
diagnosis are essential, as prompt and appropriate treatment can improve survival [8l. Sepsis may result from any type of
infection (most commonly bacterial) that affects the body (most commonly the lungs or urinary tract). In contrast, viral
sepsis is caused by a viral infection (e.g., influenza) that also carries the potential for superimposed bacterial infection.
The year 2020 highlighted the devastating impact of virally-mediated sepsis, triggered by severe acute respiratory
syndrome coronavirus 2. Our review focuses mainly on contemporary novel diagnostics and therapeutics in bacterial
sepsis identified in the literature search covering a one-year period (November 2019—November 2020).

Limited resources are currently available to aid in early diagnosis of sepsis. Though blood cultures can occasionally
identify the responsible pathogen and direct later antimicrobial therapy, their inability to yield timely results limits their role
in the initial diagnostic process. Several molecular approaches have been developed in order to improve conventional
culture-based identification, including PCR and matrix-assisted laser desorption ionization—time of flight (MALDI-TOF)
mass spectrometry. Although MALDI-TOF may decrease the time to result to as early as two and half hours once the
blood cultures become positive 219 3 broader clinical evaluation of this approach is still missing. Recent data suggest
that transcriptomic profiling by multiplexed quantitative PCR (QPCR) and metabolite detection by liquid chromatography-



tandem mass spectrometry (LC-MS/MS) have potential in the clinical development of diagnostic tests capable of
overcoming the limitations of single molecules to differentiate between infectious and noninfectious causes of systemic
inflammation (14,

Various clinical scoring systems, such as the sequential organ failure assessment (SOFA) score, exist to assist with the
diagnosis of sepsis BIAI2 Although SOFA is one of many such tools, may help identify patients with increased risk of
death, and is utilized in the current sepsis definitions &, it is by no means specific for infection or sepsis .

Some biomarkers, such as C-reactive protein (CRP) and procalcitonin (PCT), have been widely used as an acute phase
reactant in critically ill patients, but their diagnostic and prognostic values for sepsis are limited 23141151 |n 3 retrospective
cohort study in critically ill patients fulfilling the Sepsis-3 criteria, the diagnostic accuracies of PCT and CRP insufficiently
predicted proven infection, with no difference in decrease in both markers in 28-day survivors and nonsurvivors 18I,
However, the multicenter, open-label, Procalcitonin-guided Antimicrobial Therapy to Reduce Long-Term Sequelae of
Infections (PROGRESS) trial in 266 patients meeting Sepsis-3 criteria demonstrated that PCT-guided therapy, as
compared to standard care, yielded a significantly reduced mortality 4. With more than 100 biomarkers already
described and proposed for sepsis 8, defining which marker may be useful to optimize diagnostics and therapeutic
strategies remains a challenge.

A recent comprehensive review identified 5367 studies investigating the use of biomarkers in relation to sepsis 18, with a
total of 80 new individual biomarkers emerging over the past decade. Of these 80, a mean of 21 biomarkers were
assessed specifically for the diagnosis of sepsis in basic research studies, clinical studies, and studies combining both
approaches. We attempted to categorize the various biomarkers according to pathophysiological roles (Eigure 1),
although for many, identifying a single clear role was not possible. While many studies have validated a multibiomarker-
based risk model that estimates mortality probability in adults with septic shock 29, we focused on clinical studies in
adults over the past year that compared biomarkers in different sepsis-related pathways. Table 1 summarizes different

novel biomarkers reviewed below in detail.
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Figure 1. Biomarkers sorted according to their pathophysiological role. Bacterial stimuli cause cell activation and, along
with PAMPs and DAMPSs, release pro-inflammatory mediators triggering a broad host response.

Table 1. Summary of biomarkers for novel therapeutics for sepsis.

Summary of Biomarkers

a. Pathogen-associated molecular patterns (PAMPS)

1. Innate response biomarkers b. Damage-associated molecular patterns (DAMPS)

c. Calprotectin




Summary of Biomarkers

a. Interleukin 6 (IL-6)

b. Monocyte Chemoattractant Protein 1 (MCP1)

2. Cytokine/Chemokine biomarkers

c. Pentraxin (PTX) 3

d. sTNFR1

a. Presepsin

b. CD64

3. Receptor Biomarkers c. Soluble triggering receptors expressed on myeloid cells (STREM-1)

d. TLR-4

e. PD1

a. Angiopoietin-1 (Ang-1) and Angiopoietin-2 (Ang-2)

4., Microcirculation related biomarkers

b. Adrenomedullin (ADM) and Pro-Adrenomedullin (ProADM)

a. Micro-RNA (miRNA)

5. Biomarkers of Organ Dysfunction b. Long Non-Coding RNAs (LncRNAS)

c. Matrix Metalloproteinases (MMPS)

| 3. Therapeutics

The mainstay of therapy in sepsis revolves around two broad principles: (1) source control to remove the infectious
stimulus and (2) resuscitation optimization to both attenuate the pathologic inflammatory response and provide end-organ
support. Current source control therapies include antimicrobial administration and procedural interventions to reduce the
pathogenic burden 29, Unfortunately, these therapies incompletely address the integral role of infectious molecular
triggers to incite and propagate the characteristic inflammatory cascade of sepsis that manifests itself to different degrees
according to each patient’'s unique immune system and biochemical milieu. Meanwhile, supportive care is often limited to
the implementation and titration of therapies such as intravenous fluids, vasopressors, mechanical ventilation, and renal
replacement therapy (RRT). Comprehensive application of the correct combination of the above therapies in a timely
manner improves outcomes in sepsis. We discuss novel therapies (Table 2) that target the pathogen burden and those
that target the host by attenuating the adverse effects of the molecular triggers of inflammation to support patients until
recovery.

Table 2. Summary of benefits, concerns, and current phase of clinical trials for novel therapeutics for sepsis.



Therapy Benefit Concern Phase of Clinical Trial

Emergency Food and Drug
Administration (FDA)-
approval for Covid-19,

ongoing multicenter clinical

trials (21

i Differing mechanisms/targets
Improved hemodynamics;

PAMP Removal improved mortality in

murine model

of removal between devices.
No studies assessing effect on
mortality to date

) Can neutralize multidrug-  No randomized controlled data ) 0y
Bacteriophages ) , , , Case reports in humans 22
resistant (MDR) bacteria assessing efficacy
) ) : - ) FDA-approved for
Intravenous Useful in certain No defined benefit in sepsis i L
) ] ) o ) immunodeficiencies and
immunoglobulin (IVIG) inflammatory conditions patients . .
inflammatory conditions
Targeted Monoclonal Avoids antibiotics Each drug only effective . 29
o ) ) _ Phase 3 trials underway 23!
Antibodies resistance against targeted organism
) Can bind bacterial toxin to Limited use in bacteria that . ”
Liposomes o ) Phase 1 trials completed [24]
minimize damage secrete endotoxin

Mortality reduction in

. ) ) Benefit found in only those
Alkaline Phosphatase septic shock with acute

. ) " Phase 2 trials (23
with acute kidney injury

kidney injury

Synergism with
Antimicrobial Peptides ynerg

o . Cytotoxicity towards host cells Phase 3 trials 28
antimicrobials
Increase potency and . -
. - . . Liposomal amphotericin B
Nanoparticles minimize side effects of High development costs 7
R FDA-approved 1
antimicrobials

Catecholamine-sparing

. ; Limited prospective
effect; improved mortality

. ) ] ] FDA-approved for use in
Angiotensin Il ] ] . experience outside of phase IlI )
in certain patient . septic shock
) trials
populations
Catecholamine-sparing No change in
Selepressin effect with lower net fluid ventilator/vasopressor-free Phase 3 trial completed [28]
balance days
Mesenchymal Stem Decreased cell injury in o . 3
. ) Concern for oncogenicity Phase 2 trials (2!
Cells murine sepsis models
Shown to improve renal No standard
Extracellular Vesicles recovery in murine nomenclature/isolation Phase 2 trials [22]
models of sepsis techniques

Positive results in murine

. . FDA-approved only in the
TLR4 Ligand Binders

Potentially oncogenic i
setting of cancer therapy

models of sepsis




Benefit Concern Phase of Clinical Trial

Therapy
Phase 2 trials B%: Anakinra
IL-7 agonist: prevents ] ] FDA-approved for
L . IL-7 agonist: No mortality . .
|ymph0pen|a in septic o ) rheumatoid arthritis
benefit in current trials;
shock; .
IL-6R and IL-6 antagonist:
) ) ) Anakinra: No data for routine
Interleukin Anakinra: improved . . .
) . o ] use in sepsis phase 2 and phase 3 trials
agonists/antagonists mortality in those with [31].
elevated IL-1RA levels; IL-6R and IL-6 antagonist: ’
) mixed data, no data for non- FDA-approved for
IL-6R and IL-6 antagonist: ) . . .
) covid sepsis rheumatoid arthritis,
attenuates cytokine storm
EUA for Covid-19
CcGAS-STING
Murine models of sepsis Noiin h data t . FDA df I
; o0 in human data to sugges -approved for non-smal
(cyclic GMP-AMP demonstrated survival o _ 99 PP
synthase-stimulator of benefit benefit in sepsis lung cancer

interferon genes)

Potential to decrease

Adrenomedullin capillary permeability in
sepsis

Concern with potential of
P Phase 2 trials [2]

hypotension

Improved multiorgan FDA-approved for use in

) o May lead to ] _ .
Eculizumab dysfunction in Baboon ) . atypical hemolytic uremic
) immunosuppression
models of sepsis syndrome
Case series . . FDA-approved for chronic
. No RCT studying IFN-Y in )
Interferon Gamma demonstrating improved granulomatous disease and

. ) sepsis ) ) .
cytokine profile certain malignancies

Improved SOFA scores,

Soluble TREM-1 and i i . . L . .
especially in those with Short half-life requires infusion Phase 2 trials 22

Nangibotide
elevated sTREM-1 levels
Improved absolute
Immune Checkpoint lymphocyte count (ALC Patient relevant clinical
P _ ymp y (ALC) Phase 2 trials B9
Modulators in those with low ALC and outcomes unknown
septic shock
Granulocyte- Reduced length of
. I ) L FDA-approved for
Macrophage Colony- mechanical ventilation for No clear mortality benefit in i
] ) o ] chemotherapy-induced
Stimulating Factor (GM- sepsis-induced sepsis .
. . neutropenia
CSF) immunosuppression
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