CHAPTER 7

POINT-OF-CARE
TESTING AND RAPID MOLECULAR DIAGNOSTICS IN SEPSIS

Buket Baddal'

7.1. Introduction

Sepsis remains a leading cause of global morbidity and mortality. Early
recognition and timely, appropriate antimicrobial therapy are major determinants
of outcome; delays in pathogen identification and susceptibility data often
force empiric broad-spectrum antibiotic use with adverse consequences for
antimicrobial resistance and patient outcomes. The biomarkers currently used
for the investigation of sepsis are commonly measured in the central laboratory
environment. Such testing is often performed on large, automated clinical
chemistry analyzers, which employ a combination of ion-selective electrodes and
colorimetric, immunoturbidimetric, and other immunoassay techniques. The
required specimen types, serum and plasma, are obtained in blood collection tubes,
which, in turn, may cause an inherent delay in obtaining results due to sample
transportation to the laboratory and pre-analytical steps such as centrifugation.
Therefore, the interest has recently turned to POCT devices that can be used
to provide rapid results and reduce the time prior to the start of appropriate
treatment.! POCT and RMDs are currently transforming the diagnostic timeline,
providing physiologic and biomarker data at bedside, and molecular pathogen
identification within hours, hence enabling more precise early management
decisions. International sepsis guidelines emphasize the importance of early source
control, timely antimicrobials, and the value of biomarkers to support clinical
decisions, underscoring the clinical relevance of rapid diagnostics.?

7.2. Point-of-Care Biomarkers in Sepsis

An ideal sepsis marker must have high sensitivity and specificity to detect sepsis
early for timely and accurate diagnosis. Being non-invasive and cost-effective, the
biomarkers should also serve as monitoring parameters for the real-time assessment
of sepsis progression and treatment effectiveness.” Recent studies propose the
use of biomarkers as an alternative to blood cultures for rapid sepsis diagnosis,
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which allows for improved patient outcomes due to earlier and more specific
therapeutic interventions®. Clinical sepsis markers can be broadly categorized into
two main groups: pathogen-derived biomarkers and host-response biomarkers, as
summarized in Fig. 1. >°.

Biamurthen

for anen
dysfunction

Sepsis
A biomarker
uf sctivated categories

neutraphili

Figure 1. Schematic diagram showing different sepsis biomarker categories (adapted

from®).

Host-response biomarkers include inflammatory proteins, cytokines, cell
surface markers, metabolites, and markers for organ dysfunction. On the other
hand, pathogen-derived biomarkers, which provide direct evidence of infection,
include lipoteichoic acid (LTA) of gram-positive bacteria and lipopolysaccharides
(LPS) from gram-negative bacteria. These markers can be targeted by nucleic acid
amplification technologies for sepsis detection (Fig. 2)
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Figure 2. Molecular diagnosis for the detection of sepsis (adapted from’).
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To date, more than 100 biomarkers have been reported for use in sepsis
indication, which allow differentiation between bacteria, viruses, and fungal
infection as well as indicating whether there is a local infection or sepsis.
Procalcitonin, presepsin, CD64, C-reactive protein (CRP), IL-6, IL-8, soluble
triggering receptor expressed by myeloid cells-1 (sSTREM-1), lactate, neutrophil
to lymphocyte count ratio (NLR) and soluble urokinase plasminogen activator
receptor (suPAR) are the most studied host biomarkers for sepsis diagnosis.! The
applicability of these biomarkers to POCT, as well as the most commonly used
and emerging clinical biomarkers for POCT sepsis detection, are described below.

7.2.1 Lactate

Lactate, a byproduct of anaerobic metabolism, is widely recognized as a
biomarker for the assessment and monitoring of the severity of sepsis. Research
has indicated that lactate levels can predict clinical outcomes in sepsis patients.
819 Therefore, blood lactate measurement at the bedside is entrenched in sepsis
management as a marker of tissue hypoperfusion and disease severity. POCT
for lactate levels at the bedside has been shown to decrease turnaround times for
test results in these patients.’""> Multiple studies have also explored the utility
of POCT lactate devices for evaluating sepsis severity and the early detection
of hyperlactatemia in the emergency department (ED) setting. Study results
revealed that POCT devices are reliable and accurate for the measurement of
lactate from whole blood, as well as from the fingertip at the bedside in septic
ED patients.'*"” POCT lactate devices provide rapid values that correlate with
mortality and are used both for initial risk stratification and for monitoring
response to resuscitation.'® Studies demonstrate that implementing bedside
lactate measurement improves adherence to guideline-based resuscitation
bundles and may reduce the time to appropriate interventions."

7.2.2 Procalcitonin (PCT)

Procalcitonin (PCT), a prohormone of calcitonin produced primarily by
thyroid C cells, is among the most widely evaluated host biomarkers for bacterial
infection and sepsis.”” Being released during systemic inflammation caused by a
bacterial infection, secretion of PCT begins 2-4 h after the onset of infection and
peaks at 12-24 h. Levels of PCT are known to remain high as the inflammatory
process continues, and these levels directly correlate with the sepsis severity,
allowing this biomarker to discriminate between patients with infectious and
non-infectious systemic inflammation. PCT has greater specificity compared to
CRP, and increased PCT levels upon admission to the intensive care unit (ICU)
have been shown to indicate increased risk of severe sepsis and septic shock 2'.
Point-of-care PCT assays with acceptable analytical performance have been
validated against laboratory platforms and can inform antibiotic initiation and
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discontinuation algorithms, particularly in conjunction with clinical assessment
and stewardship oversight. POCT methods for PCT are commercially available,
including Brahms PCT Direct, used in several clinical chemistry immunoassay
analytical platforms, and the POCT PCT assay developed by Radiometer for the
AQT90 Flex analyzer.””

7.2.3 C-Reactive Protein (CRP)

C-reactive protein (CRP), a commonly investigated acute-phase protein,
belongs to the pentraxin family of ligand-binding plasma proteins used for
sepsis diagnosis, which is triggered by both inflammation and infection. The
disadvantage of CRP as a biomarker is its low specificity, as levels also rise in
the presence of other non-inflammatory processes such as trauma, pancreatitis,
or burns, limiting its use in sepsis diagnosis.”*?* Another major limitation
of CRP detection is the prevalence of the hook effect caused by the excess of
target antigens, which disturbs the sandwich immunoassays and may lead to a
false negative result despite a high concentration of the target antigen in a given
sample.” A paper-based immunochromatographic assay (HEF-ICA) has also been
developed, which delays the detection of antibody release from the conjugate pad
by applying a bridged sample pad, overcoming the CRP hook effect.® However,
despite overcoming the hook effect associated with CRD, it is not recommended
as a standalone test for sepsis detection because, besides being non-specific, levels
are suppressed in the presence of steroids and have a low response to stimulus.

7.2.4 Other Biomarkers

A wide range of other clinical biomarkers, such as presepsin, IL-6, IL-8, CD64,
and mid-regional pro-adrenomedullin (MR-proADM), have utility in prognosis
and may complement PCT, though evidence for routine bedside use varies. IL-6,
an early inflammatory mediator, facilitates the proliferation and differentiation of
T and B lymphocytes and stimulates the synthesis and secretion of acute-phase
proteins, peaking within 2 h of an inflammatory response. IL-6 exhibits a quicker
response to infection compared to CRP and PCT, establishing its reputation as a
prominent early biomarker for sepsis. Although not universally incorporated in
sepsis management protocols, many studies underlined its prospective value as
an independent sepsis marker.”’** Neutrophil CD64, on the other hand, is a Fcy
receptor distributed on the surface of monocytes, macrophages, and dendritic
cells, and is not present on neutrophils under normal physiological conditions.
CD64 levels on neutrophils increase rapidly 5-10 times compared to the normal
levels within 1-6 h during bacterial infection or sepsis.”* CD64 is considered a
promising biomarker for bacterial sepsis; however, research indicates that CD64
performs better during the early stages of sepsis diagnosis, suggesting its use as a
multiplex tool with a combination of markers for optimum diagnostic accuracy
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1. While not yet in widespread use, further research is ongoing for the assessment
of the utility of a range of biomarkers, including the non-histone nuclear protein
high-mobility group box 1 (HMGB1), the acute-phase reactant pancreatic stone
protein (PSP), the acute phase inflammatory marker serum amyloid A (SAA), the
glycoprotein sSTREM-1 and the soluble form of CD15, presepsin. In addition
to these, novel diagnostic biomarkers, such as circular RNAs, HOXA distal
transcript antisense RNA (HOTTIP), and microRNA-486-5p, are under active

investigation for sepsis diagnosis.**
7.3. Rapid Molecular Diagnostics for Pathogen Identification

The rapid and accurate profiling of infectious pathogens remains a significant
challenge in modern healthcare. Despite advances in molecular diagnostic
techniques, blood culture remains the gold standard for diagnosing sepsis. This
method is too slow and cumbersome, and may negatively impact the initial
management of patients. Ideally, the sepsis diagnostic test should capture clinically
relevant organisms along with antimicrobial resistance within a 1 to 3 h timeframe.
In addition, it should be minimally invasive, require small sample volumes, detect
a broad range of pathogens (bacteria, viruses, and fungi), polymicrobial infections
and contaminants, and be easily integrated into the clinical workflow. There is a
wide range of modern nucleic acid amplification technologies for sepsis detection,
which are summarized in Table 1.

Table 1. Major rapid molecular diagnostics for sepsis

Specimen  TAT Organisms  Resistance ...
Platform Type (hours) Covered Markers Strengths  Limitations
Rapid ID, Culture-
BioFire® Positive 24-30 bacteria mecA, minimal dependent,
FilmArray® blood 1-2 4 Funei vanA/B, hands-on time, limited
BCID Panel culture " & bla,. integrated resistance
cartridge detection
GenMark . Broad pathogen
ePlex® Blood Positive 20+ bacteria/ Selected coverage, Culture-
blood 1.5-2 . B-lactamases, dependent,
Culture fungi automated .
culture mecA expensive
Panel workflow
780 bacteria Ability
Iridica Plex Whole and Candida; mecA, vand, to detect . .
6 . vanB, and . . Discontinued
ID blood highly bl polymicrobial
expandable e infection
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. Whole
SeptiFast blood
. Whole
SeptiTest blood
Accelerate  Positive
Pheno™ blood
System culture
T2Bacteria® Whole
Panel blood
Whole
U-dHRM blood
N Whole
ANOPOE  hlo0d /
Sequencing lasma /
(MinION/ P30
GridION) ~ Positve
culture
Illumina
mNGS Ei’h‘je/
(short-read 100
NGS) plasma

4-6

8-10

7 (ID +
AST)

3-5

<4

4-6

(preliminary

1D)

24-48

>16 bacteria,

Candida, and mecA (after

Aspergillus ~ positive test
fumigatus; low for S. aureus

expandability

>345 bacteria
and 13

fungi; highly
expandable

N/A

Phenotypic

15-20 bacteria AST

5 key bacteria
(E. coli, K.
pneumoniae,
P aeruginosa,
S. aureus, £,
Jaecium)

N/A

37 bacteria,

highly

expandable  Can be

to include added in the
other bacteria, future
viruses, and

fungi
AMR genes
Broad, (blaKPC,
unbiased mecA,
vanA/B, etc.)
Broad,
unbiased AMR genes

Ability

to detect
polymicrobial
infection

Ability

to detect
polymicrobial
infection

Rapid
phenotypic

Discontinued

No load
detection,
lack of
resistance
gene
screening

Requires
a positive
culture,

AST, actionable a limited

in<8h

Culture-
independent,
fast ID

Detection limit
is single cell,
absolute load
quantification,
and the ability
to differentiate
between viable
and nonviable

DNA

Near real-time,
multiplexing,
portable

organism
panel

Limited
panel, low
sensitivity for
polymicrobial
infections

Lack of
resistance
gene
screening

Host DNA
interference,
bioinformatic
expertise
required, cost

Longer

Comprehensive TAT, lab

detection

infrastructure,

higher cost

7.3.1 Syndromic and Blood Culture-Directed PCR Panels

A positive blood culture only informs about the presence of bacterial growth.
Patients with suspected sepsis are required to be on broad-spectrum antibiotics
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based on symptoms/results at the time of presentation. Actionable information
comes from the organism identification and the detection of resistance markers/
antimicrobial susceptibility testing results, which guide treatment. The use of
rapid multiplexed PCR panels directly from positive blood cultures allows the use
of the local antibiogram to make informed choices for treatment. Multiplex PCR-
based detection of resistance markers allows for even more confident antibiotic
selection prior to the availability of full susceptibility test results in 48 to 72 h.
In particular, nucleic acid amplification test (NAAT)-based testing improves on
the failings of blood cultures, with improved sensitivity and faster time to results
while maintaining specificity. Commercial multiplex PCR panels (e.g., BioFire®
FilmArray® Blood Culture ID Panel, GenMark ePlex) applied to positive blood
cultures provide organism identification and selected resistance markers in 1-6
hours post-culture positivity—substantially faster than conventional methods.
While numerous studies and meta-analyses link these platforms, when paired
with active ASPs, to reduced time to targeted therapy, improved antimicrobial
optimization, and some to mortality benefit, these systems are typically used after
blood culture positivity and therefore do not bypass culture incubation times.*

7.3.2 Direct Whole-Blood Molecular Tests and Culture-Independent
Methods

Direct pathogen detection from whole blood (culture-independent) aims to
further shorten the time to identification. Approaches include pathogen-targeted
PCRs, broad-range 165/18S PCR, and host-pathogen signature tests. Among
the available platforms, the Roche Septifast (Roche Diagnostics) and the Iridica
(Abbott Diagnostics) were initially adopted but were discontinued and eventually
withdrawn from the market *. A number of other platforms are also available,
including VYOO rapid pathogen identification system (Analytik Jena Gmbh),
MagicPlex Sepsis (Seegene), and Sepsitest (Molzym Molecular Diagnostics),
MicrobScan assay, MicrobScan-Kairos24/7, MagicPlex Sepsis Test and InfectID-
BSI test. These platforms demonstrate variable performance, with most being fairly
time-consuming/labor-intensive and also having inadequate positive/negative
predictive value to be considered a viable alternative to blood cultures . The only
platforms currently offering an FDA-approved NAAT-based assay for the direct
detection of bloodstream pathogens are T2Bacteria (T2B) and T2Candida (T2C)
(T2 Biosystems), intended for the detection of bacterial and fungal pathogens
from whole blood, respectively.* Sensitivity for low-burden bacteremia remains
a limiting factor, but technical improvements (such as sample preparation and
pathogen enrichment) and targeted assays have shown promising diagnostic yields
in selected cohorts.”
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7.3.3 Metagenomic Next-Generation Sequencing (mNGS) and Nanopore
Sequencing (MinION)

Metagenomic NGS enables unbiased detection of bacteria, fungi, viruses,
and potential AMR genes from blood or plasma cell-free DNA. It employs
high-throughput gene sequencing technology to simultaneously detect the
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) of all microorganisms
present in clinical samples, enabling the determination of potential pathogenic
microorganism types through database comparison and bioinformatics analysis.
It has the characteristics of no culture, no dependence on specific sequence
amplification, no bias, less time consumption, and high sensitivity. Short-read
(Illumina) and long-read (Nanopore) mNGS platforms have been applied to septic
patients with encouraging diagnostic sensitivity in culture-negative infections.
The MinION (Oxford Nanopore Technologies) is a portable, real-time, USB-
powered DNA/RNA sequencer with a 10- to 50-min library preparation step.
The main advantages of the MinION platform over other NGS technologies are
its (i) rapid turn-around, (ii) low capital cost, and (iii) small size. It offers near-
real-time data streaming and portability, making it attractive for rapid diagnostics;
early clinical studies demonstrate species identification and detection of resistance
determinants within hours when used on positive cultures or enriched samples.
The generic sequencing system has shown the potential for the rapid identification
of pathogens in less than 4 h directly from blood when combined with a PCR
amplification step. Due to its capacity to perform sequencing at the single-molecule
level, it offers new possibilities to study microbial diversity in clinical samples,
demonstrating advantages in identifying viruses and rare and/or fastidious bacteria,
as well as allowing the multiplexing of different samples.”® When compared with
NGS, nanopore sequencing technology (NST) offers several advantages (Table
3). Apart from the speed of sequencing, it produces ultra-long reads. The average
read length generated by a nanopore sequencer typically exceeds 500 bp, with a
maximum read length of up to 2.273 Mb. Furthermore, unlike NGS, nanopore
sequencing does not rely on PCR-based signal amplification, enabling direct
detection of DNA or RNA in samples at the single-molecule level and thereby
avoiding biases introduced during amplification and library preparation in NGS.
Last but not least, NST is convenient and cost-effective. The MinION sequencer
costs approximately $1,000 and has a low per-run cost, making it highly suitable

for clinical applications.”

In addition to rapidly and precisely detecting bloodstream infection (BSI)
pathogens via real-time sequencing, the MinlON platform also enables the
complete genome sequencing of pathogens, providing additional information
such as drug resistance genes, thereby aiding clinicians in selecting appropriate
antibiotics and treatment plans. Recent studies have demonstrated that the
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MinION platform is able to detect AMR genes corresponding to resistant
phenotypes, particularly ermA, associated with lincosamide and macrolide
resistance in Staphyloccus aureus, ret(A) associated with tetracycline resistance,
and dfrA associated with associated trimethoprim-sulfamethoxazole resistance
in Escherichia coli, and carbapenem resistance genes 6laKPC-2 and blaNDM-5
encoding serine and metallo-°-lactamases, respectively, in Klebsiella pneumoniae®.
Similarly, a comparison of conventional methods and nanopore sequencing for
the identification of pathogens and prediction of antimicrobial susceptibility in
52 positive blood cultures from patients with sepsis indications concluded that
the species-level consistency was 94.2%, with an overall 89.3% agreement in AST
results, suggesting that nanopore sequencing provides high accuracy in species
identification and AST prediction.”!

Importantly, the repeated sequences and plasmids of microbial genomes often
contain crucial genetic information related to drug resistance.** The important
advantage of the nanopore sequencing, with its ultra-long reads, is the precise
identification of complex multidrug resistance (MDR) gene islands on bacterial
chromosomes and the structure of MDR plasmids carried by bacteria.®> A deeper
understanding of the molecular mechanisms underlying drug resistance and the
dynamic processes of resistance transmission is investigated in a range of studies,
which highlight their importance for the prevention and control of drug resistance
and the development of new antibiotics.*

Despite all its advantages, the challenges of nanopore sequencing technology
remain in terms of the host DNA background, analytical sensitivity for low-level
bacteremia, consumable costs, and the need for trained personnel. Nonetheless,
ongoing workflow optimizations, including automated host depletion and
improved bioinformatics, promise more widespread clinical adoption.

Table 2. The technological advantages of NST compared with NGS (modified from *).

Feature Nanopore sequencing technology (NST) Next-generation

sequencing (NGS)

Sequencing speed 10-15 GB/24 h/flow cell 10-15 GB/24 h
500 bp-2.273 Mb; depends on the length
Read length of the input DNA fragments <500 bp
Sequencing turnaround time <6 h >20 h
. L . Rely on PCR signal
Sequencing method Real-time single-molecule sequencing amplification
L . Hlumina platform,

Practicability MinION, a portable sequencer

not portable
Cost MinION, ~$1,000 Illumina sequencer,

~$50,000
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7.3.3.1 Nanopore Sequencing Workflows in Sepsis Diagnostics

Nanopore sequencing has emerged as a flexible, real-time, long-read sequencing
technology with the potential to revolutionize pathogen identification in sepsis.
Unlike traditional short-read NGS platforms, nanopore sequencing allows the
direct streaming of sequence data as it is generated, enabling clinicians to obtain
actionable results within hours.

Workflow Overview:

1. Sample Preparation

* Deripheral blood, plasma, or positive blood cultures are used as starting
material.

¢ Cell-free DNA (cfDNA) extraction or total nucleic acid extraction is
performed, often with host DNA depletion to enrich microbial signal.

* Target enrichment methods may be applied for low-burden pathogens.

2. Library Preparation

* Rapid library kits (e.g., Oxford Nanopore Rapid Barcoding Kit) allow
fragmentation and adapter ligation within 10-20 minutes.

* Barcoding permits multiplexing of multiple samples on a single flow cell.

3. Sequencing and Real-Time Analysis
* Nanopore devices (MinION, GridlON, PromethION) generate long

reads in real time.

* Basecalling converts raw signals to nucleotide sequences immediately,
enabling streaming analysis.

* Bioinformatic pipelines align reads to reference pathogen databases and
predict AMR genes.
4. Data Interpretation

* Real-time dashboards and Al-assisted algorithms identify pathogen species,
detect polymicrobial infections, and report resistance markers.

* Integration with clinical decision support tools can prompt early
antimicrobial adjustments.

7.4. Rapid Phenotypic and Genotypic Antimicrobial Susceptibility
Testing (AST)

A key limitation of molecular pathogen identification alone is the incomplete
mapping between the genotype and the phenotype. With the rapid rise in
increasingly resistant bacteria, AST remains crucial in guiding appropriate
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therapeutic decisions and infection prevention practices for patient care. However,
conventional culture-based AST methods are time-consuming and labor-intensive.
Therefore, rapid AST approaches have been developed to address the time gap to
actionable results. In particular, data show that there is a significant association
between the delay in antibiotic administration and severe sepsis, septic shock, and
increasing mortality.” Genotypic AST methods use nucleic acid amplification
technologies, such as polymerase chain reaction (PCR) and DNA microarray, to
detect specific AMR genes. These techniques are generally employed for direct,
rapid, sensitive, and specific detection of AMR genes. They can also minimize the
need for laborious and time-consuming bacterial culture, reducing the chances
of contamination. There is a plethora of commercially available rapid genotypic
AST tests for blood cultures, including Xpert MRSA/SA blood culture assay,
mecA XpressFish, BD GeneOhM StaphSR assay, Great Basin Staph ID/R blood
culture panel, ePlex blood identification gram-negative and gram-positive panel,
BioFire FilmArray blood culture identification panel, Verigene gram positive and
gram-negative nucleic acid test, all of which use whole blood as specimen type.
While genotypic resistance detection (carriage of mecA, blaKPC, vanA/B, etc.) by
molecular panels complements phenotypic AST, it cannot fully replace it due to
emerging or complex resistance mechanisms. Hence, in recent years, there has
been an increase in the number of commercially available technologies providing
rapid phenotypic AST. These technologies utilize sophisticated approaches, such
as microfluidics, morphokinetic cellular analysis, light scattering, fluorescence
detection of viability and cellular damage, flow cytometry, and basic microscopy, to
measure or visualize bacterial growth in the presence of antibiotics. Commercially

available rapid phenotypic AST methods are listed in Table 2.
Table 3. Rapid phenotypic antimicrobial susceptibility testing methods approved for

clinical testing (modified from*).
Specimen . . . . Regulatory
Test Type Functionality Organisms RunTime  Technology Status
.. .~ . Morphokinetic
Positive Identification
PhenoTest GPand . cellular analysis  FDA, CE-
BC blood ID and AST GN n 2 h, AST and fluorescence IVD
cultures in7h .
in situ
Microfluidic
sensor and
resonant
Positive frequency to
LifeScale blood AST GN 5h determine FDI?,’DC E-
cultures organism
concentration
and mass
distribution
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Positive Time-lapse
ASTar  blood AST GN 6h imgingof Y
cultures bacterial growth
Colorimetric
Sensors
Positive reacting to
VITEK FDA, CE-
blood AST GN 5h volatile organic ’
REVEAL cultures compounds b
due to bacterial
metabolism
Positive F .
Selux Next- blood uortehsc‘e[(li. X
Generation cultures GP and grc.)w H.l [.C? or FDA, CE-
. AST 6-7h  using a viability
Phenotyping and GN nd stk IVD
(NGP) Test bacterial and surtaces
colonies binding assay
Positive Microscopic
QuickMIC  blood AST GN 24 mabsiola o op g
cultures microfluidic
device
Positive GP and Light scattering
Alfred blood AST G;? 4-7h to detect CE-IVD
cultures bacterial growth
Positive Ti.m e—lapm?
dRAST  blood asT  GPand oy microscopic g pupy
cultures GN imaging of
bacterial cells
Flow cytometry
Positive using fluorescent
FASTinov  blood gasT  CPand o,y dyetoreval o
cultures GN cell damage
and metabolic
changes
Abbreviations:

ID: Identification

AST: Antimicrobial Susceptibility Testing

GP: Gram-Positive

GN: Gram-Negative

CE-1VD: European Conformité Européenne in vitro diagnostic approval

FDA: Food and Drug Administration

In most cases, phenotypic AST approaches are performed after the organism
is isolated in pure culture, which could take up to a few days. They have the
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advantage of demonstrating both qualitative and quantitative antimicrobial
susceptibility to antimicrobial agents and MIC values, which are crucial for
therapeutic decisions. Phenotypicapproaches can most often be easily adapted for
the testing of newer antimicrobials or when the genetic mechanisms of resistance
are unclear, particularly for Gram-negative microorganisms. In contrast,
genotypic AST methods depend on the established knowledge of AMR genes or
mutations. These tests can be performed directly from specimens, significantly
reducing the time to diagnosis. Some of the molecular assays can both identify
organisms and perform AST. Molecular panels, which offer both identification
and AMR gene detection, are typically syndromic panels containing more
than 14 targets, and are more costly and subject to reimbursement concerns. A
significant limitation of genotypic AMR detection is its reliance on subsets of
molecular targets, meaning the results depend on the available list of targets and
the known mechanisms of resistance.*

7.5. Clinical Impact: Outcomes and Antimicrobial Stewardship

Meta-analytic evidence indicates that rapid molecular diagnostics,
particularly when coupled with an ASP, reduce time to appropriate therapy,
shorten broad-spectrum antibiotic use, and are associated in some studies with
reduced mortality. Systematic and narrative reviews show consistent benefits on
antibiotic optimization metrics; however, the magnitude of mortality benefit is
variable and appears contingent upon the presence of active stewardship and
clinician engagement. Economic analyses suggest favorable cost-effectiveness in
many settings when reductions in length of stay and antibiotic use are realized,
but results depend on local prevalence, testing volumes, device costs, and
integration strategies.” 8

7.6. Implementation Considerations and Limitations

7.6.1 Analytical and Clinical Performance

Sensitivity and specificity vary by assay format, specimen type, organism
burden, and target panel. Culture-independent methods suffer from false
negatives in low-bacteremia states and may detect commensals or contaminants;
interpretation thus requires clinical correlation. mNGS may identify pathogens of
uncertain clinical relevance and detect colonizers or environmental DNA.#

7.7. Future Directions

Key future developments include (1) fully portable, CLIA-waived molecular
POCT devices providing pathogen ID and limited resistance profiles at bedside;
(2) faster phenotypic AST using microfluidics and imaging; (3) streamlined, host-
depletion and enrichment methods to improve direct-from-blood sensitivity for
mNGS; (4) AI/ML pipelines for interpretive decision support that synthesize
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host biomarkers, pathogen detection, and local epidemiology to recommend
antimicrobial actions; and (5) wider evidence from randomized implementation
trials to quantify patient-level outcomes and cost-effectiveness. Real-time
integration of rapid diagnostics with electronic health records and stewardship
workflows will be pivotal to achieving the promise of precision medicine in sepsis.
Early clinical and translational studies, including nanopore-based approaches for
near-real-time sequencing, illustrate the trajectory toward bedside genomics.”*!

7.8. Conclusion

POCT biomarkers and RMDs have reshaped the diagnostic landscape of
sepsis by narrowing the time between clinical suspicion and pathogen-directed
information. When embedded within coordinated clinical and stewardship
frameworks, these technologies support earlier optimization of antimicrobials and
more tailored patient management. Remaining obstacles—analytical limits, cost,
interpretative complexity, and the need for robust clinical outcome data—must
be addressed through pragmatic implementation studies and multidisciplinary
workflows. The convergence of rapid molecular tools, rapid phenotypic AST, and
Al-driven decision support promises a future in which precision diagnostics at the
bedside enable safer, more effective sepsis care.
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