CHAPTER 3

CURRENT GAPS IN SEPSIS DIAGNOSIS AND THERAPY

Zeliha Kogak Tufan!

3.1. Introduction

“He was there, in the emergency room, receiving nasal oxygen support. I was
at my hospital when I had a phone call from my husband, saying my dad is
in an emergency room at another hospital. I learned the detailed story later,
while on my way to that hospital. The only symptom was fever, and he felt
very ill then. They brought him to the ER. When I saw him, I knew that he
was in sepsis, I didn’t need to check his temperature, even didn’t check the
vitals. Just [ knew that he was in sepsis. I remember thinking about what
could be the source? He had chronic conditions like chronic obstructive lung
disease, heart, and renal diseases. But no failure, no symptoms of infection
recently. He was well when I last saw him 2 days before. I am told that he
might have urosepsis since he was anuric, unable to give urine for analysis
in the first hours at ER. He was given paracetamol and IV ciprofloxacin,
but no fluid resuscitation yet! He was feeling somewhat better after 1V
paracetamol, when I saw him in his second hour in ER, his temperature was
36,4°C, blood pressure 110/62 mmHg, HR 87 bpm, RR 27/min, SpO,
95% on 2 Limin O,. WBC: 12,550/uL, platelets: 210,000/uL, creatinin:
1.74 mg/dL (basal 1.2), glucose 114 mgldL (no diabetes history), CRP
8.87 mg/L, procalcitonin 0.28 ng/mL, and lactate: 3.1 mmol/L. The source
was not the urinary tract, but the lungs, he had bilateral crackles in lungs
(besides, his urinalysis doesn’t reveal any infectious condition when checked
after 4 hours of his presentation to ER). Actually, he could be anuric at the
presentation because of the perfusion abnormalities due to sepsis and related
organ failure. Fluid resuscitation was a challenge for the ER team due to his
age (81 years) and co-morbidities. I did not consider using carbapenems or
other broad-spectrum “celebrity” antibiotics; instead, we initiated 1V fluid
therapy along with 1V ceftriaxone and moxifloxacin, that was all he had.
The other day everything was clearer: WBC: 13,966/uL, platelets: 152,000/
uL creatinin: 1.83 mgldL, CRP: 77.3 mg/L, and procalcitonin: 1.08 ng/
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mL, patchy infiltration in lung tomography. Any other fellow could have
initiated meropenem plus colistin or at least piperacillin tazobactam plus
teicoplanin, in the first hours of sepsis, to this kind of patient with a lot of
co-morbidities and of course due to high percentages of antibiotic resistance
circulating around. Plus, he was a father of an MD. They would start with
the top and then de-escalate according to culture results. Even I would do
that for any other patient. But since I know him closely, 1 could manage
to keep it simple, with less collateral harms. He did have co-morbidities,

but all were in a balance, very few visits to hospitals, no obvious risk for
anti-microbial resistance. I didn’t let them take him to the computerized
tomography or echocardiography until the end of the first golden hours of
sepsis. Finding the source is of course important,but the source was lungs,

and all I wanted ro give him was fluid, oxygen, and antibiotics. No stressful
imaging all around the corridors of ER, no detailed investigation were
needed in the first golden hours. He was old, and I needed all his immune
system on our side. I had to see he was doing better in the first hours of sepsis.

Other imaging and investigation could wait. I thought I was cool and calm.

But now 1 realize that I was really scared of sepsis and of what is coming
Jor the subsequent hours. At the end, my gut-feeling as a doctor worked, we
kept the antibiotic therapy as it is, with oxygen therapy. After one week, he
was discharged in good health. His immune system was on our side too...”

There are a lot of gaps in the diagnosis and management of sepsis in extreme
ages, particularly for those with co-morbidities. Differences in resource capacity
across different settings pose another challenge. An article tited “’Can we afford
100% compliance?”, published in the 1990s, addressed hand washing.! But the
phrase always comes to mind when handling sepsis cases. The same question was
raised at an ECCMID Congtress during the introduction of the new definitions
of sepsis from the “2016 task force of the Society of Critical Care Medicine
and European Society of Intensive Care Medicine (SCCM/ESICM)”.? Sepsis
management has consistently been challenging across different settings. Scholars
from African Countries have discussed at subsequent ECCMID Congresses that
applying sepsis bundles could potentially cause harm in low-income settings.’
Even fluid resuscitation can be a problem when resources for dialysis and
ventilatory support are limited. These scholars later published articles addressing
the same issues.”” International guidelines emphasize early recognition and
prompt antimicrobials, but many large trials of adjunctive therapies have failed to
show benefit when applied to “larger” populations. These observations highlight
two main problems: diagnostic tools lack sufficient sensitivity and specificity,
and therapeutic approaches remain “one size fits all,” failing to account for the
individual host responses.
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3.2. Major Gaps in the Diagnosis of Sepsis
Sepsis is defined as “/ife-threatening organ dysfunction caused by a dysregulated

host response to infection.” 1 always underline in my lectures to students that it is
not a disease with a particular genetic disorder or certain findings. You cannot
search for a particular diagnostic marker and say, “That is sepsis for sure!” The
diagnosis is a challenge in itself. The diagnostic criteria suggested by guidelines
are often criticized for being either too broad or less sensitive (I am still from
the “Systemic Inflammatory Response Syndrome (SIRS) plus Infection” club!).
A lot of discussions went on when they first introduced qSOFA for the diagnosis
of sepsis at an ECMMID Congress. Still, we continued to use SIRS in clinical
settings, and a few years later, SIRS criteria made a comeback! By that time, many
early warning scores (EWS) had been introduced, which in some settings made
the diagnosis even more complicated.

The Surviving Sepsis Campaign continues to recommend early identification
and immediate antimicrobial therapy for “likely sepsis,” despite diagnostic
uncertain.” Sepsis definitions (Sepsis-3) are based on organ dysfunction, but
clinical screening tools and electronic alerts vary widely in sensitivity and specificity
across patient populations and different settings. Screening programs and using
EWS are recommended. Different and simple scoring systems, like the Modified
EWS (MEWS) and the National EWS system (NEWS), have been proposed to
identify patients with a worse prognosis at an early stage.”® However, there is
no universally accepted tool that achieves both early detection and low false-
alarm rates across diverse clinical environments (consider the different dynamics
of emergency departments, infectious diseases departments, and other clinical
areas such as obstetrics, pediatrics, etc). Implementation of proper approaches
and user-centered design remains underdeveloped, of course, limiting real-world
effectiveness.

3.2.1. Gaps in Biomarkers

Twenty years ago, erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) were all we had as biomarkers in our routine care. Cytokines
and even procalcitonin were used only for research in studies until recent years.
Now, procalcitonin is routine and requested from each patient, every single
day in our intensive care units (ICUs) in mega-city hospitals. A long list of
candidate biomarkers alongside procalcitonin, CRP, lactate, and cytokines, such
as cell-free DNA or proteomic signatures, shows promise in specific contexts in
recent studies. To date, more than 250 biomarkers of sepsis have been studied
and applied in various clinical settings.” Biomarkers, such as soluble receptors,
membrane receptors, damage-associated molecular patterns (DAMPs), cytokines,
chemokines, acute phase proteins, and non-coding RNAs, are currently being
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studied for the diagnosis of sepsis and the prediction of prognosis.” Yet, no
single marker reliably identifies sepsis across different age groups, immunological
states, for different pathogens, and timepoints of sepsis. As I mentioned in the
introduction, in my father’s case, laboratory changes were evident within 12 hours.
His CRP and procalcitonin levels were only slightly increased at the beginning.

Many assays are static snapshots, failing to capture the time-varying host
responses (such as early hyperinflammation or immunosuppression). A significant
gap persists between promising biomarkers and their robust clinical utility.
Challenges such as standardization, assay turnaround times, cost, and regulatory
pathways further limit their implementation in diverse clinical settings.’

3.2.2. Temporal Dynamics and Timing of Sepsis Diagnosis

Even though we don’t use the term “temporal dynamics” in a real-life setting,
we all know that it exists. Temporal dynamics can be described as time-related
changes or fluctuations in a biological or clinical process. Sepsis is a dynamic process.
The diagnostic significance of physiological and molecular signals changes
over hours to days. I completed my residency in a tertiary care hospital, with
limited resources in those years, and the clinical responses were the core of our
management, not the biomarkers. Today, we have a lot of biomarkers to track the
fluctuations of the clinical response and the disease. Still, clinical and biological
responses should be monitored together and carefully. Most diagnostic paradigms
and biomarkers ignore this temporal dimension. This reduces accuracy and limits
the ability to predict which patients will progress to organ failure."

3.2.3. Limited Access and Applicability in Low-Resource Settings

As we stated in the first part of this manuscript, one hundred percent
compliance with guidelines can be a challenge in some settings. Besides, many
advanced diagnostics, such as rapid molecular diagnostics or multi-omic assays,
are unaffordable in low- and middle-income countries (LMICs), where the sepsis
burden is greater. Variation in sepsis programs, staff numbers, access to hospital
care, ICU capacity, and health-system resources affects the ability to deliver
guideline-driven care. Hospitals may lack consistent protocols for screening, rapid
diagnostic tools, or enrolling patients into biomarker-guided therapies. Closing
therapeutic gaps, therefore, requires system-level changes, not only molecular
advances. Centers for Disease Control and Prevention (CDC) addresses this issue
in its “Hospital Sepsis Program Core Elements” for the development of a multi-
disciplinary hospital sepsis program.''

The Hospital Sepsis Program Core Elements include:

* Hospital Leadership Commitment: Dedicating the necessary human,
financial, and information technology resources.

25



Precision Medicine in Sepsis: From Biomarkers to Bedside

* Accountability: Appointing a leader or co-leaders responsible for program
goals and outcomes.

* Multi-professional Expertise: Engaging key partners throughout the hospital
and healthcare system.

* Action: Implementing structures and processes to improve the identification
and management of, and recovery from, sepsis.

* Tracking: Measuring sepsis epidemiology, management, and outcomes to
assess the impact of sepsis initiatives and progress toward program goals.

* Reporting: Providing information on sepsis management and outcomes to
relevant partners.

* Education: Providing sepsis education to healthcare professionals, patients,
and family/caregivers.

3.2.4. Major Gaps in Therapy

One-size-fits-all treatments do not meet with success in sepsis. The source
of the infection and the biological and immune response differ. We do know
the positive effects of prompt antibiotics and fluid resuscitation. But there are
pros and cons to most adjunctive therapies, such as immune modulators and
biologics. Slim et al. reviewed the PubMed, Embase, Cochrane CENTRAL, and
ClinicalTrials.gov for immunomodulatory therapies in adults with sepsis, from
the first available paper until January 29th, 2024. The search resulted in 15,853
studies! A personalized approach was incorporated in 70 studies (9%). Still, no
clear benefit was shown. Instead, they stated that there are inconsistent or negative
results in large randomized trials. The authors stated that this is possibly due to
the lack of patient stratification, the need to confirm positive findings in large
multicenter populations, or the potential influence of severity and timing on
immunomodulatory therapy results.'

Timing and sequencing of interventions are also important in therapy.
The one-hour bundles were introduced for timely care in sepsis. Therapeutic
efficacy depends not only on which intervention is used but also on when
it is applied. For example, immunostimulatory agents may harm patients
during an early hyperinflammatory phase, while they may be beneficial during
later immunosuppression. Current clinical practice lacks reliable markers
and operational workflows to guide time-sensitive sequencing of therapies.'

Antimicrobial stewardship represents another major gap in sepsis management.
Guidelines recommend the early initiation of antimicrobials when sepsis is
suspected, but overuse can promote resistance and harm patients who present with
non-infectious conditions that mimic sepsis. Recently, I observed many patients
with acute cerebrovascular events in the emergency room who were started on
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antibiotics due to the severity of their condition (possibly reflecting clinicians’
fear of legal repercussions from families). Without rapid pathogen diagnostics
and host-response tools that can reliably confirm or exclude bacterial infection,
clinicians face a difficult situation. Rapid point-of-care tests and host-response
signatures that distinguish infection types are still evolving and have not yet been
widely implemented."

3.3. Conclusion

Sepsis is a life-threatening condition, and discussions about improving every
aspect of the diagnosis and proper care are important. Currently, we understand
more about physiological and biological host variations. Studies on biomarkers
are ongoing and promising for the future. There are also new tools, such as omics,
computational models, and rapid assays, although not available everywhere
yet, that could dramatically improve diagnosis and treatment. Hospital quality
measures are of utmost importance as well. Yet, implementation of the bundles
and care steps is still a concern in many settings. The Hospital Sepsis Program
Core Elements, introduced by the CDC, are important. Patient values, resources,
cost, equity, acceptability, and feasibility are all recommended to be considered
while making the strategic plans for implementation (CDC, 2025). Although
they stated that there is no single template for a hospital sepsis program, those
core elements come from a background of the United States hospitals, a healthcare
system that is totally different from Tiirkiye’s. Each country has its own dynamics
and has to prepare its own path for sepsis care, depending on the resources and
setting. Realizing this vision will require the coordinated action of researchers and
health systems, with a clear focus on clinical utility.
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