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Preface to "New Strategies for Treatment of Sepsis”

Sepsis represents an emerging and one of the deadliest diseases worldwide, accounting for
millions of preventable deaths every year, being the cause, directly or indirectly, of about half of
all hospital deaths.

Until a decade ago, sepsis was managed almost exclusively by intensivists. Consequently, most
of the literature on this topic derives from studies conducted in Intensive Care Units (ICUs). However,
in recent years, there has been a progressive increase in admissions of septic patients to non-ICU
wards. The characteristics of the septic population have gradually changed—being constantly older,
more co-morbid and chronic—as well as the early management of sepsis and septic shock. As a
consequence, there is the need for literature data derived both from intensive and non-intensive
departments, in order to fill the gap of knowledge and for confirmatory purposes.

Being a time-dependent disease, sepsis requires a prompt recognition and a standardized
approach for optimal treatment. In general medicine wards, the main limitations to this purpose
are represented by the unfavorable proportion between patients and staff and by the lack of constant
monitoring of vital functions.

We are still far from a full knowledge of the mechanisms underlying the development and
progression of sepsis. It is in this context that, in the last few years, new scenarios have been opening
for sepsis management, including the use of new diagnostic tools with less invasive approaches, the
growing role of artificial intelligence, the development of better antibiotic therapy strategies and the
optimization of involved health resourses.

This book aims to collect and disseminate the knowledge of different specialists involved in the

management of septic patients, particularly non-intensivists physicians.

Antonio Mirijello, Alberto Tosoni
Editors
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Abstract: Sepsis represents a major global health concern and is one of the most feared complications
for hospitalized patients, being the cause, directly or indirectly, of about half of all hospital deaths.
According to the last definition, sepsis is a life-threatening organ dysfunction caused by a dysregulated
host response to infection and defined septic shock as a subset of sepsis in which underlying circulatory
and cellular/metabolic abnormalities are profound enough to significantly increase mortality. Sepsisisa
time-dependent disease and requires a prompt recognition and a standardized treatment. The Special
Issue “New Strategies for Treatment of Sepsis” has been thought to connect the experience of
physicians involved in the diagnosis, management, and treatment of sepsis at every stage of disease,
from emergency departments to general and intensive wards. The focus will be pointed on new
approaches to this syndrome, such as early recognition based on clinical features and biomarkers,
management in non-ICUs, non-invasive treatment strategies, including non-antimicrobial agents,
and, of course, invasive approaches. This Special Issue will highlight the many different facets of
sepsis, seen through the eyes of different specialists. We hope to spread the knowledge of a new
blueprint for treatment.

Keywords: internal medicine; intensive care; emergency department; organ dysfunction;
immunomodulation; micronutrients; antimicrobial stewardship

Sepsis represents a major global health concern [1] and is one of the most feared complications for
hospitalized patients, being the cause, directly or indirectly, of about half of all hospital deaths [2].

The definition of sepsis has changed during the years, with progressive attempts to provide a
more defined picture of its real nature: a time-dependent syndrome, requiring early recognition and
effective treatment. Thus, the last consensus conference defined sepsis as a life-threatening organ
dysfunction caused by a dysregulated host response to infection and defined septic shock as a subset
of sepsis in which underlying circulatory and cellular/metabolic abnormalities are profound enough to
significantly increase mortality [3].

Although, in the last few decades, sepsis was managed quite exclusively by intensivists within
intensive care units (ICUs), in recent years, there has been a progressive increase in admissions of
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septic patients to non-ICU wards, in particular internal medicine wards [4]. This change is effected for
several reasons. First, patients have become progressively older and sicker (e.g., affected by multiple
chronic diseases), often giving fewer chances to benefit from intensive treatments. Moreover, the early
recognition and management of sepsis and septic shock has significantly improved, positively impacting
on the prognosis of these patients. As a consequence, there is a growing collection of literature data
derived from studies conducted in non-ICU settings, adding useful information for the management
of sepsis with less invasive strategies, filling gaps of knowledge for non-intensivists and/or confirming
previously acquired know-hows.

Being a time-dependent disease, sepsis requires a prompt recognition and a standardized approach
for an optimal treatment. In general medicine wards, the main limitations to this purpose are represented
by the absence of classical signs/symptoms of infection (e.g., fever) [5], the unfavorable proportion of
patients vs. staff, and an environment with no advanced monitoring tools [4].

At present, there are still several unmet needs that should be addressed. The comprehension
of mechanisms underlying the development and progression of sepsis, the use of new diagnostic
tools [6] for a better and less invasive approach, including artificial intelligence, and the development
of antimicrobial strategies in order to effectively fight antimicrobial resistance represent only a few
of these.

On the other hand, returning to the most recent definition of sepsis, it still remains very generic and
impractical. An organ dysfunction caused by a dysregulated host response to infection, for example,
is a phrase that can well describe even severe forms of COVID-19 [7,8]. In this regard, this is only one of
the many faces with which sepsis can manifest itself and is one of the many different pathophysiological
mechanisms via which organ failure can develop. This is the reason why one of the objectives of
this Special Issue is to carry out personalized medicine in the field of sepsis, based on the ability to
identify its different manifesting typologies. Given all the variables involved (site and type of infection,
microbial etiology, host comorbidity, genetic predisposition, released cytokines, hospital care setting,
etc.), defining a specific, tailor-made treatment remains hard issue, however desirable.

The Special Issue “New Strategies for Treatment of Sepsis” has been thought to connect the
experience of physicians involved in the diagnosis, management, and treatment of sepsis at every stage
of disease, from emergency departments to general and intensive wards. The focus will be pointed on
new approaches to this syndrome, such as early recognition based on clinical features and biomarkers,
management in non-ICUs, non-invasive treatment strategies, including non-antimicrobial agents, and,
of course, invasive approaches.

This Special Issue will highlight the many different facets of sepsis, seen through the eyes of
different specialists. We hope to spread the knowledge of a new blueprint for treatment.

Author Contributions: A.M. and A.T. equally worked on the conceptualization, writing, review, and editing of
the paper. Members of the Internal Medicine Sepsis Study Group participated in the writing and revision process.
All authors have read and agreed to the published version of the manuscript.
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Abstract: Sepsis remains the leading cause of mortality in hospitalized patients, contributing to
1 in every 2-3 deaths. From a pathophysiological view, in the recent definition, sepsis has been
defined as the result of a complex interaction between host response and the infecting organism,
resulting in life-threatening organ dysfunction, depending on microcirculatory derangement, cellular
hypoxia/dysoxia driven by hypotension and, potentially, death. The high energy expenditure driven
by a high metabolic state induced by the host response may rapidly lead to micronutrient depletion.
This deficiency can result in alterations in normal energy homeostasis, free radical damage, and
immune system derangement. In critically ill patients, micronutrients are still relegated to an ancillary
role in the whole treatment, and always put in a second-line place or, frequently, neglected. Only
some micronutrients have attracted the attention of a wider audience, and some trials, even large
ones, have tested their use, with controversial results. The present review will address this topic,
including the recent advancement in the study of vitamin D and protocols based on vitamin C and
other micronutrients, to explore an update in the setting of sepsis, gain some new insights applicable
to COVID-19 patients, and to contribute to a pathophysiological definition of the potential role of
micronutrients that will be helpful in future dedicated trials.

Keywords: vitamin D; vitamin C; zinc; thiamine; nutrition; critically ill patients; infections; mito-
chondria; shock

1. Introduction

In the USA alone, apart from COVID-19, sepsis affects around 1.5 million people
annually [1]. Based on the most recent epidemiological trends, incidence of sepsis is
growing [2], with an incidence that is more than 5-fold greater in the elderly population [3].
In a trend analysis conducted from 1993 to 2003, the percentage of severe sepsis cases
requiring hospitalization increased from 25% to 44% [4]. In-hospital sepsis mortality has
been estimated up to 140% higher compared to annual estimates of mortality due to other
causes [5].

Sepsis remains the leading cause of mortality in hospitalized patients, contributing to
1 in every 2-3 deaths [6]. It is the result of a complex interaction between host response
and the infecting organism, resulting in life-threatening organ dysfunction, depending
on microcirculatory derangement, cellular hypoxia/dysoxia driven by hypotension and,
potentially leading to death. All these processes are finely regulated by merging pathways
involving a number of cells and mediators.

Standard care for septic patients still involves the first-hour bundle, with the explicit
intention of beginning resuscitation and management immediately. Mainstays of treatment
are still lactate monitoring, early diagnosis/treatment using cultures and broad-spectrum
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antibiotics, as well as adequate hemodynamic support to guarantee adequate end-organ
perfusion [7]. However, the high energy expenditure driven by a high metabolic state in-
duced by the host response can rapidly lead to micronutrient depletion [8]. This deficiency
can result in alterations in normal energy homeostasis, free radical damage, and immune
system derangement [6]. In the critically ill septic patient, the adjunctive administration of
vitamins and micronutrients, especially in defective scenarios, could lead to a better energy
expenditure homeostasis [9]. Moreover, vitamins, and generally micronutrients, despite
being neglected for years in the critically ill population, may represent a missing tool in the
regulation of processes involved in sepsis, due to their ubiquitous presence and action, the
involvement in several biochemical reactions as a cofactor and, in some cases, with indirect
genomic and non-genomic effects on the cells involved in the inflammation pathways.

This review will address the topic, including the recent advancement in the study of
some micronutrients, including vitamin D, vitamin C, thiamine, and zinc. These are the
micronutrients for which, despite controversies, there is some evidence and associations
between the disease severity in critically ill patients and their deficiency. In other cases,
they have been tested as supplementation in clinical studies.

The field of micronutrients has been entered into clinical studies recently and suffers
from methodology biases in clinical studies, since the exploration of such a topic was
mainly relegated to pre-clinical interest. However, with its potential for fine-tuning the
regulation of biochemical processes and the high evidence of association between disease
severity and their deficiency, it is worthy of consideration by clinicians.

In this light, we will give an overview of the actions of micronutrients and their
involvement in sepsis and in COVID-19, which has several clinical features in common
with severe sepsis.

2. Vitamin D

Initially discovered and studied as a major regulator of calcium metabolism, vitamin
D also plays an essential role as an immunomodulatory hormone [10] and in several
biological activities interfering with the innate and adaptive immune system, with a role
even in liver transplant recipients regarding graft function and sepsis incidence [11]. This
is also proven by the fact that vitamin D receptors are expressed by immune cells such as
lymphocytes, monocytes, macrophages, and dendritic cells [12].

2.1. Physiology and Requirements

There are two forms of native vitamin D. Vitamin D, is synthesized from ergosterol and
can be found in yeast and sun-dried mushrooms. Vitamin Dj is synthesized endogenously
from 7-dehydrocholesterol in sun-exposed skin. Both D, and D3 are metabolized by
CYP2R1 (vitamin D-25 hydroxylase) [12] in the liver to 25-hydroxyvitaminD [25(OH)D],
which is further metabolized by CYP27BL1 to the active form 1,25-dihydroxyvitaminD
[1,25(OH),D] [12], which exerts its endocrine and immune effects by binding to the vitamin
D receptor (VDR) in the nucleus [13]. 1,250HD is usually only needed in advanced renal
dysfunction and rare conditions, including hypoparathyroidism.

The main site of conversion of 25(OH)D is the kidneys. Evidence shows that circulating
levels of 25(OH)D maintained in the range of 40-60 ng/mL are associated with the lowest
risk of several types of cancer, and cardiovascular and autoimmune diseases [14]. In order
to maintain the blood levels in the range of 2040 ng/mL, with minimal sun exposure, an
adult would require the ingestion of 4000-6000 IU daily [15]; however, daily intakes using
standard enteral/ parenteral nutrition formulas rarely exceed 500 IU daily.

2.2. Vitamin D and Immunity

Vitamin D has a plausible link with response to infection. Macrophages and monocytes
express CYP27B1 as a response to cytokines and IFN-y. This enzyme converts 25(OH)D in
the active form 1,25(OH)2D25, which is able to enhance macrophage and monocyte activity
by the stimulation of the production of cathelicidin (LL-37), which acts by destabilizing
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microbial membranes [16]. Furthermore, it exerts antiviral effects by disrupting viral
envelopes and altering the viability of host target cells.

In a mouse model, Horiuchi et al. found a low expression of the inflammatory
molecule iTXB, in mice receiving oral 1,25(OH),D and intraperitoneal LPS compared to
controls who were not receiving the vitamin D metabolite. A significant reduction in
mortality was noticed [17].

As known, this modulation process is widely seen in clinical scenarios such as sar-
coidosis and tuberculosis, explaining why, for example, some patients affected with gran-
ulomatous disorders develop hypercalcemia and hypercalciuria [18]. The upregulation
of CYP27B1 also plays a role in regulating lymphocyte activity (reduces Thl and Th17
activity and stimulates Th2 and Treg). Moreover, 1,25(0OH),D modulates tolerance in
antigen-presenting cells (APC) by decreasing the expression of major histocompatibility
complex class I (MHC-II) [19]. This leads to a decrease in IL-12 production and an increase
in IL-10, with tolerogenic effects [20].

Even endothelial function is influenced by vitamin D. Several experimental stud-
ies have shown that it can modulate vascular permeability via multiple genomic and
extra-genomic pathways. For example, 1,25(OH),D is a transcriptional factor for endothe-
lial nitric oxide synthase (eNOS), able to cause an upregulation of the gene expression
augmenting nitric oxide production [21].

This is a potential role that may be interesting for the prevention and treatment
of patients with severe cases of COVID-19, given that microangiopathy, coagulopathy;,
and thrombosis are frequent in COVID-19, and vitamin D deficiency is associated with
a prothrombophilic profile, potentially reversible with vitamin D supplementation [22].
In fact, high dose vitamin D supplementation has been associated with reduced in vitro
thrombin generation and decreased clot density.

These effects use non-genomic pathways including adenylyl cyclase/cyclic adenosine
monophosphate (AC/cAMP) and inositol triphosphate /diacilglycerole (IP3/DAG), which
lead to an augmentation of intracellular calcium concentration [23].

Multiple studies have reported vitamin D effects also on gut integrity and intestinal
homeostasis, showing an ability to alleviate intestinal damage from bacterial lipopolysac-
caride [24]. Moreover, vitamin D can increase the expression of epithelial membrane
junction proteins, crucial when facing bacterial translocation events.

Vitamin D’s role in modulating adaptive immunity was originally observed on clonal
human T-cell-expressing VDR [25]. It seems that resting T cells do not express VDR, while
peripheral T cells do, making them a target of 1,25(OH),D produced by macrophages and
monocytes involved in the inflammatory response [25]. Vitamin D promotes a shift from
Th1 and Th17 to Th2 and Treg immunity by enhancing Th2 cytokine expression while in-
hibiting Th1. This leads to the suppression of an uncontested proinflammatory state [25,26],
even playing a potential role in protection from autoimmune diseases. This role in modu-
lating inflammation is also evident in vitamin-D-deficient individuals, where CD4/CD8
ratios decrease as an indicator of immune activation [27], while the administration of
5000-10,000 IUs of D3 can increase CD4/CDS8 ratio [28,29].

2.3. Vitamin D in the Critically Ill: The Septic Patient

In a large study involving more than 3000 critically ill patients, vitamin D deficiency
was a significant predictor of sepsis and carried a 1.6-fold increase in mortality [30]. Several
observational studies have reported a connection between low levels of 25(OH)D and the
incidence of sepsis; data also support the link between low serum vitamin D levels and the
increase in morbidity and mortality in septic, critically ill patients. The reasons seem to
be related to the effects of 1,25(OH)2D on the expression of pro-inflammatory cytokines
of Ty1(IL-2, IFN-y, TNF-o) and Ty17 (IL-17, IL-12) [31-33].The role of vascular reactivity
is under debate: lower levels of vitamin D3 are associated with worse outcomes, but
vitamin D may, at the same time, exert non-genomic actions on endothelial cells to prevent
extravascular leakage, and it may be reduced in its plasmatic levels by the vascular leakage
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itself due to systemic inflammation [34].Vitamin D’s effects seem to encompass not only the
modulation of the proinflammatory status, but also the local pathogen’s control: Youssef
and colleagues showed how the concentration of 50,000-90,000 IU/mL of D3 was able
to inhibit the growth of or even kill strains of Staphylococcus aureus, Klebsiella pneumoniae,
Escherichia coli, and Streptococcus pyogenes [35]. As a direct antimicrobial role becomes
better understood, especially considering the modulating effect exerted by 1,25(OH),D
after LPS exposure, strong evidence connects vitamin D metabolites to a decrease in pro-
inflammatory status, e.g., in yeast-induced sepsis [36]. In addition to basic biological
research, some observational studies have explored vitamin D’s role in the clinical setting.
One observational study pointed to a connection between vitamin D plasma concentrations
and respiratory infection [37], where Ginde et al. observed an inverse relationship between
25(OH)D levels and the incidence of upper respiratory infections (URI), data corroborated
by Sabetta and colleagues’ study, in which 25(OH)D levels greater than 38 ng/mL were
associated with a 2-fold decrease in URI incidence [38]. In the critically ill population,
several studies have revealed a high prevalence of poor vitamin D status [39]: in a single-
center study, the prevalence of 25(OH)D < 24 ng/mL was 79% [40], though lacking any
association with mortality or hospital-acquired infections. In contrast, a retrospective
study of 437 ICU patients showed a significant correlation between low vitamin D levels
and 25(OH)D < 20 ng/mL and mortality [41]. In a study of 70 patients divided into
three groups, Jeng et al. found vitamin D insufficiency in 100% of critically ill patients
admitted with sepsis in the ICU (group 1) and in 92% when considering the non-septic ICU
group (group 2), compared with 66.5% in the control group of normal healthy individuals
(group 3) [42]. In a case-control cohort study of 36 ventilated patients admitted to the ICU,
the group receiving a high-dose intramuscular injection of vitamin D obtained a significant

reduction of ventilation days and length of stay.

A summary of the potential positive effects of vitamin D in sepsis is presented in

Figure 1.
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Effects of micronutrients on septic patients

3. Vitamin C

3.1. Physiology and Requirements

Involved in several biosynthetic and metabolic processes, vitamin C is essential for
collagen and carnitine [43], and neurotransmitter synthesis [44] plays an antioxidant
role [45], acting as an immunomodulatory agent [46] (Figure 2). The level considered
normal in plasma [47], about 50 pmol/L, according to the EU food safety authority, can
be achieved by an intake of 90 mg/day for men and 80 mg/day for women. This is the
plausible solution, at a population level, to avoid scurvy, but it has been not demonstrated
that it is a sufficient intake in case of viral infections of other processes with a high level of
antioxidant consumptions. The overt vitamin C deficiency can be diagnosed by a plasma
level below 11 pmol/L, but it is rarely checked in hospitalized patients, and even among
the most severe patients, this feature is definitely neglected [47]. This happens despite the
fact that we know that the level of vitamins decreases rapidly in sepsis, trauma, surgery,

and, recently, in COVID-19 patients.
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Figure 2. Effects of micronutrients on septic patients, other than vitamin D.

In septic patients, vitamin C is involved in the modulation of the proinflammatory
and procoagulant state believed to induce vascular-ischemic induced multiple organ in-
jury [48]. In addition, vitamin C seems to reduce platelet aggregation by modulating
surface P-selectin expression [49], attenuate hypothalamic neuronal damage, and prevent
immunosuppression, in addition to inducing endogenous vasopressor synthesis [50]. As
with studies on vitamin D, several studies have found a reduction in vitamin-C-circulating
levels in septic patients admitted to the ICU, and deficiency may be exacerbated by the
reduction in cell uptake due to inflammatory cascade activation (TNF-o and IL-13 can
down-regulate the ascorbate-specific transporter [51]). On the other hand, plasma con-
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centration can lower (<10 micromol/L) in the first 24 h after septic onset, an event that is
strongly associated with an increase in the severity of organ dysfunction and mortality.

3.2. Vitamin C in the Critically Ill Septic Patient

Within the ICU population, to achieve normal plasma concentration and counter-
act organ dysfunction, high dose administration is necessary (3 g/daily) for 72 h. This
may reduce vasopressor requirements in septic shock and mortality in the ICU septic
population [52], though more evidence will be needed. This hypothesis has a strong
pathophysiological plausibility and relies mainly on a small and controversial before-after
retrospective study [53]. Several RCTs were unable to demonstrate a reduction in mortality
through the use of vitamin C, potentially due to several limitations, such as heterogeneous
populations or too severe patients and a lack of early administration [54]. The principal crit-
icism is the use of such a therapy in cases of advanced severe septic shock, at least in light of
mortality as an outcome, since, as demonstrated for vitamin D, the action of micronutrients
on severely ill patients may be less relevant, likely because the severity of the organ failure
is the result of several metabolic pathways that cannot easily be improved upon.

Another relevant topic on vitamin C administration is related to the pharmacokinetic
aspect. In fact, being a water-soluble vitamin, it is rapidly excreted if not used. For this
reason, due to its rapid use in the oxidative process, the main results were reached with
repeated administration every 6 h. In the largest trial of intravenous vitamin C in sepsis-
associated ARDS, the CITRIS-ALI trial [55], patients were given placebo or vitamin C at a
dose of 50 mg/kg every 6 h for 4 days. This means about an average dose of 3.5 g every
6 h in adults. Looking at the stated primary study outcomes, vitamin C did not improve
markers of inflammation, vascular injury, or organ dysfunction. However, there were
statistically significant benefits in three clinically relevant outcomes: mortality (p = 0.03),
duration of ICU-free days (p = 0.03), and hospital-free days (p = 0.04). As a matter of fact,
examining the data, during the 4-day vitamin C administration, mortality was 81% lower
in the vitamin C group, but after the cessation of study drug administration, there was
no difference between the two trial groups. This study, as well as other similar negative
studies, poses a relevant question about seeking proper evidence in critically ill patients,
when the research objectives just apparently, contrast with the clinical effects.

4. Other Micronutrients
4.1. Thiamine (Vitamin B1)

Thiamine is a cofactor for several enzymes involved in aerobic carbohydrate metabolism,
maintenance of cellular redox homeostasis, and synthesis of adenosine triphosphate [56]
(Figure 2). In particular, thiamine is needed to convert pyruvate into acetyl-CoA, allowing
entry into the citric acid cycle and aerobic metabolism. The human body has limited
storage abilities within skeletal muscle, heart, kidney, and brain [57], and due to its quick
turnover, without supplementation, deficiency can develop in just two weeks, with a
clinical spectrum ranging from cardiac beriberi to Wernicke’s encephalopathy [58].

In septic patients, thiamine deficiency is commonly found, with a prevalence of 20%
to 71%: 20% of septic patients and 71% of those presenting with septic shock exhibit
thiamine deficiency (<9 nmol/L) [59,60] (normal range of value is considered to be within
33-99 ng/mL). Several mechanisms have been identified to explain the association between
thiamine deficiency and sepsis, though it remains unclear whether the deficiency can
contribute as a cause of sepsis or if it is just a consequence. What is clear is that by decreasing
pyruvate dehydrogenase activity (needed to convert pyruvate in acetyl-CoA to enter the
citric acid cycle), thiamine deficiency can increase anaerobic metabolism and lactic acid
production, possibly worsening sepsis-related consumption of endogenous antioxidants, a
hallmark of septic multi-organ damage [61]. Moreover, its antioxidant activity is manifested
through the prevention of lipid peroxidation and oleic acid oxidation. Therefore, in De
Andrade and colleagues’ murine model, thiamine deficiency was associated with oxidative
stress and a proinflammatory state [62]. The clinical consequence is, however, unclear: in a
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large randomized clinical study, the administration of thiamine in ICU patients considered
to be thiamine deficient did not improve mortality or ICU stay, but was associated with a
lower rate in progression to renal replacement therapy [63,64]. In a small observational
study, Marik et al. suggested that the combination of hydrocortisone (50 mg every 6 h
for 4 days), vitamin C (1.5 mg every 6 h for 4 days), and thiamine (200 mg every 12 h for
4 days) significantly improved outcomes in patients with sepsis and septic shock [65].

4.2. Zinc

Zinc homeostasis may be fundamental in the organism’s reaction to sepsis. As an
essential trace element, it works as a co-factor for several enzymes and its deficiency leads to
delayed wound healing, lymphopenia, and a high incidence of infection [66]. Concentrating
on the immune system, zinc is crucial for T-cell maturation and differentiation [67] and
protects against the premature apoptosis of immature T cells, which can lead to altered
Th1/Th2 ratios and, eventually, to total T-cell count decrease [68]. On the cellular level,
zinc serves as a second messenger and is involved in the development of pro-inflammatory
cytokines by monocytes [69] presentation, of major histocompatibility complex type I by
dendritic cells [70], and proliferation of T cells [71] via IL-2 stimulation. As part of the acute
phase reaction in sepsis, zinc deficiency is linked to an increase in TNF-« and IL-6, and to
explain this phenomenon, some authors have proposed a model of redistribution of zinc
mediated by cytokines [72], and a reduced concentration of serum zinc has been found in
septic patients admitted to ICUs for no alimentary reason [73] (Figure 2). A series of studies
has found that exposure to LPS and pro-inflammatory cytokines such as IL-6 led to an
upregulation of the protein ZIP14 in the liver [74], where it serves as a zinc transporter and is
essential for the phosphorylation of c-Met during liver regeneration [75]. In a murine model,
ZIP14 ko mice exposed to LPS did not show hypozincemia, but developed hypoglycemia as
a mark of hepatic glycemic dysregulation [75]. Where the ZIP14 protein can be upregulated,
by contrast, hypozincemia begins within 9 hours [76], and the redistribution of zinc in
the liver has been associated with lower degrees of accumulation of superoxide anion
and necrotic cell death in the organ [77], suggesting a possible protective role of zinc in
acute phase liver dysfunction. On the other hand, a decrease in serum zinc concentration
can lead to a downregulation of lymphopoiesis and an upregulation of myelopoiesis,
showing a sort of reprogramming of the immune response with a shift from adaptive-based
to innately-predominant during hypozincemia [78]. Despite the unclear, but potential,
physiological role of zinc redistribution, its serum reduction could lead to higher levels
of proinflammatory cytokines, higher oxidative stress, lipid peroxidation, and damage to
DNA [79]. Though zinc’s role is largely an unexplored path, several studies have shown
a correlation between low serum zinc concentration and higher SOFA scores [80], and
sepsis non-survivors had much lower zinc concentrations than patients with favorable
outcomes [81].

Data regarding a potential beneficial role of zinc supplementation in septic patients
still fail to reach statistical significance, though a possible role might be played by albumin,
which is the main zinc serum transporter and one of the most important negative acute
phase proteins [82,83]. For this reason, more evidence is needed to implement zinc admin-
istration in standard sepsis treatment and care, even as a possible biomarker in terms of
morbidity and outcome.

5. COVID-19 and Micronutrients: What Is Known

SARS-CoV-2 infection resulting in COVID-19 has reached an unexpected, worldwide
burden in terms of morbidity and mortality, with 5% of patients hospitalized among all
those who tested positive and 20% of those hospitalized developing a severe illness [84].
The most common clinical presentation includes fever (70-90%), dry cough (60-86%), short-
ness of breath (53-80%), fatigue (38%), myalgias (15-44%), nausea/vomiting or diarrhea
(15-39%), headache, weakness (25%), and rhinorrhea (7%). In some cases, anosmia/ageusia
can be the presenting symptom (3%). Common laboratory findings include lymphopenia
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(83%), elevated inflammatory markers like erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), ferritin, IL-1, and IL-6. Chest X-rays often reveal bilateral infiltrates with
ground glass opacities [85]. A study of 20,133 hospitalized patients in the UK found that
17.1% had been admitted to high-dependency units or ICUs [86], prompting an exhausting
effort by the health system to counteract the pandemic. Impaired function of the heart,
brain, liver, lung, kidney, and coagulation systems have been observed, so that approxi-
mately 17-35% of hospitalized patients are currently treated in the ICU, due to hypoxemic
respiratory failure in the most common scenario. Interestingly, in the case of COVID-19, the
clinical picture of the severe cases requiring ICU admission is characterized by multi-organ
failure, with many tracts very similar to those of severe sepsis. Therefore, the mechanisms
of disease also seem to have some similarity since in COVID-19 as well in severe sepsis
and septic shock, the cause of multi-organ failure is not due to a “cytopathic” effect of the
bacteria or the virus, but mainly due to the host’s response to the infection.

COVID-19 therapy, especially when treating ICU patients, is strictly supportive, in-
cluding mechanical ventilation, extracorporeal life support systems such as veno-venous
ECMO and antibiotic therapy in the case of bacterial over-infection. Non-specific anti-viral
therapy has been proven to be effective in ICU patients. There might be a role, though,
for micronutrient supplementation in deficient patients. In the current scenario of limited
health resources, it would be important to adopt any adjuvant treatment that may con-
tribute to a better outcome if it is inexpensive and with few or unimportant side effects at
tested doses.

5.1. Vitamin D and COVID-19

As already described above, vitamin D as an immunomodulatory agent has a strong
rationale also in COVID-19. The risk of developing respiratory tract infections is reduced
two-fold in adults with a higher serum concentration of 25(OH)D (>38 ng/mL) [38], and
the role of 1,25(OH),D in exerting anti-viral activity and modulating immune response by
stimulating cathelicidin release is well known. This leads to the suppression of proinflam-
matory cytokine release [87]. Furthermore, 1,25(OH),D specifically acts as a modulator
of the renin-angiotensin pathway and is able to downregulate angiotensin-converting
enzyme-2 expression, which is known to be the entry receptor for SARS-CoV-2 in cells [88].
Recently, the effect of a single dose of 200,000 IU of vitamin D3 on hospital length of stay
in patients with COVID-19 was tested, showing no effect between the vitamin D3 and the
placebo group for the primary or secondary end points [89]. This study is paradigmatic of
how the basic science should be deeply known to start a clinical trial on the topic to avoid
the risk of eventually misleading negative conclusions [90]. In fact, though a loading dose
is imperative in acute settings to improve vitamin D levels rapidly, it is unphysiological to
give only a loading dose not followed by a maintenance dose [91]. Despite the practical
advantage, a single or annual dose has repeatedly been shown to be ineffective or even
harmful for respiratory tract infections and musculoskeletal outcomes. Considering the
population enrolled in the study, only 115 of 240 patients were vitamin D deficient at
baseline (250HD < 20 ng/mL), with no information on the proportion of patients with
severe deficiency (250HD < 12 ng/mL). Finally, symptom onset was 10 days before the
intervention, so the infection likely took place well over two weeks before the intervention.
This topic of the right intervention time returns in many studies approaching micronutri-
ents because it is quite impossible that a single intervention can be the only reason for a
change in prognosis when a wide intersection of different pathways has been started with
superimposing circles.

5.2. Vitamin C and COVID-19

Vitamin C could exert many potentially beneficial roles in counteracting SARS-CoV-2
infection: antiviral, immunomodulatory, anti-inflammatory, and antioxidant effects coexist
in molecular pharmacodynamics. In vitro studies have confirmed that vitamin C alone is
able to suppress the replication of some viral species, such as herpes simplex-1, influenza
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A, polyvirus type 1, and rhynovirus [92]. In vivo, vitamin C supplementation can reduce
the incidence of postherpetic neuralgi [93] and the duration and severity of the common
cold [94]. High-dose vitamin C treatment can also reduce symptoms in patients affected
with acquired immune deficiency syndrome (AIDS), being able to ameliorate even the
severity of opportunistic infections [95]. Vitamin C is also able to modulate the release of
proinflammatory cytokines, and in mice models led to augmented release of interferon, thus
being able to reduce lung inflammation in viral pneumonitis [96]. With regard to COVID-
19, the combination of vitamin C and quercetin has shown promising synergic antiviral
activity [97] and can lead to augmented endothelial repair in widespread microvascular
and microvascular thrombosis with increased permeability [98]. In a Chinese trial, high IV
dose vitamin C (10 g/day for moderate cases and 20 g/day for severe cases for 7-10 days)
was able to shorten the hospital stay by 3-5 days in 50 patients [99]. In another randomized
controlled pilot-trial in three hospitals in China on 56 critically ill COVID-19 patients,
24 g of vitamin C was not able to improve the primary outcome (invasive mechanical
ventilation-free days in 28 days) and the 28-day mortality (p = 0.27), but it was able to
improve the PaO, /FiO; ratio in the treatment group on day 7 (229 vs. 151 mmHg, 95% CI
33-122; p value = 0.01) as well as reduce the value of IL-6 in the treatment group on day 7
(p = 0.04) [100]. Both of the reached positive outcomes were clinically relevant and should
prompt further investigations on the topic.

6. Conclusions

Micronutrients contribute greatly to the human body’s homeostasis and metabolism.
For decades, they have been considered an ancillary concern in critically ill patients.
However, with the current need for a new increase in survival for critically ill patients,
they should enter any clinical consideration in daily practice. As another side of the coin,
research on this topic should consider not only mortality, since in severely ill patients
the outcome is too often confounded by concomitant factors; but reliable and clinically
sensitive surrogate outcomes, including the functional recovery of daily activities, should
be explored in the coming years.
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Abstract: Background and objectives: Oxidative stress (OS) participates in the pathophysiology of septic
shock, which leads to multiple organ failure (MOF), ischemia-reperfusion injury, and acute respiratory
distress syndrome. Therefore, antioxidants have been proposed as therapy. Here, we evaluated the
effect of antioxidant treatments in patients with septic shock with MOF and determined levels OS
before and after treatment. This study was a randomized, controlled, triple-masked, and with parallel
assignment clinical trial with a control group without treatment. Materials and Methods: It included
97 patients of either sex with septic shock. 5 treatments were used each in an independent group of
18 patients. Group 1 received vitamin C (Vit C), group 2 vitamin E (Vit E), group 3 n-acetylcysteine
(NAC), group 4 melatonin (MT), and group 5 served as control. All antioxidants were administered
orally or through a nasogastric tube for five days as an adjuvant to the standard therapy. Results:
The results showed that all patients presented MOF due to sepsis upon admission and that the
treatment decreased it (p = 0.007). The antioxidant treatment with NAC increased the total antioxidant
capacity (p < 0.05). The patients that received Vit C had decreased levels of the nitrate and nitrite ratio
(p < 0.01) and C-reactive protein levels (p = 0.04). Procalcitonin levels were reduced by Vit E (p = 0.04),
NAC (p = 0.001), and MT (p = 0.04). Lipid-peroxidation was reduced in patients that received MT
(p = 0.04). Conclusions: In conclusion, antioxidant therapy associated with standard therapy reduces
MOFE OfS, and inflammation in patients with septic shock.

Keywords: shock septic; antioxidant therapy; oxidative stress; multiple organ failure

1. Introduction

Damage caused by oxidative stress (OS) participates in the pathophysiology of serious diseases
including multiple organ failure (MOF) due to sepsis. Sepsis is caused by bacteria, fungi, and viruses,
or by a combination of them [1]. Sepsis and septic shock are the largest cause of mortality worldwide
in intensive care units (ICU) [2] and MOF constitutes a high cost to health systems [3].
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Studies in animal models and in patients with septic shock have shown an imbalance between
the production of reactive oxygen (ROS) and nitrogen (RINS) species and antioxidant defenses [4].
ROS are generated by phagocytic cells, by the increased activity of enzymes such as NAD(P)H oxidase,
xanthine oxidase and inducible nitric oxide (iNOS) and by increased inflammatory mediators through
the activation of nuclear factor kB (NF«B) [5]. Mitochondrial damage caused by OS is a component of
the pathophysiology of MOF secondary to sepsis [6].

Antioxidants such as N-acetylcysteine (NAC), melatonin (MT), vitamins (A, C and E), enzyme cofactors
(selenium and zinc), and endogenous compounds (ubiquinone, « lipoic acid, bilirubin, albumin, ferritin,
and quercetin) may inhibit ROS and RNS, counteracting their effects [7]. NAC has anti-inflammatory
and antioxidant properties [8]. Its antioxidant capacity is due to the replenishment of glutathione (GSH)
deposits and to the sequestration of ROS [9]. NAC improves hemodynamic variables, cardiac indexes,
oxygenation and compliance of lung statics [10], hepatosplenic flow, and liver function in septic shock.
Thus, NAC could decrease MOF [11] and reduce the levels of IL-8, soluble o receptor tumor necrosis
factor p55 [12], IL-6, and ICAM-1 [13]. It reduces mechanical ventilation length, number of days in the
ICU, and mortality [14].

Vitamin C (Vit C) can reduce the production of nitric oxide by the iNOS pathway and it may
decrease vasoconstriction and loss of vascular permeability [15]. Decreased Vit C levels are related
to the severity of MOF and mortality [16]. In some clinical studies, therapy with Vit C decreased
sequential organ failure assessment (SOFA) scores, procalcitonin (PCT), C-reactive protein (CRP),
and thrombomodulin, leading to a lower mortality rate [17]. Several studies have shown that vitamin E
(Vit E) is an important lipophilic antioxidant in cell membranes, protecting them from lipid peroxidation
(LPO) [18]. It has also been reported that the administration of Vit E in combination with simvastatin
inactivates NAD(P)H oxidase, a source of ROS, in patients with sepsis that have decreased levels of Vit
E and O, overproduction [19].

Melatonin (MT) lowers OS both in plasma and intracellular membranes due to its hydrophilic
and lipophilic properties. MT possesses ROS sequestration properties, thus protecting cell membrane
lipids, cytosol proteins, and nuclear and mitochondrial DNA [20].

There is a marked increase in ROS and a decrease in endogenous antioxidant defenses in critically
ill patients with sepsis [21]. However, the usefulness of different antioxidants has not yet been evaluated
through clinical randomized trials. Thus, the aim of this study was to evaluate the antioxidant effect of
Vit C, Vit E, NAC, and MT in patients with septic shock determining the SOFA score and measuring
antioxidant markers in plasma.

2. Material and Methods

2.1. Study Population

This was a controlled, randomized, and triple masked clinical trial that included 97 patients
of either sex with septic shock. It was run in 2 ICUs in Mexico City. Patients were admitted to the
ICU with a primary diagnosis of septic shock. Diagnostic criteria for septic shock were based on the
Sepsis-3 consensus [22], and patients had to fulfill the criteria within a maximum of 24 h prior to
enrollment. Data were collected upon admission to the ICU. In addition, other patients met selection
criteria during their stay in intensive care, and they were then randomized. Patients had to have an
acute increase of at least 2 points in the SOFA score [23], lactate level greater than 2 mmol/L, and they
had to be dependent on a vasopressor for at least 2 h before the time of enrollment. Exclusion occurred
when patients were younger than 18 years, when they were not able to grant an informed consent
or refused to be included, if they were pregnant or breastfeeding or if they were under chronic use
(last 6th months) or recent use of steroids, statins or antioxidants. Patients were also excluded if there
was any contraindication for the use of Vit C, Vit E, NAC, or MT.

Ethical approval was obtained from the local ethics committee 24 the April of the 2018
(INcar PT-18-076; ABC-18-19). A written informed consent for enrollment or consent to continue and
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use patient data was obtained from each patient or their legal surrogate. The protocol was registered
(TRIAL REGISTRATION: ClinicalTrials.gov Identifier: NCT 03557229).

2.2. Randomization, Masking, and Drug Administration

A total of five treatments were used each in an independent group of 18 patients. Group 1 received
Vit C, group 2 Vit E, group 3 NAC, group 4 MT and group 5 control (this group did not receive any type
of antioxidant therapy).The control group did not receive treatment since the treating physician did
not agree for the patient to receive any antioxidant. However, the patients agreed that samples could
be processed. All antioxidants were administered orally or through a nasogastric tube during 5 days
in addition to the standard therapy. The random allocation sequence for the administration of the
antioxidants was generated at the coordinating center, using a computer-generated random program
(Figure 1). Blinding was maintained by the investigational pharmacy at each institution. Researchers
were also blinded from the onset of the study until the analysis of the outcomes.

Study Flow Diagram

[ Enrollment ] Assessed for eligibility (n = 1695)

Excluded (n = 1598)

+ Not meeting inclusion criteria (n = 1577)
+ Declined to participate (n = 14)

+ Otherreasons (n=7)

Randomized (n = 97)

[ Allocation ]

v

Allocated to vitamin C Allocated to vitamin E Allocated to NAC Allocated to MT Allocated to control

(n=18) (n=18) (n =20) (n=20) (n=21)

+ Received allocated + Received allocated ¢+ Received allocated + Received + Received
intervention intervention intervention allocated allocated
(n=18) (n=18) (n=20) intervention intervention

+ Did not receive + Did not receive + Did not receive (n=20) (n=21)
allocated Allocated allocated + Did not receive + Did not receive
intervention intervention intervention allocated allocated
(n=3)Death’s (n=0) (n=0) intervention intervention

(n=1) Death (n=0)

[ Follow-Up ]

y h 4 l 4 v

.

Lost to follow-up Lost to follow-up Lost to follow-up Lost to follow-up Lost to follow-up
(n=0) (n=0) (n=0) (n=0) (n=0)
Discontinued Discontinued Discontinued Discontinued Discontinued
intervention (n = 6) intervention (n = 4) intervention (n = 4) intervention (n = 4) intervention (n = 0)
3 adverse events, 1 2 hospital 4 hospital 2 hospital
hospital discharge, 1 discharge’s, 1 death discharge’s discharges, 1
death and 1 not and 1 refuse death’'s and 1
enteral feeding omission
|
[ Analysis

Analysed (n = 18)
+ Excluded from
analysis (n = 0)

Analysed (n = 18)
+ Excluded from
analysis (n = 0)

Analysed (n = 20)
+ Excluded from
analysis (n = 0)

Analysed (n = 20)
+ Excluded from
analysis (n = Q)

Analysed (n = 21)
+ Excluded from
analysis (n = 0)

Figure 1. Flow diagram of the study. Abbreviations: Vit C = vitamin C, Vit E = vitamin E,

NAC = n-acetylcysteine, MT = melatonin.
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All antioxidants were orally administered or applied through a nasogastric tube for 5 days.
Tablets of 600 mg every 12 h of NAC were used. Further, 50 mg of MT in capsules of 5 mg were given
to patients once a day, and 1 mg Vit C tablets were administered every 6 h. Vit E capsules of 400 Ul
were given every 8 h. The doses of antioxidants were chosen according to what has been reported
in the literature [24-27]. All data entry was monitored at the coordinating center, with site visits
for source data verification. Also, patients were equally distributed, and all patients were analyzed.
For patients receiving Vit C (1 = 18), there were 3 deaths. For patients receiving Vit E (n = 18) there
were 3 deaths. For patients receiving NAC (n = 20), there were 2 deaths, and for those receiving MT
(n = 20), there were 4 deaths. Finally, in the control group (1 = 21), there were 5 deaths.

2.3. Standard Therapy at the ICU

Patients were treated according to the recommendation of the International Guidelines for
Management of Sepsis and Septic Shock. For the evaluation of the outcome, the SOFA scores for
5 days were the primary result. Additionally, 14 pre-specified laboratory results were determined,
including plasma OS markers such as nitrate/nitrite (NO37/NO, 7) ratio, LPO, glutathione (GSH) levels,
total antioxidant capacity (TAC), carbonylation and Vit C levels at 48 h. Other secondary outcomes
were measured on day 28 including mortality due to any cause, ventilator-free days, ICU-free days,
and hospital-free days. Ventilator-free days were defined as the number of days a patient was extubated
from mechanical ventilation, after ICU admission. When reintubation was required the days without
intubation were subtracted from the total days. If the patient died in the hospital, a value of zero was
assigned to post-extubation. ICU-free days began the moment the patient was transferred out of the
ICU to day 28. Hospital- and ICU-free days were calculated similarly.

2.4. Study Measurements and Procedures

To evaluate the organ dysfunction, the SOFA score (neurologic, respiratory, hemodynamic, hepatic,
and hematologic) was calculated on admission and during the days of treatment. The CRP and the
PCT determinations were performed on admission, before the beginning of the antioxidant therapy,
and during the next 7 days.

2.5. Sampling for the Determination of Oxidative Stress and Antioxidant State

The measurement of OS markers was done before the beginning of the antioxidant therapy and
48 h after its initiation.

2.6. Sample Obtainment and Storage

Blood samples were obtained from each patient that entered the draw, before initiation of the
treatment and 48 h after its administration. The blood samples were centrifuged for 20 min at 936x g
and 4 °C. The plasma of the samples was placed in 3 or 4 aliquots and stored at —30 °C.

2.7. Oxidative Stress Markers in Plasma

2.7.1. NO37/NO,~ Ratio

The NO3;~ was reduced to NO;™ by the nitrate reductase enzyme reaction. 100 pL of plasma
previously deproteinization with 0.5 N, NaOH and 10%, ZnSO, were mixed and the supernatant was
incubated for 30 min at 37 °C in presence of nitrate reductase (5 units). At the end of the incubation
period, 200 pL of sulfanilamide 1% and 200 pL of N-naphthyl-ethyldiamine 0.1% were added and the
total volume was adjusted to 1 mL. The absorbance was measured at 540 nm [28].
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2.7.2. LPO Levels

Briefly, 50 uL. CH3-OH with 4% butylated hydroxytoluene plus phosphate buffer pH 7.4 was
added to 100 uL of plasma. It was incubated and centrifuged at 4000 rpm in room temperature for
2 min. Then, the n-butanol phase was extracted, and absorbance was measured at 532 nm [28].

2.7.3. GSH Concentration

Briefly, 800 uL of phosphate buffer 50 mM, pH 7.3, plus 100 uL of Ellman reactive (5,5" dithiobis
2-nitrobenzoic) 1M were added to 100 pL of plasma prior to deproteinization with 20% trichloroacetic
acid (v/v). It was incubated at room temperature and absorbance was read at 412 nm [28].

2.7.4. Evaluation of TAC

Briefly, 100 uL of plasma were suspended in 1.5 mL of a reaction mixture prepared as follows:
300 mM acetate buffer pH 3.6, 20 mM hexahydrate of ferric chloride, and 10 mM of 2,4,6-Tris-2-
pyridil-s-triazine dissolved in 40 mM HCI. These reactive were added in a relation of 10:1:1 v/v,
respectively. After mixing, samples were incubated at 37 °C for 15 min in the dark. The absorbance
was measured at 593 nm [28].

2.7.5. Carbonylation Protein Concentration

Briefly, 100 uL of plasma were added to 500 puL of HCI 2.5 N in parallel with another sample
with 500 uL of 2, 4-dinitrophenylhydrazine (DNPH) and incubated. At the end of the incubation
period, they were centrifuged at 15,000x g for 5 min. The supernatant was discarded. Two washings
were performed. The mixture was incubated again at 37 °C for 30 min. Absorbance was read in a
spectrophotometer at 370 nm, using bi-distilled water as blank and a molar absorption coefficient of
22,000 M~ em~1 [28].

2.7.6. Vitamin C Levels

Briefly, 100 pL of 20% trichloroacetic acid were added to 100 pL of plasma and centrifuged at
5000 rpm for 5 min. Then, 200 puL of Folin-Ciocalteu reagent 0.20 mM was added to the supernatant.
The mixture was incubated for 10 min. The absorbance was measured at 760 nm [28].

2.8. Statistical Analysis

Based on a SD of 2.9 of the SOFA score, the study was estimated to require 55 patients (11 per group)
to have 84% power (2-sided with an « = 0.05) and 160 (32 per group) for 100% power. In accordance
with these calculations, our study enrolled 97 patients to allow for a 10% of dropouts, providing a
statistical power of 99%, with an « = 0.05. Testing was 2-sided. Effects are reported with a point
estimate and 95% Cls in addition to p values.

Group comparisons were made using x? tests for equal proportions,  tests for normally distributed
data, Kruskal-Wallis and Wilcoxon rank sum tests otherwise, with results presented as frequencies
with percentages, means with SDs, and medians with minimum and maximum, respectively.

The primary end point of the SOFA score and the secondary end points CRP and PCT were analyzed
with a mixed linear model and fit to repeated-measures analysis of variance. The model included 1
between-participant factor (group (Vit C, Vit E, NAC, MT, no treatment [control])), 1 within-participant
factor (time (0, 1, 2, 3,4, and 5 days)), and the interaction between group and time, testing the hypothesis
that differences between treatment groups are the same over time. Because of a potential for type I error
caused by multiple comparisons, findings for analyses of secondary end points should be interpreted
as exploratory. Statistical analysis was performed with Stata version 15.1.
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3. Results

3.1. Characteristics of the Patients

From July 2018 to November 2019 a total of 1695 eligible patients were identified, of whom 1598
were excluded (reasons listed in Figure 1). Ninety-seven patients were randomized, with 18 assigned
to each antioxidant and 21 to the control group. Of all patients included, none was lost in the follow
up. Baseline demographic data (age, gender, etc.) were similar between the groups (Table 1).

Table 1. General characteristics of the patients during hospital stay.

Characteristics Vit C VitE NAC Mt ¢

(n=18) (n=18) (n=20) (n = 20) (n=21)
Age (median, min-max) 62 (22-95) 65.5 (22-91) 67.5 (18-95) 62.5 (46-95) 76 (51-89)
Weight kg (median, min-max) 71 (33-112) 71.5 (40-120) 69.5 (39-95) 67 (50-106) 68 (50-105)
BM weight/height? (median, min-max) ~ 25.4 (14.7-40.4) 25 (15.1-41.4) 2245 (16.5-0.3)  25.35(17.3-52)  25.4 (19.6-58)
Gender (%)
Men 6 (6.19) 12 (12.37) 11 (11.34) 10 (10.31) 10 (10.31)
Women 12 (12.37) 6(6.19) 9(9.28) 10 (10.31) 11 (11.34)
Chronic health condition (%)
Diabetes Mellitus 4(4.12) 4(4.12) 3(3.09) 5(5.15) 6(6.19)
Hypertension 6 (6.19) 8(8.25) 9(9.28) 7(7.22) 11 (11.34)
Cancer 5(5.15) 9(9.28) 7(7.22) 7(7.22) 11 (11.34)
Chronic renal failure 1(1.03) 2(2.03) 4(4.12) 3(3.09) 2 (2.06)
Admission source (%)
Emergency department 9 (9.28) 12 (13.37) 10 (10.31) 14 (14.43) 9(9.28)
Operating room 4(4.12) 2 (2.06) 3(3.09) 2(2.06) 4(4.12)
Inpatient ward transfer 3(3.09) 4(4.12) 7(7.22) 4(4.12) 7(7.22)
Other 2 (2.06) 0 0 0 1(1.03)
Primary site of infection (%)
Pulmonary 7(7.37) 9(9.97) 9(9.97) 8(8.42) 6(6.32)
Gastrointestinal 7(7.37) 3(3.16) 4(4.21) 3(3.16) 9(9.97)
Urinary 2(2.11) 2(2.11) 5(5.26) 5(5.26) 3(3.16)
CNS 0 2(2.11) 0 0 1 (1.05)
Blood 0 1(1.05) 0 2(2.11) 0
Physiological variables 24 h
before randomization
(median, min—max)
White blood cell count x 103/uL 11 (5.1-39.9) 10.8 (0.4-25.4) 8.6 (0-32.5) 11.7 (5.2-29.6) 12 (0.9-49.8)
Platelet count x 103/uL 256 (7-409) 158 (10-363) 155 (22-470) 187.5 (29-543) 225 (24-436)
Lactate (mmol/L) 1.65 (0-4.8) 2.1 (0.82-10.5) 1.74 (0.99-7.8) 227 (1-17) 2.52 (1.1-12.4)
Serum creatinine (mg/dL) 0.9 (0.5-5.5) 1.35 (0.5-3.8) 0.92 (0.5-6.6) 1.27 (0.57-6.6) 1.2 (0.5-5.2)
Bilirubin (mg/dL) 0.75 (0.23-3.5) 1.05 (0.35-4.4) 0.80 (0.2-4) 1.03 (0.17-3.7) 1.15 (0.2-13.6)
PaO,/FiO, (mmHg) 168.5 (61-408) 215 (39-271) 146 (71-367) 197 (57-261) 197 (131-560)

C reactive protein (mg/dL)
Procalcitonin (ng/dL)

18.33 (1.9-1.4)
1.46 (0.16-321)

20.12 (0.5-47)
2.92 (0.08-109)

13.34 (0.02-6.7)
2.35 (0.06-95.5)

21.75 (1.35-6.7)
2.32(0.22-38.7)

20.25 (1.36-5.3)
8.25 (0.08-100)

Intervention before randomization (%)

Mechanical ventilation 11 (11.58) 9(9.47) 14 (14.47) 12 (12.63) 16 (16.84)
Vasopressors 9 (9.38) 7(7.29) 12 (12.50) 9 (9.38) 11 (11.46)
Norepinephrine 0 1(1.04) 0 0 0
Vasopressin 8(8.33) 10 (10.42) 8(8.33) 11 (11.46) 10 (10.42)
Norepinephrine plus vasopressin

Inotropes

Dobutamine 0 0 0 0 1(1.04)
Levosimendan 0 5(5.21) 1(1.04) 3(3.13) 5(5.21)
Dopamine 1(1.04) 0 0 1(1.04) 0

Renal replacement Therapy 1(1.04) 2 (2.08) 2(2.08) 1(1.04) 3(3.13)
Corticosteroid use before

randomization during the study (%) 6 (6.19) 11(11.34) 9 (9.28) 8(8.25) 10 (10.31)
SAPS II (median, min-max) 38 (16-62) 40 (24-73) 38.5 (12-97) 41.5 (13-73) 40 (18-79)
APACHE III (median, min-max) 13.5 (5-47) 19 (11-33) 14.5 (5-46) 17 (6-39) 15 (5-38)
SOFA score (median, min—max) 8.5 (3-16) 8.5 (5-14) 8.5 (1-17) 8 (3-14) 8 (1-16)
Time from ICU admission to

randomization hours 5 (1.5-70) 6 (1-17) 3 (1-140) 9 (3-48) -

(median, min-max)

The data presented in this table are on admission to intensive care. Several patients met the inclusion criteria
several hours or days after admission to the intensive care unit and all patients used vasopressors since it was
an inclusion criterion. Abbreviations: Vit C: vitamin C; Vit E: vitamin E; NAC: n-acetylcysteine; MT: melatonin;
(min-mx): minimum-maximum; BMI: body mass index; CNS: central nervous system; SAPS II: Simplified Acute
Physiology Score; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment; ICU: intensive care unit.
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3.2. Treatments

Treatments were given for a median of five days. The median of adherence in the 4 different
groups of treatment was 100%. There was no difference between groups in the time from meeting
eligibility criteria to the first dose, the time receiving the treatment, and the adherence.

Primary Outcome

Patients receiving MT and Vit C showed a significant decrease in SOFA score (—1.27 (95% CI —2.21
to —0.34); p = 0.007 for MT and —1.94 (95% CI —2.95 to —0.93); p < 0.001 for Vit C) (Figure 2).

SOFA score

T T T T
0 1 2 3 4 5
Treatment Day

VitC === WItE - NAC = MT —:  Control

Figure 2. SOFA score variations in patients with the different antioxidant treatments. Abbreviations:
SOFA=sequential organ failure assessment, Vit C = vitamin C, Vit E = vitamin E, NAC = n-acetylcysteine,
MT = melatonin, Const = constant. Marginal approximation model considering the control group as a
base: Vit C —1.94 (-2.95 to —0.94; p < 0.001); Vit E —0.14 (-1.10 to 0.81; p = 0.77); NAC -0.62 (-1.55 to
0.30; p = 0.18); MT —1.27 (-2.21 to —0.34; p = 0.007); Const 7.46 (6.78 to 8.13). * p < 0.007.

The LPO levels were significantly reduced in patients treated with MT (p = 0.04) and there was a
significant decrease in NO37/NO, ™ levels in patients with lung infection treated with Vit C (p < 0.01),

Table 2.
Patients receiving Vit C had a significant decrease in CRP levels on the different days of treatment

(p <0.05), as shown in Figure 3.

25



Medicina 2020, 56, 619

C-Reactive Protein (mg/dL)
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Figure 3. Variations in CRP levels in plasma of patients in receiving the different antioxidant treatments.
Abbreviations: CRP = C-reactive protein, Vit C = vitamin C, Vit E = vitamin E, NAC: n-acetylcysteine,
MT = melatonin, Cons = constant. Marginal approximation model considering the control group as a
base: Vit C —3.82 (=7.49 to —0.15; p < 0.05); Vit E —=2.97 (-6.54 to 6.01; p = 0.103); NAC —-2.41 (-3.74 to
3.25; p = 0.892); MT —2.30 (-5.88 to 1.27; p = 0.207); Cons 17.9 (15.45 to 20.36) * p < 0.05.

PCT levels were significantly decreased in patients receiving Vit E, NAC, and MT (p < 0.05),
as shown in Figure 4. Carbonylation levels tended to be reduced before treatment and Vit E tended to
decrease its level after treatment (p = 0.07) without there being a statistically significant difference.
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Figure 4. Log PCT concentration in the plasma from patients of the experimental groups with the
different antioxidant treatments. Abbreviations: Log PCT = logarithm of procalcitonin, Vit C = vitamin
C, Vit E = vitamin E, NAC = n-acetylcysteine, MT = melatonin. Marginal approximation model
considering the control group as a base: Vit C —0.43 (-1.03 to 0.15; p = 0.149); Vit E —0.59 (-1.18 to
—0.006; p < 0.05); NAC —0.92 (-1.48 to —0.35; p = 0.001); MT —0.57 (-1.15 to 0.006; p = 0.05); Cons 1.46
(1.05 to 1.86); * p < 0.05.
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Regarding the secondary outcomes, 13 patients (13.68%) required renal replacement therapy,
63 (65.63%) needed mechanical ventilation and 17 (17.89%) died. There was no statistically
significant difference in days free of renal replacement therapy, mechanical ventilation, ICU stay
length, or hospitalization at 28 days. There was also no statistically significant difference in
intrahospital mortality.

Table 2. Oxidative stress markers before and after 48 h of antioxidant therapy.

Lipid Peroxidation
(nM MDA/mL of Plasma)

Pre Post p
Vit C (n = 18) 3.44 (0.52-19.62) 2.81 (0.23-8.70) 0.14
Vit E (n = 18) 4.33 (1.25-15.25) 3.24 (0.38-12.07) 0.17
NAC (n = 20) 3.46 (0.23-9.49) 3.46 (0.38-11.01) 0.77
MT (n = 20) 2.13 (0.23-11.68) 2.42(0.23-7.11) 0.04
Control (n = 21) 3.44 (0.52-9.49) 3.90 (0.23-9.10) 0.75
NOs3 + NO,
(uM/mL of plasma)

Pre Post p
Vit C (n = 18) 2.10 (0.98-2.73) 1.49 (0.03-2.57) <0.01
VitE (n = 18) 1.79 (0.53-3.81) 2.00 (0.76-5.65) 0.36
NAC (n = 20) 2.43 (0.80-7.02) 2.15(0.01-8.16) 0.81
MT (n = 20) 1.72 (0.67-4.77) 1.32 (0.03-7.42) 0.19
Control (n = 21) 2.25(0.28-2.76) 2.24 (0.01-7.22) 0.97
Total antioxidant capacity
(nM/mL of plasma)

Pre Post p
Vit C (n = 18) 2226.2 (747.6-3053.4)  2050.9 (966.6-2551.8)  0.11
VitE (n = 18) 2148.4 (886.3-3287.6)  2223.1 (618.3-3841.9)  0.90
NAC (n = 20) 1453.6 (621.5-2351.4) 1951 (812.6-3528.7) 0.05
MT (n = 20) 1999 (561.3-2519.2) 1747.5 (456.5-2745.6)  0.59
Control (n = 21) 2451.6 (1600-3467.1) 2064.7 (312.4-3501) 0.42
Carbonylation
(ng/mL of plasma)

Pre Post p
Vit C (n = 18) 48.85 (10.90-114.53) 44.76 (12.72-98.17) 0.59
Vit E (n = 18) 52.26 (27.27-137.25) 42.723 (21.36-89.53) 0.07
NAC (n = 20) 40.22 (22.27-89.99) 41.13 (22.72-93.17) 047
MT (n = 20) 74.76 (8.63-181.34) 62.721 (29.99-142.25)  0.40
Control (n = 21) 46.359 (9.99-106.80) 44.08 (26.36-111.80) 0.28
GSH concentration
(nM/mL of plasma)

Pre Post p
Vit C (n = 18) 0.10 (0.01-0.24) 0.08 (0.01-0.20) 0.50
Vit E (n = 18) 0.05 (0.00-0.30) 0.07 (0.00-0.32) 0.38
NAC (n = 20) 0.08 (0.00-0.54) 0.10 (0.009-0.57) 0.14
MT (n = 20) 0.07 (0.00-0.32) 0.07 (0.010-0.51) 0.64
Control (n = 21) 0.06 (0.03-0.20) 0.05 (0.01-0.16) 0.15
Vit C
(uM/mL of plasma)

Pre Post p
Vit C (n = 18) 0.17 (0.04-0.87) 0.27 (0.06-0.99) <0.01
Vit E (n = 18) 0.27 (0.08-0.99) 0.26 (0.12-0.79) 0.58
NAC (n = 20) 0.21 (0.09-0.61) 0.18 (0.00-0.96) 1.00
MT (n = 20) 0.21 (0.04-0.56) 0.21 (0.04-0.43) 0.83
Control (n =21) 0.22 (0.08-0.77) 0.19 (0.07-0.64) 0.02

Abbreviations: Pre: pre-treatment; Post: post-treatment; Vit C: vitamin C; Vit E: vitamin E; NAC: n-acetylcysteine;
MT: melatonin. All values are expressed as median (minimum-maximum). Wilcoxon matched pairs signed rank
tests. The bold in the table is to highlight the results with statistical change.
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3.3. Undesired Side Effects

A patient receiving Vit C presented abdominal pain and another patient underwent a skin rash.
Only one patient who received MT reported drowsiness. No adverse events were reported in patients
with NAC or Vit E.

4. Discussion

Treatment with antioxidants as an adjuvant in the standard management of patients with sepsis
and/or septic shock has been suggested [29,30]. We studied critically ill patients with septic shock,
regardless of the etiology and site of infection. All patients had initial low levels of Vit C. This was
related with the severity of organ failure and mortality [17]. The decrease in Vit C levels confirms
the reported hypovitaminosis (<0.23 uM ascorbic ac/mL) in septic shock [31]. This condition may
be due to augmented metabolic demand since intestinal absorption was not compromised in the
patients in our study [32]. Vit C restored the normal values of this vitamin, and organ function
was improved. The best result was found in subjects with pneumonia which showed a statistically
significant difference. This finding is in agreement with previous results [33,34]. The combined use of
Vit C, thiamine, and steroids has recently been suggested. Itis still necessary to compare if the use of Vit
C alone has worse effects than the combinations [35]. In patients with septic shock, the administration
of Vit C and MT improved the organ dysfunction assessed by the SOFA score. This finding could be
associated to a decrease in the NO3~/NO, ™ ratio and LPO levels.

The Vitamin C infusion for treatment in sepsis induced acute lung injury (CITRIS-ALI) study in
patients with acute respiratory distress syndrome, and organ failure showed no improvement with Vit
C [36]. The median time before starting treatment with Vit C was of 5 h in this study, and markers
such as CRP were significantly decreased, as in another previous study [37]. The possible difference
between the findings of this study and our results could be related to the fact that, in the CITRIS-ALI
study, they started the therapy with Vit C later than we did.

The VITAMINS trial showed no significant difference in the SOFA score, or in days without
ventilation. However, the use of Vit C lowered mortality [38]. In that same study, CRP levels were not
decreased, which was probably due to the late administration of Vit C in advanced stages of sepsis
before developing acute respiratory distress syndrome (ARDS) [37]. In contrast, we found a decrease
in the levels of NO3;/NO,~ which is relevant, since Vit C inhibits the production of superoxide and
peroxynitrite, thus preventing abundant NO synthesis, inhibiting mRNA expression and decreasing
pathological vasoconstriction [16]. These effects might underlie the clinical benefits of the treatment.
A shorter time of use of vasopressors and decreased intrahospital mortality was found in patient
receiving Vit C [39].

This is the first study in which the use of MT has been tested in humans with septic shock. Recently
MT has been applied in subjects with COVID 19 and it had a high safety profile limiting the disease.
Experimental and clinical studies are required to confirm this hypothesis [40]. MT possesses free
radical scavenging properties thus protecting cell membrane lipids, cytosol proteins, and nuclear and
mitochondrial DNA [29]. In our findings, LPO was significantly decreased in the group of patients
who received MT. This result resembled the findings in Galley’s study [29]. MT has beneficial effects
in experimental cells, plants, and animals. However, its mechanisms of action remain unknown.
The effects of MT might be related to its detoxifying ability, thus protecting molecules from the
destructive effects of OS in ischemia/reperfusion (stroke, heart attack), ionizing radiation and drug
toxicity. In sepsis, the protective effects of MT are associated with the inhibition of the apoptotic
processes and the reduction of OS [41].

Production of ROS was increased in an animal model of septic shock [42]. This coincides with a
lowering of the TAC and a reduction of the activity of superoxide dismutase and GSH peroxidase [43].
MT reversed morphological damage and increased the activities of antioxidant enzymes [44—46].
Therefore, research through blinded clinical trials and multicenter studies with adequate amounts of
MT are needed to determine the potential of MT as an antioxidant treatment [47]. In this clinical trial,
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we found a reduction of LPO and a potentially benefic effect of MT in organ dysfunction. Its use as
an adjuvant in septic shock reduces inflammation and oxidation in animal models with respiratory
damage induced by infection. MT has positive physiological actions and could be effective and safe for
patients with septic shock of any etiology, including those infected with SARS-CoV-2 [7].

The use of NAC improved the antioxidant capacity and tended to increase GSH, although the
difference was not statistically significant. This confirms its antioxidant effect through the replacement of
GSH deposits [12]. NAC decreased organ failure, confirming previous findings [14]. Other antioxidants
such as polyphenols, 3-glucan, and antioxidants targeting mitochondria, selenium salts, and selenium
organ compounds are effective for improving OS in sepsis. The study of their pathophysiological
implications justifies the combined therapy with antioxidants and standard treatments.

Vit E tended to decrease LPO and carbonylation. This vitamin protects cell membranes from LPO,
ending the chain reaction. It is also an O, and OH sequestrant [48].

In summary, antioxidants benefit subjects with septic shock. Septic shock is triggered by bacterial
stimuli, fungi, or viruses. In this medical condition, it is necessary to regulate inflammation and other
mechanisms that lead to OS [48]. In Figure 5, we show the mechanisms involved in the oxidative stress
mismatch, the role they play during the induction of damage, and we describe the role of antioxidant
systems and enzyme cofactors in the management of sepsis.
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Figure 5. Role of antioxidant systems and enzyme cofactors in the management sepsis and ROS
formation. Abbreviations: O,~ = superoxide anion, NO = nitric oxide, Zn = zinc, SOD = superoxide
dismutase, H,O, = hydrogen peroxide, OH = hydroxyl radical, NAC = N-acetylcysteine,
MT = melatonin, GSH = glutathione, GSSG = oxidized glutathione, GR = glutathione reductase,
GPx = glutathione peroxidase, TNFaxSRp55 = soluble « receptor tumor necrosis factor p55,
MOF = multiple organ failure, LPO = lipoperoxidation, CRP = C reactive protein, SOFA = sequential
organ failure assessment.

5. Conclusions

Adding antioxidants to standard therapy regulates inflammation in patients with septic shock.
In pulmonary sepsis, replacement therapy with Vit C increases its serum levels, and decreases the
levels of CRP, PCT, and NO3;7/NO,~. MT decreases LPO and the SOFA score. NAC reduces LPO and
improves the antioxidant capacity. Vit E tends to decrease LPO. Each antioxidant has beneficial effect.
Thus, they might be combined in clinical trials in patients with septic shock.
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6. Limitations

The absorption may be altered by the enteral route of administration. However, we found
increases of Vit C levels in serum. The present trial is underpowered to detect differences in mortality
and in outcomes between groups because the sample size was calculated for differences in OS.

Author Contributions: A.A.-A., LP-T.,, and M.E.S. designed the study and wrote the manuscript. V.G.-L. revised
the manuscript; A.A.-A., G.C.-A,, J.E-G., and E.AM.-R. treated and recruited the patients in the intensive care unit
and collected all of the results, including the pretreatment and post treatment dates; LP-T., A.A.-A.,, LM.P, V.G.-L,,

and R.G.A. made the laboratory determination; L.M.P. designed the graphical abstract and A.A.-A. designed the
tables and figures; A.A.-A. and M.E.S. performed and planned the statistical analysis. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received funding of American British Cowdray (ABC) Medical Center, L. A.P.

Acknowledgments: We thank the Pharmacist Omar Gonzalez Marcos and the nursing staff and the central
laboratory and mixing laboratories of the ABC hospital for their unconditional support to this project.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Timsit, ].E; Perner, A.; Bakker, J.; Bassetti, M.; Benoit, D.; Cecconi, M.; Curtis, ].R.; Doig, G.S.; Herridge, M.;
Jaber, S.; et al. Year in review in intensive care Medicine 2014: III. Severe infections, septic shock,
healthcare-associated infections, highly resistant bacteria, invasive fungal infections, severe viral infections,
Ebola virus disease and paediatrics. Intensive. Care Med. 2015, 41, 575-588. [CrossRef] [PubMed]

2. Marshall, J.C.; Vincent, J.L.; Guyatt, G.; Angus, D.C.; Abraham, E.; Bernard, G.; Bombardier, C.; Calandra, T.;
Jorgensen, H.S.; Sylvester, R.; et al. Outcome measures for clinical research in sepsis: A report of the 2nd
Cambridge Colloquium of the International Sepsis Forum. Crit. Care Med. 2005, 33, 1708-1716. [CrossRef]
[PubMed]

3. Angus, D.C,; Linde-Zwirble, W.T.; Lidicker, ].; Clermont, G.; Carcillo, J.; Pinsky, M.R. Epidemiology of severe
sepsis in the United States: Analysis of incidence, outcome, and associated costs of care. Crit. Care Med.
2001, 29, 1303-1310. [CrossRef]

4. Pisoschi, AM.; Pop, A. The role of antioxidants in the chemistry of oxidative stress: A review. Eur. ].
Med. Chem. 2015, 97, 55-74. [CrossRef]

5. Galley, H.F. Oxidative stress and mitochondrial dysfunction in sepsis. Br. ]. Anaesth. 2011, 107, 57-64.
[CrossRef] [PubMed]

6. Crouser, E.D. Mitochondrial dysfunction in septic shock and multiple organ dysfunction syndrome.
Mitochondrion 2004, 4, 729-741. [CrossRef] [PubMed]

7. Soto, M.E.; Guarner-Lans, V.; Soria-Castro, E.; Manzano-Pech, L.; Pérez-Torres, I. Is Antioxidant Therapy a
Useful Complementary Measure for Covid-19 Treatment? An Algorithm for Its Application. Medicina 2020,
56, 386. [CrossRef] [PubMed]

8.  Chertoff, J. N-Acetylcysteine’s role in sepsis and potential benefit in patients with microcirculatory
derangements. J. Intensive Care Med. 2018, 33, 87-96. [CrossRef]

9.  Rushworth, G.E; Megson, I.L. Existing and potential therapeutic uses for N-acetylcysteine: The need
for conversion to intracellular glutathione for antioxidant benefits. Pharmacol. Ther. 2014, 141, 150-159.
[CrossRef]

10. Rank, N.; Michel, C.; Haertel, C.; Lenhart, A.; Welte, M.; Meier-Hellmann, A.; Spies, C. N-acetylcysteine
increases liver blood flow and improves liver function in septic shock patients: Results of a prospective,
randomized, double-blind study. Crit. Care Med. 2000, 28, 3799-3807. [CrossRef]

11.  Spapen, H.D.; Diltoer, M.W.; Nguyen, D.N.; Hendrickx, I.; Huyghens, L.P. Effects of N-acetylcysteine on
microalbuminuria and organ failure in acute severe sepsis: Results of a pilot study. Chest 2005, 127, 1413-1419.
[CrossRef] [PubMed]

12. Cazzola, M.; Calzetta, L.; Facciolo, F.; Rogliani, P.; Matera, M.G. Pharmacological investigation on the
anti-oxidant and anti-inflammatory activity of N-acetylcysteine in an ex vivo model of COPD exacerbation.
Respir. Res. 2017, 18, 26. [CrossRef] [PubMed]

30



Medicina 2020, 56, 619

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Paterson, R.L.; Galley, H.F.; Webster, N.R. The effect of N-acetylcysteine on nuclear factor-kappa B activation,
interleukin-6, interleukin-8, and intercellular adhesion molecule-1 expression in patients with sepsis.
Crit. Care Med. 2003, 31, 2574-2578. [CrossRef]

Kim, J.C.; Hong, S.W.; Shim, ].K.; Yoo, K.J.; Chun, D.H.; Kwak, Y.L. Effect of N-acetylcysteine on pulmonary
function in patients undergoing off-pump coronary artery bypass surgery. Acta Anaesthesiol. Scand. 2011, 55,
452-459. [CrossRef] [PubMed]

Berger, M.M.; Oudemans-van, S.H.M. Vitamin C supplementation in the critically ill patient. Curr. Opin.
Clin. Nutr. Metab. Care 2015, 18, 193-201. [CrossRef]

Spoelstra-de Man, A.M.E.; De Grooth, H.J.; Elbers, PW.G.; Oudemans-van Straaten, H.M. Response to
Adjuvant vitamin C in cardiac arrest patients undergoing renal replacement therapy: An appeal for a higher
high-dose. Crit. Care 2018, 22, 350. [CrossRef]

Fowler, A.A ; Syed, A.A.; Knowlson, S.; Sculthorpe, R.; Farthing, D.; DeWilde, C.; Farthing, C.A.; Larus, T.L.;
Martin, E.; Brophy, D.E,; et al. Phase I safety trial of intravenous ascorbic acid in patients with severe sepsis.
J. Transl. Med. 2014, 12, 32. [CrossRef]

Traber, M.G.; Atkinson, J. Vitamin E, antioxidant and nothing more. Free. Radic. Biol. Med. 2007, 43, 4-15.
[CrossRef]

Durant, R.; Klouche, K.; Delbosc, S.; Morena, M.; Amigues, L.; Beraud, J.J.; Canaud, B.; Cristol, ].P. Superoxide
anion overproduction in sepsis: Effects of vitamin E and simvastatin. Shock 2004, 22, 34-39. [CrossRef]
Galley, H.F,; Lowes, D.A.; Allen, L.; Cameron, G.; Aucott, L.S.; Webster, N.R. Melatonin as a potential therapy
for sepsis: A phase I dose escalation study and an ex vivo whole blood model under conditions of sepsis.
J. Pineal Res. 2014, 56, 427-438. [CrossRef]

Berger, M.M.; Chioléro, R.L. Antioxidant supplementation in sepsis and systemic inflammatory response
syndrome. Crit. Care Med. 2007, 35, S584-5590. [CrossRef] [PubMed]

Shankar-Hari, M.; Phillips, G.S.; Levy, M.L.; Seymour, C.W.; Liu, V.X,; Deutschman, C.S.; Angus, D.C;
Rubenfeld, G.D.; Singer, M. Sepsis definitions task force. Developing a new definition and assessing new
clinical criteria for septic shock: For the third international consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA 2016, 315, 775-787. [CrossRef] [PubMed]

Lambden, S.; Laterre, P.F.; Levy, M.M.; Francois, B. The SOFA score-development, utility, and challenges of
accurate assessment in clinical trials. Crit. Care 2019, 23, 374. [CrossRef] [PubMed]

Mohamed, Z.U.; Prasannan, P.; Moni, M.; Edathadathil, F.; Prasanna, P.; Menon, A.; Nair, S.; Greeshma, C.R.;
Sathyapalan, D.T.; Menon, V.; et al. Vitamin C therapy for routine care in septic shock (VICTOR) trial:
Effect of intravenous vitamin C, thiamine, and hydrocortisone administration on inpatient mortality among
patients with septic shock. Indian. ]. Crit. Care. Med. 2020, 8, 653—-661.

Fowler, A.A.; Truwit, ].D.; Hite, R.D.; Morris, P.E.; DeWilde, C.; Priday, A.; Fisher, B.; Thacker, L.R,;
Natarajan, R.; Brophy, D.E; et al. Effect of vitamin c infusion on organ failure and biomarkers of inflammation
and vascular injury in patients with sepsis and severe acute respiratory failure: The CITRIS-ALI randomized
clinical trial. JAMA 2019, 322, 1261-1270. [CrossRef]

Lowes, D.A.; Almawash, A.M.; Webster, N.R.; Reid, V.L.; Galley, H.F. Melatonin and structurally similar
compounds have differing effects on inflammation and mitochondrial function in endothelial cells under
conditions mimicking sepsis. Br. |. Anaesth. 2011, 107, 193-201. [CrossRef]

Howe, K.P; Clochesy, ].M.; Goldstein, L.S.; Owen, H. Mechanical ventilation antioxidant trial. Am. ].
Crit. Care 2015, 24, 440-445. [CrossRef]

Soto, M.E.; Manzano-Pech, L.G.; Guarner-Lans, V.; Diaz-Galindo, J.A.; Vasquez, X.; Castrejon-Tellez, V.;
Gamboa, R.; Huesca, C.; Fuentevilla-Alvarez, G.; Pérez-Torres, I. Oxidant/antioxidant profile in the thoracic
aneurysm of patients with the Loeys-Dietz syndrome. Oxidative Med. Cell. Longev. 2020, 2020, 5392454.
[CrossRef]

Zhang, R.; Wang, X.; Ni, L.; Di, X.; Ma, B.; Niu, S.; Liu, C.; Reiter, R.J. COVID-19: Melatonin as a potential
adjuvant treatment. Life Sci. 2020, 250, 117583. [CrossRef]

Marik, P.E. Hydrocortisone, ascorbic acid and thiamine (HAT Therapy) for the treatment of sepsis. Focus on
ascorbic acid. Nutrients 2018, 10, 1762. [CrossRef]

Carr, A.C.; Rosengrave, P.C.; Bayer, S.; Chambers, S.; Mehrtens, J.; Shaw, G.M. Hypovitaminosis C and
vitamin C deficiency in critically ill patients despite recommended enteral and parenteral intakes. Crit. Care
2017, 21, 300. [CrossRef] [PubMed]

31



Medicina 2020, 56, 619

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Evans-Olders, R.; Eintracht, S.; Hoffer, L.J. Metabolic origin of hypovitaminosis C in acutely hospitalized
patients. Nutrition 2010, 26, 1070-1074. [CrossRef] [PubMed]

Ferreira, FL.; Bota, D.P,; Bross, A.; Mélot, C.; Vincent, J.L. Serial evaluation of the SOFA score to predict
outcome in critically ill patients. JAMA 2001, 286, 1754-1758. [CrossRef] [PubMed]

Joo, YM.; Chae, M.K.; Hwang, S.Y,; Jin, S.C.; Lee, T.R.; Cha, W.C.; Jo, L].; Sim, M.S.; Song, K.J.; Jeong, YK;
et al. Impact of timely antibiotic administration on outcomes in patients with severe sepsis and septic shock
in the emergency department. Clin. Exp. Emerg. Med. 2014, 1, 35-40. [CrossRef]

Hwang, S.Y,; Park, J.E.; Jo, L].; Kim, S.; Chung, S.P.; Kong, T.; Shin, J.; Lee, H.].; You, KM.; Jo, Y.H,; et al.
Combination therapy of vitamin C and thiamine for septic shock in a multicentre, double-blind, randomized,
controlled study (ATESS): Study protocol for a randomized controlled trial. Trials 2019, 20, 420. [CrossRef]
Mitchell, A.B.; Ryan, T.E.; Gillion, A.R.; Wells, L.D.; Muthiah, M.P. Vitamin C and thiamine for sepsis and
septic shock. Am. . Med. 2020, 133, 635-638. [CrossRef]

Boretti, A.; Banik, B.K. Intravenous vitamin C for reduction of cytokines storm in acute respiratory distress
syndrome. PharmaNutrition 2020, 12, 100190. [CrossRef]

Fujii, T.; Luethi, N.; Young, PJ.; Frei, D.R.; Eastwood, G.M.; French, C.J.; Deane, A.M.; Shehabi, Y.; Hajjar, L.A.;
Oliveira, G.; et al. Effect of vitamin C, hydrocortisone, and thiamine vs hydrocortisone alone on time alive
and free of vasopressor support among patients with septic shock: The Vitamins Randomized Clinical Trial.
JAMA 2020, 323, 423-431. [CrossRef]

Marik, PE.; Khangoora, V.; Rivera, R. Hydrocortisone, vitamin C and thiamine for the treatment of severe
sepsis and septic shock: A retrospective before-after study. Chest 2017, 151, 1229-1238. [CrossRef]
Anderson, G.; Reiter, R.J. Melatonin: Roles in influenza, Covid-19, and other viral infections. Rev. Med. Virol.
2020, 30, €2109. [CrossRef]

Carrillo-Vico, A.; Lardone, PJ.; Naji, L.; Fernandez-Santos, ].M.; Martin-Lacave, I.; Guerrero, ] M.; Calvo, J.R.
Beneficial pleiotropic actions of melatonin in an experimental model of septic shock in mice: Regulation of
pro-/anti-inflammatory cytokine network, protection against oxidative damage and anti-apoptotic effects.
J. Pineal Res. 2005, 39, 400-408. [CrossRef] [PubMed]

Wu, C.C,; Chiao, C.W.; Hsiao, G.; Chen, A.; Yen, M.H. Melatonin prevents endotoxin-induced circulatory
failure in rats. J. Pineal Res. 2001, 30, 147-156. [CrossRef] [PubMed]

D’Amato, L.A.; Mistraletti, G.; Longhi, D.; Piva, I.R.; Marrazzo, F,; Villa, C.; Tozzi, M.; Paroni, R.; Finati, E.;
Lapichino, G. Melatonin blood values and total antioxidant capacity in critically ill patients. Crit. Care 2014,
18, P436.

Wang, H.; Wei, W.; Shen, Y.X.; Dong, C.; Zhang, L.L.; Wang, N.P; Yue, L.; Xu, S.-Y. Protective effect
of melatonin against liver injury in mice induced by Bacillus Calmette-Guerin plus lipopolysaccharide.
World |. Gastroenterol. 2004, 10, 2690-2696. [CrossRef] [PubMed]

Li, V.G.; Musumeci, T.; Pignatello, R.; Murabito, P.; Barbagallo, I.; Carbone, C.; Gullo, A.; Puglisi, G.
Antioxidant potential of different melatonin-loaded nanomedicines in an experimental model of sepsis.
Exp. Biol. Med. 2012, 237, 670-677.

Sanchez-Barceld, E.J.; Mediavilla, M.D.; Tan, D.X.; Reiter, R.J. Clinical uses of melatonin: Evaluation of
human trials. Curr. Med. Chem. 2010, 17, 2070-2095. [CrossRef]

Lassnigg, A.; Punz, A.; Barker, R.; Keznickl, P.; Manhart, N.; Roth, E.; Hiesmayr, M. Influence of intravenous
vitamin E supplementation in cardiac surgery on oxidative stress: A double-blinded, randomized, controlled
study. Br. J. Anaesth. 2003, 90, 148-154. [CrossRef]

Prauchner, C.A. Oxidative stress in sepsis: Pathophysiological implications justifying antioxidant co-therapy.
Burns 2017, 43, 471-485. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

32



medicina

Review

Immune Modulation in Critically Il Septic Patients

Salvatore Lucio Cutuli 1'*

check for

updates
Citation: Cutuli, S.L.; Carelli, S,;
Grieco, D.L.; De Pascale, G. Immune
Modulation in Critically Il Septic
Patients. Medicina 2021, 57, 552.
https://doi.org/10.3390/
medicina57060552

Academic Editors: Antonio Mirijello

and Alberto Tosoni

Received: 13 May 2021
Accepted: 25 May 2021
Published: 31 May 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

. Simone Carelli 1, Domenico Luca Grieco

1(® and Gennaro De Pascale 12

Dipartimento di Scienze dell” Emergenza, Anestesiologiche e della Rianimazione, Fondazione Policlinico
Universitario A. Gemelli IRCCS, 00168 Rome, Italy; simonecarelli.sc@gmail.com (S.C.);
dlgrieco@outlook.it (D.L.G.); gennaro.depascalemd@gmail.com (G.D.P.)

Facolta di Medicina e Chirurgia “A. Gemelli”, Universita Cattolica del Sacro Cuore, 00168 Rome, Italy

*  Correspondence: sl.cutuli@gmail.com; Tel.: +06-3015-9906

Abstract: Sepsis is triggered by infection-induced immune alteration and may be theoretically
improved by pharmacological and extracorporeal immune modulating therapies. Pharmacological
immune modulation may have long lasting clinical effects, that may even worsen patient-related
outcomes. On the other hand, extracorporeal immune modulation allows short-term removal of
inflammatory mediators from the bloodstream. Although such therapies have been widely used in
clinical practice, the role of immune modulation in critically ill septic patients remains unclear and
little evidence supports the role of immune modulation in this clinical context. Accordingly, further
research should be carried out by an evidence-based and personalized approach in order to improve
the management of critically ill septic patients.

Keywords: sepsis; septic shock; infection; extracorporeal immune modulation; blood purification;
renal replacement therapy

1. Introduction

Sepsis [1] represents an acute syndrome of major interest for intensive care physicians
because of significant incidence and severe clinical outcomes [2]. Pathophysiology of sepsis
originates from a non-physiological, non-protective, non-adaptive inflammatory response
to microbiological threats [1]. Identification and control of the source of infection [2] as
well as timely and appropriate antibiotic therapy [3] were shown as the most effective
interventions that may improve sepsis-induced organ dysfunction. Accordingly, a patho-
physiological approach to sepsis is strongly advocated. In the light of this view, immune
modulation by pharmacological and extracorporeal blood purification therapies (EBPT)
represents a complementary therapy for sepsis and many studies have been conducted
with the aim to find a role for such an intervention in this field. In this paper, we clarified
the rationale and the role of immune modulation in critically ill septic patients.

2. Immune Alteration in Sepsis
2.1. Pathophysiology of Immune Alteration in Sepsis

Sepsis is a life-threatening organ dysfunction, which is caused by dysregulated host
response to infection [1]. Sepsis is an old disease [4] and seminal research hypothesized a
causative link between the pathogenicity of specific microorganisms and the severity of this
syndrome. However, recent research, most of which was based on molecular assessment
of human inflammatory genes, has described the pivotal role of host response in the
development of sepsis-associated organ dysfunction and consequent clinical outcomes [5,6].
Specifically, sepsis results from host-pathogen interactions that occur when microorganisms
invade sterile organs of the body as well as when microbiota are altered by concurrent
conditions (e.g., drug and diet) that shift symbiosis to dysbiosis [7,8]. In some patients, this
process results in an exaggerated, uncontrolled, and self-sustaining systemic inflammatory
response that causes metabolic derangements and organ dysfunction [6].
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Immune response to pathogen invasion is initiated by the recognition of highly con-
served pathogen-associated molecular patterns (PAMPs) and danger-associated molecular
patterns (DAMPs), which belong to microorganisms and injured tissues of the host, respec-
tively. These molecules are recognized by specific receptors (e.g., Toll-like Receptors) that
activate multiple intracellular pathways. Specifically, the activation of selective receptors
induces the phosphorylation of mitogen-activated protein kinases (MAPKs), Janus kinases
(JAKS), or signal transducers and activators of transcription (STATs) [9]. These molecular
pathways induce the expression of specific genes, which codify for inflammatory (e.g., cy-
tokines) and metabolic molecules (e.g., hormones) that orient host response to deal with
microbial threats. Moreover, PAMPs e DAMPs trigger further cellular (e.g., neutrophil
release of toxic agent) and non-cellular (e.g., complement activation) responses that mag-
nify immune response to pathogen invasion [10]. Among PAMPs, lipopolysaccharide
(LPS), a molecule of the outer membrane of the Gram negative bacteria, has been found
to induce a dose-dependent activation of the inflammatory system [11]. Among DAMPs,
nuclear and cytosolic factors as well as hyaluronan and heparan sulfate of the extracellular
matrix are potent activators of the immune system response [12]. On the other hand, a
growing body of evidence supports the role of microbiota as organs that may influence
immune system response to infection and induce tolerance towards specific molecules
(e.g., endotoxins) [13-15], which may have an impact on patient-related clinical outcomes.

The physiological inflammatory response to pathogen invasion of the body implies
immune activation and immune suppression, while sepsis occurs when the balance be-
tween these pathways is lost [9]. Traditionally, immune activation was considered as the
early stage of inflammation, which is triggered by innate pathways of response. Many
cytokines have been identified as immune-activating molecules and include tumor necrosis
factor-« (TNF-«), several interleukins (e.g., IL-1(3, IL-2, IL-6, IL-8), and interferon-y (IFN-y).
On the other hand, immune suppression was considered the late stage of inflammation,
which was intended to extinguish immune activation when the pathogen threat is solved.
This stage is mediated by the release of specific molecules like IL-10 and is pathologically
exaggerated when chronic critical illness occurs [16].

2.2. Immune Alteration-Induced Organ Dysfunction in Sepsis

In the last few years, an increasing body of evidence has demonstrated that immune
activation and immune suppression happen concurrently and cause organ dysfunction,
and the severity of which may be evaluated by the Sequential Organ Failure Assessment
(SOFA) score [17] (Table 1). The SOFA score has been demonstrated important to synthetize
and report sepsis-associated organ dysfunction as well as to provide prognostication for
this patient population [18]. Moreover, a simplified version of the SOFA score, namely
the quick SOFA (qSOFA) [1], has been identified as an effective tool to identify patients
with suspected infection outside the ICU, at risk of poor clinical outcomes. The gSOFA has
such an important diagnostic implication when at least two of the following clinical criteria
are present: respiratory rate of 22/minute or greater, altered mentation and systolic blood
pressure of 100 mmHg or less [19].
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Table 1. The Sequential Organ Failure Assessment (SOFA) Score.

Score
Systems 0 1 2 3 4
Respiration, . .
PaO,/FiO, ratio,mmHg ~ >400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation,
Platelet count, >150 <150 <100 <50 <20
cells x 10 /mm?3
Hepatic, 1.2-19
Bilirubin, mg/dL (ug/L) <1.2 (20) (20-32) 2-5.9 (33-101) 6-11.9 (102-204) >12(204)
Cardiovascular - - -
MAP, mmHg >70 <70 Dopamine <5 Dopamine 5.1-15 or Dopamine > 15 or
Catecholamines, ug/kg/min - - Dobutamine epinephrine < 0.1 or epinephrine > 0.1 or
for at least 1 h. (any) norepinephrine < 0.1 norepinephrine > 0.1
Central Nervous System, 15 13-14 10-12 6-9 <6
Glasgow Coma Score
Renal
— >
Creatinine, mg/dL (umol/L) <1.2 (110) 12-19 2-3.4 (171-299) 3.5-4.9 (300-440) =5 (440)
. . (110-170) <500 <200
Diuresis, mL/day

Abbreviations: FiO,, fraction of inspired oxygen; MAP, mean arterial pressure; PaO,, partial pressure of oxygen.

3. Immune Modulation in Sepsis
3.1. Rationale of Immune Modulation in Sepsis

Immune alteration represents the main pathological pathway that causes and sustains
sepsis. Accordingly, immune modulation has appeared as a promising adjuvant therapy
in patients who suffer from such disease. Immune modulation may be carried out by
specific interventions with the aim to mitigate both pro- and anti-inflammatory bursts,
thus allowing for an appropriate and protective response to microbial threat. Immune
modulation should be considered as a complementary therapy and should be used with the
aim of limiting infection-induced inflammatory alteration by the time appropriate etiologic
therapies (e.g., source infection control and antibiotics) are delivered to the patient [2].

3.2. Indirect Immune Modulation in Sepsis

In order to limit immune alteration caused by host response to infection, the microbio-
logical threat must be identified and treated. Such an approach implies the identification of
both source (organ or system) and agent (bacterium, virus, parasite or fungus) that cause
infection. The source of infection must be determined by clinical assessment (e.g., symp-
toms) of the patient and possibly confirmed by radiological examination (e.g., Ultra-Sound
Scan, chest X-Ray, or CT-scan) [2]. The identification of the source of infection may guide
the decision to withdraw samples from specific organs (e.g., cerebrospinal fluid from the
central nervous system) that will be tested to identify the agent responsible for infection.
In this context, blood samples should always be withdrawn and sent for microbiological
examination in order to identify systemic diffusion of the microorganism, which may be
associated with the risk of delivering infection to other sites [2]. The identification of the
microbiological threats offers the possibility to target antimicrobial therapy to the etiologic
cause of infection and deliver an appropriate treatment [2]. Moreover, identifying the
source offers the possibility to control the progression of infection at a local level by surgery
(e.g., intestinal resection after organ perforation) or interventional radiology (e.g., drainage
of an abscess) [2].
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3.3. Direct Immune Modulation in Sepsis
3.3.1. Pharmacologic Immune Modulation in Sepsis

Many different drugs have been tested with the aim to provide immune modulation
in patients with sepsis (Table 2).

Table 2. Imnmune modulating strategies in critically ill septic patients.

Immune Modulating Strategies in Sepsis

e  Pharmacological

- Interferon-y

- Granulocyte-macrophage colony-stimulating factor
- Interleukin 7

- Anti-Cba

- Recombinant human soluble thrombomodulin

- Recombinant human-activated protein C

- Intravenous Immunoglobulin

- Glucocorticoids

- Neutrophil elastase inhibitors

- Programmed cell death protein 1/programmed death ligand
- Heme oxygenase inducers

. Extracorporeal blood purification therapies

—

- Acrylonitrile-69 Surface-Treated (AN69-ST)

- Oxiris®

- Hemofeel®
— - Cytosorb®

- Seraph®-100

Non selective

- Coupled Plasma Filtration and Adsorption

- High cut-off membranes

Toraymyxin®

Selective

The pathophysiological hypothesis beyond the administration of immune modulating
drugs in patients with sepsis relies on the concept of smoothing both hyper- and hypo-
inflammation via synthetic analogues of cytokines that are intended to hold such features.
As an example, IFN-y and the granulocyte-macrophage colony-stimulating factor (GM-
CSF) have been investigated in order to provide immune modulation due to pleiotropic
effects on innate inflammation. The administration of these drugs has shown controversial
efficacy and no significant adverse events [20,21]. However, the administration of these
drugs was conducted under specific clinical criteria that did not take into account any
immune system biomarker (C-reactive protein, cytokines), which may have hampered
the results of trials. Specifically, GM-CSF has been demonstrated as effective to improve
immune suppression in other clinical contexts and provide some benefit on attenuating lung
remodeling in patients with pulmonary fibrosis [22] or immunosuppressive T-regulatory
cells replication in cancer vaccine therapy [23]. Moreover, the administration of cytokine
analogues like IL-7 have shown significant anti-apoptotic and lymphopoietic effects on
T-cells, which may reverse sepsis-associated lymphocyte depletion. Recombinant IL-7 has
been described to improve survival in animal models of bacterial and fungal sepsis [24,25],
although no definitive clinical evidence supports its use in daily clinical practice.
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Recently, complement manipulation may play a role in the development of sepsis-
associated immune alteration. Specifically, C5a activity has been demonstrated as crucial in
the development of inflammatory mediated tissue damage and its inhibition via selective
antibodies was demonstrated effective to mitigate sepsis severity in animal models [26].
However, no definitive clinical data support the use of this therapy in daily clinical life.
On top of that, an increasing amount of evidence has shown the interaction between
complement and coagulative systems [27]. The latter is frequently altered in patients with
sepsis and many drugs have been tested with the aim to improve coagulative dysfunction.
However, the administration of recombinant human soluble thrombomodulin [28] as well
as activated protein C [29] did not show any benefit on 28-day mortality of critically ill
patients with sepsis.

In the last decades, the administration of intravenous immunoglobulins (IVIg) has
been increasing in patients with sepsis and such therapy appears characterized by multiple
mechanisms of action that include pathogen recognition and killing, toxin scavenging,
inflammatory genes-reduced transcription, and anti-apoptosis effects on immune cells [30].
Both polyclonal and monoclonal IgG as well as IgM-enriched polyclonal antibodies have
been tested as adjuvant therapies. However, no significant benefits on patient-related
outcomes have been observed in clinical trials [31]. As a result, current guidelines [2] do
not recommend the use of IVIg in patients with sepsis. On the other hand, small sample
sizes and the heterogeneity of IVIg formulations tested in clinical trials support the need
for further investigations on the role of this adjuvant therapy in patients with sepsis [32].

Moreover, glucocorticoids are drugs with immune-modulating properties and mimic
hormones that are released by adrenal glands when the organism in under stress [33]. Glu-
cocorticoids exert long lasting immune suppressing effects by inhibiting cellular synthesis
of pro-inflammatory cytokines [34]. Although the administration of Dexamethasone and
Methylprednisolone may increase the risk of secondary infections [35] in patients with
sepsis, Hydrocortisone appeared safe and effective to shorten shock duration, mechanical
ventilation and ICU length of stay [36]. On the contrary, Methylprednisolone decreased
treatment failure of patients with severe community-acquired pneumonia and high initial
inflammatory response [37] while Dexamethasone was demonstrated effective to reduce
28-day mortality of patients with acute respiratory failure caused by Coronavirus Disease
19 (COVID-19) [38]. As a result, Hydrocortisone is recommended in patients with septic
shock [2], Dexamethasone in patients with COVID-19, and Methylprednisolone, as a rescue
therapy, in patients with severe community-acquired pneumonia [39].

Finally, many drugs have been tested with the aim to provide immune modulation
via the interaction with ultra-specific pathways of inflammatory host response to infec-
tion. As an example, the administration of Sivelestat, a neutrophil elastase inhibitor, may
play some role to improve the outcome of septic patients with acute respiratory distress
syndrome and disseminated intravascular coagulation [40]. Moreover, sepsis-associated
immune paralysis may be improved by the administration of immune checkpoints such as
the programmed cell death protein 1/programmed death ligand (PD-1/PD-L) pathway
inhibitor [41]. Furthermore, Heme oxygenase inducers promote oxidative conversion of
Heme to carbon monoxide, iron, and biliverdin, thus playing pleiotropic modulation of
inflammatory pathways involved in host response to infection [42]. In summary, neu-
trophil elastase inhibitors, PD-1/PD-L, and Heme oxygenase inducers represent promising
immune modulating therapies in critically ill septic patients and ongoing clinical trials will
shed light on their role in this population.

3.3.2. Extracorporeal Immune Modulation in Sepsis

Extracorporeal removal of PAMPs, DAMPs, and cytokines is considered the new
frontier of immune modulation in patients with sepsis. Such interventions allow medi-
ators removal from the bloodstream via specific characteristics of the internal surface of
membranes. Moreover, their application in critically ill patients with sepsis appeared
feasible and was made easy by the significant rate of acute kidney injury that required
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continuous renal replacement therapy (CRRT) [43]. Accordingly, EBPT allows selective
and non-selective removal of mediators, thus providing short term immune modulation
and preventing long-term immune complications that were associated with longer-lasting
pharmacological interventions. In the light of this view, the last version of the Surviving
Sepsis Campaign Guidelines [2] refers to EBPT as complementary treatments that should
be applied with the aim to provide immune system control and multi-organ support by the
time etiologic treatments will be delivered to the patient (e.g., control of source of infection
and antibiotics).

EBPT are characterized by important features that should be considered when pre-
scribing such interventions [44]. First, each device is characterized by a certain degree
of biocompatibility, which refers to the level of complement and platelet activation that
results from the interaction between blood and artificial surfaces [44]. Biocompatibility
may influence the half-life of the device, condition its efficacy, and worsen inflammatory
burst of the host. Although any device available in the market must adhere to specific
requirements of the ISO10993, no clinical data exist on the comparison of different devices
in terms of biocompatibility [44]. Moreover, EBPT may cause unintended removal of
drugs or vitamins, which may have a non-favorable impact on patients’ related clinical
outcomes. Specifically, lowering antibiotic blood concentration by extracorporeal removal
may worsen infection control and increase sepsis-associated inflammatory burst with
consequent life-threatening complications [44]. Accordingly, antibiotic dosage should be
adapted to any specific EBPT and a strict control of antibiotic blood level concentration
is strongly advocated due to the lack of information about clearance characteristics of the
majority of new membranes available in the market [44]. Third, EBPT imply a certain
degree of heat dissipation to the environment, despite any device for such therapy be-
ing endowed by heaters. Heat dissipation may mask fever and cause hypothermia, thus
increasing peripheral vasoconstriction [45] and risk of organ hypoperfusion as well as
conditioning drug solubility in the bloodstream, enzymes function, and mediators removal
at a membrane level. Moreover, hypothermia itself was associated with increased organ
dysfunction and 28-day and in-hospital mortality in critically ill patients [46].

Main Application of Extracorporeal Immune Modulation in Critically Ill Septic
Patients

Mediators removal via extracorporeal therapy may be selective or non-selective [44]
(Table 2). Selective removal of mediators is allowed by specific interaction between soluble
molecules and membrane characteristics.

= Non selective extracorporeal removal of inflammatory mediators

PAMPs and cytokines may be non-selectively removed by EBPT via:

- electrostatic interactions between soluble molecules and the internal surface of the
membrane (adsorption);

- trans-membrane flux via gradient (diffusion via hemodialysis) and pressure (convec-
tion via hemofiltration) concentration, according to the cut-off of the device.

Electrostatic interactions regulate mediator removal of many different devices for
EBPT. Specifically, acrylonitrile-69 surface-treated (AN69-ST, Baxter, IL, USA) and surface
modified membranes (Oxiris®, Baxter, IL, USA) are devices for CRRT that are characterized
by heparin-coated polymers of sodium methallylsulfonate and polyethyleneimine. They
allow adsorption of both pro- and anti-inflammatory cytokines (tumor necrosis factor «, IL
6, IL 8, and interferon y) as well as endotoxin (Oxiris®), both in vitro [47] and in patients
with septic acute renal failure [48]. Moreover, EBPT with Oxiris® was associated with
significant reduction of IL-6 blood level concentration in critically ill patients admitted to
the ICU for COVID-19 [49,50].

Another EBPT which allows for CRRT and mediators removal by adsorption is
Hemofeel® (Toray Medical Co Ltd., Tokyo, Japan), a device made by polymethylmethacry-
late that was demonstrated as effective in the removal of IL-8 and IL-6 by in-vitro study [51].
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However, no clinical evidence exists on the effect of such therapy on the outcome of criti-
cally ill patients with sepsis.

Among EBPT that allow mediators removal via adsorption, Cytosorb® represented
a promising tool to deliver immune modulation in patients with sepsis. This cartridge is
made by highly porous polystyrene divinylbenzene copolymer covered with a biocom-
patible polyvinylpyrrolidone coating and in-vitro studies demonstrated a certain degree
of efficacy to remove pro- and anti-inflammatory cytokines [47]. However, a recently
published randomized trial, which enrolled critically ill patients with sepsis, did not
demonstrate any effect of Cytosorb® hemoperfusion compared with standard care on IL-6
blood level concentration and 60-day mortality [52].

Moreover, the Seraph®-100 is a sorbent made by polyethylene beads, whose internal
surface contains heparin. Although in vitro studies have shown some efficacy of this
EBPT on cytokines (TNF-w), bacteria (Staphylococcus Aureus) and viruses (Zika virus,
Cytomegalovirus, Adenovirus and Severe Acute Respiratory Syndrome Coronavirus-2) by
adsorption [53], no clinical evidence exists on the effect of such therapy on the outcome of
critically ill patients with sepsis.

On the other hand, Coupled Plasma Filtration and Adsorption (CPFA) represents a hy-
brid EBPT which allows mediator removal via plasma filtration and adsorption by styrene
resin. Although in vitro studies demonstrated a direct relationship between cytokines
removal and volume of plasma cleared by such device, a recent randomized controlled
trial was stopped because of futility. Furthermore, this trial observed a significant rate of
clotting (48% of the treatments) despite anticoagulation with heparin [54].

Finally, immune modulation may be performed by trans-membrane removal of media-
tors via gradient (diffusion via haemodialysis) and pressure (convection via hemofiltration)
concentration. However, only membranes with a large pore size (20 nm) [55], namely high
cut-off membrane (HCO), have been demonstrated as effective to remove inflammatory
mediators (the majority of which have a molecular weight above 60 kDa). Although con-
vection appears more effective than diffusion for mediator removal, the significant albumin
loss associated with the former is of concern [56]. Accordingly, diffusive modalities are
preferred when HCO membranes are used. Immune modulating effect of EBPT via HCO
membranes have been suggested by an increasing number of randomized controlled trials
that demonstrated significant cytokines blood level reduction when this therapy was com-
pared to conventional renal replacement therapy [56-60]. Despite such promising effect of
HCO EBPT on mediator removal, this intervention has not been demonstrated effective on
other patients’ related clinical outcomes and its application in daily clinical practice is still
a matter of debate.

= Selective extracorporeal removal of inflammatory mediators

To the best of our knowledge, endotoxin is the only PAMP that may be selectively
removed via adsorption by Toraymyxin® (Toray Industries, Tokyo, Japan) hemoperfu-
sion. Toraymyxin® is a cartridge made by polystyrene fibers and Polymyxin-B, a cationic
antibiotic that is characterized by high affinity for endotoxin via ionic and hydrophobic
bonds [47]. This device has been widely used in daily clinical practice [61,62], although
randomized controlled trials carried out in this field have shown controversial results [63].
However, these trials enrolled patients with inhomogeneous characteristics mainly due to
comorbidities, clinical severity, type of infection, timing, and protocol of EBPT provided
that do not allow any final conclusion in this field. On the other hand, Toraymyxin® was
demonstrated as effective to improve the outcome patients at high risk of mortality (above
30%) [64] and for whom endotoxin level did not exceed the capability of the cartridge to re-
move such a molecule [65]. Moreover, Toraymyxin® has shown immune modulating effect
beyond endotoxin removal and very recently it was demonstrated effective as to improve
immune suppression by allowing Monocyte Human Leukocyte Antigen-DR increase [66].
Finally, Toraymyxin® hemoperfusion was used in a cohort of critically ill patients admitted
to the ICU for COVID-19 [67] who developed secondary bacterial infections and for whom

39



Medicina 2021, 57, 552

blood endotoxin activity was deemed implicated in the pathophysiology of immune system
alteration and organ dysfunction.

3.4. Filling the Gap of Immune Modulation in Sepsis

Immune modulation offers enticing perspectives of treatment for critically ill septic
patients. However, the real application of this complementary treatment is still a matter
of debate due to controversial results between laboratory and clinical trials. Sepsis is a
clinical syndrome, which complex pathophysiology may be explained by the multifaced
genetic (e.g., polymorphic inflammatory pathways) and epigenetic (e.g., comorbidities and
clinical intervention applied) interplay that characterizes each single patient. Accordingly,
a personalized approach to sepsis may address such a gap via the clinical application of
biomarkers of single-cell transcriptomics [68], big data analysis [69], and machine-learning
methods by specific models [70], in order to identify specific patient populations that may
benefit more from some specific immune modulating intervention and help the design of
future clinical trials.

4. Conclusions

Immune modulation represents a complementary therapy for critically ill patients
with sepsis. Among immune modulating strategies, EBPT appear safe and timely tar-
geted compared with longer lasting pharmacological therapies. However, little evidence
supports the efficacy of immune modulation in critically ill patients with sepsis. Accord-
ingly, immune modulation remains a matter of debate and further research, carried out
by evidence-based and personalized approaches, is warranted in order to improve the
management of critically ill septic patients.
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Abstract: Background: Neutropenic enterocolitis (NE), which in the past was also known as typhlitis
or ileocecal syndrome for the segment of the gastrointestinal tract most affected, is a nosological
entity that is difficult to diagnose and whose pathogenesis is not fully known to date. Initially
described in pediatric patients with leukemic diseases, it has been gradually reported in adults
with hematological malignancies and non-hematological conditions, such as leukemia, lymphoma,
multiple myeloma, aplastic anemia, and also myelodysplastic syndromes, as well as being associated
with other immunosuppressive causes such as AIDS treatment, therapy for solid tumors, and organ
transplantation. Therefore, it is associated with high mortality due to the rapid evolution in worse
clinical pictures: rapid progression to ischemia, necrosis, hemorrhage, perforation, multisystem
organ failure, and sepsis. Case report: A case report is included to exemplify the clinical profile of
patients with NE who develop sepsis. Literature Review: To identify a specific profile of subjects
affected by neutropenic enterocolitis and the entity of the clinical condition most frequently associated
with septic evolution, a systematic review of the literature was conducted. The inclusion criteria
were as follows: English language, full-text availability, human subjects, and adult subjects. Finally,
the papers were selected after the evaluation of the title and abstract to evaluate their congruity
with the subject of this manuscript. Following these procedures, 19 eligible empirical studies were
included in the present review. Conclusions: Despite the recent interest and the growing number of
publications targeting sepsis and intending to identify biomarkers useful for its diagnosis, prognosis,
and for the understanding of its pathogenesis, and especially for multi-organ dysfunction, and
despite the extensive research period of the literature review, the number of publications on the
topic “neutropenic enterocolitis and sepsis” appears to be very small. In any case, the extrapolated
data allowed us to conclude that the integration of medical history, clinical and laboratory data,
radiological imaging, and macroscopic and histological investigations can allow us to identify a
specific pathological profile.

Keywords: neutropenic enterocolitis; sepsis; chemotherapy-induced damage

1. Introduction

Neutropenic enterocolitis (NE), as the phrase used to identify it suggests, is a severe
inflammatory bowel disease that occurs in neutropenic patients. It is also known as ileocecal
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syndrome or “typhlitis”, from the Greek word “typhon”, used to indicate caecum or cecitis,
since this is the site of the organism most frequently affected; it was a clinical entity initially
described in pediatric leukemia patients. However, over the years, the diagnoses of adult
subjects with neoplasms have increased (mainly hematological diagnoses, such as leukemia,
lymphoma, multiple myeloma, aplastic anemia, and even myelodysplastic syndromes),
as well as other immunosuppressive causes such as AIDS, therapy for solid tumors, and
organ transplantation. However, since different tracts of the gastrointestinal (GI) system
could be involved, it was considered more appropriate to use the definition of neutropenic
enterocolitis [1-3].

The incidence of NE varies between studies. In a systemic review conducted by
Gorschliiter et al., the incidence rate of 21 studies was 5.3% in patients hospitalized for
hematologic malignancies, high-dose chemotherapy for solid tumors, or aplastic anemia,
while another cohort study found it in 3.5% of 317 severely neutropenic patients [4,5].

The incidence of NE has increased with the increasing use of intensive chemother-
apy [1]. Gastrointestinal toxicity, in fact, is a common complication of cytotoxic cancer
chemotherapy. Currently available cytotoxic drugs do not discriminate between cancer
cells and rapidly dividing normal cells. The toxicity of anticancer treatment will continue
to be a significant problem until highly selective therapies for malignant cells are devel-
oped [6]. Combination regimens are often the standard treatment. The rapid extension of
available antineoplastic drugs, however, has also underscored the urgent need for clinicians
to better understand and detect the acute and late toxicity spectrum of these regimens.

In fact, exposure to cytotoxic drugs has been called into question as to the main
mechanism in the pathogenesis of NE, although currently it is not yet fully understood.
One of the mechanisms is the onset of mucositis with consequent interruption of the
mucous barrier, which allows for bacterial translocation from the intestine. This mechanism
is supported by histological findings of intestinal wall edema, swollen blood vessels,
and mucosal surface rupture [7] with areas of ulceration and bleeding. Neutropenia
further aggravates the risks, causing decreased immunity with the inability to control the
transmural translocation of pathogens. There are also concerns that direct invasion of
the interstitial wall by malignant cells may contribute to the disease. The cecum is more
commonly involved in NE due to its distensibility and limited blood supply (elements
which, by self-feeding, can in turn cause the clinical condition to worsen).

Therefore, it is associated with high mortality due to the rapid evolution in worse
clinical pictures: rapid progression to ischemia, necrosis, hemorrhage, perforation, and
multisystem organ failure and sepsis, which is defined as infection-induced organ dys-
function or hypoperfusion abnormalities that predispose to septic shock and increased
mortality in neutropenic settings [8]. It is underrecognized clinically, with the diagnosis
often being made on post-mortem examination.

This review of the literature, focusing on the relationship between NE and sepsis
in comparison with a clinical case, thus aims to favor the gnoseological diffusion of this
nosological entity, to support the etiopathological mechanism, as proposed above, and to
define its main characteristics for its diagnostic framework.

2. Case Report

The case study involved a 56-year-old woman diagnosed with locally advanced infil-
trating ductal carcinoma of the breast treated with chemotherapy according to the TAC
scheme (Docetaxel, Doxorubicin, Cyclophosphamide). The blood tests at the beginning
of chemotherapy were documented as follows: white blood cells 9630/mm?, of which
4860/ mm? were neutrophils. After 10 days from the start of chemotherapy, the woman in
the case in question entered the local emergency department for abdominal pain refractory
to medical pain-relieving therapy. Physical examination by the doctors documented the
treatable abdomen on all quadrants with tenesmus, vomiting, and diarrhea, with the vital
parameters of blood pressure at 110/70, 99% oxygen saturation, and body temperature at
38.0 °C. On laboratory tests, she had 560/ mm? of white blood cells, of which 290/ mm?
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were neutrophils. CT imaging showed the absence of pneumoperitoneum with a collapsed
and thickened rectum, as well as fat stranding and intramural areas of low attenuation.
A gastroenterological specialistic examination was also performed, which documented
a smooth mucosa on rectal exploration, but with underlying layers there was increased
consistency, circumferentially, and the presence of mucus bloody material into the lumen.
During the diagnostic process, however, the patient’s condition suddenly worsened, due to
the onset of hyperlactacidemic metabolic acidosis, respiratory insufficiency, and a tendency
to hypotension despite the massive volume filling and the aggressive life support, and
she died. The autopsy examination allowed us to detect, upon isolation of the intestinal
tract between the ileocecal valve and the anus, the presence of a focal pattern of circum-
ferential thickening and edema of the rectum-sigma mucosa, in the context of which it
was possible to observe the presence of small yellow membranes. Upon cutting of the
bowel wall, diffuse submucosal hemorrhages were also noted. The histological investi-
gations (Figure 1) conducted on the organ samples allowed us to confirm the presence
of mucosal and submucosal edema, and well-defined agglomerations of inflammatory
cells in the context of the bowel wall as well as Councilman bodies were observed in the
study of the liver in association with biliary stasis. The histological study was completed
with immunohistochemical staining with positive anti-TNF-alpha and anti-IL15 antibody
reactions on the heart samples [9,10]. The cause of death was attributed to sepsis and
multi-organ failure.
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Figure 1. Histological investigation: mucosal and submucosal edema, and well-defined agglomera-
tions of inflammatory cells in the context of the bowel wall (a); Councilman bodies of the liver (b);
positive anti-IL15 (c) anti-TNF-alpha (d) antibody reactions on heart samples.

3. Side Effects of Chemotherapy

Chemotherapy drugs can cause damage to the wall of the various tracts of the gas-
trointestinal (GI) system, according to multiple mechanisms. On the one hand, in fact, the
damage can be mediated by a direct effect on the mucosa that can lead to inflammation,
edema, ulceration, and atrophy of the same. On the other hand, these alterations cause,
consequently, increased permeability of the mucosa which, in association with the immuno-
suppressive effect of the drugs themselves, predispose to an increased risk of transparietal
infections, resulting in septicemia and shock, with consequent mucosal ischemia. This
would trigger a self-sufficient vicious circle [11,12].

Among the drugs most implicated in mucosal damage, taxanes, which act by sta-
bilizing microtubules and inhibiting cellular mitosis [13], have been linked to a broad
spectrum of colitis. Specifically, it was difficult to compare the effects induced by docetaxel
and paclitaxel in terms of toxicity, although docetaxel appears to be associated with more
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side effects than paclitaxel. The most frequent type of illness induced is ischemic colitis,
clinically characterized by acute abdominal pain and associated neutropenia, fever, and/or
diarrhea, with or without blood. This condition can develop into serious complications
such as intestinal necrosis, colonic perforation, or typhlitis. Septicemia occurs frequently
and the most common etiopathology is aerobic Gram-negative bacteria infection. The
mucosal histopathological analysis is compatible with a significant component of inflam-
matory changes such as mucosal and submucosal edema, hemorrhage, acute inflammatory
infiltrates, and mucosal ulcerations [14].

Platinum compounds follow, the best known of which is cisplatin. It works by binding
inside cells to nucleophiles, such as DNA, RNA, and bases, to form adducts, which induce
apoptosis [15]. Vomiting is the earliest GI symptom and is usually associated with a peak
in the urinary metabolites of serotonin, suggesting a strong correlation between the release
of serotonin with this agent and vomiting [16]. Oxaliplatin, on the other hand, has a large
number of GI side effects: diarrhea and nausea, vomiting, stomatitis, dry mouth, melaena,
bleeding, proctitis, and tenesmus.

Furthermore, doxorubicin is a drug belonging to the category of DNA intercalators,
and it acts mainly by inhibiting DNA topoisomerase II and DNA replication through
epigenetic mechanisms of DNA methylation [17]. Stomatitis has been reported in up to
80% of patients, in other cases, ulceration of the esophagus and colon has been described
following its use.

On the other hand, 5-fluorouracil (5-FU) and methotrexate belong to the category of
antimetabolites, i.e., analogs of folic acid, pyrimidine, or purines that induce cell death dur-
ing the phase following incorporation into RNA and in DNA, thus inhibiting the synthesis
of nucleic acid [18,19]. 5-FU, in detail, causes gastrointestinal side effects that can be serious
and life threatening. Stomatitis and esophagopharyngitis are commonly observed during
therapy, with ulceration and necrosis of the visceral wall. In fact, subsequent diarrhea
can be bloody. Methotrexate, on the other hand, has a severe toxicity profile manifesting
in myelosuppression, oropharyngeal ulceration, and diarrhea. Other frequently reported
gastrointestinal side effects include stomatitis, hematemesis, melaena, and other types
of bleeding. Extremely rare cases of toxic megacolon have been associated with the use
of methotrexate.

4. Literature Review

Information Sources and Search: For this literature review the PubMed database
was questioned on 30 April 2021. A primary selection was conducted with this search
strategy: (neutropenic enterocolitis) showing 491 results. In order to focus on the link
between neutropenic enterocolitis and sepsis, this search was narrowed to [(neutropenic
enterocolitis) AND (sepsis)], resulting in 72 manuscripts.

Study Selection: The inclusion criteria were being in the English language and be-
ing published in a scholarly peer-reviewed journal. Full-length articles were preferred;
duplicate manuscript or only abstract-available texts were excluded. Studies involving
human targets were further selected. Moreover, the references of the selected articles were
also reviewed.

Synthesis: Following these procedures, 30 eligible studies were included in present
review. Then potentially relevant studies were further assessed, excluding other-than-
neutropenic-enterocolitis entities causing sepsis [20-26], pediatric subjects [27], and clinical
trials [28-30]. After this literature review process, 19 papers were selected (Figure 2).
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Records identified through PubMed searching:
(neutropenic enterocolitis) (n = 491)

v

Records identified through PubMed searching:
(neutropenic enterocolitis) AND sepsis (n=72)
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(n =69)

l

Full-text articles assessed for
eligibility (n = 57)

l

Studies on human target
(n=52)

l

Studies selected

(n=30) —

Studies included in synthesis
(n=19)

Figure 2. Review flow diagram, according to PRISMA guidelines.

5. Results
5.1. Etiology

From the literature review (Table 1), the most commonly isolated pathogens include
Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Klebsiella spp., Enterococci, Clostridium
spp-, and Candida spp. [31-35]. However, the organisms most frequently associated with
sepsis or septic shock are Clostridium septicum, Citrobacter freundii, Stomatococcus

mucilaginosus, and Stenotrophomonas maltophilia [36—40].

5.2. Kind of Neoplasia and Therapy

Regarding the history, all subjects identified from the reviewed literature were im-
munocompromised. In detail, the most frequently encountered pathologies were leukemia
lymphoma [33,39,41-43]. Other pathological conditions associated with NE were found to
be not only solid tumors, such as lung cancer and sarcoma [43], but also myelodysplasia or

aplastic anemia [44].
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Of those with a history of cancer and available clinical data, all had received chemother-
apy in the previous month, particularly those agents that cause mucositis, such as tax-
anes [45].

Other documented chemotherapeutic agents included methotrexate, vincristine, cy-
clophosphamide, cytarabine, daunorubicin, cyclosporine, fludarabine, and/or doxorubicin
or combinations, such as chemoradiotherapy (CRT) with 5-fluorouracil (5-FU) and mito-
mycin C [33,43,46].

5.3. Clinical and Imaging

Concerning the clinic complaints by the patient upon access to medical facilities, both
general and specific Gl involvement symptoms were reported for all confirmed NE patients
when the next medical history was available. In particular, fever appeared in almost all
patients, followed by pain or abdominal pain and diarrhea [47].

The reported laboratory tests identified as a common feature in all cases of major
neutropenia with absolute neutrophil count <1500 mm? [33,43]. Besides, subjects with
absolute neutrophil count <500/mm3 more frequently had abdominal pain and higher
fever as the main symptoms and more frequently encountered hemodynamic instability.

The diagnostic method most frequently used to reach the diagnosis was the CT scan
of the abdomen, with signs of cecal inflammation and thickened edematous colon.

5.4. Macroscopic and Microscopic Features

Alterations were described in all segments of the GI including the ileus, left or right
colon, or both, with involvement of different entities and considered mainly segmental or
irregular (although diffuse or focal were also described) [33—47].

In order to macroscopically document these macroscopic alterations, endoscopic
studies in NE cases have shown the following: mucosal ulceration, edema, erosions,
pseudomembranes, nodularity, friability, or bleeding [33,43,48,49].

The histological features, on the other hand, of NE included the presence of intracellu-
lar organisms, necrosis, hemorrhage, ulceration, erosion, and pseudomembranes. However,
a depleted inflammatory background was also described in some cases [33].

5.5. Treatment and Outcomes

In the study from Sachak et al. 79% of patients with histologically confirmed NE died
after a median survival of 1 day [33].

Most of the symptomatic patients were treated with antibiotics or supportive perfu-
sion therapy [42], and only a few benefited from granulocyte transfusion (GT) therapy
or granulocyte colony-stimulating factor therapy [35]. This non-conservative approach
demonstrated its efficacy in retrospective and prospective case series, but no studies have
been successful in demonstrating its benefits from a statistically significant advantage in
controlled clinical trials. It has also been associated with prophylactic bowel rest and total
parenteral nutrition instituted at the beginning of further chemotherapy, with surgery
delayed until complications appear [41].

NE-reported complications were as follows: sepsis, intra-abdominal abscesses, colon
perforation, and pneumatosis intestinalis.

Patients with ongoing severe systemic sepsis and those with established complications
(perforation, obstruction, hemorrhage, or abscess) require surgical intervention consisting
of all necrotic material removal, usually performed with resective surgery of the affected
segment [50,51]. According to Abu-Sbeih et al., all patients that required surgery had
hematologic malignancies and absolute neutrophil counts <500/mm? [43].
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Table 1. Summary of the literature review.
. . . . . Macroscopic Microscopic
Etiology Kind of Neoplasia Chemotherapy Neutrophils Imaging-CT Examination Investigation
Cyclophosphamide

Echerichia coli [31,35,43,44,51,52];
Clostridium difficile [33,36,46,50,51];

Bacillus cereus [34];

Enterococcus sbb [33,35,43];
Clostridium septicum [33,36,37];
Stenotrophomonas maltophilia [38];

Citrobacter freundii [39];

Stomatococcos mucilaginosus [40];

Mucormycosis [42];
Fungi [33-35,50];
Viruses [33,35];

Aeromonas hydrophila [46];
Enterobacter cloacae [46];
Klebsiella pneumoniae [33,46];

Morganella morganii [52]
Streptococcus oralis [52]

Leukemia/lymphoma
[31,33-38,42,43,46,50-52],
Lung carcinoma [33],
Sarcoma [33],
Breast cancer [39,45];
Vulvar cancer [47]

[31,33,38-40,45,51];
Vincristine [31,33,40,51];
Methotrexate [33,40,51];

Cytarabine [33,36,42,51,52];
Daunorubicin [33];
Fludarabine [33];
Doxorubicin [33,45];

Idarubicina [34,42];

6 thioguanine [36,40];
Daunorubicina [36,40,51];
Deoxycoformycin [37];
5-fluorouracil [39,46];
Epirubicin [39];
Idarubicin [42];
Docetaxel [45];
Mitomycin C [47]

ANC =12 x 10°/L [31];
ANC < 0.1 x 10° /L [35,44];
ANC < 0.5 x 10°/L [35,36];
ANC < 100 x 10 cells/mm?

[40,43];
14.2% [42];
ANC = 500/mm? [45];
ANC < 1000 cells/microL [50]

Thickened colon
[33,34,42,44,45];
Small bowel dilatation [42];

Ulcerations [31,43];
Thickening and hemorrhagic
walls [36,39,43,45];
Perforation [42,43];
Abscess [43,44]

Mucosal ulceration
[31,33,34,36,38,43,51,52];
Granulation tissue [31,45];
Necrosis [33,35,42,43];
Edema [33];
Hemorrhage [33,36,38,43];
Infiltrating organisms in an
inflammatory depleted
background [33,36,38,39,43,52];
Microabscess [34];
Thrombosis [36,52];
Pseudomembranes [43]
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6. Conclusions

Despite the recent interest and the growing number of publications targeting sepsis,
intending to identify biomarkers useful both for its diagnosis, prognosis, and for the under-
standing of its pathogenesis, and especially for the multi-organ dysfunction, and despite
the extensive research period of the literature review, the number of publications on the
topic “neutropenic enterocolitis and sepsis” appears to be very small. In any case, the
extrapolated data allowed us to conclude that the integration of medical history, clinical
and laboratory data, radiological imaging, and macroscopic and histological investigations
allowed us to identify a specific pathological profile. As regards the medical history, partic-
ular attention must be paid to subjects with onco-hematological neoplasia (in particular
leukemia or solid tumors), in treatment with chemotherapeutic agents (among which
particular attention must be paid to therapeutic schemes involving taxanes) [13,14,45]. An
important clinical element is the triad composed of fever, abdominal pain, and diarrhea,
but certainly the alarm bell is represented by marked neutropenia. In the case described,
in fact, the patient had a history of solid tumor in treatment with poli-chemotherapy, ac-
cording to an administration regimen that included taxanes, and entered the local hospital
for fever, abdominal pain, and diarrhea. The most significant finding was the very low
neutrophil count, which, as per the literature review, is more frequently associated with
a worse prognostic characterized by hemodynamic instability and sepsis, which subse-
quently occurred. In the present case as in similar ones, a rapid diagnostic classification is
essential to implement the earliest support measures, although based on the available data,
neutropenic enterocolitis is characterized by high mortality even at early stages.

In this context, the case under examination is perfectly in line with the data from the
literature review and seems to be an overlap of what Cornely and Schirmacher have already
reported [52]. Even in our case, the demonstration of an altered intestinal mucosal barrier
would seem to support the hypothesis of translocation as a prerequisite for subsequent
bacteremia, sepsis, and multi-organ failure. Further studies are needed to better understand
these aspects and if there are risk factors more correlated to a bad outcome.
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Abstract: Carbapenem-resistant Enterobacteriaceae (CRE) are a serious public health threat. Infec-
tions due to these organisms are associated with significant morbidity and mortality. Among them,
metallo-p-lactamases (MBLs)-producing Klebsiella pneumoniae are of global concern today. The cef-
tazidime/avibactam combination and the ceftazidime/avibactam + aztreonam combination currently
represent the most promising antibiotic strategies to stave off these kinds of infections. We describe
the case of a patient affected by thrombotic thrombocytopenic purpura (TTP) admitted in our ICU af-
ter developing a hospital-acquired SarsCoV2 interstitial pneumonia during his stay in the hematology
department. His medical conditions during his ICU stay were further complicated by a K. Prneumoniae
NDM sepsis. To our knowledge, the patient had no risk factors for multidrug-resistant bacteria
exposure or contamination during his stay in the hematology department. During his stay in the ICU,
we treated the sepsis with a combination therapy of ceftazidime/avibactam + aztreonam. The therapy
solved his septic state, allowing for a progressive improvement in his general condition. Moreover,
we noticed that the negativization of the hemocultures was also associated to a decontamination of
his known rectal colonization. The ceftazidime/avibactam + aztreonam treatment could not only be
a valid therapeutic option for these kinds of infections, but it could also be considered as a useful
tool in selected patients’ intestinal decolonizations.

Keywords: multidrug-resistant bacteria; Klebsiells NDM; ceftazidime-avibactam

1. Introduction

The prevalence of multidrug-resistant organisms (MDROs), a major public health
threat, continues to increase on a global level and is associated with significant morbidity
and mortality.

Phenotypic resistance to carbapenems is typically caused by the 3-lactamase activity
combined with structural mutations and the production of carbapenemases, enzymes that
hydrolyze carbapenem antibiotics.

Other mechanisms associated with carbapenem resistance in Gram-negative bacteria
(GNB) include drug efflux pumps and alterations in penicillin-binding proteins.

These characteristics are generally located on mobile genetic elements (MGE) or linked
to the hyperproduction of enzymes from inducible or derepressed chromosomal genes [1,2].

In a single-center longitudinal study in long-term acute care hospital, patients who
were colonized with carbapenemase-producing Klebsiella pneumoniae (KPC-Kp) were stud-
ied by Shimasaki et al., who found that carbapenem use was associated with an increased
hazard for high relative abundance of KPC-Kp in the gut microbiota. Additionally, high
relative abundance of KPC-Kp was associated with KPC-Kp bacteremia [3].
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As already known, bacteriemia can rapidly evolve into sepsis and septic shock, espe-
cially if it occurs in debilitated patients affected by systemic diseases and needing intensive
care unit treatments.

In Italy, the national surveillance carried out in the period 2014-2017 reported 7632
carbapenemase-producing Enterobacteriaceae blood stream infections (CPE BSI) from all
Italian regions and autonomous provinces.

Most of the cases (7490, 98.1%) were due to K. pneumoniae, while E. coli was reported
in only 142 (1.9%) cases.

A carbapenemase enzyme identified in the CPE strains and isolated from BSI was
reported in 60.4% (4612/7632) of cases.

In most cases, the enzyme reported was Klebsiella pneumoniae carbapenemase (in 95.2%
of K. pneumoniae and 81.4% of E. coli). Metallo-beta-lactamases (MBL) were reported in
2.1% of cases, and carbapenem-hydrolyzing oxacillinase-48 (OXA-48) in 1.2%. Associations
between MBL and KPC (0.9%) or MBL and OXA-48 (0.3%) were also identified in rare cases.

MBL-detected genes were mainly Verona integron-encoded metallo-beta-lactamase
(VIM) (65/86, 75.6%) followed by New Delhi metallo-beta-lactamase (NDM) (21/86, 24.4%).
NDM was reported only in the years 2016-2017, mainly in K. pneumoniae (20/21, 95.2%),
and often in association with OXA-48 [4].

The high incidence of KPC-CPE in Italy favors the use of ceftazidime/avibactam
(CAZ/AVI), a combination of a well-established B-lactam antibiotic, ceftazidime, with a
novel B-lactamase inhibitor, avibactam, for treatment of serious infections caused by resistant
Gram-negative pathogens. Ceftazidime/avibactam is active against OXA-48- and KPC-
producing Enterobacteriaceae, but not NDM- or VIM-producing Enterobacteriaceae, and would
offer a partial solution to treat infections due to XDR or PDR Gram-negative bacteria [5].

Metallo-f3-lactamase (NDM) is the most recently discovered carbapenemase capable
of hydrolyzing almost all 3-lactams present in Gram-negative pathogens produced mainly
by K. pneumoniae and Escherichia coli, and is responsible for hospital and acquired infections
in community [6].

In vitro data support the use of aztreonam (ATM) with ceftazidime/avibactam
(CAZ/AVI) combination, but clinical studies are lacking. In a recent study, the CAZ/AVI +
ATM combination offered a therapeutic advantage over other antibiotics for patients with
BSI due to MBL-producing Enterobacterales [7].

We describe the successful treatment of a patient with the ceftazidime/avibactam +
aztreonam combination below. This was effective not only in the treatment of sepsis, but
also in the intestinal decolonization.

To our knowledge, this is the first case report in literature on intestinal decontami-
nation using the ceftazidime/avibactam + aztreonam combination as treatment for Kleb-
siella pneumoniae NDM sepsis.

2. Case Report

On 27 November 2020, during the main peak of the second wave of the Sars-CoV2
pandemic, a 57-year-old man was admitted to the hematology department of our hospital
with a diagnosis of acute TTP.

On admission, the physical examination revealed jaundice and purpura throughout
the body; the total Khellaf score was 9.

Laboratory evaluation revealed a total platelet count of 8 x 10°/uL, increased levels of
total bilirubine (6.2 mg/dL), and serum creatinine (2.2 mg/dL), LDH (1499 mU/mL), with
an Adamts 13 value of <0.01. A peripheral blood smear showed numerous schistocytes.
Direct and indirect Coombs tests came back negative.

On the basis of these findings, we started plasma exchange therapy (a total of six ses-
sions) together with methylprednisolone at 40 mg twice daily, along with a treatment by
the humanized anti-von Willebrand Factor (vWF) nanobody caplacizumab of 10 mg after
each plasma exchange session.
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Seven days after the beginning of the therapy we observed a complete remission of
the TTP.

On day 10 of hospitalization, the patient suddenly developed a fever and dyspnea
requiring continuous oxygen support; the chest X-ray showed an image of diffuse bilateral
opacities suggestive of an extended interstitial evolving pneumonia, and a nasopharyngeal
swab was therefore realized and tested positive for SARS-CoV 2.

The further necessity for non-invasive mechanical ventilation required an ICU hospi-
talization on 11 December 2021.

Because of the fast-increasing respiratory distress, at day 2 of ICU hospitalization,
we proceeded with the sedation, curarization, orotracheal intubation, and connection to
mechanical ventilatory support.

Upon admission, the patient’s signs and symptoms and the biological response to
TTP were in regression: the total platelets count was 240 x 103/ uL, serum creatinine was
1.3 mg/dL, and the level of total bilirubine was 1.5 mg/dL.

A CPE surveillance rectal swab performed on admission in the ICU tested positive for
Klebsiella Pneumoniae NDM.

The patient had no recent history of hospitalization and no other predisposing risk
factors. Thus, a horizontal transfer during the stay in hematology or a rare community
acquired colonization were conceivable.

Between day 2 and day 3 of hospitalization in the intensive care unit, the patient
conditions worsened: the total platelets count dropped to 5 x 103/uL together with an
increase in the serum creatinine, increasing levels of total bilirubine associated to the
hemolysis, and Pct levels up to 7.12 ng/mL and WBC up to 1.46 x 103/pL.

The patient had developed a severe septic condition (SOFA score 9) that was causing
the exacerbation of the TTP, thus requiring further cycles of plasma exchange.

After performing blood and urine cultures, we started a therapy with CAZ/AVI
1.25 mg g8 h plus AZT 1 gr q8 h for up to 10 days; we decided not to use colistin because
of the renal failure.

Both the blood and urine cultures tested positive for KPC NMD with the same antibi-
ogram profile tested in the rectal swab (Table 1).

Table 1. Resistance profile of the K. pneumoniae NDM strain found in the blood samples.

MIC Breakpoint
Antibiotics MIC MICS MICR

Cefepime R >32 1 4
Cefotaxime R >64 1 2
Ceftazidime R >64 1 4
Ceftazidime/Avibactam R >16 8 8
Ceftolozane/Tazobactam R >32 2 2

Ciprofloxacine R >4 0.25 0.5
Colistin S <0.5 2 2
Gentamicine R >16 2 4
Imipenem R >16 2 4
Meropenem R >16 2 8
Piperacilline/Tazobactam R >128 8 16
Tobramycin R >—16 2 2
Trimetoprim/Sulfam R >320 40 80

The patient’s clinical conditions improved soon after the therapy introduction and
after 10 days of treatment, the blood culture and rectal swab both tested negative; the
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resolution of the sepsis and the clinical improvement of the patient’s conditions allowed
for a progressive weaning, and finally, extubation at day 28.
The patient was then transferred to the medical ward for post-ICU rehabilitation.

3. Discussion

New Delhi metallo-3-lactamase (NDM-1), is one of the most clinically significant
carbapenemases. It was first reported in New Delhi, India [6], followed by several clinical
cases in the UK, Pakistan, and now around the world [2].

A large outbreak sustained by New Delhi metallo-p-lactamase (NDM)-producing
Enterobacterales was recently documented in Tuscany, Italy [8].

In 2020, NDM-9-producing Klebsiella pneumoniae were isolated in the same geographic area.

A genomic and phylogenetic study suggested the correlation of the 2018-2019 and 2020
strains, with a change from the NDM-1 to NDM-9 carbapenemase variant in the latter [9].
No apparent changes in beta-lactam susceptibility were detected, and in addiction, new
mutations in chromosomally encoded genes showed an acquired resistance to tigecycline,
fosfomycin, and colistin.

The plasmid-carried bla-NDM gene is a transferable gene and it is capable of extensive
rearrangement. This strongly suggests a marked capability for horizontal transfer from a
colonized patient and a greater likelihood of occurrence between different bacterial strains.

Aztreonam, a monobactam antibiotic, is active against MBL-producing bacteria, but it
is hydrolyzed by Ambler class A beta-lactamases (e.g., ESBL and KPCs) and class C (e.g.,
AmpC) beta-lactamases [10].

Since many MBL-producing Gram-negative bacteria may simultaneously express
beta-lactamases or carbapenemases that could hydrolyze aztreonam, the combination
with avibactam is able to inhibit cell wall synthesis in MBL-producing strains despite the
presence of other co-carried beta-lactamases.

Aztreonam-avibactam showed a potent in-vitro activity against ESBL, class C f3-
lactamase, MBL, and KPC-producing strains with an activity 10 times that of aztre-
onam alone.

However, limited activity has been shown against A. baumannii or P. aeruginosa com-
pared with aztreonam alone [11].

The potential for the use of CZA in combination with MEM, AMK, AZT, COL, and FOS
against MDR P. aeruginosa and carbapenemase-producing K. pneumoniae was investigated
in a recent publication [12]. Unfortunately, this study was not focused on MBL-producing
bacteria, and surely, further research is merited to clarify the mechanisms of enhanced
activity between CZA with MEM and other antibiotics together with further tests in
clinical settings.

A phase III clinical trial to compare aztreonam-avibactam (with or without metron-
idazole) with meropenem (with or without colistin) for the treatment of HAP, VAP, and
cIAI due to Gram-negative bacteria, for which there are limited or no treatment options,
started in March 2018 and will end in 2021 [NCT03329092].

In a 2017 publication, Marshal et al. showed the in vitro efficacy of a unique com-
bination of CAZ/AVI and ATM against most of the 21 representative Enterobacteriaceae
isolates, with a complex molecular background that included blaIMP, blaNDM, blaOXA-48,
blaCTX-M, blaAmpC, and combinations thereof [13].

This opened the way for the most promising new combination, currently available for
NDM- or VIM-producing KPC.

From another point of view, key synergies in treating MBL infections especially lie
with the action of avibactam.

Avibactam, inhibiting class A, C, and D p-lactamases, is thus supposed to leave
ceftazidime and aztreonam not hydrolyzed by MBL, allowing them to act [14].

Another propriety of non-p-lactam (3-lactamase inhibitor avibactam, as reported by
Asli et al., is the ability to covalently bind to some bacterial PBPs, such as E. coli and
H. influenzae PBP2, PBPs 2 and 3 of P. aeruginosa and S. aureus, and PBP3 of S. pneumoniae.
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This capacity may explain its moderate antibacterial activity against some bacterial strains
and species [15].

Patients like the one reported in our case provide strong evidence that intestinal colo-
nization with KPC-Kp is associated with an increased hazard for high relative abundance of
KPC-Kp in the gut microbiota, and additionally, the increased risk of KPC-Kp bacteremia [3].

As is already known, bacteriemia can rapidly evolve into sepsis and septic shock,
especially if it occurs in debilitated patients affected by systemic diseases and needing
intensive care unit treatments.

The COVID-19 pandemic continues to challenge healthcare systems around the world,
and is indeed adding further challenges that we still do not fully understand in the
antibiotic-resistance field.

The dramatically increased number of ICU hospitalizations, the direct or indirect role
of SarsCoV-2 in the individual augmented risk for developing superinfections, and the
spreading of nosocomial infections requiring antibiotic treatments on such a large scale
will be impactful, and precipitate further widespread adverse health outcomes that we
should be prepared for.

Like what happened with our patient, a Sars-CoV2 infection could rapidly lead to the
worsening of the previous clinical conditions and the need for ICU hospitalization.

There are many ways beyond interstitial pneumonia—linked to opportunistic infections—
in which a COVID-19 infection could rapidly worsen already unstable conditions of a
hospitalized patient.

SARS-CoV-2 has linked impaired antigen presentation or acquired immunosuppres-
sion with concomitant lymphopenia [16,17], and the macro- and microcirculation alter-
ations associated to the SARSCoV-2 hypercoagulability [18] can likely increase the risk of
bacterial translocation [19], the classic example being the intestinal tract.

Endothelial dysfunctions of the digestive tract were frequently observed in COVID-19
and were associated with different mesenteric infarctions [20] that could explain the gut
flora alteration and increased risk of translocations.

These considerations have also been taken into account in a recent French case—cohort
study from the multicentric OUTCOMEREA network that showed how the daily hazard
rate of ICU BSI in critically ill COVID-19 patients increased, and that this was more frequent
seven days after ICU admission [21].

The extended use of immune-modulatory treatments, such as IL-1 or IL-6 receptors or
antagonists in critically ill patients affected by Sars-CoV2, could surely play a role in these
findings, as suggested by the French study.

There is an open literature debate about this argument. On the one hand (like in
work recently published by the RECOVERY collaborative group [NCT04381936]), some
studies are showing the non-negligible benefits associated with dexamethasone without
significant increased risk of developing secondary infections compared with standards of
care. Similar findings about the risk of secondary infections were also shown in two other
recent RCTs [22,23].

On the other hand, some randomized trials of tocilizumab in COVID-19 have so
far shown mixed results for 28-83 day mortality, and in a recent randomized-controlled
trial [24], there was an increased risk of superinfections, and a similar trend was shown in
the BSL

The last, and more particular point of view in our case, is how interestingly the
ceftazidime/avibactam + aztreonam combination therapy used was able to succeed in
eradicating the Klebsiella NDM strain from the patient’s gut as confirmed by two molecu-
lar tests.

The eradication of carbapenemase-producing Klebsiella from the gut is still a challenge
and a matter of discussion.

Although various efforts have been made with both oral drugs and combined oral
and systemic drugs, only partial results have been obtained.
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Ceftazidime/avibactam plus aztreonam therapy could be one of the more useful
solutions to consider in this field for selected patients.

4. Conclusions

The ceftazidime/avibactam + aztreonam treatment could not only be a valid thera-
peutic option for MBL-producing Enterobacterales infections, but it could also be considered
as a useful tool in selected patients” intestinal decolonization.
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Abstract: Background and Objectives: Overtreatment with antifungal drugs is often observed. Antifun-
gal stewardship (AFS) focuses on optimizing the treatment for invasive fungal diseases. The objective
of the present study was to evaluate the utility of a post-prescription audit plus beta-D-glucan
(BDG) assessment on reducing echinocandin use in persons with suspected invasive candidiasis.
Materials and Methods: This is a prospective, pre-post quasi-experimental study of people starting
echinocandins for suspected invasive candidiasis. The intervention of the study included review
of each echinocandin prescription and discontinuation of treatment if a very low probability of
fungal disease or a negative BDG value were found. Pre-intervention data were compared with the
intervention phase. The primary outcome of the study was the duration of echinocandin therapy.
Secondary outcomes were length of hospital stay and mortality. Results: Ninety-two echinocan-
din prescriptions were reviewed, 49 (53.3%) in the pre-intervention phase and 43 (46.7%) in the
intervention phase. Discontinuation of antifungal therapy was possible in 21 of the 43 patients
in the intervention phase (48.8%). The duration of echinocandin therapy was 7.4 (SD 4.7) in the
pre-intervention phase, 4.1 days (SD 2.9) in persons undergoing the intervention, and 8.6 (SD 7.3) in
persons in whom the intervention was not feasible (p at ANOVA = 0.016). Length of stay and mortality
did not differ between pre-intervention and intervention phases. Conclusions: An intervention based
on pre-prescription restriction and post-prescription audit when combined with BDG measurement
is effective in optimizing antifungal therapy by significantly reducing excessive treatment duration.

Keywords: antifungal stewardship; Candida bloodstream infection; echinocandin

1. Introduction

Invasive candidiasis is becoming an emerging problem in hospital practice [1]. Candida
is one of the leading causes of catheter-associated bloodstream infection (BSI) in the United
States [2]. Mortality associated with invasive candidiasis is very high (51% in Internal
Medicine in Italy) [3], and severely ill persons are more susceptible to Candida infections,
leading to frequent antifungal drugs overtreatment. However, the diagnosis of invasive
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candidiasis and invasive fungal infection (IFI) is a complex task, because of the lack of
standardized and widely accepted criteria. In addition, the large number of risk factors,
limitations in diagnostic techniques, and lack of well-established criteria for initiating
antifungal therapy are major problems in the approach to antifungal treatment. It follows
that up to 42% of all antifungal therapies are empiric [4-7] and represent a huge field for po-
tential optimization and antifungal stewardship (AFS) programs [8]. According to current
definition, AFS refers to coordinated interventions to monitor and direct the appropriate
use of antifungal agents in order to achieve the best clinical outcomes and minimize selec-
tive pressure and adverse events [9]. In some experiences, success in reducing overuse of
antifungal therapies has been demonstrated, resulting in a containment of microbiological
pressure on the ecosystem, which is recognized as the cause of resistance emergence [10].
In addition, the costs of antifungal therapies are often very high, and thus financial resource
savings are an important driver of AFS. According to published guidelines [11,12], the
optimal starting regimen for suspected invasive candidiasis are echinocandins, which mean
high costs and potentially high selection pressure and induction of strains resistant to this
crucial drug class. Thus, echinocandin discontinuation and de-escalation to azole-based
therapies represents one of the cornerstones of any AFS programs.

Studies of beta-D-glucan (BDG) assessment have demonstrated its high negative
predictive value [13,14]. Currently, BDG assessment has been widely introduced into
clinical practice to discriminate people without candidemia and, when negative, offers
valuable decision support for discontinuation of empiric antifungal therapy [13,15].

The objective of the present study was to evaluate the utility of a post-prescription
audit plus BDG assessment on reducing echinocandin use in persons with suspected
invasive candidiasis.

2. Materials and Methods

This is a prospective, pre-post quasi-experimental study of people starting echinocan-
dins for suspected invasive candidiasis. The study was conducted at a 1100-bed university
hospital in Italy (Fondazione Policlinico A. Gemelli IRCCS, Universita Cattolica S. Cuore).
An antimicrobial stewardship program has been active in the hospital since 2013; it is not
active in hematological units and intensive care units (ICUs), and therefore patients in
these units were not included in the study.

In our hospital, for an echinocandin treatment to be prescribed, a form is required
from the hospital pharmacy. However, no restrictions were in place before the present
intervention study, and every request was fulfilled. For fluconazole, the order is cumulative
for the entire department, and the prescription is recorded on a nonelectronic form, and
thus it was impossible to verify the prescription on a patient-by-patient basis. Therefore,
patients who were prescribed fluconazole were excluded from the Intervention.

In the pre-intervention phase (Period 1), from January to May 2017, we reviewed
all the echinocandins’ prescription forms sent to the hospital pharmacy service and we
collected patients” data. In the pre-intervention phase, we did not make any clinical
suggestion, except when attending physicians actively requested an infectious diseases
specialist advice. In the intervention phase (Period 2), from September 2017 to February
2018, we prospectively collected data of patients who were prescribed with echinocandins.
Each echinocandin prescription was reviewed, IFI diagnosis was verified on both medical
records and at the bedside, and inappropriate prescriptions were actively discussed with
attending physicians who remained the final prescribers and could decide not to discon-
tinue echinocandins. The intervention included discontinuation of treatment in patients
with a very low probability of having IFI and with a negative BDG value, when available.

Risk factors for invasive candidiasis were considered according to a previous pub-
lished article [16]: having a central venous catheter, total parenteral nutrition, recent
surgery, previous admission to an ICU, previous antibiotic therapy, hemodialysis, solid
organ transplantation, or multiple underlying medical conditions.
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The primary outcome of the study was the duration of echinocandin therapy. Sec-
ondary outcomes were length of hospital stay (LOS) and mortality.

2.1. Microbiology

The Fungitell assay (Associates of Cape Cod, East Falmouth, MA, USA) was used
to measure BDG. BDG results were evaluated using different cutoff values: 80, 200, 300,
400, and >500 pg/mL. For clinical use, the BDG test was considered positive if BDG had a
result above the manufacturer’s recommended cut-off (80 pg/mL). Only BDG available
within +48 h after initiation of antifungal therapy was considered for analysis. Informed
consent was not required because the activity does not alter routine clinical practice, and
only cumulative and anonymized data were analyzed.

2.2. Statistical Analysis

Descriptive data are presented. Normally distributed values are expressed as mean
(£ standard deviation (SD)) and non-normally distributed values as median (interquartile
range (IQR)). Chi-squared test or Fisher’s exact test were used to compare the distribution
of categorical variables, and Student’s ¢ or Mann-Whitney U test was used to compare
quantitative variables. A two-sided p value < 0.05 was considered statistically significant.
The Kaplan-Meier method was used to estimate the correlation between intervention
and 30-day mortality. All statistical analyses were performed using SPSS 17.0 (IBM SPSS
Statistics for Windows, SPSS Inc., Chicago, IL, USA).

3. Results

Since January 2017, all the echinocandin prescriptions (n = 92) were reviewed, 49
(53.3%) in the pre-intervention phase and 43 (46.7%) in the intervention phase. If a patient
had more than one echinocandin prescription, only the first one was considered for the
present study. The mean age of those enrolled was 67 years (SD 13.8), 31 (33.7%) were
female, and 68 patients (73.9%) were admitted to a medical ward. None of the included
patients were neutropenic (Table 1). Thirty-nine (42.4%) died within 30 days of starting
antifungal therapy.

Table 1. Characteristics of the 92 patients for whom an echinocandin was prescribed.

Age, Mean (SD), Years. 67.0 (13.8)
Female (%) 31 (33.7)
Medical ward (%) 68 (73.9)
Surgical ward (%) 24 (26.1)
Anidulafungin 41 (44.6)
Caspofungin 51 (55.4)

Beta-D-glucan value

<80 pg/mL 52 (56.5)
>80 pg/mL 27 (29.3)
>500 pg/mL 10 (10.9)
Not done 13 (14.1)

All the patients who began empirical antifungal therapy had clinical signs consistent
with invasive candidiasis and at least one risk factor for invasive candidiasis.

None of the patients who received an empiric antifungal regimen were subsequently
found to have culture-proved evidence of invasive candidiasis. No treatment was pre-
scribed for prophylactic purposes.

Discontinuation of antifungal therapy was possible in 21 of the 43 patients in the
intervention phase (48.8%). Of these 21 patients, BDG was available in 19 (in 14 cases,
BDG was <80 pg/mL). In five cases, BDG >80 pg/mL was considered a false positive.
In all patients who discontinued antifungal therapy, blood cultures (and peritoneal fluid
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cultures when indicated) were negative. Discontinuation of therapy was not possible in
22 cases: 17 patients were too sick, and in five cases, BDG was very high (>500 pg/mL)
(Figure 1). The very high levels of BDG in these patients confirmed the suspicion of invasive
candidiasis, contraindicating discontinuation of antifungal therapy, but it was not sufficient
in the absence of positive cultures to establish a definite diagnosis of invasive candidiasis.

PERIOD 1
N=49

Intervention Intervention not
feasible feasible

N=32 N=17

PERIOD 2
Tooill Beta -Glucan N=43
verv high
N=11 N !
I 1
Intervention Intervention not
feasible feasible
N=21 N=22
1
I 1
Discontinuation of Tooill Beta-D-Glucan
echinocandin* 00 very high
N=21 N=17 N=5
|
I 1 1
Beta-D-Glucan Beta-D-Glucan 280 Beta-D-Glucan
i pg/ml (considered
not available false positive) <80 pg/ml
N=2 N=5 N=14

Figure 1. Flowchart of the study. * All patients who discontinued echinocandin had negative blood
cultures for Candida spp.

Individuals with BDG < 80 pg/mL or not done, when compared with patients with
BDG > 80 pg/mL, had shorter duration of therapy (6.1 days (SD 5.0) versus 9.8 (SD 7.5);
p = 0.007) and shorter length of stay (23.7 days (SD 31.4) versus 19.8 (SD 21.2); p = 0.06).
The correlation between BDG outcome and duration of therapy was significant only in the
intervention phase (Table 2).

Table 2. Correlation between beta-D-glucan results with duration of therapy and length of stay.

Duration of Antifungal Beta-D-Glucan < Beta-D-Glucan >
Therapy, Days, Mean (SD) 80 pg/mL or not Done 80 pg/mL P
Total 6.1 (5.0 9.8 (7.5) 0.007
Pre-intervention period 6.4 (4.9) 8.4 (5.9) 0.29
Intervention period 55(5.2) 10.8 (7.9) 0.026
Length of stay, days, mean (SD) g;;;?;)grlzf;l;:gg Beta-]i)—gg/lnliian >80
Total 23.7 (31.4) 19.8 (21.2) 0.06

Acceptance of the intervention from the treating physician, who remained the final
prescriber and who could decide not to discontinue echinocandins, was very high, although
this was not formally recorded. The requested time in terms of human resources was
estimated at 1-1.5 days per week.
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The duration of echinocandin therapy was 4.1 days (SD 2.9) in persons undergoing the
intervention, 8.6 (SD 7.3) in persons in whom the intervention was not feasible, and 7.4 (SD
4.7) in persons in the pre-intervention period (p at ANOVA = 0.016). The mean duration of
therapy in persons who did not receive an intervention was 8.1 days (SD 6.3). Duration
of therapy was shorter in the intervention group than in people who did not receive an
intervention (p < 0.001). Length of stay was 19.1 days (SD 25.3) in persons who received
the intervention, 21.2 days (SD 33.8) in persons in whom the intervention was not feasible,
and 26.6 (SD 23.9) in persons in the pre-intervention phase (p at ANOVA 0.61) (Table 3).

Table 3. Outcomes of the study.

Outcom Intervention not Done Intervention
utcomes N=71 Done N =21 P
Antifungal therapy
duration, days, 8.1(6.3) 4.1 (29) <0.001
mean (SD)
Length of
hospitalization, 23.6 (29.8) 19.1 (25.3) 0.54
days, mean (SD)
Death (%) 30 (42.3) 9 (42.8) 0.96
Period 1 Period 2, Period 2,
Outcomes N =49 not feasible feasible p at ANOVA
= N=22 N=21
Antifungal therapy
duration, days, 7.4(4.7) 8.6 (7.3) 4.1(2.9) 0.016
mean (SD)
Length of
hospitalization, 26.6 (23.9) 21.2 (33.8) 19.1 (25.3) 0.61
days, mean (SD)
Death (%) 17 (34.7) 13 (59.1) 9 (42.8) 0.57

Nine persons died in the intervention group (42.8%), 17 (34.7%) in persons in whom
the intervention was not done, and 13 (59.1%) in persons for whom an intervention was
not feasible (log-rank at Kaplan—Meier estimate = 0.64).

4. Discussion

In the present study, we demonstrated that an intervention based on pre-prescription
restriction and post-prescription audit when combined with BDG measurement is effective
in optimizing antifungal therapy by significantly reducing excessive treatment duration.

Several predictive scores of invasive fungal infections are available [17-19] and include
variables that are largely present in most hospitalized patients or are very impractical to
obtain in non-intensive care units, such as the number of Candida colonization sites. The
predictive power of these variables is therefore poor. This uncertainty about the likeli-
hood of diagnosis as well as awareness of the high mortality of invasive fungal infections
likely underlies widely recognized overtreatment. In one study, more than half of anti-
fungal prescriptions were described as suboptimal, with 16% considered unnecessary [6].
Overtreatment may be associated with several disadvantages. First, unnecessary pressure
on the local ecology may contribute to increased antifungal resistance [10]. An increased
incidence of Candida infections caused by strains resistant to fluconazole or to echinocandin
has been reported [20-22]. In addition, many antifungals have complex pharmacokinetics
and require careful consideration of drug-drug interactions [23]. Moreover, adverse events
should be considered in the cost-effectiveness of any antifungal treatment [24]. Finally,
antifungal treatments are often associated with high costs.
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AFS programs are designed to reduce the overuse of empiric antifungal therapies
and to optimize individualized regimens. The cornerstones of these programs are post-
prescription audits, formulary restrictions (preauthorization strategies), discontinuation
of therapies when they are not needed, and de-escalation from echinocandin to oral
fluconazole when appropriate [8]. To date, published studies on the effectiveness of
AFS programs are not numerous, and the most effective type of intervention remains
unclear. Post-prescription audits, often associated with pre-prescription restrictions, have
demonstrated a significant reduction in antifungal consumption [8,25-28]. In a Spanish
study of 100 patients admitted to different hospital wards, a non-mandatory bedside
intervention significantly reduced consumption and cost of antifungal treatments [29].
Whitney et al. published the results on a 6-year AFS program on more than 400 patients
with a comprehensive approach that included stewardship rounds. The authors found
a significant decrease in overall antifungal consumption and financial costs [29]. A few
other studies have shown significant decrease in costs [26,30] and adverse events [31],
without a different impact on survival. However, some of them identified a very small
sample size [30,32], and most of them focused on optimizing only high-cost antifungal
treatment [26]. Few studies incorporated therapeutic drug monitoring (TDM) measurement
into AFS programs.

Several papers have previously demonstrated a very high negative predictive value
of BDG, and clinicians can use a negative result to discontinue empiric antifungal therapy.
However, only one published study has shown results on the implementation of BDG
within AFS programs [32]. In the present study, negative BDG results were used to discon-
tinue antifungals in 14 of 43 patients in the intervention phase (32.5%). Considering only
patients for whom an intervention was feasible, BDG was used to discontinue unnecessary
antifungal treatments in 14 of 21 cases (66.7%). Because spending on antifungals in our
hospital was approximately EUR 1,200,000, a 32.5% savings would allow us to reduce costs
by 390,000 per year. The cost of the BDG test was less than savings. Moreover, it should be
taken into account that the time needed to get BDG results is shorter (few hours, depending
on laboratory’s capacity) than classic culture methods, thus representing a fundamental
tool for early unnecessary antifungal discontinuation in AFS programs.

In the present study, the duration of empiric therapy was longer for patients without
an intervention. Possibly, without the intervention of the AFS team, noninfectious disease
physicians are more reluctant to de-escalate or discontinue antimicrobial treatments.

The overall 30-day mortality in the present study was 42.4%, similar to previously
published studies [1,8], demonstrating that antifungal discontinuation was safe and did
not result in unintended increased mortality.

Previously published studies included mainly patients with hematological diseases,
and the most represented disease was aspergillosis. Hematological patients have peculiar
characteristics such as the use of a high rate of antifungal prophylaxis, specific guidelines
for antifungal treatment management, and noninfectious disease specialists as primary pre-
scribers (so-called champions). In our study, hematologic patients were excluded, and results
included, through a bedside approach, a hospital-level approach in a nonspecific setting.

It may be argued that fluconazole-treated patients should be included in AFS programs
and that excluding them from this intervention may have reduced study size and statistical
significance. However, after IDSA guidelines published in 2016 [12], echinocandins are
considered the agent of choice in the suspicion of invasive candidiasis, even in non-
neutropenic patients, and the use of fluconazole is restricted as an alternative agent in
patients not critically ill and in those who have a low risk of fluconazole-resistant organisms.
It follows that the use of fluconazole as empiric starting therapy in patients with suspected
IFI has markedly decreased in clinical practice. For example, the use of echinocandins as
initial antifungal therapy in Candida bloodstream infections at our institution has increased
from 60.7% in 2013 to 88% in 2019 (unpublished data). Thus, despite its potential role in
widening the pool of suitable patients for AFS, adding fluconazole-treated patients to this
study population would not have had a great statistical impact.
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Nevertheless, it is reasonable that our intervention will be effective, even in patients
receiving fluconazole as empiric antifungal therapy. Actually, in previous studies on
AFS programs including fluconazole-treated patients, the majority of those who received
empiric antifungal therapy had no diagnostic criteria for invasive fungal infection, and
stopping antifungal therapy was one of the most commonly applied interventions [29].

Lack of staff time is one of the most frequent factors considered as a barrier to AFS,
according to a UK survey [26]. However, time spent on the intervention in our experience
has been limited and low-cost infrastructure is needed for the program. This suggests easy
reproducibility of the intervention in other clinical centers.

Our study has several limitations. First, the single-center design limits the general-
izability of the results to hospitals with different patient populations. Second, because
hematologic patients are not included, neutropenic patients are very rare, and no con-
clusions can be drawn for this population. Third, adverse effects of antifungals and
readmission rates were not evaluated.

5. Conclusions

In conclusions, we demonstrated significant resource savings through reduction in
the duration of antifungal therapy by means of an easily reproducible intervention. AFS
programs are feasible and cost-effective, especially when combined with the use of well-
validated biomarkers such as BDG. AFS could be a standard of care in hospitals with
specialized units as well as a reference point for noninfectious disease specialists.
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Abstract: Background and Objectives: Fever is one of the most common presenting complaints in
the Emergency Department (ED). The role of serum procalcitonin (PCT) determination in the ED
evaluation of adults presenting with fever is still debated. The aim of this study was to evaluate if,
in adults presenting to the ED with fever and then hospitalized, the early PCT determination could
improve prognosis. Materials and Methods. This is a retrospective, mono-centric study, conducted over
a 10-year period (2009-2018). We analyzed consecutive patients >18 years admitted to ED with fever
and then hospitalized. According to quick sequential organ failure assessment (GSOFA) at admission,
we compared patients that had a PCT determination vs. controls. Primary endpoint was overall in-
hospital mortality; secondary endpoints were in-hospital length of stay, and mortality in patients with
bloodstream infection and acute respiratory infections. Results. The sample included 12,062 patients,
median age was 71 years and 55.1% were men. In patients with gSOFA > 2 overall mortality was
significantly lower if they had a PCT-guided management in ED, (20.5% vs. 26.5%; p = 0.046). In the
qSOFA < 2 group the mortality was not significantly different in PCT patients, except for those with a
final diagnosis of bloodstream infection. Conclusions. Among adults hospitalized with fever, the PCT
evaluation at ED admission was not associated with better outcomes, with the possible exception of
patients affected by bloodstream infections. However, in febrile patients presenting to the ED with
qSOFA > 2, the early PCT evaluation could improve the overall in-hospital survival.

Keywords: procalcitonin; emergency department; gSOFA; sepsis; fever

1. Introduction

Fever is one of the most common cause of Emergency Department (ED) access, ac-
counting for 5% up to 15% of adult visits [1]. It represents an early warning sign of most
infections, but could also be present in several non-infectious diseases, such as autoimmune
diseases, and neoplasms [1].

An early antimicrobial administration demonstrated to be associated with reduced
mortality in patients with bacterial infection and sepsis [1], thus the identification of fever
of bacterial origin is essential for clinicians. Several clinical and laboratory tests were
evaluated for this purpose, but none of them demonstrated an adequate sensitivity and
specificity to definitively rule in a bacterial cause of fever [1].

Procalcitonin (PCT) is a precursor protein of calcitonin, expressed by human cells [2].
Its production is upregulated by pro-inflammatory cytokines like interleukin (IL)-1, IL-2,
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IL-6 and tumor necrosis factor alpha, and by bacterial endotoxins and lipopolysaccharide,
while it is downregulated during viral infections [2,3]. Moreover, patients with autoimmune
diseases or malignancies usually have low levels of PCT [4].

Several trials have reliably demonstrated the good performance of PCT in supporting
the decision to start or stop antibiotic therapy in patients with suspected bacterial infec-
tions, leading to potential benefit in term of reduced length of in-hospital stays (LOS) and
survival [5-7]. On these bases, in 2017 the United States Food and Drug Administration
approved the use of PCT for guiding antibiotic therapy in acute respiratory infections
and sepsis [8]. However, although PCT-guided management showed a good perfor-
mance in selected populations, its role in patients with undifferentiated fever in ED is still
unclear [9-12].

The aim of this study is to evaluate, in adults hospitalized with fever, if an early PCT
determination at ED admission was associated to an improvement of the patient’s level
outcomes, defined as the reduction of overall in-hospital mortality and LOS.

2. Materials and Methods

This is a retrospective study conducted in an academic medical center with an average
attendance at the ED of about 75,000 patients annually (more than 87% adults). Based on
electronic health records, we identified all consecutive patients admitted in ED for fever
and then hospitalized during a 10-year period, between 1st January 2009 and 31 December
2018. We included in the analysis all patients with fever at presentation to ED or which
reported fever within 24 h before ED access.

We excluded from our cohort patients with age <18 years, known HIV infection, acute
leukemia or lymphoma, and patients in immunosuppressive treatment due to transplant.

2.1. Patients Characteristics and Clinical History

All the demographic and clinical variables were collected from hospital-based elec-
tronic health records. For each patient included in the analysis, we evaluated vital signs
(systolic and diastolic blood pressure, heart rate, respiratory rate, peripheral oxygen sat-
uration, body temperature) and clinical symptoms (including neurological impairment
and acute respiratory failure) to assess the quick Sepsis Related Organ Failure Assessment
(qSOFA) score [13] at ED admission.

Computerized clinical records were reviewed to acquire information about patient’s
comorbidities, based on prior medical history and on the listing in the hospital discharge
diagnosis. The comorbidities were used to assess the Charlson’s comorbidity score [14].

Chart review protocol is described in Supplementary Materials.

2.2. Procalcitonin Sampling and Group Definition

The PCT was obtained in ED based on the clinical judgment of emergency physi-
cian at admission visit. Cutoff value of PCT serum level predictive of sepsis was set at
1ng/mL, and a PCT interval between 0.5 and 1 ng/mL was considered as uncertain area.
Procalcitonin determination was available 24 h a day.

All patients were categorized according to PCT determination. If PCT was assessed
at ED presentation, patients were defined as “early PCT”; if PCT was not assessed at
ED presentation, patients had a standard clinical-guided management and were defined
as “controls”.

All patients with suspect infection and high PCT received empirical antibiotic therapy
according to current guidelines. For patients in the “uncertain area” the antibiotic therapy
was evaluated case by case. Local protocols for empirical therapy were stable during the
study period.

2.3. Outcome Measures

The primary endpoint of the study was the all-cause in-hospital mortality.
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As secondary endpoints, we evaluated the in-hospital mortality in the subgroups of
patients with a discharge diagnosis of bloodstream infections, acute respiratory infections,
and other site infections (cumulative).

Finally, we evaluated the overall length of hospital stay (LOS), calculated from the
time of ED admission to the hospital discharge or death in PCT groups vs. controls.

Discharge diagnosis were ascertained by ICD code at hospital discharge.

2.4. Statistical Analysis and Chart Review Methodology

Six board certified emergency physicians reviewed the clinical records and inserted
study variable in a digital database. Variables were determined according to a pre-definite
patient’s form, based on the study protocol. To assess the intra-operator agreement of data
extraction, 60 clinical records were randomly selected, and evaluated by all the six chart
reviewers. We assessed the intra-operator reproducibility by Cohen’s kappa measured on
categorical variables in the forms.

Categorical variables are presented as absolute numbers and percentages; continuous
variables are presented as median [interquartile range]. Categorical variables were statisti-
cally compared by Chi-square test or Fisher exact test as appropriate. Continuous variables
were compared by Mann Whitney U test.

We analyzed mortality rates and LOS in patients that had an early PCT in ED, com-
pared to controls. Study endpoints were assessed separately in patients with qgSOFA > 2
and qSOFA < 2. p values were 2-sided, with a significance threshold of 0.05, and corrected
in case of multiple groups comparison. Study analysis was conducted by SPSS version 25
(IBM, Armonk, NY, USA)

3. Results
3.1. Study Cohort

During the study period, 14,697 adult patients were hospitalized with a diagnosis
of fever. Among these, 2635 patients were excluded, because not meeting inclusion cri-
teria or for incomplete or inconsistent clinical records, yielding to a final study cohort of
12,062 patients. Chart review process demonstrated a good reproducibility in the randomly
selected records, with a Cohen’s k 0.98 (95% CI 0.97-0.99). Enrollment details are reported
in Supplementary Materials. Baseline characteristics are shown in Table 1.

Table 1. Demographic and clinical characteristics of the 12,062 patients included in the study.

Variable Total Patients qSOFA <2 qSOFA > 2
12,062 pts 11,136 pts 826 pts
Sex (Male) 6644 (55.1%) 6206 (55.2%) 438 (53.0)
Age (years) 71 (55-81) 70 (54-81) 78 (67-85)
Temperature °C 37.9 (37.0-38.8) 37.8 (36.9-38.7) 38.2(37.5-39.1)
Heart Rate (b/min) 95 (80-110) 95 (80-110) 99 (83-114)

Systolic Blood Pressure

127 (110-145) 130 (114-145) 100 (90-110)

(mmHg)

Diastolic Blood Pressure

(mmHg) 70 (60-80) 71 (61-81) 60 (50-76)
Peripheral SaO, 95 (92-97) 95 (92-97) 94 (89-96)
Procalcitonin in Emergency 3402 (28.2%) 3022 (26.9%) 380 (46.0%)
Department

Blood Culture in Emergency 2261 (18.7%) 1991 (17.7%) 270 (32.7%)
Department

Charlson score > 2 3244 (26.9%) 3010 (26.8%) 234 (28.3%)
Outcomes

Infectious diagnosis (any) ¥ 7437 (61.7) 6844 (60.9%) 593 (71.8%)
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Table 1. Cont.

Variable Total Patients qSOFA <2 qSOFA > 2
12,062 pts 11,136 pts 826 pts
e Acute respiratory inf. ¥ 4525 (37.5) 4177 (37.2%) 348 (42.1%)
e  Bloodstream inf. 919 (7.6%) 778 (6.9%) 141 (17.1%)
e  Other site infection ¥ 3066 (25.4%) 2844 (25.3%) 222 (26.9%)
LOS * (days) 10 (6-17) 10 (6-17) 11 (7-18)
Deceased 1533 (12.7%) 1337 (11.9%) 196 (23.7%)

¥ Acute respiratory infections, Bloodstream infections, and other site infections were defined at hospital discharge; # Lenght of Hospital Stay;
qSOFA: quick sequential organ failure assessment.

The serum PCT at ED access was determined in 3402 patients (28%), that represents
the early PCT group. The remaining 8660 patients were used as control group.

A gSOFA < 2 was attributed to 11,136 (92.3%) patients; among them 3022 (27.1%) had
a PCT determination in ED. A total of 826 patients (7.7%) had a qSOFA > 2; 380 (46.0%) of
them had a PCT determination in ED.

3.2. Early PCT Determination and In-Hospital Death

Overall, 1533 patients died (12.7%), and no differences were observed in death rates
between patients in the early PCT group, compared to controls (Table 2).

Table 2. In-hospital mortality rate in patients that an early procalcitonin (PCT) determination in emergency department

(ED) vs. controls. Data are shown for all population and according to gSOFA at ED admission.

Controls Ealry PCT p
n 8860 n 3402 Value
All patients 1070/8660 (12.4%) 463/3402 (13.6%) 0.063
Controls Early PCT p
qSOFA <2 n 8214 13022 Value
All patients 952/8214 (11.6%) 385/3022 (12.7%) 0.095
Infectious diagnosis (any) 568/4831 (11.7%) 251/2013 (12.5%) 0.381
e Acute respiratory inf. 459/3073 (14.9%) 174/1104 (15.8%) 0.512
e  Bloodstream infection 142 /464 (30.6%) 66/248 (21.0%) 0.003
e  Other site infection 136/1974 (6.9%) 77/870 (8.9%) 0.067
Controls Early PCT p
qSOFA =2 n 446 n 380 Value
All patients 118/446 (26.5%) 78/380 (20.5%) 0.046
Infectious diagnosis (any) 80/322 (24.8%) 55/271 (20.3%) 0.188
e Acute respiratory inf. 66/218 (30.3%) 44/130 (33.8%) 0.488
e  Bloodstream infection 25/62 (40.3%) 25/79 (31.6%) 0.285
. Other site infection 13/100 (13.0%) 10/122 (8.2%) 0.243

In patients with qSOFA < 2, the early PCT determination in ED was not associated
to a different mortality rate in the overall population. However, when considering the
subgroup of patients with a final diagnosis of bloodstream infection the early PCT was
associated to a significant better survival when compared to controls (21.0% vs. 30.6%;
p = 0.003) (Table 2).
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In patients with qSOFA > 2, overall mortality was lower in patients which received a
PCT assessment ED, being respectively 20.5% for early PCT group and 26.5% for controls
(p = 0.046). When considering specific subgroups of infective diagnosis, the early PCT was
generally associated to better survival rates, although not reaching statistical significance.

3.3. LOS and Early PCT Determination

Cumulative LOS of our patients was 10 (6-17) days. The early PCT patients had a
significantly higher LOS compared to controls. This result was confirmed for both patients
with gSOFA > 2 and qSOFA < 2 (Table 3).

Table 3. Length of hospital stay (LOS) rate in patients that an early procalcitonin (PCT) determination in emergency
department (ED) vs. controls. Data are shown for all population and according to qSOFA at ED admission.

Controls Early PCT Val
1 8860 n 3402 pvalue

All Population 10 (6-17) 11 (7-18) <0.001

Controls Early PCT
qSOFA <2 8214 " 5}1022 p Value
All patients 10 (6-17) 11 (7-18) <0.001
Infectious disease diagnosis (any) 10 (6-17) 11 (7-18) <0.001
qSOFA > 2 Czr::igls Ea}ir}ééglz)CT p Value
All patients 10 (7-17) 11 (7-19) 0.044
Infectious disease diagnosis (any) 11 (7-17) 11 (7-19) 0.136

4. Discussion

The main finding of this study was that among adults admitted to ED with fever and
subsequently hospitalized, an early PCT determination could improve prognosis in the
group at higher risk of sepsis (GISOFA > 2). Conversely, in patients with a low qSOFA
score (<2), the early PCT determination was not associated to different outcomes, with the
possible exception of patients affected by bloodstream infections.

The clinical management of patients with fever often represents a challenge for physi-
cians, and determine whether fever is the expression of a harmful bacterial infection could
be a challenging task in the ED setting. The available clinical and laboratory diagnostic
tools could not be sulfficient for an early diagnosis, and this particularly happens when the
patient lacks the cognitive or physical ability to relay symptoms [15,16].

Direct identification of bacteria from blood culture and non-culture-based methodolo-
gies is expensive and time-consuming, and patients admitted to ED with fever are often
exposed to an excess of broad-spectrum antibiotic therapy [17-20]. As a result, the interest
on PCT to reduce both unnecessary and prolonged antibiotic therapy in these patients has
grown in recent years.

In intensive care unit (ICU), the PCT-guided management of antibiotic therapy was
associated to a mortality reduction [21]. At the same time, patients receiving PCT guided
management had a shorter duration of antibiotic treatments [6-11]. This was confirmed by
a meta-analysis on ICU patients with acute respiratory infections [8].

In study conducted in the ED setting, the early PCT was associated to a better dis-
crimination of acute respiratory tract infections [16], and to a better prognosis in elderly
patients with community-acquired pneumonia [22]. However, a multicenter randomized
trial in patients admitted to ED with un-discriminate fever, showed that PCT testing did
not reduce antibiotic prescription and 30-day mortality [12]. Similarly, patient benefit in
term of mortality was not confirmed in the ED setting both for lower respiratory tract
infections [23,24], and urinary tract infections [19,25].
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As a whole, the PCT-guided management seems to have the most clinical benefit
in high-risk populations while its utility in low-risk patients remains unclear [11]. Thus,
conclusive evidence on the utility of early PCT determination in the ED is still lacking.

In our retrospective study, conducted in a large and heterogeneous population ad-
mitted to ED with fever, the early PCT showed a potential association to better survival
in patients with gSOFA > 2. This could likely be ascribed to an early start of antibiotic
therapy or to a more aggressive clinical approach. These findings are in line with a recent
meta-analysis confirming that in patients meeting sepsis-3 criteria, the PCT-guided man-
agement could be associated to an overall better survival [26]. However, analyzing the
subgroups of patients with acute respiratory infections and bloodstream infections, our
data demonstrate a slight reduction in overall mortality just in the latter ones, although
not reaching the statistical significance. We can speculate that, in a population at high risk
for sepsis (GQSOFA > 2), the overall effect of an early PCT management, although present,
could be too low to be evidenced in a reduced sample size.

In patients with fever but at low risk of sepsis (QSOFA < 2), our data suggest that an
extensive PCT determination in ED could have a limited influence on overall mortality.
This is in line with a recent meta-analysis conducted on studies including septic and non-
septic patients, in which the PCT-guided management did not show a significant benefit
compared to standard clinical management [27].

Interestingly, our data demonstrated a significant reduction of mortality rate in the
subgroup of patients accessing with qSOFA < 2 and having a discharge diagnosis of
bloodstream infection. Several studies showed that PCT has a high diagnostic accuracy
for bloodstream infection [28,29], although the false negative ratio is too high to use PCT
alone to address this diagnosis [30]. Nevertheless, the association between PCT sampling
and better survival in these patients could be due to an increased awareness for potential
bacterial infection in these otherwise low-risk patients. Indeed, apart from the gSOFA
score assessment, the clinical judgment of ED physicians should always play a key role
in recognizing the most complex patients (i.e., patients with central venous catheter or
other risk factors for bloodstream infection) [31]. In this setting, the role of PCT could be
enhanced, increasing the confidence of ED physician for the need of an aggressive antibiotic
therapy [31].

Study Limitations

Although conducted on a large cohort of patients, some limitations are worth con-
sidering. First, this is a single center observational study, thus our result could not be
generalizable to all EDs. Second, no established rule was defined to determine PCT as-
sessment in ED, nor a specific PCT result management was operated. However, this latter
limitation is diminished by the presence in our institution of an antibiotic stewardship
team, which coordinate antibiotic prescriptions for every admitted patient. Finally, our
observational study spans a decade, and the PCT sampling in ED considerably raised over
the years (Figure S1).

5. Conclusions

Among adults admitted to ED with fever and hospitalized, those at high risk for
sepsis (QSOFA > 2) could have a better in-hospital survival if an early PCT determination
is obtained in ED.

Conversely, in febrile patients with qSOFA < 2 at ED access, the early determination
of PCT have a limited influence on overall prognosis, although in patients with high
clinical suspicion of bloodstream infection it could be associated to improved outcomes if
compared to standard clinical management.

As a result, a case-by-case analysis, and antibiotic stewardship are always recom-
mended to maximize the clinical usefulness of the early PCT sampling for febrile adults
in ED.
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Abstract: Background and Objectives: Chances of surviving sepsis increase markedly upon prompt
diagnosis and treatment. As most sepsis cases initially show-up in the Emergency Department
(ED), early recognition of a septic patient has a pivotal role in sepsis management, despite the lack
of precise guidelines. The aim of this study was to identify the most accurate predictors of in-
hospital mortality outcome in septic patients admitted to the ED. Materials and Methods: We compared
651 patients admitted to ED for sepsis (cases) with 363 controls (non-septic patients). A Bayesian
mean multivariate logistic regression model was performed in order to identify the most accurate
predictors of in-hospital mortality outcomes in septic patients. Results: Septic shock and positive
qSOFA were identified as risk factors for in-hospital mortality among septic patients admitted to the
ED. Hyperthermia was a protective factor for in-hospital mortality. Conclusions: Physicians should
bear in mind that fever is not a criterium for defining sepsis; according to our results, absence of
fever upon presentation might be indicative of greater severity and diagnosis of sepsis should not
be delayed.

Keywords: afebrile patients; emergency department; sepsis; septic shock; gSOFA

1. Introduction

Sepsis is a life-threatening condition whereby the risk of mortality exceeds that as-
sociated with acute coronary syndrome [1,2]. Its definition has been widely debated for
several years [3,4], until in 2016 it was defined as “a life-threatening organ dysfunction
caused by a dysregulated host response to infection” [5-7]. The Sequential Organ Failure
Assessment (SOFA) score was proposed as a proxy for evaluating the organ dysfunction
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occurring during sepsis: an increase by two or more points was established as a necessary
diagnostic criterium [5,8].

Notably, the concept of systemic inflammatory response syndrome (SIRS) and its
determinants, such as body temperature, are no longer considered.

Sepsis is a time-dependent condition. Hence, early identification and treatment
increase chances of survival [9]. As a result, the 2016 Task Force recommended the use of
the quick SOFA (qSOFA) score as an early screening tool for discriminating patients with
likelihood of sepsis: as QSOFA does not require diagnostic blood testing, it provides an
advantage as its timely use may be implemented in every setting [5,10].

The qSOFA score has shown to be a good predictor of mortality, length of hospitaliza-
tion and requirement of admission in Intensive Care Units (ICU) [11-13]. It also proved to
be better than the SIRS criteria in identifying septic patients at higher risk of admission in
the ICU or death [14,15]. In 2018, a meta-analysis concluded that SIRS criteria are more
adequate than qSOFA for the diagnosis of sepsis, while qSOFA is a better predictor of
in-hospital mortality [16].

On the other hand, both qSOFA and SIRS criteria are suboptimal predictors of out-
come [2], whereas the Early Warning Score (EWS) has demonstrated superiority in selecting
the most critically ill among septic patients [17,18].

The incidence of sepsis is increasing worldwide, with an estimated 270 cases per
100,000 inhabitants/year [9,19]. Indeed, most cases initially refer to the Emergency De-
partment (ED) [20]; thus, proper assignment of the priority code at triage could lead to
shorter lag time before clinical evaluation and to the administration of the most appropriate
treatment [21]. Unfortunately, early recognition of sepsis is still challenging since validated
systems and tools for prompt identification are found lacking.

The aim of this study was to define the most accurate mortality outcome predictors
for identifying patients with sepsis referring to the ED.

2. Materials and Methods
2.1. Study Sample and Data Collection

A total of 1014 patients admitted to the ED of Pisa and Leghorn Hospitals, Italy,
between March 2017 and December 2019 were included in this retrospective cohort study.

During their stay in the ED, 651 patients had a confirmed diagnosis of sepsis or
septic shock (cases) in accordance with the new definitions of sepsis and septic shock
(Sepsis-3) [5]. On the other hand, the 363 controls included patients admitted to ED on the
same days of the cases, with similar triage diagnosis, which was subsequently corrected
with a different condition other than sepsis or septic shock (e.g., consciousness disorders,
dyspnea, hypotension, etc.).

Patients meeting sepsis criteria in the ED were identified among patients with infection
and a SOFA score of two or more.

Patients who developed septic shock in the ED were identified according to a clinical
scheme of sepsis with persisting hypotension requiring vasopressors to maintain MAP
>65 mmHg and serum lactate levels >2 mmol/L (18 mg/dL) despite adequate volume
resuscitation, according to Sepsis-3 definitions [5].

We excluded 114 septic patients whose blood test results or clinical data were not
available.

Data were collected from the patients’ records and included the following information:
demographic features; risk factors for infection (prosthetic devices, immunosuppression,
steroid therapy in the previous 30 days, trauma in the previous 30 days, surgery in the
previous 30 days and presence of CVCs and/or bladder catheters); comorbidities (Charl-
son Comorbidity Index, Cardiovascular disease, Renal insufficiency, Diabetes, COPD,
Chronic hepatopathy and Cancer); vital parameters (Body temperature and Mean Arterial
Pressure-MAP); clinical parameters for assessing degree of illness (Sequential Organ Fail-
ure Assessment-SOFA- Score, quick SOFA-qSOFA, Glasgow Coma Scale-GCS and Shock
index), laboratory investigations available in the ED (white blood cells count-WBC-platelet
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count; bilirubin, creatinine and procalcitonin (PCT) levels; lactate levels in arterial blood);
details regarding hospitalization (length of stay and subsequent admission in the ICU);
and in-hospital mortality or early death occurring in the ED.

This study did not require an institutional review board oversight due to its retrospec-
tive nature and the anonymity of pooled data.

2.2. Statistical Analysis

This study aimed primarily at uncovering factors related to in-hospital mortality
among the overall septic population of patients referring to the ED. All variables were
expressed as mean +/— standard deviation, median and interquartile range or percentage
where appropriate. Normality of quantitative variables was assessed with the Shapiro-Wilk
test and Q-Q plots. Depending on the distribution of variables, comparisons between
groups were performed with unpaired two-tailed ¢-test, Mann-Whitney test or chi-squared
test with continuity correction. A p value below 0.05 was considered statistically significant.
Univariable logistic regression was performed to evaluate the association of each covariate
with in-hospital mortality; covariates with a p value less than 0.10 were considered for
multivariable analysis. A Bayesian averaging of logistic regression multivariable models
(BMA) [22] was computed to address model uncertainty, which produces a posterior
probability for each possible model and covariate. As a result of BMA, in addition to
OR, the probability that the single covariate has a non-zero effect in the final averaged
model (posterior probability, p (b # 0)) was reported. Covariates with p (b # 0) > 0.80 were
considered as independently associated to the outcome. Analyses were performed using
the R open-source statistical software.

3. Results

A total of 1014 patients admitted to the ED were enrolled. Among these, 651 patients
received a diagnosis of sepsis or septic shock (cases) while the remaining 363 patients were
diagnosed with a different condition other than sepsis or septic shock (controls).

The clinical characteristics of patients are reported in Table 1. The overall median
age was 77.7 & 13.5 years. Most patients were hospitalized (91.3%). Overall, in-hospital
mortality was 15.9%.

There were no differences among age and gender between the two patient groups. On
the other hand, patients with sepsis required hospitalization more frequently than those
within the control group (94.5% vs. 85.7%, <0.0001) and showed higher mortality both early
in ED (3.2 vs. 0.56, p = 0.0001) and during hospitalization (20.1% vs. 9.7%). Septic shock
occurred in 14.8% of sepsis cases admitted to ED but no differences in ICU admissions
were observed between the two groups (7.5% vs. 5.2%, p = 0.2047).

As opposed to controls, patients with sepsis displayed the following risk factors more
frequently: history of trauma within the previous 30 days (6.1% vs. 3.0%, p = 0.0428),
history of surgery within the previous 30 days (5.2% vs. 0.8%, p = 0.0007), presence of
central venous catheters—CVCs (8.5% vs. 1.9%, p = 0.0001)—and presence of urinary
catheters (15.7% vs. 3.3%, <0.0001).

In addition, septic patients were characterized by the following features as opposed
to controls: higher body temperature (37.8 &= 1.2 °C vs. 36.9 = 1.0 °C, p < 0.0001); lower
MAP (101.0 £ 33.7 vs. 152.8 & 33.8, p < 0.0001), platelet count (/mmc) (200 (142-293) vs.
226.5 (178-291), p < 0.0001) and GCS; higher SOFA Score (4 (3-6) vs. 2 (2—4), p < 0.00010),
shock index (0.9 + 0.3 vs. 0.7 £ 0.2, p = < 0.0001), lactate value (mmol/L) (2.1 (1.2-3.8) vs.
1.2 (0.8-1.9), p < 0.0001), white blood cells count (/mmc) (13.4 (9.3-19.6) vs. 10.0 (7.3-13.3),
p <0.0001), PCT (ng/mL) (2.9 (0.9-13.1) vs. 0.1 (0.1-0.2), p < 0.0001), creatinine (mg/dl) (1.3
(0.9-2.1) vs. 1.0 (0.8-1.4), p < 0.0001) and bilirubin (mg/dl) (0.9 (0.6-1.3) vs. 1.0 (0.8-1.4),
p < 0.0001).

A positive gSOFA was reported in 38.9% of septic patients vs. 8.1% of non-septic
controls, p < 0.0001.
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Table 1. Comparison between septic patients (1 651) and controls (1 363).

Over All (1 1014) Controls (1 363) Sepsis (1 651) p

Gender (male) 537 (53.0%) 180 (49.6%) 357 (54.8%) 0.123

Age (years) 77.7 £ 135 77.6 £13.4 77.8 £13.5 0.857
Hospital admission 926 (91.3%) 311 (85.7%) 615 (94.5%) <0.001
ICU admission 68 (6.7%) 19 (5.2%) 49 (7.5%) 0.205
ED discharge 65 (6.4%) 50 (13.8%) 15 (2.3%) <0.001

Death in ED 23 (2.3%) 2 (0.56%) 21 (3.2%) 0.012

Death during hospitalization 161 (15.9%) 30 (9.7%) 131 (20.1%) 0.001
Charlson Comorbidity Index 2 (1.0-4.0) 2 (1-4) 2 (1-4) 0.239
Cardiovascular disease 550 (54.2%) 208 (57.3%) 342 (52.5%) 0.163
Renal insufficiency 23 (2.3%) 9 (2.5%) 14 (2.2%) 0.907
Diabetes 250 (24.7%) 105 (28.9%) 145 (22.3%) 0.023

COPD 176 (17.4%) 104 (28.7%) 72 (11.1%) <0.001
Prosthetic device 157 (15.5%) 73 (20.1%) 84 (12.9%) 0.003
Chronic hepatopathy 46 (4.5%) 18 (5.0%) 28 (4.3%) 0.745
Immunosuppression 88 (8.7%) 33 (9.1%) 55 (8.5%) 0.817
Cancer 145 (14.3%) 66 (18.2%) 79 (12.1%) 0.011

Steroid therapy (in 30 days) 154 (15.2%) 77 (21.2%) 77 (11.8%) <0.001
Trauma (in 30 days) 51 (5.0%) 11 (3.0%) 40 (6.1%) 0.043
Surgery (in 30 days) 37 (3.7%) 3 (0.8%) 34 (5.2%) 0.001
Presence of CVC 62 (6.1%) 7 (1.9%) 55 (8.5%) <0.001
Presence of urinary catheter 112 (11.1%) 12 (3.3%) 100 (15.7%) <0.001
Body temperature (°C) 376 +12 369 +1.0 37.8+12 <0.001
MAP 119.2 +41.8 152.8 £+ 33.8 101.0 £ 33.7 <0.001

GCS 13.7 £ 3.0 142 +£25 13.3£32 <0.001

Septic shock 96 (9.5%) 0 (0.0%) 96 (14.8%) <0.001

Shock index 0.8+0.3 0.7 +0.2 09+03 <0.001
Positive gSOFA 277 (27.3%) 24 (8.1%) 253 (38.9%) <0.001
SOFA score 3 (2.0-5.0) 2 (2-4) 4 (3-6) <0.001

Lactate (mmol/L) 1.6 (1.0-2.9) 1.2 (0.8-1.9) 2.1(1.2-3.8) <0.001
WBC (/mmc) 11.9 (8.4-16.9) 10.0 (7.3-13.3) 13.4 (9.3-19.6) <0.001

PCT (ng/mL) 1.4 (0.3-7.8) 0.1 (0.1-0.2) 2.9(0.9-13.1) <0.001
Creatinine (mg/dl) 1.2 (0.8-1.8) 1.0 (0.8-1.4) 1.3 (0.9-2.1) <0.001
Bilirubin (mg/dl) 0.8 (0.5-1.2) 0.5 (0.3-0.9) 0.9 (0.6-1.3) <0.001
Platelet count (/ mmc) 213 (153-293) 226.5 (178-291) 200 (142-293) <0.001

Figure 1 shows the result of the Bayesian model averaging in septic cases. The
50 distinct selected models are indicated on the x-axis. In correspondence with each model,
the selected variable is marked with a blue rectangle if it is deemed as “protective” (the
probability of the event decreases upon its increase). Variables are depicted as red rectangles
if selected and deemed as “non-protective” (the probability of the event increases upon
its increase). The spacing of the 50 models on the x-axis is representative of the posterior
probability (of the goodness) of the individual model.

For septic patients admitted to the ED, the Bayesian mean of multivariate logistic
regression models (Table 2) identified both septic shock and positive qSOFA as risk factors
for in-hospital mortality outcome, while higher temperatures appeared as a protective
factor vs. in-hospital mortality outcome.
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Figure 1. Model selected by BMA for in-hospital mortality in septic cases.

Table 2. Bayesian mean of multivariate logistic regression performed to investigate the association
with the in-hospital mortality outcome in septic cases.

Variable OR 95% CI OR p (B!=0)

Male 0.902 0.874-0.931 17

Age 1.000 0.999-1.001 1.8
Charlson Comorbidity Index 1.008 1.004-1.013 6.9
cvC 1.009 0.997-1.021 2.3

SOFA score 1.001 0.999-1.002 2.2

GCS 0.936 0.928-0.944 51.6

PAM 1.000 0.999-1.000 2.8

Body Temperature 0.687 0.673-0.701 92.5

Lactate 1.107 1.095-1.120 63.7
White blood cells 1.001 1.000-1.002 57
Creatinine 1.004 1.001-1.007 41
Total bilirubin 1.011 1.004-1.017 6.4

Positive qSOFA 2.144 2.002-2.297 71.7
Shock index 0.995 0.985-1.005 2
Septic Shock 6.582 6.289-6.88 100

Legend: the variables in italics are those that possess independent effect on mortality. Septic shock and positive
qSOFA are risk factors for in-hospital mortality, while higher temperature is a protective factor.

4. Discussion

Sepsis is a time-dependent disease, as reported by a consistent body of evidence [8,23,24].
This implies that early identification and prompt administration of therapy are crucial
in order to increase chances of survival. Early recognition of the affected patients is not
always easy; indeed, symptoms may be atypical or appear evident only when the condition
is very severe [25]. In 2016, along with the new definitions of sepsis and septic shock,
both the gSOFA and SOFA scores were proposed as clinical tools for early recognition and
definite diagnosis of infections complicated by sepsis, respectively [26].

Despite the uncertainty related to the choice of the best systems of early recognition
and hemodynamic management, crucial actions currently recognized for decreasing sepsis
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related mortality include early recognition and management protocols in the ED [27,28].
When sepsis is readily identified in the ED and severe forms are treated aggressively with
sepsis specific care bundles, mortality improvements are significant [8,23,24].

Regarding in-hospital mortality outcomes in septic patients admitted to the ED, our
analysis confirmed the presence of septic shock and positive qSOFA as risk factors, while
higher body temperature appeared as a protective factor.

Singer et al. demonstrated that qSOFA is a good predictor of mortality, length of
hospitalization and ICU admission requirement [11-13]. Freund et al. added that gSOFA
and SOFA scores are both better than the SIRS criteria at identifying septic patients at risk
of death or transfer to the ICU [14,15]. In 2018, a meta-analysis concluded that SIRS criteria
are more adequate than qSOFA for diagnosing sepsis, while qSOFA is a better predictor of
in-hospital mortality [16].

Our data hereby confirms that qSOFA is a good predictor of mortality in septic patients
admitted to ED.

Septic shock is well known to correlate with high mortality rates. Indeed, its defini-
tion comprises underlying circulatory and cellular/metabolic abnormalities associated to
increased mortality in a subset of patients with sepsis.

The protective role of hyperthermia could have two alternative (but not necessarily
mutually exclusive) explanations. Firstly, fever is one of the most prominent symptoms of
infection as part of the host acute-phase response to pathogens: It is believed to reduce bac-
terial growth and promote cytokines synthesis and antibody production, thereby activating
immune cell response [29,30]. Secondly, it represents a wake up call that immediately alerts
doctors, thus speeding up the diagnostic process [31].

On the other hand, other reports confirm that the presence of hypothermia in patients
with severe sepsis was an independent predictor of 28 day mortality and is associated with
organ failure [31,32].

A recent study assessed 378 patients admitted to the ED with septic shock. Fever
was reported in only 55% of them and afebrile patients had lower rates of antibiotic
administration and intravenous fluids. Moreover, the afebrile status was shown to be a
significant predictor of in-hospital mortality [33]. Afebrile patients, in our experience, were
older and showed higher rates of organ dysfunction.

In recent observations, the absence of fever was associated with suppressed HLA-DR
expression over time and findings suggested monocyte dysfunction in sepsis. Afebrile
patients had higher rates of 28 day mortality and increased acquisition of secondary
infections [34].

Unfortunately, these valuable clinical factors of immune dysfunction have not been
taken into account in the present study since they are not commonly used in clinical practice
in the ED.

This study has strengths and limitations. Among the study’s strengths, we highlight
the use of real-world data, the evaluation of a large number of predictive factors and
the availability of the information at admission time in the ED. However, the study has
some limitations as well. Firstly, due to the retrospective nature of the study, prospective
validations in larger patient cohorts are needed to confirm these preliminary findings.
Secondly, retrieving all requested information was at times challenging, as expected in
settings burdened by overcrowding such as the ED.

Larger prospective and controlled studies are needed to confirm these findings.

5. Conclusions

Early recognition is crucial when managing sepsis. Identifying sepsis is often quite
challenging and no single test offers diagnostic certainty in the early stages.

Our data showing hyperthermia as a protective factor for in-hospital mortality sug-
gests the underlying importance of host immune response to sepsis. Furthermore, clinicians
should bear in mind that fever is not a criterium for the definition of sepsis. Hence, early
diagnosis of sepsis among afebrile patients should not be delayed.
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Abstract: Background: The management of septic patients hospitalized in Internal Medicine wards
represents a challenge due to their complexity and heterogeneity, and a high mortality rate. Among
the available prognostic tools, procalcitonin (PCT) is considered a marker of bacterial infection. Fur-
thermore, an association between vitamin D deficiency and poor sepsis-related outcomes has been
described. Objectives: To evaluate the prognostic accuracy of two consecutive PCT determinations (Delta-
PCT) and of vitamin D levels in predicting mortality in a population of patients with microbiological
identified sepsis admitted to Internal Medicine wards. Methods: This is a sub-analysis of a previous
prospective study. A total of 80 patients had at least two available consecutive PCT determinations,
while 63 had also vitamin D. Delta-PCT was defined as a reduction of PCT > 50% after 48 h, >75%
after 72 h, and >85% after 96 h. Mortality rate at 28- and 90-days were considered as main outcome.
Results: Mortality rate was 18.7% at 28-days and 30.0% at 90-days. Baseline PCT levels did not differ
between survived and deceased patients (28-days: p = 0.525; 90-days: p = 0.088). A significantly higher
proportion of survived patients showed Delta-PCT (28-days: p = 0.002; 90-days: p < 0.001). Delta-PCT
was associated with a lower 28-days (p = 0.007; OR = 0.12, 95%CI 0.02-0.46) and 90-days mortality
(p =0.001; OR = 0.17, 95%CI 0.06-0.48). A significantly higher proportion of deceased patients showed
severe vitamin D deficiency (28-days: p = 0.047; 90-days: p = 0.049). Severe vitamin D deficiency
was associated with a higher 28-days (p = 0.058; OR = 3.95, 95%CI 1.04-19.43) and 90-days mortality
(p =0.054; OR = 2.94, 95%CI 1.00-9.23). Conclusions: Delta-PCT and vitamin D represent two useful
tests for predicting prognosis of septic patients admitted to Internal Medicine wards.

Keywords: procalcitonin kinetics; prognostication; sepsis biomarkers

1. Introduction

Sepsis is a leading cause of death and health care systems major burden worldwide [1].
Sepsis has been estimated to cause about half of all deaths occurring in hospitals [2]. The
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prevention, diagnosis, and treatment of sepsis should be considered a global health priority
according to the World Health Assembly.

Medical tools available for the management of septic patients, and used in daily
clinical practice, have been mainly developed in Intensive Care Units (ICUs) and have
not been extensively validated in Internal Medicine (IM) wards [3]. Among the evaluated
scores, only a few showed good reliability in predicting mortality [4]. In particular, the
accuracy of these scores could be low or inadequate for IM patients; this population is
characterized by high heterogeneity, advanced age, and multiple comorbidities impacting
on prognosis [5]. At present, there is uncertainty about the optimal clinical score to be used
for septic IM patients.

Procalcitonin (PCT) is a polypeptide released after the interaction between cytokine-
activated macrophages and endothelial cells in response to bacterial components, particu-
larly lipopolysaccharide [6]. Circulating PCT levels rapidly raise during the early phase
of sepsis, reaching a peak value proportionally correlated with the severity of bacterial
infection and rapidly decrease, due to its short half-life, after the resolution of disease [7].
Thanks to these characteristics, PCT can be considered a fundamental marker for the
recognition of bacterial infection and sepsis. Moreover, PCT could play a role as prognostic
marker for predicting outcomes [8], and it can be used as a guide to antibiotic therapy,
although not as a stand-alone test [9]. In fact, it must be considered that there are differ-
ences in the observed levels of PCT in relation to several variables (e.g., type and site of
infection, host’s comorbidities, etc.) [10]. Most of the evidence in the literature suggests
that baseline PCT levels are helpful in identifying the sickest patients, but not in predicting
outcome. Multiple PCT determinations (PCT kinetics) appear to be more adequate for this
purpose [11].

Vitamin D is a hormone playing its primary role in the bone homeostasis, but it
is also involved in regulating immunity, both innate and adaptive [12]. The prevalence
of vitamin D deficiency is particularly high among institutionalized subjects or those
with other concomitant diseases [13]. As described in a previous study, the prevalence
of vitamin D insufficiency was high in patients with bloodstream infection and sepsis
admitted to Internal Medicine wards [4]. Low vitamin D levels can also be associated with
a worse prognosis in patients with sepsis, but the results of studies performed in ICUs are
heterogeneous [14-16].

The aim of the present study was to evaluate the accuracy of two consecutive PCT de-
terminations (Delta-PCT) and vitamin D levels in predicting mortality, among a population
of IM inpatients with microbiological identified sepsis.

2. Patients and Methods
2.1. Patients

The Internal Medicine Sepsis Study Group has promoted a 12-months sepsis surveil-
lance program in two Internal Medicine Units of the “Agostino Gemelli” University Hospi-
tal, Catholic University of Rome, Rome, Italy [4]. Sepsis was defined according Sepsis-2
definition [17], while Quick SOFA (qSOFA) score was calculated according to Sepsis-3 defi-
nition [18]. During a screening phase, clinical information, laboratory data (including PCT
and vitamin D), and clinical scores of 226 consecutive patients were recorded. Successively,
after excluding patients with negative blood cultures, absence of SIRS criteria or non-
clinically significant pathogens isolated on blood cultures, a total of 88 microbiologically-
identified septic patients were included in the main study [4]. A total of 80 patients had at
least two consecutive PCT determinations, thus they represent the sample evaluated in the
present paper for statistical purposes.

2.2. Methods

This is a sub-analysis of a database including prospectively collected data of a cohort of
consecutive patients with microbiological-identified sepsis admitted to an IM Unit [4]. The
study was conducted according to local Ethical Committee guidelines. Anonymized clinical
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data were extracted from clinical records and recorded; thus informed consent was waived
due to the observational, non-interventional design of the study.

Data regarding 28- and 90-days mortality were retained from the initial study [4].

PCT was assessed at the time of collection of blood cultures (T0, baseline) and dur-
ing antimicrobial treatment (T1, 48-96 h from baseline). As previously reported, a PCT
level > 2 ng/mL was considered a significant cut-off for sepsis. Delta-PCT was calculated
as the percentual variation of PCT at T1 compared to TO. We defined Delta-PCT as a
reduction of PCT levels > 50% after 48 h or >75% after 72 h or >85% after 96 h from TO.
Thus, a reduction of PCT levels lower than these cut-offs or a baseline PCT < 2 ng/mL was
considered as “absence of Delta-PCT.”

Vitamin D assay was available in 63 out 80 (78.7%) patients. Although the Endocrine
Society suggests specific categories for different vitamin D levels (e.g., vitamin D deficiency:
25(OH)D < 19.9 ng/mL; vitamin D insufficiency: 20-29.9 ng/mL; vitamin D normal group:
>30 ng/mL) [19], we adopted a dichotomous classification based on the presence of severe
vitamin D deficiency (<7 ng/mL). This choice was done on the basis of literature data
showing an association between severe vitamin D deficiency and mortality, in both critically
ill and non-critically ill patients [15,20,21].

2.3. Statistical Analysis

A number of statistical procedures were applied for analysis of data, both descriptive
and inferential, including numerical summaries (reported throughout the paper), Wilcoxon
tests, Chi-square tests of independence, and logistic regression. The ultimate goal of the
analysis was to primarily study the effect of Delta-PCT on 28-days and, respectively,
90-days mortality in a logistic regression framework. Moreover, vitamin D deficiency was
studied in a similar way. First, a two-sample Wilcoxon test was run for assessing location
differences of PCT levels at TO between the group of deceased versus that of non-deceased
patients. Then, a standard chi-squared test of independence in a two-way contingency table
was used for tentatively testing the influence of both Delta-PCT and vitamin D deficiency
on mortality. Afterwards, logistic regression was performed for an in-depth study of the
effect of Delta-PCT as well as vitamin D deficiency on mortality. Obviously, all these
analyses were repeated for both 28- and 90-days mortality. For the correct application of
logistic regression, standard model checking techniques were run to assess model adequacy
and thus validate the analysis method. All the computations were carried out by using the
free software R [22].

3. Results

Main characteristics of the studied population have already been described [4] and are
summarized in Table 1. Median age of patients was 75 years old. A significant proportion
of them had a history of immunosuppression (40.9%), neoplasm (39.3%), diabetes (35.9%),
or end-stage illness (23.9%). The majority of patients had received an antibiotic treatment
in the previous 6 months (70.4%).

Table 1. Clinical characteristics of the 80 evaluated patients expressed as median (IQR; range); median values of survived or

deceased patients at 28- and 90-days and statistical comparison.

Study Patients Survived Deceased Survived Deceased
(1 = 80) 28-Days 28-Days p-Value 90-Days 90-Days p-Value
(n = 65) (n=15) (n =53) (n=27)
Male sex 46 (57.5%) - - - - - -
Age (years) 75 (64-83; 39-90) 72 83 0.068 73 81 0.032
BMI 24.7 (22.1-27.6; 19-44) 25 23 0.087 249 24.3 0.440
Procalcitonin (ng/mL) 2.91 (0.6-17.9; 0.1-100) 4.03 2.26 0.525 5.54 1.83 0.088
Vitamin D (ng/mL) <7 (<7-9.9; <7-55.7) 7.7 <7 0.044 8.5 <7 0.032

A total of 15 out 80 patients (18.7%) died at 28-days and 27 out 80 (30.0%) died at
90-days. Baseline PCT levels did not differ between survived and deceased patients. A
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total of 39 patients (48.7%) showed Delta-PCT. A total of 31 out 63 patients (49.2%) patients
showed severe vitamin D deficiency. Vitamin D levels were significantly lower in deceased
than survived patients.

3.1. PCT and Mortality

The two-sample Wilcoxon tests showed that location values (specifically medians)
of PCT levels at TO did not differ between survived and deceased patients at 28-days
(4.03 vs. 2.26; p = 0.525) nor at 90-days (5.54 vs. 1.83; p = 0.088). The Chi-square tests of
independence showed a significantly higher proportion of patients with Delta-PCT among
survivors at 28-days (p = 0.002) (Table 2) and at 90-days (p < 0.001) (Table 2). The accuracy
of Delta-PCT (sensitivity, specificity, positive, and negative predictive values) in predicting
28- and 90-days patient’s mortality are reported in Table 2. The logistic regression showed
that the presence of Delta-PCT was associated with a lower 28-days (p = 0.007; OR = 0.12,
95%C1 0.02-0.46) and 90-days mortality (p = 0.001; OR = 0.17, 95%CI 0.06-0.48).

Table 2. Number and percentage of patients survived or deceased at 28-days and at 90-days according
to the presence of Delta-procalcitonin (DELTA-PCT) and statistical significance at chi-square tests of in-
dependence. (Sens = sensitivity; Spec = specificity; PPV = positive predictive value, NPV = negative
predictive value).

Table 2—28-days Survived Deceased Total
Delta-PCT =1, n (%) 37 (94.9) 2(5.1) 39 PPV 0.95 (0.87-0.98)
Delta-PCT =0, n (%) 28 (68.3) 13 (31.7) 41 NPV 0.32 (0.22-0.43)
Total 65 15 80
Sens. 0.57 (0.45-0.68) Spec. 0.87 (0.62-0.96) p =0.002
Table 2—90 days Survived Deceased Total
Delta-PCT =1, n (%) 33 (84.6) 6(15.4) 39 PPV 0.85 (0.74-0.91)
Delta-PCT =0, n (%) 20 (48.8) 21 (51.2) 41 NPV 0.51 (0.40-0.62)
Total 53 27 80
Sens. 0.62 (0.49-0.74) Spec. 0.78 (0.59-0.89) p < 0.0001

3.2. Vitamin D and Mortality

The Chi-squared tests of independence showed a higher proportion of patients with
severe vitamin D deficiency among deceased patients at 28-days (p = 0.047) (Table 3) and at
90-days (p = 0.049) (Table 3). The accuracy of vitamin D (sensitivity, specificity, positive, and
negative predictive values) in predicting 28- and 90-days patient’s mortality is reported in
Table 3. The logistic regression showed that severe vitamin D deficiency was associated
with a higher 28-days (p = 0.058; OR = 3.95, 95%CI 1.04-19.43) and 90-days mortality
(p = 0.054; OR = 2.94, 95%CI 1.00-9.23), even if the level of significance was borderline.

Table 3. Number and percentage of patients survived or deceased at 28-days and at 90-days ac-
cording to the presence of vitamin D deficiency (>/<7 ng/mL) and statistical significance at chi-
square tests of independence. (Sens = sensitivity; Spec = specificity; PPV = positive predictive value,
NPV = negative predictive value).

Table 3—28-days Survived Deceased Total
Vitamin D > 7 ng/mL, n (%) 29 (90.6) 3(9.4) 32 PPV 0.91 (0.80-0.96)
Vitamin D <7 ng/mL, n (%) 22 (71.0) 9(29.0) 31 NPV 0.29 (0.19-0.42)
Total 51 12 63
Sens. 0.57 (0.43-0.69) Spec. 0.75 (047-0.91) p=0.046
Table 3—90-days Survived Deceased Total
Vitamin D > 7 ng/mL, n (%) 25 (78.1) 7 (21.9) 32 PPV 0.78 (0.66-0.87)
Vitamin D < 7 ng/mL, n (%) 17 (54.8) 14 (45.2) 31 NPV 0.45 (0.33-0.58)
Total 42 21 63
Sens. 0.60 (0.44-0.73) Spec. 0.67 (0.45-0.83) p=0.049
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3.3. Two-Factors Logistic Regression Analysis

Finally, a two factors logistic regression confirmed previous results in terms of a
negative effect of Delta-PCT on mortality both at 28-days (p = 0.012, OR = 0.06, 95%CI
0.003-0.38) and 90-days (p = 0.003, OR = 0.13, 95%CI 0.03-0.46) and a positive effect of
severe vitamin D deficiency on mortality both at 28-days (p = 0.056; OR = 4.43, 95%CI
1.05-23.82) and 90-days (p = 0.053; OR = 3.31, 95%CI 1.02-11.83).

4. Discussion

The present study shows that Delta-PCT represents an independent predictor of
outcome in a cohort of IM patients affected by bloodstream infection and sepsis. Literature
data on prognostic performances of PCT in the IM setting are few and controversial.

We previously showed in the main cohort of this study that baseline PCT did not
predict mortality [4]. In line with our results, Papadimitriou-Olivgeris and colleagues
showed that baseline PCT levels did not differ between survivors and non-survivors and
PCT was not an independent predictor of mortality in a cohort of patients with similar
characteristics [23]. However, although similar, IM patients are likely to show a high
heterogeneity limiting the generalizability of results derived by single cohorts [5].

The prognostic performances of Delta-PCT (PCT kinetics) in the IM setting have
been evaluated by a few studies. To the best of our knowledge, the study by Pieralli and
colleagues is the only one conducted in a non-ICU setting, aiming to evaluate the role of
PCT kinetics in predicting 30-days mortality in a sample of 144 patients with severe sepsis
and/or septic shock admitted to Emergency Departments (EDs) or general wards [24].
As main result, Delta-PCT independently predicted 30-day mortality. The present study
confirms that repeated PCT determinations with Delta-PCT assessment could be a useful
tool to assess both 28- and 90-days risk of mortality in IM septic patients.

The ability of Delta-PCT to be a better prognostic marker than single PCT measure-
ment has several explanations. First, the value of a single PCT measurement as a predictor
of outcome is poor given the large overlap between false negative and false positive val-
ues, different normal ranges and high interindividual variability due to acute comorbid
states [5,25]. Moreover, in patients with BSIs, PCT levels depend on the etiological agent,
being significantly higher in Gram-negative BSI than in Gram-positive or Candida BSIs,
although PCT is insufficient to make an etiologic diagnosis when used alone [10]. Persis-
tently high PCT values may indicate a persistence of the infectious state and/or a reduced
response to antibiotic treatment. In addition, it should be considered that patients with an
infection and impaired responsiveness of the immune system could show persistently low
PCT values [26]. In both cases, the absence of a Delta-PCT could indicate an early risk of
mortality. On the contrary, Delta-PCT often correlates with clinical improvement of the
infectious picture. It can be used as a marker of efficacy of antibiotic treatment, even for
an early de-escalation in order to reduce antibiotics side effects, as demonstrated in ICU
studies [27,28].

In the present sample of IM septic patients, the accuracy of Delta-PCT was better in
terms of specificity / PPV, than sensitivity /NPV. In other words, it is a biomarker with better
“rule-out” than “rule-in” performances.

The present study confirms our previous observation on severe vitamin D deficiency
as independent predictor of death. This observation is in line with a recent meta-analysis,
that showed that lower vitamin D at admission was independently associated with in-
creased risk or mortality in patients with sepsis, even applying different diagnostic criteria
for sepsis (SIRS, Sepsis-2, or Sepsis-3) [29]. However, this observation requires future epi-
demiological studies to understand whether low vitamin D levels represent a causal factor
for sepsis due to reduced immune function or an epiphenomenon due to increased tissue
utilization associated with inflammation [25]. Vitamin D is able to induce the expression of
antibacterial proteins and to enhance the environment in which they function [30]. Thus,
the increased susceptibility to infections among patients with vitamin D deficiency could
be explained by reduced bacterial killing activity in several cell types. Severe vitamin D
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deficiency could also be directly involved in “freezing” the individual’s immune response
capacity, in the context of sepsis itself [26]. This observation could confirm the susceptibility
of Internal Medicine patients (e.g., comorbid, elderly, and institutionalized) with severe
vitamin D deficiency to infections, sepsis, and poor sepsis-related outcomes. However, the
observed accuracy of vitamin D deficiency was “low”.

Limitations of the present study are represented by the small sample size and the
monocentric IM population. Moreover, results of our analysis have not been adjusted for
potential confounders (e.g., age and sex), given their lack of influence observed in the main
paper [4]. In any case, our observations need to be validated on a larger sample.

5. Conclusions

Sepsis is increasingly diagnosed in Internal Medicine wards. The management of septic
patients with multiple comorbidities represents a real challenge due to the complexity of
the syndrome and the high heterogeneity of septic populations. Even few and relatively
easy assessments of biomarkers can be of help for patients” outcome in certain conditions.
Within this context, Delta-PCT and vitamin D could play a promising role for predicting
the prognosis of septic patients admitted to Internal Medicine wards.
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Abstract: The diagnosis and treatment of sepsis have always been a challenge for the physician,
especially in critical care setting such as emergency department (ED), and currently sepsis remains
one of the major causes of mortality. Although the traditional definition of sepsis based on systemic
inflammatory response syndrome (SIRS) criteria changed in 2016, replaced by the new criteria of
SEPSIS-3 based on organ failure evaluation, early identification and consequent early appropriated
therapy remain the primary goal of sepsis treatment. Unfortunately, currently there is a lack of a
foolproof system for making early sepsis diagnosis because conventional diagnostic tools like cultures
take a long time and are often burdened with false negatives, while molecular techniques require
specific equipment and have high costs. In this context, biomarkers, such as C-Reactive Protein
(CRP) and Procalcitonin (PCT), are very useful tools to distinguish between normal and pathological
conditions, graduate the disease severity, guide treatment, monitor therapeutic responses and predict
prognosis. Among the new emerging biomarkers of sepsis, Presepsin (P-SEP) appears to be the most
promising. Several studies have shown that P-SEP plasma levels increase during bacterial sepsis
and decline in response to appropriate therapy, with sensitivity and specificity values comparable
to those of PCT. In neonatal sepsis, P-SEP compared to PCT has been shown to be more effective in
diagnosing and guiding therapy. Since in sepsis the P-SEP plasma levels increase before those of PCT
and since the current methods available allow measurement of P-SEP plasma levels within 17 min,
P-SEP appears a sepsis biomarker particularly suited to the emergency department and critical care.

Keywords: Presepsin; sepsis; emergency department; critical care; ICU

1. Introduction

The diagnosis and treatment of sepsis have always been a challenge for the physician,
especially in critical care setting. Indeed, sepsis is one of the major causes of mortality in
both emergency department (ED) and intensive care unit (ICU), due to main difficulty of
early recognition and appropriate identification of the etiology [1-3]. In many cases, infec-
tions are characterized by signs and symptoms that can overlap with other acute disease,
therefore differential diagnosis is crucial, but often demanding, and leads to a double issue.
On the one hand, the untimely identification of a sepsis leads to a therapeutic delay with a
consequent increase in mortality; on the other hand, often patients are treated with unnec-
essary antibiotic therapy, which is one of the main causes of antibiotic resistance [4-6]. The
traditional definition of sepsis, since 1992 referred to as the presence or suspected infection
associated with a systemic inflammatory response syndrome (SIRS) [7], changed in 2016,
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replaced by the new criteria of SEPSIS-3 [8], so that sepsis is currently defined as infection
with organ dysfunction, assessed by the Sequential Organ Failure Assessment (SOFA score),
while the previous expression “severe sepsis” is no longer adopted to increase predictive
accuracy [9]; however, early identification and consequent early appropriated therapy
remain a cornerstone of sepsis treatment. In clinical practice the diagnosis of sepsis is
based on tools such as cultures, which take a long time and are often burdened with false
negatives, while the use of molecular techniques requires specific equipment and skilled
operators, thus entailing very high costs [5,10]. Therefore, currently there is a lack of a
foolproof system for making early sepsis diagnosis. In this context, biomarkers, defined
as objectively measurable characteristics of biological processes, are very useful tools to
distinguish between normal and pathological conditions, graduate the disease severity,
guide treatment, monitor therapeutic responses and predict prognosis [11,12]. Alongside
the more widely spread and employed markers, such as C-Reactive Protein (CRP) and
Procalcitonin (PCT), there are new ones emerging, among which P-SEP appears to be the
most promising [13]. The purpose of this review is to search, by consulting electronic
databases, the main studies performed in the last 10 years concerning the use of P-SEP
in sepsis, with particular attention to those concerning the usefulness of P-SEP in the
emergency department.

2. Methods and Results

We checked medical literature of the last 10 years to find P-SEP related studies and
reports. The following electronic databases were systematically searched: MEDLINE-
PubMed, Web of Science, Scopus, and the Cochrane Central Register of Controlled Trials
(CENTRAL). The search strings were:

e  Presepsin AND sepsis

e  Presepsin AND emergency department
e  Presepsin AND critical care

e  Presepsin AND ICU

The search strategy was limited to English language articles. We mainly focused
on randomized placebo-control studies, followed by case-control studies, observational
(both retrospective or prospective), and finally systematic reviews and meta-analysis. The
article selection process was carried out independently by two reviewers (MCS and TdC).
Additional manual scrutiny carried out from the references of the selected articles was
performed in order to identify other potentially relevant studies.

We identified a total of 224 studies deemed to be relevant for the issues in stake
(Table 1). Among these, 166 articles are clinical trials, of which 4 are randomized controlled
trials. The remaining articles consist in 38 reviews, and 13 systematic reviews and meta-
analysis (Table 2). As summarized in Table 2, the meta-analysis performed in 2015 mainly
focused on validating the diagnostic value of P-SEP in sepsis, while the meta-analysis
conducted between 2016 and 2019 analyzed the prognostic value of P-SEP in comparison
and in combination with other biomarkers of sepsis, especially the more common used
C-RP and PCT [14-26].

Table 1. List of studies.

Type n°

Total studies 224

Review 38

Systematic review and meta-analysis 13

Clinical trial 162
Randomized controlled trial 4
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Table 2. Systematic review and meta-analysis.

Author Year Patients Results

P-SEP is an effective diagnostic marker for sepsis
(DOR 18)

P-SEP is an effective diagnostic marker for sepsis
(DOR 21.73)

P-SEP is an effective diagnostic marker for sepsis
(DOR 14.25)

Zhang, J. et al. [14] 2015 3052

Wu, J. et al. [15] 2015 2159

Zheng, Z. et al. [16] 2015 1757

P-SEP is an effective diagnostic marker for sepsis
(DOR 21.56)

PCT, CRP, IL6, sSTREM-1, P-SEP, LBP and CD64
have similar diagnostic accuracy in detecting
sepsis (AUC 0.85, 0.77, 0.79, 0.85, 0.88, 0.71 and
0.96 respectively)

P-SEP is a good predictor for sepsis (DOR 16) but
there is no significant variations compared to PCT
(14) or CRP (13)

Tong, X. et al. [17] 2015 3109

Liu, Y. et al. [18] 2016 10438

Wu, C.C. etal. [19] 2017 3470

P-SEP can predict mortality in patients with
sepsis (SMD survivors/non-survivors 0.92)

Combination of PCT and CRP (DOR 79) or P-SEP
alone (864) have better diagnostic power than
CRP (19) and PCT (31) alone in neonatal sepsis

Yang, H.S. et al. [20] 2018 1617

Ruan, L. et al.[21] 2018 2661

P-SEP has higher diagnostic accuracy than PCT or
CRP in detecting sepsis in children (OR 32.87,
11.8 and 4.63 respectively)

Yoon, S.H. et al. [22] 2019 308

Diagnostic accuracy in detecting infection is
similar for PCT and P-SEP (sensibility 0.80 and
0.84, specificity 0.75 and 0.73 respectively)

Kondo, Y. et al. [23] 2019 3012

Diagnostic accuracy of P-SEP resulted high in

Parri, N. etal. [24] 2019 636 detecting neonatal sepsis (DOR 120.94)

P-SEP is an effective diagnostic marker for sepsis
in neonates (AUC 0.9639)

PCT and P-SEP are both an effective diagnostic
marker for sepsis (DOR 10 and 9 respectively)

van Maldeghem, I. et al. [25] 2019 1369

Zhu, Y. et al. [26] 2019 1561

3. Current Data on Presepsin as a Biomarker for Sepsis
3.1. Presepsin

P-SEP is the subtype of the soluble form of CD14 (sCD14-ST); more precisely, P-SEP is
the 13 KDa N-terminal fragment of soluble form of CD14 (sCD14), cleaved by cathepsin
D in plasma, and involved in activating the innate immune system. [27]. Especially in
the last decade, several studies have shown increases in response to bacterial infections
and decreases after healing or effective treatment [6,14], so that P-SEP is considered a
new biomarker, effective in early recognition of different types of infections [28,29]. As
known, infections activate the host’s immune system, usually distinguished into innate
and an adaptive: while adaptive needs several days to be effective, an innate system
provides an immediate response mainly through the alternative complement system and
phagocytosis [30-32]. Both systems need to recognize the pathogens, but the innate one
carries out recognition through different receptors, that are already predetermined, placed
on the immune effector cell surface [33,34], able to recognizing a wide range of antigens
on the surface of most microbial pathogens [35]. CD14 is 55 KDa transmembrane glyco-
protein acting as a coreceptor, placed on the monocytes and macrophages cell surface,
belonging to the family of Toll-like receptors (TLRs), which play a role in the identification
of several Gram-positive and Gram-negative bacterial ligands [31,36]. In particular, the
recognition of Lipopolysaccharide (LPS), present on the Gram-negative bacteria surface,
requires the association of the Lipoprotein Binding Protein (LBP), which presents the LPS
at CD14; the CD14-LPS-LBP complex stimulates intra-cellular signals that promote the
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expression of genes involved in the immune response such as cytokines production by
effector cells [37]. CD14 exists in two forms: one bound to the membrane (mCD14) of
monocyte and macrophage cells, and a soluble one (sCD14) present in the plasma, where it
is cleaved by cathepsin D into a fragment of 13 kDa (sCD14-ST), precisely named, released
in the general circulation by proteolysis and exocytosis [13,37] (Figure 1).

sCD14-LPS-LPB

complex Cathepsin D P SE P
ﬂ sCD-14 g -

(sCD14-ST)
;

== LPS: Lipopolysaccharide

Monocyte/Macrophage LBP: Lipopolysaccharide binding protein

v

Gene Expression CD14 exists in 2 forms:

mCD14 bound to cell membrane form
sCD14 soluble form

v

Inflammatory Cytokines TLR: toll-like receptor

Figure 1. P-SEP is the 13 KDa N-terminal fragment of soluble form of CD14 (sCD14), cleaved by cathepsin D in plasma, and
involved in activating the innate immune system.

3.2. Presepsin Measurement

Since P-SEP is released during the activation of the immune system, it is essential
to have a rapid and accurate method to measure P-SEP plasma level and establish a cut-
off, which allows distinguishing sick individuals from healthy ones [38]. The method
initially developed was a conventional two-step ELISA assay, measuring P-SEP in a range
of 3-150 ng/mL, but requiring a total assay time of 4 h and most importantly showing
low accuracy. Subsequently, producing a one-step instead of a two-step method and using
recombinant P-SEP instead of recombinant CD14, Thermo Fisher developed a faster ELISA,
resulting in a reduction of the total assay time from 4 to 1.5 h and a change in range of
0.05-3.00 ng/mL (or 50-3000 ng/L) instead of 3-150 ng/mL (obtained with the previous
two-step ELISA) [39]. Based on chemiluminescence enzyme immunoassay (CLEIA) in
combination with MAGTRATION technology, PATHFAST (Mitsubishi Chemical) is an
innovative, highly sensitive and fully automated method, which allows the measurement
of P-SEP plasma levels, using whole blood samples, able to provide results within 17 min
in six samples simultaneously [40,41]. This feature, together with the non-interference by
other analytes such as hemoglobin, bilirubin, lipids, makes PATHFAST a very useful tool
in critical areas, especially in an emergency department, where rapid quantitative results
are required.

3.3. Diagnostic Significance of Presepsin in Sepsis

The results of several prospective multicenter trials, manly conducted in the last
decade, have shown that, using a cut-off value of 600 ng/L, P-SEP plasma levels are
significantly elevated in patients with bacterial infection compared to non-bacterial infec-
tions, with sensitivity and specificity of 87.8% and 81.4%, respectively [42—45]. Another
study has shown that using a cut off of 670, sensitivity and specificity were reported to
be 70.3% and 81.3%, respectively, while at a cut off value of 864 ng/L, sensitivity and
specificities were 71.4% and 63.8%, respectively [46]. Several studies reported that a cut
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off of 600 ng/mL is not able to discriminate between Gram positive and Gram-negative
and was not related to the positivity or negativity of blood cultures, while in 2015 in the
multicentric randomized trial ALBIOS Masson et al. found that at a baseline concentra-
tion of 946 ng/L plasma P-SEP levels are higher in patients with Gram-negative than in
Gram-positive bacterial infections [47]; it is hypothesized that this is due to the role played
by P-SEP in the formation of the CD14-LPS-LBP complex. The ALBIOS trial also reported
that the P-SEP value (mean =+ standard deviation), in the healthy, SIRS and sepsis group,
was 258.7 £ 92.53 ng/L, 430.0 & 141.33 ng/L and 1508.3 & 866.6 ng/L respectively [47].
However, in a 2015 meta-analysis, Wu et al. reported that P-SEP has only moderate diag-
nostic accuracy in differentiating sepsis from other non-septic inflammatory conditions,
suggesting that the results should be interpreted with caution and further studies are
needed before considering P-SEP as a definitive marker for the diagnosis of sepsis [15].

3.4. Prognostic Significance of Presepsin in Sepsis

The change in P-SEP plasma levels is a solid prognostic and therapeutic tool in
hospitalized patients, however the P-SEP measured on arrival in the emergency department
can be useful in risk stratification [48,49], especially for Gram-negative bacterial infection,
probably due to the sCD14-ST role in the sepsis cascade as a receptor for LPS [50]. In a
2018 meta-analysis, including 10 studies with a total of 1617 patients, Yang et al. reported
that P-SEP plasma levels in the first sampling (within 24 h) was significantly lower among
survivors than non-survivors (I> = 79%, p < 0.01) [20], while in the subgroups, divided
by severity of sepsis or infection site, P-SEP was consistently higher in non-survivors. In
hospitalized patients, many studies show that in severe sepsis (according to the definition
prior to SEPSIS-3) or septic shock, the reduction in P-SEP plasma levels is associated
with an increased survival and indicates the effectiveness of the antibiotic therapy, with
P-SEP tending to decline by day 7 in patients with positive blood cultures and appropriate
antibiotic therapy. Speculatively, high P-SEP plasma levels in the seventh day is considered
due to inappropriate or ineffective therapy even with positive blood cultures (mostly
multidrug-resistant bacteria), and is associated with increased mortality, the onset of
complications, such as prolonged need for ventilation and inotropic agents, therefore a
prolonged length to stay in ICU, as well as the presence of acute or acute on chronic kidney
injury. [46,51,52]. In a study conducted in ICU patients, P-SEP was effective in predicting
sepsis with a sensitivity and specificity values of 84.6% and 62.5%, respectively, which were
significantly related to APACHE II score (p-value = 0.016) [53].

3.5. Presepsin Compared to C-RP and PCT: Alone or in Company?

Recently, several studies have focused on the role of new and emerging biomarkers
of sepsis, such as proadrenomedullin, interleukin-6 (IL-6), CD 64, the soluble form of
triggering receptor expressed on myeloid cells-1 (sTREM-1) [54], however most of the
studies were carried out comparing P-SEP with C-RP and PCT, which to date remain the
most widely diffuse markers of sepsis in clinical practice [26]. The diagnostic and prognostic
efficacy of P-SEP has been analyzed in different clinical settings not only as an alternative,
but also in combination with C-RP and PCT; these comparative studies have reported
controversial results [55-59]. In 2017, Kim et al. reported that, using a cutoff of 2455 ng/L,
P-SEP is better than PCT in predicting mortality of sepsis at 30 days (AUC of 0.684 versus
0.513), being higher in non survivors than in survivors [55], while in another 2015 study,
using a cut off of 413 ng/L for diagnosing bacterial infections in ICU patients, Godnic et al.
reported that P-SEP has a higher AUC compared to PCT (0.705 vs. 0.630) but lower than
C-RP (0.705 vs. 0.734) [53]. In 2016, Plesko et al. reported that in hematologic patients the
association of P-ESP with IL-6 increases sensitivity compared to the use of P-SEP alone in
detecting sepsis, while the association of P-SEP with PCT and C-RP did not show better
accuracy than P-SEP alone in detecting sepsis in this type of patient [60]. Klouche et al.
reported greater specificity of P-SEP and PCT in combination for the diagnosis of sepsis,
septic shock and pneumonia, compared to using PCT alone or P-SEP alone [61].
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3.6. Presepsin in Pediatric Bacterial Infection

Numerous studies have investigated the diagnostic and prognostic role of P-SEP in
different type of infections in children, such as early (EOS) and late onset sepsis (LOS)
in preterm infants, particularly meningitis and pneumonia, but also infections in febrile
neutropenic patients affected by onco-hematological neoplasms [6,24,25,45,62-68]. In
neonatal sepsis P-SEP compared to PCT has been shown to be more effective in diagnosing
and guiding therapy [62]. In the EOS at the cutoff of 539 ng/L, P-SEP has showed a
sensitivity of 80% and specificity of 75%, while in the LOS at the cutoff of 885 ng/L, P-SEP
demonstrated a sensitivity of 94% and a specificity of 100% [21,22,69]. In the pediatric
setting, mean P-SEP plasma levels in healthy infants are much higher (720 ng/L) than in
healthy adults, probably due to the passage after birth from the intrauterine environment to
the new external environment rich in foreign antigens, which activates the innate immune
system [69].

3.7. Presepsin in Fungal Infection

Several recent studies have shown that fungi are responsible for about 20% of all
cases of sepsis, with a fatal outcome reaching 80% [70]. For this reason, in recent years
there has been a growing attention towards fungal sepsis, the differential diagnosis of
which from bacterial sepsis is often very challenging since the clinical manifestations can
be overlapped. The main issue of fungal infections concerns neutropenic patients suffering
from onco-hematological neoplasms and immunosuppressed patients. In this category of
patients, more recently in 2019, several studies have demonstrated the usefulness of P-SEP
in combination with PCT and C-RP in the diagnosis of bacterial and fungal infections.
Stoma et al. reported that in hematological patients undergoing stem cell transplantation a
cutoff of 218 ng/L is indicative of bacteremia [71], while elevation of C-RP associated with
plasma P-ESP in the normal range predicts a fungal infection in immunocompromised
patients [50]. Other studies have confirmed that a fungal infection can be predicted by the
combination of increased P-SEP plasma levels with little or no alteration in PCT [72] and
that plasma PSP levels are related to the severity of sepsis [73].

3.8. Presepsin Significance in SARS-CoV-2 Infection

Some studies published in 2020 reported that P-SEP is effective in risk stratification
in patients with SARS-CoV-2 pneumonia, but further studies are needed to solidify this
assertion. In a case series of six patients with SARS-CoV-2 pneumonia, Fukada et al.
found that elevated P-SEP plasma levels can predict evolution towards ARDS [74], and
Zaninotto et al. confirmed the effectiveness the prognostic value of P-SEP in 75 patients
with SARS-CoV-2 pneumonia admitted to infectious disease ward and ICU [75].

3.9. Presepsin in Emergency Department

The critical area setting, especially ED, is particularly suited to reveal the potential
greater utility of P-SEP over PCT in the early diagnosis of sepsis. Several studies have
shown that P-SEP has diagnostic and prognostic power substantially similar to PCT, but,
unlike PCT, P-SEP increases earlier in bacterial infection and can be measured effectively
and accurately within 17 min directly in the emergency department [53]. A 2013 prospective
study, conducted on 859 consecutive ED patients with at least two SIRS criteria (as defined
prior to SEPIS-3), showed that P-SEP plasma levels is useful both for the diagnosis and for
prognosis of sepsis, since P-SEP has been shown to be effective in stratifying the severity
of sepsis, septic shock and in predicting mortality at 28 days. This study showed that the
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)
and diagnostic accuracy vary according to the cutoff used for P-SEP plasma levels. Using a
cutoff of 449 ng /L P-SEP grades the severity of sepsis with sensitivity of 82.4%, specificity
of 72.4%, PPV of 71.3% and NPV of 83.2% with a predictive accuracy of 77.0%; using
a cutoff of 550 ng/L P-SEP predicts septic shock with sensitivity, specificity, PVV and
NPV of 85.7%, 63.6%, 28.5% and 96.3%, respectively, and a predictive accuracy of 66.8%;
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using a cutoff of 556 ng/mL P-SEP predicts mortality at 28 days with sensitivity of 62.2%,
specificity of 66.8%, PPV of 48.3%, NPV of 78.0% and predictive accuracy of 65.3% [44].
In 2015, Carpio et al. performed another single-center prospective observational study,
including 120 patients with SIRS or sepsis criteria (prior to SEPSIS-3) and 123 healthy
controls, confirmed that P-SEP at a cutoff of 581 ng/L is effective in diagnosing sepsis,
graduating severity of disease and differentiating between SIRS and sepsis in ED, with
sensitivity of 61% and specificity of 100% [49]. Also in this study, as in the previous one, the
performance of P-SEP varies according to the cutoff considered: using a cutoff of 273 ng/L,
a sensitivity of 95.5% and specificity of 21.7% were found, while using a cutoff of 686 ng/L
these values were 46.5% and 91.3%, respectively. A study performed by de Guadiana
Romualdo et al. in 2014, including 226 patients admitted to the ED with SIRS criteria,
of which 37 had positive blood culture (bacteremic SIRS group) and 189 had negative
blood culture (non-bacteremic SIRS group), reported sensitivity, specificity, PPV and NVP
values of 81.1%, 63%, 30% and 94.4%, respectively, for the diagnosis of SIRS using a cutoff
of 729 ng/L [57]. In 2017 the same author examined a cohort of 223 admitted in ED for
suspected sepsis using two different P-SEP cutoffs, 312 and 849 ng/L, and found sensitivity
values of 97.1% and of 67.1% and specificity values of 16.9% and 80.8%, respectively [58]. It
has been reported that, using a 101.6 ng/L cutoff, P-SEP, measured at the time of diagnosis
in the ED 24 h before admission to the ICU, has values of sensitivity, specificity, PPV and
NPV of 81.9%, 96.5%, 82.4% and 96.3%, respectively, thus allowing for better management
in both severe sepsis and septic shock [22,59]. The different cutoff values reported in the
different studies are likely due to heterogeneity regarding the clinical setting (ED, ICU), the
sepsis criteria adopted (before or after SEPSIS-3) and the type of sample (plasma, serum or
whole blood) for the measurement of the P-SEP.

3.10. Presepsin Use Caveat

There are several clinical conditions in which special care must be taken in interpreting
altered P-SEP plasma levels [50]. The more common diagnostic limitation of P-SEP is likely
renal failure. Since the kidney is involved in the P-SEP excretion, the P-SEP plasma levels
are increased in patients with renal failure. For this reason, the cutoffs must be adapted in
patients with chronic kidney disease and/or on hemodialysis treatment [76]. P-SEP is also
affected by the translocation of intestinal microbial flora [77]. Some pathophysiological
conditions, such as age (newborns and elderly individuals, especially if suffering from
renal failure) or burns [78] can influence P-SEP plasma levels, which may be higher even in
the absence of disease [76], while further investigations are needed to define the influence
of steroid use on P-SEP [27]. All these conditions must be considered to avoid an incorrect
diagnosis of sepsis and consequently inappropriate treatments.

4. Discussion and Conclusions

The diagnosis and treatment of sepsis have always been a challenge for the physi-
cian, especially in critical care setting such as emergency department, and currently sepsis
remains one of the major causes of mortality. Although the traditional definition of sep-
sis based on systemic inflammatory response syndrome (SIRS) criteria changed in 2016,
replaced by the new criteria of SEPSIS-3 based on organ failure evaluation, early iden-
tification and consequent early appropriated therapy remain the primary goal of sepsis
treatment. Among the new emerging biomarkers of sepsis, P-SEP appears to be the most
promising. The studies examined demonstrate that P-SEP is a valid and reliable biomarker
of bacterial sepsis, especially Gram-negative bacteria, and it is also a tool effective in
evaluating the efficacy of therapy since the P-SEP plasma levels decrease when therapy
is effective and increase when therapy is ineffective. It also emerges that P-SEP has a
diagnostic and prognostic power substantially comparable to PCT, even if not all authors
agree on the diagnostic accuracy; many currently recommend not to use P-SEP alone,
but in combination with other sepsis markers, as well as traditional diagnostic tools like
cultures. Furthermore, in some clinical conditions, such as renal failure, P-SEP plasma
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levels can be altered in the absence of sepsis, so that different P-SEP cutoffs are reported.
Studies performed in pediatric setting have shown that P-SEP is a more effective than PCT
in diagnosing neonatal sepsis. In critical areas, in particular the emergency department,
P-SEP appears to be the most promising sepsis marker, due to earlier plasma levels increase
than PCT, and the currently available assays, which allow for obtaining the P-SEP plasma
levels within 17 min, thus allowing an early recognition and therapy of sepsis already in
ED. Further studies are needed to better define diagnostic cutoffs and better evaluate the
diagnostic and prognostic utility of P-SEP compared to PCT in the emergency department.
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Abstract: Sepsis and septic shock represent a leading cause of mortality in the Emergency Department
(ED) and in the Intensive Care Unit (ICU). For these life-threating conditions, different diagnostic and
prognostic biomarkers have been studied. Proadrenomedullin (MR-proADM) is a biomarker that
can predict organ damage and the risk of imminent death in patients with septic shock, as shown
by a large amount of data in the literature. The aim of our narrative review is to evaluate the role
of MR-proADM in the context of Emergency Medicine and to summarize the current knowledge of
MR-proADM as a serum indicator that is useful in the Emergency Department (ED) to determine an
early diagnosis and to predict the long-term mortality of patients with sepsis and septic shock. We
performed an electronic literature review to investigate the role of MR-proADM in sepsis and septic
shock in the context of ED. We searched papers on PubMed®, Cochrane®, UptoDate®, and Web of
Science® that had been published in the last 10 years. Data extracted from this literature review
are not conclusive, but they show that MR-proADM may be helpful as a prognostic biomarker to
stratify the mortality risk in cases of sepsis and septic shock with different degrees of organ damage,
guiding emergency physicians in the diagnosis and the succeeding therapeutic workup. Sepsis
and septic shock are conditions of high complexity and have a high risk of mortality. In the ED,
early diagnosis is crucial in order to provide an early treatment and to improve patient survival.
Diagnosis and prognosis are often the result of a combination of several tests. In our opinion, testing
for MR-proADM directly in the ED could contribute to improving the prognostic assessment of
patients, facilitating the subsequent clinical management and intensive treatment by the emergency
physicians, but more studies are needed to confirm these results.

Keywords: sepsis; septic shock; proadrenomedullin; MR-proADM,; procalcitonin; emergency department

1. Introduction

Sepsis and septic shock are life-threatening medical emergencies characterized by
severe systemic inflammation and organ dysfunction due to an excessive response to
infections that may lead to death [1-6]. The definition of sepsis includes a dysregulated
systemic inflammation, acute multi-organ dysfunction (i.e., cardiovascular, respiratory, and
renal systems), and a deregulated immune response to a microbial invasion of the blood
that is responsible of organ failure [7-10]. The mortality rate ranges from 15-25% [7]. Septic
shock is sepsis characterized by a state of hypotension and hyperlactatemia, refractory to
adequate fluid volume resuscitation that leads to hypoperfusion abnormalities, oliguria,
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and the alteration of mental status [7]. Septic shock has a mortality rate that ranges from
30-50% [7]. The early identification of sepsis and septic shock is essential for immediate
treatment [1,2] and for the reduction of the patient mortality rate [10,11]. Sepsis can affect
people of all ages [2-4]. Therapy for sepsis should be personalized and tailored according
to the patient’s needs. Many biomarkers such as procalcitonin (PCT) or interleukin (IL)-6 or
IL-18 are used in clinical practice to facilitate the diagnosis of sepsis [5,6]. Novel biomarkers
such as proadrenomedullin (MR-proADM), kallistatin, testican-1, and presepsin have been
introduced to assess the severity of sepsis and to predict the organ damage and the risk of
imminent death [5]. As of now, a golden standard biomarker in terms of the diagnosis and
prognosis for sepsis and septic shock has not been found. The aim of our narrative review
is to evaluate the role of MR-proADM as a biomarker of sepsis in the context of emergency
medicine and to summarize the current knowledge about MR-proADM in sepsis and septic
shock as a potential biomarker to achieve an early diagnosis and to predict the long-term
mortality of patients directly in the ED.

2. Literature Research

We performed an electronic literature review to investigate the role of MR-proADM in
sepsis and septic shock. We searched papers on PubMed®, Cochrane®, UptoDate®, and
Web of Science®. No ethical approval was necessary to perform this review. The principal
words we included in the search were “severe sepsis” OR “sepsis”, OR “septic shock”, AND
“procalcitonin”, AND/OR “pro-adrenomedullin”, OR “MR-proADM”, AND/OR “IL-6",
AND/OR “systemic inflammation”, AND/OR “organ failure”, AND/OR “infections”,
AND “diagnostic biomarkers” AND “prognostic biomarkers”, OR “bacteria-induced sep-
sis”, AND/OR Emergency Department (ED) OR Emergency Medicine. Our search was
based on clinical trials, meta-analysis, randomized controlled trials, reviews, and system-
atic reviews if available. We extracted data from comprehensive studies based on the new
definition of sepsis and septic shock and reviewed the role of serum MR-proADM as a
diagnostic and/or prognostic biomarker according to the available literature. We summa-
rized the main studies, exploring the role of MR-proADM with the investigated cut-off
value (nmol/L) (when available). No exclusion criteria (patient age, gender, comorbidities,
admission to ICU, etc.) were applied. We also searched studies performed in the context
of emergency medicine/ED. Papers were initially selected by title and abstract and then
by the availability of the full text. We reviewed the results of the studies on the basis of
the total number of patients, levels of MD-proADM, outcomes, management in the ED or
Intensive Care Unit (ICU), and use of MD-proADM or other biomarkers or stratification
scores of the severity of the patient’s condition. We investigated a total of 16 manuscripts
from 2013 to 2021. The limitation of our review is the heterogeneity of the studies (type of
patients included, design of study, endpoints).

3. Role of MR-proADM in ICU and in ED

Several authors have investigated the role of MR-proADM in patients with sepsis and
septic shock. MR-proADM is a stable and detectable fragment of 48-amino acids derived
from ADM (a 52-amino acid peptide and member of the calcitonin family) that is mainly
produced by vascular endothelial cells and smooth muscle cells. ADM and MR-proADM
have effects on vasodilatation (on artery and vein), natriuresis, bronchodilatation, and they
have influences on cardiac contractility and glomerular filtration [11], which are involved
in some clinical manifestations of sepsis and septic shock as refractory hypotension. MR-
proADM has a half-life that is longer than ADM and can be more easily detected in blood
compared to ADM, which is rapidly cleared from the circulation.

Most of the reported studies found that MR-proADM was a reliable biomarker that
could serve as an early predictor of high mortality risk. In fact, levels of MR-proADM can
potentially reflect the severity of organ dysfunction, even in the first stages of the disease, in
the progression of systemic inflammatory response, in the movement from sepsis to septic
shock, and in the mortality risk of septic patients [11,12]. A prospective observational study
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conducted with 213 septic patients showed that MR-proADM was able to predict system
dysfunction (respiratory, coagulation, renal, neurological, and cardiovascular) and was
well-correlated with Sequential Organ Failure Assessment (SOFA) score components [13].
The same results were obtained by Onal et al. [11], who concluded that MR-proADM
could be a good alternative to SOFA score. L. Buendgens and his team [14] designed a
prospective study to assess the role of MR-proADM in a cohort of 203 ICU patients and
66 healthy controls that they followed for a period of 26 months. They demonstrated that
MR-proADM values were higher in critically ill patients—especially in those with sepsis
progression—with a close correlation with other markers of systemic inflammation and
endothelial dysfunction. Moreover, MR-proADM levels correlated with scores for disease
severity (Acute Physiology and Chronic Health Disease Classification System (APACHE II),
SOFA, and Simplified Acute Physiology Score (SAPS2)). The best cut-off value that was
found by these authors to identify patients at high mortality risk was of 1.4 nmol/L [14].
Similar results were also reported by Gonzales Del Castillo et al. [15] in a larger study of
684 patients admitted to the ED for a suspected infection.

The abovementioned authors found that MR-proADM was able to identify those
hiding an underlying severe condition and who were at high risk for delayed or insufficient
initial treatment. In addition, authors compared several biomarkers (MR-proADM, C-
reactive protein (CRP), PCT, and lactate) and clinical scores (SOFA, quick SOFA, and
National early warning score (NEWS)), concluding that MR-proADM could help identify
patients with low NEWS or quick SOFA values but who were at high risk for sepsis
progression, helping in the initial treatment choices [15]. A prospective observational study
of 657 patients with an acute infection conducted by Haang et al. [16] reported that the
combination of MR-proADM and SOFA-score would better improve the stratification risk
of patients for 30-day mortality (area under the curve (AUC) 0.87) than the SOFA-score
alone (AUC 0.81). The authors defined a MR-proADM threshold value of 1.75 nmol/L
as a prognostic value for 30-day mortality (sensitivity 81%, specificity 75%, and negative
predictive value 98%) [16].

Spoto et al. [2] conducted a study on 571 septic patients and reported that MR-proADM
has a strong correlation with a high risk of 90-day mortality, with a cut-off of 3.39 nmol/L
for septic patients and a cut-off value of 4.33 nmol/L for shock patients. In another
prospective study of 209 patients with a clinical sepsis diagnosis, S. Spoto [17] et al. showed
that MR-proADM had an important function in predicting the development of organ
failure over 24 h [17]. Significant evidence of MR-proADM prognostic reliability was also
provided by a prospective observational study conducted in a sample of 326 patients with
sepsis or septic shock by Andaluz-Ojeda [18] and his coworkers. Their results showed
that MR-proADM was an optimal biomarker for the early identification of patients who
had a high-risk of mortality, even if these patients who initially had a moderate clinical
severity [18]. Such evidence further strengthens the role of MR-proADM as a prognostic
factor for mortality in critical illness, but this evidence also shows how its inclusion in
the first evaluation of septic patients with a moderate clinical condition is able to predict
later organ dysfunction. Schuetz et al. [19] conducted a prospective, multicenter study
including 7132 patients and revealed that MR-proADM improved the models that predict
ICU admission for patients with sepsis and septic shock. In a cohort of 128 septic patients
in the ED, Travaglino et al. [20] proved that MR-proADM was correlated with the APACHE
score. Chris-Crain et al. [21] proved that MR-proADM was a good prognostic biomarker
in critically ill patients with sepsis. However, a neat cut-off value for the identification of
septic patients with a high mortality risk has not yet been found, and more studies are
needed to finally set a threshold that can be standardized.

4. Discussion

Sepsis and septic shock are medical emergencies that require a proper diagnosis and
appropriate management from the moment of admission to the ED. In fact, sepsis and
septic shock carry a high mortality risk for patients [7,10,16]. Many factors contribute to the
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complexity of these conditions. Among them, the over-activation and dysregulation of the
innate immune system in response to a blood microbial invasion is a topic of great interest
in order to better define the most targeted therapeutic strategy. The innate immune system
expresses some receptors that are able to recognize the signaling of damage or infection as
damage-associated molecular patterns (DAMPs) or pathogen-associated molecular patterns
(PAMPs). DAMPs and PAMPs, which are binding receptors of the innate immune cells, lead
to the release of many pro-inflammatory cytokines and molecules such as tumor necrosis
factor-« (TNF-«), interleukin-6 (IL-6), and interleukin-1{ (IL-13) followed by the release of
acute phase proteins such as CRP, PCT, and MR-proADM [22]. In the context of the ED, it is
important to have easily measurable biomarkers that can produce an indication level of the
patient’s severity level in order to modulate the priority and the intensity of the patient’s
care. Literature studies [5,6] have investigated the role, both diagnostic and prognostic, of
some biomarkers such as PCT, IL-6, IL-18, presepsin, etc., in patients with sepsis and septic
shock without finding conclusive results. MR-proADM seems to be a good biomarker in
assessing a patient’s initial state, evolution, and prognosis. Moreover, MR-proADM may be
a good alternative to the sequential organ failure assessment (SOFA) score. In the context
of the ED, especially in the case of overcrowding, the administration of a simple blood
test may be more practical compared to the collection of a multitude of data to calculate
a score. MD-proADM has shown a strong ability to predict localized bacterial infections
and to make a differentiatial diagnosis of sepsis from SIRS in patients with hematologic
malignancies [23]. More studies are underway to explore the pathophysiological profile of
MD-proADM regarding the release kinetics and the blood clearance time in order to reduce
the risk of false-positive or -negative results and to avoid confounding and misleading
mistakes in interpretation.

Moreover, the best cut-off value of MR-proADM for the early diagnosis of sepsis and
for predicting patient prognosis has not yet been clarified. More studies are required to
better define it for use in clinical practice and directly in the ED.

Some other molecules proposed as ideal predictor biomarkers of sepsis include CD64,
the soluble receptors of myeloid cells (STREM)-1, the soluble urokinase-type plasminogen
activator receptor (suPAR), and pentraxin-3, but they are still far from application in the ED.
Recent advances in technology are now focusing on microbiome and non-coding RNAs [22],
some of which, for example miR-21, contribute to inflammatory responses and multi-organ
dysfunction (i.e., kidney, lung, and liver) during sepsis [24,25]. Moreover, several models
and scoring systems involving the combination of biomarkers are in progress [26-29].
They seem to have interesting diagnostic and prognostic performance, but they need
confirmation through more trials. Our review has some limitations. The analyzed studies
often extrapolated conclusions about MR-proADM based on a combination of different
biomarkers and/or scores and not from the analysis of MR-proADM alone. Moreover,
most of research studies included in the present work were not conducted in the ED and
were conducted in the ICU. The population sample and design of the studies were often
not homogeneous. Due to these considerations, it is essential to perform more studies in
the context of ED and to identify good biomarkers or a combination of biomarkers and
their cut off values that are able to promptly recognize the different phenotypes of septic
patients in order to stratify the most urgent patients in order to improve the quality of care
and survival, starting directly from the ED. The summary of studies exploring the role of
MR-proADM can be seen in Table 1.
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Table 1. Summary of studies exploring the role of proadrenomedullin (MR-proADM).

Number of Patients

Authors Type of Study and Time of Evidence Cut-Off (nmol/L)
Enrollment
Spoto S [2] et al. Retro.sp ective 571 MR-proADM has a stron 3.39 (for sepsis) and
P observational study P 5 P
Microb Pathog 2019 in adults (2012-2018) correlation with 90-day mortality ~ 4.33 (for septic shock)
Li [3] etal. Systematic review and 2556 MR-proADM might predict the
. meta-analysis of thirteen - - . unknown
Med Intensiva 2018 studies in adults (1999—2017) prognosis of septic patients
. MR-proADM: valid biomarker for
) . . 60 septic newborns vs. R
Fahmey [4] et al. Prospective observational neonatal sepsis. High levels were
b . 30 healthy neonates - . . 4.3
Korean J Pediatr 2018 pediatric study (May 2016-january 2017) associated with mortality and the
y y disease’s outcome.
MR-proADM is useful in the
Enguix-Armada [12] etal. =~ Prospective observational 388 management of septic patients unknown
Clin Chem Lab Med 2016 study in adults (2015) (measured in the first 24 h after
ICU admission)
MR-proADM correlates with the
[ . . largest number of Sequential
Andrés C [13] et al. Prospective observational 213 .
Eur ] Clin Invest 2020 study in adults (2019-2020) Organ Failure Assessment (SOFA) 14
score components and with
organ dysfunction
MR-proAMD values are higher in
Buendgens L [14] et al. Prospective observational 269 rirlltltcal ‘S;EE ¢ tp}? t;e;tsrinf ¢ 0.05
Mediators Inflamm 2020 study in adults (2018-2020) corre’ates With Other markers o :
systemic inflammation and
severity scores
MR-proADM identifies patients
Gonzal[e]z gl])e: Ciastﬂlo J Prospective observational 684 }gi.mg an dunc}ilerlymgts}?ve;e. K 177
[15] et al. study in adults (May-July 2018) condition and who are at high ris .
Crit Care 2019 for delayed or insufficient
initial treatment
Haag E [16] et al. Prospective observational 657 px&gg(ﬁ:}zﬁl\g fjll;issggﬁfcca?fgn 175
Clin Chem Lab Med 2021 study in adults (2019) than SOFA alone
Spoto S [17] et al. Prospective observational 209 MR-proADM anticipates organ 1
Sci Rep 2020 study in adults (May 2014-June 2018) failure in septic patients
Andaluz-Ojeda D . . 326 MR-proADM predicts mortality in
Prospective observational . . . ;
[18] et al. studv in adults (April 2013- patients with sepsis at an early 0.8
Ann Intensive Care 2017 y January 2016) clinical stage
Schuetz [19] et al. Review 4 studies MR—proADM:' prognostic
Crit Care 2015 in adult patients (March 2013- marker that may improve site of unknown
October 2014) care decisions
Kim [22] et al. Review 9 studies MR-proADM predicts 28-day
unknown
Infect Chemother 2020 in adult patients (1985-2020) mortality in septic patients

MR-proADM is useful in the

0.91 median level in

340 management of febrile patients septic patients
Al Shuaibi [23] et al. Control observational . . . ) (range: 0.05-8.78)
. . . (June 2009- with hematologic malignancies. It . .
Clin Infect Dis 2013 study in adults . 1 - 0.79 median level in
December 2010) localized bacterial infection and . .
differentiated sepsis from SIRS non-septic patients
(range: 0.05-6.48)
Valenzuela-Sanchez Prospective observational 20 ICU-patients syg;ﬁ?Aggnl;:gzerii:?effgtllg{J 1.425 (before ICU
[25] et al. single-center study in (June 2011 [I; fror 45 h of admission. it was ' admission)
Minerva Anestesiol 2019 adults January 2013) . . - 5.626 (48 hours after)
associated with death risk
Prospective MR-proADM anticipates the
Viaggi [26] et al. observatic?nal study in 64 modification of several scores 11
PL0S One 2018 adults y (12 March-25 June 2016) (SOFA, Pitt, and CPIS) related to ’
organ dysfunction
De La Torre-Prados . . 100 MR-proADM correlates with
Prospective observational o .
[27] et al. studv in adults (January- 28-day mortality in septic shock unknown
Minerva Anestesiol 2016 y December 2011) patients
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5. Conclusions

Data extracted from this narrative literature review showed that MR-proADM may be
helpful as a prognostic biomarker to stratify the mortality risk in cases of sepsis and septic
shock with different degrees of organ damages directly in the ED. Sepsis and septic shock
are conditions of high complexity and high mortality-risk. In the ED, early diagnosis is
crucial to provide early treatment and to improve patient survival. Diagnosis and prognosis
are often the result of a combination of several tests. In our opinion, testing MR-proADM
directly in the ED could help emergency physicians to facilitate the subsequent clinical
management and intensive treatment of septic patients with better patient survival results.
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Abstract: Background and Objectives: The aim of this study was to evaluate the diagnostic accuracy
and prognostic value of neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) ratios
and to compare them with other biomarkers and clinical scores of sepsis outside the intensive care
unit. Materials and methods: In this retrospective study, 251 patients with sepsis and 126 patients
with infection other than sepsis were enrolled. NLR and PLR were calculated as the ratio between
absolute values of neutrophils, lymphocytes, and platelets by complete blood counts performed
on whole blood by Sysmex XE-9000 (Dasit, Italy) following the manufacturer’s instruction. Results:
The best NLR value in diagnosis of sepsis was 7.97 with sensibility, specificity, AUC, PPV, and NPV
of 64.26%, 80.16%, 0.74 (p < 0.001), 86.49%, and 53.18%, respectively. The diagnostic role of NLR
significantly increases when PLR, C-reactive protein (PCR), procalcitonin (PCT), and mid-regional
pro-adrenomedullin (MR-proADM) values, as well as systemic inflammatory re-sponse syndrome
(SIRS), sequential organ failure assessment (SOFA), and quick-sequential organ failure assessment
(qSOFA) scores, were added to the model. The best value of NLR in predicting 90-day mortality
was 9.05 with sensibility, specificity, AUC, PPV, and NPV of 69.57%, 61.44%, 0.66 (p < 0.0001), 28.9%,
and 89.9%, respectively. Sensibility, specificity, AUC, PPV, and NPV of NLR increase if PLR, PCR,
PCT, MR-proADM, SIRS, qSOFA, and SOFA scores are added to NLR. Conclusions: NLR and PLR
represent a widely useful and cheap tool in diagnosis and in predict-ing 90-day mortality in patients
with sepsis.

Keywords: neutrophil-to-lymphocyte; platelet-to-lymphocyte; C-reactive protein; procalcitonin; MR-
proAdrenomedullin; systemic inflammatory response syndrome; sequential organ failure assessment;
quick-sequential organ failure assessment; sepsis; septic shock

1. Introduction

Sepsis is a systemic syndrome induced by infection and leading to a widespread
inflammation up to septic shock, multi organ failure, and death [1,2]. Patients with bac-
teriemia, sepsis, and septic shock presented a high mortality rate ranging from 25% to
30% and 40% to 50%, respectively [3,4]. Patients” prognosis and mortality rate, however,
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are strictly affected by a timely performed clinical and laboratory diagnosis as well as by
proper therapeutic management [5-7].

Blood cultures represent the gold standard for microbiological diagnosis of sepsis [6].
Unfortunately, they yielded positive results in just a third of cases and may require several
days for positivization even if newer and more expensive molecular techniques are used
(e.g., polymerase chain reaction and mass spectroscopy) [8-18].

To overcome these issues, several scores such as SIRS and qSOFA were introduced
in clinical practice to help diagnosis, disease severity stratification, and prognostic evalu-
ation [5,19,20]. Adding laboratory biomarkers increases the usefulness of these scores in
guiding clinical and therapeutic choices [12-26]. Among these, C-reactive protein (PCR,
> 5 mg/dL), procalcitonin (PCT, >0.5 ng/mL), and mid-regional pro-adrenomedullin
(MR-proADM, >1.50 nmol/L) showed the highest diagnostic and prognostic power, but
they were expensive and not widely available [15,26-29]. Conversely, the neutrophil-to-
lymphocyte ratio (NLR) represents a widely available, inexpensive, and easily performed
marker that has been recently evaluated for its diagnostic and prognostic role in sepsis.
NLR early expresses the relationship between innate (neutrophils) and adaptive cellu-
lar immune response (lymphocytes) during pathological states. [30]. Mean NLR values
below 2 (1,6) are representative of healthy people (without differences in sex category
or race) [30,31], while it may increase up to values of >10 in sepsis and >20 in septic
shock, with good sensibility and specificity [30-44]. NLR seems to also vary in relation to
different bacterial pathogens, with the lowest and highest values in Gram-positive and
Gram-negative or polymicrobial sepsis, respectively [37-39].

NLR, however, may be affected by some clinical condition or therapies resulting in
false positive (e.g., corticosteroids) or false negative (e.g., chemotherapy, radiotherapy,
antibiotic therapy, Cachexia) results [31].

Along with NLR, the monocyte-to-lymphocyte ratio (MLR), the platelet-to-lymphocyte
ratio (PLR), and the mean platelet volume-to-platelet count (MPV /PC) ratio have been
studied recently, but the results are contrasting [30-39].

The aim of this study was to evaluate the diagnostic accuracy and prognostic value
of NLR, PLR, and MLR in patients with sepsis and septic shock outside the intensive care
unit (ICU) and to compare them with C-reactive protein (CRP), PCT, MR-proADM, SIRS,
qSOFA, and SOFA scores.

Furthermore, we evaluated the role of NLR in aetiological diagnosis of sepsis and on
length of stay stratification.

2. Materials and Methods

The study was approved on 23 July 2016 by the Ethical Committee of the University
Hospital Campus Bio-Medico of Rome (28.16 TS Com Et CBM). All methods were per-
formed in accordance with the relevant guidelines and regulations. Informed consent was
not required for the retrospective design of the study.

2.1. Patients Selection and Study Design

Consecutive patients with clinically suspected sepsis or septic shock admitted to the
Diagnostic and Therapeutic Medicine Department and General Surgery of the University
Hospital Campus Bio-Medico of Rome were retrospectively enrolled between May 2014
and February 2021.

Exclusion criteria were age < 18 years and pregnancy.

The control group included patients with infection, but without sepsis admitted to the
Diagnostic and Therapeutic Medicine Department between May 2014 and February 2021.

Diagnosis of sepsis was performed according to the Third Consensus Conference
Criteria of 2016 when qSOFA or SOFA scores were >2 from the baseline in the presence of
an infection.

Bloodstream infection was defined as any positive blood culture for pathogens. Pneu-
monia was defined based on a positive pathogen respiratory culture and other Infectious
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Diseases Society of America (IDSA) diagnostic criteria [45]. Patients with positive urine
cultures were identified as cases based on the CDC National Healthcare Safety Network
(NHSN) UTI case definitions [46].

Baseline patients’ characteristics were retrospectively collected form medical records
including demographic information (age, sex category), presence of comorbidities (cardio-
vascular, pulmonary, kidney, liver disease), immune status (active malignancy or other
causes of an immunosuppression), immunosuppressive treatments (corticosteroids, antibi-
otics), laboratory values (complete blood count, NLR, PLR, MLR, PCR, PCT, MR-proADM),
and clinical scores (e.g., SIRS, qSOFA, SOFA).

2.2. Laboratory and Microbiological Parameters

Complete blood counts (CBCs) were performed on whole blood by Sysmex XE-9000
(Dasit, Italy) following the manufacturer’s instruction. NLR, PLR, and MLR were calculated
by the ratio between absolute values of neutrophils, lymphocytes, monocytes, respectively,
and that of platelets.

CRP protein was measured by Alinity c (Abbott, diagnostics) following the manufac-
turer’s instruction.

PCT and MR-proADM plasma concentrations were measured by an automated Kryp-
tor analyzer, using a time-resolved amplified cryptate emission (TRACE) technology assay
(Kryptor PCT; Brahms AG; Hennigsdorf, Germany) with commercially available immuno-
luminometric assays (Brahms) [5,21,25,26].

Blood specimens from patients were collected in BACTEC bottles containing anaerobic
or aerobic broth and resins. Blood culture bottles were incubated in BACTEC FX instrument
(Becton Dickinson, Meylan, France) until they were positive for bacterial growth or for a
maximum of 5 days. Positive samples were cultivated in selective agar media. Growing
colonies were identified by MALDI-TOF (Brahms) [5,21,25,26]. Selective and non-selective
media were used for microbiological cultures.

2.3. Statistical Analysis

Data were analysed using Med-Calc 11.6.1.0 statistical package (MedCalc Software,
Mariakerke, Belgium). Receiver operating characteristic (ROC) analysis was performed
among independent variables associated with sepsis to define the cutoff point for NLR,
PLR, plasma PCR, PCT, MR-proADM, SIRS, SOFA, and qSOFA score values. ROC curves
and areas under the curve (AUCs) were calculated for all markers and compared in patients
with sepsis or septic shock versus control patients.

X2 for proportions test was used to compare the relative percentage of patients with
positivity and/or negativity to SIRS criteria, SOFA score, qSOFA score, and other demo-
graphic characteristics of septic patients and control patients.

Positive predictive value (PPV) and negative predictive value (NPV) were calculated
for each variable, based on sensitivity, specificity, and disease prevalence. Younden Index
was used for cut-off selection.

The multivariate logistic regression model is performed to evaluate the association
between all evaluable laboratory markers and 90-day mortality.

Mann-Whitney test was used for median values’ comparison. p-value < 0.05 was
considered significant.

3. Results
3.1. Baseline Patients” Characteristics

Demographic and clinical characteristics of patients with sepsis (251 patients) and the
control group (126 patients) are reported in Table 1.

Patients with sepsis were younger than the control group (73 vs. 80, p = 0.001), while
roughly half of the patients in both groups were male (52.6 vs. 50.4%, p = 0.771).
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Table 1. Baseline patients’ characteristics.

Patients with Sepsis

Patients without Sepsis

Variables N =251 N =126 p-Value

Age,y 73.0 (65.0, 80.0) 80.0 (68.5, 86.0) 0.001
Male sex, 1 (%) 132 (52.6) 63 (50.4) 0.771
Steroid use, n (%) 62 (24.8) 27 (21.6) 0.577
Ongoing chemotherapy, 1 (%) 7 (2.8) 1(0.8) 0.376
Septic shock, n (%) 100 (39.8) 0 (0.0) <0.001
Smoke history (%) <0.001

Never 180 (71.7) 55 (44.0)

Former 61 (24.3) 52 (41.6)

Current 10 (4.0) 18 (14.4)
Diabetes mellitus type 2, n (%) 56 (22.3) 29 (23.0) 0.981
Cancer, 11 (%) 92 (36.7) 30 (23.8) 0.016
Lung disease, 1 (%) 58 (23.1) 43 (34.1) 0.031
Heart disease, 11 (%) 137 (54.6) 74 (59.2) 0.459
Liver disease, 1 (%) 24 (9.6) 8 (6.3) 0.390
Chronic kidney disease, 11 (%) 73 (29.1) 34 (27.0) 0.760
Chronic cerebrovascular disease, 1 (%) 68 (27.1) 19 (15.1) 0.013
SIRS, median values [IQR] 2(1,3) 0(0,1) <0.001
g-SOFA, median values [IQR] 2(1,2) 0(0,0) <0.001
SOFA, median values [IQR] 4(2,6) 2(1,3) <0.001
NLR, median [IQR] 10.7 (6.3, 18.7) 5.4 (3.7,7.4) <0.001
PLR, median [IQR] 228.7 (147.8, 407.9) 219.7 (147.1, 308.2) 0.049
CRP, median [IQR] 107.5 (41.8,173.7) 8.5(2.3,16.5) <0.001
PCT, median [IQR] 1.2(0.4,5.2) 0.1 (0.1, 0.3) <0.001
MR-proADM, median [IQR] 1.2(0.8,1.9) 2.8 (1.8,4.5) <0.001
Lenght of stay, median [IQR] 15.0 (11.0, 25.5) 10.0 (7.0, 13.0) <0.001
ICU admission, 1 (%) 47 (18.7) 0(0.0) <0.001
90-day mortality 69 (27.5) 1(0.8) <0.001

The vast majority of baseline patients’ characteristics were similar between septic
patients and control group (Table 1), except for the presence of presence of cancer and
chronic lung disease that was more (36.7% vs. 23.8%, p = 0.016) and less frequent (23.1 vs.
34.1, p = 0.031), respectively, in the former.

In septic patients, median SIRS, qSOFA, and SOFA scores’ values were 2 (IQR, 1 to
3), 2 (IQR, 1 to 2), and 4 (IQR, 2 to 6), respectively. One hundred out of 251 patients
(39.8%) had septic shock and 47 out of 251 patients (18.7%) required ICU transfer during
hospitalization.

The median length of stay was higher in septic patients than the control group (15 days
(IQR, 11 to 26) vs. 10 days (IQR 7 to 13), p < 0.001) and a significantly higher proportion of
patients with sepsis died during 90-day follow-up (27.5% vs. 0.8%, p < 0.001).

3.2. Diagnostic Role of NLR

For the diagnosis of sepsis, the best value of NLR was 7.97 with sensibility of 64.26%,
specificity of 80.16%, AUC of 0.74 (p < 0.001), PPV of 86.49%, and NPV of 53.18%. The ROC
curve is reported in Figure 1A. In Table 2, the diagnostic role of NLR is compared with
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Figure 1. (A) Receiver operating characteristic (ROC) curve analysis, showing neutrophil-to-lymphocyte (NLR) ability to
differentiate Scheme 7.97. (B) ROC curve analysis, showing NLR ability in to predict 90-day mortality in septic patients; the

best value of NRL was 9.05.

Table 2. Diagnostic role of NLR by ROC curve analysis.

Model Cut-Off  Sensibility = Specificity AUC p PPV NPV
NLR 7.97 64.26 80.16 0.74 <0.001  86.49 53.18
PLR 370.59 29.3 92.1 0.56 0.037 87.99 39.72
PCR 37.88 78.75 93.51 0.92 <0.0001  95.93 60.46
PCT 0.41 79.6 81.00 0.88 <0.001  89.26 60.67
MR-

proADM 1.83 80.1 74.6 0.86 <0.0001  85.51 66.68
SIRS >2 67.3 89.7 0.57 <0.001  96.77 43.30
q-SOFA >2 514 99.2 0.87 <0.001  99.23 50.21

SOFA >2 69.7 714 0.77 <0.001  82.94 54.21

Area under the curve (AUC); positive predictive value (PPV); negative predictive value (NPV). NLR, neutrophil-to-
lymphocyte; PLR, platelet-to-lymphocyte; PCR, C-reactive protein; PCT, procalcitonin; MR-proADM, mid-regional
pro-adrenomedullin; SIRS, systemic inflammatory response syndrome; SOFA, sequential organ failure assessment.

The diagnostic role of NLR significantly increases when PCR, PCT, and MR-proADM
values, as well as SIRS, gSOFA, and SOFA scores, were added to the model (Table 3).

When just PCT and MR-proADM are considered in the diagnosis of sepsis, the model
reached a PPV of 96% and a NPV of 69%. PPV and NPV for SIRS >2, gSOFA >2, and SOFA
>2 were 96.77% and 43.3%, 99.23 and 50.21%, and 82.94% and 54.21%, respectively.

The best values of PPV and NPV are reached when NLR, PLR, and SIRS scores (99.7%
and 94%, respectively), or NLR, PLR, and qSOFA scores (99.9% and 95.6%, respectively),
are included in the model.

NLR, MLR, and PLR did not show a significant role in aetiological diagnosis of sepsis.
Conversely, our results confirm the role of PCT in aetiological diagnosis of sepsis with
higher values in Gram-negative versus Gram-positive bacteria (p = 0.0022). Furthermore,
MR-proADM values are significantly higher in Gram-negative (p = 0.037) and polymicrobial
(p = 0.037) than Gram-positive sepsis.
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Table 3. Comparison of the diagnostic role of NLR with other inflammatory markers or clinical
scores: positive predictive value (PPV) and negative predictive value (NPV).

Model * PPV NPV

NLR 86.49 53.18

PLR 87.99 39.73

PCR 95.93 69.46

PCT 89.26 66.68
MR-proADM 85.52 66.68
SIRS 96.77 4331
qSOFA 99.23 50.21
SOFA 82.94 54.21

NLR + PLR 96.00 83.00
NLR + PCR 98.70 59.00
NLR + PCT 96.49 61.50
NLR + ADM 95.30 63.30
NLR + SIRS 98.90 81.00
NLR + g-SOFA 99.70 76.00
NLR + SOFA 94.00 73.00
NLR + PLR + SIRS 99.70 94.00
NLR + PLR + g-SOFA 99.90 95.60
NLR + PLR + SOFA 98.30 91.60

* Cut-off values: NLR, 7.97; PLR, 370.59; PCR, 37.88 mg/dL; PCT, 0.41 ng/mL; MRproADM, 1.83 ng/mL; SIRS,
q-SOFA, SOFA > 2. NLR, neutrophil-to-lymphocyte; PLR, platelet-to-lymphocyte; PCR, C-reactive protein; PCT,
procalcitonin; MR-proADM, mid-regional pro-adrenomedullin; SIRS, systemic inflammatory response syndrome;
SOFA, sequential organ failure assessment.

3.3. Role of NLR in Predicting 90-Day Mortality

The best value of NLR in predicting 90-day mortality was 9.05, with sensibility,
specificity, AUC, PPV, and NPV of 69.57%, 61.44%, 0.66 (p < 0.0001), 28.9%, and 89.9%,
respectively. The ROC curve is reported in Figure 1B.

The prognostic role of NLR in comparison with that of PLR, PCR, PCT, and MR-proADM
values, as well as with that of SIRS, gSOFA, and SOFA scores, is listed in Table 4.

Table 4. Role of NLR in predicting 90-day mortality.

Model Cut-Off  Sensibility = Specificity AUC p PPV NPV
NLR 9.05 69.57 61.44 0.66 <0.001  71.40 89.90
PCR 37.88 83.33 52.35 0.67 <0.001  27.90 93.40
PCT 0.39 90.00 47.00 0.70 <0.001  27.98 95.36
MR-

proADM 3.21 76.50 71.40 0.79 <0.001  38.20 92.92
SIRS >2 44.29 79.80 0.72 <0.001  33.33 86.26
g-SOFA >2 25.70 91.48 0.80 <0.001  40.90 84.20

SOFA >2 92.86 52.44 0.82 <0.001  30.80 96.98

Area under the curve (AUC); positive predictive value (PPV); negative predictive value (NPV). NLR, neutrophil-
to-lymphocyte; PCR, C-reactive protein; PCT, procalcitonin; MR-proADM, mid-regional pro-adrenomedullin;
SIRS, systemic inflammatory response syndrome; SOFA, sequential organ failure assessment.

Sensibility, specificity, AUC, PPV, and NPV of NLR increase if PLR, PCR, PCT, MR-
proADM, SIRS, qSOFA, and SOFA scores are added to NLR (Table 5).

MLR was not statistically significant in the 90-day mortality prediction.

Multivariate logistic regression model including all evaluable laboratory markers
showed as just MR-proADM is significantly associated with 90-day mortality (Table 6).
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Table 5. Improvement of the prognostic role of NLR with further biomarkers or clinical scores:
positive predictive value (PPV) and negative predictive value (NPV) reached by the association of
different biomarkers and clinical scores.

Model * PVV NPV

NLR 289 89.9

NLR + MR-proADM 52.0 50.0
NLR + SIRS 95.0 86.0
NLR + g-SOFA 96.0 88.0
NLR + SOFA 94.6 89.9

* Cut-off values: NLR, 9.05; MRproADM, 3.21 ng/mL; SIRS, g-SOFA, SOFA >2. NLR, neutrophil-to-lymphocyte;
MR-proADM, mid-regional pro-adrenomedullin; SIRS, systemic inflammatory response syndrome; SOFA, se-
quential organ failure assessment.

Table 6. Multivariate logistic regression model for 90-day mortality.

Model OR (95% CI) p-Values
NLR 1.002 (0.968 to 1.037) 0.912
PLR 0.999 (0.997 to 1.000) 0.142
MLR 0.952 (0.489 to 1.753) 0.878
CRP 0.998 (0.994 to 1.002) 0.270
PCT 0.989 (0.966 to 1.006) 0.226

MRproADM 1.406 (1.219 to 1.657) <0.001

4. Discussion

The results of this study showed that NLR values of 7.97 had a good diagnostic
accuracy, whereas a value of 9.05 allowed a prognostic stratification of patients with sepsis
that is increased by the association with PLR values of 370.59. Conversely to PCT and
MR-proADM, NLR did not help identify the type of bacterial pathogen responsible for
sepsis. MLR evaluation did not yield significant results.

Patients with sepsis presented a higher 90-day mortality (27.5%) and need for ICU
transfer (18.7%) than the control group. However, these proportions of patients resulted
lower than data available from previous studies, where mortality and ICU transfer reached
values as high as 37.5% and 80.8%, respectively [47].

Performing a complete blood count and calculating NLR and PLR in a clinical sus-
picion of sepsis may, therefore, help the clinician in diagnostic evaluation and prognostic
stratification of patients with significant values of sensibility, specificity, PPV, NPV, and
AUC (p < 0.0001). These latter values were similar to the values of PCT >0.41 and MR-
proADM >1.83 and are increased by the association with PLR values (PPV of 96% and NPV
of 83%) and clinical score of sepsis such as SIRS (PPV of 99.7% and NPV of 94.0%), qSOFA
(PPV of 99.9% and NPV of 95.6%), and SOFA (PPV 98.3% and NPV on 91.6%). In our study,
the association between NLR and SIRS or qSOFA reached higher diagnostic power than
the association between NLR and SOFA. This may be related to the clinical setting; our
patients, indeed, were hospitalized in a medical ward and outside the ICU.

Furthermore, the best values of NLR, CRP, PCT, and MR-proADM for a diagnosis of
sepsis were lower than the values reported from previous studies (10, 5 mg/dL, 0.5 ng/mL,
and 1.5 nmol/L respectively) [5,25,26,28,30—-44]. This may be related to a prompt laboratory
evaluation performed immediately after the suspicion of sepsis. These biomarkers, indeed,
have a turnaround time of less than an hour for complete blood count and one hour for
CRP, PCT, and MR-proADM. A prompt availability of these biomarkers may reduce the
delay between the diagnosis of sepsis and the administration of an effective treatment.

As for sepsis diagnosis, NLR values of 9.05 showed a good role in prognostic strat-
ification in terms of 90-day mortality. This is increased by its combination with both
MR-proADM (PPV of 52% and NPV of 50%) and clinical scores of sepsis such as SIRS (PPV
of 95% and NPV of 86%), q-SOFA (PPV of 96% and NPV of 88%), and SOFA (PPV of 94.6%
and NPV of 55.7%).
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Knowing that, the shorter the time between clinical presentation and diagnosis, the
better the patients” prognosis, NLR may ameliorate septic patients’ management. This, lat-
ter, further increases when the clinical score such as SIRS and qSOFA is used in association
with NLR.

The results of our study certainly showed that a prompt and accurate diagnosis of
sepsis may be achieved by the use of rapid, cheap, and widely performed biomarkers, as
well as in those clinical setting where the use of other biomarkers may be not available
or too expensive. Outside the ICU, adding information derived by these biomarkers to
clinical score such as SIRS or qSOFA reached a diagnostic accuracy of about 100%.

A limitation of the study is the monocentric enrollment of patients, which should be
expanded in the future to be multicentric, thus increasing the number of patients, which is
limited to 251 in this first study.

5. Conclusions

NLR is a good, rapid, cheap, and widely performed biomarker useful in diagnosis
and prognostic stratification of patients with sepsis. The association of NLR with other
biomarkers and clinical scores further increases these characteristics. Only the association
between clinical signs and several biomarkers may help increase the diagnostic sensibility
of sepsis and predict disease severity and mortality. Biomarkers must be performed in
supporting a clinical diagnosis. We hope that the use of NLR may improve the management
and ameliorate the prognosis of patients with sepsis.
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PPV Positive predictive value

NPV Negative predictive value
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SIRS Systemic inflammatory response syndrome
SOFA Sequential sepsis-related organ failure assessment
WBC White blood cell
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Sepsis still remains the leading cause of in-hospital death in the world [1,2]. In
the very recent years, this condition became even more evident with the appearance of
COVID-19, which has reached an unexpected burden in terms of morbidity and mortality
worldwide [3]; the severe form of COVID-19 is characterized by multi-organ failure, mainly
secondary to an inappropriate host response, which can be considered a full-fledged
sepsis [4]. In addition, SARS-CoV-2 infection has been shown to be an independent
risk factor for the development of bloodstream infection (BSI) and sepsis in hospitalized
patients [5].

The knowledge in the field of sepsis has accumulated over time. Nevertheless, signifi-
cant gaps in understanding the pathophysiological aspects and the management possibili-
ties of this deadly condition are still present.

The Special Issue “New Strategies for Treatment of Sepsis” was thought as an oppor-
tunity to bring together high-quality manuscripts that showcase the current knowledge
on the management of sepsis. We were particularly aware that several unmet needs still
needed to be addressed: the comprehension of mechanisms underlying the development
and progression of sepsis, the use of new diagnostic tools (including artificial intelligence)
for a better and less invasive approach, and the development of antimicrobial strategies in
order to effectively fight antimicrobial resistance [1].

The findings reported in the studies published as part of this Special Issue further
confirm the potential beneficial role of a deep understanding of mechanisms underlying
sepsis, both in reference to the characteristics of microbes and of hosts involved, which in
their singularity go to outline different types of sepsis each time. In this way this Special
Issue pave the way for future investigations aimed at further dissecting the impact of
Precision Medicine as the leading strategy for treatment of sepsis.

Specifically, the article by Rossetti et al. comprehensively analyzed the substantial
changes in the homeostasis of micronutrients connected with sepsis and its regulatory pro-
cesses [6]. In particular, the roles of Vitamin D, Vitamin C, Thiamine and Zinc, all involved
in inflammatory or immune response processes, were analyzed. Authors reviewed several
studies, many of which have failed to achieve statistical significance or contradict each
other. However, the main limitation of these studies, having mortality as outcome, is that
the action of micronutrients on seriously ill patients may be less relevant, probably because
the severity of organ failure is the result of several metabolic pathways that cannot be easily
reverted. Research on this topic should consider reliable and clinically sensitive surrogate
outcomes besides mortality, since in seriously ill patients the outcome is too often confused
by concomitant factors.

On this connection, the article by Aisa-Alvarez et al. highlighted the antioxidant
effect of Vitamin C, Vitamin E, N-acetylcysteine, and Melatonin in patients with septic
shock determining the SOFA score and measuring antioxidant markers in plasma [7].
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Other secondary outcomes were measured on day 28th including mortality due to any
cause, ventilator-free days, ICU-free days, and hospital-free days. The results showed
that antioxidant therapy associated with standard therapy reduces multi-organ failure,
oxidative stress, and inflammation in patients with septic shock. The strengths of this study
are certainly the monitoring of the plasma levels of the micronutrients administered, the
evident paucity of treatment-associated side effects, a rapid assessment of patients that
allowed to start the administration of micronutrients in a much faster way compared to
other comparable studies. Moreover, this is the first study in which the use of Melatonin
has been tested in humans with septic shock.

Back to pathophysiological aspects of sepsis, the study by Cutuli et al. analyzed the
possibility of both pharmacological and extracorporeal immune modulation in critically ill
septic patients [8]. In the last few years, an increasing body of evidence has demonstrated
that the administration of immune modulating drugs can mitigate both pro- and anti-
inflammatory bursts due to an infection and should be considered as a complementary
therapy to be associated with appropriate etiologic therapies (e.g., source infection control
and antibiotics). However, the real application of this complementary treatment is still a
matter of debate due to controversial results between laboratory and clinical trials. Trials
may be inconclusive or discordant with each other due to the great heterogeneity of septic
patients enrolled [9]. It is mandatory to push towards a personalized approach trying to
distinguish the peculiar characteristics of each septic patient, in order to better choose and
monitor the therapy to be tested and the effects to be evaluated.

Pursuing a personalized medicine of septic patients, which also includes the differen-
tiation of types of sepsis and the context in which they develop, the article by Bertozzi et al.
gives a detailed description of Neutropenic Enterocolitis (NE) and its frequent association
with sepsis [10]. NE is an acute alteration of the intestinal mucosa, mainly of the colon,
which develops in immunocompromised patients with a history of cancer and chemother-
apy in the previous month, particularly treated with those agents that cause mucositis
such as taxanes. This condition has an extremely high lethality rate (79% of patients with
histologically confirmed NE died after a median survival of 1 day) and septicemia occurs
frequently. The demonstration of an altered intestinal mucosal barrier would seem to
support the hypothesis of translocation as a prerequisite for subsequent bacteremia, sepsis,
and multi-organ failure.

The study by Perrotta et al. describes the case of a patient affected by thrombotic
thrombocytopenic purpura (TTP) admitted to an ICU after developing a hospital-acquired
SARS-CoV-2 interstitial pneumonia, further complicated by a K. Pneumoniae NDM sep-
sis [11]. The antibiotic treatment was effective not only for the treatment of sepsis, but also
for intestinal decolonization. This is the first report in literature on intestinal decontamina-
tion using the ceftazidime/avibactam + aztreonam combination as treatment for Klebsiella
pneumoniae NDM sepsis. This article allows a reflection on the risk of bacteremia related
to intestinal colonization with KPC-Kp and on the possibility that a specific acquired
condition such as SARS-CoV-2 infection may increase this risk, either through a direct
mechanism of infection at intestinal level, either following the use of immuno-modulatory
therapies, both capable of increasing bacterial translocation in the intestinal tract.

On this connection, again with a view to a personalized medicine that allows managing
the infection in the context of the patient’s singularity, the study by Murri et al. acquires
relevance [12]. It took into consideration the management of candidemia and the frequent
overtreatment of this condition. Indeed, overtreatment may be associated with several
disadvantages: possible increase in antifungal resistance, drugs-related adverse events
and high costs. The intervention of a stewardship program associated with a biomarker
such as beta-D-glucan has been shown to be effective in reducing the excessive duration of
treatment without impacting length of hospitalization or mortality.

Another thriving line of research concerns diagnostic tools for an early and accurate
diagnosis of sepsis, taking into account not only the type of infection and the characteristics
of host, but also the context in which the patient is being managed.
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Covino et al. retrospectively analyzed a monocentric cohort of patients presenting
to ED with fever, over a 10-year period, and subsequently hospitalized [13]. The aim of
this study was to ascertain whether PCT determination at ED could improve patient’s
prognosis with respect to those with no PCT assessment. As main result, in the whole
sample of 12.062 evaluated patients, the PCT-guided management was not associated with
a better outcome. However, two subgroups of patients showed a clinical benefit from
this approach: those who received a final diagnosis of bloodstream infection and those
with a qSOFA > 2. At a closer look, this work underlines the importance of PCT in the
management of the septic patient, rather than in its early diagnosis.

Even though literature data recommend the use prediction scores to early recognize
those patients at risk for sepsis and poor in-hospital outcome, there is still a significant
burden of uncertainty on the optimal prognostic score to be used (e.g. qSOFA, SOFA,
SIRS, EWS). Sozio and Colleagues focused their research on the most accurate predictor
of in-hospital mortality outcome in septic patients presenting to the ED [14]. Their retro-
spective monocentric study included 1014 patients admitted to two ED in Tuscany, Italy,
for suspected sepsis. Among them the diagnosis of sepsis was confirmed in 651 patients,
while 363 received an alternative diagnosis. A Bayesian mean multivariate logistic re-
gression model identified septic shock and positive gSOFA as independent risk factors
for in-hospital mortality while hyperthermia was a protective factor. In other words, the
absence of fever could identify sicker patients who are not able to properly respond to
infection (anergy), thus at higher risk of mortality.

Shifting the gaze from the ED setting to that of Internal Medicine departments, the
management of patients with a septic state and a bloodstream infection still represents a
challenge for the heterogeneity of the population and the scarcity of literature data on the
optimal management.

Our research group focused on the prognostic accuracy of delta-PCT (a reduction
of PCT > 50% after 48 h, >75% after 72 h, and >85% after 96 h) in predicting mortality
of Internal Medicine patients with microbiological identified sepsis [15]. In a sample of
80 patients with at least two available PCT determinations, those patients with Delta-PCT
showed a significantly higher proportion of survival both at 28-days and 90-days. Delta-
PCT can therefore be used to predict the prognosis of septic patients admitted to internal
medicine wards.

The possible application of new diagnostic markers was evaluated by Piccioni et al.
who reviewed the current literature on the use of presepsin and proadrenomedullin in the
setting of ED [16,17]. Presepsin is a fragment of the soluble form of CD14 (sCD14), after
being cleaved by plasma cathepsin D; it contributes to the activation of the innate immune
response. Proadrenomedullin derives from the degradation of adrenomedullin into a
fragment of 48-amino acids; it is mainly produced by endothelium and smooth muscle
cells and exerts its effects on vasodilatation, bronchodilatation, promoting diuresis and
myocardial contractility. Levels of these two peptides rise during bloodstream infections,
thus they have been proposed in the setting of early identification of septic and critical
patients. However, their ability to add significant information compared to those given
by PCT is still matter of debate. In any case, given that a single biomarker cannot give an
unfailing and absolute answer in the setting of prognostication [9], expanding diagnostic
possibilities is warranted.

Similarly, Spoto and Colleagues tested the diagnostic accuracy and prognostic validity
of neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) ratios in comparison
with other biomarkers of sepsis in non-ICU wards [18]. They found them good, rapid
and cheap biomarkers to help clinician in the identification and prognostic stratification of
patients with sepsis.

In summary, the field of sepsis is exceptionally diverse and it is a rapidly growing
area of research and development.

We, the Co-Guest-Editors of this Special Issue, are thankful to all the authors and
reviewers who have contributed to this issue by sharing their knowledge, findings and time.
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