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Introduction

A revolution in medicine

In the early hours of the morning, on September 3, 1928, Alexander Fleming made
a discovery that would change history. Fleming was a biologist and studied Staphy-
lococcus bacteria. By accident, one of his bacterial cultures was contaminated with
a fungus, while he was on holiday leave. Upon return, he noticed that the bacteria
surrounding the fungus were destroyed. Fleming’s famous words: “That’s funny”
heralded the discovery of the first antibiotic, penicillini.

The effects of antibiotics were revolutionary, lethal infectious diseases were treat-
able for the first time?3. Infectious diseases such as pneumonia, the world’s leading
cause of death in these days, could now be treated®®. The enormous effects of an-
tibiotics became apparent after the second world war, when the average life-ex-
pectancy rose as an effect of the decrease in mortality from bacterial infections®.
The use of antibiotics has increased exponentially since their introduction®’. Today,
antibiotics are mostly used in hospitals and other healthcare settings for treatment
and prophylaxis of infections, and in the livestock industry, to prevent and treat
diseases in farm animals®®.

Resistance

In his Nobel prize speech in 1945, Alexander Fleming already warned that bacteria
could become resistant to antibiotics®®. Antibiotic resistance is a prime example of
natural selection. Charles Darwin described this theory in his book “On the origin of
species by means of natural selection”, where he stated that organisms less suited
to their environment die, and organisms with favorable traits survive and repro-
duce'.

In treatment with antibiotics, most bacteria will die, but some bacteria are neither
killed, nor affected in reproduction by the effects of antibiotics. These micro-organ-
isms have acquired mechanisms of resistance to antibiotics, and can multiply at the
expense of non-resistant micro-organisms because of selection pressure’?,

The use of broad spectrum antibiotics has increased in recent years. This widespread
use of broad spectrum antibiotics is considered as one of the main causes of the
increase of resistant microorganisms!*4, The consequences of antibiotic resistance
are disastrous. The world health organization has declared antibiotic resistance as
one of the biggest threats to global health today. In Europe, estimated costs as-
sociated with antibiotic resistance are in the range of 1.5 billion euros annually®®.
Since the discovery of antibiotics, the problem of antibiotic resistance has grown so
extensively, that scientists fear a so-called post-antibiotic era. In this scenario, we
would see that antibiotics lose their effectiveness due to resistant bacteria. Con-
sequently, a re-emergence of many infectious diseases that become untreatable
would greatly increase global morbidity and mortality®’.
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Antimicrobial stewardship

To counter the threat of antibiotic resistance, global initiatives were started to re-
duce the overuse of antibiotics in healthcare!®°. Antimicrobial stewardship is de-
fined as coordinated interventions to optimize antimicrobial use among patients
in order to improve patient-centered outcomes, ensure cost-effective therapy and
reduce adverse sequelae of antimicrobial use. Antimicrobial stewardship strategies
can be implemented throughout healthcare systems. These strategies include ed-
ucation on antibiotic resistance, optimal selection of antibiotics, optimizing regi-
mens, dosage and duration of antibiotics prescriptions. Other strategies consist of
clinical guidelines and decision-making aids for physicians, such as treatment algo-
rithms2%-23,

The emergency department

Every day, numerous patients visit emergency departments (EDs) worldwide. Many
of these patients have complaints and symptoms that may be caused by infectious
diseases. Patients with suspected infections are considered a diagnostic dilemma
for physicians in the ED?**?°, These patients may have clinical signs of an infection,
such as fever, coughing, or redness of the skin. However, initially, the etiology (e.g. a
bacterial, viral or fungal origin, or a noninfectious cause) of the patients’ complaints
is often unclear. Physicians in the ED may have a clinical suspicion of the etiology,
which is based on findings in patients’ history and physical examination, specific
laboratory investigations, such as leukocyte count, and focused image techniques,
such as chest X-rays. Definitive determination of the pathogen can only be per-
formed using techniques such as cultures and polymerase chain reaction analysis
(PCR). The results of these techniques take several days to become available.

However, in the ED, there is a limited time window to start treatment. Patients usu-
ally stay in the ED for only a few hours. Therefore, the results of the time-consuming
techniques of cultures and PCR are not available to physicians in the ED. Withhold-
ing antibiotics to patients with sepsis and septic shock increases mortality in these
patient categories®. International guidelines of the surviving sepsis campaign rec-
ommend administering broad spectrum antibiotics to patients with suspected sep-
sis to reduce sepsis associated mortality?’. Consequently, physicians start antibiotics
on empiric grounds, without an accurate diagnosis of etiology. This practice results
in wide administration of broad spectrum antibiotics in EDs, despite the knowledge
of the effects of broad spectrum antibiotics on antibiotic resistance.

The core of the problem - to treat or not to treat - lies in discriminating patients who

will benefit from antibiotics, (i.e. patients with bacterial infections) from patients
who will not benefit (i.e. patients without bacterial infections).
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Biomarkers

Biological markers, or biomarkers in short, are defined as characteristics that are
objectively measured and evaluated as an indicator of normal biological process-
es, pathogenic processes or pharmacologic responses to a therapeutic interven-
tionZ. For example, in current practice, C-reactive protein (CRP) is one of the most
commonly used biomarkers?. This is an acute phase protein, which is significantly
increased in patients with bacterial infections, compared to patients who are not
il*>31, One of the most important advantages of CRP, compared to other diagnostic
modalities, is that the results are usually available within one hour, so CRP results
can be used in medical decision-making in the ED. However, the specificity of CRP is
far from perfect, because CRP levels are not only increased in patients with bacterial
infections, but in patients with viral infections and non-infectious diseases as well?.

Procalcitonin

One of the more recent strategies for diagnosing bacterial infections, and conse-
guently reducing the prescription antibiotics in the ED, is procalcitonin (PCT) guided
therapy. PCT is a precursor protein of calcitonin. Calcitonin is a hormone which is
involved in the calcium homeostasis. In healthy individuals, PCT levels are unde-
tectably low. However, in patients with bacterial infections, blood concentration of
PCT is greatly increased. In contrast, the calcitonin blood concentration only varies
slightly. Therefore, PCT can be used as a biomarker for bacterial infections®?. PCT
has been studied in several selected populations, and these studies showed PCT
to be a more accurate biomarker than CRP in differentiating between bacterial and
non-bacterial disease®* Still, despite the existing evidence, the real value of PCT in
the ED has not yet been determined.

Biomarkers for viral disease

Similar to biomarker strategies that rule-in bacterial infections, biomarkers can be
used to rule-in viral diseases. Combinations of these strategies may improve accura-
cy of determining the etiology. Two candidate biomarkers for ruling-in viral disease
are tumor necrosis factor(TNF)-related apoptosis-inducing ligand (TRAIL) and in-
terferon-gamma induced protein-10 (IP-10), also known as C-X-C motif chemokine
10 (CXCL10). TRAIL is a member of the TNF family of cytokines and plays a role in
apoptosis of various cell lines during activation of the immune system in response
to viral infections®#3>. IP-10 is a chemokine that is secreted in response to interfer-
on-gamma in case of inflammation. IP-10 has several functions in activating both
the innate and adaptive immune system. These roles include activating T1 lympho-
cytes and natural killer cells, identifying infected cells and regulating cell growth and
apoptosis®. Blood concentrations of both biomarkers are significantly increased in
patients with viral infections, compared to patients with bacterial and non-infec-
tious disease®” A recent study by van Houten et al. showed promising results using
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TRAIL and IP-10 in combination with CRP in diagnosing bacterial disease in young
children with respiratory infections®®. However, the value of this combined strategy
in a general emergency department remains unclear.

Sepsis and severity of disease

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated
host response to infection®. Sepsis is no single disease, but a complex condition in-
volving multiple systems, including the immune system, the coagulation system and
the endothelium*®#, The surviving sepsis campaign guidelines advise to administer
broad spectrum antibiotics to patients with sepsis. The rationale of this advice is
that early administration of antibiotics can reduce morbidity and mortality, because
the cause of sepsis is treated?®?’. However, not all patients with an infection develop
sepsis*® Therefore, hypothetically, only patients with sepsis should be treated im-
mediately, and in patients without sepsis, treatment could be delayed until a specif-
ic diagnosis is made. If patients who are at risk of becoming critically ill due to sepsis
can be identified in the ED, broad spectrum antibiotics may be reserved exclusively
for this specific group, and could be withheld in the patients who are not at risk for
adverse events of sepsis.

There are several biomarkers that are indicators of specific systems that are involved
in sepsis. Mid-regional pro-adrenomedullin (proADM) is a prohormone of adreno-
medullin, a peptide with inflammation induced vasodilatory effects**. Increased
levels of proADM in patients with community acquired pneumonia (CAP) are as-
sociated with short-term adverse outcomes, such as intensive care unit (ICU) ad-
mission and mortality**. Pro-endothelin-1 (proET-1) is a precursor of the paracrine
hormone endothelin, and has vasoconstrictive properties®. Increase in proET-1 is
correlated with failure of microvascular homeostasis and organ failure in septic
patients*®*%. The physiologic role of soluble urokinase-type plasminogen activator
receptor (suPAR) is unclear at present. However, increases in suPAR blood concen-
tration levels are associated with activation of the immune system due to several
stimuli, such as viral, bacterial and parasitic infections, and with malignancies®. In
observational studies, suPAR predicted adverse outcomes such as readmission to
hospital and mortality*>*. Although these biomarkers show potential, they are not
routinely used in medical practice.
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In summary, physicians in the ED need to make the critical decision whether to treat
or not to treat patients with suspected infections, under diagnostic uncertainty. And
both possibilities have potentially deleterious consequences. In order to make the
optimal treatment decision, diagnostic uncertainty needs to be reduced as much
as possible, using the principles of evidence based medicine®. To determine the
likelihood of bacterial infections more accurately, we used a Bayesian approach, by
adding the diagnostic values of new biomarkers to the diagnostic values of current
standard tests®2.

Aims of this thesis

The overall aims of this thesis were to investigate if biomarkers can improve early
identification of bacterial infections and provide early estimation of severity of dis-
ease, and if biomarkers can be used to effectively reduce the prescription of antibi-
otics for febrile patients without bacterial infections in the ED.

Outline of thesis

Part | PCT-guided therapy

Chapter 2 This part begins with an overview of all prospective interventional studies
on PCT-guided therapy in the ED in a systematic review. Chapter 3 is a pilot study on
PCT-guided therapy, where patients were randomized between standard care and
PCT-guided therapy. Chapter 4 clarifies the goals of the HITEMP study, a randomized
clinical trial (RCT) on PCT-guided therapy, featuring the rationale of the study and a
thorough description of the study design, methods and statistical analysis. Chapter
5 is the main study of this thesis, the HITEMP study, a RCT on PCT-guided therapy,
including an analysis of efficacy, safety, accuracy and cost-effectiveness.

Part Il Additional biomarker strategies

Chapter 6 is a report of a pilot study on the biomarkers TRAIL and IP-10 in a select-
ed patient cohort with patients with confirmed viral, bacterial and non-infectious
diagnoses. In Chapter 7 TRAIL and IP-10 are investigated in combination with both
CRP and PCT in a cohort of general ED patients. Chapter 8 focuses on severity of dis-
ease. We report on the value of single ED measurements of CRP, PCT and the newer
biomarkers proADM, proET-1 and suPAR in predicting ICU admission and mortality.

Part Il General discussion

Chapter 9 is the concluding part of this thesis. Here, we discuss the findings of this
thesis, and describe plans and possibilities for future research.
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