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General discussion

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.

Main results

In the emergency department (ED), biomarker-guided treatment with procalcitonin
(PCT) did not result in a reduction of prescription of antibiotics to patients with
fever. However, combinations of biomarkers for both viral and bacterial infections
(CRP, PCT, TRAIL and IP-10) could discriminate between bacterial and non-bacteri-
al disease with higher accuracy than individual markers and previously described
combinations of biomarkers. Biomarkers (CRP, PCT, proADM, proET-1 and suPAR)
could identify patients who were at risk for a severe course of illness and mortality.

PCT-guided therapy

In part | of this thesis we focused on PCT-guided therapy, a biomarker strategy to
reduce antibiotic prescriptions in the ED. Because PCT-levels are generally elevated
in case of bacterial infections, PCT can be theoretically used as a biomarker to dis-
criminate between bacterial and non-bacterial disease?. The diagnostic value of PCT
has been studied extensively, and PCT has been found to be more accurate than the
conventional biomarker C-reactive protein (CRP)2. With antimicrobial stewardship
in mind, several distinct PCT-guided therapies were designed, with different goals.
In one strategy, PCT-guided therapy is used to reduce the length of antibiotic treat-
ment. This strategy has been studied mostly in the intensive care unit (ICU), and
was shown to be safe, and effective in reducing the overall exposure to antibiotics
in ICU patients®. Another strategy of PCT-guided therapy is the guidance of initiation
of antibiotics.

Initiation of antibiotics

In this thesis, we focused on initiation of antibiotics using PCT-guided therapy. Ac-
curacy of a biomarker is only one part of a biomarker-guided therapy. Physicians
make the decision to start antibiotics. Therefore, the adherence to the treatment
algorithm is another important factor in the efficacy of biomarker-guided therapy.
To assess the previously reported clinical value and efficacy of PCT-guided therapy,
we performed a systematic review on studies that prospectively investigated effi-
cacy. We limited the setting of the studies to the ED. Patients only spend a limited
amount of time in the ED. Physicians have to make critical decisions on initiation of
treatment under time constraints, with limited information of the patients’ medical
history and with limited availability of diagnostic modalities®. Because these con-
ditions may influence treatment decisions, and because these conditions are sig-
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nificantly different from primary care, medical wards and ICUs, we only compared
studies from ED settings.

In our systematic review, a common finding of all studies was that PCT-guided ther-
apy did not result in an increase in adverse events®. Furthermore, we found that
PCT-guided therapy did reduce antibiotic prescriptions in adult patients with respi-
ratory infections. However, in young children PCT-guided therapy did not reduce
antibiotics. Additionally, several of the studies included in the systematic review
reported nonadherence to study protocols. Nonadherence was not limited to ED
settings, and is also reported in PCT-guided therapy studies in primary care, medical
wards and ICUs®. Nonadherence was defined as the discrepancy between the treat-
ment advice based on the PCT-guided advice, and the actual antibiotic treatment
physicians initiated. Nonadherence could be either withholding antibiotics despite
the advice to start treatment, or by starting treatment in spite of the advice to with-
hold antibiotics.

The practice of emergency medicine

None of the studies on PCT-guided therapy addressed a general ED population. In-
stead, populations were classified by age (pediatric patients) or specific complaints
(respiratory complaints). Therefore, findings of these studies are not applicable to
daily practice in the ED, because 1. Most patients who visit the ED are adults. 2.
Most patients who have suspected infections do not have specific classified find-
ings, such as unilateral rales on auscultation of the lungs, or a lobar infiltrate on a
chest x-ray. Moreover, the incidence of bacterial infections was higher in selected
populations than in a general ED population. For example, the incidence of commu-
nity acquired pneumonia in the proHosp study was 68%, whereas in the study by
Limper et al. the incidence of CAP in a general ED population was only 27%°’. In the
later study, 39% of patients did not have a confirmed diagnosis. Physicians in the ED
need adequate decision-making support tools to treat all patients with suspected
infections, not only patients with clearly identifiable symptoms, but also, or maybe
even more so, patients with vague or indeterminate complaints. With this rationale,
we started a pilot study on PCT-guided therapy in the ED.

PCT-guided therapy in a general ED population

To select patients with a suspected infection in an objective manner, we used fe-
ver as single inclusion criterion. Fever is an objectively and easily measurable vital
parameter, and a fair indicator of infections®®. With this criterion, we could include
a heterogeneous population of patients with infectious diseases without the risk
of selection of specific classes of patients, making the results generalizable to the
general ED population. In the pilot study, we did not find a statistically significant
reduction of antibiotic treatment with the use of PCT-guided therapy, although a
trend towards reduction was observered®. Based on the findings in the pilot study,
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we designed a larger study with a similar research question, with the acronym Hi-
TEMP, for fever, or hyperthermia, which was an abbreviation of “Higher diagnostic
accuracy and cost-effectiveness using procalcitonin in the treatment of emergency
medicine patients with fever”!°. In addition to the outcomes of the pilot study, we
added a healthcare costs analysis, including hospital costs and societal costs. Fur-
thermore, this was a multicenter study, in both a tertiary care academic hospital,
and a non-academic hospital®.

Based on the results of the largest ED study on PCT-guided therapy, the proHosp
study, and our pilot study, our hypothesis was to find a significant reduction of pre-
scription of antibiotics. However, to our surprise, we did not. Results of the study
showed no significant difference in antibiotic prescriptions between patients who
received standard care and patients who received PCT-guided therapy?. In our
view, the explanation of this finding was attributable to another unexpected find-
ing, namely the low accuracy of PCT for both confirmed and suspected bacterial
infections compared to previous studies on PCT2.

In the HITEMP study, our goal was to design a study in which all patients with sus-
pected infections in the ED were included, using objective inclusion criteria. Al-
though selection bias occurred in our population on several areas, (patients with
severe disease were not included because they could not give written informed
consent in the ED, patients with mild disease without fever were not included be-
cause they did not meet the inclusion criterion of fever), the population of the Hi-
TEMP study approximated the heterogeneity of a general ED population to a higher
extend than the previous studies on PCT-guided therapy®. We found that the AUC
of the predictive value of PCT for bacterial infections in a general ED population
was 0.681 (95%Cl 0.633—0.730), which was lower than AUCs of PCT for bacterial
infections in previously reported in studies on specific patient groups. There was
nonadherence to PCT-guided treatment advice in 49% of cases in our study12. We
expect that physicians who were in a conflicting situation, in other words, when
their clinical judgement was in contrast with the PCT advice, would trust on their
own clinical judgement and disregard the PCT-guided treatment advice. This means
that physicians implicitly compared the diagnostic value of PCT with the diagnostic
value of clinical judgement. Additionally, in subsequent encounters with PCT results
after a conflicting situation, physicians may have had a biased attitude, an anchor,
towards PCT results. With a previous negative experience with PCT values in mind,
physicians could have been even more inclined to disregard treatment advice*®.

Additional biomarker strategies

Our main conclusion of the HITEMP study was that PCT-guided therapy was not ef-
fective in reducing antibiotics in a general ED population. The antibiotic treatment
advice, based on a single PCT measurement with a cut-off of >0.5ug/I, was disre-
garded by physicians due to conflicts of PCT-guided treatment advice with clinical
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judgement. To reduce antibiotics in the ED, bacterial infections needed to be deter-
mined with higher accuracy. With this idea, we performed two studies combining
PCT with TRAIL and IP-10. We hypothesized that if a patient was diagnosed with a
viral infection, it was less likely that a bacterial infection was present. In the pilot
study on viral biomarkers, we showed that TRAIL and IP-10 could differentiate pa-
tients with confirmed viral infections from patients with confirmed bacterial infec-
tions and non-infectious fever. However, this was a selected sample of patients with
a single confirmed infection. In real-life, patients can have both a viral and bacterial
infection simultaneously. Moreover, by selecting only patients with confirmed infec-
tions, there was a possibility of an overestimation of accuracy. Therefore, we deter-
mined the accuracy of a combination of biomarkers for viral and bacterial infections
in the HITEMP cohort, to approximate a general ED population. In this subsequent
study, we found that the combination of CRP, PCT, TRAIL and IP-10 could differen-
tiate between bacterial and non-bacterial disease with higher accuracy than indi-
vidual biomarkers. The classification “suspected infections” was performed by two
independent physicians, with a systematic approach. However, expert panel review
is no gold standard for diagnosing bacterial infections. To determine the true value
of this combination of biomarkers, an interventional study is needed. Before an in-
terventional study can be initiated, the accuracy of the combination of biomarkers
needs to be validated in prospective studies.

Severity of disease

In the last study in this thesis, we focused on a different outcome, severity of disease.
We defined severe disease as either need for intensive care unit (ICU) admission, or
mortality. In this study, we showed that an increase of biomarkers for activation of
different systems in sepsis predicted ICU admission with comparable accuracy as
validated clinical scores, and predicted mortality with even higher accuracy than
clinical scores?. Because of the low number of patients who had severe disease, we
could not calculate a combined prediction model with both biomarkers and clini-
cal scores. Theoretically, a combination of multiple biomarkers for different systems
that are activated in sepsis, together with clinical scores that indicate the effects of
sepsis, could yield a detailed indication of disease severity of sepsis. Although an in-
dication of disease severity in patients with suspected infections does not determine
if patients have bacterial infections or not, an indication of disease severity may help
physicians in treatment decisions. Clinical guidelines advise to treat patients with
suspected sepsis with broad spectrum antibiotics, in order to reduce mortality*>°.
If patients who are at risk for a severe course of illness could be identified in the ED,
these patients could receive optimal treatment in an early stage. On the other hand,
if patients are not at risk for a severe course of illness, antibiotic treatment could
be avoided, and a watchful waiting approach could be initiated in specific patient
groups. For example, such an approach has been previously proposed for pediatric
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patients with uncomplicated otitis media®’. Additionally, even hospital admissions
could be reduced, if patients are not severely ill, and hence do not require clinical
observation. This will eventually reduce overall healthcare costs. Although the pre-
dictive value of biomarkers for disease severity should first be validated in prospec-
tive studies before an interventional study can be performed, withholding antibiot-
ics for not severely ill patients may be an option to reduce antibiotic prescriptions
in the ED. Of course, careful consideration of inclusion criteria and acceptable con-
sequences should be part of the study design.

Next steps

Based on the results of the studies in this thesis, we expect that combinations or
sets of biomarkers are a key step to increase diagnostic accuracy in differentiation
between bacterial and non-bacterial disease. In our study on the combination of
biomarkers for viral and bacterial infections, we have used a single cut-off for all
biomarkers in the model. However, there may be other approaches that may be
more effective in ruling out bacterial infections and consequently reducing the use
of antibiotics. Recent studies in pediatric patients have used the combination of
CRP, TRAIL and IP-10 using the so-called “index test”!®%, In this test, patients have
a high, low or equivocal probability for bacterial infections. This approach can be
used to effectively rule-out bacterial infections in patients with low probability, and
antibiotic treatment can be avoided. One of our next projects will be the design and
validation of a clinical decision support tool to differentiate between bacterial and
non-bacterial disease in adult ED patients, with a combination of CRP, PCT, TRAIL
and IP-10. Although PCT-guided therapy was shown to be ineffective in the HITEMP
study, a combination of several biomarkers can be more accurate in differentiating
between bacterial and non-bacterial disease!??°. In this project, we will explore dif-
ferent approaches, a “classical” dichotomous outcome, an approach with an equiv-
ocal group, and a numerical scoring system which indicates probability of bacterial
disease. This project is the logical next step after the HITEMP study, by a refinement
of diagnostic means. The goal of this project is to reduce unnecessary prescription
of antibiotics.

The second project is a further study into severity of disease. In sepsis, multiple
systems eventually cause organ failure. Our hypothesis is that if we can measure
activity in all these systems, together with measurement of clinical parameters, we
can identify those patients who are at risk for a severe course of illness in an earlier
stage, and intervene earlier. Furthermore, patients with a predicted mild course of
disease may be exempt from unnecessary treatment and observation. One of the
first steps of the project will be an observational study of the biomarkers proADM,
proET-1 and suPAR for hospital admission, ICU admission and mortality in the ED.
To specifically assess disease severity in patients with sepsis, we plan to investigate
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multiple systems, such as activation of the immune system and the microvascu-
lar system, with the addition of the activation of the coagulation system. A study
on ICU patients will be initiated where we will measure biomarkers before, during
and after ICU admission. With this approach, we expect to gain more insight in the
pathophysiology of sepsis, and to be able to quantify disease severity in an ob-
jective way. In the future, these insights may lead to early interventions that may
optimize critical care, reduce healthcare costs by reducing hospital admissions, and
possibly, reduce antibiotics.

Future diagnostic modalities

In this thesis, and in our newly proposed projects, the goal was, and remains, to
determine the diagnostic value of indicators that can differentiate between patho-
gens, and can assess activity of different physiological systems. The indicators we
studied were protein-based biomarkers and clinical scores. Clinical scores contain
vital parameters, such as respiratory rate and blood pressure. In sepsis, abnormal
vital parameters can be seen as a compensation mechanism for failing underlying
systems, such as the vascular system and endothelium. Likewise, abnormal pro-
tein-based biomarkers represent a reaction to pathogen-initiated activation of spe-
cific genes that encode for these biomarkers. The so-called “omics” diagnostics (ge-
nomics, transcriptomics, proteomics and metabolomics) are diagnostic tests that
utilize the human genome, and provide information on activation and inhibition of a
multitude of (patho)physiological systems, on a deeper level than ever before. The
omics diagnostics are part of the upcoming field of systems biology*?2. The transla-
tion of systems biology from laboratories to clinical practice is one of the challenges
for the future.

Future treatments

Antibiotics are most common treatment for bacterial infections. However, due to
the threat of antibiotic resistance and the looming post-antibiotic era, alternative
treatment options should be investigated.

In this thesis, we investigated several biomarkers as indicators for bacterial and viral
disease. However, these biomarkers themselves also have physiological functions.
In a study in septic hamsters who were administered exogenous PCT, mortality rose
significantly compared to the control group who did not receive exogenous PCT. In
another experiment, septic hamsters were treated with an anti-serum to hamster
PCT. The group of hamsters who received the anti-serum to PCT, and had a sub-
sequent neutralization of PCT, had a lower mortality rate than the control group,
who did not receive PCT neutralization®. In another study, mice with a S. pneumo-
niae lung infection were treated with exogenous TRAIL. The intervention group of
mice had a higher survival rate than the control group?. These animal experiments
show that there may be possibilities to target therapies on the host organism it-
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self, instead of on the pathogen. However, these findings have to be validated and
developed into treatments for humans first, and then tested rigorously for efficacy
and safety before they can be utilized in clinical practice. A recently rediscovered,
and possible future treatment is bacteriophage therapy. Bacteriophages are viruses
that target specific bacteria. Bacteriophage treatment was investigated in the early
twentieth century. Because of the success of antibiotics, research on bacteriophage
therapy was discontinued in the Western world. Today, in a search for alternatives
for antibiotics, bacteriophage therapy could be a solution to the problem of antibi-
otic resistance. Further well-conducted studies are required to determine the role
of bacteriophage therapy?®.

Putting it in perspective

The rationale of this thesis was to find and investigate ways to address the problem
of antibiotic resistance. We focused our question on how we could reduce antibi-
otic prescriptions to patients who did not need antibiotics, and limited our studies
to a specific clinical setting, the ED. We concluded that PCT-guided therapy did not
effectively reduce antibiotic prescriptions in our study setting. Hence, we investi-
gated two strategies, one to make the differentiation of bacterial and non-bacterial
disease more accurate, another to determine disease severity. For both strategies,
we presented our plans for further study. This is where we are now. We have added
our tiny bits of evidence and insights to the vast quantity of medical evidence in
the field of infectious diseases, that started with Alexander Fleming, when he dis-
covered penicillin. Antibiotic resistance remains a threat to global health. However,
current strategies will be refined. Newer and more accurate diagnostics will become
available. New treatments will be discovered. And, following the principle of natural
selection, with continuous effort of physicians and scientists, with hits and misses,
failures and successes, we will find a way.

Closing comments

Although the ultimate goal of is this thesis is investigating ways to combat antibiotic
resistance, the practice of medicine revolves around people. The primary interest of
physicians should always be their patients. Therefore, physicians who treat patients
with infectious diseases have the self-proclaimed duty to critically appraise all evi-
dence on antibiotic resistance, in order to decide what will keep their patients from
harm. Moreover, physicians have to think critically about their own clinical judge-
ment. Because eventually, it is the physician who will make the decision, whether
—to treat or not to treat -.
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