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n the recently published ProHOSP
trial, we investigated the safety and
external validity of procalcitonin (PCT)
guidance for antibiotic therapy in patients
with different severities of lower respiratory tract infections, mainly pneumonia.
In this addendum, we aim to extend the
initial report by reinforcing the rational
of the PCT algorithm and by presenting
more detailed data on antibiotic therapy
in different severities of infection. In
milder, mostly viral respiratory infections
(i.e., acute or chronic bronchitis) initial
prescription of antibiotics was markedly reduced by PCT guidance because
PCT remained low in most patients.
In pneumonia, PCT showed a severitydependent increase and highest levels
in patients with positive blood cultures.
Thus, the main effect in pneumonia
was a severity- and bacteremia-adapted
reduction of the duration of antibiotic
courses. In lower respiratory tract infections, PCT guidance had a differential
effect on antibiotic exposure depending
on the underlying type and severity of
respiratory tract infection.
Introduction
Recently, we demonstrated the safety of
procalcitonin (PCT) guidance of antibiotic therapy in a large multicenter trial in
Switzerland including patients with different severities of lower respiratory tract
infections (LRTIs) ranging from often self
limiting acute bronchitis or acute exacerbation of chronic pulmonary disease
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(ECOPD) to possibly life-threatening
community-acquired pneumonia (CAP).1
Importantly, within this trial, antibiotic
therapy was markedly reduced overall and
resulted in a reduction of antibiotic side
effects, including nausea, diarrhea and
rash of about 30%. In this addendum, we
extend the initial report by reviewing the
clinical PCT algorithm and by presenting
more detailed data on antibiotic therapy
in different severities of CAP. Because of
both different kinetics and absolute values
in mild and viral as compared to severe
and bacterial LRTI, initiation and duration of antibiotic courses are affected by
PCT guidance. Limiting overall antibiotic exposure by both, reducing initiation
and by shortening duration of treatment,
respectively, is important for lowering
antibiotic-associated costs, side effects and
minimizing selection pressures for resistant organism.2
Clinical Algorithm
for PCT Guidance
PCT concentrations most markedly
increase upon inflammation in the context of severe bacterial infections and
show a log-normal decrease upon recovery. For this reason, PCT concentrations
can help physicians to estimate the likelihood for relevant bacterial infections and
thus decide upon the need for antibiotic
therapy in individual patients as a surrogate biomarker. Importantly, only highly
sensitive PCT assays reliably distinguish
between bacterial and non-bacterial LRTI
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Figure 1. Algorithm for Antibiotic Guidance. AB, Antibiotic; PSI, Pneumonia severity index; CURB65, confusion, urea, respiratory rate, blood pressure, age >65 years.

in an Emergency Department setting.3-6
While observational studies previously
tried to assess the diagnostic accuracy
of PCT to distinguish bacterial from
non-bacterial LRTI, correct interpretation of microbiological analysis in LRTI
is hampered by issues like antibiotic pretreatment, pre-analytic errors, sample
availability, co-infection, colonization,
persistence of pathogen detectability and
most importantly the lack of a diagnostic gold standard. The aetiology of a presumed bacterial cause of fever cannot be
detected in 50–80% of patients with suspected bloodstream infections. Therefore,
no gold standard exist in LRTI and observational studies remain inconclusive.7
Meta-analyses of observational studies
further stir confusion and cannot resolve
the gold standard dilemma.8,9 Thus the
ultimate proof that PCT safely improves
clinical decision making must come from
intervention studies, in which antibiotic
therapy is guided by a PCT algorithm,
and in which the primary measure of
efficacy is medical outcome. For this purpose a clinical algorithm based on reasonable PCT cut off ranges derived from
multilevel-likelihood
calculations
obtained in observational studies,10 was
proposed and tested in “proof-of-principle”
LRTI studies and in different clinical
settings.11-15 The algorithm encourages
(>0.5 mg/L or >0.25 mg/L) or discourages
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(<0.1 mg/L or <0.25 mg/L) initiation or
continuation of antibiotic therapy more or
less based on these specific cut-off ranges
(Fig. 1). In case antibiotics are withheld, clinical reevaluation and a repeated
measurement of PCT is recommended
after 6–24 hours in all patients with not
improving medical conditions. If PCT values are increased and antibiotic therapy is
initiated, repeated PCT measurements are
recommended and antibiotics can be discontinued using the same cut-off ranges.
In patients with very high PCT values on
admission (e.g., >5–10 μg/L), discontinuation of antibiotic therapy is encouraged
if levels decreased by more than 80–90%
of the initial value. Importantly, to assure
the safety of patients, specific “overruling”
criteria were defined, which allowed this
algorithm to be bypassed. These include
all situations where patients are in immediately life-threatening situations (i.e., hemodynamic or respiratory instability or need
for ICU admission) and rapid initiation of
antibiotic therapy is of utmost importance.
Also in patients with high severity CAP as
assessed by the Pneumonia Severity Index
(PSI) or the CURB65 score, or most severe
COPD, respectively, overruling of the
algorithm is possible. Interestingly within
the ProHOSP study, in around 10% of
all patients, the algorithm was overruled
based on these pre-specified criteria. For
example 3.2 and 8.2% of CAP patients
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with immediate need for ICU admission
had initial PCT levels below 0.1 ug/L
and 0.25 mg/L, respectively. In 9.2% of
patients, the algorithm was overruled in
violation of the criteria and only based on
the judgment of the treating physician.
Many physicians in this multicenter study
were in the beginning not familiar with
the PCT algorithm and were used to giving longer courses of antibiotic therapy.
As with any new diagnostic test, changing the behavior of physicians needs continuous education and clinical experience.
Interestingly, the overruling rate without
prespecified reasons decreased from the
first to the second half of the study by over
20% (from 10.5 to 8.2%).
PCT Guidance in Different
Severities of CAP
There are several reasons why tailoring
antibiotic therapy in individual patients
and thereby shortening the overall duration is important. First, the trend toward
greater proportions of pneumococci that
are multi-resistant calls for expanded
efforts to reduce the unnecessary use of
antimicrobial agents.16 This has been recognized by most professional organisations
and societies who developed consensus
guidelines restricting the use and duration of antibiotic treatments for this purpose. However, adherence to guidelines is
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Figure 2. Procalcitonin concentrations and Antibiotic Therapy in different severities of CAP. PSI, Pneumonia severity index; CURB65, confusion,
urea, respiratory rate, blood pressure, age >65 years.

variable17,18 and physicians tend to treat
longer, especially in elderly patients with
co-morbidities and patients with severe
pneumonia.15,19 For example, adherence to guidelines within ProHOSP
was moderate with a 24% overruling
rate despite the enforced use of a webbased algorithm for all patients. Second,
from a pathophysiological perspective, it
makes sense that for different severities
of LRTI, different durations of antibiotic courses are appropriate. Duration
of antibiotic therapy can be guided by
clinical signs such as defervescence,
decrease of sputum production and
coughing, or improvement of general
condition. However, the interpretation of the clinical response lacks standardization and validation and is prone
to interobserver variability. 20 In this
context, most experts agree that readily measurable biomarkers predicting
severity and extent of bacterial infection
would be helpful. Several biomarkers
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have been proposed for this purpose,
e.g., s-TREM, C-reactive protein (CRP)
and white blood count.21 However, the
reliability of these markers for guiding
antimicrobial therapy is limited by their
protracted response with late peak levels
and a suboptimal specificity, especially
in patients with systemic inflammation.9,21-23 Within ProHOSP,1 PCT concentrations showed an about 6–8-fold
increase with increasing severity of CAP
based on both scoring systems, the PSI
score24 and the CURB65, 25 (Fig. 2).
Consequently, duration of antibiotic
therapy was different in different severities of CAP in the PCT group, while
in the control group antibiotic courses
were similar. Similarly, as demonstrated
in two previous smaller studies12,14
and in the ProHOSP study, patients
with bacteraemic CAP had markedly
increased PCT concentrations resulting
in a longer treatment of these bacteraemic patients.
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Adverse Outcomes
The aim of the ProHOSP trial was to investigate the safety of PCT guidance in a large
and adequately powered sample of patients
with LRTI in a multicenter setting. The
study was powered for a combined endpoint including mortality, ICU admission,
disease specific complications and recurrent LRTI in need for antibiotics within
a 30 days follow up. Obviously, mortality
is the most important component of this
endpoint and 30 days mortality rates were
similar in both study arms. Based on the
ProHOSP study, the difference of mortality
between PCT and control patients was 0.4.
The 95% confidence interval of -2.1 to 2.5
excluded a higher mortality of 2.5% in PCT
guided patients. The difference of mortality rates between control and PCT patients
in all patients (n = 2570) from the previous
five LRTI PCT studies1,11,13-15 is only 0.04%
(95%CI—1.0%–1.7%) with 4.7% nonsurvivors (60/1290) in the control group and
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Figure 3. Antibiotic-related side effects in different treatment durations of LRTI. AB, Antibiotic.

4.6% nonsurvivors (59/1280) in the PCT
group. Interestingly, in the ProHOSP study
the risk of ICU admission and recurrent
infections tended to be smaller in patients
allocated to the PCT group. Although
there is no definite explanation for this finding, it is conceivable that PCT provides an
additional margin of safety for the treating
physicians. Because many physicians monitored CRP levels in patients allocated to the
control group, CRP with its later peak and
slower decrease may have influenced the
physicians’ decision to transfer patients to
the ICU or to suspect recurrent infection.
In addition, we found a 42% increase
in rates of antibiotic-related side effects
including diarrhea, nausea and skin rashes
in control group patients (28.1% vs. 19.8%,
p < 0.001). Antibiotic-related side effects
increased threefold in patients with short
antibiotic courses (1–3 days) to patients
with longer courses (>9 days) (Fig. 3).
Importantly, duration of antibiotic courses
was the single most important predictor for
side effects with an adjusted odds ratio of
1.08 (95%CI 1.05–1.10) after adjustment
for randomization arm, type of LRTI, age,
gender and total length of hospital stay.
Future Directions
Procalcitonin-guided antibiotic therapy
was repetitively shown to be most effective
and efficient to safely reduce the antibiotic
overuse in LRTI. Notably, 50% to 75%
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of all antibiotic courses are prescribed for
LRTI. Thus, it is very likely that if introduced in a larger scale in the medical community it will be associated with a lower
risk of emergence of bacterial resistance in
clinical practice. All published evidence
today, however, was obtained in randomized controlled trials where physicians
knew that they were being monitored.
Thus physicians may have shown a higher
adherence to the PCT algorithm under
study conditions as compared to the reallife setting (Hawthorne effect) and data
on the efficacy of PCT guidance outside
of study conditions are lacking. Because
the effect of PCT strongly depends on the
adherence to the clinical PCT algorithm
future studies should investigate the effect
of PCT in real life settings.
For this purpose, we are currently
performing a multinational observational quality surveillance study with a
target inclusion of at least 1,200 patients
in Switzerland, France and the US
(ISRCTN40854211). All consecutive
adults with LRTI who are seen in hospital emergency departments or general
practitioner offices and are being treated
in either an ambulatory or hospital setting
are being registered and monitored for 30
days after diagnosis. The primary aim is
to assess the efficacy of PCT-guided antibiotic guidance for patients with LRTI
outside of study conditions; secondary
goals include assessment of the adherence
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with the PCT algorithm and its safety in
a real-life setting. Since some of the currently involved centers participated in the
before mentioned trial, it will be interesting to compare these primary and secondary outcomes with the procalcitonin group
and the control group within the centers
and as pooled results; and further to compare the PCT-naïve centers with those
which already have PCT experience. Since
like previously noted, controlled studies
may show different results from real-life
settings,26,27 it is time to evaluate PCT as
the currently best studied and most promising biomarker for antibiotic guidance in
LRTIs in larger scale post-study surveillances. We welcome those interested in
antibiotic use and resistance issues to join
us in these efforts.
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