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An ideal biomarker for pneumonia should allow an early
diagnosis and differential diagnosis from noninfectious
conditions and should inform about the course and
prognosis of the disease. Procalcitonin (PCT) covers
these features better as compared to more commonly
used biomarkers like C-reactive protein or leukocyte
count. PCT complements and improves the assessment
of pneumonia based on careful patient history, dedi-
cated physical examination, and appropriate cultures.
Importantly, a PCT-based therapeutic strategy can safely
and markedly reduce antibiotic courses in community-
acquired pneumonia. However, as is the cast with all
diagnostic surrogate markers, PCT can be increased
in noninfectious conditions and may remain low in
bacterial infections, especially localized infections. This
stresses the importance of follow-up measurements,
because PCT levels in these patients often show a grad-
ual increase during follow-up. Although PCT is better
than more common biomarkers for the prognosis of
pneumonia and to predict survival and outcome, novel
biomarkers show an even better prognostic accuracy.

Introduction

Procalcitonin (PCT) is a precursor peptide of the hormone
calcitonin (CT) [1]. After translation from CT messenger
RNA (mRNA), PCT is cleaved enzymatically into smaller
peptides, finally yielding the 32 amino acid mature CT
[2]. Most CT precursor peptides including PCT are found
in the serum of healthy persons.

Originally, mature CT was thought to be a hormone
exclusively of thyroidal C-cell origin that played an
important role in skeletal homeostasis [1]. However,
provided that thyroid hormone is replaced, thyroidectomy
in humans has no important pathologic consequences:
calcium homeostasis remains intact, and bone density

is not decreased [3,4]. The presence of the parathyroid
gland and other evolutionary changes in tetrapods
suggest that the function of the mature CT hormone in
humans is no longer essential [5].

Conversely, a cytokine-like role in the host defense is
likely. Accordingly, in microbial infections and various
forms of inflammation, circulating levels of several CT
precursors, including PCT but not mature CT, increase
up to several-thousand—fold. This increase and especially
the course correlate with mortality and the severity of the
condition [6-9].

In the absence of infection, the extrathyroidal tran-
scription of the CALC-I gene is suppressed and restricted
to a selective expression in neuroendocrine cells found
mainly in the thyroid and lung. In these neuroendocrine
cells, the mature hormone is processed and stored in
secretory granules (Fig. 1) [10,11].

A microbial infection induces an ubiquitous increase
of CALC-I gene expression and a constitutive release
of PCT from all parenchymal tissues and differentiated
cell types throughout the body [12]. The transcriptional
expression of CT-mRNA is more uniformly upregulated
in sepsis than are the mRNAs of the classical cytokines
(eg, tumor necrosis factor—o. and interleukin [IL]-6)
[12]. Parenchymal cells (including liver, kidney, adipo-
cytes, and muscle) provide the largest tissue mass and
principal source of circulating PCT in sepsis and infec-
tions [11]. Thus, CALC gene products are a prototype of
hormokine mediators and can follow either a classical
hormonal expression in neuroendocrine cells or a cyto-
kine-like ubiquitous expression pathway in various cell
types [12]. The inflammatory release of hormokines can
be induced either directly via microbial toxins (eg, endo-
toxin) or indirectly via a humoral or cell-mediated host
response (eg, [L-1B, tumor necrosis factor—ao, IL-6). The
induction can be attenuated by cytokines also released
during a viral infection (eg, interferon-y), which may be
the reason for the less pronounced increase of PCT in
viral infections.

For the diagnosis of infections, the diagnostic accu-
racy of PCT and its optimum cut-offs are completely
dependent on the use of a sensitive assay in a predefined
clinical setting. Ideally, an ultrasensitive assay should
reliably measure circulating concentrations of PCT in all
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healthy individuals. Such assays are currently available
for research purposes (PCT-sensitive LIA® [BRAHMS,
Hennigsdorf, Germany] and N-ProCTX'®) and should be
widely available for clinicians in the near future. A rapid
assay assures that results can be timely enough to be
incorporated into clinical decision making.

The commercially available Kryptor® PCT assay
(BRAHMS) takes advantage of a time-resolved ampli-
fied cryptate emission (TRACE) technology. It is
based on a sheep polyclonal anti-CT antibody and a
monoclonal antikatacalcin antibody, which bind to
the CT and katacalcin sequence of CT precursor mol-
ecules. The assay has a functional assay sensitivity of
0.06 pg/L (ie, three- to 10-fold above normal mean
values) [13]. Assay time is 19 minutes, and in clinical
routine, results can be obtained within 1 hour using
20 to 50 pL of plasma or serum. Another commercially
available two-site assay (LUMItest® PCT, BRAHMS),
measures both PCT and the conjoined CT:calcitonin-
carboxypeptide I (CCP I) by means of a luminometer. This
assay is useful to detect markedly elevated PCT levels in
severe, systemic bacterial infections (ie, sepsis). However,
this manual assay has the disadvantage of a relative insen-
sitivity, with an accurate detection limit of approximately
0.3 to 0.5 pg/L [7,13]. Thus, the LUMItest® assay is not
sensitive enough to detect mildly or moderately elevated
PCT levels, which limits its diagnostic use in conditions
other than overt sepsis. A colorimetric, “quick” bedside
test, PCT®-Q (BRAHMS), has the advantage of rapid
determination of circulating CT precursor levels in 30
minutes. Unfortunately, the assay is only semiquantitative
and is not sensitive enough to detect moderately elevated
ProCT levels.

Procalcitonin as Diagnostic Marker

for Bacterial Pneumonia

A variety of studies and reviews have shown the superior
diagnostic accuracy of PCT as compared to other param-
eters for the diagnosis of sepsis, independent of the origin
of infection [9,14e¢.15]. Although the increase of other
inflammatory markers such as C-reactive protein (CRP)
is attenuated by immunosuppressive medication (namely
steroids), the diagnostic accuracy of PCT remains unaffected
[16]. In addition, PCT seems to have an advantage over CRP
because of its earlier increase when infection occurs and
better negative predictive value, which has been shown in
children with fever of unknown origin [17] or adults in the
intensive care unit (ICU) with sepsis [14es].

The most frequent source of systemic infections is the
lung [9]. Lower respiratory tract infections (LRTTs) (ie, acute
bronchitis, acute exacerbations of chronic obstructive lung
disease or asthma, and pneumonia) account for almost 10%
of the worldwide burden of morbidity and mortality [18]. As
much as 75% of all antibiotic doses are prescribed for acute
respiratory tract infections, in spite of their predominantly
viral etiology [18]. This excessive use of antibiotics is the
main cause of the spread of antibiotic-resistant bacteria [19].
Thus, decreasing the excess use of antibiotics is essential
to combat the increase of antibiotic-resistant microorgan-
isms [20]. A reduction of antibiotic use results in fewer
side effects, lower costs, and in the long-term, decreased
drug resistance [21].

In this context, we conceived and validated a PCT-
guided diagnosis and antibiotic stewardship using cut-off
ranges in the continuum of LRTIs. In four intervention
trials enrolling more than 1200 patients, the success of the
intervention was measured by clinical outcomes, assuming
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that if the patient recovered without antibiotics, then there
was no serious bacterial illness. This circumvented the
problem of the nonexistent diagnostic gold standard based
on traditional criteria (eg, clinical signs, CRP, leukocytosis,
culture result). We compared the routine use of antimicro-
bial therapy versus PCT-guided antimicrobial treatment
for LRTL In the PCT group, the physician was advised
to follow the antibiotic treatment algorithm based on
the PCT value and the likelihood for bacterial disease
(Fig. 2) [9,22-24].

Thereby, a PCT level less than 0.1 pg/L suggests the
absence of bacterial infection, and the initiation or con-
tinuation of antibiotics should be strongly discouraged.
Antibiotic therapy can be considered in critically ill
patients; that is, in community-acquired pneumonia (CAP)
patients, those with pneumonia severity index (PSI) class
V or those with a CURB-65 (ie, confusion, urea nitrogen,
respiratory rate, blood pressure, 65 years of age and older)
score greater than three points, chronic obstructive pul-
monary disease (COPD) patients, and those with a GOLD
(ie, global initiative for chronic obstructive lung disease)
IV. If antibiotics are given, an early discontinuation of
antibiotic therapy after 1 to 3 days should be endorsed if
PCT levels checked daily remain less than 0.1 png/L.

A PCT level between 0.1 and 0.25 pg/L indicates that
bacterial infection is unlikely, and the initiation or con-
tinuation of antibiotics should be discouraged. Antibiotic
therapy can be considered in high-risk patients (ie, PSI IV
or CURB-65 > 2 in CAP patients; GOLD III or an arterial
oxygen saturation [SaO,] < 90% after 30 minutes therapy
on the emergency unit in COPD patients), necrotizing CAP
(Staphylococcus aureus, Klebsiella pneumoniae, anaero-
bics), critically ill patients suffering from Mycoplasma
pneumoniae, empyema, and abscesses.

A PCT level between 0.26 and 0.5 pg/L indicates a pos-
sible bacterial infection, and the initiation or continuation
of antibiotic therapy should be encouraged.

A PCT level greater than 0.5 pg/L strongly suggests
the presence of bacterial infection and antibiotic treat-
ment, and continuation should be strongly encouraged.

The same cut-offs can be used for patients pretreated
with antibiotics (ie, treated with one or more doses of anti-
biotics prior to admission to the emergency department).

In hospitalized patients, PCT levels should be reas-
sessed on days 3, 5, and 7 in patients with ongoing
antibiotic therapy and in cases of worsening or delayed
recovery of signs and symptoms. Antibiotics should be
discontinued using the PCT cut-offs defined above. In
all patients with a high-peak PCT value (eg, > 1 pg/L),
discontinuation of antibiotics can already be encour-
aged if levels decrease below 80% to 90% of the
initial value (eg, stop at 1 pg/L, instead of 0.25 pg/L if
peak was 10 pg/L).

Persistently elevated PCT levels may indicate a com-
plicated course, but the possibility of falsely high PCT
levels should be considered [25¢]. Conversely, it should
also be considered that PCT levels may remain relatively
low in localized infections (eg, empyema, abscess) [25e].
Consequently, the PCT algorithm can be overruled
in patients with immediately life-threatening disease
(eg, severest comorbidity, emerging ICU need during
the initial follow-up, hemodynamic or respiratory
instability, and positive antigen test for legionellosis).
If the algorithm is overruled and antibiotics are given,
an early discontinuation of antibiotic therapy after
3, 5, or 7 days can be more or less endorsed, if PCT
levels, checked on day 3, 5, and 7 remain less than
0.1 pg/L or less than 0.25 pg/L, respectively.
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Procalcitonin and Antibiotic Stewardship:
What is the Evidence?

In the first PCT in Respiratory Tract Infections (ProRESP)
Study, we assessed the capability of the sensitive PCT assay
(Kryptor® PCT) to identify bacterial LRTIs requiring
antimicrobial treatment [26ee]. The clinical and labora-
tory outcome after a mean of 13 = 5.4 days was similar in
both groups. In the PCT group, the percentage of patients
with LRTI who received antibiotic therapy was reduced
by 46.6%, compared with the standard group (P < 0.001).
Antibiotic use could be significantly reduced in all diag-
nostic subgroups, but most strikingly in acute bronchitis
and acute exacerbations of COPD.

In patients with CAP, PCT levels were almost always
high. Pneumonia is defined as inflammation of the
pulmonary parenchyma, which is often caused by a
bacterial agent, mirrored in markedly elevated PCT levels.
In CAP, antimicrobial therapy must be promptly initiated,
because a delay in treatment is associated with increased
mortality. Thus, the primary value of PCT in CAP was
not to reduce antibiotics, but to facilitate the differential
diagnosis of new or progressing infiltrates. Accordingly,
PCT guidance could markedly lower the number of anti-
biotic courses in patients with infiltrates on chest x-ray
unrelated to pneumonia.

Importantly, the optimal duration of antimicrobial
therapy in CAP is largely unknown [27]. Most likely, it
varies from patient to patient and is dependent on, among
other things, the severity of the disease, the fitness of the
host response, and the underlying microorganism. Current
guidelines recommend antibiotic courses of 7 to 14 days,
depending on illness severity and type of pathogen [28].
However, adherence to guidelines is variable [29], and
physicians tend to treat longer, especially in elderly patients
with comorbidities and patients with severe CAP [26ee].
Duration of antibiotic therapy can be guided by clinical
signs such as defervescence, decrease of sputum produc-
tion and coughing, or improvement of general condition.
However, the interpretation of the clinical response lacks
standardization and validation and is prone to inter-
observer variability [30].

The dynamics of PCT levels have prognostic implica-
tions, as persistently elevated levels are associated with
adverse outcomes [31]. Conversely, decreasing PCT levels
suggest a favorable outcome, usually showing a log-linear
drop-off and a half-life of 20 to 24 hours [1]. There-
fore, in the randomized intervention trial, PCT in CAP
(ProCAP), we assessed the capability of PCT-guidance to
shorten antibiotic duration in patients with all severity
levels of CAP admitted to the emergency department. We
demonstrated in more than 300 patients with CAP that
PCT guidance allows a safe and marked reduction in the
duration of antibiotic treatment from a median of 12 to
5 days with a similar outcome after a clinical follow-up
of disease status after 6 weeks. Importantly, measures
of clinical and laboratory outcome were similar in both

groups [32ee]. Thus, PCT appears to be a more reliable
measure for individual tailoring and early discontinuation
of antibiotic therapy compared to routinely used clinical
and laboratory parameters. Only in the PCT group was
duration of antibiotic courses adapted to the severity of
CAP. The presence of fever is an important clinical sign
indicating infection. However, defervescence is of limited
value to stop antibiotic therapy in view of the up to 40%
of patients with CAP who present without fever. Similarly,
in over 70% of patients with CAP of presumed bacterial
origin, the causative microbe cannot be identified
[26%¢,33]. Therefore, culture results are not considered
central to the clinical care of this infection. This wide
ambiguity of clinical symptoms and the high rate of nega-
tive culture results could explain the reluctance to stop
antibiotic therapy early in the control group. Conversely,
especially if bacteremic, CAP is associated with adverse
outcomes, and thus, longer antibiotic courses are recom-
mended [34,35]. Accordingly, in the PCT group antibiotic
therapy was longer in bacteremic patients with a median
duration of more than 10 days.

In bacterial CAP, delayed initiation of antibiotic
therapy can be associated with increased mortality.
Therefore, in the emergency management of suspected
CAP, antibiotic therapy is rapidly initiated in all patients.
The presence of nonbacterial diseases is suspected usually
only after failure of antibiotic therapy, with the ensuing
risks related to untreated, potentially life-threatening non-
bacterial disease [36]. In self-limiting viral infections, cure
of CAP under antibiotic therapy may be falsely considered
as proof of bacterial etiology. In the PCT group, antibiotics
were withheld from 15% of the patients with suspected
CAP based on low PCT levels, confirming previous find-
ings [26@¢]. The uneventful course strongly argues against
the presence of a clinically relevant bacterial infection in
these patients. If a patient shows an infiltrate on chest
radiograph in the presence of acute respiratory symptoms
and repetitively low PCT levels, clinicians should consider
watchful waiting or early discontinuation of antibiotic
therapy and actively seek an alternative diagnosis to bac-
terial pneumonia, including viral pneumonia, pulmonary
embolism, malignancy, cryptogenic organizing pneu-
monia, and congestive heart failure, among others [37].
Conversely, in patients with diagnostic ambiguities, PCT
levels greater than 0.25 pg/L to greater than 0.5 pg/L
support the clinician in the diagnosis of CAP. In
summary, in this study including patients with CAP, PCT
was a useful marker for the diagnosis and differential
diagnosis from noninfectious infiltrates and viral infec-
tions and to guide the duration of antibiotics.

Evidence from Other Studies?

In children admitted with pneumonia, PCT levels had a
higher sensitivity and specificity to differentiate bacterial
from viral causes of pneumonia than CRP, IL-6, or leuko-
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cyte count [38]. Ventilator-associated pneumonia (VAP)
is the most frequent nosocomially acquired infection in
patients on mechanical ventilation [39]. Bacteriologic cul-
tures including endotracheal aspirates are helpful in the
diagnosis of VAP; however, complete results often are not
available within 24 to 48 hours after the sample has been
taken. Recently, PCT has been used as a complementary
diagnostic marker for VAP [40]. It is also a useful marker
for diagnosing VAP in patients with an already triggered
acute-phase response after successful cardiopulmonary
resuscitation, where PCT levels were elevated a median
of 2 days earlier than the clinical diagnosis of VAP [41].
However, other studies reported a poor sensitivity for
PCT in VAP [42,43ee]. The problem is that any obser-
vational study investigating the diagnostic accuracy of
a given marker is biased by the choice of gold standard.
This gold standard does not exist in infections, and thus,
all studies are prone to a potential bias.

For example, soluble triggering receptor expressed on
myeloid cells (STREM-1) has been put forward for diagno-
sis and outcome prediction in patients with sepsis, namely
due to CAP and VAP [44]. Analyzing circulating levels of
STREM-1 in our asserved samples from the ProCAP study
revealed unexpected inaccuracies of this marker for the
routine use of CAP [45]. Circulating STREM-1 levels were
not helpful for the assessment of etiology and severity in
patients with CAP or in predicting outcome of the disease.
We found no significant correlation between sSTREM-1
levels, independent if assessed with the use of immunoblot
technique or enzyme-linked immunosorbent assay using
several antibodies (from R&D Systems, Minneapolis,
MN, and others), before and after ultracentrifugation, in
plasma or serum, respectively. Similarly, sSTREM-1 concen-
trations did not correlate with other markers of infection:
CRP (r = 0.03, P = not significant), PCT (r = -0.03,
P = not significant) and leukocyte count (r = 0.03,
P = not significant). Conversely, measurement of the
local production of STREM-1 in bronchoalveolar fluid
might provide more reliable results [46]. This, however,
is not a cost-efficient approach in the routine care of
patients with CAP.

Interventional studies, in which the antimicrobial
therapy is guided by PCT and in which the gold standard
is the outcome, have the potential to resolve this dilemma.
No marker other than PCT has been rigorously assessed
in intervention studies for its capability to be used safely
for antibiotic stewardship, the ultimate proof for its
diagnostic accuracy. In the context of VAP, intervention
studies are still lacking, including for PCT [47]. The time
has arrived to move beyond the observational reporting of
“promising” biomarkers [48]. Specific cutoff ranges must
be proposed and intervention studies conducted. Only this
will open our eyes and reveal if biomarkers can really help
us in the routine care of patients with pneumonia, LRTTs,
and ultimately sites of infection other than the lung.

Procalcitonin as Prognostic Marker in CAP?
Another pivotal aspect in CAP is to be able to predict
its prognosis and estimate its severity for guiding thera-
peutic options such as the need for hospital or intensive
care admission, suitability for discharge, and choice and
route of antimicrobial agents. PSI is a widely accepted
and validated severity scoring system that assesses the
risk of mortality for pneumonia patients in a two-step
algorithm [49]. However, its complexity is high, jeopar-
dizing its dissemination and implementation, especially
in everyday practice. Therefore, the CURB-65 score has
been proposed as a simpler alternative [50]. Addition-
ally, various easy-to-determine surrogate biomarkers
have been proposed to predict disease severity in CAP
patients, thereby aiming to complement PSI [51-53].
The prognostic value of PCT in CAP and VAP patients
has therefore been investigated in several studies.

Boussekey et al. [54] showed that the kinetics of PCT
when increasing from day 1 to day 3 in severe CAP indi-
cated a poor prognosis. Conversely, a PCT level less than
0.95 pg/L on day 3 in intubated patients was associated
with a favorable outcome [54]. Similarly, higher PCT
concentrations were associated with the development of
complications and with death [52]. The kinetics of PCT
proved also to be a useful prognostic marker in patients
with VAP [43ee_55].

In our study, PCT showed better prognostic accuracy
compared to routinely measured parameters like CRP
or leukocyte count and has therefore been proposed as a
marker of disease severity [32¢¢.52.56]. However, a wide
overlap existed in PCT levels between different severities
of CAP and only a small difference in PCT levels between
survivors and nonsurvivors of CAP. Based on these data,
PCT seems to be rather a reliable diagnostic marker to
guide decisions on antibiotic therapy and not an ideal
prognostic tool [25¢,32e¢]. However, the prognostic accu-
racy of PCT can be markedly improved considering the
course of PCT [57]. Jensen et al. [57] analyzed 3642 PCT
measurements in 472 critically ill patients. PCT and espe-
cially the PCT increase within 1 day was an independent
predictor of 90-day all-cause mortality in a multivari-
ate Cox regression analysis model. The adjusted hazard
ratio for the PCT increase for 1 day was 1.8 (95% CI,
1.3-2.7) and the relative risk for mortality in the ICU for
patients with an increasing PCT was, after 1 day increase,
1.8 (95% CI, 1.4-2.4), after 2 days increase, 2.2 (95%
CI, 1.6-3), and after 3 days increase, 2.8 (95% CI,
2-3.8). Thus, a PCT increase during the course of disease
was an independent predictor of all-cause mortality in a
90-day follow-up period after ICU admission. Levels or
increases in CRP and leukocyte count did not seem to
predict mortality. Interestingly, other recently evaluated
hormone levels show better prognostic accuracy to predict
survival and outcome in patients with CAP as compared
to PCT [58-60].
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Procalcitonin and Pneumonia:

Some Words of Caution

The likelihood for bacterial infections increases with
increasing PCT levels. Therefore, we propagate the use
of cut-off ranges for the diagnosis of bacterial infections
and antibiotic stewardship in several intervention trials.
It cannot be overemphasized that the diagnostic accuracy
of PCT and its optimal cut-offs are completely dependent
on the use of a sensitive assay in an appropriate clinical
setting with a pretest probability for the presence of a
specific infection. PCT is never a substitute for a careful
history and physical examination. A clinician should resist
the temptation to rely solely on the result of a laboratory
test rather than a demanding clinical examination.

As is the case for all diagnostic tests, a PCT level must
always be evaluated and re-evaluated during follow-up,
with proper regard to the clinical context. Importantly,
circulating PCT levels can be increased in noninfectious
conditions, such as severe mechanical or surgical trauma,
chemical pneumonitis, severe burns, or heat strokes [25¢]
and may remain relatively low even in sepsis induced by
bacterial infections [22,24,61]. Falsely low PCT levels are
typically seen during the early course or localized state
of an infection and must be considered in patients with
suspected complications of CAP (ie, empyema). PCT
levels in these patients often show a gradual increase
during follow-up measurements after 6 to 24 hours and
thereby point to an underlying bacterial disease. Again,
this stresses the importance of follow-up measurements.

Conclusions

An ideal marker for pneumonia should allow an early
diagnosis and a differential diagnosis from noninfectious
or viral conditions, and it should inform about the course
and prognosis of the disease. PCT covers these features
better than other markers, namely CRP, leukocyte count,
and proinflammatory cytokines [14¢e]. PCT has emerged
as a reliable diagnostic marker of pneumonia. A PCT-
based therapeutic strategy can reduce antibiotic usage,
mainly by reducing the duration of antibiotic courses,
by using a new rapid and sensitive assay. However, PCT
should not be used uncontrolled as a substitute for a care-
ful clinical assessment. Especially, falsely low PCT levels
must be considered in patients with localized infections
and in the context of pneumonia especially in patients
with empyema.

The prognostic accuracy of PCT proved to be better
than routinely available parameters. However, other
biomarkers, namely proadrenomedullin and natriuretic
peptides, are even more promising in this respect. There-
fore, PCT should be considered a diagnostic parameter
able to reduce and guide antibiotic use, whereas novel bio-
markers might guide prognostic decision making, improve
the allocation of healthcare resources, and reduce hospi-
talization costs.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

o Of importance

oo Of major importance

1. Becker KL, Nylen ES, White JC, et al.: Clinical review 167:
Procalcitonin and the calcitonin gene family of peptides
in inflammation, infection, and sepsis: a journey from
calcitonin back to its precursors. | Clin Endocrinol Metab
2004, 89:1512-1525.

2. Weglohner W, Struck J, Fischer-Schulz C, et al.: Isolation
and characterization of serum procalcitonin from patients
with sepsis. Peptides 2001, 22:2099-2103.

3. Zaidi M, Moonga BS, Abe E: Calcitonin and bone forma-
tion: a knockout full of surprises. | Clin [nvest 2002,
110:1769-1771.

4. Hoff AO, Catala-Lehnen P, Thomas PM, et al.: Increased
bone mass is an unexpected phenotype associated with
deletion of the calcitonin gene. | Clin Invest 2002,
110:1849-1857.

5. Hirsch PF, Baruch H: Is calcitonin an important physiological
substance? Endocrine 2003, 21:201-208.

6. Nylen ES, O’Neill W, Jordan MH, et al.: Serum procalcitonin
as an index of inhalation injury in burns. Horm Metab Res
1992, 24:439-443.

7. Whang KT, Steinwald PM, White JC, et al.: Serum calcitonin
precursors in sepsis and systemic inflammation. | Clin
Endocrinol Metab 1998, 83:3296-3301.

8. Assicot M, Gendrel D, Carsin H, et al.: High serum procal-
citonin concentrations in patients with sepsis and infection.
Lancet 1993, 341:515-518.

9. Muller B, Becker KL, Schachinger H, et al.: Calcitonin pre-
cursors are reliable markers of sepsis in a medical intensive
care unit. Crit Care Med 2000, 28:977-983.

10. Becker KL, Muller B, Nylen ES, et al.: Calcitonin gene family
of peptides. In Principles and Practice of Endocrinology and
Metabolism. Edited by Becker KL. Philadelphia: Lippincott
Williams & Wilkins; 2001:520-531.

11. Linscheid P, Seboek D, Nylen ES, et al.: In vitro and in vivo
calcitonin I gene expression in parenchymal cells: a novel
product of human adipose tissue. Endocrinology 2003,
144:5578-5584.

12.  Muller B, White JC, Nylen ES, et al.: Ubiquitous expression
of the calcitonin-i gene in multiple tissues in response to
sepsis. | Clin Endocrinol Metab 2001, 86:396-404.

13.  Snider RH Jr, Nylen ES, Becker KL: Procalcitonin

and its component peptides in systemic inflammation:

immunochemical characterization. | Investig Med 1997,

45:552-560.

Simon L, Gauvin F, Amre DK, et al.: Serum procalcitonin and

C-reactive protein levels as markers of bacterial infection:

a systematic review and meta-analysis. Clin Infect Dis 2004,

39:206-217.

A systematic review in the setting of the ICU and sepsis comparing

the diagnostic accuracy of PCT with other laboratory parameters.

15. Gendrel D, Bohuon C: Procalcitonin as a marker of bacterial
infection. Pediatr Infect Dis ] 2000, 19:679-687; quiz 688.

16. Muller B, Peri G, Doni A, et al.: High circulating levels of
the IL-1 type II decoy receptor in critically ill patients with
sepsis: association of high decoy receptor levels with gluco-
corticoid administration. | Leukoc Biol 2002, 72:643—649.

17. Galetto-Lacour A, Zamora SA, Gervaix A: Bedside
procalcitonin and C-reactive protein tests in children with
fever without localizing signs of infection seen in a referral
center. Pediatrics 2003, 112:1054-1060.

18.  Macfarlane JT, Colville A, Guion A, et al.: Prospective study
of actiology and outcome of adult lower respiratory tract
infections in the community. Lancet 1993, 341:511-514.

14.00



Procalcitonin and Pneumonia: Is it a Useful Marker?

Christ-Crain and Miiller 239

19.

20.

21.

22.

23.

24.

25.

Chen DK, McGeer A, de Azavedo JC, Low DE: Decreased
susceptibility of Streptococcus pneumoniae to fluoroquino-
lones in Canada. Canadian Bacterial Surveillance Network.
N Engl ] Med 1999, 341:233-239.

Guillemot D, Courvalin P: Better control of antibiotic
resistance. Clin Infect Dis 2001, 33:542-547.

Ball P, Baquero F, Cars O, et al.: Antibiotic therapy of
community respiratory tract infections: strategies for
optimal outcomes and minimized resistance emergence.

J Antimicrob Chemother 2002, 49:31-40.

Nylen ES, Muller B, Becker KL, Snyder RH: The future
diagnostic role of procalcitonin levels: the need for
improved sensitivity. Clin Infect Dis 2003, 36:823-824.
Nylen ES, Snider RH Jr, Thompson KA, et al.: Pneumonitis-
associated hyperprocalcitoninemia. Am | Med Sci 1996,
312:12-18.

Muller B, Prat C: Markers of acute inflammation in assessing
and managing lower respiratory tract infections: focus on
procalcitonin. Clin Microbiol Infect 2006, 12(Suppl 9):8-16.
Christ-Crain M, Muller B: Procalcitonin in bacterial infec-
tions—hype, hope, more or less? Swiss Med Wkly 2005,
135:451-460.

Recent review about the rational use, potential, and drawbacks of
PCT in infections.

26.00

Christ-Crain M, Jaccard-Stolz D, Bingisser R, et al.: Effect
of procalcitonin-guided treatment on antibiotic use and
outcome in lower respiratory tract infections: cluster-
randomised, single-blinded intervention trial. Lancet
2004, 363:600-607.

First intervention study that showed that procalcitonin guidance
had the potential to reduce antibiotic use in patients with LRTIs
admitted to the emergency department.

27.

28.

29.

30.

31.

32.00

File TM Jr, Mandell LA: What is optimal antimicrobial
therapy for bacteremic pneumococcal pneumonia? Clin
Infect Dis 2003, 36:396-398.

Mandell LA, Bartlett JG, Dowell SF, et al.: Update of prac-
tice guidelines for the management of community-acquired
pneumonia in immunocompetent adults. Clin Infect Dis
2003, 37:1405-1433.

Menendez R, Torres A, Zalacain R, et al.: Guidelines for the
treatment of community-acquired pneumonia: predictors of
adherence and outcome. Am | Respir Crit Care Med 2005,
172:757-762.

Wipf JE, Lipsky BA, Hirschmann JV, et al.: Diagnosing
pneumonia by physical examination: relevant or relic?
Arch Intern Med 1999, 159:1082-1087.

Harbarth S, Holeckova K, Froidevaux C, et al.: Diagnostic
value of procalcitonin, interleukin-6, and interleukin-8 in
critically ill patients admitted with suspected sepsis. Am |
Respir Crit Care Med 2001, 164:396-402.

Christ-Crain M, Stolz D, Bingisser R, et al.: Procalcitonin
guidance of antibiotic therapy in community-acquired
pneumonia: a randomized trial. Am | Respir Crit Care Med
2006, 174:84-93.

Intervention study showing that PCT guidance reduced antibiotic
duration by 65% in patients with CAP.

33.

34.

35.

36.

Carratala ], Fernandez-Sabe N, Ortega L, et al.: Outpatient
care compared with hospitalization for community-acquired
pneumonia: a randomized trial in low-risk patients. Ann
Intern Med 2005, 142:165-172.

Musher DM, Alexandraki I, Graviss EA, et al.: Bacteremic
and nonbacteremic pneumococcal pneumonia. A prospective
study. Medicine (Baltimore) 2000, 79:210-221.

Arancibia F, Bauer TT, Ewig S, et al.: Community-acquired
pneumonia due to gram-negative bacteria and pseudomonas
aeruginosa: incidence, risk, and prognosis. Arch Intern Med
2002, 162:1849-1858.

Genne D, Kaiser L, Kinge TN, Lew D: Community-acquired
pneumonia: causes of treatment failure in patients enrolled
in clinical trials. Clin Microbiol Infect 2003, 9:949-954.

37.

38.

39.

40.

41.

42.

43.00

O’Donnell W], Kradin RL, Evins AE, Wittram C: Case
records of the Massachusetts General Hospital. Weekly
clinicopathological exercises. Case 39-2004. A 52-year-old
woman with recurrent episodes of atypical pneumonia.

N Engl ] Med 2004, 351:2741-2749.

Moulin F, Raymond J, Lorrot M, et al.: Procalcitonin in
children admitted to hospital with community acquired
pneumonia. Arch Dis Child 2001, 84:332-336.

Chastre J, Fagon JY: Ventilator-associated pneumonia.
Am | Respir Crit Care Med 2002, 165:867-903.

Duflo F, Debon R, Monneret G, et al.: Alveolar and serum
procalcitonin: diagnostic and prognostic value in ventilator-
associated pneumonia. Anesthesiology 2002, 96:74-79.
Oppert M, Reinicke A, Muller C, et al.: Elevations in
procalcitonin but not C-reactive protein are associated with
pneumonia after cardiopulmonary resuscitation. Resuscitation
2002, 53:167-170.

Gibot S, Cravoisy A: Soluble form of the triggering receptor
expressed on myeloid cells-1 as a marker of microbial infec-
tion. Clin Med Res 2004, 2:181-187.

Luyt CE, Guerin V, Combes A, et al.: Procalcitonin kinetics
as a prognostic marker of ventilator-associated pneumonia.
Am ] Respir Crit Care Med 2005, 171:48-53.

Observational study showing that the PCT kinetic in addition to
the paO2/FiO2 ratio was the best predictor of outcome in patients
with VAP.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Gibot S, Cravoisy A, Kolopp-Sarda MN, et al.: Time-course
of STREM (soluble triggering receptor expressed on myeloid
cells)-1, procalcitonin, and C-reactive protein plasma con-
centrations during sepsis. Crit Care Med 2005, 33:792-796.
Mueller B, Gencay MM, Gibot S, et al.: Circulating levels
of soluble triggering receptor expressed on myeloid cells
(STREM-1) in community-acquired pneumonia. Crit Care
Med 2007, in press.

Gibot S, Cravoisy A, Levy B, et al.: Soluble triggering
receptor expressed on myeloid cells and the diagnosis of
pneumonia. N Engl ] Med 2004, 350:451-458.

Muller B: Procalcitonin and ventilator-associated pneumonia:
yet another breath of fresh air. Am | Respir Crit Care Med
2005, 171:2-3.

Muller B, Tamm M: Biomarkers in acute exacerbation of
chronic obstructive pulmonary disease: among the blind,
the one-eyed is king. Am | Respir Crit Care Med 2006,
174:848-849.

Fine M]J, Auble TE, Yealy DM, et al.: A prediction rule

to identify low-risk patients with community-acquired
pneumonia. N Engl ] Med 1997, 336:243-250.

Lim WS, van der Eerden MM, Laing R, et al.: Defining
community acquired pneumonia severity on presentation to
hospital: an international derivation and validation study.
Thorax 2003, 58:377-382.

Almirall J, Bolibar I, Toran P, et al.: Contribution of
C-reactive protein to the diagnosis and assessment of
severity of community-acquired pneumonia. Chest 2004,
125:1335-1342.

Masia M, Gutierrez F, Shum C, et al.: Usefulness of procal-
citonin levels in community-acquired pneumonia according
to the patients outcome research team pneumonia severity
index. Chest 2005, 128:2223-2229.

Querol-Ribelles JM, Tenias JM, Grau E, et al.: Plasma
d-dimer levels correlate with outcomes in patients

with community-acquired pneumonia. Chest 2004,
126:1087-1092.

Boussekey N, Leroy O, Alfandari S, et al.: Procalcitonin
kinetics in the prognosis of severe community-acquired
pneumonia. Intensive Care Med 2006, 32:469-472.
Seligman R, Meisner M, Lisboa TC, et al.: Decreases in
procalcitonin and C-reactive protein are strong predictors
of survival in ventilator-associated pneumonia. Crit Care
2006, 10:R125.



240 Pleuropulmonary and Bronchial Infections

S6.

57.

58.

Muller B, Harbarth S, Stolz D, et al.: Diagnostic and 59.

prognostic accuracy of clinical and laboratory parameters
in community-acquired pneumonia. BMC Infect Dis 2007,

Epub ahead of print. 60.

Jensen JU, Heslet L, Jensen TH, et al.: Procalcitonin
increase in early identification of critically ill patients at

high risk of mortality. Crit Care Med 2006, 34:2596-2602.  61.

Christ-Crain M, Morgenthaler NG, Stolz D, et al.:
Pro-adrenomedullin to predict severity and outcome in
community-acquired pneumonia [ISRCTN04176397].
Crit Care 2006, 10:R96.

Muller B, Suess E, Schuetz P, et al.: Circulating levels of
pro-atrial natriuretic peptide in lower respiratory tract
infections. ] Intern Med 2006, 260:568-576.

Mueller B, Morgenthaler NG, Stolz D, et al.: Circulating
levels of copeptin, a novel biomarker, in lower respiratory
tract infections. Eur | Clin Invest 2007, in press.
Villanueva JL, Cervin R]J: Serum procalcitonin levels and
empirical antibiotic treatment of patients with community-
acquired febrile syndromes. Clin Infect Dis 2003, 36:822.
Author reply 826-827.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


