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ABSTRACT: The diagnostic significance of procalcitonin concentrations in lower
respiratory tract infections and tuberculosis is not known. A prospective analysis was,
therefore, performed in patients with acute exacerbation of chronic bronchitis (AECB),
community-acquired pneumonia (CAP), hospital-acquired pneumonia (HAP) and tubercu-
losis and their procalcitonin levels compared with those of patients with noninfectious
lung diseases (controls). In addition, standard inflammatory parameter data were collected.

A prospective clinical study was performed with four different groups of patients and
a control group that consisted of patients with noninfectious lung diseases. A total of
129 patients were included: 25 with HAP, 26 CAP, 26 AECB, 27 tuberculosis, and 25
controls. C-reactive protein level, blood cell counts and procalcitonin concentration
were evaluated on the first day after onset of clinical and inflammatory symptoms prior
to treatment.

The median procalcitonin concentrations in HAP, CAP, AECB and tuberculosis
were not elevated in relation to the cut-off level of 0.5 ng?mL-1. In the HAP group, in
four of five patients who subsequently died, procalcitonin concentrations ofw0.5 ng?mL-1

were found. In acute lower respiratory infections, such as HAP, CAP and AECB, signi-
ficantly elevated levels were found in comparison to the control group, but below the
usual cut-off level. No differences were observed between tuberculosis and the control group.

Relative to the current cut-off level of 0.5 ng?mL-1, procalcitonin concentration is not
a useful parameter for diagnosis of lower respiratory tract infections. However, com-
pared to the control group, there were significantly elevated levels in patients with
hospital-acquired pneumonia, community-acquired pneumonia and acute exacerbation
of chronic bronchitis below the current cut-off level, which should be further investigated.
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Nosocomial and community-acquired respiratory tract
infections are a public health problem of major concern and
a leading cause of mortality. Beside clinical signs and symp-
toms and radiological changes, clinical chemistry parameters
are important in confirming diagnosis, as recommended
by several guidelines [1, 2]. In addition to the classical inflam-
matory parameters of C-reactive protein (CRP) levels and
white blood cell (WBC) counts, procalcitonin (PCT) con-
centration has become a new marker of increasing relevance
[3–9].

The usefulness of PCT concentration in diagnosis, and
particularly the differential diagnosis of several infectious
diseases, is still the matter of some controversy, although it
has become generally accepted that PCT is a useful marker
for severe systemic bacterial infections such as sepsis [10–13].

In spite of high PCT levels in systemic bacterial, fungal
and parasitic infections, no or only slight elevation occurs
in viral infections [4]. Also, in the most severe inflammation
of noninfectious aetiology, no PCT elevations could be observed,
except in severe acute pancreatitis [14, 15] and inhalation
injuries in burns [16].

In the current prospective study, the utility of pretreatment
PCT levels in discriminating between infectious and non-
infectious lung diseases as well as between different types of

lower respiratory tract infection (community-acquired pneu-
monia (CAP), hospital-acquired pneumonia (HAP), acute
exacerbation of chronic bronchitis (AECB) and tuberculosis
(TB)) was investigated.

Patients and methods

Study subjects

Between February 1999–June 2001, consecutive patients
with suspected bacterial respiratory tract infections partici-
pated in the present study at the City Hospital Emil von
Behring, Berlin, Germany.

Spontaneous early morning sputum or bronchial secretion
was obtained from every patient and analysed microbiologi-
cally according to German quality standards in microbiolo-
gical diagnostics.

Of 174 enrolled patients, 45 had to be excluded because
of positive sepsis criteria, pleuritis, acute respiratory distress
syndrome, aspiration and empyema. In addition, one patient
with small cell lung cancer was excluded because elevated
PCT levels have been reported in this condition [17].

After analysis of all diagnostic parameters, the remaining
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129 patients (table 1) were stratified on the basis of American
Thoracic Society criteria [2] into the following four groups. 1)
CAP: history and clinical signs (i.e. feverw38.0uC orv36.1uC,
crackles on auscultation and purulent sputum), presence of
typical chest radiographical findings and leukocytosis with
w106109 cells?L-1 or leukopenia with v46109 cells?L-1; 2)
HAP: the criteria mentioned above with onset w48 h after
admission to hospital; 3) AECB: history of chronic bronchitis
according to World Health Organization criteria [18] and
increases in at least two symptoms of dyspnoea, sputum
production and sputum purulence [19]; and 4) TB: positive
sputum Ziehl-Neelsen staining and infiltration/cavitation on
chest radiography. The control group consisted of patients
with noninfectious lung diseases, i.e. alveolitis, fibrosis and
sarcoidosis. For all patients, the Acute Physiology, Age, and
Chronic Health Evaluation score was calculated to verify the
severity of disease.

After approval by the local ethics committee, in accordance
with German law, written informed consent was obtained
from all subjects.

Study design

The trial was a prospective clinical study with four patient
groups and a control group, and was performed at the City
Hospital Emil von Behring. PCT and CRP levels and WBC
count with differential blood cell counts were determined on
the first day after onset of clinical symptoms before treatment
was started.

Methods

PCT concentration was determined using an immuno-
luminometric assay (BRAHMS Diagnostica, Berlin, Germany).
The test required 2–3 h and 20 mL serum or plasma. The
assay used two monoclonal antibodies, one directed against
part of the katacalcin sequence of PCT (residues 96–106)
as capture antibody and the second recognising part of
the calcitonin sequence (residues 70–76) as tracer antibody.
During incubation, both antibodies reacted with PCT in a
sandwich manner. After several washing procedures, tracer
remaining in the test tube was measured using a luminometer;
the intensity of the luminescence signal is directly propor-
tional to the PCT concentration of the serum sample. The
PCT concentration was quantified by comparison with a
standard curve. The assay sensitivity is 0.1 ng?mL-1. Inter-
assay and intra-assay variability at high and low concentra-
tion were v8 and v7%, respectively. The upper normal limit
was fixed at 0.5 ng?mL-1 [20]. Serum (5–10 mL) was collected
from each patient on day 1. Plasma was separated, divided
and frozen (at -80uC) until assay for PCT. CRP levels and
other parameters were measured directly at the Institute for
Microbiology and Immunology and Laboratory Medicine,

City Hospital Emil von Behring, on the same day. According
to standard procedures, CRP level was determined via a
turbidimetric assay using polyclonal goat antihuman anti-
bodies (Tina-Quant1) (HITACHI 717; Roche Diagnostics
GmbH, Mannheim, Germany). WBC count and differential
blood cell counts were determined by flow cytometry, accord-
ing to standard procedures (MaxM; Coulter Beckmann, Krefeld,
Germany).

Statistics

The distributions of serum concentrations for PCT of the
five groups are presented as boxplots. Medians and 95%
confidence intervals are tabulated. The boxplots show 25th,
50th and 75th percentiles, minima, maxima, outliers and
extreme cases. Outliers are 1.5–3 times the interquartile range
from the end of a box; extreme cases are more than three-
times the interquartile range from the end of the box. The
null hypothesis "the five groups are independent samples
from identical populations" was evaluated by means of the
Kruskal-Wallis test. If the null hypothesis is rejected (a=0.05),
all possible pairs of groups are compared by means of a
Dunn test with a-adjustment according to Holm. In order
to check whether there was a significant difference between
patients with positive bacteriology (CAP, HAP, AECB) and
patients with negative bacteriology with regard to CRP, WBC
or PCT levels, a Mann-Whitney test for unpaired samples was
performed.

The diagnostic accuracy of PCT concentration in discrimi-
nating pneumonia from other infectious (i.e. AECB and TB)
and noninfectious lung diseases was evaluated by receiver
operating characteristic (ROC) analysis. True-positive rates
calculated at various cut-off values were plotted on a ver-
tical axis and false-positive rates were plotted on the hori-
zontal axis. Optimal discrimination is defined by minimal
false-negative and false-positive results.

Results

The median PCT concentrations in HAP, CAP, AECB
and TB were not elevated relative to the normal cut-off level
of 0.5 ng?mL-1 (table 2, fig. 1). The upper limit of the 95%
confidence interval wasv0.5 ng?mL-1 in all groups except for
the HAP group, in which it was 0.62 ng?mL-1. Elevated PCT
values above the recommended cut-off level were not detected
in the control group, TB group or patients with AECB.
Ten of the 25 HAP patients and one of the 26 CAP patients
exhibited elevated PCT levels. Only five of the 11 patients
with elevated PCT levels had a confirmed bacterial aetiology.

Despite the fact that no increase in median PCT con-
centration above the currently recommended cut-off level
was determined, significant differences in relation to absolute
PCT concentration were found between the lower respiratory
tract infections, with the exception of TB and the control
group (table 3).

Based on the findings that patients with pneumonia exhi-
bited higher PCT levels than patients with other lung diseases,
investigation of whether PCT is a useful marker for discri-
mination of pneumonia from AECB, TB and noninfectious
lung diseases was undertaken. ROC analysis revealed that
optimal discrimination between pneumonia and other lung
diseases could be performed at a suggested cut-off point of
0.245 ng?mL-1 with a sensitivity of 0.58 and specificity of 0.91
(fig. 2).

In contrast to PCT, increased median levels of CRP were
found in all treatment groups; in the control group, 54% of
values were not above the limit (cut-off 5 mg?L-1) (table 2). In

Table 1. – Patient characteristics

Group Subjects Mean age Females/males
n yrs n

HAP 25 63.1 6/19
CAP 26 57.2 11/15
AECB 26 64.5 8/18
TB 27 45.2 8/19
Control 25 48.4 10/15

HAP: hospital-acquired pneumonia; CAP: community-acquired pneu-
monia; AECB: acute exacerbation of chronic bronchitis; TB: tuberculosis.
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AECB, there was only moderate elevation of CRP levels
in comparison to the HAP and CAP groups.

Significant differences in CRP concentration between AECB
and pneumonia were measured (pv0.01). No differences in
CRP concentration between the AECB and control groups
were observed (p=0.21) (table 3).

Similar results were seen with the WBC count (cut-off
4–10 cells?mL-1) (table 2). Interestingly, no differences were
found between TB and the noninfectious controls (p=0.56).
Between pneumonia and AECB, no significant differences
could be detected (p=0.51) (table 2). Positive bacteriology was

confirmed in 68% of cases in the HAP group, in 56% in the
CAP group and in 53.8% in the AECB group. No differences
were found between positive and negative bacteriology in
the HAP, CAP and AECB groups with regard to PCT, CRP
and WBC levels (p=0.81 for PCT, p=0.39 for CRP and p=0.43
for WBCs).

Two patients in the HAP group and one in the CAP group
who showed abnormally elevated levels of PCT, defined as
"extreme value", were observed. In the HAP group, one patient
with an elevated PCT value, categorised as "outlier value",
was detected.

The extreme value in the CAP group (PCT 1.2 ng?mL-1)
occurred in a patient with positive bacteriology (Staphylo-
coccus aureus) who developed respiratory insufficiency requir-
ing intubation and transfer to the intensive care unit 24 h
after hospital admission.

One extreme value in the HAP group (PCT 2.31 ng?mL-1)
was evident in a patient with nonsmall cell lung cancer, men-
ingeal metastasis, positive bacteriology (S. aureus and Kleb-
siella pneumoniae) and respiratory insufficiency. The patient
died 5 days after PCT measurement as a result of cardiac
arrest due to respiratory failure. The other extreme value (PCT
9.6 ng?mL-1) in this group was recorded in a patient 3 days
after a volume reduction operation.

The outlier value in the HAP group (PCT 1.49 ng?mL-1)
occurred in a patient with nonsmall cell lung cancer, and was
measured on the first day after pneumonectomy.
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Fig. 1. – Boxplots showing procalcitonin (PCT) concentration in
patients with hospital-acquired pneumonia (HAP; n=25), community-
acquired pneumonia (CAP; n=26) acute exacerbation of chronic
bronchitis (AECB; n=26) and tuberculosis (TB; n=27), and controls
(noninfectious lung diseases; n=25). The boxplots show 25th, 50th
and 75th percentiles and minima, maxima and outliers (#). Extreme
and outlier values in the HAP group (9.6 and 1.49 ng?mL-1) and the
extreme value in the CAP group (2.31 ng?mL-1) are not shown.

Table 3. – Comparison of procalcitonin (PCT) and C-reactive
protein (CRP) concentrations, and white blood cell (WBC)
count between groups and controls

Group p-value#

PCT CRP WBC count

HAP v0.01 v0.01 v0.01
CAP 0.01 v0.01 v0.01
AECB 0.04 0.2 v0.01
TB 0.5 v0.01 0.56

HAP: hospital-acquired pneumonia; CAP: community-acquired pneu-
monia; AECB: acute exacerbation of chronic bronchitis; TB: tubercu-
losis; controls: noninfectious lung diseases. #: Kruskal-Walis test.

Table 2. – Procalcitonin (PCT) and C-reactive protein (CRP) concentrations, white blood cell (WBC) count, and Acute Physiology,
Age and Chronic Health Evaluation (APACHE) II score in all groups#

PCT CRP WBC count APACHE II
ng?mL-1 mg?L-1 cells?ng-1?mL-1

HAP 0.46 (0.27–0.62) 183.0 (130.0–239.0) 14.1 (11.1–18.7) 19.0 (16.0–23.0)
CAP 0.22 (0.13–0.31) 124.0 (49.0–165.0) 13.5 (11.3–15.1) 13.5 (12.0–16.0)
AECB 0.19 (0.13–0.22) 11.0 (5.0–28.0) 10.9 (9.3–14.6) 15.0 (14.0–16.0)
TB 0.14 (0.13–0.19) 50.5 (32.4–75.0) 8.0 (6.5–11.2) 5.0 (4.0–7.0)
Controls 0.11 (0.09–0.15) 5.0 (3.2–17.0) 6.7 (5.4–9.1) 4.0 (3.0–6.0)

Data are presented as median (95% confidence interval). HAP: hospital-acquired pneumonia; CAP: community-acquired pneumonia; AECB: acute
exacerbation of chronic bronchitis; TB: tuberculosis; controls: noninfectious lung diseases. #: normal values: PCTv0.5 ng?mL-1; CRPv5 mg?mL-1;
WBC count 4.0–10.0 cells?mL-1; APACHE II score 0–6.
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Fig. 2. – Receiver operating characteristic (ROC) curve (––––) for
discrimination of pneumonia (hospital- and community-acquired)
from other infectious (tuberculosis and acute exacerbation of chronic
bronchitis) and noninfectious lung diseases. The cut-off point showing
optimal sensitivity/specificity was 0.245 ng?mL-1 (sensitivity 0.58, speci-
ficity 0.91). ..........: 45u diagonal (the more a curve approaches this
diagonal the less accurate the test).
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Discussion

In HAP, CAP and, to a lesser extent, AECB, but not TB,
significantly elevated median PCT levels were found com-
pared to controls. However, median PCT levels in all groups
were below the recommended cut-off level of 0.5 ng?mL-1.
Therefore, according to the present study, PCT concentration
seems not to be particularly useful for the detection of lower
respiratory tract infections e.g. CRP. Similar results were
obtained by HEDLUND and HANSSON [21], who compared
CRP and PCT levels in CAP in adults. However, MOULIN

et al. [22] described a superiority of PCT over CRP concentra-
tion in paediatric patients with CAP. In the recent publication
of BRUNKHORST et al. [23], different results, with elevated
PCT levels in patients with severe pneumonia, were demon-
strated. In contrast to the present study, the latter study
included only patients with severe pneumonia, who were
treated in the intensive care unit. This could also be a reason
for the elevated PCT levels. Although diagnostic value has
not been proved, PCT concentration was found to be of
moderate prognostic value [23].

Concerning the usefulness of PCT concentration as a diag-
nostic parameter, HAUSFATER et al. [24] showed that sensitivity
was low (in contrast to a high specificity) with the use of a cut-
off level of 0.5 ng?mL-1, but that improved sensitivity could
be obtained after reducing the cut-off level. They concluded
that the PCT threshold could be lower than that proposed for
critically ill patients. Similar results were seen in the present
study, in which PCT levels showed significantly elevated
values below the cut-off level in patients with pneumonia and
AECB compared to the control group. However, HAUSFATER

et al. [24] included patients from an emergency department
who had heterogeneous infectious diseases. It was suspected
that PCT could be useful for screening emergency-department
patients with more severe infections, since good correlation of
PCT concentration was seen with the prognosis of patients
suffering systemic infections [24].

Furthermore, FLEISCHHACK et al. [25] found a higher sensi-
tivity and specificity of PCT concentration in comparison
to CRP concentration in the diagnosis of high-risk Gram-
negative bacteraemia in neutropenic paediatric patients.

To date, there are no published studies addressing the
impact of PCT concentration in AECB. Despite the fact that
AECB has been primarily determined to be a local inflam-
mation and that PCT concentration is considered mainly a
marker of systemic bacterial infections, elevated levels below
the usual cut-off concentration were observed in AECB com-
pared to the control group. Interestingly, there was no dif-
ference in WBC count and CRP level between AECB and
noninfectious controls.

In TB, no elevated levels of PCT were detected. The same
was observed by ZARKA et al. [26], who investigated PCT
levels in 49 patients with CAP, TB and Pneumocystis-carinii
pneumonia.

PCT concentration is believed to be a sufficient parameter
for differentiation between severe systemic bacterial and non-
bacterial infections [27]. However, in the present study, no
differences in PCT level in connection with bacterial aetiology
were found for patients with respiratory infections (HAP,
CAP and AECB). A similar conclusion was drawn by TOIKKA

et al. [28], who investigated PCT levels in children with viral
and bacterial pneumonia.

With respect to the outlier and extreme values, different
aspects need to be considered. In regard to the outlier and
one of the extreme values in the HAP group, postoperative
pneumonia should be taken into account. The higher levels
of PCT are possibly related to the postoperative situation,
fully described in literature pertaining to such elevated

postoperative PCT levels, and particularly in situations
involving thoracic surgery [29]. In the case of the patient
with the other extreme value in the HAP group, the diagnosis
pertained to nonsmall cell lung cancer, as well as an early
stage of sepsis, which developed some days after the patient
had been included in the study. To the best of the present
authors9 knowledge, there are no studies relating PCT con-
centration to lung cancer. Studies addressing in-vitro environ-
ments provided evidence of secretion of various calcitonin
precursor molecules originally produced by small cell lung
cancer cells [17]. The developing septic condition may also be
an explanation for the higher PCT concentration.

In the case pertaining to the extreme value in the CAP
group, the clinical condition of the patient was found to
deteriorate progressively. As a result, in later stages, the
criterion of sepsis was evident, explaining the high level of
PCT [4, 30, 31].

In summary, compared to the control group, significantly
elevated PCT concentrations were found in patients with
HAP, CAP and AECB below the recommended cut-off level.
Therefore, it could be discussed whether PCT concentration
could become a useful parameter in the diagnosis of lower
respiratory tract infections after a reduction in the cut-off
level. ROC analysis based on the present data demonstrated
that, in a patient with a PCT concentration ofv0.245 ng?mL-1,
pneumonia can be ruled out with a probability of 91%.

Conclusion

In acute respiratory infections such as hospital-acquired
pneumonia, community-acquired pneumonia and acute exacer-
bation of chronic bronchitis, significantly elevated procalci-
tonin levels were found in comparison to the control group,
but below the recommended cut-off level of 0.5 ng?mL-1.
Therefore, in regard to the currently recommended cut-off
level, procalcitonin was not a useful parameter in the diag-
nosis of lower respiratory tract infections in the present study.
Furthermore, in tuberculosis patients, neither elevated pro-
calcitonin concentrations nor a significant difference to the
control group were found.
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