Original Papers

Procalcitonin versus C-reactive
protein for predicting pneumonia
in adults with lower respiratory
tract infection in primary care
Anette Holm, Svend S Pedersen, Joergen Nexoe, Niels Obel, Lars P Nielsen, Ole Koldkjaer and Court Pedersen

ABSTRACT
Background
The role of procalcitonin in diagnosing bacterial infection
has mainly been studied in patients with severe
infections. There is no study on the value of
procalcitonin measurements in adults with lower
respiratory tract infection (LRTI) treated in primary care.

Aim
To evaluate the accuracy of plasma procalcitonin in
predicting radiographic pneumonia, bacterial infection,
and adverse outcome in a population of adults with LRTI
treated in primary care.

Design of study
Prospective, observational study.

Setting
Forty-two general practices and an outpatient clinic at
the Department of Infectious Diseases, Odense
University Hospital, Denmark.

Method
A total of 364 patients with LRTI were prospectively
enrolled from 42 general practices. Patients were
examined with chest radiography, microbiological
analyses, and measurements of C-reactive protein (CRP)
and procalcitonin. The outcome measure was
hospitalisation within 4 weeks of enrolment.

Results
Median procalcitonin was 0.05 ng/ml, which was below
the functional sensitivity of the assay (0.06 ng/ml). In
predicting radiographic pneumonia, bacterial infection,
and hospitalisation, the sensitivities of procalcitonin
>0.06 ng/ml were 0.70, 0.51, and 0.67, and of CRP
≥20 mg/l were 0.73, 0.56, and 0.74 respectively.
Corresponding positive predictive values were between
0.09 and 0.28.

Conclusion

Both procalcitonin >0.06 ng/ml and CRP ≥20 mg/l were
associated with radiographic pneumonia, bacterial
infection, and subsequent hospitalisation, but positive
predictive values were too low for any of the two
inflammatory markers to be of use in clinical practice. To
measure procalcitonin values accurately in the primary
care setting, a more sensitive method is needed, but
there was no indication that procalcitonin is superior to
CRP in identifying patients with pneumonia, bacterial
aetiology, or adverse outcome.
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INTRODUCTION
Lower respiratory tract infection (LRTI) comprises
acute bronchitis, pneumonia, and in some cases
acute exacerbation of chronic obstructive
pulmonary disease. More than 70% of patients with
LRTI are treated with antibiotics in primary care,1–3
most often without firm knowledge of the specific
diagnosis or the aetiology. Although viral infections
may cause radiographic pneumonia, it is generally
believed that most cases of LRTI in adults are
caused by bacteria and should be treated with
antibiotics, that antibiotics are needed in some
cases of acute exacerbation of chronic obstructive
pulmonary disease, and that most cases of acute
bronchitis are caused by viral infections with no
benefit gained from antibiotic treatment.
Differentiation between pneumonia and acute
bronchitis is important due to the therapeutic
consequences. Making this distinction in primary
care is difficult because of limited access to chest
radiography, and the lack of a simple, rapid, and
accurate marker of pneumonia. Common clinical
signs lack sensitivity and specificity,4 and standard
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How this fits in
Procalcitonin is an inflammatory marker which has been shown to identify
bacterial infection and predicting adverse outcome in hospitalised patients with
critical illness. In one study of patients hospitalised with LRTI, antibiotic
prescribing was reduced when the antibiotic strategy was based on
procalcitonin measurements. This is the first study on the value of procalcitonin
in adults with LRTI treated in primary care. It can be concluded that both
procalcitonin and CRP are unable to predict radiographic pneumonia, bacterial
aetiology, or adverse outcome with sufficient accuracy.

negative impact on clinical outcome.11 The value of
procalcitonin measurements in LRTI in primary care
has not been previously studied in adults. This study
prospectively evaluated procalcitonin and CRP in
adults with LRTI treated in primary care. The aims of
this study were to describe the range of
procalcitonin values in this setting, to evaluate the
accuracy of procalcitonin to detect patients with
pneumonia, to discriminate between bacterial and
viral infection, and to predict outcome.

METHOD
microbiological examinations such as blood culture
and sputum culture have low sensitivity,5 and are not
practical for use in primary care. Differing views are
held on the role of C-reactive protein (CRP)
measurement as a marker of pneumonia.6–8 In a
review, van der Meer et al, concluded that testing for
CRP has neither sufficient sensitivity, nor sufficient
specificity to be used as a test to guide antibiotic
prescription.8 This is concordant with the findings in
a study of patients with LRTI in primary care.9 An
elevated level of CRP was significantly associated
with having pneumonia, but the positive predictive
value (PPV) of CRP was low.
Procalcitonin is the precursor of calcitonin, and is
normally produced in the C-cells of the thyroid
gland.10 Under normal conditions, procalcitonin is
not released in the blood stream, and the serum
procalcitonin levels are therefore very low in healthy
individuals. During systemic infections, procalcitonin
is produced in other tissues, and the serum levels
may be very high in severe, generalised bacterial or
fungal infections. In a study of hospital patients with
LRTI, Christ-Crain et al showed that a therapeutic
strategy based on procalcitonin measurements
significantly reduced antibiotic use without having a

The study population consisted of 364 consecutive
adults with LRTI treated in primary care as described
elsewhere.9 Patients aged ≥18 years old were
enrolled if their GP made a clinical diagnosis of LRTI
and the patients agreed to participate in the study.
Exclusion criteria were: pregnancy, hospitalisation
within the preceding 7 days, severity of illness
requiring hospitalisation, and former participation in
the study. Chest radiographs, microbiological
analysis, and blood samples for procalcitonin and
CRP were obtained on the day of diagnosis at the
outpatient clinic, Department of Infectious Diseases,
Odense University Hospital, Denmark. Chest
radiographs were evaluated by an experienced
specialist in infectious lung diseases, who was
blinded to all other study information. Blood for
procalcitonin was kept at 5oC for a maximum of
24 hours before being centrifuged, and plasma was
thereafter kept at –80oC until analysed.
The Kryptor®-PCT assay (BRAHMS Diagnostica,
Berlin, Germany) was used for measurements of
procalcitonin according to the manufacturer’s
instructions. All measurements were performed in
duplicate. The detection limit of the Kryptor®-PCT
assay was reported by the manufacturer to be

Table 1. Procalcitonin and C-reactive protein (CRP) as predictors of radiographic pneumonia.
All patients
(n = 364)
n%

Pneumonia
(n = 48)
n%

Non-pneumonic
(n = 316)
n%

P-value

Sensitivity

Specificity

PPV

NPV

(95% CI)

Procalcitonin
>0.06 ng/ml

139/357 (39)

33/47 (70)

106/310 (34)

<0.001

0.70

0.66

0.24

0.94

4.54 (2.33 to 8.84)

Procalcitonin
>0.08 ng/ml

77/357 (22)

23/47 (49)

54/310 (17)

<0.001

0.49

0.83

0.30

0.91

4.54 (2.39 to 8.64)

Procalcitonin
>0.10 ng/ml

41/357 (11)

17/47 (36)

24/310 (8)

<0.001

0.36

0.92

0.41

0.91

6.75 (3.27 to 13.96)

Procalcitonin
>0.25 ng/ml

15/357 (4)

11/47 (23)

4/310 (1)

<0.001

0.23

0.99

0.73

0.89

23.38 (7.07 to 77.25)

Procalcitonin
>0.50 ng/ml

8/357 (2)

8/47 (17)

0 (0)

<0.001

0.17

1.00

1.00

0.89

∞ (–)

145/363 (40)

35 (73)

110/315 (35)

<0.001

0.73

0.65

0.24

0.94

5.02 (2.59 to 9.88)

CRP
≥20 mg/l

Crude OR

CRP = C-reactive protein. LRTI = lower respiratory tract infection. PPV = positive predictive value. NPV = negative predictive value. OR = odds ratio.
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Statistical methods
Data were analysed using STATA 8.0. To compare
categorical variables, Fisher’s exact test was used.
Continuous variables were compared using the
Mann–Whitney two-sample rank sum test.
Sensitivities, specificities, positive predictive values
(PPVs), and negative predictive values (NPVs) were
calculated from 2×2 tables. Odds ratios (ORs) were
calculated using a univariate logistic regression
model. To compare the performance of procalcitonin
and CRP in predicting pneumonia, receiver
operating characteristic (ROC) curves were drawn,
and the area under the curve (AUC) compared using
χ2 test. Levels of significance was set at P<0.05 for
two-tailed tests.

RESULTS
Procalcitonin and C-reactive protein
Of the 364 patients, procalcitonin was measured in
357 patients (98%) and CRP in all but one.
In 35 patients (10%) procalcitonin values were
below the detection limit of 0.02 ng/ml, and in 218
patients (61%) values were below the functional
sensitivity of 0.06 ng/ml. Median procalcitonin was
0.05 ng/ml with an interquartile range of
0.04–0.08 ng/ml, and a total range from
<0.02–42.92 ng/ml. Median CRP was 14 mg/l with
an inter-quartile range of 10–35 mg/l and a total
range from <10–600 mg/l.

Radiographic verified pneumonia
Forty-eight patients (13%) were diagnosed with
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CRP ROC area: 0.7882
Procalcitonin ROC area: 0.7284
Reference

1.00

0.75

Sensitivity

0.02 ng/ml, and the functional sensitivity is
0.06 ng/ml (which is the lowest concentration at
which the assay can report accurate results, when
an interassay coefficient of variation of 20% is
accepted).
The diagnostic value of the biochemical markers
was assessed with regard to pneumonia (defined as
the presence of a transient infiltrate on chest
radiography), aetiology (determined by culture of
blood and sputum and polymerase chain reaction
on sputum for atypical bacteria and respiratory
viruses), and failure of initial treatment in primary
care (non-elective hospitalisation within 4 weeks).9
Potentially clinical relevant cut-off points for
procalcitonin were chosen at the level of the
functional sensitivity of the test (0.06 ng/ml) and at
the two levels for suspected bacterial infection as
stated by the manufacturer (0.25 and 0.50 ng/ml).
Additionally, two cut-off points of 0.08 and 0.1 ng/ml
between the functional sensitivity and the expected
level for bacterial infection were chosen. CRP was
evaluated at a cut-off point of 20 mg/l as a low value
appears to be optimal in the setting of primary care.7

0.50

0.25

0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

radiographic pneumonia. A statistically significant
difference between pneumonic and non–pneumonic
patients was demonstrated for all cut-off points of
procalcitonin (Table 1). PPV increased with
increasing value of the cut-off point, but the
sensitivity of the test concomitantly decreased.
Sensitivity, specificity, PPV, and NPV for
procalcitonin >0.06 ng/ml and CRP ≥20 mg/l were
comparable. When the two biochemical markers
were evaluated by a ROC curve in their ability to
predict pneumonia (Figure 1), there was no
significant difference in the AUC (0.79 for CRP and
0.73 for procalcitonin, P = 0.187). All eight patients
with procalcitonin values higher than 0.5 ng/ml had
pneumonia.

Figure 1. Receiver
operating characteristic
(ROC) curves of
procalcitonin and
C-reactive protein (CRP)
predicting radiographic
pneumonia.

Aetiology
In 69 patients (19%), bacterial infection was
documented by the microbiological examinations.9
Compared with patients without documented
bacterial infection, a larger proportion of patients
with bacterial infection had procalcitonin above
0.06 ng/ml or 0.08 ng/ml and CRP ≥20 mg/l
(Supplementary Table 1). Patients with verified
Streptococcus
pneumoniae
infection
or
Mycoplasma pneumoniae infection were looked at
separately. Although numbers were small, it would
appear that elevated CRP level (≥20 mg/l) is
common in both infections, while elevated
procalcitonin level (>0.06 ng/ml) is common in
pneumococcal infection (74%) but unusual in
mycoplasma infection (9%). The AUC of the ROC
curves for procalcitonin and CRP in predicting
bacterial infection were small for both markers
(Figure 2). The four highest procalcitonin values
(with a range of 5.76–42.92 ng/ml) and CRP values
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DISCUSSION
CRP ROC area: 0.6346
Procalcitonin ROC area: 0.6117
Reference

1.00

Sensitivity

0.75

0.50

0.25

0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

Figure 2. Receiver
operating characteristic
(ROC) curves of
procalcitonin and
C-reactive protein (CRP)
predicting bacterial
aetiology.

Figure 3. Receiver
operating characteristic
(ROC) curves of
procalcitonin and
C-reactive protein (CRP)
predicting hospitalisation.

(with a range of 438–600 mg/l) were detected in
four pneumonic patients with pneumococcal
bacteraemia.

Outcome
All patients were initially treated in primary care.
Nineteen patients (5%) were non-electively
hospitalised within the 4-week follow-up period. Of
the hospitalised patients, a larger proportion had
procalcitonin and CRP values above the defined
cut-off points compared with those who were not
hospitalised. Procalcitonin >0.06 ng/ml and CRP
≥20 mg/l were comparable in all measures. AUC of
the ROC curves were similar with values of 0.75 for
CRP and 0.76 for procalcitonin (P = 0.944) in
predicting hospitalisation (Figure 3).

CRP ROC area: 0.7518
Procalcitonin ROC area: 0.7560
Reference

1.00

Sensitivity

0.75

0.50

0.25

0.00
0.00

0.25

0.50

1-specificity
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0.75

1.00

Summary of main findings
Most adults diagnosed with LRTI in primary care had
procalcitonin values below 0.06 ng/ml: 30% of
pneumonic patients and 66% of patients with nonpneumonic LRTI. Both elevated procalcitonin and
elevated CRP were significantly associated with
pneumonia, bacterial infection of the lower
respiratory tract, and the risk of hospitalisation
within 4 weeks, but high PPVs were associated with
unacceptably low sensitivities. There was no
indication that procalcitonin has better accuracy as
a predictor of pneumonia or bacterial infection than
CRP, nor was there any finding to support the use of
procalcitonin in LRTI in primary care. Procalcitonin
may be a better marker than CRP to distinguish
between mycoplasma and other bacterial infections,
but this finding should be interpreted cautiously due
to the low number of patients. The findings confirm
that procalcitonin level is increased in patients with
documented systemic infection (bacteraemia).

Strengths and limitations of the study
A strength of the study was a well-defined study
population consisting of consecutive patients with
LRTI. A limitation may be that few patients had
pneumonia, and that an aetiological agent was not
found in a large proportion of patients. However,
both the proportion of patients found to have
pneumonia, and the proportion of patients with a
final aetiological diagnosis are similar to findings in
other studies in primary care.
Most studies of procalcitonin have used an
immunoluminometric assay (LUMItest®) which is
unable to measure procalcitonin values below
0.3 ng/ml with sufficient accuracy. The strength of
the newer, more sensitive Kryptor®-PCT assay is that
it has become possible to evaluate procalcitonin
levels in patients with less severe infection.
According to the manufacturer, procalcitonin levels
in healthy individuals are below 0.05 ng/ml, and
bacterial infection should be suspected with levels
above 0.25 ng/ml. In the present study, procalcitonin
values were found to be below the reported
functional sensitivity of 0.06 ng/ml in the majority of
patients, even in 14 out of 47 (30%) pneumonic
patients. A more sensitive method is required to
evaluate fully the range of procalcitonin levels in
patients with LRTI in primary care compared to
healthy individuals. Using an ultra-sensitive research
assay, Morgenthaler et al determined the optimal
cut-off point at 0.05 ng/ml for discerning between
healthy controls and patients with infection.12 The
findings of this study do not indicate that improved
sensitivity of the assay will improve the accuracy of
procalcitonin to identify pneumonia or clinical
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relevant bacterial infection in the setting of adults
with LRTI in primary care.

Comparison with existing literature
Since the association of procalcitonin with severe
bacterial infection was reported,13 studies have
primarily assessed the value of procalcitonin in its
ability
to
discriminate
between
different
microbiological aetiologies, infectious and noninfectious causes of systemic inflammatory
response syndrome, and to predict outcome in
critical illness. In a meta-analysis comparing the
ability of procalcitonin and CRP to discriminate
between bacterial and viral or non-infective causes
of inflammation in hospitalised patients, it was
concluded that procalcitonin was superior to CRP.14
In studies of less severely ill patients,
procalcitonin values are generally lower than values
in patients with critical illness. In a study on LRTI,
Polzin et al, found that procalcitonin was elevated in
patients with community or hospital-acquired
pneumonia and in patients hospitalised with acute
exacerbation of chronic obstructive pulmonary
disease when compared to healthy controls. But the
median procalcitonin value in the patients was
below the usual cut-off point suggestive of bacterial
infection of 0.5 ng/ml.15 However, Hedlund and
Hansson showed that with a cut-off point of
0.5 ng/ml, procalcitonin was able to distinguish
between classical and atypical bacterial aetiology in
adults hospitalised with community-acquired
pneumonia.16
Christ-Crain et al, performed a study in which
patients with LRTI were treated by standard of care or
by a procalcitonin-guided protocol according to which
use of antibiotics were more or less encouraged with
procalcitonin values of ≥0.5 ng/ml and ≥0.25 ng/ml.11
Antibiotic treatment was reduced in the procalcitoninguided group without affecting outcome. For patients
with community-acquired pneumonia, only a small
reduction in prescribing was observed, but more
substantial reductions were seen in patients with
acute exacerbation of chronic obstructive pulmonary
disease or acute bronchitis. The majority of patients
were treated in the hospital setting.
Data from the present study show that very few
patients treated in primary care have procalcitonin
values above either cut-off point, and application of
a treatment strategy based on a cut-off point of
0.25 ng/ml in this setting would mean withholding
antibiotics in 36 of 47 (77%) patients with
pneumonia.
Few studies have evaluated patients treated in
primary care, and none has been conducted in a welldefined group of adult patients with LRTI. The ability
of procalcitonin to differentiate between aetiologies of
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LRTI in children in primary care has been studied by
Korppi and Remes.17 They found no association
between procalcitonin levels and aetiology, or
between procalcitonin levels and severity of disease,
defined as the need for in-patient treatment. In the
current study of adults, both procalcitonin and CRP
levels were significantly associated with bacterial
aetiology and subsequent risk of hospitalisation, but
the accuracy of both tests were low. The difference
between the current findings and the findings by
Korppi and Remes must be interpreted in the context
of the different assays used, as well as the different
populations. In the study of children, the less
sensitive LUMItest® was used, and the median
procalcitonin of 0.45 ng/ml in patients in primary care
did not differ from the median found by the same
group in hospitalised children. In these patients,
Korppi and Remes did find a marginally higher
procalcitonin level in pneumococcal pneumonia
compared with viral pneumonia, but the likelihood
ratios were too low to be of clinical value.18

Implications for clinical practice and future
research
Procalcitonin has not been previously considered as
a relevant inflammatory marker in primary care.
Introduction of the test in this setting will
undoubtedly be discussed when the results from a
primary care study from the Basel Institute for
Clinical Epidemiology, University Hospital Basel,
Switzerland are published.19
In the current study, elevated procalcitonin and
CRP were significantly associated with pneumonia,
bacterial aetiology, and risk of hospitalisation in
adults with LRTI treated in primary care. At the
chosen cut-off points, procalcitonin did not perform
better than CRP, and high PPVs were found for both
inflammatory markers associated with low
sensitivities.
The majority of patients had procalcitonin values
below the functional sensitivity level of the test, and
a more sensitive method is needed to evaluate fully
procalcitonin levels in LRTI in primary care.
However, the results indicate that even using a more
sensitive test would not be able to identify
accurately patients with pneumonia, bacterial
infection, or adverse outcome.
It is possible that procalcitonin can be used to
discriminate between patients with mycoplasma and
other bacterial infections. This may have therapeutic
consequences in countries where β-lactam
antibiotics are used as first choice empiric treatment
for pneumonia in primary care. Introduction of a
sensitive, rapid test without the need of a centrifuged
venous blood sample is required if procalcitonin is to
be routinely used in primary care.
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