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INTRODUCTION

Lower respiratory tract infections (LRTIs) include a broad ar-
ray of diseases, including community-acquired pneumonia 
(CAP), ventilator-associated pneumonia, chronic obstructive 
pulmonary disease (COPD) exacerbations, and tuberculosis 
(1). Pneumonia is the leading cause of hospitalization world-
wide (1, 2). CAP mortality ranges between 1% and 48% in Eu-
ropean countries (2). Identifying the gold standard technique 
for the differential diagnosis of LRTI is often problematic, and 
the causative organisms can be detected in only 10%-20% of 
patients with respiratory infections (3, 4). The leading cause of 
antibiotic prescription is pneumonia, and the unnecessary use 
of antibiotics may contribute to increased bacterial resistance 
(5, 6). 

The assessment of the severity and prognosis of LRTI can be eas-
ier with the help of biomarkers. There are some validated scores 
such as pneumonia severity index and CURB 65 (confusion, ure-
mia, respiratory rate, blood pressure, and age: ≥65 years) that 
have direct impacts on the severity of disease (6, 7). The use of 
these scores can be helpful in noticing the severity of disease. (8). 

In recent years, the importance of the use of blood markers such 
as procalcitonin (PCT) in combination with these scores has been 
defined (9). PCT, a protein comprising 116 amino acids, is the 
pro-peptide of the hormone, calcitonin (CT) (10). The release of 
PCT in inflammation has been directly induced by microbial tox-
ins such as endotoxin, or indirectly induced via a humoral or cell-
mediated host response, e.g., interleukin (IL)-1β, tumor necrosis 
factor-α, and IL-6 (11, 12). An increased level of PCT is related to 
respiratory tract infections, particularly to pneumonia (13). More-
over, an increased level of PCT is related to the severity of bac-
terial infection (14). Although PCT levels were highest in typical 
bacterial infection, the levels did not predict the microbiological 
response (15). 

Infective and non-infective reasons can cause acute exacerba-
tions of COPD. Bacterial infections are the most common causes 
of exacerbations; however, antibiotics have been used without 
differentiating infective or non-infective exacerbation (16). The 
decision of antibiotic use in acute exacerbations of COPD is sig-
nificant to avoid bacterial resistance (17). PCT has been used as 
an important biomarker in the detection of acute exacerbations 
of COPD (18). 
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ABSTRACT

Objective: Procalcitonin (PCT), C-reactive protein (CRP), and leukocyte count are important host response biomarkers to determine the presence 
of infection. The aim of the present study was to evaluate the usefulness of PCT with other markers in lower respiratory tract infections.

Methods: A total of 78 patients with community-acquired pneumonia (CAP), chronic obstructive pulmonary disease (COPD) exacerbations, and 
healthy controls were evaluated. Baseline serum levels of PCT and CRP and leukocyte counts were assessed and repeated on day 7 of antibiotic 
treatment.

Results: Procalcitonin levels and absolute neutrophil counts (ANCs) were higher in the CAP and COPD groups than in the control group. In the 
CAP and COPD exacerbation groups, the leukocyte count, ANC, and CRP and PCT levels decreased on day 7 of the treatment (p<0.001). In the 
CAP group, the baseline PCT levels were correlated with leukocyte counts (r=0.495, p<0.005), ANCs (r=0.426, p<0.019), and CRP levels (r=0.515, 
p<0.004). In receiver operating characteristic curve analysis, PCT threshold >0.12 ng/mL had a sensitivity of 70.4% and specificity of 68.7%, and 
CRP threshold >22.9 mg/L had a sensitivity of 85.2% and specificity of 75.0%. 

Conclusion: Procalcitonin is a useful marker to determine the initiation of antibiotic therapy and can also be used to cease the treatment.
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C-reactive protein (CRP), an acute phase reactant, has been used 
for the diagnosis of various infectious and inflammatory diseas-
es (19). CRP measurement is inexpensive and widely available. 
Reportedly, CRP levels are higher in patients with CAP than in 
healthy controls (20). 

In the present study, we aimed to evaluate the serum level of PCT 
in LRTIs and to correlate PCT with other biomarkers such as CRP 
and white blood cell (WBC) count. Moreover, we aimed to prove 
that the serum level of PCT is a useful biomarker in the differen-
tial diagnosis of LRTIs and to assess the response to treatment to 
help clinicians. 

METHODS

Subjects

A total of 78 patients were included in the present study and 
were categorized into three groups: 30 patients with CAP, 
24 patients with COPD exacerbation, and 24 controls. This 
was a prospective, observational diagnostic accuracy study. 
The study was approved by the Marmara University Ethics 
Committee (Approval number: B.30.2.MAR.0.01 00.02/AEK-
273). Written informed consent was obtained from all sub-
jects. The patients were categorized based on the American 
Thoracic Society criteria as CAP and COPD acute exacerba-
tion. The patients with sepsis, cancer, or aspiration pneu-
monia; who were pregnant; or <18 years or >85 years were 
excluded.

Study Design

At entry to the study, demographic and clinical data were re-
corded. In addition to physical examination and chest radiog-
raphy, laboratory tests were performed, including blood cell 
counts and the measurement of erythrocyte sedimentation 
rate (ESR), serum CRP, and PCT, and the routine assessment 
of blood chemistry. Microbiological tests were performed on 
sputum and blood cultures. The patients with CAP or COPD 
exacerbation were re-evaluated on day 7. Blood samples for 
the analysis of PCT levels were centrifuged, and serum was 
stored at −80°C.

PCT levels were measured using the quantitative Kryptor PCT 
test kit (Brahms, Hennigsdorf, Germany). This assay has the ad-
vantage of using time-resolved amplified cryptate emission tech-
nology and is based on polyclonal anti-CT and monoclonal anti-
catacalcin antibodies that bind CT and its precursor molecules. 
This is a functional test with a sensitivity of 0.06 μg/L (14). The 
time required for the test is 19 min, and the results are routinely 
obtained after 1 h using 20-50 µL of serum. A turbidimetric meth-
od (BN ProSpec System, Dade BEHRING) was used to measure 
serum CRP levels.

Statistical Analysis

Descriptive results are presented as mean±SD. The compari-
sons of the mean values among the groups and among dif-

ferent days for each group were performed by the analysis of 
variance (ANOVA) followed by Tukey’s test. For the compari-
sons of the groups, ANOVA test was used. The associations 
between parameters were evaluated using Pearson’s correla-
tion coefficient. A p-value of <0.05 was considered as statisti-
cally significant. The receiver operating characteristic (ROC) 
curve analysis was performed to determine the cut-off value 
of PCT for the diagnosis of CAP. The data were analyzed by 
the Statistical Packages for Social Sciences version 21.0 (IBM 
Corp.; Armonk, NY, USA).

	 Patients	 Age	 Female/ 
Groups 	  (n)	  (mean±)	 male

CAP	 30	 56±16	 9/21

COPD exacerbations	 24	 64±7	 13/11

Controls 	 24	 64±8	 13/11

Total 	 78		

CAP: community-acquired pneumonia; COPD: Chronic obstructive pulmonary disease

Table 1. Demographic characteristics of the patients with 
lower respiratory tract infections

	                        Infectious patients 	

		  COPD 
 	 CAP 	  exacerbation 
	 (mean±)	  (mean±)	 Control	  p

WBC (x109/L) 	 15.3±6.43	 9.73±2.44	 6.75±2.11	 <0.001

ANC (x109/L) 	 12.12±6.35	 7.3±1.97	 3.2±1.73	 <0.001

CRP (mg/L)	 149±117	 19.5±26.3	 3±1.16	 <0.001

PCT (ng/mL)	 4.26±11.97	 0.206±0.397	 0.042±2.12	 <0.001

ANC: absolute neutrophil count; COPD: Chronic obstructive pulmonary 

disease; CRP: C-reactive protein; PCT: pro-calcitonin; WBC: white blood cell

Table 2. Demographic characteristics of the patients with 
lower respiratory tract infections

	 Patients	 Age	 Female/ 
Groups 	  (n)	  (mean±)	 male

WBC (x109/L) 	 15.3±6.43	 9.73±2.44	 <0.001

ANC (x109/L) 	 12.12±6.35	 7.3±1.97	 <0.001

CRP (mg/L)	 149±117	 19.5±26.3	 <0.001

PCT (ng/mL)	 4.26±11.97	 0.206±0.397	 <0.003

ANC: absolute neutrophil count; CAP: community acquired pneumonia; 

COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein, PCT: 

pro-calcitonin WBC: white blood cell 

Table 3. Baseline serum CRP and pro-calcitonin concentrations, 
absolute neutrophil and white blood cell counts in patients 
with community-acquired pneumonia (CAP) or exacerbations 
of chronic obstructive pulmonary disease (COPD)
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RESULTS

We studied 78 patients: 30 patients with CAP, 24 patients with 

COPD exacerbation, and 24 control subjects.

Table 1 shows the baseline characteristics of the study population. 

All patients with COPD exacerbation or CAP received empirical 

antibiotic therapy. Two sputum cultures from the CAP group were 

positive for Streptococcus pneumoniae and Haemophilus influ-

enza. One patient with CAP died, and the baseline serum PCT 

concentration of this patient was 0.51 ng/mL.

		  Baseline	 Day 7	 p 

	 PCT (ng/mL)	 4.26±11.97	 0.256±0.056	 <0.001

	 CRP (mg/L)	 149±117	 23.08±31.31	 <0.001

CAP	 WBC (x109/L)	 15.3±6.43	 7.68±2.24	 <0.001

	 ANC (x109/L)	 12.12±6.35	 5.0±2.23	 <0.001

	 PCT (ng/ml)	 0.206±0.397	 0.074±0.05	 <0.01

	 CRP (mg/L)	 19.5±26.3	 7.43±8.75	 <0.001

COPD 	 WBC (x109/L)	 9.73±2.44	 7.83±2.15	 <0.001

	 ANC (x 109/L)	 7.3±1.97	 5.26±1.89	 <0.001

ANC: absolute neutrophil count; CAP: community-acquired pneumonia; 

COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; PCT: 

pro-calcitonin; WBC: white blood cell count 

Table 4. Absolute neutrophil and leukocyte counts, and 
serum CRP and pro-calcitonin concentrations in patients 
with community-acquired pneumonia (CAP), chronic 
obstructive pulmonary disease (COPD) at baseline and on 
7th day of treatment 

		       PCT (ng/mL)

	 WBC (x 109/L)	 r	 0.495

		  p	 <0.001

	 ANC (x 109/L)	 r	 0.426

CAP		  p	 <0.01

	 CRP (mg/L)	 r	 0.515

		  p	 <0.001

	 WBC (x 109/L)	 r	 0.456

		  p	 <0.01

	 ANC (x 109/L)	 r	 0.414

COPD		  p	 <0.05

	 CRP (mg/L)	 r	 0.424

		  p	 <0.05

ANC: absolute neutrophil count; CAP: community-acquired pneumonia; 

COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; PCT: 

pro-calcitonin; WBC: white blood cell count 

Table 5. Correlation of pro-calcitonin with other biomarkers 
elevated in serum during infection

Figure 1. a-d. (a) Difference of serum level of procalcitonin at baseline and on day 7 of antibiotic treatment. (b) Difference of serum level of 
C-reactive protein at baseline and on day 7 of antibiotic treatment. (c) Difference of serum level of white blood cell count at baseline and on day 7 
of antibiotic treatment. (d) Difference of serum level of absolute neutrophil count at baseline and on day 7 of antibiotic treatment
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At baseline, the PCT and CRP levels, apart from leukocyte and 
absolute neutrophil counts (ANCs), were significantly higher 
in the infective (CAP and COPD exacerbation) patients than in 
healthy individuals (Table 2). In the infectedpatients (CAP/COPD 
exacerbations), all evaluated inflammatory markers (PCT, CRP, 
ESR, WBC, and ANC) were higher in the CAP group than in the 
COPD exacerbation group (Table 3). 

The evaluated parameter values at the baseline and on day 7 
of the treatment are summarized in Table 4 and Figure 1. The 
CRP and PCT levels, leukocyte counts, and ANCs were sig-
nificantly lower after seven days of the antibiotic treatment 
than those at baseline for the CAP and COPD exacerbation 
groups.

For both groups combined, the baseline PCT levels were sig-
nificantly positively correlated with leukocyte counts, ANCs, and 
CRP levels (Figure 2). Table 5 summarizes the correlation analysis 
of PCT with the evaluated biomarkers for the patients with CAP 
and COPD. In CAP and COPD exacerbation groups, there was 
a positive and linear relationship between PCT and CRP, ANC, 
and WBC.

The ROC curve was identified to determine the optimum val-
ues of the evaluated blood markers. PCT threshold >0.12 ng/

mL had a sensitivity of 70.4% and specificity of 68.7% (area un-
der the curve (AUC): 0.742, 95% CI: 0.620-0.863), CRP threshold 
>22.9 mg/L had a sensitivity of 85.2% and specificity of 75.0% 
(AUC: 0.867, 95% CI: 0.777-0.956), WBC threshold 11.45 (×109/L) 
had a sensitivity of 70.4% and specificity of 77.4% (AUC: 0.767, 
95% CI: 0.647-0.887), and ANC threshold 7.98 (×109/L) had a 
sensitivity of 70.1% and specificity of 67.8% (AUC: 0.757, 95% 
CI: 0.613-0.851) whileidentifying the patients with pneumonia 
(Figure 3a). Moreover, the same calculations and ROC curve 
analysis were performed to determine the threshold value in 
COPD exacerbations; however, only the sensitivity and speci-
ficity of PCT were slightly >50%, and they were <50% for the 
others (Figure 3b).

DISCUSSION

In the present study, we observed that the baseline PCT levels at 
diagnosis were higher in the patients with LRTIs than in healthy 
individuals. At admission to a hospital, it is possible to distinguish 
the infective patients from non-infective ones when suspected 
with LRTIs. The PCT levels were higher in patients with CAP than 
in patients with COPD. On day 7 of the antibiotic treatment, we 
observed that there was a statistically significant decrease in the 
levels of PCT and other biomarkers. There was a positive and 
linear correlation between PCT and CRP, WBC, and ANC in the 

Figure 2. a-c. (a) Correlation analysis between procalcitonin and white blood cell count. (b) Correlation analysis between procalcitonin and absolute 
neutrophil count. (c) Correlation analysis between procalcitonin and C-reactive protein
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patients with CAP and COPD. Using ROC curve analysis, it was 
possible to calculate the cut-off values of the patients with CAP 
for PCT, CRP, WBC, and ANC. 

In our study, we observed that PCT and other inflammatory 
marker levels were higher in the patients with LRTI than in non-
infectious cases. Previously, WBC count and CRP were routinely 
used in the diagnosis and follow-up of infections. However, PCT 
has not been routinely used in clinical practice. As observed in 
our study and defined in current studies, PCT can be safely used 
in the diagnosis of bacterial infections that cannot be defined 
in culture (21-23). Previously, it has been reported that PCT can 
differentiate bacterial infections from viral ones; therefore, its 
use can prevent the unnecessary uses of antibiotics by evalu-
ating the serum PCT levels in patients with lower respiratory 
infection (24). 

The elevated levels of PCT are related with the existence and 
severity of bacterial infection; therefore, high PCT alerts clini-
cians to immediately initiate antibiotic treatment (25, 26). More-
over, during the discrimination of bacterial infections, it is more 
useful than CRP because CRP can be elevated in any inflam-
matory process, but PCT is more specific to bacterial infections 
(27).

In our study, the baseline PCT levels were significantly higher in 
the CAP group than in COPD exacerbation group. Viral agents 
are responsible for 75% of respiratory tract infections. In addi-
tion, in COPD exacerbations, viruses may be responsible for 
infection as much as bacteria; however, CAP is most commonly 
caused due to bacterial infections. Therefore, a higher level of 
PCT in CAP than that in COPD exacerbation is an expected re-
sult. 

In our study, we observed a significant decrease at the end of day 
7 of the antibiotic treatment in the CAP and COPD groups. The 
serum level of PCT guidance has an advantage over the standard 
therapy of LRTIs in the decision to immediately initiate antibi-
otic therapy (18, 28). Prkno et al. (9) calculated that the median 
length of antibiotic therapy is six days in the PCT-guided group 
and eight days in the non-PCT-guided group. With the evaluation 
of the serum level of PCT, the decision to discontinue antibiotic 
therapy will be easier, and the unnecessary use of antibiotics can 
be avoided (9, 29, 30). With the use of such biomarkers, clini-
cians have an advantage to avoid the prolonged course of broad-
spectrum antibiotics resulting in antibiotic resistance (31). An in-
creased antimicrobial resistance is associated with an increased 
mortality and longer periods of hospitalizations (32). Moreover, 
the cessation of antibiotic treatment according to serum PCT 
levels has benefits on the long-term follow-up period; there is a 
significant decrease in re-hospitalization and exacerbation rates 
(18, 33).

With ROC curve analysis, we tried to calculate a cut-off value 
for the determination of infection in the patients suspected with 
CAP and COPD. In the CAP group, the patients who had PCT 

of >0.12 ng/mL and CRP of >22.9 mg/L were the infective ones. 
Nouvenne et al. defined the higher levels of CRP (61 mg/L) and 
PCT (0.22 ng/mL) for the diagnosis of pneumonia. In our study, 
they were not able to define a cut-off value for CRP and PCT 
in patients with COPD. van Vugt et al. (34) reported a threshold 
value of 30.0 mg/L for CRP (closer to our cut-off value) in pneu-
monia. In our study, the threshold values of CRP and PCT were 
lower for the diagnosis of pneumonia; this result may be due to 
the lower number of co-morbidities in our study group. In our 
study, the threshold value of CRP has a better diagnostic value 
than that of PCT, and similar results were reported by a few stud-
ies. On the other hand, Hirakata et al. (35) reported that PCT is a 
better biomarker than CRP in CAP.

The major drawback of the study was that all patients could not 
be evaluated on a daily basis. The serum level of biomarkers 
could be grouped according to the co-morbidities; then, the el-
evation in the levels of CRP and PCT can be more strongly associ-
ated with infection. The study would have given better sensitivity 
and specificity results if it included a larger population size.

CONCLUSION

Serum PCT levels increased in the early phase of LRTIs. Serum PCT 
can be used in the diagnosis of pneumonia, and serum PCT level 
is a useful biomarker for the diagnosis of infective acute exacerba-
tions of COPD. The results demonstrate that PCT has almost equal 
accuracy for the detection of pneumonia as CRP. However, further 
studies are needed to confirm these observations. 
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