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Background: Pneumonia due to ventilator is a prevalent nosocomial infection associated with high 
morbidity and mortality. This study aimed to determine the change in serum levels of precalcitonin (PCT) 
and C‑reactive protein (CRP) in response to antibiotic treatment in patients hospitalized in intense care 
unit (ICU) suffering from ventilator‑associated pneumonia (VAP).
Materials and Methods: This is an analytical and descriptive study performed in 2013 in Ayatollah Kashani Medical 
Training Center, Isfahan, Iran. The statistical sample includes patients hospitalized in ICU in 2013 suffering from VAP. 
In this study, 50 patients suffering from VAP were selected, and PCT and CRP levels were measured in them before 
antibiotic therapy and every 48 h until the end of therapy. The collected data were analyzed by SPSS software.
Results: CRP and PCT levels were high before the beginning of antibiotic therapy in all patients suffering from 
VAP and their CRP level had an increasing trend until 4 days after the beginning of therapy; however, from 
the 4th day, it turned into decreasing trend. PCT serum level was higher than normal before the treatment 
and until 48 h after the therapy, and then it was found to have a decreasing trend. According to variance 
analysis test with repetition of observations, the mean level of mentioned markers had a meaningful 
difference before the beginning of antibiotic therapy until the end of antibiotic therapy (P < 0.001).
Conclusion: CRP and PCT serum levels can be used as an instrument for determining the effect of antibiotic 
therapy in patients with VAP.
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Abstract

Precalcitonin and C‑reactive protein as markers in response 
to antibiotic treatment in ventilator‑associated pneumonia in 
intensive care unit‑hospitalized patients
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INTRODUCTION

Nowadays, the nosocomial infections are one of the 
most common disorders in hospitalized patients, 
and despite the fact that intensive care units (ICUs) 
include just 5–15% of hospital beds, more than 30% of 
nosocomial infections are due to these units.[1]
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Pneumonia is considered a prevalent, serious, and 
costly symptom in hospitalized patients due to 
the use of ventilator in ICU; it allocates the first 
rank concerning hospital‑induced infections.[2] 
Ventilator‑associated pneumonia (VAP) is usually 
created after 48 h from endotracheal intubation and 
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mechanical ventilation[3] and since its prevalence 
varies from 9% to 27% and its resulting death varies 
from 30% to 70%, its epidemiological care has been 
seriously considered.[4] VAP risk increases from 1% 
to 3% daily in patients with mechanical ventilation.

Clinical and microbiological diagnoses of VAP, its 
risk factors, prevention indices, and its experimental 
treatment are still controversial. VAP depends on 
the statistical sample, ICU type, and diagnostic 
criteria.[5] Some of the predisposing factors of VAP 
include age, consciousness level, trauma, and burning, 
and the severity of underlying disease leads to 
increased incidence of VAP. Despite this, the history 
of antibiotic consumption and mechanical ventilation 
are considered as the main factors. The highest rate of 
VAP happens in the 5th day of mechanical ventilation.[6]

In most studies, enteric Gram‑negative bacilli, 
Pseudomonas and Staphylococcus aureus, have been 
reported as three main factors of VAP. Knowledge 
of VAP and its antibiotic resistance patterns seem 
to be necessary for improvement and promotion of 
nosocomial infection control and the use of effective 
methods of prevention and control.[7]

Using sensitive methods, it becomes clear that 
C‑reactive protein (CRP) is present in very low 
amounts in normal individuals and its rate might 
increase several times immediately after excitement. 
Compared to other factors of cute phase, an increase in 
CRP is rapid and can be evaluated between 6 and 12 h 
from the beginning of inflammatory stages. In the case 
of lack of disease control or incidence of the problem, 
its rate increases or remains high. Evaluation of CRP 
for diagnosis of bacterial meningitis, septicemia, 
pneumonia, and aspiration pneumonia has a critical 
value. Thus, significant variations of CRP with respect 
to the disease can effectively indicate improvement 
and efficiency of the treatment.[8] In serum of healthy 
kids and adults, CRP values are very low, and the 
normal rate is 0.8–4 mg/dl.[8,9]

Precalcitonin (PCT) serum level has direct relation 
with diseases; however, its values differ in different 
individuals. PCT levels increase in infections, 
emergency patients, patients in ICU, and after surgery 
in patients suffering from respiratory tract infection, 
meningitis, and abdominal infections. This index 
can be used in diagnosis, prognosis, and the effect of 
antibiotic therapy in acute diseases.[8] Serum level of 
PCT is < 0.05μg/L in normal individuals.[10]

There was no study in this field in Iran and Asian 
countries due to different bacterial etiology of VAP 
in various areas; on the other hand, because of drug 

resistance and treatment failure of different strains, it 
seems necessary to evaluate the CRP and PCT levels 
in ICU patients suffering from VAP. PCT and CRP are 
two laboratorial markers whose values are supposed to 
increase during suffering from VAP,[7] however a few 
studies have been done in this area and the obtained 
results are contradictory. Thus, concerning high 
incidence of VAP in ICU, the present study has been 
done with the aim of determining the value of PCT and 
CRP in diagnosis of pneumonia due to ventilator in 
2013 in Ayatollah Kashani Medical Center of Isfahan.

MATERIALS AND METHODS

This analytical and descriptive study was performed in 
Ayatollah Kashani Medical Training Center, Isfahan, 
Iran in 2013. The inclusion criteria included ICU patients 
suffering from VAP, connected to ventilator at least for 
48 h, and not suffering from chronic lung diseases.

VAP diagnosis was done according to Center for 
Disease Control instructions.[7] According to the 
mentioned criteria, for diagnosis of VAP, at least one 
of the following criteria should be observed in patients:
•	 Fever	(T	>38°C)	without	other	recognized	cause
•	 White	blood	cells	<4000/mm	or	12,000/mm	
•	 For	 adults	 >70	 years,	 altered	mental	 status	

without other recognized cause.

Plusradiographic criteria:
•	 At	least	two	serial	X‑rays	with	new	or	progressive	

and persistent infiltrate, consolidate, or cavitation 
that	develops	>48	h	after	initiation	of	mechanical	
ventilation.

And at least two of the following:
•	 New‑onset	 purulent	 sputum	 or	 change	 in	 the	

character of sputum or increased respiratory 
secretions

•	 New‑onset	or	worsening	of	a	cough,	dyspnea,	or	
tachypnea

•	 Rales	or	bronchial	breath	sounds
•	 Worsening	ventilation	or	oxygenation.

The occurrence of heart failure and death in the first 
48 h of hospitalization are exclusion criteria.

The required sample size for this study has been 
estimated to be 48, through sample size estimation 
for comparison of ratios and by (1) consideration of 
reliability level of 95%, (2) a VAP prevalence of 15% as 
estimated in previous studies, and (3) error acceptance 
of	0.1.	For	more	reliability,	50	patients	were	included.

Demographic information of patients including age, 
gender, the reason for hospitalization, duration of 
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hospitalization in ICU, duration of being connected 
to ventilator, and suffering from underlying diseases 
were collected through the profile of the patient and 
registered in the special form that was prepared for 
this end.

Patients’ PCT and CRP serum levels were measured 
before antibiotic therapy and every 48 h until 10 days.

Sequential	organ	failure	assessment	(SOFA)	score	is	a	
mortality prediction score, that is, based on the degree 
of dysfunction of 6 organ systems.

The	SOFA	was	designed	to	focus	on	organ	dysfunction	
and morbidity, with less of an emphasis on mortality 
prediction. The authors designed the system with an 
emphasis on bedside applicability and simplicity using 
widely available Var.[8]	SOFA	score	was	daily	checked.

The obtained data were entered into the computer 
and analyzed through SPSS (version 22) and 
repeated‑measures ANOVA and t‑test.

RESULTS

In this study, 50 patients suffering from VAP 
were studied and investigated. The average age of 
patients was 45.7 ± 17.8 years, ranging from 22 to 78. 
Twenty‑nine patients (58%) were male, and 21 (42%) 
were female. The mean age of men and women was 
44.8 ± 18 and 47.1 ± 17.9 years, respectively, and 
according to t‑test, there was no meaningful difference 
between men and women (P = 0.65).

Twenty‑one individuals (42%) were hospitalized in 
ICU due to trauma, seven individuals (14%) due to 
intracerebral hemorrhage, 16 individuals (32%) due to 
stroke, two individuals (4%) due to brain tumor, and 
two individuals (4%) due to lung contusion.

The average hospitalization duration in ICU 
was 16.3 ± 5 days, ranging from 8 to 25 days. 
Average duration of connection to ventilator was 
14.4 ± 5.4 days, ranging from 6 to 25 days and average 
interval of entrance to ICU to suffering from VAP was 
4.36 ± 2.03 days, ranging from 2 to 12 days.

According to the results, CRP and PCT serum levels 
were high before beginning of antibiotic therapy in all 
individuals suffering from VAP, and CRP level had an 
increasing trend until 4 days after the beginning of 
treatment; however, from the 4th day onward, it had a 
decreasing trend but it was high until the end of the 
10th day. PCT serum level was higher than normal 
in all patients before the treatment and then it had 
a decreasing trend after the beginning of therapy; 
however, the level of this marker was still high after 
10 days of beginning the treatment. Moreover, the 
mean of the mentioned markers had a meaningful 
difference before the beginning of antibiotic therapy 
to the end of it according to variance analysis test with 
repetition of observations (P < 0.001). The PCT‑CRP 
ratio reached its highest value in the fourth 48 h, and 
then it decreased.

It	is	worth	noting	that	SOFA	index	had	a	meaningful	
decreasing trend compared to the entrance to ICU 
(P < 0.001).

Table 1 shows the mean and standard deviation of 
CRP	and	PCT	serum	 levels	and	SOFA	score	 index	
from the beginning of antibiotic therapy until 10 days 
after it.

In Figures 1‑4, the variation trend of mentioned 
parameters is presented.

During the study, 4 individuals (8%) did not respond 
to antibiotic therapy. In Table 2, demographic and 
clinical characteristics of expired and treated patients 
are shown. According to this table, the duration of 
connection to ventilator was significantly higher 
in expired (after the first 48 h of hospitalization) 
group than the treated group (P = 0.029) and other 
variables had not meaningful difference between 
the two groups (P	 >	 0.05).	 In	Figures 5 and 6, the 
variation of serum levels of CRP and PCT in live and 
expired groups has been shown from the beginning 
of antibiotic therapy to the 10th day. According to 
repeated‑measures ANOVA, the mean variation of CRP 
in two groups had a meaningful difference (P = 0.048); 
however, the variation of PCT in the two groups was 
not different (P = 0.18).

Table 1: Mean and SD of CRP serum level, PCT, PCT‑CRP ratio, and SOFA
Index time CRP PCT PCT‑CRP SOFA
Before antibiotic therapy 68.2±14.4 2.37±0.55 0.038±0.02 6.3±0.54
The first 48 h of treatment 72.9±15 0.14±0.54 0.0173±0.02 5.56±0.76
The second 48 h of treatment 75±14.6 1.28±1.1 0.0179±0.0.15 5.18±0.75
The third 48 h of treatment 58.8±14.4 1.19±1.17 0.021±0.018 4.98±0.71
The forth 48 h of treatment 55.9±13.9 0.67±0.58 0.012±0.028 4.88±0.72
The fifth 48 h of treatment 53.5±13.2 0.57±0.34 0.012±0.031 4.76±0.96
P <0.001 <0.001 <0.001 <0.001
All data are explained as mean±SD. SD: Standard deviation, CRP: C‑reaction protein, SOFA: Sequential organ failure assessment, PCT: Precalcitonin
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DISCUSSION

The aim of this study is to determine PCT and CRP 
variations as a marker in responding to antibiotic 

therapy in patients suffering from VAP hospitalized 
in ICU.

According to our study, mean hospitalization time was 
16 ± 5.1 days. In Saberi’s study in Shahid Beheshti 

Figure 1: C-reactive protein serum level before antibiotic treatment 
until the 10th day Figure 2: Precalcitonin serum level before the beginning of antibiotic 

therapy until the 10th day

Figure 3: Precalcitonin and C-reactive protein ratio before antibiotic 
treatment until the 10th day Figure 4: Sequential organ failure assessment index mean from the 

beginning of antibiotic therapy to the 10th day

Figure 5: Mean of C-reactive protein serum level from beginning of 
therapy until the 10th day in treated and died groups (P = 0.046)

Figure 6: Mean of precalcitonin serum level from beginning of therapy 
until the 10th day in treated and died groups (P = 0.18)
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Kashani Hospital, the average hospitalization duration 
in ICU was 16.3 ± 5 days and the mean duration of 
connection to ventilator was 14.4 ± 5.4 days and 
the mean time interval between entrance to ICU to 
suffering from VAP was 4.36 ± 2.03 days.[11] In Zadeh 
et al.’s study in Sanandaj, the average hospitalization 
duration in patients suffering from VAP was 
23.4 ± 10.2 days that was higher than that of ours.[12]

CRP serum level has been reported as a sensitive index 
in the evaluation of anti‑bacterial trial treatment 
and follow‑up of bacterial infection and control of 
postsurgical infections.[9] Thus, meaningful changes 
in CRP compared to disease condition can effectively 
show improvement and efficiency of the treatment. 
Concerning PCT, as previously mentioned, this index 
can be used in diagnosis, prognosis, and effect of 
antibiotic therapy in acute diseases.[8]

In Hillas et al. study on 45 patients suffering from 
VAP, serum levels of CRP and PCT were significantly 
higher than those of survived individuals. This study 
concluded that the mentioned markers can acceptably 
determine VAP prognosis in patients hospitalized in 
ICU.[8]

In Póvoa et al. study, the CRP serum level in patients 
suffering from VAP was higher than normal value 
after until 4 days of the beginning of antibiotic therapy; 
however, the CRP level in died individuals and treated 
people had not meaningful difference with VAP. In 
this study, a daily measurement of CRP level for 
determining the effect of antibiotic therapy has been 
evaluated as a beneficial marker.[13]

Thus, concerning the obtained results of this study 
and its comparison with other studies, the overall 
conclusion of this study is that CRP and PCT serum 
levels in patients suffering from VAP were high; 
however, by beginning of antibiotic treatment and its 
continuance, their levels gradually decreases. Thus, 
these two markers can be used as an instrument for 
determining the effect of antibiotic therapy in VAP 
patients.
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Table 2: Frequency distribution of demographic and clinical 
specification of died and treated patients
Variable Fate Treated Nontreated P
Age 45.7±17.8 46.5±20.8 0.93
Sex Male 26 (56.5) 3 (75) 0.63

Female 20 (43.5) 1 (25)
The reason of ICU 
hospitalization

Trauma 20 (43.5) 1 (25) 0.8
Intracerebral 
hemorrhage

6 (13) 1 (25)

Brain tumor 2 (4.3) 0 (0)
Stroke 14 (30.4) 2 (50)
Pulmonary 
contusion

4 (8.7) 0 (0)

Hospitalization 
duration (day)

16±5.1 20±3.4 0.13

Duration of ventilator 
connection (day)

13.9±5.3 20±3.4 0.03

The interval between 
ventilator connection 
and VAP onset (day)

4.5±2.1 3.3±0.5 0.26

All data are explained as n (%) or mean±SD. ICU: Intensive Care Unit, SD: Standard 
deviation, VAP: Ventilator associated pneumonia
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