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Abstract
Hospital-acquired pneumonia (HAP) is one of the common infections in hospitalized patients. Early and prompt diagnosis 
of HAP is important because it aids in the appropriate selection of antibiotics and decreases the mortality and morbidity of 
patients. The investigation on serum procalcitonin (PCT) levels in pediatric patients is limited. Herein we aimed to evaluate 
the role of PCT in the early diagnosis of children with bacterial HAP. The study enrolled 264 children (< 14 years old) who 
were radiographically detected by pulmonary condensation chest X-rays. The HAP patients were stratified by patterns of 
microbiological detection of pathogens. Baseline white blood cell (WBC) count, neutrophil proportion, PCT, and C-reactive 
protein (CRP) were measured on admission. The laboratory findings and microbiological findings were analyzed and com-
pared among groups. The median PCT concentration of patients with typical bacterial pathogens (3.95 ± 3.75 ng/mL) was 
significantly higher than the one of the patients with other pathogen types (median lower than 1.20 ng/mL). Correlation 
analysis indicated a significant correlation between PCT concentrations and the main inflammation makers including WBC 
count, neutrophil proportion, and CRP. PCT level was significantly decreased to 0.86 ± 1.46 ng/mL in post-treatment patients 
(p < 0.001). This cohort study with 264 pediatric HAP patients demonstrated the reliability of PCT level as a biomarker 
in patients with typical bacterial pathogens. Specifically, PCT cutoffs of 2 ng/mL accurately identified HAP children with 
typical bacterial pathogens. This finding suggested that PCT may serve as a reliable biomarker for the early diagnosis and 
treatment indicator of children with HAP.

Keywords  Procalcitonin (PCT) · Hospital-acquired pneumonia (HAP) · Biomarker · Typical bacterial pathogens · 
C-reactive protein

Introduction

Hospital-acquired pneumonia (HAP) is one of the common 
infections in hospitalized patients, referring to pneumonia 
occurring as early as 48 h after hospital admission [1]. HAP 
is caused by individual or simultaneous infection with bac-
teria, viruses, or other types of pathogens, which require 
different treatment methods correspondingly [2]. Early and 
prompt diagnosis of HAP is important because it aids in 
the appropriate selection of antibiotics and decreases the 
morbidity and mortality of patients [3]. For pneumonia 
caused by bacteria, culture-based methods are the most 
common method for identifying the pathogens. The poten-
tial benefits of blood culture could be helpful to narrow the 
antibiotic spectrum, predict outcomes, and inform assess-
ments of vaccine efficacy [4]. However, the impact of blood 
cultures has not been adequately studied. For instance, in 
a meta-analysis of smaller studies that enrolled with 3235 
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community-acquired pneumonia (CAP) patients, only 12 
patients (0.4%) had positive results of blood culture [5]. 
Thus, although recommended by the Pediatric Infectious 
Diseases Society (PIDS) guidelines for most hospitalized 
children, routine blood cultures in children hospitalized 
with pneumonia are not enough for the accurate diagnosis 
of pneumonia.

Procalcitonin (PCT) is secreted by different types of cells 
from numerous organs in response to pro-inflammatory stim-
ulation [6]. PCT has received approval from the Food and 
Drug Administration (FDA) of the United States as a diag-
nostic aid for sepsis in 2005 [7]. Clinically, a PCT concentra-
tion larger than 0.1 ng/mL indicates a bacterial infection that 
requires antibiotic treatment [8], while a PCT concentration 
higher than 0.5 ng/mL indicates the risk of severe sepsis or 
septic shock of patients [9]. In recent years, PCT has been 
considered as a specific and early biomarker for the diag-
nosis of systemic bacterial infection [10]. A recent study 
with 56 children with severe pneumonia showed that PCT 
level of patients in bacterial pneumonia group was signifi-
cantly higher compared to the patients in the control group 
and non-bacterial pneumonia group [11]. However, the PCT 
level on patients suffering chronic non-specific inflamma-
tion, virus infection, autoimmune diseases, tumorous fever, 
and operative wounds would not increase significantly [12]. 
Using PCT as an indicator, reduced antibiotic exposure was 
achieved during the treatment for respiratory tract infections 
in adults [13].

In accordance with these previous reports, the PCT levels 
may be useful to predict bacterial HAP. To determine the 
value of serum PCT as an early marker for HAP, we enrolled 
over two hundred of pediatric patients and analyzed the clin-
ical characteristics with laboratory findings and microbio-
logical findings to evaluate the reliability of PCT in the early 
diagnosis of children with bacterial HAP, providing founda-
tion and guidance for the antibiotic prescription selection.

Materials and methods

Patients

Two hundred and sixty-four (264) pediatric patients, who 
were hospitalized due to severe pneumonia in Cangzhou 
Central Hospital between October 2017 and January 2019, 
were enrolled in this study. The protocol was reviewed by the 
Institutional Review Board and the Ethics Committee of the 
Cangzhou Central Hospital. Informed consents were signed 
by the parents or guardians of each participant. The inclusion 
criterion for age is younger than 14 years. Hospital-acquired 
pneumonia (HAP) was determined by the presence of symp-
toms and signs including fever and respiratory system disor-
der. In addition, the patients were radiographically checked 

by chest X-rays for pulmonary condensation. Clinical data 
were retrieved from the electronic records of patients.

Laboratory tests

The HAP patients were stratified by patterns of microbio-
logical detection of pathogens. Specifically, etiology was 
classified as four categories: typical bacterial pathogens with 
the detection of Streptococcus pneumoniae by routine spu-
tum culture; atypical typical bacterial pathogens with the 
detection of Mycoplasma pneumoniae by serologic investi-
gation; viral pathogens only detected by respiratory viruses 
and diagnostic testing using Respiratory Viruses and Diag-
nostic Testing (Luminex, Shanghai, China), which include 
the following: human metapneumovirus, adenovirus, coro-
navirus HKU1, 229E, OC43 and NL63, influenza A and B, 
parainfluenza viruses 1–4, human rhinovirus, and respiratory 
syncytial virus.; no pathogen detected by these described 
methods.

Whole blood was collected from the patients, and white 
blood cell (WBC) count was determined by flow cytometry 
(Beckman Coulter, CA, USA) within 3 h. The serum was 
separated and stored at − 20 °C for subsequent biomarker 
analysis. Specifically, serum C-reactive protein (CRP) was 
assessed by a nephelometric method (Dadebehring BN 
prospec 100, Germany), and serum concentration of proc-
alcitonin (PCT) was assayed by an enzyme-linked fluores-
cence assay (Wuhan Easydiagnosis Biomedicine Co. Ltd, 
Wuhan, China). PCT results were also detected after the 
treatment and compared with pre-treatment.

Statistical analysis

Data in this study were analyzed by statistical software SPSS 
16.0. Variables were expressed as mean ± standard devia-
tion (SD). Clinical characteristics and laboratory test results 
were assessed by the application of analysis of variance, chi-
square test when appropriate. Correlation analysis between 
PCT and the main inflammation markers were conducted by 
non-parametric Spearman’s test. Statistical significance was 
considered when p value is smaller than 0.05.

Results

Demographics and clinical characteristics 
of patients

Demographics and clinical characteristics of patients 
are shown in Table 1. There were 264 children enrolled 
in this study, out of whom 128 are boys (48.5%). There 
were 64 children (24.2%) aged < 1  year, 146 children 
aged 1–12 years (55.3%), and 54 children aged 13 years 
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(20.5%). Among all the patients, 178 of them (67.4%) had 
larger than 10 days of hospital stay, 183 (69.3%) of them 
were admitted to the Intensive Care Unit, and 186 of them 
(70.55) had ventilator-associated pneumonia due to severe 
outcomes.

Microbiological findings showed that children included 
in this study were detected at a higher percentage for viral 
pathogen (108, 40.9%), while 56 children (21.2%) had typi-
cal bacterial pathogens, 72 children (27.3%) had atypical 
bacterial pathogen, and 28 children (10.6%) had no pathogen 
detected.

We also detected the underlying diseases of these 
patients, and the records showed that 121 children (45.8%) 
with neuromuscular diseases, 83 children (31.4%) with gas-
trointestinal diseases, 62 children (23.5%) with anatomical 
abnormalities in the respiratory system, 70 patients (26.5%) 
with immunosuppressive agents, 51 patients (19.3%) with 
chromosomal abnormalities, 46 patients (17.4%) with heart 
diseases, 48 patients (18.2%) with metabolic diseases, and 
67 (25.4%) with other diseases.

Laboratory findings among patients with different 
pathogens

As shown in Table 2, the median WBC count (× 103/µL) of 
the total patients was 11.66 ± 4.48, and there was no signifi-
cant difference among patients in the four categories divided 
by pathogens. The median neutrophil proportion (%) of all 
participated patients was 61.9 ± 16.29, and there was no 
difference observed among pathogen-based groups. The 
median CRP of all patients was 3.22 ± 2.22 mg/dL, without 
significant difference among all four categories. Interest-
ingly, the median PCT concentration of patients with typical 
bacterial pathogens (3.95 ± 3.75 ng/mL) was significantly 
higher than the one of the patients with atypical bacterial 
pathogens (0.63 ± 1.53 ng/mL, p < 0.001), the patients with 
viral pathogens only (1.07 ± 1.69 ng/mL, p < 0.001), as well 
as the patients with no pathogen detected (1.18 ± 1.68 ng/
mL, p < 0.01). Further box plot (Fig. 1) showed that the PCT 
levels were higher in patients with typical bacterial patho-
gens (IQR, 0.84–12) when compared to those with atypical 
bacterial pathogens (IQR, 0.06–8.8), viral pathogens only 

Table 1   Baseline characteristics

*Includes bacterial detections with and without viral codetection
# The viruses tested for this study included the following: adenovi-
rus, coronavirus HKU1, 229E, OC43 and NL63, influenza A and B, 
human metapneumovirus, parainfluenza viruses 1–4, human rhinovi-
rus, and respiratory syncytial virus

Characteristics n (%)

Number of patients 264
Gender, Boys 128 (48.5%)
Age, year (median) 3.2
 < 1 64 (24.2%)
 1–12 146 (55.3%)
 13–14 54 (20.5%)

Length of hospital stay, ≥ 10 days 178 (67.4%)
Admission to Intensive Care Unit 183 (69.3%)
Ventilator-associated pneumonia 186 (70.5%)
Microbiological findings
 Typical bacterial pathogens* 56 (21.2%)
 Atypical bacterial pathogens* 72 (27.3%)
 Viral pathogens only# 108 (40.9%)
 No pathogen detected 28 (10.6%)

Underlying diseases
 Neuromuscular diseases 121 (45.8%)
 Gastrointestinal diseases 83 (31.4%)
 Anatomical abnormalities in respiratory system 62 (23.5%)
 Patients with immunosuppressive agents 70 (26.5%)
 Chromosomal abnormalities 51 (19.3%)
 Heart diseases 46 (17.4%)
 Metabolic diseases 48 (18.2%)
 Others 67 (25.4%)

Table 2   Comparison of laboratory findings among patients with different pathogens

WBC white blood cell count, CRP C-reactive protein, PCT procalcitonin
*Includes bacterial detections with and without viral codetection
# The viruses tested for this study included the following: adenovirus, coronavirus HKU1, 229E, OC43 and NL63, influenza A and B, human 
metapneumovirus, parainfluenza viruses 1–4, human rhinovirus, and respiratory syncytial virus
Data are presented as mean ± SD. aaP < 0.01, aaap < 0.001 compared to typical bacterial pathogens

Characteristic Total (n = 264) Typical bacterial 
pathogens* (n = 56)

Atypical bacterial 
pathogens* (n = 72)

Viral pathogens 
only# (n = 108)

No patho-
gen detected 
(n = 28)

WBC (× 103/μL) 11.66 ± 4.48 11.92 ± 4.02 11.63 ± 4.56 12.74 ± 4.38 10.34 ± 4.96
Neutrophil proportion (%) 61.9 ± 16.29 67.06 ± 15.68 64.35 ± 14.73 56.25 ± 16.78 59.94 ± 17.96
CRP (mg/dL) 3.22 ± 2.22 3.05 ± 2.35 3.17 ± 2.11 3.31 ± 1.96 3.36 ± 2.46
PCT (ng/mL) 1.57 ± 2.57 3.95 ± 3.75 0.63 ± 1.53aaa 1.07 ± 1.69aaa 1.18 ± 1.68aa
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(IQR, 0.12–8.6), or no pathogen detected (IQR, 0.10–8.3). 
PCT level were similar in children with detected viral patho-
gens compared with children without detected pathogen.

Correlation between serum PCT and inflammation 
markers

As s specific and early marker for systemic inflamma-
tion, PCT was compared with other traditional systematic 
inflammation markers in our study. Correlation analysis 
indicated significant correlation between serum PCT con-
centrations and the main inflammation makers. As seen in 
Table 3, r = 0.412, p < 0.001 for WBC, r = 0.341, p < 0.001 
for neutrophil proportion, and r = 0.224, p = 0.004 for CRP, 
respectively.

Stratified analysis of PCT levels among patients 
with different pathogens

Stratified analysis of PCT levels was also performed to 
determine correlation between the PCT level and pathogens. 
As shown in Table 4, among 60 children (22.7% of cohort) 
with PCT concentrations < 0.1 ng/mL, only 1 patient had 
a typical bacterial pathogen detected. Among the patients 
with a PCT concentration ranging from 0.1 to < 1.99 ng/mL, 
only 4–9 children had a typical bacterial pathogen detected 
(7.1%-16.1%). In contrast, among 66 children (23.1%) with 
a PCT concentration ≥ 2 ng/mL, 32 children (57.2%) had 
typical bacterial pathogen detected, which was significantly 
higher than the numbers of children with atypical bacte-
ria detected (6, 8.3%), children with viral pathogens (21, 
19.4%), and children without detected pathogen (7, 25%).

PCT concentrations before and after treatment

To further evaluate the specificity of PCT as a marker in 
HAP, we compared the serum PCT level on patients before 

Fig. 1   Serum procalcitonin concentrations among children with hos-
pital-acquired pneumonia stratified by patterns of microbiological 
detection. Box plot with all data are used to present the data. Note 
that the y-axis is presented in log (10) scale. **P < 0.01, ***p < 0.001 
compared to typical bacterial pathogens

Table 3   Correlation analysis between serum PCT and the main mark-
ers of inflammation

WBC white blood cell count, CRP C-reactive protein, PCT procalci-
tonin

PCT (ng/mL)

r p

WBC (× 103/μL) 0.412  < 0.001
Neutrophil proportion (%) 0.341  < 0.001
CRP (mg/dL) 0.224 0.004

Table 4   Comparison of serum 
procalcitonin concentration 
ranges among patients with 
different pathogens

PCT procalcitonin
*Includes bacterial detections with and without viral codetection
# The viruses tested for this study included the following: adenovirus, coronavirus HKU1, 229E, OC43 and 
NL63, influenza A and B, human metapneumovirus, parainfluenza viruses 1–4, human rhinovirus, and res-
piratory syncytial virus

PCT Range
(ng/mL)

Total (n = 264) Typical bacte-
rial pathogens* 
(n = 56)

Atypical bacte-
rial pathogens* 
(n = 72)

Viral pathogens 
only# (n = 108)

No patho-
gen detected 
(n = 28)

 < 0.1 60 (22.7%) 1 (1.8%) 34 (47.2%) 22 (20.4%) 7 (25%)
0.1–0.24 63 (23.9%) 9 (16.1%) 17 (23.6%) 29 (26.9%) 5 (17.9%)
0.25–0.49 37 (14.0%) 4 (7.1%) 10 (13.9%) 17 (15.7%) 4 (14.3%)
0.5–0.99 22 (8.3%) 5 (8.9%) 3 (4.2%) 10 (9.3%) 3 (10.7%)
1–1.99 21 (8.0%) 5 (8.9%) 2 (2.8%) 9 (8.3%) 2 (7.1%)
 ≥ 2 61 (23.1%) 32 (57.2%) 6 (8.3%) 21 (19.4%) 7 (25%)
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and after treatment. As demonstrated in Table 5, the PCT 
level of pre-treatment patients as a whole was 1.57 ± 2.57 ng/
mL, which was higher than the one of post-treatment patients 
(0.95 ± 1.53 ng/mL). Strikingly, PCT levels in patients with 
typical bacterial pathogens changed from 3.95 ± 3.75 ng/
mL in pre-treatment patients to 0.86 ± 1.46 ng/mL in post-
treatment patients (p < 0.001), indicating the significant reli-
ability of this marker.

Discussion

The goal of the study is to use procalcitonin as an early 
indicator to distinguish between bacterial infections and 
viral infections of children HAP. There were 264 pediatric 
patients younger than 13 years old enrolled in our study. 
Our analysis clearly demonstrated that the serum PCT 
concentration in patients with typical bacterial pathogens 
was significantly higher than the one of patients with other 
pathogen types. In addition, the concentration of PCT was 
significantly decreased after the treatment of HAP with typi-
cal bacterial pathogens. These results showed that PCT can 
be included in the treatment algorithms for pediatric patients 
with HAP as a reliable diagnosis and treatment biomarker.

A great number of studies on HAP have been performed 
in ICU patients, and mechanical ventilation used there could 
be a major risk factor for nosocomial pneumonia [14]. In our 
study, we checked these severe outcomes, and the baseline 
characteristics of patients showed that 69.3% of the patients 
were admitted to ICUs, and 70.5% of patients were venti-
lator-associated pneumonia. These data indicated the high 
percentage of the risk of HAP, which requires the develop-
ment of a more accurate and reliable diagnosis biomarker. 
In addition, some studies revealed that serum PCT level 

increased dependently with the severity of the diseases in 
cases of severe invasive bacterial CAP [15], so it is not dif-
ficult to understand the PCT level in all HAP patients as a 
whole was 1.57 ng/mL, much higher than the plasma levels 
of PCT in healthy individuals (0.1 ng/mL), the concentration 
of which was extremely low, and could hardly be detected 
during physiological conditions [16]. Speaking of the pneu-
monia severity, it would be interesting to run a multivariate 
logistic regression model to see if PCT could serve as an 
independent predictor of pneumonia severity, by compar-
ing with the consolidation extent on chest x-rays in future 
studies.

Blood cultures were collected from all patients and 
bacterial sputum cultures were observed for 48.5% of the 
patients, while viruses were detected in 108 (42%) of chil-
dren’s blood samples. Streptococcus pneumoniae test was 
positive in 56 (21.2%) of all samples. A significant asso-
ciation was observed between microbiological findings and 
PCT levels. PCT has a different profile than other presently 
used markers of pneumonia, such as WBC count, neutro-
phil proportion, and CRP. Clinically, the combination of the 
WBC count and the CRP level is commonly used as a basis 
to determine infection [17]. CRP is associated with non-
specific inflammatory, which rapidly increased upon trauma, 
serving as a marker of acute inflammation. In this study, we 
found increased levels of CRP in all inflammatory conditions 
associated with various pathogen types. Therefore, CRP is 
of limited value in distinguishing infection caused by dif-
ferent pathogens. Contrary to this, the PCT level remains 
unchanged or increases only modestly in patients infected by 
respiratory viruses [18]. In addition, serum PCT is detect-
able as early as 3–4 h after the bacterial invasion, which is 
much sensitive than the change of CRP level [19]. Consist-
ently, we saw a significantly higher concentration of PCT in 
patients with typical bacterial pathogens, while the values 
of WBC count, neutrophil proportion, and CRP were similar 
among different patient groups categorized by pathogens. To 
be noted, we did not include a group with combined bacte-
rial and viral pathogens, given the slight increase contrib-
uted by a viral infection. Our results displayed the correla-
tion between PCT and the traditional inflammatory markers 
including WBC, neutrophils, and CRP, with its distinctive 
value.

A previous study that used PCT as an important bio-
marker for the distinction of bacterial and non-bacterial 
pneumonia of children showed that the value of PCT in the 
pretreated bacterial pneumonia group was 12 µg/L [11], 
which was much higher than the value measured in our study 
(3.95 µg/L). Korppi et al. found no differences in PCT val-
ues between pneumococcal and other etiology infections in 
pediatric pneumonia [20], which was later stated that only 
PCT with ≥ 1 ng/mL cut-off was a reliable marker of bacte-
rial CAP [21]. Further, Toikka et al. described that PCT 

Table 5   Serum procalcitonin concentration detection results of 
patients with different pathogens before and after treatment

PCT procalcitonin
*Includes bacterial detections with and without viral codetection
# The viruses tested for this study included the following: adenovi-
rus, coronavirus HKU1, 229E, OC43 and NL63, influenza A and B, 
human metapneumovirus, parainfluenza viruses 1–4, human rhinovi-
rus, and respiratory syncytial virus
Data are presented as mean ± SD. aaaP < 0.001 compared to pre-treat-
ment

Group n PCT (ng/mL)

Pre-treatment Post-treatment

Total 264 1.57 ± 2.57 0.95 ± 1.53
Typical bacterial pathogens* 56 3.95 ± 3.75 0.86 ± 1.46aaa

Atypical bacterial pathogens* 72 0.63 ± 1.53 0.78 ± 1.68
Viral pathogens only# 108 1.07 ± 1.69 0.91 ± 1.45
No pathogen detected 28 1.18 ± 1.68 1.23 ± 1.73



266	 Molecular and Cellular Biochemistry (2021) 476:261–267

1 3

concentrations with high cut-off (> 2 ng/mL) were positively 
associated with the bacterial etiology of CAP and PCT val-
ues in children [22]. Given the discrepancy of PCT levels in 
different assays, as well as the lack of defined cut-off value 
of PCT in relation to pediatric pneumonia, we stratified the 
PCT range into < 0.1, 0.1–0.24, 0.25–0.49, 0.5–0.99, 1–1.99, 
and 2 ng/mL. Our results showed the positive results of the 
PCT indicator. Specifically, patients with typical bacterial 
pathogens took up to 57.2% of the patients with PCT values 
larger than 2 ng/mL.

Compared to other earlier studies that used bacterial 
serology or blood culture for the diagnosis of pediatric pneu-
monia, or studies that used PCT assay that has relatively 
lower detection limits, our study successfully detected PCT 
concentrations in a wider range, and thus atypical and viral 
pneumonia can be distinguished from typical bacterial pneu-
monia [23]. To date, in spite of multiple pieces of evidence 
supporting the diagnostic and prognostic values for PCT, 
many studies have reported various prognostic factors for 
inflammatory diseases in adults or elderly patients [24–26]. 
However, only a few studies have assessed the role of PCT 
as a prognostic factor in pediatric pneumonia patients. Our 
study evaluated the predictive value of PCT with several 
strengths, including the enrollment of children cohort, 
comprehensive diagnostic testing, and stratified analysis of 
results. In addition to the value in HAP etiology, PCT can be 
also used as a biomarker in the evaluation of HAP treatment, 
which can potentially lower the hospital stay and antibiotic 
duration.

Conclusion

In conclusion, in this cohort of 264 subjects, the serum 
PCT concentration in patients with typical bacterial patho-
gens was significantly higher than the one of patients with 
atypical bacterial pathogens, viral pathogens, and unknown 
pathogens. PCT cutoffs of 2 ng/mL accurately identified 
HAP children with typical bacterial pathogens. Our findings 
suggested that PCT may serve as a reliable biomarker for 
the early diagnosis and treatment indicator of children with 
HAP. This cohort study with 264 pediatric HAP patients 
demonstrated the reliability of PCT level as a biomarker in 
patients with typical bacterial pathogens. Specifically, PCT 
cutoffs of 2 ng/mL accurately identified HAP children with 
typical bacterial pathogens. These findings suggested that 
PCT may serve as a reliable biomarker for the early diagno-
sis and treatment indicator of children with HAP.
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