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Abstract. The present study aimed to assess the usefulness 
of soluble triggering receptor expressed on myeloid cells 1 
(sTREM-1) in the diagnosis of ventilator-associated pneumonia 
(VAP) in paediatric patients with congenital heart disease 
(CHD) following cardiac surgery. The current prospective 
study enrolled 48 patients with congenital heart diseases who 
were suspected of having VAP; these patients were undergoing 
cardiac surgery between August 2016 and October 2017 in the 
Cardiac Intensive Care Unit of Shanghai Children's Medical 
Center (Shanghai, China). A total of 31 patients were diag-
nosed with VAP using a polymerase chain reaction (PCR) 
assay, while 17 patients without VAP were designated as the 
Non-VAP group. A bronchoscopy was performed and samples 
were collected for measurement on the day that VAP was 
diagnosed. The sTREM-1 levels were measured in bronchoal-
veolar lavage fluid (BALF) and exhaled ventilator condensate 
(EVC). BALF specimens were also sent to the microbiology 
laboratory for PCR assays and quantitative culturing. The 
positive detection rate of bacteria using the PCR assay and 
traditional culture was 64.6% (31/48) and 39.6% (19/48). 
sTREM‑1 was significantly higher in the BALF (146.21 pg/ml 
vs. 118.06 pg/ml) and EVC (125.29 pg/ml vs. 120.48 pg/ml) of 
patients with VAP demonstrated compared with the patients 
without VAP. The findings suggest that the detection of 
sTREM‑1 in BALF and EVC samples may be useful for the 
diagnosis of VAP following heart surgery in children.

Introduction

Ventilator-associated pneumonia (VAP) is a common type 
of nosocomial infection in children following cardiac 
surgery (1,2). Transient systemic immune suppression (3) and 
the prolonged use of mechanical ventilation increase the risk 
of VAP following cardiac surgery (2). It has been reported 
that VAP increases the duration of mechanical ventilation, 
prolonging the hospital stay (4) and even contributing to a 
13% mortality rate (5). However, it is a major challenge to 
accurately diagnose VAP in patients immediately following 
cardiac surgery as systemic inflammatory response syndrome 
is induced by surgical trauma as well as the interaction of 
the blood with the cardiopulmonary bypass (6), and imaging 
studies may reveal pulmonary opacities caused by the surgical 
manipulation, atelectasis or alveolar haemorrhage (4). As 
a result, accurate pathogen detection to discern advisable 
treatment and early diagnosis are key to improving the 
prognosis of patients with VAP following heart surgery.

The gold standard for the diagnostic confirmation of VAP 
is lung tissue examination and culturing (7,8), however, as 
an interventional procedure is required to get lung biopsy 
samples, clinical applicability is limited (8). The trig-
gering receptor expressed on myeloid cells-1 (TREM-1) is 
a member of the immunoglobulin superfamily, is secreted 
by neutrophils, macrophages and monocytes, and ampli-
fies the inflammatory response following the exposure of 
cells to bacteria and fungi (9). A soluble form of TREM-1 
(sTREM-1) has been proposed as a novel biomarker, and has 
been tested for in patients with acute infections with different 
diagnostic and prognostic results (9-11). Elevated levels of 
sTREM-1 were identified in the serum, bronchoalveolar 
lavage fluid (BALF) and the exhaled ventilator condensate 
(EVC) in patients with VAP (12,13). sTREM-1 in exhaled 
breath condensate (EBC) and BALF has been demonstrated 
to be a good diagnostic factor in differentiating patients who 
have suffered an ischaemic stroke with VAP from those 
without (14), however the measurement of sTREM-1 in 
EVC has been demonstrated to be useful for the diagnosis 
of VAP after cardiac surgery (13). Whether the detection of 
sTREM‑1 in EVC and BALF improves the accuracy of a VAP 
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diagnosis following cardiac surgery remains to be explored. 
Additionally, polymerase chain reaction (PCR) assays 
allow for rapid molecular testing, as traditional culturing 
methods may not be sufficiently sensitive to detect even 
the more common bacterial pathogens and viruses (15-17). 
Studies using PCR techniques for pathogen detection have 
involved severe sepsis and bloodstream infections (17,18). A 
previous study demonstrated that PCR assay rapidly detected 
pathogens, and was more sensitive and rapid than traditional 
cultures (19). In the present study, a PCR assay was used to 
define the pathogens in BALF for patients with suspected 
VAP, and to evaluate whether the use of sTREM-1 improved 
the accuracy of VAP diagnosis in children undergoing 
cardiac surgery.

Materials and methods

Study design. The current study was a prospective cohort 
study conducted in the Cardiac Intensive Care Unit (CICU) 
of Shanghai Children's Medical Center (Shanghai, China) on 
children with congenital heart disease undergoing cardiac 
surgery between August 2016 and October 2017. The present 
study was approved by the Ethics Committee of Shanghai 
Jiaotong University School of Medicine (Shanghai, China; 
approval no. SCMCIRB‑K2015040) and written informed 
consent was obtained from the patients' parents.

Diagnosis, treatment and prevention of VAP. Patients with 
suspected VAP who remained intubated and mechanically 
ventilated for ≥48 h after surgery were included. VAP was 
suspected if the patient had a radiographic infiltrate that 
was novel or progressive, together with clinical findings that 
were suggestive of infection, including the onset of fever 
(temperature ≥38.3˚C) or hypothermia (temperature ≤36.5˚C), 
leucocytosis (≥10x109/l or ≤4x109/l), purulent sputum and a 
decline in oxygenation (oxygen saturation <90%). The exclu-
sion criteria were a preoperative diagnosis of pneumonia 
and/or sepsis. The BALF samples were collected and anal-
ysed as described below. Patients with a positive detection of 
bacteria were determined as the VAP group, whilst the control 
group was determined as the non-VAP group, patients with a 
negative detection of bacteria.

The protocol for VAP treatment and prevention followed 
standard protocols based on the British Thoracic Society 
guideline for advanced diagnostic and therapeutic flexible 
bronchoscopy in adults (20). In addition, VAP care bundles for 
the prevention of VAP were also available (20).

Clinical assessment. The baseline assessment included 
the evaluation of demographic data (age, sex and weight), 
medical history, Paediatric Risk of Mortality score (21), Risk 
Adjustment for Congenital Heart Surgery score (22), modified 
clinical pulmonary infection score (23), the ratio of partial 
oxygen to the fraction of inspired oxygen (PaO2/FiO2) (23), 
cardiopulmonary bypass time, aortic cross clamp time, 
the level of inflammatory biomarkers procalcitonin and 
C-reactive protein, the time of intubation, CICU length of 
stay and hospital length of stay. The levels of procalcitonin in 
blood plasma were determined using a procalcitonin detecting 
kit and measured by Getein 1600 Immunofluorescence 

Quantitative Analyzer (both Getein Biotech, Inc., Nanjing, 
China). The C-reactive protein levels in blood were deter-
mined using a C-reactive protein detecting kit (Goldsite, Inc., 
Shenzhen, China) and detected by Astep C Reactive Analyzer 
(GOLDSITE, Inc.).

Sample processing and measurement. A bronchoscopy was 
performed on the day when VAP was suspected and BALF 
and EVC samples were collected for measurement on the 
same day. The diagnostic flexible bronchoscopy guideline 
of the British Thoracic Society was also followed (8). To 
obtain the BALF sample, a total of 9 ml sterile saline was 
instilled into the middle lobes of the right and left lungs, 
and was then gently suctioned out. One‑third of the BALF 
sample was centrifuged at 200 x g for 15 min at room 
temperature, and the cell-free supernatants were aliquoted. 
In addition, EVC samples, the liquid of exhaled gases and 
vapours collected in a portable condenser, were collected 
from the trap located in the expiratory limb of the ventilator 
circuit and 3 ml was required for the measurement on the 
same day. Part of the BALF and EVC samples were sent 
to the laboratory immediately following the collection 
to measure the sTREM-1 protein concentration using the 
Human TREM‑1 Quantikine ELISA kit (cat. no. DTRM10B; 
R&D Systems Inc., Minneapolis, MN, USA). The remainder 
of the BALF samples were analysed by quantitative PCR 
(qPCR) and microbiological culture using PMseq™ infection 
high-throughput gene detection analysis performed by 
Beijing Genomics Institute (Beijing, China).

Statistical analysis. The statistical analysis was performed 
using SPSS version 19.0 (IBM Corp., Armonk, NY, USA). 
Data are expressed as the median (range). The VAP positive 
and VAP negative data were compared using a Mann-Whitney 
U test for equal proportion. The statistical tests performed 
were two-sided. All the analyses were performed on an 
intention-to-treat basis and a two-sided P<0.05 indicated that 
the difference between groups was statistically significant. 
The association of characteristics with VAP was assessed by 
Spearman's correlation. A Receiver Operating Characteristic 
(ROC) curve was constructed to determine the cut-off 
value of sTREM-1 expression in the EVC for the diagnosis 
of VAP. The figures were drawn using GraphPad prism 
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) and 
Medcalc11.4.2 (MedCalc Software bvba, Ostend, Belgium).

Results

Patient characteristics following clinical assessment. 
Throughout the study period, 95 children with congenital 
heart diseases were admitted to the CICU at Shanghai 
Children's Medical Center following cardiac surgery and 48 of 
the patients met the inclusion criteria were suspected of having 
VAP. Among them, 31 were diagnosed with VAP following the 
positive detection of bacteria using PCR assays and 17 were 
not. The baseline characteristics of the 48 patients are shown in 
Table I. The duration of mechanical ventilation, as well as the 
CICU and hospital length of stay were significantly increased 
in the VAP group compared with that in the non-VAP control 
group (P<0.01). In addition, the mCPIS, PO2/FiO2 (mmHg), 
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PCT and CRP expression level were not significantly different 
in the VAP group compared with that in the non-VAP control 
group (P>0.05).

Bacteria detection by qPCR and microbiological culture. Of 
the 48 samples, the positive culture rate was 39.6% (19/48). 
From the culture experiments, a total of 21 pathogens were 
identified after culturing for 72 h, and >1 pathogen was detected 
in 2 samples (data not shown). Of the 48 samples, 31 (64.6%) 
were qPCR positive, confirming the diagnosis of VAP. The 
qPCR positive samples were defined as the VAP group, whilst 
the 17 qPCR negative samples were defined as the non‑VAP 
control group. A total of 44 pathogens from 31 samples 
were detected in just 24 h of the samples being obtained 
from patients with suspected VAP. A total of 9 samples had 

a mixed pathogen infection. Of the 44 pathogens, 8 were 
Acinetobacter baumannii, 2 were Haemophilus influenza, 4 
were Escherichia coli, 3 were Klebsiella pneumonia, 3 were 
Enterobacter cloacae, 3 were Streptococcus pneumoniae, 6 
were Staphylococcus aureus, 2 were Enterococcus faecium, 
2 were Stenotrophomonas maltophilia, 2 were Pseudomonas 
aeruginosa, 3 were Mycoplasma pneumoniae and 6 were 
Candida albicans. The qPCR results of the BALF samples 
yielded the best sensitivity and specificity to diagnose VAP, 
differentiating true infections from inflammation or colonisa-
tion.

Detection and comparison of sTREM‑1 and diagnostic value 
of VAP. sTREM-1 protein concentration was detected in all 
48 patients on the day that VAP was suspected. sTREM-1 

Table I. Patient characteristics of the study groups.

Characteristics Patients with VAP (n=31) Patients without VAP (n=17) P-value

Age (days) 42 (1-2,738) 49 (1-3,492) 0.82
Weight (kg) 3.5 (1.9-18.2) 3.6 (2.1-23) 0.78
Male sex 26 (54.2%) 25 (52.1%) 0.73
PRISM score 12 (4-27) 11 (2-20) 0.25
RACHS-1 score 4 (2-6) 4 (2-5) 0.62
mCPIS 5 (3-8) 4 (2-8) 0.54
PO2/FiO2 (mmHg) 230 (135-305) 252 (153-320) 0.75
PCT expression level 5.2 (0.9-12) 5 (0.8-11) 0.63
CRP expression level 22 (8-89) 25 (6-92) 0.35
Use of CPB 29 (93.5%) 15 (88.2%) 0.67
Duration of CPB (min) 97 (0‑172) 94 (0‑156) 0.42
Aortic cross clamp time (min) 62 (0-98) 65 (0-109) 0.23
Duration of mechanical ventilation (days) 7 (3-17) 3 (1-7) <0.01
CICU length of stay (days) 15 (5-30) 7 (4-15) <0.01
Hospital length of stay (days) 28 (8-210) 13 (7-26) <0.01

The data are reported as the median (range) or n (%). PRISM, Paediatric Risk of Mortality; RACHS-1, Risk Adjustment for Congenital Heart 
Surgery; mCPIS, modified Clinical Pulmonary Infection Score; PCT, procalcitonin; CRP, C‑reactive protein; CPB, cardiopulmonary bypass; 
CICU, Cardiac Intensive Care Unit.

Figure 1. sTREM‑1 detection in the BALF and EVC samples of patients with or without VAP. Median sTREM‑1 levels in the BALF and EVC samples in 31 patients 
with and 17 patients without VAP. Each dot represents each individual patient. Data are presented as the median, and range. *P<0.05. sTREM-1, soluble triggering 
receptor expressed on myeloid cells‑1; BALF, bronchoalveolar lavage fluid; EVC, exhaled ventilator condensate; VAP, ventilator‑associated pneumonia.
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protein expression in BALF of the VAP group (median, 
146.21 pg/ml; range, 117.26-169.91 pg/ml) was signifi-
cantly higher compared with the Non-VAP group (median, 
118.06 pg/ml; range, 108.89‑147.76 pg/ml; P<0.05; Fig. 1). 
The cut‑off value of sTREM‑1 in BALF on the day of VAP 
diagnosis was 134.80 pg/ml, which had a sensitivity of 77.5% 
and a specificity of 93.8% for the diagnosis of VAP [area under 
the ROC curve, 0.91; 95% confidence intervals (CI), 0.83‑0.99; 
Fig. 2]. sTREM‑1 protein expression in EVC of the VAP group 
(median, 125.29 pg/ml; range, 102.31-140.34 pg/ml) was signif-
icantly higher compared with the Non-VAP group (median, 
120.48 pg/ml; range, 118.21‑129.91 pg/ml; P<0.05; Fig. 1). The 
cut-off value for sTREM-1 in EVC was 109.75 pg/ml, which 
had a sensitivity of 93.2% and a specificity of 76.5% for the 
diagnosis of VAP (area under the ROC curve, 0.89; 95% CI, 
0.79‑0.98; Fig. 2).

Discussion

VAP is a major cause of morbidity and mortality following 
cardiac surgery worldwide, particularly in children (5). Despite 
advances in diagnostics, it is still challenging to diagnose 
VAP early, and the aetiology and therapy is empirical (4). As 
systemic inflammatory response syndrome and VAP have 
similar characteristics in early development, patients are 
treated for VAP, which requires treatment with antibiotics, 
which is excessive and unnecessary for patients with systemic 
inflammatory response syndrome (24). This excessive 
and unnecessary use of antibiotics may lead to increased 
bacterial resistance and increased costs, which highlights the 
importance of an early and accurate diagnosis of VAP (25). 
As a result, the current study investigated biological markers 
of infection, such as sTREM-1, to improve the accuracy of the 
diagnosis of VAP.

One aspect of the current study was the use of PCR for the 
diagnosis of VAP. Cultures lack the sensitivity to identify all 
the bacteria in samples for multiple reasons, including previous 
antibiotic administration, sampling error and fastidious 
bacteria (26,27); whereas PCR amplification may supplement 
cultures when detecting pathogens (16). In the present study, 
more samples and more pathogens were detected by the PCR 
assay compared with traditional culturing, and the positive 
rates were 64.6 and 39.6%, respectively. The results imply 
that the false negative rate was much higher when the culture 
method was employed compared with the PCR assay, and the 
PCR assay was more sensitive for the detection of pathogens 
compared with traditional culturing.

Several previous studies have reported the diagnostic 
effects of sTREM-1 protein concentration evaluation in VAP. 
Yu et al (14) demonstrated that the sTREM-1 concentration 
was unregulated in EBC and BALF of patients with VAP, 
allowing the differentiation of patients with ischaemic stroke 
and VAP. Matsuno and Carlotti (13) demonstrated a similar 
result for the sTREM‑1 concentration in the mBALF of 
children with and without VAP following congenital heart 
surgery. In the present study, a significant increase in the 
sTREM‑1 concentration was observed in the BALF sample 
of the VAP group; the cut-off value was 134.8 pg/ml, with a 
sensitivity of 77.5% and a specificity of 93.8% for the diag-
nosis of VAP. In addition, the levels of sTREM-1 in the EVC 

were significantly higher in the VAP group; the cut‑off value 
was 109.75 pg/ml, with a sensitivity of 93.2% and a specificity 
of 76.5% for the diagnosis of VAP. The results of the current 
study demonstrated that measuring the sTREM‑1 in the BALF 
and EVC were useful for diagnosing VAP following the result 
of a PCR assay in this population. However, a previous study 
revealed that measuring the sTREM-1 protein concentra-
tion in the mBALF did not discriminate patients with VAP 
from those without VAP following cardiac surgery in chil-
dren (28). In the aforementioned study, mBALF was collected 
in a plastic container located at the centre of the exhaled 
portion of the ventilator tubing, which was far away from 
the patient's natural airway. Thus, the detection of sTREM-1 
protein concentration and analysis of mBALF were inevitably 
affected by the bacterial colonization in the artificial airway. 
The difference between the two studies is that bronchoscopy 
was used for the BALF in the present study and the samples 
were obtained from deep within the pulmonary alveolus. 
The detection of sTREM‑1 in BALF through the collection 
of BALF from the pulmonary alveolus was a more effective 
method as it was less likely to be influenced by an extrapul-
monary infection. Additionally, the use of PCR for diagnosis 
of pneumonia has been demonstrated to be more sensitive in 
several studies (29,30). In the present study, PCR was used for 
the pathogenic diagnosis of VAP and more pathogens were 
detected using that method compared with culture methods, 
reducing the rate of missed diagnoses.

One of the limitations of the current study is the lack of 
measurements of sTREM-1 concentrations prior to surgery to 
determine the patients' baseline levels. Another limitation is 
the lack of detection of viruses; the detection of viruses and 
bacteria by PCR will be performed in a future study.

To the best of our knowledge, the current study is the first 
to evaluate the diagnostic value of sTREM-1 and a PCR assay 
in the diagnosis of VAP following cardiac surgery. The detec-
tion of sTREM‑1 protein concentration in the BALF and EVC 
samples may be useful for the diagnosis of VAP following 

Figure 2. Diagnostic value of sTREM‑1. Receiver‑operating characteristic 
curves of sTREM‑1 levels in BALF and EVC samples. sTREM‑1, soluble 
triggering receptor expressed on myeloid cells‑1; BALF, bronchoalveolar 
lavage fluid; EVC, exhaled ventilator condensate.
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paediatric heart surgery. The PCR assay defined the diagnosis 
and pathogens for VAP early in children undergoing cardiac 
surgery.
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