
O R I G I N A L  R E S E A R C H

Soluble Triggering Receptors Expressed on Myeloid 
Cells-1 as a Neonatal Ventilator-Associated 
Pneumonia Biomarker

Zu-Qin Yang1 

Jing-Yun Mai2 

Min-Li Zhu2 

Xiu-Man Xiao2 

Xiao-Xiao He2 

Shang-Qin Chen2 

Zhen-Lang Lin2 

Xing Feng1

1Department of Neonatology, Children’s 
Hospital of Soochow University, Suzhou, 
215025, Jiangsu, People’s Republic of 
China; 2Department of Neonatology, The 
Second Affiliated Hospital and Yuying 
Children’s Hospital of Wenzhou Medical 
University, Wenzhou, 325027, People’s 
Republic of China 

Background: Neonatal ventilator-associated pneumonia (NVAP) is one of the main infec
tions acquired in hospitals, and soluble triggering receptors expressed on myeloid cells-1 
(sTREM-1) are a TREM-1 subtype that can be released into the blood or bodily fluids during 
an infection.
Methods: The patients included in the present study were divided into three groups: the 
NVAP group, the first control group, and the second control group (n = 20, each). Children 
requiring respiratory treatment were assigned to the NVAP group, newborns who received 
mechanical ventilation and had neonatal respiratory distress syndrome were assigned to the 
first control group, and newborns with normal X-ray and electrocardiogram results but no 
non-pulmonary infection was assigned to the second control group. The blood and bronch
oalveolar lavage fluid (BALF) sTREM-1 levels in all newborns were analyzed.
Results: The acute-phase blood and BALF sTREM-1 levels were significantly higher in the 
NVAP group than in the first control group, and the blood sTREM-1 expression level was 
lower in the second control group than in the NVAP group.
Conclusion: The present results suggest that sTREM-1 might be a useful biomarker for 
NVAP prediction in the Department of Pediatrics.
Keywords: pneumonia, neonatal ventilator-associated pneumonia, soluble TREM-1, 
neonate, C-reactive protein

Background
Neonatal ventilator-associated pneumonia (NVAP) is a common nosocomial infec
tion as well as one of the main causes of mechanical ventilation failure. It is defined 
as a lower airway infection in intubated patients with an onset after ≥48 h of 
invasive mechanical ventilation.1 The NVAP infection rate in newborns can reach 
up to 6.8–32.2%.2 Furthermore, in child patients, NVAP occurrence prolongs 
inpatient time and increases mortality and inpatient costs; this may lead to the 
generation of multiple-resistant strain.3

Triggering receptors expressed on myeloid cells-1 (TREM-1) are an important 
member of the immunoglobulin superfamily; they play the role of a positive 
regulator in the immune response following microorganism risk factor identifica
tion. Soluble TREM-1 (sTREM-1) is a TREM-1 subtype that can be released into 
the blood or bodily fluids during an infection.4 The sTREM-1 level has been used 
as a marker for identifying infection and assessing inflammation severity in adult 
patients with septicemia, ventilator-associated pneumonia (VAP), and severe 
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pancreatitis. Chao et al5 found that the C-reactive protein 
(CRP) and sTREM-1 can be used to forecast non- 
community-acquired pneumonia (non-CAP) in adult 
patients on the third day. The different sTREM-1 and 
CRP trends in patients with non-CAP indicate that 
sTREM-1 is a kind of auxiliary forecasting biomarker in 
patients with CRP-relative CAP. Zhong et al6 found that 
among 60 child patients with pneumonia, 25 had bacterial 
pneumonia, 17 had viral pneumonia, and 18 had myco
plasma pneumonia. Furthermore, CD64 and sTREM-1 
expressions were obviously higher among patients with 
mycoplasma pneumonia than in patients with viral pneu
monia, patients with mycoplasma pneumonia, and patients 
in the study’s control groups (p < 0.05). Li et al7 suggested 
that the detection of sTREM-1 in bronchoalveolar lavage 
fluid (BALF) and exhaled ventilator condensate samples 
may be useful for VAP diagnosis in children after heart 
surgery. Yu et al8 reported that sTREM-1 in the BALF and 
exhaled ventilator condensate had good diagnostic perfor
mances in differentiating between VAP-positive and VAP- 
negative patients with ischemia. However, Palazzo et al 
showed that sTREM-1 failed to categorize adult patients as 
VAP-positive or VAP-negative.9 Few studies on the corre
lation between sTREM-1 and NVAP have been conducted; 
therefore, the present study aimed to investigate the pre
dictive performance of sTREM-1 in NVAP.

Methods
Patients
The patients included in the present study were divided 
into three groups: the NVAP group, the first control group, 
and the second control group (n = 20, each). Child patients 
in the Department of Neonatology of the Second Affiliated 
Hospital, Wenzhou Medical University between 
April 2014 and April 2016 who required respiratory treat
ment and were diagnosed with NVAP were assigned to the 
NVAP group; newborns who received mechanical ventila
tion and had neonatal respiratory distress syndrome were 
assigned to the first control group; and newborns with 
normal X-ray and electrocardiogram results who presented 
with non-pulmonary infection, such as hyperbilirubinemia, 
hypoxic-ischemic encephalopathy, hypoglycemia, and 
hypocalcemia, were assigned to the second control 
group. The male-to-female ratio was 1:1 in all groups. 
The exclusion criteria for all groups were: (1) patients 
with an incomplete medical record; (2) patients with 

severe systemic infection; and (3) patients who underwent 
mechanical ventilation for <5 days.

BALF was collected from the tracheal intubation for 
newborns on the day of diagnosis after the bronchus and 
flushed with 3 mL sterile purified water. The present study 
gained the agreement and was approved by the ethics 
committee of the Second Affiliated Hospital, Wenzhou 
Medical University.

NVAP Diagnostic Criteria
NVAP was diagnosed according to the following criteria: 
(1) fever or increased body temperature; (2) purulent spu
tum in the trachea and bronchus as well as visible bacteria 
on the smear stain; (3) new or progressive lung infiltra
tions on the chest X-ray; and (4) a positive trachea secre
tion culture and a colony count of >106/mL. A low-power 
microscope with >25 white blood cells (WBCs) and <10 
squamous cells was used for sputum culture.

Blood and BALF Sample Collection
The blood and BALF samples were collected from all 
subjects immediately after the recruitment (during the 
acute phase). A total of 2 mL venous blood was collected 
from all subjects, 10% EDTA was used for anticoagula
tion, and centrifugation (2000 rpm) was conducted for 30 
minutes to separate the plasma. Next, the liquid super
natant was transferred into a sterile 1 mL EP tube. The 
tube was then labelled, tightly covered, and placed into 
a refrigerator at −70°C for cryopreservation and subse
quent one-time detection. BALF preparation and collec
tion as well as fiberoptic bronchoscope examination were 
conducted, as previously described.10 The samples were 
filtered using single-layer gauze for viscous liquid removal 
and placed into a refrigerator at 4°C for storage. 
Centrifugation (3000 rpm, 10 minutes) was then carried 
out within three hours, and the liquid supernatant was 
removed and placed into a disinfected 1000-μL EP tube. 
All samples were placed in a refrigerator at −70°C for 
cryopreservation and subsequent one-time detection.

sTREM-1 Detection
A double-antibody enzyme-linked immunosorbent assay 
kit (#HL-192018H, Haling Biotechnology, Shanghai, 
China) was used to detect plasma and BALF sample 
sTREM-1 expression levels in accordance with the man
ufacturer’s instructions. The assay was performed in 
duplicate. The sTREM-1 level was normalized by the 
total protein concentration. A Multiskan MS Type 352 
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(Labsystems, Finland) automated microplate reader was 
used for detection, and the absorbance (optical density 
[OD] value) was read at a wavelength of 450 nm. Next, 
a standard curve was drawn to read the sample detection 
concentration, with the OD value as the vertical coordi
nate. The blood and BALF sTREM-1 concentrations 
before and after treatment were compared between the 
NVAP group and the first control group, and the detected 
blood sTREM-1 concentration values were compared 
among the three groups. Lower respiratory tract detec
tion and bacterial culture were then performed in the 
NVAP group and the first control group.

Statistical Analysis
The data analysis was conducted using the Statistical 
Package for Social Sciences 18.0 software, and the nor
mality of data was assessed using the Kolmogorov– 
Smirnov test. The measurement results were presented as 
mean ± standard deviation (x ± SD). Comparisons between 
two groups were verified with two separate samples using 
the t-test method. A p value of <0.05 was considered 
statistically significant in the determination of the plasma 
and BALF sTREM-1 concentration NVAP diagnostic 
value.

Results
Basic Neonate Characteristics (All 
Groups)
The average birth weight was 2.01 ± 1.12 kg in the NVAP 
group, 2.13 ± 0.98 kg in the first control group, and 2.21 ± 
1.01 kg in the second control group. The average gesta
tional age was 29.8 ± 4.7 weeks (25–39 weeks) in the first 
control group, and 34.7 ± 2.4 weeks (33–42 weeks) in 
the second control group; the NVAP group had 
a gestational age of 25–40 weeks, with an average gesta
tional age of 29.3 ± 5.1 weeks. The number of caesarean 
section cases was 11 in the NVAP group, 9 in the first 
control group, and 12 in the second control group. There 

were no significant differences in the above-mentioned 
characteristics among the three groups; however, there 
were significant differences in the numbers of premature 
among the three groups (NVAP group: 16; first control 
group: 13; and second control group: 6) (Table 1).

Group Acute-Phase Serum and BALF 
sTREM-1 Measurement
The BALF sample sTREM-1 values were 373.39 ± 29.76 
pg/mL in the NVAP group and 331.13 ± 22.57 pg/mL in 
the first control group; the average sTREM-1 level was 
306.26 ± 34.98 pg/mL in the NVAP group and 273.94 ± 
15.67 pg/mL in the first control group; and the serum 
sTREM-1 level in the second control group was 270.88 
± 22.09. No sTREM-1 was detected in the second control 
group BALF samples.

The statistical analysis of serum sTREM-1 revealed 
significant differences when comparing the NVAP group 
with the first control group (p < 0.001). However, there 
were no significant differences in blood sTREM-1 when 
comparing the first control group with the second control 
group (p = 0.415). Furthermore, there was a significant 
difference in blood sTREM-1 when comparing the NVAP 
group with the second control group (p = 0.001). Hence, it 
can be observed that acute-phase blood and BALF 
sTREM-1 expressions were relatively high in the NVAP 
group. In contrast, the blood sTREM-1 level was lowly 
expressed in first control group and the second control 
group; the difference was not statistically significant 
(Figure 1).

BALF sTREM-1 Measurement in Patients 
with NVAP and Bacterial-Culture-Positive 
Serum
The average BALF sTREM1 value was 387.59 ± 38.95 
pg/mL in gram-negative (G−) bacteria-infected patients 
and 363.92 ± 17.90 pg/mL in non-G− bacteria-infected 
patients (including fungi and gram-positive [G+] bacteria); 

Table 1 Basic Characteristics of Enrolled Neonates

Control 1 (n=20) Control 2 (n=20) NVAP (n=20)

Male/Female 1:1 1:1 1:1

Birth weight (kg) 2.13±0.98 2.21±1.01 2.01±1.12 p>0.05

Gestational age (weeks) 29.8 ± 4.7 34.7 ± 2.4 29.3 ± 5.1 p>0.05
Number of Caesarean section 9 (45%) 12 (60%) 11 (55%) p>0.05

Number of premature 13 (65%) 6 (30%) 16 (80%) p<0.05
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the difference was not statistically significant (p = 0.110). 
Furthermore, the blood sTREM-1 value was 341.39 ± 
17.19 pg/mL in G− bacteria-infected child patients and 
324.28 ± 23.76 pg/mL in non-G− bacteria-infected child 
patients; the difference was not statistically significant (p = 
0.190). The NVAP group blood and BALF sample 
sTREM-1 values are shown in Supplementary Table 1.

Discussion
TREM-1 are mainly expressed in neutrophile granulocyte, 
mature monocyte, and the surface of macrophages.11 The 
cascade reaction induces the production of pro- 
inflammatory cytokines, such as tumor necrosis factor 
alpha, monocyte chemoattractant protein 1, and interleu
kin-1β, after bacterial infection.12 Furthermore, TREM-1 
can affect the pathological process of septic shock.13 

Hence, it plays an important role in the inflammatory 
reaction triggering and amplification process.14,15 

sTREM-1 are the acute phase product of bacterial 
infection.16 Detection of sTREM-1 in the bodily fluids of 
a living body has a great application value for bacterial 
infection diagnosis.17,18 According to a previous report,19 

the sTREM-1 level was increased in BALF obtained from 
patients with pneumonia and septicemia, plasma obtained 
from newborn patients with septicemia, and the exhaled 
breath condensate of patients with NVAP. In addition, 
detection of sTREM-1 in sputum, pleural effusion, cere
brospinal fluid, urine, and arthritis also has an important 
clinical value for the identification of relevant infectious 
diseases.20

However, sTREM-1 level detection cannot quickly 
identify systemic inflammatory response syndrome (SIRS) 
and septicemia or delay the occurrence of septicemia in 
newborns;21 however, it can be used to reflect septicemia 
severity. Dynamic serum sTREM-1 monitoring helps phy
sicians determine child patient prognoses.22 Therefore, 
serum sTREM-1 was considered capable of effectively 
identifying septicemia and SIRS. With a plasma sTREM-1 
level of 60 ng/mL as the cut-off value, the sensitivity and 
specificity for septicemia diagnosis are 96% and 89%, 
respectively. Giamarellos-Bourboulis et al23 studied 
patients with VAP-induced septicemia and found that the 
plasma sTREM-1 level was continuously higher in the 
death group than in the survival group. Zhang et al24 studied 
52 patients with septicemia and found that the serum 
sTREM-1 level was higher in patients with severe septice
mia than in patients with normal septicemia during the 
first day of hospitalization (240.6 pg/mL vs 118.3 pg/mL; 
p < 0.01). The serum sTREM-1 level gradually decreased in 
the survival group and gradually increased in the death 
group. The serum sTREM-1 level was lower in the survival 
group than in the death group at all time points. Matsuno 
AK et al25 also found detecting EVC sTREM-1 to be one of 
the most important diagnostic approaches in VAP after heart 
surgery. The TREM-1 expression was higher in child 
patients with sepsis than in healthy children and higher in 
child patients with severe sepsis than in patients with gen
eral sepsis.26 Alkan Ozdemir et al27 found that sTREM-1 
expression in newborns was obviously higher in the culture 
verification group than in the suspected sepsis group. Urine 
sTREM-1 might be a reliable and sensitive marker for 
detecting sepsis in premature infants. Adly et al10 assessed 
112 newborns with septicemia (63 positive cultures, 49 
negative cultures, and 40 healthy newborns) and revealed 
that sTREM-1 was obviously higher in newborns with early 
sepsis than in newborns with late sepsis, and that it was 
related to mortality. The sTREM-1 was obviously reduced 
after antibiotic treatment for 48 hours compared with the 
samples obtained from continuously positive-cultured new
borns. Furthermore, sTREM-1 was positively correlated 
with the WBC count, neutrophile granulocyte absolute 
count, immature/total neutrophil granulocyte specific 
value, high sensitivity CRP (hs-CRP), and sepsis score; 
however, it was negatively correlated with gestational age 
and weight.

A meta-analysis by Bellos et al suggested that sTREM- 
1 could be used as a useful biomarker for neonatal sepsis 

Figure 1 Acute-phase sTREM-1 comparison between the NVAP group and the 
control groups. The sTREM-1 levels in the NVAP, first control group, and second 
control group are shown. No sTREM-1 was detected in the second control group 
BALF samples. *p < 0.05.
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prediction.28 However, few correlation studies on sTREM- 
1 in NVAP have been conducted, and there are presently 
no related reports on NVAP in China. The present study 
revealed that the serum sTREM-1 level was significantly 
higher in the NVAP group than in both control groups and 
that the BALF sTREM-1 expression was evidently higher 
in the NVAP group than in first control group. Hence, the 
sTREM-1 level exhibits a parallel dynamic change with 
the illness state.

The results of the present study further showed no 
significant difference between the blood and BALF sample 
sTREM-1 value in G− bacteria-infected child patients and 
non-G− bacteria-infected child patients. Bouchon et al3 

found that the G− bacteria-generated lipopolysaccharide 
significantly improved sTREM-1 expression when com
pared with other bacteria. The present study failed to 
determine whether there were obvious differences between 
the sTREM-1 level in G− bacteria and G+ bacteria. 
However, the average G− detection value was basically 
>G+; this may be correlated with the state of child patients 
with clinically severe G− infection illness and the prog
nosis being poor.

The laboratory bacterial infection indexes, such as the 
WBC count, neutrophil granulocyte ratio, CRP and PCT,29 

and pancreatic stone protein,30 cannot satisfy clinical 
demands. Bacterial culture during the NVAP diagnosis is 
the gold standard; however, the analysis speed is low, and 
the method has the limitation of a false negative result. 
Furthermore, the physiological range of newborns has 
a relatively large fluctuation, and when an organism with 
low immunization or hepatic failure becomes seriously 
infected, WBC, PCT, and CRP sensitivity and specificity 
are greatly affected. Other acute-phase proteins (serum 
amyloid protein A, procalcitonin, lipopolysaccharide bind
ing protein, and mannan-binding lectin) have an intermedi
ate diagnostic accuracy.31

There are several limitations to the present study: (1) 
follow-up data were not obtained from the patients, and 
further analysis is required to evaluate the long-term (≥one 
month) prognostic value of sTREM1 as a biomarker for 
NVAP outcome prediction; and (2) further larger size 
studies are required to determine the optimal sTREM1 
cutoff value for NVAP diagnosis.

Conclusions
The results of the present study demonstrate that the serum 
and BALF sTREM-1 levels were significantly higher in 
patients with NVAP when compared with the control 

subjects. These findings suggest that sTREM-1 may be 
a useful biomarker for NVAP prediction.
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