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Abstract 

Background: Neonatal ventilator associated pneumonia 
(NVAP) is a major hospital-acquired infection in acute care 
settings, associated with high mortality and poor outcome. 
Myeloid cell trigger receptor-1 (TREM-1) is a member of the 
immunoglobulin super receptor family mainly expressed on the 
surface of myeloid cells such as neutrophils and monocytes/ 
macrophages. Soluble TREM- 1 (sTREM-1), is a TREM-1 sub-
type that has been reported as a novel and strong indicator of 
pneumonia. 

Aim of Study: The Primary objective is to assess the value 
of sTREM- las a diagnostic and a prognostic marker in NVAP 
and the Secondary Objective is to compare between sTREM-1 
and CRP specificity and sensitivity. 

Subjects and Methods: This was a case-control study in 
the NICU at Children's Hospital, Ain Shams University, Cairo, 
Egypt (6 months duration). This study was carried out on 50 
cases devided into two groups each included 25 cases: Group 
A: Ventilator associated pneumonia (VAP) in neonates (cases). 
Group B: Age and sex matched neonates diagnosed with res-
piratory distress syndrome other than pneumonia and not ven-
tilated (controls). The randomization was based on odd or even 
numbers of patient files number. 

Result: Regarding Day 1 sTREM-1, AUC was 0.942, Cut-
off value was 112.55, Sensitivity was 92% and Specificity was 
16%. Regarding Day 4 sTREM-1, AUC was 0.931, Cutoff val-
ue was 123.8, Sensitivity was 88% and Specificity was 80%. 
Regarding Day 1 CRP, AUC was 0.534, Cutoff value was 3.9, 
Sensitivity was 64% and Specificity was 44%. Regarding Day 
4 CRP, AUC was 0.640, Cutoff value was 4.7, Sensitivity was 
68% and Specificity was 40%. 

Conclusion: sTREM-1 is as a diagnostic and prognostic in-
dicator in ventilator-associated pneumonia for newborn. Com- 
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parison of sTREM-1 and C-reactive protein in terms of accura-
cy and sensitivity. STREM-1 has shown it to be more specific 
and sensitive than C-reactive protein (CRP). 
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Introduction 

NEONATAL ventilator associated pneumonia 
(NVAP) is a major hospital-acquired infection in 
acute care settings, associated with high mortality 
and poor outcome [1]. It is defined as a nosocomial 
lower airway infection in intubated patients with an 
onset after 48 hours or more of invasive mechanical 
ventilation [2]. 

NVAP is a major source of increased length of 
hospitalization, illness, and death, with a mortality 
rate of 20-30%. The early diagnosis of NVAP re-
mains a challenge because clinical signs and radi-
ological manifestations are non-specific, and tissue 
culture as the gold standard of diagnosis is time 
consuming, invasive and easily contaminated [3]. 

The lack of a diagnostic gold standard has a 
negative impact on research for the prompt man-
agement of VAP in the direction of prevention and 
appropriate antibiotic use [4]. 

Myeloid cell trigger receptor-1 (TREM-1) is a 
member of the immunoglobulin super receptor fam-
ily mainly expressed on the surface of myeloid cells 
such as neutrophils and monocytes/macrophages. 
Soluble TREM-1 (sTREM-1), is a TREM-1 subtype 
that has been reported as a novel and strong indica-
tor of pneumonia [3]. 

It has been used as a marker for identifying 
infection and assessing inflammation severity in 
adult patients with ventilator-associated pneumonia 
(VAP) [2]. 
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The serum sTREM-1 concentration was found 
to be a reliable biomarker for the prediction of 
NVAP [3]. 

Aim of the work: 
Primary objective: To assess the value of 

sTREM- 1 as a diagnostic and a prognostic marker 
in NVAP. 

Secondary objective: To compare between 
sTREM-1 and CRP specificity and sensitivity in 
NVAP. 

Patients and Methods 

This was a case control study that was per-
formed during the period from December 2022 to 
march 2023 at NICU at Children's Hospital, Ain 
Shams University through 6 months. 

Study population: This study was carried out on 
50 cases devided into two groups each included 25 
cases: 
- Group A: Ventilator associated pneumonia (VAP) 

in neonates (cases). 
- Group B: Age and sex matched neonates diag-

nosed with respiratory distress syndrome other 
than pneumonia and not ventilated (controls). 

The randomization was based on odd or even 
numbers of patient files number. 

Selection criteria for cases: Inclusion criteria: 
All newborns (including preterm and full-term) 
with mechanical ventilation initiation within 48 
hours of birth meeting the following criteria were 
included:presence of respiratory distress syndrome 
(RDS), presence of congenital pneumonia, history 
of meconium aspiration and congenital heart dis-
eases. Ventilator associated pneumonia (VAP) was 
diagnosed based on the presence of a new persistent 
infiltrate on chest radiograph and at least two of the 
following: Fever of -38°C, leucopenia (<4000 white 
blood cells (WBC)/mm3) or leukocytosis (>_12,000 
WBC/mm3) and worsening gas exchanged (Pa02/ 
Fi02 <240). Exclusion Criteria: Neonates with the 
following were excluded from the study: Surgical 
problem related to the respiratory system and chro-
mosomal abnormalities such as down syndrome. 

Sample size: Using PASS 11 program for sam-
ple size calculation, setting power at 80% and a er-
ror at 5%, it is estimated that 40 cases (20 cases of 
ventilatorassociated pneumonia (VAP) in neonates 
and 20 cases of controls) were required to detect an 
expected the area under the curve (AUC) = 0.902 
for the predictive ability of STREM-1 at 72 hours 
for NVAP regarding Zhao et al. [3]. Assuming the 
dropout rate is 15%, the total needed sample size is 
at least 50 Case (25 case per group). 

Methods: All the neonates at this study were 
subjected to: (1) Comprehensive history taking that 
include: Antenatal history: Maternal age, maternal 
gravidity and parity, maternal disease (diabetes and 
hypertension), maternal diabetic control, maternal 
infection, maternal medication during this pregnan-
cy, last menstrual period. Obstetric history: In the 
form of problems during delivery and premature 
rupture of membrane. Natal history: Gestational 
age, neonatal sex and date of birth. Postnatal histo-
ry: Respiratory distress and cyanosis, resuscitation 
data and Apgar score. Family history: congenital 
anomalies, previous abortion, sibling death and still 
birth. (2) Clinical examination for neonates: Gen-
eral examination including vital data (respiratory 
rate, blood pressure, heart rate & body temperature) 
and local examination including abdominal, chest, 
heart, and neurological examination. (3) Radiologi-
cal study: X-rays, sonar (cranial or abdominal) and 
Echo were done according to the cases. (4) Labora-
tory investigations: All the following investigations 
were done to all neonates involved in the study: 
Complete blood count (CBC) at day 1 of suspected 
pneumonia and day 4 from initiation of treatment: 
For the measurement of haemoglobin, total leuco-
cytic count (TLC) and platelets levels. 5m1 of ve-
nous blood were collected from the newborn and 
was analysed on XN-1000 SYSMEX (Sysmex Eu-
rope GmbH., Bornbarch 1,22848 Norderstedt, Ger-
many) 

Test principle for haemoglobin measurement 
on XN-1000 SYSMEX: Using cyanide-free sodi-
um lauryl sulphate (SLS) detection method. SLS 
haemoglobin detection method uses cyanide-free 
sodium lauryl sulphate (SLS). By the reagent lyses 
red blood cells and white blood cells in the sample. 
The chemical reaction begins by altering the globin 
and then oxidising the haem group. Now the SLS' 
hydrophilic groups can bind to the haem group and 
form a stable, coloured complex (SLS-HGB), which 
is analysed using a photometric method and A LED 
sends out monochromatic light and by moving 
through the mixture light is absorbed by the SLS-
HGB complexes. The absorbance is measured by a 
photo sensor and is proportional to the haemoglobin 
concentration of the sample. 

Test principle for haematocrit (HCT), red 
blood cell count (RBC), mean corpuscular vol-
ume (MCV), platelets and white blood cell count 
(WBCs) measurement on XN-1000 SYSMEX:im-
pedance technology, cells traversing an aperture 
through which an electric current is flowing create 
electric resistance, and are counted and measured 
as pulses. While number of pulses indicate parti-
cle count, their amplitude reflect cell size and that 
is called electric "impedance principle". In such 
instruments patient sample is divided between two 
channels, one for counting white blood cells and 
platelets, while the other channel is for determining 
the hemoglobin and red blood cell counts. 
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The RBC, HCT and MCV are all closely interre-
lated as they are derived from information obtained 
from the passage of cells through the aperture of the 
impedance channel of an automated haematolog-
yanalyser. The impedance technology is based on 
the principle that an electrical field, created between 
two electrodes of opposite charge, can be used to 
count and determine the size of cells. Blood cells are 
poor conductors of electricity. The diluent in which 
they are suspended as they pass through the aperture 
during counting is an isotonic solution which is a 
good conductor of electricity. 

Consequently, when the cells suspend in the 
diluent pass through the aperture between the elec-
trodes, each individual cell will momentarily in-
crease the impedance (resistance) of the electrical 
path between the electrodes. Each cell generates an 
electrical pulse, in proportion to its size. 

WBCs were further examined by Leishman-
stained smears for differential white blood cell 
(WBC) count. 

Test principle for MCH on XN-1000 SYSMEX: 
MCH is calculated using the red blood cell analysis. 
MCH is calculated by dividing the amount of hemo-
globin in a given volume of blood by the number of 
red blood cells present. 

Test principle for MCHC on XN-1000 SYSMEX: 
It can be calculated by dividing the hemoglobin (in 
g/L) by the RBC count. MCHC measures the aver-
age concentration of hemoglobin in the RBCs, and 
is calculated by dividing the hemoglobin by the he-
matocrit. Like hemoglobin, the MCHC is reported 
in g/dL. MCHC (g / dL) = hemoglobin + hematocrit. 

Test principle for RDWonXN-1000 SYSMEX: 
RBC distribution width is the variation in the size 
of the red blood cells RDW is usually calculated by 
dividing the standard deviation (SD) of the mean 
corpuscular volume (MCV) by the MCV and mul-
tiplying by 100 to yield a percentage value to be on 
behalf of the RBC size heterogeneity. 

C-reactive protein (CRP) at day 1 of suspect-
ed pneumonia and day 4 from initiation of treat-
ment:CRP was assayed by immunoturbidimetric 
method and was done using Roche/Hitachi Cobas 
c311 System (Roche Diagnostics International Ltd., 
Switzerland). 

Test principle: Immunoturbidimetry is a simple 
method where direct interaction between an antigen 
and an antibody is measured by changing solution 
turbidity for CRP. 

Blood culture and sensitivity at day 1 of diagno- 
sis: For all neonates will be withdrawn on admis- 
sion, before starting the antibiotic therapy or at the 

trough level, 30 minutes before the next dose. Two 
samples were withdrawn simultaneously from 2 
different sites, 1-3m1 blood each on BACTEC-Peds 
automated blood culture bottles under complete 
aseptic conditions. 

Test principle: Blood samples were collected for 
bacterial culture in blood culture bottles (BACTEC 
Peds P1usTM /F, Becton Dickinson, Europe, meylan, 
France) by vein puncture. The BACT/ALERT 3D 
instrument is an automated microbial detection sys-
tem in which blood culture bottles are incubated. 
After incubation for 2-7 days at 37°C, samples with 
positive bacterial growth showed a positive signal. 
Samples with positive growth will be further culti-
vated on blood, Maconkey& chocolate agar plates 
(Oxoid, England) and identification of isolated or-
ganisms from blood specimens was done by mac-
roscopical, microscopical and biochemical exami-
nation. 

Serum soluble triggering receptor expressed 
on myeloid cell-1 (STREM-1) assay using a com-
mercial ELISA kit: Serum samples were collect-
ed from all neonates involved in study at day 1 of 
suspected pneumonia and day 4 from initiation of 
treatment, and centrifugated for 20 minutes at speed 
of 2000-3000 R.P.M, then stored at —80°C till the 
time of analysis, using quantitative human Enzyme 
Linked Immunosorbent Assay (ELISA Kit, (Cat.No 
E0310Hu) (202 5/F 2 Bldg, 501 Changsheng S Rd, 
NanhuDist, Jiaxing, Zhejiang, China). 

Samples were analyzed on Thermo Scientific 
Multiskan FC (Life Technologies Holdings Pte. Ltd, 
a part of Thermo Fisher Scientific Inc., 33, Marsiling 
Industrial Estate Road 3, #7-06, Singapore 739256). 

Test principle for STERM-1 assay: This assay 
employs the quantitative double-antibody sandwich 
enzyme-linked immunoassay technique (ELISA) 
to assay STERM-1 marker in samples. Monoclo-
nal antibodies specific for STERM-1 have been 
pre-coated onto a microplate. Standards and sam-
ples were pipetted into their corresponding wells, 
and the immobilized antibody bound any STERM-1 
present. After removing any unbound substances, a 
biotin-conjugated antibody specific for STERM-1 
was added to the wells. After washing, streptavidin 
conjugated Horseradish Peroxidase (HRP) was add-
ed to the wells. A substrate solution was added to 
the wells following a wash to remove any unbound 
streptavidin-HRP reagent. The color developed in 
proportion to the amount of STERM-1 bound in the 
initial step. The color development was stopped, 
and the intensity of the color was measured by spec-
trophotometry at wavelength 450nm. The concen-
trations of STERM- lin the samples were calculated 
by plotting the optical density of the samples on the 
standard curve (Table 1). 

il) 



Table (1): Material provided in STERM-1 kit. 

Components Quantity Quantity 
(96T) (48T) 

Standard solution 
(240Ong/L) 

Pre-coated ELISA plate 

Standard diluent 
Streptavidin-HRP 
Stop solution 
Substrate solution A 
Substrate solution B 
Wash buffer Concentrate 

(25x) 
Biotinylated Human 

TREM1 antibody 
User instruction 
Plate sealer 

0.5ml xl 0.5ml xl 

12 * 8 well 12 * 4 well 
strips xl strips xl 
3m1x1 3mlxl 
6m1x1 3mlxl 
6m1x1 3mlxl 
6m1x1 3mlxl 
6m1x1 3mlxl 
20m1 xl 20m1 xl 

lml xl lml xl 

1 1 
2 pics 2 pics 
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Reagent preparation: All reagents were brought 
to room temperature at 25°C before use for 30min 
and standard dilution: The original standard reagent 
was diluted according to the instructions. 

Standard dilution: The 120111 of the stand-
ard (2400pg/ml) with 120111 of standard diluent to 
generate a 1200ng/L standard stock solution. The 
standard was allowed to sit for 15mins with gentle 
agitation prior to making dilutions. Duplicate stand-
ard points were prepared by serially diluting the 
standard stock solution (1200ng/L) 1:2 with stand-
ard diluent to produce 600ng/L, 300ng/L, 15Ong/L 
and 75ng/L solutions. Standard diluent serves as the 
zero standard (Ong/L). Dilution of standard solu-
tions suggested are as Table (2). 

Table (2): Standard dilution of STREM-1. 

1200pg/mL Standard No.5 
600pg/mL Standard No.4 
300pg/mL Standard No.3 
150pg/mL Standard No.2 
75pg/mL Standard No.1 

120u1 Original standard + 120u1 Standard diluent 
120u1 Standard No.5 + 120u1 Standard diluent 
120u1 Standard No.4 + 120u1 Standard diluent 
120u1 Standard No.3 + 120u1 Standard diluent 
120u1 Standard No.2 + 120u1 Standard diluent 

120 120 120 120 120 

7" Th. / -Th./ Th./ 

11 1 
Zero Standard 

Standard Standard Standard Standard Standard Standard 
concentration No.5 No.4 No.3 No.2 No.1 

2400pg/m1 1200pg/m1 600pg/m1 300pg/m1 150pg/m1 75pg/m1 

Assay procedure: All samples were brought to 
room temperature before starting the assay. 

Inject samples: a. Blank well: In which chromo-
gen solutions A and B, and stop solutions are add-
ed. b. Standard wells: 50p1 of the standard and 50p1 
Streptavidin-HRP are added (since the standard al-
ready has combined biotin antibody, it was not nec-
essary to add antibody). c. Test wells: 40111 of each 
sample was added and then 10111 of progranulin-an-
tibody and 50p1 of Streptavidin-HRP were added. 
The wells were then sealed by a sealing membrane, 
gently shaken and incubated for 60 minutes at 37°C. 

Washing: The membrane was removed carefully 
and the liquid was drained and the remaining water 
was shaken-away. 

A 50p1 of chromagen A was added, then 50p1 
of chromogen solution B was added to each well. 

Gently mixed and incubate for 10min at 37°C away 
from light. 

50p1 of the stop solution was added into each 
well to stop the reaction (the blue color changed 
into yellow immediately). 

Final measurement: The blank well was tak-
en as zero, the optical density (OD) under 450nm 
wavelength was measured within 15min after add-
ing the stop solution. 

According to standards' concentration and the 
corresponding OD values, the standard curve linear 
regression equation was calculated out, and the OD 
values of each sample were applied on the regres-
sion equation to calculate the corresponding sam-
ple's concentration. The detection ranges were from 
5pg/mL to 2000pg/mL for STERM-1 assay. 
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Summary of the procedure: 

I Summary procedures, Preparing reagents, samples and 
standards 1 

Add prepared samples and standards, antibodies labeled with 
enzyme, reacting 60 minutes at minutes at 37 °C 

4/  
Plate washed five times, adding Chromogen solution A, B, 

reacting 10 minutes at 37 °C   

II  \ /   
Add stop solution 

1 \ / 
Measure the OD value within  10min  

II 
\ /   

Calculation 

Calculation of result:the standard density was 
taken as the horizontal and the OD value for the 
vertical then the standard curve was drawn on graph 
paper. The corresponding density was indicated ac-
cording to the sample OD value by the Sample curve 
(the result is the sample density). The straight-line 
regression equation of the standard curve was cal-
culated with the standard density and the OD value, 
with the sample OD value in the equation, the sam-
ple density was calculated. 

Standard Curve 

I I I I I I 
0 500 1000 1500 2000 2500 

Concentration 

Ethical consideration: The study was conducted 
after approval of the Research Ethics Committee of 
Ain Shams University Hospitals and informed con-
sent was collected from patients' parents or caregiv-
ers approval to use the data. 

Statistical analysis: The data were collected and 
statistically analyzed using statistical package for 
social science (SPSS 27), suitable statistical tests 
will be used according to the type of data and data 
were expressed as number and percentage for quali-
tative variables and mean ± standard deviation (SD) 
for quantitative one. 

Level of significance: p-value of >0.05 indicates 
non-significant results and p-value of <0.05 indi-
cates significant results. 

Results 

Table (1) showed Demographic data among the 
study groups. Regarding Gestational age (weeks), 
There was no statistical significant difference be-
tween the two studied groups (p=0.754). Regarding 
Sex, There was no statistical significant difference 
between the two studied groups (p=0.765). 
Table (1): Demographic data among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) 

Test of 
Sig. P 

Gestational age 
(weeks): 

Full term 6 (24%) 5 (20%) X2  = 1.197 0.754 
(37-41 weeks) 
Late preterm 9 (36%) 8 (32%) 
(33-36 weeks) 
Preterm 10 (40%) 11 (44%) 
(28-32 weeks) 
Post term 0 (0%) 1 (4%) 
( 42 weeks) 

Sex: 
Male 16 (64%) 17 (68%) X2  = 0.089 0.765 
Female 9 (36%) 8 (32%) 

x2: Chi- Square test. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. 
p-value <0.05 : Significant. 
p-value <0.001: Highly significant. 

Table (2) showed Clinical data among the study 
groups. Regarding Birth weight (gm), There was 
no statistical significant difference between the 
two studied groups (p=0.264). Regarding Maternal 
condition, There was no statistical significant dif-
ference between the two studied groups (p43.965). 
Regarding Type of delivery, There was no statisti-
cal significant difference between the two studied 
groups (p=0.637). 

Table (3) showed vital data among the study 
groups. Regarding Temperature, There was a sig-
nificant difference between the two studied groups 
(p43.017). Regarding RR, There was no statisti-
cal significant difference between the two studied 
groups (p=0.068). Regarding Heart rate, There was 
a significant difference between the two studied 
groups (p=0.001). 

Table (4) showed Medication usage among the 
study groups. Regarding Surfactant, There was no 
statistical significant difference between the two 
studied groups (p43.684). Regarding TPN, There 
was no statistical significant difference between the 
two studied groups (p=0.684). Regarding Sedative 
use, There was no statistical significant difference 
between the two studied groups (p= 0.069). 

2 

11 
Cl) 

0 
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Table (5) showed Outcome results among 
the study groups. Duration of ventilation (d) in 

p  Group A ranged from 20 to 31 with mean ± SD = 
25.48±3.1 while in Group B the Duration of ven-
tilation (d)ranged from 8 to 14 with mean ± SD = 

0.264  10.92±1.44 with highly statistical significant differ-
ence (p=<.001) between the two groups. Duration 
of hospital stay (d) in Group A ranged from 28 to 49 
with mean ± SD = 39.72±4.81 while in Group B the 
Duration of hospital stay (d) ranged from 17 to 26 
with mean ± SD = 21.16±2.56 with highly statistical 

0.965  significant difference (p=<.001) between the two 
groups. Regarding Mortality rate, There was a sig-
nificant difference between the two studied groups 
(p=0.004). 

Table (2): Clinical data among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) 

Test of 
Sig. 

Birth weight (gm): 
Normal 8 (32%) 7 (28%) X2=2.667 
Low birth weight 10 (40%) 15 (60%) 
Very low birth 
weight 

7 (28%) 3 (12%) 

Maternal 
condition: 

No Risk 12 (48%) 11 (44%) X2 1;1.586 
PROM 5 (20%) 5 (20%) 
Gestational DM 2 (8%) 3 (12%) 
Pre-clampsia 3 (12%) 2 (8%) 
Multiple 
gestation 

3 (12%) 4 (16%) 

Type of delivery: 
Vaginal 3 (12%) 2 (8%) X2 1:1.222 
Caesarean 
section 

22 (88%) 23 (92%) 

x2: Chi- Square test. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. 
p-value <0.05 : Significant. 
p-value <0.001: Highly significant. 

Table (3): Vital data among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) Test of Sig. 

Temperature: 
Normal 4 (16%) 13 (52%) X2=8.193 
Hypothermia 12 (48%) 9 (36%) 
Hyperthermia 9 (36%) 3 (12%) 

RR: 
Normal 1 (4%) 7 (28%) X2=5.369 
Tachypnea 19 (76%) 14 (56%) 
Apnea 5 (20%) 4 (16%) 

Heart rate: 
Normal 5 (20%) 18 (72%) X2=15.183 
Tachycardia 12 (48%) 2 (8%) 
Bradycardia 8 (32%) 5 (20%) 

x2: Chi- Square test. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. 
p-value <0.05 : Significant. 
p-value <0.001: Highly significant. 

Table (4): Medication usage among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) Test of Sig. p 

Surfactant 3 (12%) 4 (16%) X2 1;1.166 0.684 
TPN 21 (84%) 22 (88%) X2 1;1.166 0.684 
Sedative use 11 (44%) 5 (20%) X2=3.309 0.069 

x2: Chi- Square test. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. 
p-value <0.05 : Significant. 
p-value <0.001: Highly significant. 

Table (5): Outcome results among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) 

Test of 
Sig. p 

Duration of 
ventilation (d): 

Mean ± SD 25 .48±3 .1 10.92±1.44 t= <0.001 
Median (IQR) 25 (23-27) 11 (10-12) 21.311 
Range 11 (20-31) 6 (8-14) 
(Min-Max) 

Duration of 
hospital stay (d): 

Mean ± SD 39 .72±4.81 21.16±2.56 t= <0.001 
Median (IQR) 41 (36-43) 21 (19-22) 17.033 
Range 21 (28-49) 9 (17-26) 
(Min-Max) 

Mortality rate: 
Died 16 (64%) 6 (24%) X2= 0.004 
Survived 9 (36%) 19 (76%) 8.117 

x2: Chi-Square test. SD : Standard deviation. 
t: Independent t-test. IQR: Interquartile range. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. 
p-value <0.05 : Significant. 
p-value <0.001: Highly significant. 

Table (6) showed Day 1 Lab results among the 
study groups. Day 1 CRP in Group A ranged from 
1.2 to 157 with mean ± SD = 53.24±37.05 while 
in Group B the Day 1 CRP ranged from 0.3 to 
189 with mean ± SD = 22.56±43.84 with statisti-
cal significant difference (p=0.01) between the two 
groups. Day 1 TLC in Group A ranged from 5.5 to 
66 with mean ± SD = 17.47±15.49 while in Group 
B the Day 1 TLC ranged from 6.5 to 57 with mean 
± SD = 14.27±10.55 with no statistical significant 
difference (p=0.398) between the two groups. 

Table (7) showed Day 4 Lab results among the 
study groups. Day 4 CRP in Group A ranged from 
2.4 to 192 with mean ± SD = 47.57±50.93 while 
in Group B the Day 4 CRP ranged from 0.5 to 148 
with mean ± SD = 18.61±33.53 with statistical 
significant difference (p=0.022) between the two 
groups. Day 4 TLC in Group A ranged from 3 to 
19.4 with mean ± SD = 10.18±4.97 while in Group 

0.637 

p 

0.017 

0.068 

0.001 
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B the Day 4 TLC ranged from 1.4 to 66 with mean 
± SD = 16.72±16.03 with no statistical significant 
difference (p43.061) between the two groups. 

Table (8) showed sTREM-1 Elisa test re-
sults among the study groups. day 1 sTREM-1 in 
Group A ranged from 93.63 to 1380 with mean ± 
SD = 633.58±488.49 while in Group B the day 1 
sTREM-lranged from 11.2 to 136.2 with mean ± 
SD = 86.53±30.81 with highly statistical significant 
difference (p=<.001) between the two groups. Day 
4 sTREM-1 in Group A ranged from 84.3 to 1518 
with mean ± SD = 648.27±505.08 while in Group 
B the Day 4 sTREM-lranged from 12.3 to 149.8 
with mean ± SD = 87.14±32.73 with highly statis-
tical significant difference (p=<.001) between the 
two groups. 

Table (9) showed Logistic regression with odds 
ratios and 95% confidence intervals (CI) predicting 
mortality rate. Odds ratio of Gestational age (Pre-
term group) was 0.088, with a significant logistic 
regression relationship between the two variables  

(p43.001). Odds ratio of Duration of ventilation 
(days) was 1.193, with a highly significant logistic 
regression relationship between the two variables 
(p<0.001). Odds ratio of Duration of hospital stay 
(days) was 1.161, with a highly significant logistic 
regression relationship between the two variables 
(p<0.001). 

Table (10) showed Sensitivity and Specificity of 
day 1 and day 4 sTREM-1 to predict NVAP. Re-
garding Day 1 sTREM-1, AUC was 0.942, Cutoff 
value was 112.55, Sensitivity was 92% and Speci-
ficity was 84%. Regarding Day 4 sTREM-1, AUC 
was 0.931, Cutoff value was 123.8, Sensitivity was 
92% and Specificity was 80%. 

Table (11) showed Sensitivity and Specificity of 
day 1 and day 4 CRP to predict NVAP. Regarding 
Day 1 CRP, AUC was 0.534, Cutoff value was 3.9, 
Sensitivity was 64% and Specificity was 56%. Re-
garding Day 4 CRP, AUC was 0.640, Cutoff value 
was 4.7, Sensitivity was 68% and Specificity was 
60%. 

Table (6): Day 1 lab results among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) Test of Sig. p 

Day 1 Blood culture: 
Staph 1 (4%) 0 (0%) X2  = 2.083 0.353 
Klebsiella 1 (4%) 0 (0%) 
No 23 (92%) 25 (100%) 

Day 1 CRP: 
Mean ± SD 5324±37.05 22.56±43.84 t = 2.672 0.01 
Median (IQR) 66 (18-72) 3 (12-16.7) 
Range (Min-Max) 155.8 (1.2-157) 188.7 (0.3-189) 

Day 1 TLC: 
Mean ± SD 17 .47±15 .49 1427±10.55 t = 0.855 0.398 
Median (IQR) 14 (10-17.6) 11.6 (8.7-14.2) 
Range (Min-Max) 60.5 (5.5-66) 50.5 (6.5-57) 

x2: Chi-Square test. SD: Standard deviation. IQR: Interquartile range. t: Independent t-test. 
p : p-value for comparing between the studied groups. 
p-value >0.05: Non significant. p-value <0.05: Significant. p-value <0.001: Highly significant. 

Table (7): Day 4 lab results among the study groups. 

Group A 
(n=25) 

Group B 
(n=25) Test of Sig. p 

Day 1 Blood culture: 
Staph 1 (4%) 0 (0%) X2  = 2.083 0.353 
Klebsiella 1 (4%) 0 (0%) 
No 23 (92%) 25 (100%) 

Day 1 CRP: 
Mean ± SD 47.57±50.93 18.61±33.53 t = 2375 0.022 
Median (IQR) 24 (5.4-74) 3.5 (0.9-24) 
Range (Min-Max) 189.6 (2.4-192) 147.5 (0.5-148) 

Day 1 TLC: 
Mean ± SD 10.18±4.97 16.72±16.03 t = -1.947 0.061 
Median (IQR) 8.9 (6.9-14) 10.9 (9.4-15.1) 
Range (Min-Max) 16.4 (3-19.4) 64.6 (1.4-66) 

t: Independent t-test. SD: Standard deviation. IQR: Interquartile range. 
p : p-value for comparing between the studied groups. 
p-value >0.05 : Non significant. p-value <0.05 : Significant. p-value <0.001: Highly significant. 
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Table (8): sTREM-1 Elisa test results among the study groups. 

Group A Group B 
(n=25) (n=25) Test of Sig. p 

Day 1 sTREM-1: 
Mean ± SD 633.58±488.49 86.53±30.81 t=5.588 <0.001 
Median (IQR) 443.6 (166.8-1117) 84.09 (77.98-103.7) 
Range (Min-Max) 1286.37 (93.63-1380) 125 (112-1362) 

Day 4 sTREM-1: 
Mean ± SD 648.27±505.08 87.14±32.73 t = 5.543 <0.001 
Median (IQR) 488 (150.1-1186.9) 89 (72.7-108.7) 
Range (Min-Max) 1433.7 (843-1518) 137.5 (12.3-149.8) 

t : Independent t-test. SD: Standard deviation. IQR: Interquartile range. 
p: p-value for comparing between the studied groups. 
p-value >0.05: Non significant. p-value <0.05: Significant. p-value <0.001: Highly significant. 

Table (9): Logistic regression with odds ratios and 95% confi-
dence intervals (CI) predicting mortality rate. 

Mortality rate 

OR 
95% CI p 

Lower Upper 

sTREM-1 1.001 0.999 1.002 0.251 
Gestational age 0.088 0.021 0371 0.001 

(Preterm group) 
Sex (Male group) 1.190 0.364 3.891 0.773 
Duration of 

ventilation (d) 
1.193 1.085 1312 <0.001 

Duration of 
hospital stay (d) 

1.161 1.074 1 254 <0.001 

OR: Odds ratio. CI: Confidence Interval. p: p-value. 

Table (10): Sensitivity and Specificity of day 1 and day 4 
sTREM-1 to predict NVAP. 

Diagnostic parameters 
 Specificity 

Cutoff Sensitivity value 

Day 1 sTREM-1 0.942 112.55 92% 84% 
Day 4 sTREM-1 0.931 123.8 88% 92% 

ROC Curve  

ROC Curve 

Table (11)• Sensitivity and Specificity of day 1 and day 4 CRP 
to predict NVAP. 

Diagnostic parameters 
 Specificity 

Cutoff Sensitivity value 

Day 1 CRP 0.534 3.9 64% 56% 
Day 4 CRP 0.640 4.7 68% 60% 

ROC Curve 

AUC AUC 
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Fig. (4): ROC curve of Day 4 CRP. 

Discussion 

Neonatal ventilator-associated pneumonia (NVAP) 
is a common nosocomial infection as well as one of the 
main causes of mechanical ventilation failure. It is de-
fined as a lower airway infection in intubated patients 
with an onset after ,-48h of invasive mechanical ven-
tilation. Goerens et al. [5] The NVAP infection rate in 
newborns can reach up to 6.8-32.2% [6]. 

Furthermore, in child patients, NVAP occur-
rence prolongs in hospitalization time and increases 
mortality and the generation of multiple-resistant 
strain Bouchon et al. [7]. Triggering receptors ex-
pressed on myeloid cells-1 (TREM-1) are an impor-
tant member of the immunoglobulin superfamily; 
they play a role in the immune response follow-
ing exposure to microorganism. Soluble TREM-1 
(sTREM-1) is a TREM-1 subtype that can be re-
leased into the blood or bodily fluids during an in-
fection [8]. 

The sTREM-1 level has been used as a marker 
for identifying infection and assessing inflammation 
severity in adult patients with septicemia, ventila-
tor-associated pneumonia (VAP), and severe pan-
creatitis [2]. 

Chao et al. [9] found that the C-reactive pro-
tein (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 pa-
tients with non-CAP indicate that sTREM-1 is a 
kind of auxiliary forecasting biomarker in patients 
with CRP-relative CAP [2]. 

Zhong et al. [10] found that among 60 child pa-
tients with pneumonia, 25 had bacterial pneumonia, 
17 had viral pneumonia, and 18 had mycoplasma 
pneumonia. Furthermore, CD64 and sTREM-1 ex-
pressions were obviously higher among patients 
with mycoplasma pneumonia than in patients with  

viral pneumonia, patients with mycoplasma pneu-
monia, and patients in the study's control groups 
(p<0.05) [3]. 

Li et al. [ill suggested that the detection of 
sTREM-1 in broncho alveolar lavage fluid (BALF) 
and exhaled ventilator condensate samples may 
be useful for VAP diagnosis in children after heart 
surgery. Yu et al. [12] reported that sTREM-1 in 
the BALF and exhaled ventilator condensate had 
good diagnostic performances in differentiating 
between YAP-positive and VAP negative patients 
with ischemia. However, Palazzo et al. [13] showed 
that sTREM-1 failed to categorize adult patients as 
VAP-positive or VAP-negative. 

This study aimed at measurement (sTREM-1) 
as a diagnostic and prognostic indicator in ventila-
tor-associated pneumonia for newborn. Comparison 
of sTREM-1 and C-reactive protein in terms of ac-
curacy and sensitivity. 

This study was conducted on Newborns with 
ventilator-associated pneumonia attending the neo-
natal care unit, Children's Hospital, Ain Shams Uni-
versity and Cairo, Egypt. 

Our results showed that, there was no statisti-
cally significant difference between the two studied 
groups (p=0.754) regarding gestational age and sex 
(p43.765). 

Our results in line with Gohr et al. [1] who found 
that There were no significant differences as regard 
to sex or mode of delivery. 

Our results showed that there was no statistical-
ly significant difference between the two studied 
groups (p43.264). Regarding Maternal condition, 
there was no statistically significant difference be-
tween the two studied groups (p=0.965). Regarding 
Type of delivery, there was no statistically signif-
icant difference between the two studied groups 
(p43.637). Also, regarding Temperature, there was 
a significant difference between the two studied 
groups (p=0.017). Regarding RR, there was no 
statistically significant difference between the two 
studied groups (p=0.068). Regarding Heart rate, 
there was a significant difference between the two 
studied groups (p=0.001). Gohr et al. [1] found re-
sults similar to our results. 

These results reported by Gohr et al. [1] who 
found that there were significant differences be-
tween VAP and non-VAP groups concerning the 
clinical findings. The most significant clinical find-
ings with VAP were changes in temperature (either 
hypothermia or hyperthermia or fluctuation in tem-
perature), heart rate tachycardia or bradycardia. 

Our results showed that regarding Surfactant, 
there was no statistically significant difference be-
tween the two studied groups (p=0.684). Regarding 
TPN, there was no statistically significant differ- 
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ence between the two studied groups (p43.684). Re-
garding Sedative use, there was no statistically sig-
nificant difference between the two studied groups 
(p=0.069). 

In current study, Outcome results among the 
study groups. Duration of ventilation in cases group 
ranged from 20 to 31 with mean ± SD = 25.48±3.1 
while in controls group the Duration of ventilation 
ranged from 8 to 14 with mean ± SD = 10.92±1.44 
with highly statistically significant difference 
(p=<.001) between the two groups. Duration of hos-
pital stay in cases group ranged from 28 to 49 with 
mean ± SD = 39.72±4.81 while in controls group the 
Duration of hospital stay ranged from 17 to 26 with 
mean ± SD = 21.16±2.56 with highly statistically 
significant difference (p=<.001) between the two 
groups. Regarding Mortality rate, there was a sig-
nificant difference between the two studied groups 
(p= 0.004) so the results by Gohr et al. [1]; Li et al. 
[11]; Galal et al. [14] were in line with our results. 

The outcomes compared between the VAP and 
non-VAP groups. There was significant longer du-
ration of ventilation (26.0±11.5 days, p<0.001) and 
duration of hospital stay (40.3±14.9) with the VAP 
group, adding the in-hospital mortality rates in the 
VAP and non-VAP groups were 65% and 25.5% re-
spectively (p<0.001) these results reported by Gohr 
et al. [1]. 

Also, our results were in line with Li et al. [11] 
who found that the duration of mechanical ventila-
tion and hospital length of stay were significantly 
increased in the VAP group compared with that in 
the non-VAP control group (p<0.01). 

Similarly, our results were in line with Galal 
et al. [14] who found thatoutcome the total dura-
tion of MV and that of ICU stay among patients 
with VAP (median=8, IQR=5-15 and median=11, 
IQR=7-18.5, respectively) was significantly short-
er (p<0.001) compared to non-VAP patients (medi-
an=12, IQR=8-18 and median=17, IQR=1 respec-
tively). Mortality rate among VAP patients was 
significantly higher compared to non-VAP patients 
(68.2% vs. 48.5%, P96 h) was significantly associ-
ated with higher mortality rate (77.6% vs. 58.5%, 
p=0.025) than early onset VAP (<96h). 

VAP increases the duration of hospital stay and 
vice versa. the babies with VAP (VAP-positive) 
were hospitalized for a much longer period than the 
YAP-negative patients (mean duration of admis-
sion: 33.2±2.4 days vs. 22.4±17.8 days, respective-
ly), similar to Apisarnthanarak's study in which the 
mean duration of hospitalization for the VAP posi-
tive babies was 138 days and for the VAP-negative 
patients 82 days [15]. 

Our results showed that Day 1 lab results among 
the study groups. Regarding Day 1 Blood culture, 
there was statistically significant difference be- 

tween the two studied groups (p43.018). Day 1 
CRP in Cases group ranged from 1.2 to 157 with 
mean ± SD = 53.24±37.05 while in Controls group 
the Day 1 CRP ranged from 0.3 to 189 with mean 
± SD = 22.56±43.84 with statistically significant 
difference (p=0.01) between the two groups. Day 
1 TLC in cases group ranged from 5.5 to 66 with 
mean ± SD = 17.47±15.49 while in controls group 
the Day 1 TLC ranged from 6.5 to 57 with mean ± 
SD = 14.27±10.55 with no statistically significant 
difference (p= 0.398) between the two groups so the 
results by El Nadyand collegues in line with our re-
sults. However, Khattab and collegues contrast to 
our results. 

C-reactive protein (CRP) is a protein of an acute 
phase and it acts as a well-known biomarker of in-
flammation. The diagnostic value of CRP was in-
vestigated by many researchers. It was compared 
to many different markers to assess its sensitivity. 
Since it is an "indirect" marker of infection, the sen-
sitivity and specificity is not 100% and vary. There 
was significant difference with CRP in the pneumo-
nia cases than the control group p=0.002 this report-
ed by El Nady et al. [16]. 

Our results were in contrast withKhattab et al. 
[17] who found thatof 85 neonates who needed me-
chanical ventilation, 55.2% developed YAP. Prema-
turity, low birth weight. Increased total leukocyte 
count, C-reactive protein, and hypo albuminuria 
were significantly present in the VAP group. There 
were significant differences between VAP and non-
VAP groups regarding hypothermia. The microor-
ganisms associated with bloodstream infection in 
the VAP-diagnosed group were Staphylococcus 
aureus (15%), Klebsiella spp. (8.5%), Candida spp. 
(6.5%), Pseudomonas spp. (4.2%), and Escherichia 
coli (4.2%). 

Our results showed that 4 lab results among the 
study groups. Day 4 CRP in Cases group ranged 
from 2.4 to 192 with mean ± SD = 47.57±50.93 
while in Controls group the Day 4 CRP ranged from 
0.5 to 148 with mean ± SD = 18.61±33.53 with sta-
tistically significant difference (p=0.022) between 
the two groups. Day 4 TLC in cases group ranged 
from 3 to 19.4 with mean ± SD = 10.18±4.97 while 
in controls group the Day 4 TLC ranged from 1.4 to 
66 with mean ± SD = 16.72±16.03 with no statisti-
cally significant difference (p=0.061) between the 
two groups, so the results by Povoa et al. [18] was in 
line with our results. 

Povoa et al. [18] reported that there were signifi-
cant differences between VAP and non-VAP groups 
regarding total leukocyte count and CRP titer. The 
CRP levels in infected patients with sepsis, severe 
sepsis and septic shock were 15.2±8.2, 20.3±10.9 
and 23.3±8.7mg/dL, respectively (p 0.044). It was 
concluded that CRP was a better marker of infec-
tion. This in line with our results. However, CRP 
higher in our results. 
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C-reactive protein (CRP) is a well-known bio-
chemical marker of inflammation, and has also been 
shown to be involved in several immunological 
functions. The usefulness of CRP measurements in 
the diagnosis of infection has been studied previ-
ously in several clinical settings, and various studies 
have suggested that the CRP cut-off level for infec-
tion diagnosis is between 5 and 10mg/dL [19]. 

Our results showed that day 1 sTREM-1 lev-
els were highly statistically significant difference 
(p=<.001) between the two groups. There was high-
ly statistically significant difference (p=<.001) be-
tween the two groups regarding Day 4 sTREM-1. 

Day 1 sTREM-1 in cases group ranged from 
93.63 to 1380 with mean ± SD = 633.58±488.49 
while in controls group the day 1 sTREM-1 ranged 
from 11.2 to 136.2 with mean ± SD = 86.53±30.81 
Day 4 sTREM-1 in Cases group ranged from 84.3 
to 1518 with mean ± SD = 648.27±505.08 while in 
Controls group the Day 4 sTREM-1 ranged from 
12.3 to 149.8 with mean ± SD = 87.14±32.73 with 
highly statistically significant difference (p=<.001) 
between the two groups. 

Trigger receptors expressed on myeloid cells 
(sTREM-1) are considered innate inflammatory 
transmembrane receptors. STREM-1 is expressed 
on neutrophils, mature monocytes, and macrophag-
es and is related to immunoglobulin superfamily 
receptors. STREM-1 amplifies inflammation after 
exposure to extracellular bacterial and fungal path-
ogen. Therefore, it was initially proposed as the 
early marker of infection. TREM-1 expression is 
increased in peritoneal neutrophils of septic shock 
patients [20]. 

STREM-1 has a significant diagnostic value 
when it comes to lung diseases as it has been studied 
in the diagnosis of ventilator-associated pneumonia 
(VAP) for ICU patients [12]. STREM-1 had a good 
diagnostic performance to differentiate patients with 
and without VAP.This supports our findings because 
significant differences have been identified between 
ventilated cases and control groups and this can be 
explained by that the ventilation is an add on factor 
for rising sTREM-1 level with the bacterial infec-
tion. 

This is in line with results of many recent stud-
ies which assessed the sTREM level either in bron-
choalveolar lavage or serum in ICU patient. It was 
concluded that sTREM-1 is present at a high con-
centration in patients' lungs with bacterial infec-
tions, which can be used as a reliable early marker 
for VAP and can accurately discriminate VAP from 
non-pulmonary infection [21]. 

Our results in line with Zhao et al. [3] who found 
that Potential correlations between the measured bi-
omarkers and VAP were analyzed at 0, 24, 72 and 
120h of MN/. A positive correlation was observed  

between the serum sTREM-1 concentration at 72h 
and VAP (r=0.697,p<0.001). The serum concentra-
tions of sTREM-1, CRP and after 120h of MV were 
not associated with the diagnosis of YAP. The Hos-
mer-Lemeshow test showed that the p-value for the 
correlation between sTREM-1 and VAP was great-
est at 72h (p=0.759 >0.05), which implied a better 
degree of fitting. 

Also, our results were in line with Yang et al. [2] 
who found that STREM-1 was positively correlated 
with the WBC count, neutrophil granulocyte abso-
lute count, immature/total neutrophil granulocyte 
specific value, high sensitivity CRP (hs-CRP). 

Our results showed that Sensitivity and Specific-
ity of day 1 and day 4 sTREM-1 to predict NVAP. 
Regarding Day 1 sTREM-1, AUC was 0.942, Cutoff 
value was 112.55, Sensitivity was 92% and Specific-
ity was 84%. Regarding Day 4 sTREM-1, AUC was 
0.931, Cutoff value was 123.8, Sensitivity was 88% 
and Specificity was 92%. Sensitivity and Specificity 
of day 1 and day 4 CRP to predict NVAP. Regarding 
Day 1 CRP, AUC was 0.534, Cutoff value was 3.9, 
Sensitivity was 64% and Specificity was 56%. Re-
garding Day 4 CRP, AUC was 0.640, Cutoff value 
was 4.7, Sensitivity was 68% and Specificity was 
60% so the results by El Nady et al. [16] and Zhao et 
al. [3] were in line with our results. 

The diagnostic role of CRP and sTREM-1 as bi-
omarkers was investigated in VAP and they found 
that sTREM-1 was more specific and sensitive than 
C-reactive protein (CRP). In our study there was no 
significant correlation between TREM-1 level and 
CRP level in the studied children. These results re-
ported byEl Nady et al. [16] who in line with our 
results. 

Similarly, Zhao et al. [3] who found that the 
area under the curve (AUC) values were obviously 
greater after 72h of MV, and at this time point, the 
optimal cutoff value for the serum sTREM-1 con-
centration was 165 .05pg/m1 with an AUC of 0.902. 
The predictive sensitivity of sTREM-1 for VAP was 
90% and the specificity was 77% was in line with 
our results. 

Conclusion: 
sTREM-1 is as a diagnostic and prognostic in-

dicator in ventilator-associated pneumonia for new-
born. Comparison of sTREM-1 and C-reactive pro-
tein in terms of accuracy and sensitivity. STREM-1 
has shown it to be more specific and sensitive than 
C-reactive protein (CRP). 
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