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Background: This study aimed to explore the relationship between the severity and prognosis of elderly
patients with ventilator-associated pneumonia (VAP) and the expression of serum interleukin-18 mRNA (IL-
18 mRNA), Clara cell secretory protein 16 (CC16) and the soluble triggering receptor expressed on myeloid
cells 1 STREM-1).

Methods: The patients were divided into a VAP group (n=75) and a non-VAP group (n=110). According
to the Acute Physiology and Chronic Health Evaluation IT (APACHEII) score, the patients with VAP were
divided into a low-risk group, an intermediate-risk group and a high-risk group. According to the 28-day
outcome, the patients were divided into a survival group and a death group. Serum levels of IL-18, CC16
and STREM-1 were detected, and their value in the prediction and prognosis of VAP was analyzed using a
receiver operating characteristic (ROC) curve.

Results: Scrum levels of IL-18 and sSTREM-1 in the VAP group were higher than those in the non-VAP
group, while CC16 levels were lower in the VAP group than those in the non-VAP group (P<0.05). Serum
levels of IL-18 and sSTREM-1 decreased in order from the high-risk group to the intermediate-risk group
to the low-risk group, while CC16 levels increased in order (P<0.05). ROC curve analysis showed that the
Youden index and AUC of combined diagnosis of VAP with serum IL-18 mRNA, CC16 and sSTREM-1 were
0.710 and 0.930, which were higher than those of single diagnosis (P<0.05). Serum levels of IL-18 mRNA
and sSTREM-1 in the survival group were lower than those in the death group, and the CC16 level was
higher than that in the death group (P<0.05). ROC curve analysis showed that the Youden index and AUC
of combined diagnosis with serum IL-18 mRNA, CC16 and sTREM-1 were 0.506 and 0.731, which were
higher than those of single diagnosis (P<0.05).

Conclusions: The combination of these 3 factors is of high value in predicting the severity and prognosis

of VAP and can provide reference for clinical treatment.
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Introduction

Ventilator-associated pneumonia (VAP) is a pneumonia that
occurs within 48 hours of extubation following mechanical
ventilation (MV) (1). Due to the insufficient disinfection of
the humidifier atomizer and other devices in the ventilator
pipeline, the condensate in the ventilator pipeline is not
poured in time, resulting in continuous inhalation of a large
number of fog particles with high bacterial concentration,
which is easy to cause VAP. And VAP can cause difficulties
in ventilator weaning and, in severe cases, may result
in the death of the patient. According to the domestic
literature, VAP has a prevalence rate of 43.1% and a case
fatality rate of 51.6% (2). Therefore, timely diagnosis
and treatment are of the utmost importance. Studies have
confirmed that inflammatory factors are involved in the
pathogenesis and progression of VAP (3). Interleukin-18
(IL-18) is an important neutrophil chemotactic factor
that can promote Thl cytokine differentiation and Th2
cytokine secretion, produce immunoglobulin E (IgE) and
immunoglobulin G (IgG) antibodies, and cause diseases
such as immediate hypersensitivity and immune damage (4).
Clara cell secretory protein 16 (CC16) is a functional
protein secreted by Clara cells that plays a regulatory role
in the inflammatory response (5). The soluble triggering
receptor expressed on myeloid cells 1 (sTREM-1) belongs
to the immunoglobulin superfamily and is often used to
diagnose infectious diseases (6). When the body is infected,
sTREM-1 can activate downstream signal transduction
pathways, release inflammatory mediator factors, and
expand the degree of the inflammatory response. At present,
there are few studies on the relationship between IL-18,
CC16, sSTREM-1 and the severity and prognosis of elderly
VAP patients, as well as the three-factor joint evaluation
of prognosis. This study analyzed the expression of serum
IL-18, CC16, and sTREM-1 in elderly VAP patients and
explored their relationship with severity and prognosis.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3511).

Methods
General information

A total of 185 patients who underwent ventilation therapy in
the intensive care unit (ICU) of Sichuan Provincial People’s
Hospital from March 2019 to March 2021 were selected as
the research subjects. The patients were divided into a VAP
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group (n=75) and a non-VAP group (n=110). According
to the Acute Physiology and Chronic Health Evaluation
II (APACHEII) score, the VAP patients were divided into
a low-risk group (0-10 points, n=25), an intermediate-
risk group (10-20 points, n=30), and a high-risk group
(220 points, n=20). These patients were further divided into
a survival group (n=56) and a death group (n=19) according
to the disease outcome within 28 days. The survival group
consisted of 35 males and 21 females aged (69.02+7.59) years,
and the death group consisted of 12 males and 7 females aged
(68.68+7.51) years. There was no significant difference in
general information between the 2 groups (P>0.05), which
were therefore comparable. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by ethics committee of Sichuan Provincial
People’s Hospital [Lunshen (Research) No. 355-1, 2021] and
informed consent was taken from all the patients.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) all patients met the
VAP diagnostic criteria (7) and underwent ventilation for
>2 days with >2 of the following criteria: (i) a body
temperature of >38 °C; (ii) wet rales detected by lung
auscultation and purulent secretions in the respiratory tract;
(iii) white blood cells <4.0x10°/L or >10.0x10°/L; (iv) a chest
X-ray showed lung infiltration shadow; and (v) the respiratory
tract secreted newly cultivated pathogenic bacteria. (I) The
patients were between 60-80 years old. (II) The patients
provided informed consent. The exclusion criteria were as
follows: (I) patients with severe liver and kidney dysfunction
and lung diseases; (II) patients with malignant tumors; (III)
patients with a bleeding tendency and severe arrhythmia; and
(IV) patients with active hemoptysis and tuberculosis.

Study method

Determination of serum IL-18 mRINA

On the second day of admission, 5 mL of peripheral venous
blood was taken, added to an ethylenediaminetetraacetic
acid (EDTA) anticoagulation tube, diluted with phosphate
buffer, and centrifuged at 2,000 r/min for 20 minutes.
The cell concentration was adjusted to 5x10°/mL. The
total RNA was extracted by the Trizol method. The
upstream primer was 5'-ACCAGTAGAAGACAAT
TGCATCAACT-3" and the downstream primer was
5'-CCAGGTTTTCATCATCTTCAGCTA-3". The length
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Table 1 Comparison of clinical data between the VAP and non-VAP groups
Private string place, n (%)
2
Group Men/women hoe B (cg/m’) Lung  Urinarytract Difrzs(;ctive Enterocoelia Cen:;lspe ?;VOUS Blood
VAP group (n=75) 47/28 68.93+7.52 24.31x2.15 24(32.00) 10(13.33) 9(12.00) 9 (12.00) 8 (10.67) 15 (20.00)
Non-VAP group 58/52 69.04+7.53 24.50+2.18 36(32.73) 16 (14.55) 14 (12.73) 12(10.91) 9(8.18) 23 (20.91)
(n=110)
¥’/F value 0.068 0.692 0.585 0.437
P value 0.794 0.490 0.559 0.994

VAP, ventilator-associated pneumonia; BMI, body mass index.

of the amplified fragment was 160 bp. The TagMan probe
was 5'-TGTGGCAATGAAATTTATTGACAATACG
CTTTACTT-3". The reverse transcription reaction was
3 puL. RNA template, 5x reverse transcription buffer 4 pL,
upstream primer (25 umol/L) 0.4 pL, downstream primer
(25 pmol/L) 0.4 pL, deoxyribonucleotide triphosphate
(dNTPs; 25 pmol/L) 0.2 pL, Moloney murine leukemia virus
(MMLYV; 10 U/pL) 1 pL, and 11 pL of diethyl pyrocarbonate
(DEPC) water. The reaction conditions were 37 °C for 1 hour
and then 95 °C for 3 minutes. The quantitative fluorescence
polymerase chain reaction (PCR) system was 5x quantitative
PCR buffer 10 pL, dNTPs 0.5 pL, Taq enzyme 1.5 pL,
complementary DNA (cDNA) 5 pL, double-distilled water
(ddH,0) 30 pL. The reaction conditions were 93 °C for
2 minutes and then 93 °C for 45 seconds, followed by 63 °C
for 45 seconds, over 40 cycles.

Determination of serum CC16 and sSTREM-1 levels
On the second day of admission, 5 mL of blood from the
median cubital vein on an empty stomach was collected
in the morning, stored in an EDTA anticoagulation tube,
centrifuged at 3,000 r/min for 10 minutes, centrifuged to
pellet the cells, and then stored in a constant temperature
refrigerator at =70 °C. The serum CC16 and sTREM-1
levels were determined by enzyme-linked immunosorbent
assay (ELISA). The model of the microplate reader was
Bioelisa ELX-800 (BioTek, Winooski, VT, USA), and the
kit was purchased from Nanjing Jiancheng Institute of
Biological Engineering.

Prognosis

The patients were followed up for 28 days by telephone
and outpatient services, and the survival conditions of the
2 groups were observed and recorded.
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Statistical methods

The SPSS20.0 software (IBM corp., Armonk, NY, USA)
was used to process the data, and the measurement data
was indicated by (¥+s). A one-way analysis of variance and a
least significant distance (LSD) t test were performed, and
the enumeration data were expressed by the rate (%). A
chi-squared test was performed. To evaluate the diagnostic
value of serum IL-18 mRINA, CC16, and sTREM-1 levels
for VAP severity and prognosis, a receiver operating curve
(ROC) was drawn to obtain the area under the curve
(AUC). An AUC <0.5 was of no value, 0.5 to 0.7 was of
low diagnostic value, 0.7 to 0.9 was of moderate diagnostic
value, and >0.9 was of high diagnostic value. A value
of P<0.05 indicated that the difference was statistically
significant.

Results

Comparison of clinical data between the VAP and non-VAP
groups

As shown in Table 1, there was no significant difference in
gender, age, body mass index (BMI), APACHE II score,
sequential organ failure assessment (SOFA) score, and

disease location between the VAP group and the non-VAP
group (P>0.05).

Comparison of serum IL-18 mRNA, CC16, and sTREM-1
levels between the VAP and non-VAP groups

As shown in Table 2, the levels of serum IL.-18 mRNA and
STREM-1 in the VAP group were higher than those in the
non-VAP group, and the levels of CC16 in the VAP group
were lower than those in the non-VAP group (P<0.05).
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Table 2 Comparison of serum IL-18 mRNA, CC16, and sTREM-1 levels between the VAP and non-VAP groups (x=s)

Group IL-18 mRNA (copy/ug) CC16 (ng/mL) sTREM-1 (pg/mL)
VAP group (n=75) 257.11+31.93 67.72+21.67 152.58+22.96
Non-VAP group (n=110) 218.44+18.15 102.62+18.23 128.01+8.08

t value 19.166 3.200 75.532

P value <0.001 <0.001 <0.001

IL-18, interleukin-18; CC16, Clara cell secretory protein 16; STREM-1, soluble triggering receptor expressed on myeloid cells 1; VAP,
ventilator-associated pneumonia.

Table 3 Comparison of serum IL-18 mRNA, CC16, and sTREM-1 levels in VAP patients with different disease levels (x+s)
IL-18 mRNA (copy/pg) CC16 (ng/mL)

Group sTREM-1 (pg/mL)

Low-risk group (n=25) 230.51+14.27* 88.23+17.16™ 130.28+8.04*

Intermediate-risk group (n=30) 255.77+20.60* 67.26+11.33* 152.71+10.39*

High-risk group (n=20) 292.37+28.69 42.78+7.20 180.26+18.6
F value 46.718 70.206 88.279
P value <0.001 <0.001 <0.001

Compared with the high-risk group, *P<0.05; compared with the middle-risk group, *P<0.05. IL-18, interleukin-18; CC16, Clara cell
secretory protein 16; sTREM-1, soluble triggering receptor expressed on myeloid cells 1; VAP, ventilator-associated pneumonia.

Table 4 Serum IL-18 mRNA, CC16, and sTREM-1 levels effectively predict VAP

Asymptotically approaching, 95%

Indicator Sensitivity Specificity ~ Youden index AUC confidence interval Cut-off value
IL-18 mRNA 0.627 0.955 0.581 0.875 0.802-0.911 246.94 copy/ug
CC16 0.813 0.845 0.659 0.883 0.834-0.932 85.615 ng/mL
STREM-1 0.680 0.900 0.580 0.845 0.783-0.907 138.76 pg/mL
Combine 0.773 0.936 0.710 0.930 0.894-0.965 -

IL-18, interleukin-18; CC16, Clara cell secretory protein 16; STREM-1, soluble triggering receptor expressed on myeloid cells 1; VAP,
ventilator-associated pneumonia; AUC, area under the curve.

Comparison of serum IL-18 mRNA, CC16, and sTREM-1
levels in VAP patients with different disease levels

As shown in Table 3, the levels of serum IL-18 mRNA and
sTREM-1 in the high-risk group were higher than those
in the intermediate-risk group and the low-risk group,
while the levels of CC16 in the high-risk group were
lower than those in the intermediate-risk group and the
low-risk group. The levels of serum IL-18 mRNA and
sTREM-1 in the intermediate-risk group were higher than
those in the low-risk group, while the levels of CC16 in
the intermediate-risk group were lower than those in the

low-risk group (P<0.05).
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Serum IL-18 mRNA, CC16, and sTREM-1 levels
effectively predict VAP

As shown in Table 4 and Figure 1, the ROC curve analysis
showed that a diagnosis of VAP combined with serum
1L-18 mRNA, CC16, and sTREM-1 levels had a Youden
index of 0.773, and AUC of 0.930, which were higher than
those diagnosed alone (P<0.05).

Comparison of serum IL-18 mRNA, CC16, and sTREM-1
levels in patients with different prognoses

As shown in Tible 5, the levels of serum IL-18 mRNA and
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sTREM-1 in the survival group were lower than those in
the death group, and the levels of CC16 in the survival
group were higher than those in the death group (P<0.05).
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Figure 1 ROC curve analysis of serum IL-18 mRNA, CC16,
and sSTREM-1 levels in predicting VAP. ROC, receiver operating
characteristic; IL-18 mRNA, interleukin-18 mRNA; CC16,
Clara cell secretory protein 16; sSTREM-1, soluble triggering
receptor expressed on myeloid cells 1; VAP, ventilator-associated

pneumonia.

12

The efficacy of serum IL-18 mRNA, CC16, and sTREM-1
levels in predicting the prognosis of VAP

As shown in Table 6 and Figure 2, the ROC curve analysis
showed that the combined diagnosis of serum IL-18
mRNA, CC16, and sTREM-1 water had a Youden index of
0.506 and an AUC of 0.731 for the prognosis of VAP, which
were higher than those of a single diagnosis (P<0.05).

Discussion

Epidemiological investigations show that the incidence of
VAP in patients treated with MV in China is about 4.7-
55.8%, and the final mortality rate can reach 19.4-51.6% (8).
VAP can lead to prolonged treatment time and induce
drug-resistant strains. As VAP has no specific symptoms,
it is difficult to diagnose and evaluate prognosis, and so
identifying sensitive, reliable, simple, and rapid diagnostic
indicators has become a current research hotspot (9).

IL-18 is a cytokine with a variety of immunomodulatory
functions. It participates in airway inflammation and airway
hyper responsiveness. It can promote T helper type 1
(Thl) cell proliferation and immune response and induce T
lymphocytes to secrete interferon and inflammatory cytokines
(10,11). Studies have shown that IL-18 is involved in the
occurrence and development of bacterial pneumonia (12).

Table 5 Comparison of serum IL-18 mRNA, CC16 and sSTREM-1 levels in patients with different prognoses (x:s)

Group IL-18 mRNA (copy/ug) CC16 (ng/mL) sTREM-1 (pg/mL)
Survival group (n=56) 250.94+29.29 71.31+£20.57 148.54+20.61
Death group (n=19) 275.29+33.22 57.14+21.88 164.49+25.86
t value 0.267 0.023 1.957

P value <0.001 <0.001 <0.001

IL-18, interleukin-18; CC16, Clara cell secretory protein 16; sSTREM-1, soluble triggering receptor expressed on myeloid cells 1.

Table 6 The efficacy of serum IL-18 mRNA, CC16, and sSTREM-1 levels in predicting the prognosis of VAP

Asymptotically approaching, 95%

Indicator Sensitivity Specificity ~ Youden index AUC confidence interval Cut-off value
IL-18 mRNA 0.842 0.607 0.449 0.724 0.590-0.859 258.1 copy/ug
CC16 0.737 0.768 0.505 0.714 0.564-0.865 58.23 ng/mL
sTREM-1 0.579 0.875 0.454 0.702 0.546-0.858 166.94 pg/mL
Combine 0.684 0.821 0.506 0.731 0.588-0.874 -

IL-18, interleukin-18; CC16, Clara cell secretory protein 16; sSTREM-1, soluble triggering receptor expressed on myeloid cells 1; VAP,
ventilator-associated pneumonia; AUC, area under the curve.
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Figure 2 ROC curve analysis of serum IL-18 mRNA, CCl16,
and STREM-1 levels in predicting the prognosis of VAP.ROC,
receiver operating characteristic; IL-18 mRNA, interleukin-18
mRNA; CC16, Clara cell secretory protein 16; sSTREM-1,
soluble triggering receptor expressed on myeloid cells 1; VAP,

ventilator-associated pneumonia.

Clara cells can repair damaged epithelial cells and secrete
proteins and leukocyte protease inhibitors. CC16, the
main protein secreted by Clara cells, participates in the
regulation of immune function and inhibits inflammation
(13,14). Studies have confirmed that CC16 can be used as a
marker for evaluating the integrity or permeability of lung
epithelial cells (15). Determann ez 4. (16) have shown that
CC16 can be used as a new biological indicator of pulmonary
inflammation, which has important reference value for early
prediction of VAP and severity. TREM-1, a member of
the immunoglobulin family, can inhibit the expression of
anti-inflammatory mediators, promote the release of pro-
inflammatory mediators, and further activate and cascade to
amplify the inflammatory response. The secretion subtype
of TREM-1 is sSTREM-1. sSTREM-1 is released in the blood
when the body is infected by bacteria, which protects the
body from infection. In the initial infection stage, sSTREM-1
can amplify the inflammatory response and promote the
release of inflammatory factors. At the same time, the
migration of inflammatory factor in the inflammatory part
of the lung is closely related, which can reflect the severity
of the infection in the body (17,18). Zhao et 4/. have shown
that STREM-1 is a reliable predictor of VAP in neonates, and
combined measurement of serum levels of sSTREM-1 and
PCT after 72h of MV provided the most accurate prediction
of VAP in neonatal patients (19).

© Annals of Palliative Medicine. All rights reserved.
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The results of this study showed that the serum levels of
IL-18 and sSTREM-1 in the VAP group were higher than
those in the non-VAP group, while the levels of CC16
in the VAP group were lower than those in the non-VAP
group. This is consistent with the research conclusions of
Zhao et al. (19), indicating that serum IL-18, CC16, and
STREM-1 levels are related to the occurrence of VAP. In
addition, the present study found that serum IL-18 and
STREM-1 levels in the high-risk group were higher than
those in the intermediate-risk group and the low-risk group,
while CC16 levels in the high-risk group were lower than
those in the intermediate-risk group and the low-risk group.
The serum IL-18 mRNA and sTREM-1 levels in the
intermediate-risk group were higher than those in the low-
risk group, while the CC16 levels in the intermediate-risk
group were lower than those in the low-risk group. This
suggests that serum IL-18 mRNA, CC16, and sTREM-1
levels can reflect the severity of VAP; as the disease becomes
more severe, the expression levels of IL-18 and sSTREM-1
rise and the expression levels of CC16 lower (20). The ROC
curve analysis showed that the sensitivity of a diagnosis of
VAP combined with serum IL-18, CC16, and sTREM-1
levels was 96.00%. The AUC was 0.920, which was higher
than that of the diagnosis alone. This suggests that the
combination of serum IL-18, CC16, and sTREM-1 levels
can improve the diagnosis rate of VAP, and that clinical
monitoring of these levels and targeted interventions should
be carried out to reduce the incidence of VAP.

With regards to follow-up, our study found that serum
IL-18 and sSTREM-1 levels in the survival group were lower
than those in the death group, while CC16 levels in the
survival group were higher than those in the death group.
This suggests that high levels of IL-18 and sSTREM-1 and
low levels of CC16 can lead to poor prognosis. The ROC
curve analysis showed that the combination of serum IL-
18, CC16, and sTREM-1 levels had a sensitivity of 92.00%
for the prognosis of VAP. The AUC was 0.901, which was
higher than that of the diagnosis alone. This suggests that
the combined prognostic value of serum IL-18, CC16,
and sTREM-1 levels in predicting the prognosis of VAP is
relatively high, and that clinical monitoring of these levels
and targeted interventions could improve the prognosis
of patients. However, the number of cases included in this
study was small, and further studies with larger sample sizes
are required to confirm these results.

In summary, serum IL-18 and sTREM-1 levels in
elderly VAP patients are highly expressed, while CC16
levels are low, and these levels are related to the severity of
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the disease. The combination of these 3 factors is of high
value in predicting the severity and prognosis of VAP and is
worthy of promotion and application in clinical treatment.
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