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Abstract

Objective: To explore the values of PCT and STREM-1 combined with clinical pulmonary infection score (CPIS)
for evaluating ventilator-associated pneumonia (VAP) in elderly patients. Methods: A total of 120 eligible pa-
tients were selected as VAP group, and 60 other patients without VAP were selected as control group. According
to APACHE II scores, VAP group was divided into low-, medium-, and high-risk groups. The correlations of PCT,
STREM-1, and CPIS with APACHE II score were analyzed. The values of PCT and STREM-1 combined with CPIS
for evaluating prognosis were analyzed using ROC curves. Results: In the VAP group, serum PCT and STREM-1
levels and CPIS after mechanical ventilation significantly exceeded those of the control group and before mechan-
ical ventilation (P<0.05). These values were higher in the high-risk group than in medium- and low-risk groups
(P<0.05). They were positively correlated with APACHE II score (P<0.001). These values of the death group
were significantly higher than those of the survival group 1, 3, 5, and 7 d after treatment (P<0.05). AUC of PCT
and STREM-1 combined with CPIS for assessing prognosis was 0.892 (P<0.001). Conclusions: Serum PCT and
STREM-1 levels and CPIS significantly increase in elderly patients with VAP, which rise with aggravation. Their
combination has higher values for prognostic evaluation.
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Introduction ly patients and to predict the clinical prognosis
has important clinical significance for reducing
mortality rate. Serum procalcitonin (PCT) has
high sensitivity and specificity for the early di-
agnosis of infectious diseases, and it can also in-
dicate the severity and prognosis of the disease

Ventilator-associated pneumonia (VAP) refers
to lung parenchymal infection occurring after
mechanical ventilation for 48 h, which is one of
the common and severe complications during

mechanical ventilation, with a mortality rate of (2). As a new inflammatory index, human sol-
up to 60% in elderly patients (1). Therefore, how uble triggering receptor expressed on myeloid
to evaluate early the severity of VAP in elder- cells-1 (STREM-1) serves as a marker of bac-
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terial infection, and its level in serum is closely
related to the severity of infection (3). The clin-
ical pulmonary infection score (CPIS) is used to
evaluate the infection in patients through clinical
manifestations, imaging features, and microbi-
ological indices, which is currently one of the
commonly-used important indices evaluating
the severity and prognosis of pulmonary infec-
tion (4).

Detection using a single index may be limited.
Thereby motivated, serum PCT and STREM-1
expression levels were combined with CPIS in
this study to explore the value for evaluating the
prognosis of elderly patients with VAP.

Methods

Clinical data

A total of 120 critical elderly patients with VAP
after mechanical ventilation in general ICU of
our hospital from January 2018 to June 2020
were selected as VAP group, including 73 males
and 47 females aged 62-86 years old, with an
average of (72.31£9.25) years. Other 60 elderly
patients without VAP after mechanical ventila-
tion for more than 48 h during the same peri-
od were selected as control group, including 36
males and 24 females aged 60-85 years old, with
an average of (71.68+£8.97) years. According to
the acute physiology and chronic health evalu-
ation II (APACHE II) score (5), the patients in
the VAP group were divided into low-risk group
(APACHE 1I score <10 points, n=32), medi-
um-risk group (APACHE II score =10-20 points,
n=43), and high-risk group (APACHE II score
>20 points, n=45). Based on the prognosis of
patients after hospitalization for 30 d, they were
divided into survival group (n=72) and death
group (n=48). This study was approved by the
Ethics Committee of our hospital, and the test
methods were strictly in accordance with the rel-
evant regulations. All subjects and their families
were informed of relevant rights and risks, and

they voluntarily participated in the research and
signed the informed consent.

After 1 h of non-invasive ventilation, intubation/
mechanical ventilation should be given when one
of the following situations occurs: 1) Breathing
or cardiac arrest; 2) PaO_/FiO, <200; 3) apnea
or heart rate <50 bpm, accompanied by distur-
bance of consciousness or wheezing; 4) mania
that cannot be well controlled by sedatives; 5)
severe dyspnea, accompanied by reverse chest
and abdominal breathing or strong contraction of
auxiliary respiratory muscles; 6) a large amount
of aspiration or difficulty in managing respira-
tory secretions; 7) hypotension (systolic blood
pressure <90 mmHg) and no response to liquid
or vasoactive drugs; 8) severe metabolic and (or)
respiratory acidosis (pH <7.20).

Diagnostic criteria for VAP

The diagnostic criteria for VAP are based on the
Guidelines for the Diagnosis, Prevention and
Treatment of Ventilator-Associated Pneumonia
developed by the Chinese Medical Association
in 2013 (6): After mechanical ventilation for >48
h, new or progressive infiltration shadows in the
lungs are shown in chest X-ray examination, and
at least two of the following criteria are met: 1)
Fever: The body temperature of patients rises
(>38°C); 2) Peripheral hemogram index white
blood cells >10.0x10%/L or <4.0x10°/L; 3) Wet
rales can be heard by auscultation of lungs, and a
large number of purulent secretions can be seen
in the respiratory tract; 4) New pathogenic bac-
teria appear in the respiratory secretions after
culture.

Inclusion and exclusion criteria

Inclusion criteria: 1) VAP patients meeting the
above diagnostic criteria; 2) those aged >60
years old; 3) those receiving mechanical venti-
lation >48 h.

Exclusion criteria: 1) Patients who failed to toler-
ate mechanical ventilation and quit the treatment;
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2) those who died within 3 d after mechanical
ventilation; 3) those with infections in lungs or
other sites before mechanical ventilation; 4) those
complicated with malignant tumors or immune
diseases; 5) those with a history of bone marrow
transplantation, organ transplantation or heart by-
pass surgery; 6) those with incomplete data.
First, 128 VAP patients were enrolled according
to the inclusion criteria. Then 1 case intolera-
ble to mechanical ventilation, 2 cases who died
within 3 days after mechanical ventilation, 1
case with pulmonary infection before mechan-
ical ventilation, 1 case complicated with lung
cancer, 1 case who had received heart bypass
surgery, and 2 cases with incomplete medical re-
cords were excluded. Finally, 120 patients were
included in this study.

Collection of baseline clinical data

The basic clinical data of all patients were col-
lected, including age, gender, body mass index
(BMI), APACHE I score, duration of mechani-
cal ventilation before diagnosis with VAP, length
of stay in ICU, and underlying diseases (respi-
ratory failure, COPD, cerebrovascular disease,
cardiovascular disease, sepsis, type 2 diabetes
mellitus, hypertension, chronic renal insufficien-
cy, and digestive tract disease).

Sample collection and detection

Before and after mechanical ventilation, 4 mL of
fasting venous blood was drawn from each sub-
ject, placed in a test tube containing heparin so-
dium, and centrifuged at 3,000 rpm for 10 min.
The supernatant was collected and stored in a re-
frigerator at 4°C, followed by detection within 1
h. The levels of serum PCT and STREM-1 were
detected through enzyme-linked immunosor-
bent assay using kits (Rapidbio, USA) in strict
accordance with the instructions in the Labo-
ratory Department of our hospital. The normal
reference ranges were as follows: PCT <0.05 ng/
mL, and STREM-1 <92.00 ng/L. The patients

were treated with anti-infective therapy using
the same measures from 1 d after diagnosis with
VAP. Venous blood was drawn from patients at
1, 3,5, and 7 d of treatment, and then the serum
PCT and STREM-1 expression levels were de-
tected, and CPIS was calculated.

CPIS

CPIS was evaluated based on the following indi-
ces (7): 1) Body temperature: 36-38°C=0 points,
38-39°C=1 point, >39°C or <36°C=2 points; 2)
White blood cell count: 4-11x10°/L=0 points,
11-17x10%/L=1 point, <4x10°/L or >17x10°/L=2
points; 3) Tracheal secretions (character and
number of aspirates at 24 h): no or a little sputum
=0 points, moderate-large amount of non-puru-
lent sputum =1 point, moderate-large amount
of purulent sputum =2 points; 4) Oxygenation
indices (PaO,/FiO,, kPa): >33=0 points, <33=2
points; 5) Infiltration shadows in chest X-ray:
none =0 points, patchy shadows =1 point, con-
fluent patchy shadows =2 points; 6) Tracheal as-
pirate culture or sputum culture: no growth of
pathogenic bacteria =0 points, growth of patho-
genic bacteria =1 point; the same bacteria were
obtained in both tracheal aspirate and sputum, or
the Gram staining result was consistent with the
culture result =2 points. The highest score was
12 points, and the score >6 points indicated a
high risk of death, or the lower score indicated
relieved conditions.

Statistical analysis

SPSS 19.0 software was used for statistical
analysis. All data were tested for homogeneity
of variance and normal distribution. Normally
distributed measurement data were expressed
as mean =+ standard deviation (‘y * s), and nu-
merical data were expressed as frequency or
rate. The independent-samples ¢ test and y? test
were performed for intergroup comparison. The
correlations of PCT, STREM-1, and CPIS with
the APACHE II score were explored through
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Spearman’s analysis. Receiver operating charac-
teristic (ROC) curves were plotted based on the
prognosis of the 120 included VAP patients after
30 days of hospitalization to assess the value of
PCT and STREM-1 combined with CPIS. One-
tailed P<0.05 suggested a statistically significant
difference.

Results

Baseline clinical data

There were no statistically significant differenc-
es in age, gender, BMI, APACHE II score, du-
ration of mechanical ventilation, length of stay
in ICU and underlying diseases between the two
groups (P>0.05) (Table 1).

PCT, STREM-1 and CPIS before and after
mechanical ventilation

There were no significant differences in serum
PCT and STREM-1 expression levels and CPIS
between the two groups before mechanical ven-
tilation, and the same was true in the control
group before and after mechanical ventilation
(P>0.05). In the VAP group, the serum PCT

and STREM-1 expression levels and CPIS after
mechanical ventilation were significantly high-
er than those before mechanical ventilation and
those after mechanical ventilation in the control

group (P<0.05) (Table 2).

PCT, STREM-1, and CPIS after mechanical
ventilation in high-, medium-, and low-risk
groups

After mechanical ventilation, the serum PCT and
STREM-1 expression levels and CPIS were sig-
nificantly higher in the high-risk group than those
in the medium- and low-risk groups, while they
were also significantly higher in the medium-risk
group than those in the low-risk group (P<0.05).
The serum PCT and STREM-1 expression levels
and CPIS all had significant positive correlations
with the APACHE II score (+=0.845, 0.800 and
0.782, P<0.001) (Table 3 and Figure 1).

PCT, STREM-1, and CPIS at different time
points after treatment in survival and death
groups

The serum PCT and STREM-1 expression levels
and CPIS in the death group were significantly

Table 1. Baseline clinical data [y + s, n(%)]

Index VAP group (n=120)  Control group (n=60) iy’ P
Age (Y) 72.31+£9.25 71.68+8.97 0.435 0.664
Male [n (%)] 73(60.83) 36(60.00) 0.484 0.486
BMI (kg/m?) 22.47+2.32 22.69+2.16 0.613  0.540
APACHE 1I score (point) 18.50+5.20 18.40+5.90 0.116  0.908
Duration of mechanical ventilation (d) 13.20+3.82 13.30+3.96 0.137 0.891
Length of stay in ICU (d) 31.34+8.53 32.56+9.47 0.872  0.385
Underlying disease

Respiratory failure [n(%)] 39(32.50) 19(31.67) 0.013 0910
COPD [n(%)] 21(17.50) 6(10.00) 1.765 0.184
Cerebrovascular disease [n(%)] 20(16.67) 12(20.00) 0.304 0.581
Cardiovascular disease [n(%)] 9(7.50) 6(10.00) 0.327 0.567
Sepsis [n(%)] 6(5.00) 4(6.67) 0.212  0.645
Type 2 diabetes mellitus [n(%)] 7(5.83) 4(6.67) 0.048  0.826
Hypertension [n(%)] 7(5.83) 5(8.33) 0.402 0.526
Chronic renal insufficiency [n(%)] 7(5.83) 3(5.00) 0.053 0.818
Digestive tract disease [n(%)] 4(3.33) 1(1.67) 0411 0.521
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Table 2. PCT, STREM-1, and CPIS before and after mechanical ventilation ("y £ s)

VAP group (n=120)

Control group (n=60)

Index Before mechanical After mechanical Before mechanical After mechanical
ventilation ventilation ventilation ventilation
PCT (ng/mL) 0.54+0.08 3.13+£0.47%* 0.53+0.09 0.54+0.07
STREM-1 (ng/L) 98.04+22 .47 154.12+42.30** 97.62+21.25 100.58+19.68
CPIS 5.18+2.66 7.65+£3.01%* 5.19+£2.27 5.84+2.30

"P<0.05 vs. before mechanical ventilation, “P<0.05 vs. control group.

Table 3. PCT, STREM-1, and CPIS after mechanical ventilation in high-, medium-, and low-risk groups ("y % s)

Group PCT (ng/mL) STREM-1 (ng/L) CPIS
Low-risk (n=32) 1.8440.49 92.46+16.59 4.22+1.21
Medium-risk (n=43) 2.89+0.53* 135.93+£20.13* 6.19£1.59*
High-risk (n=45) 3.624+0.60*" 161.02+19.30*" 8.28+1.58*"

“P<0.05 vs. low-risk group, “P<0.05 vs. medium-risk group.

higher than those in the survival group at 1, 3, 5,
and 7 d of treatment (P<0.05). The above indices
significantly rose with the prolongation of treat-
ment time in death group (P<0.05), while they
reached the peak at 5 d of treatment and then
significantly declined at 7 d in the survival group
(P<0.05). The serum PCT, STREM-1 expression
levels and CPIS of the control group continu-
ously decreased at 1, 3, 5, and 7 d of treatment
(Table 4).

Values of PCT and STREM-1 combined with
CPIS for evaluating prognosis of VAP patients
ROC curves were plotted based on the prog-
nosis of the 120 included VAP patients after
30 days of hospitalization. The optimal cut-off
values of PCT, STREM-1, and CPIS for assess-
ing the prognosis of VAP patients were 2.56 ng/

mL, 121.34 ng/L, and 6.13 points, respectively,
and the area under the curve (AUC) was 0.805,
0.821, and 0.793, respectively. The AUC of the
combination of the three was 0.892 (95% CI:
0.816-0.982, P<0.001), displaying a higher val-
ue for prognostic evaluation (Table 5 and Figure
2).

Discussion

VAP is a common infectious disease in ICU
usually caused by bacteria, which frequently oc-
curs in patients receiving invasive mechanical
ventilation. During mechanical ventilation, the
normal defense barrier of the respiratory tract is
destroyed due to tracheotomy or tracheal intu-
bation, thus damaging the normal airway muco-
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Fig. 1. Correlations of PCT, STREM-1, and CPIS with APACHE II score in VAP patients.
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Table 4. PCT, STREM-1, and CPIS at different time points after treatment in survival and death groups

(x%s)
Index Group 1d 3d 5d 7d
PCT (ng/mL) Survival (n=72) 2.5340.49 2.84+0.47* 3.18+0.42" 2.6240.53*
Death (n=48) 3.89+0.62** 4.72+0.73*# 5.57+0.81** 6.49+0.88**
Control (n=60) 1.54+0.12 1.12+0.14 1.03+0.11 0.45+0.05

STREM-1 (ng/L) Survival (n=72) 106.46+28.47  132.12+16.30" 156.02+17.25* 128.58+16.53"

Death (n=48)  163.93£25.86*" 178.05+15.42*" 189.26+17.31*"  204.50+16.49**

Control (n=60) 71.54+12.13 62.43+6.25 51.24+3.87 43.2843.11
CPIS Survival (n=72) 6.42+1.01 7.15+1.23" 9.39+1.27* 7.64+1.21*

Death (n=48) 8.59+1.48** 10.24+1.36*" 12.01£1.73** 13.35+1.98*"

Control (n=60) 3.45+0.54 3.11+£0.42 2.56+0.33 1.79+0.43

"P<0.05 vs. survival group, *P<0.05 vs. the previous time point within the group.

Table 5. Values of PCT and STREM-1 combined with CPIS for prognostic evaluation of VAP patients

Diagnostic index Cut-off AUC 95% CI P Sensitivity (%)  Specificity (%)
PCT (ng/mL) 1.97 0.805 0.783-0.832 <0.001 85.41 82.57
STREM-1 (ng/L) 121.34 0.821 0.714-0.846 <0.001 81.22 88.13
CPIS 6.13 0.793 0.735-0.857 <0.001 84.01 74.01
Combination - 0.892 0.816-0.982 <0.001 94.28 91.45
10
0.8
£ 06
=
=
"
@
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i 2 PCT (ng/mL)
STREM-1 /L
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Fig. 2. ROC curve analysis results of values of PCT and STREM-1 combined with CPIS for prognostic
evaluation of VAP patients.



Revista Romdna de Medicina de Laborator Vol. 30, Nr. 1, lanuarie, 2022 77

sa, and weakening the airway ciliary clearance
ability. As a result, bacteria easily colonize and
reproduce at the affected site, and then enter the
lower respiratory tract from the upper respirato-
ry tract, inducing VAP (8). At present, the clini-
cal diagnosis of VAP is mainly based on clinical
symptoms and signs, lung imaging, and sputum
bacteriological test, which, however, have low
specificity and cannot accurately determine bac-
terial, fungal, and viral infections. Moreover, the
bacteriological test lasts for a long time, delay-
ing the treatment (9).

It was found in previous clinical practice that PCT
can be used to diagnose early potential infection
in patients with VAP more accurately (10). PCT
is produced by thyroid C cells and possesses no
physiological activity, so its content in plasma is
extremely low under normal physiological con-
ditions. However, in the case of severe bacterial
and parasitic infections and multiple organ fail-
ure, PCT can be synthesized and secreted by oth-
er tissues and organs, such as lung, liver, kidney,
and adipose or muscle tissues, manifested as the
ectopic production of PCT and abnormal eleva-
tion of its level, which is related to the severity
and prognosis of infection (11). Wongsurakiat et
al. showed that if the PCT level in patients was
higher at 1-7 d after the occurrence of VAP, the
risk of poor prognosis was higher (12). Coelho
et al. assessed the dynamic changes in the serum
PCT level at 1, 3, and 7 d after the occurrence of
VAP, and confirmed that PCT could be used to
predict the prognosis of patients with VAP (13).
STREM-1 is a soluble inflammatory mediator
associated with inflammation. During infection,
STREM-1 can be released into the blood, body
fluid and alveolar lavage fluid, which is close-
ly related to the severity of infection. In par-
ticular, the level of STREM-1 in the serum of
patients with sepsis and in the bronchoalveolar
lavage fluid of patients with pneumonia signifi-
cantly rises. Therefore, STREM-1 can be used
for clinical diagnosis and prognostic evaluation

(14). Moralesortiz ef al. found through detection
of STREM-1 in the alveolar lavage fluid of pa-
tients clinically suspected of pulmonary infec-
tion with infiltration shadows in both Iungs that
the concentration of STREM-1 in patients with
bacterial and fungal infections was higher than
that in patients with atypical pathogen and vi-
ral infections, and its sensitivity and specificity
in diagnosing bacterial or fungal infection were
86% and 90%, respectively (15). Van Oort et al.
detected STREM-1 in the exhaled air condensate
from the ventilator of VAP patients, and showed
that STREM-1 was significant to the diagnosis
of VAP (16).

In the present study, the levels of serum PCT
and STREM-1 after mechanical ventilation
in the VAP group were far higher than those
in the control group, and the more severe the
condition of disease, the higher the expression
levels of PCT and STREM-1. Both PCT and
STREM-1 had significant positive correlations
with the APACHE 11 score, indicating that PCT
and STREM-1 can reflect the severity of VAP.
Furthermore, the results revealed that the levels
of PCT and STREM-1 in the death group were
far higher than those in the survival group. With
PCT >1.97 ng/mL and STREM-1 >121.34 ng/
mL as the diagnostic criteria for poor prognosis,
the area under the ROC curve was larger, and
both sensitivity and specificity in the diagnosis
of VAP were higher, demonstrating that PCT and
STREM-1 can be used as diagnostic indices for
the prognosis of VAP patients.

CPIS consists of body temperature, white blood
cell count, respiratory secretions, oxygenation
index, chest X-ray, and etiological data of air-
way secretions, which has been widely applied
to determine the severity and evaluate the prog-
nosis of lung diseases. It has been proven that
the higher CPIS corresponds to the more severe
pulmonary infection, worse prognosis and also
a higher mortality rate (17). In this study, it was
found that CPIS gradually rose with the wors-
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ening of condition in patients, which had a sig-
nificant positive correlation with the APACHE
II score, indicating that CPIS can well predict
the potential occurrence of VAP and preliminari-
ly reflect the infection status in patients. How-
ever, the specificity of CPIS alone in assessing
the prognosis of patients is low. Its specificity
was 74.01% in this study, similar to the find-
ing of Elgazzar et al. that the diagnostic sen-
sitivity and specificity of CPIS >6.2 points for
VAP were 80.4% and 77.3%, respectively (18).
Therefore, the combination of CPIS with PCT,
STREM-1 and other indices able to reflect the
severity of the disease may be more conducive
to evaluating the severity and prognosis of VAP
in the elderly. In this study, the results revealed
that the area under the ROC curve of serum PCT
and STREM-1 expression levels combined with
CPIS for assessing the prognosis of patients was
far larger than that of a single index, and the sen-
sitivity and specificity were 94.28% and 91.45%,
respectively. Therefore, the combination of the
three indices has a higher value for evaluating
the prognosis of VAP patients.

Conclusion

In conclusion, serum PCT and STREM-1 ex-
pression levels and CPIS are all significantly
increased in VAP patients, and they rise with
the increasing severity of the disease. The com-
bination of the three has higher values for the
prognostic evaluation of elderly patients with
VAP. Regardless, this study has limitations. The
findings herein are based on the experience of a
single center, which should be verified by per-
forming multi-center studies with larger sample
sizes.
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