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Abstract: Background: Ventilator-associated pneumonia (VAP) is among the most common healthcare-
associated infections in Pediatric Intensive Care Units (PICUs). Because of the lack of a gold-standard
diagnostic test, early diagnosis of VAP is challenging. We investigated whether bronchial biomarkers
interleukin-4 (IL-4), plasminogen activator inhibitor-1 (PAI-1) and soluble receptor for advanced glycation end
products (RAGE) could contribute in early VAP diagnosis through their fluctuation in time in critically ill
pediatric patients. Methods: Bronchial secretions were collected from PICU patients with VAP on days 1 and
6. PAI-1, RAGE and IL-4 levels were measured by ELISA. Protein concentrations between high and low VAP
suspicion patients were compared using unpaired Student’s t or Mann-Whitney U tests. Results: Twenty PICU
patients, with median age 7.75yrs (range 0.5-15.3), mechanically ventilated for >48hrs with increased
oxygenation requirements and VAP clinical/laboratory signs were enrolled. They were divided in VAP high-
suspicion (n=12) or low-suspicion (n=8) groups based on Clinical Pulmonary Infection Score (cutoff:6). PAI-1
kat RAGE levels did not differ between high- or low-VAP suspicion groups the 1% or 6" days (p-value>0.05).
IL-4 was not detected in bronchial secretions. Conclusion: Bronchial concentrations of IL-4, PAI-1 and RAGE
in critically ill children are not correlated with high- or low-VAP suspicion.

Keywords: ventilator-associated pneumonia; biomarkers; pediatric intensive care unit; critically-ill
children

1. Introduction

Ventilator-associated pneumonia (VAP) is a common entity in mechanically ventilated patients
with extended use of broad-spectrum antibiotics, prolonged hospitalization and significant
morbidity and mortality [1,2]. Worldwide, data on VAP incidence associated with pediatric intensive
care units (PICUs) report significant variability, which is due to differences in diagnostic criteria,
sample collection body sites and diagnostic tests [3,4]. Since several conditions and modifiable factors
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may contribute to clinical worsening, early VAP diagnosis is especially challenging in critically ill
patients. The difficulty in applying VAP diagnostic criteria, such as the Clinical Pulmonary Infection
Score (CPIS) (fever, leukocytosis, pulmonary secretions, oxygenation and chest X-ray lung infiltrates),
is the subjective nature of interpretation of clinical evidence that cannot differentiate the presence of
concurrent morbidities in mechanically ventilated patients. Moreover, other underlying conditions
could modify clinical parameters, and early VAP diagnosis may be missed. Therefore, clinical criteria,
alone, have rather limited value in VAP diagnosis [5].

In recent years, rapid syndromic molecular testing for identification of pathogens responsible
for pneumonia in respiratory samples have shown to benefit targeted antibiotic treatment by
providing accurate and much anticipated clinical information to clinicians in “real time” [6]. The need
for rapid and sensitive diagnostic tools able to differentiate a true lung infection from other
noninfectious conditions makes the search for valid and quantifiable biomarkers an undisputable
demand in clinical practice. Thus, for accurate VAP diagnosis, clinical scoring, molecular diagnostic
platforms combined with reproducible biomarkers of infection (host response) using non-invasive
methods, need to be investigated to assess their clinical value in early VAP diagnosis in critically ill
children. Molecular syndromic panels allow rapid broad range pathogen identification, which is
critical to clinicians for prompt treatment. A recent meta-analysis reported sensitivity 94% and
specificity 98% for diagnostic PCR panels compared to conventional culture for respiratory infections
[7]. Similar evaluations have been reported from studies using diagnostic respiratory panels for VAP
in the pediatric population [8,9].

Up to date, universal biomarkers of lung injury and inflammation for targeted antibiotic
treatment and prompt coverage of established pathogens for the pediatric population, are lacking.
Although several clinical studies have investigated VAP-associated biomarkers, most of them are
conducted with adult patients and the findings remain discordant. For example, protein levels of
plasminogen activator inhibitor 1 (PAI-1), a protease inhibitor of coagulation/fibrinolysis cascade,
were increased only in the lung of adult patients with P. aeruginosa-induced VAP but did not correlate
with other clinical markers of lung injury [10]. In contrast, increased PAI-1 concentrations were found
in the plasma of patients with acute respiratory distress syndrome (ARDS) and correlated with
increased mortality in these patients [11]. A retrospective observational study found that plasma
levels of soluble receptors for advanced glycation end products (RAGE) had low discriminative
power for diagnosing development of ARDS in adult patients with VAP [12]. A single prospective
observational study investigating the ability of the cytokine interleukin 4 (IL-4) to early diagnose VAP
in preterm infants showed that it could not differentiate infants with VAP from those without
infection [13].

In this study, we assessed for the first time whether bronchial IL-4, PAI-1 and RAGE levels and
their fluctuation in time can be used as biomarkers to improve the accuracy of VAP diagnosis and
follow-up in critically ill pediatric patients with suspected VAP.

2. Results

From March 2021 to December 2022 a total of 20 patients (65% males) were enrolled in the study,
with median age 7.75 years with IQR 1.7 to 10.2 (Table 1). These patients had a variety of underlying
diseases, such as chronic metabolic diseases, encephalopathies or other chronic diseases (35%), as
well as acute severe illnesses, such as encephalitis, near drowning, cardiac arrest, etc. (40%), as
described in a previously published report of this project [14]. At admission in PICU the median
PRISM (Pediatric Risk of Mortality) score was 11 (IQR 8-14). All the patients were receiving antibiotics
during participation in the study. Of the 20 participants, 65% received at least one new antibiotic for
VAP suspicion management, with colistin and vancomycin being the most widely used medicines.
The median (IQR) time duration for VAP presentation was 6 (4-12) days of mechanical ventilation.
Two deaths were observed during the 30-day follow-up study period, both in patients with
underlying chronic disease and with admission PRISM score 8 and 13. The total length of
hospitalization for these two patients was 56 and 8 days respectively, and death occurred on 30th and
3rd day after the VAP episode. All the patients exhibited deterioration of respiratory clinical
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parameters, mechanical ventilator parameters or radiological parameters. Based on mCPIS score, 14
patients were assessed as high suspicion VAP (mCPIS score >6), and 6 patients were assessed as low
suspicion VAP (mCPIS score <6). High suspicion group had significantly higher WBC than the low
suspicion group (p-value = 0.041; Table 1).

On day 1 of enrollment, bronchial secretions collected from all patients were subjected to
pathogen identification using the FilmArray molecular platform of the lower respiratory tract. The
following pathogens were detected: Staphylococcus aureus (n=1), Acinetobacter calcoaceticus-
baumanii complex (n=3), human rhinovirus/enterovirus (n=2), respiratory syncytial virus (n=1) and
parainfluenza virus (n=1). Two of the three patients in the low VAP suspicion group with
Acinetobacter present were also positive for NDM and VIM antibiotic resistance genes (Table 2). Fifty
percent of the pathogens recovered were found in the high suspicion VAP group and 50% in the low
suspicion VAP group.

IL-4 was not detected in any of the 2 sample collection time points. The levels of RAGE and PAI-
1 did not significantly differ between high and low VAP suspicion groups (p-value = 0.131, p-value
=0.388, respectively; Fig. 1). The levels of RAGE tended to increase with increasing mCPIS (Pearson’s
r = -0.159, p-value = 0.504), whereas in the case of PAI-1 levels the opposite trend was observed
(Pearson’s r=0.382, p-value = 0.096, Figure 1).

PAI-1 and RAGE levels were not significantly correlated with WBC, CRP and temperature in
neither VAP suspicion group. Levels of RAGE on day 6 (median 2.06, IQR 2.06 - 6) had a decreasing
trend compared to day 1 (median 9.00, IQR 2.06 - 133) (p-value=0.118; Figure 1, panel A). In contrast,
levels of PAI-1 were increased from the day 1 (median 10.2, IQR 0.313 - 20) to the day 6 (median 20,
IQR 0.313 - 20) (p-value= 0.071; Figure 1, panel B).

Levels of PAI-1 and RAGE in all enrolled patients at the day 1 of clinical VAP suspicion,
regardless of CPIS score, had no significant association to a) length of total PICU stay, b) total length
of mechanical ventilation and c) length of mechanical ventilation after day 1 of VAP suspicion (Table
2).

Levels of PAI and RAGE had no correlation with bacterial or viral identification from lower
respiratory tract infections of this cohort of patients (OR=1.02, 95% CI [0.93, 1.13], and OR=0.99, 95%
CI [0.96, 1] respectively.

Table 1. Characteristics of the study population.

High
Low
VAP
Total .. VAP
suspicion . p-
suspicion
(mCPIS value
(n=20) S <6)
>6)
(n=8)
(n=12)
10.75
2.04
7.75 (1.7-10.2) (1.7- (8-12.1) (
Agel, years (1.5-6.7) 0.03
1110001001010.1011010.10.10.10.10.10.10.10.10.10.10.10.2) (
(1.5-6.7)
(8-12.1)

Male, n (%) 13 (65) 8 (67) 5 (63) 0.858
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Underlying disease
Chronic
disease, n (%) 7 (35) 3(25) 4(50) 0.858
n (o/o)
Acute disease,
n (%) 13 (65) 9 (75) 4 (50) 0.858
n (%)
ARDS, n (%) 1(5) 1(8) 0 0.429
Early-onset, n (%)
6 (30) 3(25) 3 (38) 0.574
VAP, n (%)
Late-onset, n (%)
14 (60) 9 (75) 5 (62) 0.658
VAP, n (%)
38.0 37.6
Temperature, °C? 37.8 (0.89) 0.301
1.11) (0.36)
9.2 (6 7.7 (5.6
WBC (109/L)t 8.1 (5.8-11) 0.041
11.1) 9.5)
30.9 52.6
CRP (mg/L)2 40.0 (44.8) 0.312
(33.3) (57.2)
New  antibiotic
added, n (%)
13 (65) 9 (75) 4 (50) 0.317
added, n (%)ibi
16 (80) 11 (92) 5 (63) 0.669

Radiological
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deterioration, n

(%)
deterioration,

n (%)

Mortality, n (%) 2(10) 2(17) 0 0.246

Imedian (IQR), 2mean (standard deviation).

Table 2. Correlation between length of total PICU stay /length of total mechanical ventilation / length
of mechanical ventilation after the day 1 of VAP suspicion and RAGE / PAI-1 levels at day 1 and day

6.
Length of Mechanical
Length of total PICU stay Length of total MV Ventilation after day 1 of VAP
Suspicion
RAGE levels
atday 1 r=0.348 (p=0.133) r=0.259 (p=0.284) r=0.047 (p=0.849)
at day 6 =-0.194 (p=0.441) =-0.164 (p=0.528) =-0.330 (p=0.195)
PAI-1 levels
atday 1 r=-0.304 (p=0.193) r=-0.241 (p=0.32) r=-0.308 (p=0.199)
at day 6 r=-0.006 (p=0.981) r=-0.078 (p=0.767) r=0.018 (p=0.946)

r: Spearman’s correlation coefficient, PICU: pediatric intensive care unit, VAP: ventilator-associated pneumonia,
MV: mechanical ventilation

Table 3. Bronchial levels of RAGE (pg/mL) and PAI-1 (ng/mL) on day 1 and day 6, in patients with
low and high VAP suspicion.

High suspicion VAP Low suspicion VAP
day 1 day 6 day 1 day 6
2.53 2.06 (2.06-
57.5 (2.06-165) 2.06 (2.06-9)
RAGE (2.06-14) 4.03)
(2.06-165) (2.06-9)
(2.06-14) (2.06-4.03)
0.313 (0.313-20) 20 (0.313-
20)2200)2000202222222222222222222222222 0.313 (0.313-20) 20) 20 (10.2-20)
PAI-1
222222222222220020002220) (0.313-2020) (0.313-20) (0.313- (10.2-20)
(0.313-20) 20)

values expressed as median (IQR).
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Figure 1. Bronchial levels of biomarkers RAGE and PAI-1 on day 1 and day 6, in patients with low
and high VAP suspicion. Panel A. RAGE; Panel B. PAI-1.

3. Discussion

In this study, for the first time, the biomarkers RAGE, PAI-1 and IL-4, previously detected in the
lungs of intubated adult patients, were tested for their diagnostic value and clinical monitoring ability
in critically ill pediatric patients with VAP suspicion in real-life scenarios and including different
levels of clinical uncertainty. At a second step and using the mCPIS score [15], the study population
was categorized into two groups of high and low VAP suspicion. No statistically significant
differences were detected in the RAGE and PAI-1 levels between high and low VAP suspicion
patients in day 1 or day 6 of sample collection. Pearson’s rank-order correlations performed between
each biomarker and other inflammatory indices, such as WBC, CRP levels or temperature did not
reveal any associations.

All three biomarkers, namely RAGE, PAI-1 and IL-4 have been investigated in the
pathophysiology of respiratory diseases [16-18]. RAGE, a member of the immunoglobulin
superfamily of cell surface molecules, is highly expressed in lung tissue under normal circumstances.
Several in vivo animal studies investigating the role of RAGE in lung injury have shown that the
soluble isoform is a promising biomarker of alveolar type I cell injury [19-21], which can be utilized


https://doi.org/10.20944/preprints202407.0432.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0432.v1

as a diagnostic tool to differentiate among multiple lung diseases, the most prevalent of them being
the obstructive lung diseases [22] and acute lung injury/ARDS conditions [23,24]. A retrospective
observational study on the diagnostic accuracy of RAGE in ARDS adult patients with VAP showed
that RAGE plasma levels have limited discriminative power, which is in line with our findings [12].

The role of PAI-1 as a regulator of fibrinolysis triggered research about its contribution in acute
respiratory distress syndrome [25], pleural effusion [26] and aspiration pneumonitis [27]. VAP is
suggested to provoke procoagulant changes in the lungs. Many studies have shown an alveolar
coagulopathy with hypercoagulative state and fibrinolysis depression, which leads to increased
levels of PAI-1 in bronchoalveolar lavage both in vitro [28,29] and in clinical studies [27,30,31]. The
diagnostic efficacy of PAI-1 has been studied primarily in adult patients with VAP [10,11,31] with
controversial results. Scultz et al used CPIS supplemented by other clinical, therapeutic and
microbiological data to diagnose VAP in an adult ICU. Levels of PAI-1 in non-direct BAL were
significantly increased in patients with VAP [31]. Another study conducted in adult patients who had
positive BAL for Pseudomonas aeruginosa found no difference in BAL PAI-1 levels between those
who were diagnosed with VAP and those without VAP. Nonetheless, PAI-1 levels were associated
with increased mortality in this cohort of patients which was independent of the presence of VAP or
ARDS. In this study VAP diagnosis was based on radiographic results, BAL culture >10* CFUs and
the presence of fever, leukocytosis/leukopenia or purulent tracheal secretions [10]. The correlation of
increased PAI-1 levels with poor outcomes has also been found in pediatric and adult patients with
acute lung injury and collectively these data could indicate that this biomarker is elevated in the late
stages of lung inflammation conditions, limiting its use in early VAP diagnosis [10,11,32]. In our study
PAl levels in bronchial aspirates had no significant difference between patients with high or low VAP
suspicion and could not be associated with patients” outcome such as length of mechanical ventilation
and length of ICU stay. Mortality was too low and precluded the drawing of definitive conclusions.

In the pediatric population, only one study has compared the ability of PAI-1 and RAGE to
distinguish VAP pneumonia from respiratory bacterial colonization [33]. In this study, CDC
definition or clinical assessment was used for VAP definition, and BAL culture was needed for
diagnosis confirmation. BAL PAI-1 levels differed significantly between children diagnosed with
VAP and colonized children during ventilation but without VAP; no difference was detected in
RAGE levels between the comparator groups. This heterogeneity observed in the studies conducted,
with significant variations in VAP diagnostic criteria, including the reference test employed for
diagnostic accuracy evaluation, variations in comparator groups, case and controls definition, the
different specimen used, and the very small sample sizes used in the very few published studies
cannot safely determine the diagnostic value of PAI-1 and RAGE in VAP, and more research is
definitely needed. To our knowledge, monitoring of RAGE and PAI-1 fluctuation in lungs during the
pediatric VAP course had not previously been reported.

IL-4 is an interleukin secreted by lymphocytes, associated with many pulmonary diseases, such
as allergic asthma, respiratory infections [34,35] and community-acquired pneumonia in children
[36]. Animal studies claim that mechanical ventilation leads to IL-4 mediated macrophage
dysfunction and subsequent vulnerability to VAP occurrence [37,38]. In our study, IL-4 was not
detected in any sample for the manufacturer detectable range 15.6-1000 pg/mL. This observation is
in accordance with the results of the single published study by Pinilla-Gonzalez et al. conducted in
preterm neonates, whose maximum IL-4 value was 0.4 pg/mL in BAL detected by flow cytometry,
under our lower detectable limit with ELISA [13].

The study had some limitations: a) The sample size used for biomarker analysis in this pilot
study was relatively small, due to scarce VAP cases in critically ill infants and children. b) As this
study was conducted in real circumstances, the antibiotic administration in all patients before and
during a possible VAP could probably influence levels of inflammatory biomarkers. c) We did not
include controls to reflect the gradual differentiation in biomarker levels between cases and controls,
but cases with different levels of clinical uncertainty for VAP diagnosis, which reflect the routine
practice in a PICU, were used instead. d) mCPIS score used for categorization of VAP suspicion is
not a gold standard diagnostic method for pediatric VAP to the diagnostic accuracy of biomarkers be
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evaluated [15]. Also, the absence of prior knowledge about cut-off values of the biomarkers tested
and the inconsistency between the very few published studies did not offer the chance of using the
appropriate detection range of the kit used.

Nevertheless, our study had several strengths such as a) the test of biomarkers of interest in a
large scale of grading VAP suspicion population which reflects the daily practice and the intensivists’
decision making point for starting or not a new antimicrobial agent, b) the use of rigorous inclusion
criteria based on clinical, laboratory, microbiological and radiological findings, c) the prospective
collection of data, d) the use of non-invasive techniques to evaluate biomarkers in inflammation site,
and e) the use of a novel fast-track molecular diagnostic method for pathogen identification.

4. Materials and Methods

We conducted a single-center prospective pilot cohort study from March 2021 to December 2022
on mechanically ventilated critically ill children in an 8-bed multivalent PICU of a tertiary university-
affiliated hospital. As this is a continuation study of a previously reported study [14] we briefly
mention some of the study methods below.

Patient enrolment: Children hospitalized in the PICU on mechanical ventilation for >48 h with
clinical suspicion of VAP were eligible for enrollment. Briefly, inclusion criteria followed a patient-
customized approach for VAP suspicion according to local practice: (1) purulent respiratory or
positive bronchial aspirate culture and initiation of antibiotics upon suspicion of VAP infection; (2)
>20% increase of oxygen requirement together with fever or hypothermia, leukocytosis or leukopenia
and initiation of antibiotics; (3) new radiological findings interpreted as lung infiltrates and >2 criteria
from the following: temperature >38°C or <36°C, requirement of >20% oxygen, purulent respiratory
secretions, blood leucocyte count <4 or >12 x 10° cells/L together with CRP >10 mg/L. The Ethics
Committee of our tertiary Hospital approved the study and an informed consent was signed prior to
study enrollment. Patients were excluded if informed consent was declined, the patient was expected
not to survive >48 h after enrollment, pregnancy had not been excluded for adolescent female
subjects, and if body weight was less than 3 kg.

On day 1 of study enrollment and based on the modified CPIS (mCPIS) tool [15] for VAP
diagnosis, the patients were divided in two groups: a group with high suspicion for VAP (mCPIS >6)
and a group with low suspicion for VAP (mCPIS <6).

Sample collection and processing: Bronchial samples were collected by standard clinical practices,
liquefied in a sterile 0.9% saline solution and were divided into three aliquots. The two aliquots were
processed immediately for microbiology (cultured 30 min after collection on blood and MacConkey
agar) and molecular diagnostics; the third aliquot was frozen at —75°C for biomarker measurements.
The diagnostic threshold for infection was specified as bacterial growth present at >10*CFU/mL.
Species identification and susceptibility testing were determined using the VITEK-2 automated
system (bioMérieux, Marcy 1" Etoile, France). Bronchial aliquots were analyzed using the Biofire
Filmarray pneumonia plus platform (BioFire Diagnostics, LLC, Salt Lake City, UT). The cutoff value
for colonization or infection was set at 10* copies/mL.

Bronchial samples obtained at day 1 and day 6 were stored at -70°C until processing by a
sandwich ELISA assay according to the manufacturer’s recommendations (ELISA PAI-1 and IL-4 kits
from Proteintech Group, Manchester, UK; ELISA RAGE kit from Millipore, Sigma Aldrich, Saint
Louis, MO, USA). Reagent preparations were performed as recommended prior to assay
commencement. The samples were diluted (two-fold for RAGE detection, eighty-fold for PAI-1 and
two-fold for IL-4 measurements) and run in duplicate on a 96-well format. Final protein
concentrations were obtained by being multiplied by the respective dilution factors. The highest and
lowest limits of each protein standard were used as sample values for the samples read as outliers by
the assay. The range of detection for sSRAGE was 2-1500 pg/mL, for IL-4 was 15.6-1000 pg/mL and for
PAI-1 was 0.312-20 ng/mL. Protein concentrations for each biomarker and experimental condition
were obtained using a four-parameter logistic regression curve fit.

Statistical analysis: Continuous variables were presented as mean with standard deviations (SD)
or medians and interquartile ranges (IQR), whenever not normally distributed. Respectively,
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comparisons between two groups were tested using an unpaired Student’s t or a Mann-Whitney U
test. Categorical values were expressed as frequencies with percentages and comparisons were made
using chi square or Fisher’s exact tests, whenever the expected counts were less than 5. The
correlation between continuous variables was assessed with Spearman’s correlation, and the
association between a dichotomous variable and a continuous variable was estimated with logistic
regression and was expressed with odds ratio (OR) and 95% confidence intervals (CI). All data
analysis was performed using the IBM SPSS v28 software. A two-tailed p value <0.05 was considered
statistically significant.

5. Conclusions

The role of soluble RAGE, PAI-1 and IL-4 in lung for the early diagnosis and monitoring of
pediatric VAP seems to be limited. Fluid biomarkers obtained with non-invasive techniques, and
with immediately available results, can constitute the future in VAP diagnosis and clinical decision
making. Data on biomarkers in early pediatric VAP diagnosis are extremely limited, with small
sample sizes. However, suspicion of VAP remains the main reason for high antimicrobial
consumption in pediatric critically ill children and the use of multiple relevant biomarkers used
concurrently may be the way to increase diagnostic specificity for VAP diagnosis.
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