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METHODS

Detailed description of the two study protocols from which the present cohort is selected: 

Protocol no NL34294.018.10: 
Setting: Adult intensive care unit (ICU), Academic Medical Center of Amsterdam.
Inclusion criteria:
· Enrolment within 24 hours after admission.
· Expected to stay more than 24 hours
· Two or more of the systemic inflammatory response syndrome (SIRS) criteria on the day of ICU admission 
· Body temperature <36°C or >38°C
· Tachycardia >90/min
· Tachypnea >20/min or PO2 <4. kPa
· Leucocyte count <4 x 109/L or >12 x 109/L
· Signed informed consent
Exclusion criteria:
· Readmissions or transfer from other ICUs 
· Receiving antibiotics for more than 48 hours prior to admission
· The absence of an arterial line
· Inclusion in another study



Protocol no. NL42386.018.12: 
Setting: Neonatal intensive care unit (NICU) or pediatric intensive care unit (PICU) of the Emma Children’s Hospital, Academic Medical Center of Amsterdam.
Inclusion criteria:
· Intubated and mechanically ventilated, with an anticipated duration of mechanical ventilation of at least 24 hours at enrolment
· Two or more of the following criteria at the time of enrolment.
· Hypothermia (< 36 °C), fever (> 38.0 °C), or body temperature instability.
· Bradycardia or tachycardia, according to age, or a prolonged capillary refill time.
· Tachypnea or apnea’s, according to age, or cyanosis.
· Leucopenia or leucocytosis, according to age, or more than 10 % banded neutrophils.
· Signed informed consent
Exclusion criteria:
· Neonates with a postmenstrual age less than 32 weeks and a postnatal age less than 7 days.
· Immune compromised; chronic respiratory failure, neuromuscular diseases, cyanotic congenital heart disease or signs of cardiogenic pulmonary edema, severe congenital pulmonary abnormalities. 
· Receiving antibiotics for more than 48 hours prior to admission

Collected data and definitions
Age-appropriate severity scores were collected. Neonatal Acute Physiology Score for neonates [1], Pediatric Index of Mortality 2 for children [2], and Acute Physiology and Chronic Health Evaluation IV score for adults and older adults [3]. Predisposing factors for ARDS were dichotomized to either ‘direct’ (pneumonia, aspiration, meconium aspiration) or ‘indirect’ (sepsis, trauma, pancreatitis, asphyxia, necrotic enterocolitis) (4-6). The number of VFD–28 was defined as the number of days between successful weaning from invasive mechanical ventilation and day 28 after study enrolment. Patients who died before day 28 received zero VFD–28. Non–invasive mechanical support was not considered as mechanical ventilation.

[bookmark: _Hlk517655444]Sample collection and assays
BAL fluid was immediately centrifuged (1500g, 15 min, 4°C) and stored at -80ºC. The panel of inflammatory biomarkers, endothelial activation markers and markers of epithelial damage were analyzed simultaneously using a Luminex kit according to the manufacturer instructions (Luminex; R&D systems, Minneapolis, USA). BAL fluid ACE and ACE2 activities were fluorimetrically measured as previously described [7, 8]. BAL fluid protein levels were quantified by the Pierce BCA-Protein Assay Kit Thermo Scientific, USA.
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[bookmark: _Hlk517655393]Table 1. Predisposing factors
	
	Neonates
	Children
	Adults
	Older adults

	Direct
	14 (70)
	27 (93)
	16 (61)
	12 (70)

	Aspiration, n (%)
	0 (0)
	0 (0)
	2 (7)
	0 (0)

	MAS, n (%)
	6 (30)
	NA
	NA
	NA

	Pneumonia, n (%)
	8 (40)
	27 (93)
	14 (54)
	12 (70)

	Indirect
	6 (30)
	2 (7)
	10 (39)
	5 (30)

	Asphyxia, n (%)
	1 (6)
	NA
	NA
	NA

	Trauma, n (%)
	0 (0)
	1 (3)
	0 (0)
	1 (6)

	Sepsis, n (%)
	5 (25)
	1 (3)
	10 (39)
	3 (18)

	Pancreatitis, n (%)
	0 (0)
	0 (0)
	0 (0)
	1 (6)


 MAS, meconium aspiration syndrome; NA, not applicable  


Figure 1. Markers of inflammation, endothelial activation and epithelial activation in bronchoalveolar lavage fluid of ARDS patients [image: ] 
(A) interleukin–10, (B) vascular endothelial growth factor (VEGF) (C) protein (D) clara cells (CC)–16, (E) soluble receptor for advanced glycation end products (sRAGE) levels in bronchoalveolar lavage (BAL) fluid of ARDS patients stratified by four age groups. Horizontal bars represent the median. Group differences were tested with a Dunn test with Bonferroni correction for multiple comparisons. A p-value less than 0.05 was considered statistical significant. 


Table 2. Correlation between ACE, ACE2 activity, ACE2:ACE ratio and biomarkers of inflammation, endothelial activation and epithelial damage.
	
	ACE activity
	ACE2 activity
	ACE2:ACE

	PaO2:FiO2
	-0.10
	-0.14
	0.05

	Inflammatory marker
	
	
	

	MPO
	0.27*
	0.08
	-0.05

	IL-6
	0.27*
	0.34*
	0.10

	IL-10
	0.21*
	0.08
	-0.12

	Endothelial activation
	
	
	

	ICAM-1
	0.23*
	0.32*
	0.18

	p-selectin
	0.35*
	0.38*
	0.09

	VEGF
	0.20*
	0.32*
	0.10

	Epithelial damage
	
	
	

	Protein
	0.23*
	0.58*
	0.30*

	CC-16
	0.24*
	0.14
	0.00

	sRAGE
	0.39*
	0.20*
	0.01



Rho values from 0 to 0.25 or from 0 to -0.25 indicate the absence of correlation (white), r values from 0.25 to 0.50 or from -0.25 to -0.50 are considered weak a correlation (light grey), r values ranging from 0.50 to 0.75 or -0.50 to -0.75 (dark grey) indicate a moderate to good correlation, and r values from 0.75 to 1 or from -0.75 to -1 point to very good to excellent correlations (1. Dawson B, Trapp RG. Basic and Clinical Biostatistics. 4th Ed. New York: Lange Medical Books/McGraw-Hill; 2004.)
[bookmark: _GoBack]* p value less than 0.05 was considered statistical significant. ACE = Angiotensin converting enzyme; CC = clara cell; ICAM = intercellular adhesion molecule; IL = interleukin; VEGF = vascular endothelial growth factor; MPO = myeloperoxidase; sRAGE = soluble receptor for advanced glycation end-products. 



Table 3. Association between age-groups and biomarkers in bronchoalveolar lavage fluid of ARDS patients.
	
	Unadjusted
	Adjusted for PaO2:FiO2

	MPO
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	-0.09
	0.82
	0.16
	0.69

	Adults
	0.92
	0.02
	1.01
	<0.01

	Older adults
	1.36
	<0.01
	1.51
	<0.01

	IL-6
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.98
	0.13
	1.16
	0.11

	Adults
	0.98
	0.14
	1.05
	0.11

	Older adults
	1.07
	0.14
	1.18
	0.28

	IL-10
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	1.94
	<0.01
	1.97
	<0.01

	Adults
	1.32
	0.04
	1.33
	0.04

	Older adults
	1.33
	0.06
	1.35
	0.06

	ICAM-1
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	-0.60
	0.21
	-0.57
	0.25

	Adults
	-1.30
	<0.01
	-1.29
	0.01

	Older adults
	-1.38
	0.02
	-1.36
	0.01

	p-selectin
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.53
	0.32
	0.62
	0.27

	Adults
	1.10
	0.05
	1.14
	0.04

	Older adults
	1.29
	0.04
	1.35
	0.03

	VEGF
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.36
	0.35
	0.27
	0.83

	Adults
	-0.05
	0.90
	-0.08
	0.58

	Older adults
	0.30
	0.49
	0.24
	0.38

	Protein
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.32
	0.39
	0.46
	0.23

	Adults
	0.30
	0.43
	0.35
	0.36

	Older adults
	0.55
	0.20
	0.42
	0.14

	CC-16
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.06
	0.80
	0.56
	0.82

	Adults
	-0.13
	0.58
	-0.14
	0.59

	Older adults
	0.21
	0.43
	0.21
	0.45

	s-RAGE
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.12
	0.86
	0.07
	0.39

	Adults
	0.51
	0.45
	0.58
	0.79

	Older adults
	0.08
	0.91
	0.20
	0.27

	ACE activity
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.14
	0.94
	0.00
	0.99

	Adults
	0.07
	0.27
	0.06
	0.30

	Older adults
	0.08
	0.25
	0.08
	0.27

	ACE2 activity
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	-0.24
	0.88
	-0.39
	0.81

	Adults
	2.17
	0.18
	2.11
	0.19

	Older adults
	0.72
	0.68
	0.63
	0.73

	ACE2:ACE
	ß-coefficient
	p-value
	ß-coefficient
	p-value

	Neonates
	Reference
	
	Reference
	

	Children
	0.04
	0.67
	0.05
	0.55

	Adults
	0.13
	0.13
	0.14
	0.12

	Older adults
	0.03
	0.77
	0.04
	0.70



Separate linear regression models to assess the association between the age groups and the biomarkers. The levels of biomarkers of inflammation, epithelial damage and endothelial activation were log transformed to obtain a normal distribution. Neonates were used as the reference group. ACE = Angiotensin converting enzyme; CC = clara cell; ICAM = intercellular adhesion molecule; IL = interleukin; VEGF = vascular endothelial growth factor; MPO = myeloperoxidase; sRAGE = soluble receptor for advanced glycation end-products. A p-value less than 0.05 was considered statistical significant. 
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