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  ONLINE SUPPLEMENT 

 

MATERIALS AND METHODS 

Study population; RSV testing and exclusion criteria 

The diagnosis of RSV-infection was made by RSV-immunofluorescence bedside 

testing and/or respiratory viral multiplex reverse transcription PCR. RSV-cases and controls 

with pre-existing or current respiratory disease other than respiratory viral infection or with 

blood clotting disorders or on anticoagulant therapy were excluded.  

 

Non-Bronchoscopic Bronchoalveolar Lavage and Cell Isolation  

BAL was performed using a naso-gastric tube which was passed down the 

endotracheal tube until it lodged in an airway. 1ml/kg of body weight (Edinburgh PICU) or 

3ml (Glasgow PICU) of sterile 0.9% saline was instilled. The lavage fluid was retrieved by 

suction into a mucus trap after a short interval. This procedure was repeated once. BAL-

samples were pooled and sheared through a 19g needle to obtain a homogeneous single cell 

suspension. Following removal of BAL supernatant by centrifugation, total numbers of viable 

cells were assessed using a NucleoCounter ® NC-100
TM 

(Chemometec A/S, Allerod, 

Denmark).   

 

Cell Staining for Flow Cytometry 

5 x 10
4
 BAL cells in 50µl of staining buffer (Dulbecco phosphate buffered saline 

(Life technologies, Paisley, UK) + 1% bovine serum albumin + 0.1% sodium azide + 1% 

mouse serum (Sigma Aldrich, Dorset, UK) or 50µl of whole blood were stained with 

fluorochrome-conjugated anti-human antibodies for 30 minutes in a black round bottom 96 

well plate, on a gently rocking platform at 2-8
o
C. Cells were rinsed with FACS wash (PBS + 
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1% BSA + 0.1% sodium azide), centrifuged at 1500rpm for 5 minutes, re-suspended in 200µl 

FACS-Lysing solution (BD biosciences, Oxford, UK) to lyse red blood cells, then rinsed and 

centrifuged again, and re-suspended in 200µl FACS Fix (PBS + 2% paraformaldehyde).  

The following anti-human antibodies were used for both BAL and blood cells: anti-

Lineage cocktail fluorescein isothiocyanate (FITC) containing anti-CD3,-CD14, -CD16, -

CD19, -CD20 and -CD56, anti-HLA-DR peridin chlorophyll protein (PerCP), anti-CD11c 

phycoerythrin (PE), anti-CD8 allophycocyanin (APC), anti-CD80 Alexa Fluor 700 (AF700), 

anti-CD83 APC, anti-ICOSL PE, anti-PDL-1 PE, anti-CD11c APC, anti-CD86 PE, anti-

CD123 PE, anti-CD14 PERCP, with human isotype antibody controls: FITC IgG1, PE 

IgG2B, PERCP IgG2A, PE IgG1, APC IgG1, FITC IgG2B, APC IgG2B (all BD 

biosciences),  anti-CD4 eFluor 450 (EF450), anti-CD15 EF450, anti-CD3 AF700, anti-CD40 

APC, anti-CD56 PE, anti-EF450 IgG1 and human AF700 IgG1 (all eBioscience, Hatfield, 

UK) and anti-CD4 AF700, anti-CD3 PE, anti-CD15 AF700 and human PERCP IgG2B 

(Biolegend, London, UK). OneComp ebeads were used as single-color compensation controls 

(eBioscience). Cells were either stained with Monocyte/Macrophage/Neutrophil, NKT/NK 

and T cell or dendritic cell staining panels. Cells were also stained with isotype antibody 

control staining panels 1 to 3.  

 

Monocyte/Macrophage/Neutrophil staining panel 

Antigen Clone Conjugati

on 

CD15 HI98 EF450 

CD16 3G8 FITC 

CD14 MOP9 PERCP 

 

NK/NKT cell and T cell staining panel 

Antigen Clone Conjugation 

CD4 RPA-T4 EF450 

CD16 3G8 FITC 
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CD8 RPA-T8 APC 

CD3 UCHT1 ALEXA 700 

CD56 CMSSB PE 

 

Dendritic cell staining panel 

Antigen Clone Conjugation 

LIN1+ SK7,3G8,SJ25C1,

L27,MOP9,NCAM

16.2 

FITC 

HLADR L243(G46-6) PERCP 

CD11C S-HCL-3 APC 

CD11C S-HCL-3 PE 

CD123 9F5 PE 

CD40 5C3 APC 

CD80 L307 ALEXA 700 

CD275 (ICOSL) 2D3/B7-H2 PE 

CD86 2331(FUN-1) PE 

CD83 HB15E APC 

 

Control/Isotype staining panel 1 

Isotype/Antigen Clone Conjugation 

Mouse IgG1 p3.6.2.8.1 EF 450 

LIN1+ SK7,3G8,SJ25C1,

L27,MOP9,NCAM

16.2 

FITC 

Mouse IgG1 MOPC-21 PE 

HLADR L243(G46-6) PERCP 

Mouse IgG1 MOPC-21 APC 

Mouse IgG1 P3.6.2.8.1 ALEXA 700 

 

Control/Isotype staining panel 2 

Isotype/Antigen Clone Conjugation 

CD4 RPA-T4 ALEXA 700 

LIN1+ SK7,3G8,SJ25C1,

L27,MOP9,NCAM

16.2 

FITC 

Mouse IgG2b 27-35 PE 

Mouse IgG2a X39 PERCP 

Mouse IgG2b 27-35 APC 

 

Control/Isotype staining panel 3 

Isotype/Antigen Clone Conjugation 
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CD15 HI98 EF 450 

Mouse IgG1 MOPC-21 FITC 

CD11C S-HCL-3 PE 

Mouse IgG2b MCP-11 PERCP 

Mouse IgG1 MOPC-21 APC 

CD3 UCHT1 ALEXA 700 

 

Cytokines in BAL and serum  

Cytokines (IFN-γ, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and TNF-α) 

were quantified using the Human V-Plex Pro-inflammatory Panel 1 Kit (Mesoscale 

Discovery; Cat K15049D) according to the manufactures instructions. Concentrations were 

measured in RSV-bronchiolitis BAL (n=35) and serum (n=24) and in control BAL (n=8) and 

serum (n=6). 

 

Statistical Analysis 

 Data was expressed as median and interquartile ranges (IQR). Mann–Whitney U test 

was used to compare continuous variables between groups regardless of apparent distribution 

due to the small sample sizes used in our study. Graphical data are presented in form of 

scatter dot plots. The relationship between cytokine concentrations (after logarithmic 

transformation) and cell numbers was examined using Spearman correlation coefficients (r). 

P values <0.05 were considered statistically significant. One RSV-case was excluded as an 

outlier with total BAL cell numbers more than 2 SD above the mean.  All data were analysed 

with GraphPad Prism V.5.0 (GraphPad Software Inc, San Diego, USA).   

 

Power Calculation 

In the absence of DC data in BAL fluid prior to our study, we performed tentative 

power calculations, using data from a recent study on nasal dendritic cells after RSV 

bronchiolitis (Gill M.A. et al. 2005. J Infect Dis 191:1105−1115). We found that a sample 
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size of 25 in each group (RSV−bronchiolitis, controls) would have 90% power to detect 

difference in means (of DC numbers) of 2355 (the difference between a Group 1 mean of 

2400 and a Group 2 mean of 45) assuming that the Group 1 standard deviation is 3422.983 

and the Group 2 standard deviation is 562.914 (ratio of Group 2 to Group 1 standard 

deviation is 0.164) using a two group Satterthwaite t−test with a 0.05 two−sided significance 

level. However, definitive power calculations are only possible now with data from the study 

reported here. We were able to analyse 24 samples from RSV cases by flow cytometry but 

only 4 samples from controls since the majority of the control BAL samples did not have 

sufficient cellularity. 

 

RESULTS 

Additional data 

Some data that are not given in the main manuscript are provided below.   

Page 8 Neutrophil and monocyte/macrophage populations in BAL and peripheral blood: 

Percentages of peripheral monocytes and macrophages did not differ in RSV-bronchiolitis 

cases compared to controls (2.8 (IQR 2.3-7.2) % versus 3.2 (IQR 1.7-4.9) %, p=0.89). 

Page 9 NKT and NK cells are increased in BAL in infants with RSV-bronchiolitis:  Peripheral 

blood NK T-cells (0.1(IQR 0.1-0.2) % versus 0.12 (IQR 0.1-0.2) %, p=0.47), or NK-cells 

(0.62 (IQR 0.2-1.2) % versus 1.8 (IQR 0.5-2.3) %, p=0.19), did not differ between RSV-

cases and controls. 

Page 11 Preterm infants with RSV-bronchiolitis have lower numbers of pDCs than term born 

infants and increased cDC activation marker expression:  The expression of CD86 (6.7 (IQR 

0.9-24.6) % versus 1.3 (IQR 0.1-14.3) %, p=0.55), CD80 (0 (IQR 0-4.2) % versus 0 (IQR 0-

1.8) %, p=0>0.9), PDL-1 (1.6 (IQR 0.01-7.3) % versus 4 (IQR 2.3-10.4) %, p=0.24),  or 

ICOS-ligand expression (9.4 (IQR 0.4-22.5) % versus 4.8 (IQR 0.9-17.8) %, p=0.76) on BAL 
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cDCs did not differ between preterm and term born cases. Percentage of peripheral blood 

cDCs did not differ between preterm and term born infants (0.1 (IQR 0.03-0.2) % versus 0.1 

(IQR 0.02-0.1) %, p=0.92). 

Page 12 Older infants with RSV-bronchiolitis have lower airway pDC numbers: There was 

no difference in ICOS-ligand expression on BAL cDCs between younger and older infants 

(6.7 (IQR 2-32.9) % versus 2.7 (IQR 0.4-12) %, p=0.26). 

 

DISCUSSION 

Limitations of the study 

Given significant challenges of recruiting cases and controls, the group sizes in this study, 

especially the number of controls with sufficient BAL cellularity for flow cytometric 

analysis, are small, limiting the power to detect differences between cases and controls. We 

therefore also present observed differences for which statistical significance was not reached. 

The main confounder for the comparison of airway immune cells between RSV-cases and 

controls would be unrecognised airway inflammation. We therefore excluded both cases and 

controls with respiratory disease other that respiratory viral infections. The healthy airway 

lumen of infants and children is known to contain only very low cell numbers, most of which 

are alveolar macrophages. Our data confirm such very low BAL-cell numbers in controls and 

it is unlikely that their older age in our study confounds the comparison with RSV-cases.     
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SUPPLEMENT FIGURES 

Supplement Figure 1. Flow cytometry gating strategies for immune cell populations in 

RSV peripheral blood samples. 

 

For flow cytometry cells were incubated with fluorochrome-conjugated anti-human 

antibodies and gated by forward scatter (FSC) / side scatter (SSC) to eliminate cell debris, on 

live cells, and on singlets using FCS-area/height. All cell gates were defined using isotype 
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controls (see shaded areas in histograms). Individual immune cell populations were identified 

as follows; CD14
negative

 CD16
+
 CD15

+
 neutrophils (A), CD14

+
 CD16

+ or negative
 CD15

negative  

monocyte/macrophages (B), CD3
+
 CD4

+
 helper T-cells / CD3

+
 CD8

+
 cytotoxic T-cells (C), 

CD3
+
 CD56

+
 CD16

+
 NKT-cells (D), CD3

- 
CD56

+
 CD16

+
 NK-cells (E) and lineage 

negative
 

(containing anti-CD3,-CD14, -CD16, -CD19, -CD20 and -CD56), HLA-DR
+
, CD11c

+
 cDCs 

and CD123
+
 pDCs (F).  

 

Supplement Figure 2. BAL pDC numbers correlate inversely with age. 
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Relationship of BAL pDC numbers and age (months) in infants with RSV-bronchiolitis was 

examined using Spearman correlation coefficient (r). The scatter plot shows a negative 

correlation of BAL pDCs with increasing age (months). 

 

Supplement Figure 3. BAL cytokines correlate with BAL cDC and pDC numbers.  
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Relationships of BAL cytokine concentrations (after logarithmic transformation) and BAL 

cDC and pDC numbers in infants with RSV-bronchiolitis was examined using Spearman 

correlation coefficient (r). The scatter plots show correlations of cDCs with A) IL-6, B) 

TNFα, C) IL-8, D) IL-13, E) IL-10, F) IL-2, G) IL-4, and H) of pDCs with IL-10. There were 

no correlations between cDCs and IFNy, IL-1β or IL12p70, or between pDCs and any of the 

other cytokines measured. 
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Supplement Table 1. Correlations of BAL cytokines and BAL immune cell populations.  

CD4 T cells BAL cytokine R value (95% confidence 

intervals) 

P value 

 IL-2 

IFN-γ 

IL-13 

IL-10 

IL-1β 

IL-6 

IL-8 

TNF-α 

 

0.49 (0.05-0.8) 

0.66 (0.3-0.9) 

0.43 (-0.02-0.7) 

0.77 (0.5-0.9) 

0.53 (0.1-0.8) 

0.68 (0.3-0.9) 

0.46 (0.01-0.7) 

0.59 (0.2-0.8) 

 

0.02 

0.01 

0.05 

<0.001 

0.01 

<0.001 

0.04 

0.005 

 

CD8 T cells BAL cytokine R value (95% confidence 

intervals) 

P value 

 IL-2 

IFN-γ 

IL-13 

IL-10 

IL-1β 

IL-6 

IL-8 

TNF-α 

IL-4 

 

0.42 (-0.01-0.7) 

0.6 (0.2-0.8) 

0.5 (0.1-0.8) 

0.7 (0.4-0.9) 

0.53 (0.1-0.8) 

0.62 (0.3-0.8) 

0.39 (-0.04-0.7) 

0.69 (0.4-0.9) 

0.44 (0.02-0.7) 

 

0.04 

0.002 

0.01 

<0.001 

0.01 

0.002 

0.06 

<0.001 

0.03 

 

NK cells BAL cytokine R value (95% confidence 

intervals) 

P value 
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 IL-2 

IFN-γ 

IL-13 

IL-10 

IL-6 

TNF-α 

 

0.39 (-0.04-0.7) 

0.45 (0.02-0.7) 

0.43 (-0-0.7) 

0.59 (0.2-0.8) 

0.45 (0.03-0.7) 

0.42 (-0-0.7) 

 

0.06 

0.03 

0.04 

0.003 

0.03 

0.04 

 

NK T cells BAL cytokine R value (95% confidence 

intervals) 

P value 

 IL-2 

IFN-γ 

IL-13 

IL-10 

IL-1β 

IL-6 

IL-8 

TNF-α 

IL-4 

 

0.73 (0.4-0.9) 

0.45 (0.02-0.7) 

0.61 (0.2-0.8) 

0.57 (0.2-0.8) 

0.58 (0.2-0.8) 

0.63 (0.3-0.8) 

0.52 (0.1-0.8) 

0.48 (0.1-0.8) 

0.5 (0.1-0.8) 

 

<0.001 

0.03 

0.002 

0.005 

0.004 

0.001 

0.01 

0.02 

0.01 

 

Neutrophils BAL cytokine R value (95% confidence 

intervals) 

P value 

 IL-2 

IFN-γ 

IL-13 

IL-10 

IL-1β 

0.71 (0.4-0.9) 

0.56 (0.2-0.8) 

0.73 (0.4-0.9) 

0.7 (0.4-0.9) 

0.75 (0.5-0.9) 

<0.001 

0.006 

<0.001 

<0.001 

<0.001 
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IL-6 

IL-8 

TNF-α 

IL-12p70 

IL-4 

 

0.71 (0.4-0.9) 

0.61 (0.2-0.8) 

0.67 (0.3-0.8) 

0.32 (-0.1-0.7) 

0.55 (0.2-0.8) 

 

<0.001 

0.002 

<0.001 

0.07 

0.007 

 

 

Relationships of BAL cytokine concentrations (after logarithmic transformation) and BAL 

cell populations in infants with RSV-bronchiolitis were examined using Spearman correlation 

coefficient (r). There were no significant correlations between IL-12p70 and CD4 T cells, 

CD8 T cells, NK cells, or NKT cells, between IL-4 and CD4 T cells or NK cells, and between 

IL-1β and IL-8 and NK cells. 

 


