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Methods
Patient recruitment
Children were recruited from the Ear, Nose and Throat (ENT) surgical schedules at Royal Brompton Hospital (RBH) and Chelsea and Westminster Hospital (CW). Those undergoing adeno-tonsillectomy for treatment of OSA had previously undergone a cardiorespiratory polygraphy sleep study at RBH. Children undergoing adeno-tonsillectomy for other indications were recruited as a disease control group. Prior to surgery, recent viral illness was identified in some patients, from descriptions of the patient’s health within the last two weeks, as described by their parents or guardian. For both groups, consent was obtained from the parent with the child involved in the process. Ethical approval was granted by the NRES committee London-Riverside on 10th February 2014 (Ref 14/LO/0001).

Atopy diagnosis
To establish prevalence of atopy, data was collected on previously performed skin-prick testing or specific immunoglobulin E (IgE) to a common aeroallergen panel (dog dander, cat dander, tree pollen, grass pollen, house dust mite and aspergillus fumigatus). Specific IgE to the aeroallergen panel was performed using the ImmunoCAP 250 analyzer. A positive result was defined as ≥0.35IU/ml. If during the recruitment process, a known allergy was identified, this was added to the specific allergen panel, for example if the child was known to be or suspected to be allergic to peanuts. In addition to specific IgE testing, total serum IgE was recorded.

Tonsil processing for cryopreservation
Whole tonsil tissue was cut finely with a scalpel and then washed through a 70µM filter with warm RPMI (GIBCO, Carlsbad, CA). Cells were resuspended in 5mls Red cell lysis buffer, and incubated at room temperature for 5 minutes. The lysis buffer suspension was diluted with 45mls RPMI, and washed twice via centrifugation and resuspension in 50mls RPMI. Cells were then counted using Trypan blue (Thermofisher, Waltham, MA) and suspended at 107cells/ml in freezing media (90% FCS, 10% DMSO). The cells were aliquoted into 1.5ml cryovials, aliquots were placed into MrFrosty™ freezing containers (Thermofisher) and frozen at -80°C.

Tonsil cell recovery from cryopreservation
Aliquots were removed from -80°C storage onto ice, and resuspended in 5ml of warm complete RPMI media (RPMI, 10% fetal calf serum, 2 mM L-glutamine, and 100 U/ml penicillin/streptomycin). The samples were washed twice by centrifugation and resuspension in 5ml of RPMI medium, before being finally resuspended in 5mls complete RPMI. Samples were then plated into 25 ml cell culture flasks and rested in a 37°C, 5% CO2 incubator for 3 hours. After resting, the cells were removed, and the flasks washed with 5ml fresh RPMI medium to remove residual cells. The cells were then centrifuged and resuspended in 1 ml of PBS. Cells were counted using trypan blue, and up to 1million cells were plated into individual wells of a V bottom 96 well plate.

Stimulation of cells by PMA/Ionomycin
Following recovery, cells were centrifuged and resuspended into 200µl of complete RPMI media containing 50 ng/ml phorbol myristate acetate (PMA) (Sigma-Aldrich), 500 ng/ml Ionomycin (Emdchemicals) and 10µg/ml Brefeldin A (Sigma-Aldrich) for 4 hours at 37°C 5% C02.

Stimulation of cells by House dust mite extract
Following recovery, cells were centrifuged and resuspended into 200µl of complete RPMI media containing 50 µg/ml house dust mite (HDM) extract (Greer Laboratories, NC, USA) and were cultured for 18 hours in a 37°C, 5% CO2 incubator. As a negative control, cells from the same defrosted aliquots were cultured in complete RPMI media without HDM extract in parallel. Then, 50 µl of complete RPMI containing of 50µg/ml Brefeldin A (Sigma-Aldrich) was added to both HDM stimulated and negative control cells, followed by an additional 4 hours of incubation.

Flow cytometry
All antibodies were purchased from Biolegend, except where otherwise specified.
Cells were first stained with 50 µl Fixable Viability Dye eFluor™ 780 (eBioscience) at a 1/1000 dilution for 30 minutes on ice. Cells were then washed twice with 150 μl flow cytometry buffer (PBS +2% FCS, 1mM EDTA), and stained for 30 minutes with the following antibodies: BV421 CD27 (M-T271), BV510 CD10 (HI10a), BV605 IgM (MHM-88), BV711 CD38 (HIT2), FITC IgG (G18-145) (BD biosciences), PerCpCy5.5 CD3 (UCHT1), PE CD138 (MI-15), PE-dazzle594 (ML5), PE-Cy7 IgD (IA6-2), APC CD19 (HIB19), A700 CD20 (2H7) diluted in 25 μl flow cytometry buffer. FC receptors were blocked simultaneously, using a 1/100 dilution of Human TruStain FcX. After staining, the cells were washed twice with 150 μl flow cytometry buffer, and then fixed with 1% paraformaldehyde (Sigma Aldrich) in PBS. 
For staining of T cells, cell suspensions were stained with the following antibodies: BV421 CCR4 (L291H4), BV510 CD8 (SK1), BV605 CD4 (OKT1), BV650 CD45RO (UCHL1), BV711 CXCR3 (G025H7), BV785 CD45RA (HI100), BB515 CXCR5 (RF8B2) (BD biosciences), PerCpCy5.5 CD3 (UCHT1), PE-dazzle594 CD25 (M-A251), PE-Cy7 PD-1 (EH122H7), APC CD19 (HIB19) and APC-H700 CCR6 (11A9) (BD biosciences) in 25 μl flow cytometry buffer. After staining, the cells were washed twice with 150 μl flow cytometry buffer then fixed with eBioscience™ Foxp3 / Transcription Factor Staining Buffer Set for 30 minutes on ice. Cells were then washed with PBS, and stained with PE Foxp3 (206D) in eBioscience™ Foxp3 / Transcription Factor Staining Buffer Set permeabilisation buffer. Cells were then washed and resuspended in 150 μl flow cytometry buffer, with data being acquired immediately. 
For intracellular cytokine staining, cells were stained with CD4, CD45RA, CD45RO, CD19, CXCR5, CD3, CD25, PD-1 as above, then fixed with 1% paraformaldehyde (Sigma Aldrich) in PBS for 10 minutes at room temperature and then stained with the following antibodies, diluted in permeabilisation buffer (eBioscience):  BV421 IL-4 (MP4-25D2), A647 IL-21 (3A3-N2). Data were acquired on an LSRFortessa (BD Biosciences) and analyzed using FACSDiva (BD Biosciences) and FlowJo (Treestar, La Jolla, CA) software.

Fluorescent antibodies used: 
	Target
	Fluorophore
	Clone
	Dilution
	Supplier 

	CCR4
	BV421
	L291H4
	1/50
	Biolegend

	CD8
	BV510
	SK1
	1/200
	Biolegend

	CD4
	BV605
	OKT1
	1/100
	Biolegend

	CD45RO
	BV650
	UCHL1
	1/100
	Biolegend

	CXCR3
	BV711
	G025H7
	1/50
	Biolegend

	CD45RA
	BV785
	HI100
	1/200
	Biolegend

	CXCR5
	BB515
	RF8B2
	1/25
	BD

	CD3
	PerCpCy5.5
	UCHT1
	1/50
	Biolegend

	FOXP3
	PE
	206D
	1/25
	Biolegend

	CD25
	PE-dazzle594
	M-A251
	1/50
	Biolegend

	PD1
	PE-Cy7
	EH122H7
	1/50
	Biolegend

	CD19
	A647
	HIB19
	1/100
	Biolegend

	CCR6
	APC-H700
	11A9
	1/25
	BD

	
	
	
	
	

	CD27
	BV421
	M-T271
	1/50
	Biolegend

	CD10
	BV510
	HI10a
	1/50
	Biolegend

	IgM
	BV605
	MHM-88
	1/50
	Biolegend

	CD38
	BV711
	HIT2
	1/50
	Biolegend

	IgG
	FITC
	G18-145
	1/10
	BD

	CD3
	PerCpCy5.5
	UCHT1
	1/50
	Biolegend

	CD138
	PE
	MI-15
	1/25
	Biolegend

	CD24
	PEdazzle594
	MIL5
	1/50
	Biolegend

	IgD
	PE-Cy7
	IA6-2
	1/50
	Biolegend

	CD19
	APC
	HIB19
	1/100
	Biolegend

	CD20
	A700
	2H7
	1/50
	Biolegend

	
	
	
	
	

	BV421
	IL-4
	MP4-25D2
	1/50
	Biolegend

	A647
	IL-21
	3A3-N2
	1/50
	Biolegend



Statistical Analysis
GraphPad 8 Prism (GraphPad Software Inc, La Jolla, CA) was used for data analysis. Two group non-parametric data was analyzed by Mann-Whitney test. Multiple group non-parametric data was analyzed with Kruskal-Wallis test and Dunn’s multiple comparison test. For Figure 2C, the Wilcoxon-paired test was used. Data used in linear regression analysis was validated for normalcy with the Shapiro-Wilks test on scatterplot residuals.
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