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Inhalative Polyclonal Immunoglobulin G for the Prevention of Respiratory Infections: A comprehensive in vitro assessment
Supplementary Material and Methods
Determination of deposition volume in the ALICE Cloud system with extension plates
For the determination of the deposition volume of Panzyga® 2% with 200/ 400 µg/mL PS80, the ALICE Cloud system (Vitrocell, Waldkirch, Germany) was activated and pre-heated to 37 °C 0.5–1 h before use. Extension plates (Figure M1A) were equilibrated to 37 °C in an incubator prior to use. Each nebulizer was loaded with 1 mL Milli-Q (MQ) water and operated until complete aerosolization was achieved. Meshes and nebulizers were dried with a lint-free paper towel (Kimberly-Clark, Koblenz/ Rheinhafen, Germany) and care was taken to avoid contact with the central mesh region.
Panzyga® 2% with 200/ 400 µg/mL PS80 was spiked with 500 µg/mL FITC-dextran 4 kDa (Sigma Aldrich, Darmstadt, Germany). The mixture was vortexed briefly to ensure homogeneity.
Extension plates were prepared by pipetting 260 µL PBS pH 7.4 (Carl Roth, Karlsruhe, Germany) into each well. Transwells inserts from which the membrane had been removed were inserted into the extension plates. The plates were then transferred into the Cloud system and fitted with two cover rings to seal the well openings (Figure M1B).
The PARI eFlow® nebulizer was filled with 200 µL of FITC-spiked Panzyga® in different formulations and sealed tightly. It was carefully positioned on top of the Cloud system to ensure a stable and straight fit (Figure M1C/D). Nebulization was initiated by pressing the on/off button until an acoustic signal (beeping) was heard. After nebulization completion (indicated by a second acoustic signal), a 10 min aerosol sedimentation phase was allowed.
Following sedimentation, the system hood was removed and samples were collected from each well into a black flat-bottom 96-well plate (Greiner BioOne, Kremsmünster, Austria). The plate was sealed and protected from light until further analysis.
The collected samples were analyzed using a fluorescence-based quantification method. FITC-spiked Panzyga® 2% was first diluted 1:5 in PBS pH 7.4, resulting in a working concentration of 100 µg/mL FITC-dextran. A 11-step 1:2 serial dilution series was prepared in PBS pH 7.4. 100 µL of the standard curve and samples were applied to a black flat-bottom 96-well plate. Fluorescence was measured at 520 nm on a Tecan plate reader (Tecan, Männedorf, Switzerland). All samples were measured on the same day as deposition experiment.
After each experiment, the hood, extension plate, and cover rings were rinsed extensively under running tap water (VE) and dried with paper towels. The nebulizer was rinsed thoroughly with tap water, taking care to clean the mesh gently. The nebulizer was reassembled and operated with 2 mL MQ water to ensure residual removal, followed by another thorough rinse (mesh included). Finally, the heating block of the Cloud system was wiped with a wet paper towel.
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Supplementary Figure M1: Set-up of the ALICE Cloud system utilized for the transcytosis assay of Panzyga® 2 % with 200/ 400 µg/mL PS80. A) Self-made steel extension plate in the ALICE Cloud system. B) Extension plate with the 2 cover rings. The bigger/ outer one is used for inserting the membrane inserts, the smaller one prevents direct aerosol deposition into the basolateral acceptor medium. C) Set-up of the PARI eFlow® on the ALICE Cloud system, front view. D) Set-up of the PARI eFlow® on the ALICE Cloud system, side view.

Supplementary Data
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[bookmark: OLE_LINK1]Supplementary Figure S1: Analysis of subvisible particle formation of nebulized IVIg 10% via A) flow imaging (FI) and B) light obscuration (LO). A) Total subvisible particle analysis via FI (n= 3). B) Total subvisible particle analysis via LO (n= 3). Values are shown as mean ± SD. Ordinary one-way ANOVA; P > 0.05, not significant (ns), not shown; P < 0.05, significant (*); P < 0.01, significant (**); P < 0.001, significant (***); P < 0.0001, significant (****). n = independent nebulizations.

Supplementary Table S2: PDI values of (nebulized) Panzyga® 10 % in different formulations from DLS – Comparison of PDI of undiluted (nebulized) IVIg containing 0; 200; or 400 µg/mL PS80; n = 3. n = independent nebulizations.
	Formulation
	
	PDI

	Panzyga® 10 %, native
	unnebulized
	0.25 ± 0.00

	
	nebulized
	0.28 ± 0.00	

	Panzyga ® 10 % + 200 µg/mL PS80
	nebulized
	0.26 ± 0.00
	

	Panzyga ® 10 % + 400 µg/mL PS80
	nebulized
	0.26 ± 0.00	



Supplementary Table S3: Detailed Alamar Blue cytotoxicity results of TPMC and RPMI 2650 - Comparison of a potential toxic effect of (nebulized) IVIg containing 0; 200; or 400 µg/mL PS80 on TMPC, RPMI 2650 cells, respectively. TMPC = Trachea mucosal primary cells; TMPC: n = 20, N = 2 - 4. RPMI2650: n = 15 - 25, N = 2 - 5. Viability presented in %, relative to medium control, mean ± SD. N = independent experiments, n = membrane inserts per sample.  
	Formulation
	
	Viability [%, relative to medium control, mean ± SD) in TMPC
	Viability [%, relative to medium control, mean ± SD) in RPMI 2650

	Panzyga® 10 %, 
native
	unnebulized
	129.95 ± 20.25
	101.35 ± 13.36

	Panzyga ® 10 % 
+ 200 µg/mL PS80
	unnebulized
	102.43 ± 22.99
	103.34 ± 13.38

	
	nebulized
	106.56 ± 25.63
	96.89 ± 6.16

	Panzyga ® 10 % 
+ 400 µg/mL PS80
	unnebulized
	118.55 ± 8.54
	91.87 ± 17.41

	
	nebulized
	134.78 ± 20.22
	98.34 ± 4.12



[bookmark: _Hlk211084300][bookmark: _Hlk208677970]Supplementary Table S4: Detailed immunogenicity data of IVIg in different formulations before or after nebulization on dendritic DC2.4 cells.  Cells were stimulated with IVIg with no PS80, or with addition of PS80 (200/ 400 µg/mL). Post stimulation, proinflammatory cytokine expression, Il6, Il1B and Tnf-α levels were measured after 6 h via quantitative RT – PCR and 2-ΔΔCt values were calculated. n = 2, N = 2. n = 2, N = 2. N = biological replicates and n = technical replicates. Values are shown as mean ± SD. Ordinary one-way ANOVA comparing samples to the nebulized, original formulation (without PS80) of Panzyga®; p > 0.05, not significant (ns), *p < 0.05; **p < 0.01; ***p < 0.001, ****p < 0.0001. Mean differences (mean diff) and 95 % confidence intervals (CI) included. The ANOVA yielded an overall significant effect (F(21, 22) = 26.09, p < 0.0001, η² = 0.9614).
	Formulation
	
	Il-1B
(fold change relative to formulation buffer = 1, mean ± SD) 
	Il-6
(fold change relative to formulation buffer = 1, mean ± SD)
	TNF-α
(fold change relative to formulation buffer = 1, mean ± SD)

	Panzyga® 10 %, 
native
	unnebulized
	3.77 ± 0.33
****p ≤ 0.0001
Mean diff -7.56	
 95 % CI 
-10.32 to -4.803
	3.02 ± 0.22
**p ≤ 0.01
Mean diff -3.90	
95 % CI 
-6.659 to -1.142
	1.19 ± 0.04
ns, p > 0.05
Mean diff -0.5370
95 % CI 
-3.295 to 2.221

	
	nebulized
	11.32 ± 1.97
	6.92 ± 0.57
	1.73 ± 0.05

	Panzyga ® 10 % 
+ 200 µg/mL PS80
	unnebulized
	3.73 ± 0.90
	3.46 ± 0.56
	0.60 ± 0.20

	
	nebulized
	3.40 ± 0.21
****p ≤ 0.0001
Mean diff 7.934
95 % CI 
5.176 to 10.69
	2.31 ± 0.27
***p ≤ 0.001
Mean diff 4.614
95 % CI 
1.856 to 7.372
	0.90 ± 0.05
ns, p > 0.05
Mean diff 0.8254
95 % CI 
-1.933 to 3.584

	Panzyga ® 10 % 
+ 400 µg/mL PS80
	unnebulized
	5.36 ± 1.65
	4.46 ± 0.81
	1.16 ± 0.10

	
	nebulized
	4.04 ± 0.23
****p ≤ 0.0001
Mean diff 7.292	
95 % CI 
4.534 to 10.05
	3.03 ± 0.61
**p ≤ 0.01
Mean diff 3.895
95 % CI 
1.137 to 6.653
	1.19  ± 0.41
ns, p > 0.05
Mean diff 0.5424
95 % CI 
-2.216 to 3.301

	Untreated
	
	2.53 ± 0.48
****p ≤ 0.0001
Mean diff 8.805	
95 % CI 
6.046 to 11.56
	2.93 ± 0.56
***p ≤ 0.001
Mean diff 3.993
95 % CI 
1.235 to 6.751
	0.68 ± 0.10
ns, p > 0.05
Mean diff 1.049
95 % CI 
-1.709 to 3.807





[bookmark: _Hlk187421112]Supplementary Figure S5: Trans-epithelial transport data of 0.37 mg/cm2 IgG on Calu-3 - Transepithelial permeability of (nebulized, collected and pipetted) IVIg (100 mg/mL) containing 0; 200; or 400 µg/mL PS80 on Calu-3 over 48h n = 6, N = 3. N = biological replicates and n = technical replicates. Values are shown as mean ± SD. Value over bars is the mean value. One - way ANOVA; p > 0.05, not significant (ns), *p < 0.05; **p < 0.01; ***p < 0.001, ****p < 0.0001.  

Supplementary Table S6: Protein antigens utilized in the xMAP® assay: Abbreviation, full name and function of the protein antigens utilized in the xMAP® beads assay
	ABBREVIATION
	FULL NAME
	FUNCTION
	REFERENCE

	AdcaII
	Adhesin competence protein A II 
	Acquisition of metal ions (Zn2+)
	[1,2]

	AliA
	AmiA-like protein A 
	Acquisition of oligopeptides, Colonization 
	[1,3–6]

	AliB
	AmiA-like protein B 
	Acquisition of oligopeptides, Colonization 
	[1,3–5]

	AliC
	AmiA-like protein C
	Colonization
	[3–5,7]

	AliD
	AmiA-like protein D
	Colonization
	[3–5,7]

	AmiA
	Aminopterin resistance locus protein A 
	Acquisition of oligopeptides, Colonization 
	[1,3–5]

	CbpC
	Choline-binding protein C
	Invasion, prevents autophagy
	[5,8]

	CbpE
	Choline-binding protein E
	Invasion
	[9,10]

	CbpL
	Choline-binding protein L
	Colonization, pulmonary and systemic infection; antiphagocytosis
	[11,12]

	DacB
	L,D-carboxypeptidase/
muramoyl-tetrapeptide carboxypeptidase 
	Muramoyl-tetrapeptide carboxypeptidase;
Antibiotic resistance; adherence, colonization, pulmonary and systemic infection; antiphagocytosis  
	[1,13]

	Enolase
	
	Plasminogen binding
	[14,15]

	Etrx1
	Extracellular thioredoxin-like protein 1 
	Thiol-disulfide oxidoreductase;
Extracellular oxidative stress resistance 
	[1,13,16]

	Etrx2
	Extracellular thioredoxin-like protein 2
	Thiol-disulfide oxidoreductase;
Colonization, pulmonary and systemic infection; antiphagocytosis 
	[1,13,16]

	GlpO
	alpha-glycerophosphate oxidase
	Colonization
	[3,17]

	GshT
	Glutathione substrate-binding protein
	Pulmonary infection,
Oxidative stress resistance 
	[5,18]

	Hic2
	Factor H-binding inhibitor of complement

	Inhibition of complement activation
	[19,20]

	LytA
	Autolysine
	Digestion the cell wall, release of Pneumolysin
	[5,14]

	LytB
	N-acetylglucosaminidase
	Cell division, colonization
	[5,21]

	LytC
	Lysozyme/ Autolysine
	Temperature-dependent autolysis
	[5,22]

	MalX
	Maltodextrin-binding protein
	Sugar acquisition, Pulmonary infection 
	[1,3,23]

	MetQ
	Methionine-binding lipoprotein Q
	Pulmonary and (systemic) infection
	[1,2]

	MsrAB2
	Methionine sulfoxide reductase
	Infection; antiphagocytosis, oxidative stress resistance
	[13,16]

	NanC
	Neuraminidase C, cleavage of α2,3-linked sialic acid residues from glycoconjugates
	Colonization and adherence
	[14]

	NgtS
	N-glycan transport substrate-binding protein
	Carbohydrate binding and processing
	[3,24]

	PavB
	Pneumococcal adhesion and virulence factor B
	Adherence to epithelial cells
	[1,25]

	PccL
	Pneumococcal calycin fold containing lipoprotein
	Colonization, invasion
	[5,26]

	PcpA
	Pneumococcal choline-binding protein A
	Colonization
	[5,27,28]

	PcsB
	Pneumococcal cell wall separation protein
	Peptidoglycan hydrolases, cell separation
	[29,30]

	PepO
	Endopeptidase O
	Plasminogen and fibronectin binding, complement control, adherence, invasion
	[5,31]

	PfbA
	Plasmin- and fibronectin-binding protein A
	Adherence and antiphagocytosis
	[5,32]

	PhpP
	Pneumococcal Serin/Threonin phosphatase
	Homeostasis, indirect influence on cell division and peptidoglycan synthesis
	[5,33]

	PhtD
	Pneumococcal histidine triad D
	Adherence
	[5,34]

	PiaA
	Pneumococcal iron acquisition A
	Iron acquisition, Pulmonary and systemic infection 
	[1,5,35]

	PitB
	Pilus-2 backbone protein
	
	[5]

	Pneumolysin
	Thiol-activated toxin 
	Cytolytic toxin, activates complement system
	[5,14,36]

	PnrA
	Pneumococcal nucleoside receptor A 
	Systemic infection 
	[1,2,23,37,38]

	PpmA
	Putative proteinase maturation protein A 
	Peptidyl-prolyl cis–trans isomerase; Colonization
	[1]

	PrtA2
	Cell wall-associated serine protease
	Systemic infection
	[5,39]

	PsaA
	Pneumococcal surface adhesin A 
	Acquisition of metal ions (Zn2+, Mn2+); Oxidative stress resistance; adherence, colonization; pulmonary and systemic infection
	[1,2]

	PspA
	Pneumococcal surface protein A
	Prevention of C3 binding to pneumococcal surface, binding of lactoferrin
	[14,40]

	PspC
	Also known as CbpA
Choline-binding protein A
	Invasion over epithelium
	[14,41,42]

	PstS
	Phosphate-binding protein
	Phosphate ABC transporter 
	[1,3]

	RrgA
	Pilus-1 tip protein
	Adherence
	[5,43–45]

	RrgB
	Pilus-1 backbone protein
	Pilus formation
	[5,44–46]

	SatA
	Sialic acid substrate-binding protein
	Colonization 
	[3,47]

	SlrA
	Streptococcal lipoprotein rotamase A
	Cyclophilin-type peptidyl-prolyl cis–trans isomerase; 
Adherence, colonization; antiphagocytosis 
	[1]

	SP_0060
	
	beta-galactosidase, sugar uptake?
	[3,48]

	SP_0107
	
	LysM domain-containing protein, Regulation of complement control?
	[5,49]

	SP_0191
	Hypothetical protein
	[2,50]

	S_0899
	Hypothetical protein
	[2,50]

	SP_1069
	Hypothetical protein
	[5]

	SP_1992
	Dimorphic invasion-involved protein A (DiiA)
	Colonization, invasion
	[5,51]

	SP_2063
	Hypothetical protein
	[5,52]

	SP_2141
	
	exo-β-N-acetylhexosaminidase
	[3,53]

	TrxB
	Thioredoxin reductase B
	Oxidative stress resistance
	[5,16]



Interestingly, the tested antigens showed highly variable binding responses, from ~101 to over ~105. Among these, PhtD and PcsB exhibited the highest response values. PhtD is involved in zinc ion binding and complement factor inactivation and has been detected on the surface of S. pneumoniae strain N4 with specific antisera using flow cytometry [54]. It has shown promise as a vaccine candidate in clinical phase I studies and preclinical mouse and primate studies [54–56] and was found to be well-tolerated and immunogenic, when included in protein combination vaccines [57–60]. PcsB, a highly conserved peptidoglycan hydrolase involved in bacterial cell division, has shown high antibody titers in the sera of unvaccinated individuals, although these titers decrease with age [61]. However, immunogenic responses to PcsB vary, potentially due to formulation differences [61–64]. A combination vaccine including PcsB, StkP, and PsaA has completed phase I clinical trials, though results have yet to be published [65].
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