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S1 Purification of the COVID-19 Vaccine AstraZeneca (EMA report) 

(https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-

vaccine-astrazeneca-epar-public-assessment-report_en.pdf, accessed 04/16/2021)1 

“The removal of some of the process-related impurities is measured in several downstream 

intermediates without acceptance criteria or action limits. Given the proposed concurrent validation 

strategy, it was requested that for several impurities (e.g. residual host cell DNA, residual host cell 

protein (HCP), residual nuclease) that action limits are proposed in the validation protocols. The 

applicant indicated that setting action or acceptance limits would be premature because pre-PPQ lots 

are used to identify these limits. The explanation is accepted. With the concurrent validation 

proposal, process removal of some of the impurities is still being validated. Introduction of action 

limits in the validation protocols would be appropriate. However, given that testing of most of the 

impurities are included in the AS specification during validation, this approach is accepted.”  

“… The production bioreactor cell culture is lysed using detergent-based cell lysis, treated with 

nuclease for reduction of host cell DNA and then clarified via depth filtration. The clarified lysate is 

further processed through a membrane chromatography step designed to remove process-related 

impurities. This is followed by concentration and dia-filtration using tangential flow ultrafiltration to 

remove process-related impurities and for buffer exchange. Next, a formulation step and a 0.2 μm 

filtration step into specified containers follows to generate the AS. The AS is frozen for storage (at -

90°C to -55°C) and shipping.” 

S2 Interaction of PF4 and ChAdOx1 nCoV-19 vaccine  

S2.1 Dynamic light scattering 

All dynamic light scattering (DLS) measurements were performed in a fixed scattering angle Zetasizer 

Nano-S system (Malvern Instruments Ltd., Malvern, UK). The hydrodynamic diameter (in nm) was 

measured at 25°C, and light scattering was detected at 173° using three repeating measurements 

consisting of 12 runs. Experimental data was collected from four independent experimental 

replicates. Data analysis was performed by using Zetasizer software, Version 7.13 (Malvern 

Instruments Ltd). For all DLS measurements, ChAdOx1 nCoV-19 vector was diluted at a ratio of 1:10 in 

sterile-filtered 0.9% NaCl supplemented with 4mg/mL D(+) saccharose (RNase/DNase free; Cat. No. 

9097.1, Carl Roth GmbH, Germany). Assessment of changes in the hydrodynamic diameter of 

ChAdOx1 n-CoV-19 vector in the presence of PF4 was performed by incubating 10 µg/mL of human 

PF4 (Chromatec, Greifswald, Germany) with ChAdOx1 nCoV-19 vector at RT for 2 min before DLS 

measurements. Control human IgG used at 5 µg/mL final concentration from a healthy individual was 

purified by protein G affinity purification. Anti-PF4 mouse monoclonal IgG (Clone RTO, Cat. No. MA5-

17639, Invitrogen) was used at 5 µg/mL. Double-stranded DNA (20-mer and 21-mer) was used at 0.5 

µg/mL. Dissociation of complexes formed between ChAdOx1 nCoV-19 vector and added components 

https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-public-assessment-report_en.pdf
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was achieved in the presence of 100 IU/mL unfractionated heparin (UFH, Ratiopharm GmbH, Ulm, 

Germany). 

Statistical analysis and data plots were prepared with GraphPad Prism version 9.0.0 for Windows. 

Differences between groups were considered significant after assessment by ordinary one-way 

ANOVA with Sidak's multiple comparisons test.  

Supplementary Figure S1 

 

Figure S1: Representative percent intensity histogram of the size distribution of ChAdOx1 nCoV-19 
vaccine alone (Panel A), in complex with PF4 (Panel B) and dissociation of the complexes after 
addition of UFH (Panel C) measured by dynamic light scattering. The data represent averaged values 
of n=3 measurements from a single experiment.   
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Supplementary Figure S2 

 

Figure S2: Representative percent intensity histogram of the size distribution of ChAdOx1 nCoV-19 
vaccine in the presence of affinity-purified anti-PF4 IgG from a VITT patient (Panel A), vaccine particles 
in complex with PF4 and affinity-purified anti-PF4 IgG from a VITT patient leading to formation of 
large complexes (Panel B), and a further increase in the size of the complexes after the addition of 
DNA (Panel C), and dissociation of the complexes by addition of 100 IU UFH (Panel D) measured by 
dynamic DLS. The data represent averaged values of n=3 measurements from a single experiment.   
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S2.2 3D-Super Resolution Microscopy 

Primary antibodies: 100 µg of a mouse monoclonal IgG2a antibody binding the adenovirus hexon 

polypeptide (abcam, ab7428, B025/AD51) were primarily Cy5-conjugated using the Lightning-Link Cy5 

conjugation kit according to manufacturer’s description (Novus Biologicals, USA). For staining of PF4, 

the mouse monoclonal IgG2b (RTO clone, Thermo Fisher, USA; MA5-17639) antibody was used. 

Immobilization of viral particles and PF4: 1.5 high-precision coverslips (VWR, Germany) were cleaned 

by sonication for 1 h in 96% ethanol, 1 h in 1M HCl, 1 h in 1M NaOH and 1 h in Aqua dest. ChAdOx1 

nCoV-19 vaccine was diluted 1:10 in 0.9% NaCl and 0.2% sucrose in water and human PF4 was added 

to a final concentration of 1 µg/mL. 5 µL of the mixture were spread on a cleaned coverslip and air-

dried. Fixation and immunofluorescence staining were performed as described below except with 0.5 

µg/mL concentration of the PF4 (RTO clone) antibody and 30 min antibody incubations. 

Platelets: Healthy donor platelet rich plasma (PRP) was incubated with 10 µg/mL PF4 and 1:10 

ChAdOx1 nCoV-19 vaccine diluted in 0.9% NaCl and 0.2% sucrose in Aqua dest. for 15 min at 37°C. As 

negative control, PRP diluted in the above described buffer only were processed accordingly. After 

that, cells were allowed to adhere on coverslips by incubation for 15 min at 37°C. Adhered platelets 

were fixed for 10 min with 2% EM-grade paraformaldehyde in 80 mM PIPES, 5 mM EGTA, 2 mM 

MgCl2, 4% sucrose, pH 6.8 at RT. After one wash in 1x PBS, slides were blocked with 2% fetal bovine 

serum, 2% bovine serum albumin, 0.1% cold fish gelatin and 2% normal goat serum in 1x PBS pH 7.4 

for 45 min at RT. Primary anti-PF4 antibody (10 µg/mL) for 1 h at RT in blocking solution was 

incubated. After 4 washes in 1x PBS, bound antibodies were detected by goat anti-mouse Alexa Fluor 

488-conjugated secondary antibodies (Thermo Fisher Scientific) at 1:500 dilution in blocking solution 

for 45 min at RT. After 4 washes in 1x PBS, 1 µg/mL monoclonal Cy5-conjugated anti-adenovirus 

antibody was applied for 1 h at RT. After 4 washes in 1x PBS, coverslips were kept in 1x PBS at 4°C 

until imaging. 

3D-Super Resolution Microscopy: For 3D-Super Resolution Microscopy, imaging of platelets and 

immobilized ChAdOx1 nCoV-19 vaccine, coverslips were mounted inversely in Mowiol for microscopy 

(Carl Roth, Karlsruhe, Germany). 3D-Super Resolution Microscopy imaging was either performed at 

NIPOKA GmbH, Greifswald, Germany on a Nikon N-SIM E system (Nikon Instruments, Japan) equipped 

with 488 and 640 nm laser lines and a 100x 1.35NA silicon immersion objective or on a Zeiss Elyra 

PS.1 super resolution system equipped with a 63x 1.4NA oil-immersion objective. Raw image stacks 

with 3 rotations and 5 shifts of the illumination grating were acquired and reconstructed as super-

resolved 3-D SIM datasets as already described.2 Reconstructed data was saved as .nd or .czi files and 

imported to FIJI3 using the BioFormats importer. Data was analyzed using customized FIJI and NIS 

scripts. 

Super-Resolution Localization Microscopy (dSTORM): Before mounting, samples were washed once in 

A.dest and 100nm Tetraspek fluorescent beads (Thermo Fisher Scientific) as fiducial markers were 

applied to the samples for 10 min. After one wash in ultrapure Aqua dest., samples were mounted 

inversely in Everspark dSTORM buffer (Idylle Labs, Paris, France) on depression glass slides. Coverslips 
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were rapidly sealed with TwinSil two component silicon (Picodent GmbH, Wipperfürth, Germany). To 

avoid overt oxygenation, care was taken that mounting time was faster than 30 seconds. Sealed slides 

were imaged on the above-described Zeiss Elyra PS.1 system. Sequentially, 10,000-14,000 200x200px 

frames were acquired per channel using TIRF-HP illumination with 100% laser intensity with 647 and 

488 nm laser lines, respectively. An integration time of 12 ms was used with the definite focus system 

to compensate z-drift. Raw image stacks were imported to FIJI and fluorescent blinking detected by 

Thunderstorm4 using Phasor-based 2D localization with a fitting radius of 3px. Localization data was 

exported as .csv files, density-filtered with a 50 nm radius and x-y-driftcorrected using the above-

described fiducial markers. After localization and visualization with 10x magnification as average 

shifted histograms, sequentially acquired channels were channel-aligned using fiducial marker 

localizations in FIJI.3 

Supplementary Figure S3 

 

Figure S3: A-C) 3D-Super Resolution Microscopy of PF4 and adenovirus. Diluted ChAdOx1 nCoV-19 
vaccine was incubated with PF4, immobilized on glass and both labeled with immunofluorescence. 
The scale bar in C indicates 500 nm. Particles bind to PF4 as shown by the profile plot in D (intensity 
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profile of the white line shown in the C). E: Particle-PF4 interaction was quantified in n=8005 particles 
of 4 individual images. 80.6% of segmented particles were directly associated with PF4.  

F-H) Super-resolved dSTORM localization microscopy confirmed the 3D-SIM findings with higher 
resolution and indicate direct interaction of PF4 or PF4 clusters with adenoviral protein. Scale bar in H 
indicates 100 nm. 

Supplementary Figure S4 

 

Figure S4: 3D-Super Resolved imaging of ChAdOx1 nCoV-19 vaccine particle binding to platelet 
surface. Platelets were incubated with 10 µg/mL PF4 and 1:10 diluted ChAdOx1 nCoV-19 vaccine. 3D-
Super Resolution Microscopy shows adherence of particles to platelet surface (green). The scale bar 
indicates 1 µm. As shown in the boxplot, a mean particle density of 1.7 particles per platelet was 
found. 

 

S2.3 Transmission electron microscopy (TEM)  

For transmission electron microscopy (TEM) the vaccine was incubated with PF4-biotinylated (10 

ng/mL in PBS; PF4-biotin) for at least 1h at RT. After that, the sample was transferred to formvar 

coated TEM grids (400 mesh, Plano GmbH, Germany), washed with PBS and blocked with BSA in PBS. 

Samples were labeled with an anti-adenovirus mAb (B025/AD51, Abcam, USA; ab7428, 1:500) for 1 h 

at RT and an anti-mouse gold conjugate (BBI Solutions, GMHL10, 10 nm, 1:50) as secondary antibody. 

Alternatively, the same samples were labeled with a streptavidin-gold conjugate (Sigma, 10 nm, 1:10) 

for the staining of PF4-biotin for 45 min at RT. 

All grids were stained with 1% phosphotungstic acid at pH 7.4 and analyzed with a Tecnai-Spirit (FEI, 

Eindhoven, NL) transmission electron microscope at an accelerating voltage of 80 kV. The same 

procedure was used for preparing the controls, vaccine and PF4-Biotin. The vaccine was also 

incubated with heparin (100 IU/mL) for 30 min. After that, the sample was transferred to formvar 

coated TEM grids (400 mesh, Plano GmbH) and stained with 1% phosphotungstic acid at pH 7.4. The 

grids were analyzed with a Tecnai-Spirit (FEI, Eindhoven, NL) at an accelerating voltage of 80 kV. The 

same procedure was used for preparing the vaccine control. 
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Supplementary Figure S5 

 

Figure S5: Electron micrographs of particles in the ChAdOx1 nCoV-19 vaccine after addition of PF4. 

A-D) ChAdOx1 nCoV-19 vaccine was incubated with PF4 and labeled with anti-adenovirus mAb 
samples followed by anti-mouse gold conjugate: A) shows the vaccine control without PF4 and B) the 
PF4-biotin control without vaccine. C-D) shows aggregates (arrowheads) gold-labeled with adenovirus 
antibody (arrows) resulting from the incubation of the vaccine with PF4-biotin. All aggregates contain 
material to which the adenovirus antibody binds. Gold particles (arrow): 10 nm, Bars: 100 nm. 
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Figure S5: Electron micrographs of particles in the ChAdOx1 nCoV-19 vaccine after addition of PF4. 

E-H) ChAdOx1 nCoV-19 vaccine was incubated with PF4-biotin and labeled with streptavidin-gold: E) 
shows the vaccine control, and F) the PF4-biotin control. G-H) shows aggregates (arrowheads) gold-
labeled with streptavidin resulting from the incubation of the vaccine with PF4-biotin. All aggregates 
contain PF4. Gold particles (arrow): 10 nm, Bars: 100 nm. 

 

In the vaccine in addition to characteristic adenovirus particles, other contrasted structures are 

detectable (Supplementary Figure S5 A). These structures may be viral proteins or nucleic acids or HEK-

293 T-Rex proteins from the cell culture used for virus propagation. After addition of PF4 aggregates 

were observed (Supplementary Figure S5 C, D and G, H). Labeling with an anti-adenovirus antibody 

shows that these aggregates contain adenovirus capsid proteins (Supplementary Figure S5 C, D). 
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Labelling with streptavidin-gold shows that these aggregates also contain PF4 (Supplementary Figure S5 

G, H). The biotinylated PF4 control (PF4-biotin) shows a distinct highly uniform structure with no cross-

staining with the adenovirus antibody (Supplementary Figure S5 B), but positive labeling with 

streptavidin-gold (Supplementary Figure S5 F). 

Incubation of the vaccine preparation with heparin (100 IU/mL) did not result in aggregates, but 

removed amorphous material from the virion particles (Supplementary Figure S6 B). 

Overall, controls and the heparin-incubated vaccine preparations are clearly different from the vaccine-

PF4 mixture, with aggregate formation being the most obvious when vaccine and PF4 are mixed. 

Supplementary Figure S6 

 

Figure S6: Electron micrograph of ChAdOx1 nCoV-19 vaccine with and without heparin. (A) shows the 
negative stained vaccine (B) the vaccine incubated with heparin 100 IU/mL. Bars: 300 nm. 

 

S3 Constituents of the PF4 preparation and ChAdOx1 nCoV-19 

S3.1 1H nuclear magnetic resonance (1H-NMR) spectroscopic analysis of extracellular 

metabolites 

1H-NMR analysis was done based on an optimized method in 5 mm glass tubes (5 inch in length; 

Bruker Biospin, Rheinstetten, Germany).5 400 µL sample volume (2 mg/mL PF4 concentration) were 

buffered to a pH of 7.0 by adding 200 µL of a 0.2 M sodium hydrogen phosphate buffer solution, 

made up with 50% D2O (Euriso-Top, St-Aubin Cedex, France), which provides an NMR-lock signal. 

Additionally, the buffer solution contained 1 mM TSP (3-trimethylsilyl-[2,2,3,3-D4]-1-propionic acid) 
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(Sigma-Aldrich, St. Louis, USA) as an internal standard for subsequent quantification. All NMR spectra 

were obtained at 600.13 MHz at a temperature of 300 K using a Bruker AVANCE-Neo 600 NMR 

spectrometer, operated by TOPSPIN 4.0.6 software (both from Bruker Biospin GmbH, Rheinstetten, 

Germany) using a SampleJet autosampler and a 5mm QCI cryo probe. A 1D-NOESY pulse sequence 

was used with pre-saturation on the residual HDO signal during both the relaxation delay and the 

mixing time. A total of 64 free induction decays (FID scans) were collected, using a spectral width of 

30 ppm for a one-dimensional spectrum. Spectral referencing was done relative to the TSP signal. 

1D spectra were Fourier transformed with a FT size of 32 k and a 1 Hz line-broadening, phased and a 

polynomial baseline correction was applied over the whole spectral range. Data analysis 

(identification and quantification) was done by AMIX-Viewer v3.9.15 software (Bruker Biospin GmbH, 

Rheinstetten, Germany) and Chenomx NMR Suite 8.5 (Chenomx Inc., Edmonton, AB, Canada) using 

the spectra alignment of pure standard compounds (Sigma-Aldrich, St. Louis, USA). The PROFILER 

module was used to identify metabolites by fitting the compound signatures from the spectral 

Chenomx and the Human Metabolome Database HMDB library. Metabolite concentrations were 

calculated by determining the heights of the signatures best fitting the experimental signals. 

Quantification was done using AMIX software 3.9.15 by integration and comparison of triplet peak of 

ethanol at 1.186 ppm to the ERETIC signal which was generated by using external calibration with the 

ERETIC quantification tool based on PULCON.6  

Supplementary Figure S7A 

 

Figure S7A: 1H-NMR spectral overview of PF4 in solution. Metabolome analysis of PF4 revealed the 
presence of small molecules. (x-axis: NMR chemical shift signals in ppm relative to internal standard 
TSP, y-axis: relative signal intensity) 
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Supplementary Figure S7B 

 

Figure S7B: 1H-NMR spectrum of standard compounds and laboratory material used for purification of 
PF4. (x-axis: NMR chemical shift signals in ppm relative to internal standard TSP, y-axis: relative signal 
intensity)  

Aliphatic alcohols and free organic acids were identified. Formic acid, acetic acid as well as ethanol 

and 2-propanol were characterized using their NMR chemical shifts (Supplementary Table S1). 

Furthermore, ethylenediaminetetraacetic acid (EDTA) was identified through the presence of the 

NMR signal at 3.24ppm and 3.63ppm corresponding to CH2 group protons (Supplementary Figure S7) 

as well as tris(hydroxymethyl)-aminomethane (TRIS) showing the NMR signal at 3.74ppm. Trace 

amounts of glycerol were found which could originate from filter material. The results are 

summarized in Supplementary Table S1. 

Table S1: Identification and quantification of metabolites in PF4 based on database NMR chemical 
shifts and pure standard compounds spiking experiments.  

substance NMR chemical shifts, signal 

multiplicity in parenthesis 

concentration [mM] 

acetic acid 1.92 ppm (s) CH3 0.047 

EDTA (free acid) 3.24 ppm (s) N-CH2-CH2-N; 

3.63 (s) N-CH2-COOH 

trace amounts 

ethanol 1.19 ppm (t) CH3; 3.66 ppm 

(q) CH2 

0.037 

formic acid 8.46 ppm (s) CH 0.154 

2-propanol 1.18 ppm (d) CH3 trace amounts 

TRIS 3.74 ppm (s) CH2-OH 0.144 
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Supplementary Figure S7C 

 

Figure S7C: 1H-NMR spectrum detail of PF4 sample showing signals of EDTA. Identification of EDTA 
was done via spiking with pure standard (NMR spectrum in orange color). x-axis: NMR chemical shift 
signals in ppm relative to internal standard TSP, y-axis: relative signal intensity 

Supplementary Figure S8 

 

Figure S8: 1H-NMR spectrum of ChAdOx1 nCoV-19 vaccine. Analysis of ChAdOx1 nCoV-19 vaccine 
confirmed the solution composition and showed the NMR signals of sucrose, ethanol and histidine. 
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EDTA was detected (approx. 0.1 mM). TRIS was not found in the vaccine. x-axis: NMR chemical shift 
signals in ppm relative to internal standard TSP, y-axis: relative signal intensity 

 

S3.2 1D-SDS PAGE analysis 

For protein separation 10 µL of 4x SDS PAGE sample buffer were added to 30 µL of each of the 

ChAdOx1 nCoV-19 vaccine lots. Samples and standard (PageRuler Prestained Protein Ladder, 

Invitrogen/Thermo Fisher) were denatured for 5 min at 95°C and loaded to a precast SDS gel 

(NuPAGE™ 4 to 12%, Bis-Tris, 1.0 mm, Invitrogen/Thermo Fisher). Electrophoresis was performed at 

150 V using a Power Pack 200 (BioRad, Hercules, CA, USA) and a Criterion Cell (BioRad). All reagents 

and buffers were used according to the manufacturer’s instructions. Silver nitrate staining according 

to Shevchenko et al.7 was used to visualize proteins. Gel images were digitalized using a digital 

camera. 

 

Supplementary Figure S9 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9: 1D-SDS PAGE of different ChAdOx1 nCoV-19 vaccine lots. Four different ChAdOx1 nCoV-19 
vaccine lots were separated by 1D-SDS PAGE and visualized by silver nitrate protein staining. 
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S3.3 Proteomics and immunoproteomics 

Sample preparation for LC-MS/MS analysis 

SDS was added to vaccine samples to a final concentration of 1% (w/v) to solubilize microparticles. For 

determination of protein concentrations, a micro-BCA assay was used according to the 

manufacturer’s recommendations (Pierce/ Thermo Fisher, Bonn, Germany). Afterwards, 5 μg of 

protein was reduced (2.5 mM DTT ultrapure, Invitrogen/Thermo Fisher, Bonn, Germany) for 30 

minutes at 37°C and alkylated (10 mM iodoacetamide for 15 minutes at 37°C, Sigma Aldrich, Munich, 

Germany). Subsequently, protein was precipitated and digested with trypsin (enzyme to protein ratio 

of 1:25) on SP3 beads as described by Blankenburg et al..8 

Lyophilized PF4 was reconstituted in distilled water (4 µg/µL) and four µg of the protein was diluted in 

20 mM ammonium bicarbonate containing 5% SDS to ensure re-solubilization of protein aggregates. 

Tryptic peptide lysates were prepared using the SP3 protocol as described above.  

LC‐MS/MS analysis and data analysis 

An Exploris 480 mass spectrometer (Thermo Scientific, Bremen, Germany) coupled to an Ultimate 

3000 nano HPLC (Dionex/ Thermo Scientific, Waltham, MA, USA) was used for LC‐MS/MS analysis. 

Chromatographic separation of tryptic peptides was achieved by a 60 min-linear gradient (30 min for 

PF4 analysis) using a binary buffer system consisting of 0.1% acetic acid in HPLC-grade water and 

100% ACN in 0.1% (v/v) acetic acid with increasing acetonitrile concentration from 7-25% (v/v) in 0.1% 

(w/v) acetic acid on a reverse phase column (Accucore 150-C18, 25 cm x 75 μm, 2.6 μm C18, 150 Å) 

with a flow rate of 300 nL/min at 40°C. The MS scans were carried out in a m/z range of 350 to 1200 

m/z. 

For data acquisition in data independent mode (DIA) (ChAdOx1 nCoV-19 vaccine LOT analysis) 

precursor scans were acquired at a resolution of 120,000 and fragments at a resolution of 30.000 in 

66 windows with 13 m/z and a window overlap of 2 m/z. 

Data dependent acquisition (DDA) (PF4 analysis) was carried out at a resolution 120,000 and a 

normalized AGC target of 3E6 for MS scans. MS/MS spectra were recorded for the top 20 most 

abundant precursors at a resolution of 15.000 in isolation windows of 1.4 m/z and standard ACG 

target. Repeated fragmentation of precursor ions was avoided by setting dynamic exclusion to 10 

seconds HCD collision energy was set to 30 eV. 

Protein identification and quantification of data acquired in DDA mode was performed in Proteome 

Discoverer software (version 2.4) (Thermo Scientific) using the SequestHT algorithm. The search was 

conducted against a combined database limited to human entries (Uniprot/Swissprot version 

01/2021) and a processed PF4 protein amino acid sequence (32-101aa) with the following search 

parameters applied: 10 ppm of mass tolerance for precursor ions and 0.02 Da for fragment ions; 

specified enzyme: trypsin; missed cleavages: 2; fixed modification: carbamidomethylation at cysteine; 
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variable modification:  methionine oxidation. Only high‐confidence peptides (FDR) <1%) based on the 

target‐decoy approach were considered for protein group definition. Protein intensities were derived 

from extracted precursor intensities at a S/N value 1.5. 

Data acquired in DIA mode were analysed with Spectronaut version 14.10.201222.47784 (Biognosis, 

Zurich, Switzerland) in directDIA mode using the human uniprot database (version 01/2021) with 

added SARS Cov2 spike protein (YP_009724390. 1) sequence and protein sequences of ChAdOx1 

nCoV-19 vector9 consisting of chimpanzee adenovirus Y2510 (NC_017825) with exchanged regions 

(E4ORF4, E4ORF6, E4ORF6/7) from human adenovirus 5 (AC_000008). Identifications were based on a 

precursor Q-value cut-off of 0.001 and a FDRprotein of 0.01. The complete Spectronaut parameters are 

listed in Supplementary Table S2. 

Supplementary Table S2: The complete Spectronaut parameters. 

parameter level parameter setting 

Peptides Toggle N-terminal M TRUE 

Peptides Min Peptide Length 7 

Peptides Max Peptide Length 52 

Peptides Missed Cleavages 2 

Peptides Digest Type Specific 

Peptides Enzymes / Cleavage Rules Trypsin/P 

Data Extraction MS1 Mass Tolerance Strategy Dynamic 

Data Extraction MS1 Mass Tolerance Strategy - Correction Factor 1 

Data Extraction MS2 Mass Tolerance Strategy Dynamic 

Data Extraction MS2 Mass Tolerance Strategy - Correction Factor 1 

XIC Extraction XIC IM Extraction Window Dynamic 

XIC Extraction XIC IM Extraction Window - Correction Factor 1 

XIC Extraction RT IM Extraction Window Dynamic 

XIC Extraction RT IM Extraction Window - Correction Factor 1 

Modifications Max Variable Modifications 5 

Modifications Select Modifications - fixed Modifications Carbamidomethyl (C) 

Modifications Select Modifications - variable Modifications Oxidation (M) 

Calibration MS1 Mass Tolerance Strategy System Default 

Calibration MS2 Mass Tolerance Strategy System Default 

Identification Machine Learning Per Run 

Identification Precursor PEP Cutoff 1 

Identification Protein Qvalue Cutoff 0.01 

Identification Exclude Single Hit Proteins FALSE 

Identification PTM Localization TRUE 

Identification PTM Localization - Probability Cutoff 0.75 

Identification Pvalue Estimator Kernel Density Estimator 

Identification Precursor Qvalue Cutoff 0.001 

Identification Single Hit Definition By Stripped Sequence 

Quantification Interference Correction TRUE 

Quantification Best N Fragments per Peptide TRUE 

Quantification Best N Fragments per Peptide - Min 6 

Quantification Best N Fragments per Peptide - Max 10 
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Quantification Quantity MS-Level MS2 

Quantification Quantity Type Area 

Quantification Data Filtering Qvalue sparse 

Quantification Data Filtering - Imputing Strategy No Imputing 

Quantification Cross Run Normalization FALSE 

Workflow MS2 DeMultiplexing Automatic 

Workflow Run Limit for directDIA Library -1 

Workflow Profiling Strategy iRT Profiling 

Workflow Profiling Strategy - Profiling Row Selection Minimum Qvalue Row Selection 

Workflow Profiling Strategy - Profiling Row Selection - Qvalue Threshold 0.001 

Workflow Profiling Strategy - Profiling Target Selection Profile only non-identfied Precursor 

Workflow Profiling Strategy - Profiling Target Selection - Identification Criterion Qvalue 

Workflow Profiling Strategy - Profiling Target Selection - Threshold 0.001 

Workflow Profiling Strategy - Carry-over exact Peak Boundaries FALSE 

Workflow Profiling Strategy - Unify Peptide Peaks Strategy Select corresponding Peak 

 

The Spectronaut output data was used to calculate size corrected protein intensities using the iBAQ 

algorithm (parameters: at least 3 unique peptides per protein, precursor Q-value < 0.001, methionine 

oxidized peptides removed).11,12 

Data analysis and generation of plots was carried out using R13 (version 4.0.2) depending on the 

tidyverse14 (version 1.3.0, Peptides15 (version 2.4.3), OrgMassSpecR16 (version 0.5-3), scales17 (version 

1.1.1). The localization information of the proteins was extracted from reviewed uniport entries. 
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Supplementary Figure S10  

 

Figure S10: Proteome profiling of ChAdOx1 nCoV-19 vaccine components.  

A) iBAQ protein intensities of human and ChAdOx1 nCoV-19 proteins. For vaccine LOTs  1-4 iBAQ 
protein intensities were summed per protein class and resulting percentages were calculated and 
plotted in a stacked barplot (grey = human proteins, blue = ChAdOx1 nCoV-19 proteins & SARS-CoV-2 
spike protein).  

B) Protein identification count of human and ChAdOx1 nCoV-19 proteins. Human and ChAdOx1 nCoV-
19 proteins with at least 3 peptides were counted per LOT and displayed in in a stacked barplot (grey 
= human proteins, blue = ChAdOx1 nCoV-19 proteins & SARS-CoV-2 spike protein). 

C) iBAQ protein intensities and theoretical molecular masses of identified proteins. Protein intensities 
of vaccine LOTs 1-4 were calculated using the iBAQ algorithm (min. 3 unique peptides per protein) 
and plotted against theoretical molecular mass. Proteins were colored according to their respective 
class. Blue dots indicate ChAdOx1 nCoV-19 proteins, gray proteins represent human proteins, green 
dots are human proteins which are localized in the cell membrane (uniprot annotation) and the red 
dot indicates the SARS-CoV-2 spike protein. 

Results of the proteomics and immunoproteomics profiling 

PF4 preparation 

Protein composition was also assessed for platelet factor 4 (PF4) preparations. No proteins other than 

PF4 and PF4 variant 1 were present. PF4 lacking the signal sequence constituted by far the largest 

fraction and PF4 variant 1, the non-processed form still containing the signal sequence, occurred in a 

minor proportion (1.6-2.0%) (Supplementary Table S3, separate file). 
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ChAdOx1 nCoV-19 vaccine 

Protein composition of the ChAdOx1 nCoV-19 vaccine was initially analyzed by SDS-PAGE for four 

vaccine LOTs that were used at University Medicine Greifswald. Silver-staining of the proteins 

revealed a protein pattern which was consistently more complex in all four tested LOTs than expected 

for the proteins constituting the virus particle alone (Supplementary Figure S9). Therefore, these 

vaccine samples were profiled by mass spectrometry. This proteome analysis revealed a surprisingly 

large number of proteins of 1856 – 1939 proteins per LOT (3 unique peptides per protein), including 

21 proteins assigned to the vector and the SARS-CoV-2 spike protein (Supplementary Table S3). 

Between 43% and 60% of the total protein content per LOT of the vaccine comprised human proteins, 

originating from the HEK-293 T-Rex cell line (derivate of HEK-293 cells), which were co-purified with 

the virus particles (Supplementary Figure S10 A, B). Supplementary Figure 10 C indicates that the 

vector proteins were generally the most abundant proteins and that the human proteins were 

approximately 63-120fold lower in abundance than the vector proteins. However, taking the 40th 

percentile of the vector proteins as the intensity threshold, several human proteins (n=11-24) were 

quantified above this threshold and thus have protein intensities similar to the vector proteins. This 

pattern was conserved in all four vaccine LOTs tested. Analysis of the putative location of all human 

proteins observed revealed that 20–21 of these proteins were assigned to the cell membrane, thus 

constituting candidate proteins which are directly exposed to immune cells and antibodies in vivo. 

The SARS-CoV-2 spike protein was also identified in all four vaccine LOTs albeit at a level 

approximately 2500fold lower than the most abundant vector protein. This observation probably 

indicates low expression of the encoding gene during virus production in the HEK-293 T-Rex host cell 

line. 

 

S4 Effects of EDTA 

S4.1 Whole blood immunofluorescent platelet activation assay 

Citrated whole blood was obtained from healthy donors who did not take anti-platelet medication or 

non-steroidal anti-inflammatory drugs (NSAIDs). 5 µL whole blood were transferred to 5 mL 

polypropylene tubes (Sarstedt, Germany) and incubated for 20 min at 37°C with EDTA in a final 

concentration of 0.00002 mM, polyphosphate (PP70) in a concentration of 2 or 0.2 µg/mL or DNA (21-

mer or 10-mer) at a final concentration of 1 or 0.1 µg/mL. Each sample was stained with 1 µL CD61-PE 

(clone SZ21, Beckman Coulter, USA) and 1 µL CD62P-PE-Cy5 (Becton Dickinson, USA) for 10 min at RT 

in the dark, followed by a fixation step of 20 min at RT with 2% PFA (Morphisto, Germany). For a 

washing step 500 µL PBS was added to each sample before centrifugation with 650 x g, 7 min, RT. The 

supernatant was discarded, the pellet was resuspended in 500 µL 1x BD FACS Lysing Solution (Becton 

Dickinson, USA, diluted from 10x stock solution in A. dest.) and incubated at least 10 min before 

starting flow cytometry using a Cytomics FC500 (Beckman Coulter, USA).  
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Statistical analyses were performed with GraphPad Prism version 7.04 software. Platelets were 

positively gated using CD61-PE and activation was determined by the degree of granule release 

measured using CD62P-PE-Cy5 antibody and given as mean fluorescence intensity (MFI) of the CD62P 

positive gated events multiplied by the percentage of gated platelets. The gate was set accordingly by 

a not activated negative control containing PBS instead of EDTA. A final concentration of 20 µM 

thrombin receptor activating peptide (TRAP-6, Hart Biologicals, UK) served as a positive control for 

each whole blood sample. Statistical significance was determined by using unpaired t-tests. 

Low concentrations of EDTA (2 µM) induced granule release in platelets (median MFI x percent gated; 

1819 (1433-3496), p=0.0039). 2 µg/mL and 0.2 µg/mL polyphosphates also induced granule release 

(1721 (748-3069), p=0.0165) and (1079 (652.6-1976), p=0.0147), respectively. None of the tested 

DNA fragments or concentrations induced granule release in platelets. 

Supplementary Figure S11 

 

Figure S11: Flow cytometric whole blood platelet activation assay. Platelet population was gated and 
CD62P expression was detected after incubation of whole blood by indicated substances. Negative 
signals were localized within the grey background area. (*indicates a significant difference with 
p<0.05, **indicates a significant difference with p<0.001)
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S4.2 Vascular hyperpermeability assay 

As described previously,18 Miles edema assays19 were performed on wild-type 25 week old male 

C57BL/6 mice anesthetized by intraperitoneal injection of ketamine (120 mg kg-1 BW) and xylazine 

(16 mg kg-1 BW) in saline (10 mL kg-1 BW). Dorsal skin edema was induced by intradermal injections 

of 50 μL ChAdOx1 nCoV-19 vaccine (AstraZeneca, LOT ABV3374), EDTA, 100 μM (ED2SS, Sigma-

Aldrich, Germany) or 0.9% saline (B. Braun, Germany). Then, 0.25% Evans blue (10 μL/g in saline) 

(E2129, Sigma-Aldrich) was injected into the retro-orbital plexus as tracer. After 30 min, the mice 

were sacrificed by cervical dislocation and the skins were removed and photographed. The size of 

edema was assessed using ImageJ software and extravasated Evans blue tracer was quantified in 

equally sized skin samples by measuring absorbance at 620 nm following 24 h incubation of excised 

skin in 500 μL formamide at 55°C overnight, as described.20 Mice were treated according to national 

guidelines for animal care at the animal facilities of University Medical Center Hamburg-Eppendorf 

and approved by local authorities (#56/18). All procedures were conducted in accordance with 3Rs 

regulations.  

 

Supplementary Figure S12 

 

Figure S12: Skin edema formation in wild-type mice was induced by intradermal injection of 50 µL 
EDTA (100 µM), ChAdOx1 nCoV-19, or saline, each. Evans blue was intravenously infused as a tracer 
and after 30 min spots with extravasated tracer were excised and dye was extracted and quantified. 
Columns show means ± SEM, n = 6 per group.
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S5 Preformed antibodies and proinflammatory signal occurring close 

to vaccination  

S5.1 Detection of antibodies binding to vaccine proteins 

The binding of antibodies to vaccine components was determined by immunoblotting using the Peggy 

Sue Simple Western Assay (ProteinSimple, Santa Clara, CA, USA) as described previously.21 In brief, 

the 12-230 kDa Size Separation kit was used to separate the vaccine components of LOT3. Control 

and VITT patient sera in different dilutions (1:25, 1:100, 1:500, 1:2000) and a goat anti-human IgG 

(H+L) POD-conjugated antibody (109-035-088, Jackson ImmunoResearch Europe Ltd., Ely, UK) at a 

final concentration of 0.8 ng/mL were used as primary antibody and secondary antibody, respectively. 

The chemiluminescence signals were detected at the exposure times: 5, 15, 30, 60, 90, 120, 240, 480 

s. The chemiluminescence signals were aggregated (High Dynamic Range 4.0 method) and converted 

to lane views using the Compass SW software Version 4.0 (ProteinSimple). 

Supplementary Figure S13 

 

Figure S13: Binding of human antibodies to ChAdOx1 nCoV-19 vaccine components.  

A) Binding of IgG antibodies to LOT 3 vaccine was determined in a Peggy Sue Simple Western Assay 
(ProteinSimple, Santa Clara, CA, USA) using sera from healthy individuals and VITT patients at a serum 
dilution of 1:100. The lane view is based on aggregated signals.  

B) Quantification of IgG antibody signals of sera from controls and VITT patients. Recorded IgG 
antibody signal intensities are plotted against molecular mass. IgG antibody profiles for sera of 
controls (grey colors) and VITT patients (red colors) are displayed for ChAdOx1 nCoV-19 vaccine LOT 
3. 

The human proteins that were identified in of the ChAdOx1 nCoV-19 vaccine LOTs might also 

constitute targets of human autoantibodies. In order to profile to which degree constituents of the 

vaccine might be recognized by pre-existing antibodies, one of the vaccine LOTs was used to detect 

A B 
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IgG-binding in sera from normal individuals not vaccinated against or infected with SARS-CoV-2. 

Indeed, for three of the four sera tested binding of IgG to vaccine components was detected, 

displaying different specificities and intensities for the different sera (Supplementary Figure S13 A, B). 

Testing of sera from three VITT patients of University Medicine Greifswald indicated that two of them 

also displayed IgG binding. A particular strong signal occurred in a peak molecular mass of 64-66 kDa 

(Supplementary Figure S13 A, B), in which one would also expect the chimpanzee adenovirus protein 

pre-hexon-linking protein IIIa (YP_006272957.1; 65885 Da) in VITT patients. Since the sera of these 

patients were obtained approximately two weeks after vaccination with the ChAdOx1 nCoV-19 

vaccine, the strong IgG signals might be directed against this target.  

 

S6 Interaction of anti-PF4 antibodies from VITT patients with platelets  

S6.1 PF4/heparin ELISA 

Binding of immunoglobulin G antibodies from sera of VITT patients to PF4/heparin complexes was 

measured by a solid phase PF4/heparin ELISA performed in flat-bottomed microwell plates (Cat. No. 

478042 Thermo Scientific, CovaLink). PF4/heparin complexes of 0.5 IU/mL unfractionated heparin 

(UFH; Heparin-Natrium 25000 IE/ 5 mL, Ratiopharm) with 20 µg/mL PF4 in presence or absence of 20 

µM FeCl3 were formed in coating buffer (50 mM NaH2PO4, 0.1% NaN3) at RT for 1 h and incubated for 

seven days at 4°C and washed five times with washing buffer (150 mM NaCl, 1% Tween20 pH 7.5) 

before use. 100 µL/microwell of serum samples (diluted to 1:200 if not indicated otherwise) in sample 

diluent (0.05 M NaH2PO4, 0.15 M NaCl, 7.5% goat normal serum, pH 7.5) was incubated for 60 min at 

RT and then washed five times. Binding of human IgG was detected with chromogenic 

tetramethylbenzidine substrate (100 µL/microwell) (Kementec, Taastrup, Denmark) in the presence of 

horseradish peroxidase-conjugated to goat anti-human IgG (diluted to 1:15,000 in sample diluent) 

(Jackson ImmunoResearch Europe Ltd, Ely, UK), incubated for 60 min at RT and then washed five 

times. The chromogenic substrate reaction was stopped with 1 M H2SO4 (100 µL/microwell) 10 min 

post-incubation at RT, and optical absorbance was measured at 450 nm (reference: 620 nm) (Tecan, 

Männedorf, Switzerland) within 10 min. Blank measurements were subtracted from each sample 

measurement. 

As traces of EDTA were found in the PF4 preparation we tested whether an antibody (induced by the 

EDTA in the vaccine) could react in VITT patient serum. ELISA was performed in the presence of EDTA 

(0.02-20 mM; Titriplex, Merck, Germany), and VITT serum sample added directly before the test 

(Supplementary Figure S14 A). 

As ferric chloride has a very high affinity to EDTA we added the substance to competitively remove 

potentially remaining EDTA from PF4 to exclude an EDTA induced conformational change in PF4. 

Blocking of ready-to-use PF4/heparin coated plates was performed with ferric chloride hexahydrate 



Supplementary Appendix  Mechanism of VITT 

25 
 

(20 µM FeCl3x 6x H2O; Merck) in 200 µL dilution-buffer for 1h prior use. Blocking of PF4/heparin ELISA 

was additionally performed by adding 20 µM FeCl3 directly to the coating-buffer during complex-

forming of 20 µg/mL PF4 and 0.5 IU/mL UFH for 7d. 

Supplementary Figure S14 

 

 

Figure S14: PF4/heparin ELISA (OD450nm-blank) 

A) of 6 VITT sera (diluted 1:200) in absence and presence of EDTA in increasing concentrations (0.02 
to 20 mM) added to each diluted serum sample before testing. 

B, C) of 2 VITT sera (in 3 dilutions; 1:200 to 1:2000) and 1 control serum (diluted 1:200) without (white 
bars) and after blocking (black bars) of PF4/heparin coated wells with 20 µM FeCl3 for 1h at RT (B); or 
using a plate coated with PF4/heparin including 20 µM FeCl3 (black bars) for 7d (C). 
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S6.2 Platelet activation assay with washed platelets (PIPA test) 

Platelet activation and aggregation by VITT patient serum was tested as previously described.22 In 

brief, washed platelets of at least 3 healthy donors were incubated in absence and presence of either 

PF4 (10 mg/mL), DNA (ds-10mer or ds 21-mer, 1 µg/mL) or EDTA (0.2 µM) and serum of VITT patients 

under stirring conditions. Therefore 75 µL platelet suspension was mixed with 20 µL serum before 

starting the stirrer. The time to aggregation was measured up to 45 min. The test was evaluated 

positive if platelets were aggregated within 30 min.  

 

S7 Formation of NETs by anti-PF4 antibodies and DNase activity in the 

sera of VITT patients 

S7.1 Biotinylation of PF4 

Biotinylated PF4 (Cat.-No. 006/16, Chromatec, Greifswald, Germany) was produced by the company 

as described.23 Briefly, heparin sepharose (GE Healthcare, Uppsala, Sweden) was washed 3 times with 

PBS pH 7.4, mixed  with PF4 (Chromatec, Greifswald, Germany) from human platelets for 15 min, and 

then left overnight at 4°C. The PF4-heparin-sepharose suspension was mixed and incubated with 

biotin-XX SE (Molecular Probes, Eugene, OR, USA) for 1h at RT, washed (0.8 M NaCl, 20 mM HEPES, 2 

mM EDTA, pH 7.4), and biotinylated PF4 eluted with high salt buffer (2 M NaCl, 20 mM HEPES, 2 mM 

EDTA, pH 7.4). The concentration of biotinylated PF4 was determined by a bicinchoninic acid protein 

assay kit using bovine serum albumin as standard (Sigma-Aldrich, Taufkirchen, Germany). Binding of 

heparin to biotinylated PF4 is unaffected since the polyanion binding site of PF4 is protected from 

alteration by biotin. 

S7.2 Affinity purification of serum IgG by biotin-PF4 and biotin-PF4/heparin coupled 

magnetic beads 

Coupling of biotinylated PF4 (biotin-PF4) (Cat. No. 006/16, Chromatec, Greifswald, Germany) to 

streptavidin-conjugated paramagnetic microbeads (Dynabeads-SA) (Cat. No. 65601, Dynabeads 

MyOne Streptavidin T1, Invitrogen, USA) was performed according to the manufacturer's instructions. 

Briefly, 250 µL Dynabeads-SA were washed four times with 1 mL PBS (pH 7.4) and resuspended in 250 

µL biotin-PF4 (400 µg/mL PBS). For each sample, 250 µL biotin-PF4 and Dynabeads-SA were co-

incubated for 30 min at RT with gentle rotation and washed four times with 500 µL washing-buffer 

(PBS pH 7.4, supplemented with 0.1% bovine serum albumin; BSA) by magnetic separation. 200 µL of 

serum was added after the last magnetization step, and the sample was incubated for 90 min at 37°C 

under gentle rotation. Beads were then washed four times in 500 µL washing buffer. After the last 

magnetization step, 400 µL acidic elution buffer (0.1 M glycine, pH 2.7) was added for 1 min. The 
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eluate was subjected immediately to a 100k-centrifugal filter device (Amicon Ultra-2, Merck Millipore, 

Darmstadt, Germany) and centrifuged for 5 min, 4000xg. Samples were washed with an additional 

400 µL elution buffer, centrifuged again, and the remaining 100-130 µL supernatant immediately 

neutralized with 10 µL Tris-HCl buffer (1 M, pH 9.0). The protein concentration of each sample was 

measured at 280 nm on a NanoDrop2000 photo spectrometer (ThermoFisher, Waltham, USA) against 

the respective blank (TRIS-neutralized glycin-buffer).  

For affinity purification of serum IgG-elution from biotin-PF4/heparin coupled Dynabeads-SA, 

PF4/heparin complexes of 1.0 IU/mL unfractionated heparin (Heparin-Natrium 25000 IE/5mL; 

Ratiopharm, Germany) with 40 µg/mL biotin-PF4 were formed in 12.5 mL PBS at RT for 1 h. The 

coupling to washed Dynabeads-Streptavidin (250 µL per sample) was performed consecutively in two 

steps with 2500 µL of the complex-solution (2x 1250 µL) for 30 min each and with subsequent steps 

performed as described above. 

S7.3 NETosis assay and confocal laser fluorescence microscopy 

Isolation of neutrophil granulocytes 

EDTA‐anticoagulated whole blood from healthy volunteers who did not take anti-platelet medications 

or non-steroidal anti-inflammatory drugs (NSAIDs) during the previous ten days was mixed with 5% 

dextran 500 solution (Serva Electrophoresis GmbH, Heidelberg, Germany) and incubated for 30 

minutes at 37°C to sediment red blood cells. The white blood cell-rich supernatant was transferred 

onto separating solution (d = 1.077 g/mL; Biocoll, Biochrom AG, Berlin, Germany) and centrifuged at 

310 × g for 20 minutes at RT. After the supernatant was discarded, RBCs were lysed for 5 minutes on 

ice using chilled NH4Cl lysis buffer. The cell suspension was then washed twice with PBS without Ca2+ 

and Mg2+ (Biochrom AG; 140 × g, 5 min at RT), and neutrophils were resuspended in serum-free RPMI 

1640 medium (Cat. No. 21875-034, Gibco, Thermo Fisher Scientific, Germany) and cell concentration 

was adjusted as required. Neutrophils were stored on ice until further use and used within 3 h of 

preparation.  

Preparation of washed platelets 

Platelets were purified from acid-citrate-dextrose solution A (ACD-A) anticoagulated whole blood 

obtained from whole blood from healthy volunteers who did not take antiplatelet medications or 

non-steroidal anti-inflammatory drugs (NSAIDs) during the previous ten days by differential 

centrifugation. Platelet-rich plasma was washed with washing buffer, resuspended in Tyrode's buffer 

containing 0.35% bovine serum albumin and 0.1% glucose, and platelet concentration was adjusted to 

300,000/µL. Washed platelets were stored at 37°C until further use and used within 3 h of 

preparation.  

In vitro NETosis assay and confocal laser fluorescence microscopy 

Neutrophils were resuspended at 1 × 106 /mL in serum-free RPMI media (Cat. No. 21875-034, Gibco, 

Thermo Fisher Scientific, Germany). In vitro, NETosis was studied by incubating neutrophils alone or 
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with PF4 (10 µg/mL), platelets (1 × 106 /mL), PF4 and platelets, serum from healthy controls (1:50 

diluted) or serum from VITT patients (1:50 diluted) in the presence of platelets with or without PF4. In 

addition, neutrophils were also incubated with IgG from the serum of VITT patients (5 µg/mL affinity-

purified from biotin-PF4 and biotin-PF4/heparin coupled magnetic beads) in the presence of platelets 

with or without PF4. All incubations were performed on poly-L-lysin coated µ-Slide 18 Well-Flat 

imaging microchambers (Cat.No:81824, Ibidi, GmbH, Germany) for 60 minutes at 37°C and 5% CO2. 

Fixation was performed in 2% PFA for 30 minutes at RT, and slides were gently washed three times in 

PBS. For fluorescence microscopy, the nuclear DNA and extracellular DNA were stained with DRAQ5 

(Cat. No. ab108410, Abcam, Germany) used at 5 µM. Platelets were immunofluorescently FITC Mouse 

Anti-Human CD61 (Clone RUU-PL7F12, Cat. No. 348093, BD Biosciences, USA) at a final dilution of 

0.25 µg/mL. To demarcate plasma membrane, Lipilight 560 (Membright, Idylle Labs, France) was used 

at 20 nM. All labeling procedures were performed in PBS for 30 minutes under dark. Confocal laser 

microscopy was performed on a Leica SP5 confocal laser scanning microscope (Leica, Wetzlar, 

Germany) equipped with HCX PL APO λ blue 40.0×/1.25 oil objective. For image acquisition, 

fluorophores FITC, Membright 560, and DRAQ5 were excited by Argon-Krypton (488 nm), diode-

pumped solid-state (DPSS), 561 nm, and Helium-Neon (HeNe; 633 nm) laser lines selected with an 

acousto-optic tunable filter (AOTF). Fluorescence emission was collected between 505 and 515 nm 

for FITC (detector HyD), 566 and 600 nm for Lipilight 560 (detector PMT), and between 640 and 655 

nm for DRAQ45 (detector HyD). Image processing was performed on FiJi (ImageJ version 1.53c) 

(Supplementary Figure S15).3,24 

 

S7.4 DNase activity in plasma 

Single radial enzyme diffusion (SRED) assay.  

DNase activity was quantified by SRED assay as previously described.25 In brief, agarose gels 

containing fluorescent double-stranded DNA were prepared by dissolving 45 µg/mL DNA from salmon 

testes (Sigma) in 20 mM Tris-HCl pH 7.8, containing 10 mM MgCl2, 2 mM CaCl2, and 2 x SYBR Safe 

(Invitrogen). The DNA solution was heated at 50°C for 10 minutes and mixed with an equal volume of 

2% ultra-pure agarose (Thermo Scientific). The mixture was poured into plastic trays and stored at RT 

until solidification. Two microliters of sample were loaded into wells of 1.0 mm diameter. After 17 h 

incubation at 37°C in a humid chamber, the fluorescence of the gels was recorded with a fluorescence 

scanner (Bio-Rad ChemiDoc™ Imager). The diameter of DNase digestion was measured using ImageJ.  
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Supplementary Figure S15 

Figure S15: Confocal laser scanning microscopy images of in vitro NETosis. In the presence of PF4 
(Panel A), PF4 and platelets (Panel B), with serum from healthy control with PF4 and platelets (Panel 
C), NETosis was not observed in vitro for up to 60 minutes. Serum from VITT patient (Panel D), 
affinity-purified anti-PF4 IgG from VITT patient induced in vitro NETosis in both the presence of 
platelets without (Panel E) and with (Panel F) PF4.   
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