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Table 1: Donor characteristics.  
p.s.o. = post symptom onset  

 
 
Table 2: Characteristics of the follow-up donors.  
BL = baseline, FU = follow-up. None of the donors required hospitalization.

   

Cohort Subcohort Number 
donors 

Age 
mean 
(St.d.) 

Age 
range 

Gender 
(f/m) 

ICU Hospitalization Mild/ 
asymptomatic 

Measurement 
day p.s.o.  
mean (St.d.) 

Measurement 
day p.s.o.   
range 

Figure(s) 

Orfeome           Fig. 1, S1 
 COVID-19 

convalescents 
59 50.6 

(15.0) 
21-79 
 
 

24/35 20 
 

17 22 
 
 

152 (57) 17-262  

 Unexposed 60 45.7 
(16.1) 

25-76 36/24 - - - - -  

Basic CCC           Fig. 2, 3, S3 
 COVID-19 

WHO 1-2 
133 43.8 

(13.6) 
18-78 85/48 - - 133 128 (74) 21-304  

 COVID-19 
WHO 3-4 

19 53.1 
(12.8) 

31-75 7/12 - 19 - 137 (41) 50-214  

 COVID-19 
WHO 5-7 

22 59.2 
(13.3) 

27-79 6/16 22 - - 143 (59) 61-229  

 Unexposed 568 47.5 
(11.8) 

18-98 439/129 - - - - -  

Other 
pathogen 
pools 

          Fig. 2 

 Young (<30) 20 23.5 
(2.4) 

20-29 11/9 - - - - -  

 Old (>65) 19 70.4 
(3.8) 

65-76 11/8 - - - - -  

Follow-up           Fig. 5 
 COVID-19 

convalescents 
17 39.2 

(10.8) 
22-58 11/6   17 see Table 2 see Table 2  

Vaccination            
 

 Volunteers 31 40.9 
(11.5) 

20-67 12/17 - - - - - Fig. 6, S5 

 

Donor Gender Age Symptoms day 
BL 

day 
FU1 

day 
FU2 

day 
FU 3 

day 
FU4 

A m 18-30 Fatigue, headache, cough, fever, nausea -76 6 12 19 54 
B f 31-50 Cough, loss of taste and smell, body ace -110 - 15 22 29 
C m 31-50 Fatigue, headache, cough, fever, loss of taste and smell, dermatological symptoms, body 

ace  
-32 8 15 22 35 

D f 31-50 Fatigue, headache, cough, fever, loss of taste and smell, nausea, diarrhea, body ache -39 4 12 19 67 
E f 31-50 Fatigue, headache, cough, fever, loss of taste and smell, nausea, diarrhea, dermatological 

symptoms 
-64 7 13 20 48 

F f 31-50 Cough, fever, nausea, diarrhea -73 5 11 18 54 
G f 31-50 Fatigue, headache, cough, fever, body ace -82 4 11 18 58 
H f 31-50 Fatigue, headache, loss of taste and smell, body ace -38 - 10 24 53 
I f 18-30 Fatigue, headache, cough, fever, loss of taste and smell, nausea, diarrhea, dermatological 

symptoms, body ace 
-37 - 11 25 54 

J f 31-50 Fatigue, headache, cough, loss of taste and smell, nausea -19 - 14 23 71 
K m 51-70 Fatigue, headache, cough, fever, body ace -39 - 11 22 58 
L f 51-70 Fatigue, headache, cough, fever, loss of taste and smell, nausea, dermatological 

symptoms, body ace 
-13 9 16 23 57 

M m 51-70 Headache, fever, loss of taste and smell -82 5 12 23 56 
N m 51-70 Fatigue, headache, cough, loss of taste and smell, body ace -56 3 14 - 45 
O f 31-50 Fatigue, headache, fever, diarrhea, dermatological symptoms, body ace -84 6 13 20 42 
P f 31-50 Fatigue, headache, loss of smell, dermatological symptoms, body ace -111 7 15 20 42 
Q m 31-50 Loss of taste and smell -68 8 16 30 66 
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Materials and Methods 
 
Study subjects 
This study was approved by the Institutional Review board of the Charité (EA/152/20) and 
written informed consent was obtained from all participants included (38). Participants who 
tested positive for SARS-CoV-2 RNA in nasopharyngeal swabs by RT-qPCR were classified 
as convalescent donors. All donors were assessed for age, gender, BMI, comorbidities and 
medications (Table 1). Convalescent donors were subclassified according to their symptoms 
into WHO severity grades and information about hospitalization or admission to an intensive 
care unit (ICU) is given in Table 1. Day of infection was set as day -3 prior to reported symptom 
onset. Measurement day post symptom onset is indicated in the graphs or Table 1. Study 
participants who reported symptoms typical for a SARS-CoV-2 infection were RT-qPCR tested 
for virus RNA and positive donors were enrolled for follow-up measurements. Details of the 
follow-up cohort (age, gender, comorbidities, symptoms, measurement timepoints post 
symptom onset) are given in Table 2. 
 
Coronavirus RT-qPCR 
RNA was extracted by using the MagNA Pure 96 system (Roche, Germany). The viral RNA 
extraction was performed using from 200 µl swab dilution (Swab suspended in 4.3 ml cobas 
PCR Media, Roche), eluted in 100µl. Coronavirus detection using 5µl of the RNA eluate was 
based on two genomic targets (E- and N gene, TIB Molbiol, Berlin, Germany) and detection of 
the four endemic CoVs was done in a multiplex format (TIB Molbiol, Berlin, Germany). An 
in-vitro transcribed RNA of equine arteritis virus was used as an internal RT and PCR control. 
Quantification of SARS-CoV-2 was done using the E-gene target and by applying calibration 
curves and using serial diluted photometrically quantified in-vitro transcribed RNA as 
described before (39). All RT-qPCR's were performed using a LightCycler 480 II (Roche). 
 
Blood and serum sampling and PBMC isolation 
Whole blood was collected in lithium heparin tubes for peripheral blood mononuclear cells 
(PBMC) isolation and SST™II advance (all Vacutainer®, BD) tubes for serology. SST™II 
advance tubes were centrifuged at 1000g, 10min and serum supernatant aliquots frozen at -
20°C until further use. PBMCs were isolated by gradient density centrifugation according to 
the manufacturer’s instructions (Leucosep tubes, Greiner; Biocoll, Bio&SELL).  
 
Ex vivo T cell stimulation 
Freshly isolated PBMC were cultivated at 5x106 PBMC in AB-medium containing RPMI 1640 
medium (Gibco) supplemented with 10% heat inactivated AB serum (Pan Biotech), 100 U/ml 
penicillin (Biochrom), 0.1 mg/ml streptomycin (Biochrom). Stimulations were conducted with 
11aa overlapping 15-mer PepMixTM SARS-CoV-2, HCoV-229E, HCoV-OC43, HCoV-NL63, 
HCoV-HKU1 spike glycoprotein peptide pool 1 or 2 (all from JPT) at concentrations of 1 µg/ml 
per peptide respectively. SARS-CoV-2 orfeome stimulations were performed with NCAP-1, 
VEMP-1, VME-1, AP3A (ORF3a), NS6, NS7A, NS7B, NS8, ORF9B, ORF10, Y14 (ORF9c), 
and the ORF1a/b pools: NSP01, NSP02, NSP03a, NSP03b, NSP04, NSP05, NSP06, NSP07, 
NSP08, NSP09, NSP10, NSP11, NSP12, NSP13, NSP14, NSP15, NSP16 (all from JPT) at 
concentrations of 1 µg/ml per peptide respectively. Used control peptide pools were hepatitis 
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B virus protein LEP (HBV-LEP), adenovirus penton protein (HAdV5), influenza A Brisbane 
H1N1 (INFA-HABris), vaccinia virus (VACV), autoantigen actin, human cytomegalovirus 
protein pp65 (HCMVA), all from JPT. Single peptide stimulation was conducted with 1 µg/ml 
of the following peptides: 204 (N´-SKRSFIEDLLFNKVT-C´), 204_1 (N´-
KRSFIEDLLFNKVTL-C´), 204_2 (N´-RSFIEDLLFNKVTLA-C´), 204_3 (N´-
SFIEDLLFNKVTLAD-C´), 205 (N´-FIEDLLFNKVTLADA-C´) or the control peptide 284 
(N´-VNNTVYDPLQPELDS-C´) (all from JPT). Stimulation controls were performed with 
equal concentrations of DMSO in PBS (unstimulated control) and 1.5 mg SEB/1.0 mg TSST1 
(Sigma-Aldrich) or 1 µg/ml per peptide of CEFX Ultra SuperStim pool (JPT) (positive control). 
All approaches contained 1 µg/ml purified anti-CD28 (clone CD28.2, BD Biosciences). 
Incubation was performed at 37˚C, 5% CO2 for 16 h in the presence of 10 µg/ml brefeldin A 
(Sigma-Aldrich) during the last 14 h. CD4+ T cell activation was plotted as Stimulation Index 
(Stim. index) = % of CD40L+4-1BB+ CD4+ T cells in stimulation / % of CD40L+4-1BB+ CD4+ 
T cells in unstimulated control. Dotted lines indicate SI of 1.5 (positive with uncertainty) and 3 
(certainly positive). For CD3low plots the threshold line is set at 20%. 
 
T cell enrichment and expansion 
Activated cells were enriched from stimulated PBMCs by magnetic cell sorting (MACS). Cells 
were stimulated with indicated PepMixes in the presence of 1 µg/ml purified anti-CD28 (clone 
CD28.2, BD Biosciences) and 1 µg/ml purified anti-CD40 (5C3, Biolegend) for 16h followed 
by staining with CD40L-APC (5C8, Miltenyi) and 4-1BB-PE (4B4-1, BD). The activated cells 
were enriched with anti-PE MultiSort MicroBeads (Miltenyi) according to manufacturer’s 
instructions. After release of anti-PE beads a second enrichment was performed with anti-APC 
MicroBeads (Miltenyi). Purity was routinely checked to >80% of alive cells. Feeder cells were 
obtained from the 4-1BB-PE negative fraction by CD3 MicroBead (Miltenyi) depletion and 
subsequent irradiation at 50Gy. Enriched CD40L+4-1BB+ cells were co-cultured with feeder 
cells at a ratio of 1:1 in AB-medium supplemented with 10 ng/ml IL-7 and IL-15 respectively 
(both from Miltenyi) for 10 d followed by 2 d cytokine starvation. Restimulation in the presence 
of CD3 depleted, autologous APC was conducted as described above and indicated in the figure 
legends. For spike glycoprotein epitope identification restimulation was performed with the 
Epitope Mapping Peptide Set SARS-CoV-2 (JPT) according to the manufacturer’s instructions. 
 
Flow Cytometry  
Stimulations were stopped by incubation in 20 mM EDTA for 5 min. Surface staining was 
performed for 15 min in the presence of 1 mg/ml Beriglobin (CSL Behring) with the following 
fluorochrome-conjugated antibodies titrated to their optimal concentrations: CD3-FITC 
(REA613, Miltenyi), CD4-VioGreen (REA623, Miltenyi), CD8-VioBlue (REA734, Miltenyi), 
CD38-APC (REA671, Miltenyi), HLA-DR-PerCpVio700 (REA805, Miltenyi). During the last 
10 min of incubation, Zombie Yellow fixable viability staining (Biolegend) was added. Fixation 
and permeabilization were performed with eBioscienceTM FoxP3 fixation and PermBuffer 
(Invitrogen) according to the manufacturer’s protocol. Intracellular staining was carried out for 
30 min in the dark at room temperature with 4-1BB-PE (REA765, Miltenyi) and CD40L-
PeVio770 (REA238, Miltenyi). All samples were measured on a MACSQuant® Analyzer 16 
(Miltenyi). Instrument performance was monitored prior to every measurement with Rainbow 
Calibration Particles (BD).  
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SARS-CoV-2 IgG S1 ELISA 
Anti-SARS-CoV-2 IgG and IgA ELISA specific for S subunit 1 (S1) using a commercial kit 
(EUROIMMUN Medizinische Labordiagnostika AG) were performed according to the 
manufacturer’s instructions and described previously (40). Maximum values were set as 10 for 
IgA.   
 
SARS-CoV-2 Neutralization Assay 
Neutralization activity of SARS-CoV-2 specific antibodies was assessed with a plaque 
reduction neutralization test (PRNT) as described before (39). Vero E6 cells (1.6 x105 
cells/well) were seeded in 24-well plates overnight. Sera were diluted in OptiPro and mixed 1:1 
with 200µl virus (Munich isolate 984) solution containing 100 plaque forming units and 
incubated at 37°C for 1 hour. Plated Vero cells were incubated with 200µl serum-virus solution. 
After 1 hour at 37°C, the supernatants were discarded and cells were washed once with PBS 
and overlaid with 1.2% Avicel solution in DMEM. After 3 days at 37°C, the supernatants were 
removed, the cells were fixed with 6% formaldehyde in PBS and stained with crystal violet. All 
dilutions were tested in duplicates.  
 
Epitope specific antibody ELISA 
400 nM of biotinylated peptide 204_-1(Biotin-Ttds-PSKPSKRSFIEDLLFNKV-OH, 
overlapping with 204_3 by 11 aa (cursive letters), Ttds linker = N-(3-{2-[2-(3-Amino-
propoxy)-ethoxy]-ethoxy}-propyl)-succinamic acid, JPT Peptide Technologies) was coated 
on a 96 well Streptavidin plate (Steffens Biotechnische Analysen GmbH) for 1 h at RT. 
After blocking (1 h, 30°C) serum samples were diluted 1:100 and incubated for 1 h at 30°C. 
HRP-coupled, anti-human-IgG secondary antibody (Jackson Immunoresearch) was diluted 
1:5000 (Jackson Immunoresearch) and added to the serum samples for 1 h at 30°C, then 
HRP substrate was added (TMB, Kem-En-Tec). The reaction was stopped by adding 
sulfuric acid and absorption was measured at 450 nm using a FlexStation 3. 
 
HLA typing and analysis 
HLA typing has been performed by LABType® CWD assays (One Lambda, West Hills, CA, 
USA) based on reverse sequence-specific oligonucleotides (rSSO) according to the 
manufacturer’s instructions. Briefly, the HLA genomic region has been amplified individually 
using locus-specific biotinylated primers for HLA-DRB1, -DQA1, -DQB1, -DPA1 and –DPB1. 
Amplicons were hybridized to HLA allele- and allele-group-specific probes attached to 
Luminex® beads. Complementary binding was detected by addition of R-phycoerythrin-
conjugated streptavidin and acquired using a FLEXMAP 3D flow analyzer (Luminex, Austin, 
TX, USA). HLA typings were derived as 2-field typing results with the highest probability as 
referenced in the catalogue of common and well-documented HLA alleles version 2.0.0 33. 
IEDB Analysis Resource (www.IEDB.org (41, 42), 2.22 method) was used for MHC class II 
binding prediction of the peptide 204_3 and homologous HCoV epitopes. For the purpose of 
this analysis, we refer to an individual as ‘homozygous’ if the two corresponding alleles of the 
same locus are identical in the first two fields.  
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Homology score 
For the calculation of the homology score all possible 9mers were generated for each respective 
PepMix of SARS-CoV-2. Each of the 9mers was scored against each unique 9mer from the 
proteomes of the corona viruses 229E, NL63, OC43 and HKU1 (isolates N1, N2, N5) using the 
PAM30 substitution matrix. The homology score is the percentage of comparisons with a 
pairwise 9mer-score above 30.  
 
Data analysis and statistics 
Study data were collected and managed using REDCap electronic data capture tools hosted at 
Charité (43, 44). Flow cytometry data were analyzed with FlowJo 10.6 (FlowJo LLC) and 
statistical analysis conducted with GraphPad Prism 9. If not stated otherwise, data are plotted 
as mean. N indicates the number of donors. P-values were set as follows: *p<0.05, ** p<0.01, 
and *** p<0.001. 
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Fig. S1: HCoV homology scores and SARS-CoV-2 peptide pool reactivity  
(A) Similarity between SARS-CoV-2 and the different endemic coronaviruses 229E, NL63, 
OC43 and HKU1 (isolate N1). Scores were calculated using a PAM30 substitution matrix for 
all 9mers of the respective antigen against all 9mers of the proteome of SARS-CoV-2. The 
homology score is the percentage of 9mer pairs with a score above 30. (B) Frequency of donors 
with reactive T cells against indicated peptide pools in unexposed and COVID-19 
convalescents from Fig. 1A with a stim. index ≥ 3.  
 
Fig. S2: CD3low gating in flow cytometry 
Representative dot plot of gating for CD3low cells within non-reactive CD4+ T cells and S-II-
reactive CD40L+4-1BB+ CD4+ T cells. Cells were pre-gated on alive, doublet-free CD4+ 
lymphocytes.  
 
Fig. S3: Identification of iCope by narrowing down the sequence regions mapped in 
SARS-CoV-2 peptide pools that exhibited highest T cell cross-reactivity. 
(A) Expanded SARS-CoV-2 S-I or S-II specific CD40L+4-1BB+ CD4+ short-term-culture T 
cells were restimulated with autologous APC in the presence of different matrix pools and the 
frequency of CD40L+4-1BB+ reactive cells determined. Cut-off line is set at 0.01 based on 
unstimulated controls. (B) Expanded SARS-CoV-2 S-I or S-II reactive CD40L+4-1BB+ CD4+ 

T cells were restimulated with autologous APC in the presence of single peptide candidates 
determined from matrix stimulation (shown in A) and the frequency CD40L+4-1BB+ reactive 
CD4+ T cells was determined. Cut-off line is set at 0.5 based on unstimulated controls. (C) 
Position of single peptides 204 and 205 (yellow) in sequence overlay of the known 7 human 
coronaviruses. Color code indicates homology: black = identical amino acid, grey = 
conservative amino acid replacement. (D) Identification of the dominant peptide at the 204 to 
205 sequence intersection. The number behind the underline character indicates the number of 
amino acids by which the 15-mer was shifted towards the C-terminus beginning with the 
sequence of 204 and ending with the sequence of 205. Only a selection of donors is shown that 
displayed a stim. index ≥ 3 for a minimum of one stimulation. (E, F) MHC-II HLA binding 
prediction of HLA-DPA1*01:03/DPB1*02:01, HLA-DPA1*01:03/DPB1*04:01 and HLA-
DPA1*01:03/DPB1*04:02 with iCope and fragments thereof (E) or HCoV derived homologous 
peptides and fragments thereof (F). 
 
Fig. S4: SARS-CoV-2 RNA concentration kinetics. 
Viral RNA copies per mL diluted swab at indicated time points. Dotted line indicates the limit 
of quantification. nd, no SARS-CoV-2 RNA detection in this sample. Donors with stim. index 
≥ 3 for SARS-CoV-2 S-II at baseline shown as red circles, individuals with stim. index ≤ 3 
shown with white circles.  
 
Fig. S5: Individual T cell responses to vaccination 
Individual vaccinee response kinetics of CD40L+4-1BB+ CD4+ T cells upon stimulation with S-
I or S-II, as shown in Fig. 6B. *p<0.05, **p<0.01, ***p<0.001 and ns for p>0.05 (Paired 
Student’s t-test). Secondary vaccination occurred on day 21. 
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VEYGSFCDNINAILTEVNELLDTTQLQVANSLMNGVTLSTKLKDGVNFNVDDINFSPVLGCLGSECSKASSRSAIEDLLFDKVKLSDVGF
REYGQFCSKINQALHGANLRQDDSVRNLFASVKSSQSSPI-----IPGFGGDFNLTLLEP-VSISTGSRSARSAIEDLLFDKVTIADPGY
LQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQMYKTPT-----LKYFGGF-NFSQILP-DP---LKPTKRSFIEDLLFNKVTLADAGF
LQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPP-----IKDFGGF-NFSQILP-DP---SKPSKRSFIEDLLFNKVTLADAGF
 2Y   C  6   L             6                 6       1   6             RS 6ED6LF K6     G 
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NL63       : 
229E       : 
HKU1       : 
OC43       : 
MERS       : 
SARS       : 
SARS-CoV-2 : 
             

                                                                                          
      1180         *      1200         *      1220         *      1240         *      1260
VDVDYKSCT--KGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGMVLGGLTSA----AAIPFSLALQARLNYVALQTDVLQENQ
VDADYKKCT--KGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSA----VSIPFSLAIQARLNYVALQTDVLQENQ
VE-AYNNCT--GGSEIRDLLCVQSFNGIKVLPPILSETQISGYTTAATVAAMFPPWSAA----AGVPFSLNVQYRINGLGVTMDVLNKNQ
VE-AYNNCT--GGAEIRDLICVQSYKGIKVLPPLLSENQISGYTLAATSASLFPPWTAA----AGVPFYLNVQYRINGLGVTMDVLSQNQ
MQ-GYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSFAAIPFAQSIFYRLNGVGITQQVLSENQ
MK-QYGECL--GDINARDLICAQKFNGLTVLPPLLTDDMIAAYTAALVSGTATAGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQ
IK-QYGDCL--GDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQ
6   Y  C         DL C Q   G  VLP 6        YT            3        6PF   6  R N 6 6   VL  NQ

       
       
 :  972
 :  791
 : 1001
 : 1004
 :  994
 :  902
 :  920
       

             
             
NL63       : 
229E       : 
HKU1       : 
OC43       : 
MERS       : 
SARS       : 
SARS-CoV-2 : 
             

                                                                                          
         *      1280         *      1300         *      1320         *      1340         *
KILAASFNKAINNIVASFSSVNDAITQTAEAIHTVTIALNKIQDVVNQQGSALNHLTSQLRHNFQAISNSIQAIYDRLDSIQADQQVDRL
KILAASFNKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVVNQQGNSLNHLTSQLRQNFQAISSSIQAIYDRLDTIQADQQVDRL
KLIANAFNKALLSIQNGFTATN--------------SALAKIQSVVNANAQALNSLLQQLFNKFGAISSSLQEILSRLDNLEAQVQIDRL
KLIANAFNNALYAIQEGFDATN--------------SALVKIQAVVNANAEALNNLLQQLSNRFGAISASLQEILSRLDALEAEAQIDRL
KLIANKFNQALGAMQTGFTTTN--------------EAFHKVQDAVNNNAQALSKLASELSNTFGAISASIGDIIQRLDVLEQDAQIDRL
KQIANQFNKAISQIQESLTTTS--------------TALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRL
KLIANQFNSAIGKIQDSLSSTA--------------SALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRL
K 6A  FN A6  6                       Al K6Q vVN    aLn L  2L   F AIS  6  I  RLD 62a  Q6DRL

       
       
 : 1062
 :  881
 : 1077
 : 1080
 : 1070
 :  978
 :  996
       

             
             
NL63       : 
229E       : 
HKU1       : 
OC43       : 
MERS       : 
SARS       : 
SARS-CoV-2 : 
             

                                                                                          
      1360         *      1380         *      1400         *      1420         *      1440
ITGRLAALNAFVSQVLNKYTEVRSSRRLAQQKINECVKSQSNRYGFCGNGTHIFSIVNSAPDGLLFLHTVLLPTDYKNVKAWSGICVDGI
ITGRLAALNVFVSHTLTKYTEVRASRQLAQQKVNECVKSQSKRYGFCGNGTHIFSIVNAAPEGLVFLHTVLLPTQYKDVEAWSGLCVDGT
INGRLTALNAYVSQQLSDITLIKAGASRAIEKVNECVKSQSPRINFCGNGNHILSLVQNAPYGLLFIHFSYKPTSFKTVLVSPGLCLSGD
INGRLTALNAYVSQQLSDSTLVKFSAAQAMEKVNECVKSQSSRINFCGNGNHIISLVQNAPYGLYFIHFSYVPTKYVTARVSPGLCIAGD
INGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSKRSGFCGQGTHIVSFVVNAPNGLYFMHVGYYPSNHIEVVSAYGLCDAAN
ITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQAAPHGVVFLHVTYVPSQERNFTTAPAICHEGK
ITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGK
I GRL  L  5V q L        s   A  K6 ECV  QS R  FCG G H6 S    AP G6 F6H    P           6C  g 

       
       
 : 1152
 :  971
 : 1167
 : 1170
 : 1160
 : 1068
 : 1086
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allele 
DPA1*01:03/ length peptide 

adjusted 
rank 

DPB1*04:02 14 SAIEDILFSKLVTS 2,58 
DPB1*04:01 14 SAIEDILFSKLVTS 2,69 
DPB1*04:02 15 SAIEDILFSKLVTSG 3,4 
DPB1*04:01 13 SAIEDILFSKLVT 3,59 
DPB1*04:01 15 SAIEDILFSKLVTSG 3,8 
DPB1*04:02 13 SAIEDILFSKLVT 4,21 
DPB1*04:01 13 AIEDILFSKLVTS 4,68 
DPB1*04:01 14 AIEDILFSKLVTSG 4,74 
DPB1*04:02 14 AIEDILFSKLVTSG 4,74 
DPB1*04:01 12 SAIEDILFSKLV 4,74 
DPB1*02:01 14 SAIEDILFSKLVTS 4,85 
DPB1*04:02 13 AIEDILFSKLVTS 4,99 
DPB1*02:01 15 SAIEDILFSKLVTSG 5,9 
DPB1*04:01 12 AIEDILFSKLVT 6,52 
DPB1*04:02 12 SAIEDILFSKLV 6,52 
DPB1*02:01 13 SAIEDILFSKLVT 6,55 
DPB1*04:01 11 AIEDILFSKLV 8 
DPB1*04:02 12 AIEDILFSKLVT 8,9 
DPB1*02:01 14 AIEDILFSKLVTSG 9,05 
DPB1*04:01 11 SAIEDILFSKL 9,14 
DPB1*02:01 12 SAIEDILFSKLV 9,19 
DPB1*04:02 13 IEDILFSKLVTSG 9,51 
DPB1*04:01 13 IEDILFSKLVTSG 9,67 
DPB1*02:01 13 AIEDILFSKLVTS 9,98 
DPB1*04:01 12 IEDILFSKLVTS 10,97 
DPB1*02:01 13 IEDILFSKLVTSG 11,7 
DPB1*04:02 12 IEDILFSKLVTS 11,86 
DPB1*04:02 11 AIEDILFSKLV 12,57 
DPB1*02:01 11 SAIEDILFSKL 14,28 
DPB1*04:02 11 SAIEDILFSKL 14,28 
DPB1*02:01 12 IEDILFSKLVTS 14,83 
DPB1*04:01 11 IEDILFSKLVT 16,57 

 

F
229E NL63 OC43 HKU1

allele 
DPA1*01:03/ length peptide adjusted rank 
DPB1*04:01 13 SLLEDLLFNKVKL 2,03 
DPB1*04:01 14 SLLEDLLFNKVKLS 2,05 
DPB1*04:02 14 SLLEDLLFNKVKLS 2,91 
DPB1*04:01 15 SLLEDLLFNKVKLSD 3 
DPB1*04:02 13 SLLEDLLFNKVKL 3,12 
DPB1*04:02 15 SLLEDLLFNKVKLSD 4 
DPB1*04:01 13 LLEDLLFNKVKLS 4,05 
DPB1*04:01 12 SLLEDLLFNKVK 4,15 
DPB1*04:01 14 LLEDLLFNKVKLSD 4,2 
DPB1*04:01 11 SLLEDLLFNKV 4,23 
DPB1*04:01 12 LLEDLLFNKVKL 5,04 
DPB1*04:02 13 LLEDLLFNKVKLS 5,93 
DPB1*04:02 14 LLEDLLFNKVKLSD 6,14 
DPB1*04:02 12 SLLEDLLFNKVK 6,23 
DPB1*04:02 11 SLLEDLLFNKV 7,43 
DPB1*02:01 14 SLLEDLLFNKVKLS 7,65 
DPB1*04:02 12 LLEDLLFNKVKL 7,71 
DPB1*02:01 15 SLLEDLLFNKVKLSD 8,1 
DPB1*02:01 13 SLLEDLLFNKVKL 8,58 
DPB1*04:01 11 LLEDLLFNKVK 9,14 
DPB1*04:01 13 LEDLLFNKVKLSD 11,38 
DPB1*02:01 14 LLEDLLFNKVKLSD 14 
DPB1*04:01 12 LEDLLFNKVKLS 14,53 
DPB1*04:02 11 LLEDLLFNKVK 14,85 
DPB1*02:01 13 LEDLLFNKVKLSD 17,15 
DPB1*04:02 13 LEDLLFNKVKLSD 17,15 
DPB1*02:01 13 LLEDLLFNKVKLS 18,71 

 

allele 
DPA1*01:03/ length peptide adjusted rank 
DPB1*04:01 14 SALEDLLFSKVVTS 3,77 
DPB1*04:02 14 SALEDLLFSKVVTS 4,2 
DPB1*04:01 13 SALEDLLFSKVVT 4,21 
DPB1*04:01 15 SALEDLLFSKVVTSG 5,1 
DPB1*04:02 15 SALEDLLFSKVVTSG 5,4 
DPB1*04:02 13 SALEDLLFSKVVT 5,46 
DPB1*04:01 12 SALEDLLFSKVV 5,63 
DPB1*04:01 13 ALEDLLFSKVVTS 7,02 
DPB1*04:01 14 ALEDLLFSKVVTSG 7,11 
DPB1*04:02 12 SALEDLLFSKVV 7,41 
DPB1*04:02 14 ALEDLLFSKVVTSG 7,86 
DPB1*04:02 13 ALEDLLFSKVVTS 8,11 
DPB1*02:01 14 SALEDLLFSKVVTS 8,83 
DPB1*04:01 12 ALEDLLFSKVVT 9,49 
DPB1*02:01 13 SALEDLLFSKVVT 10,14 
DPB1*04:01 11 ALEDLLFSKVV 10,28 
DPB1*04:01 11 SALEDLLFSKV 10,28 
DPB1*02:01 15 SALEDLLFSKVVTSG 11 
DPB1*04:02 12 ALEDLLFSKVVT 13,94 
DPB1*02:01 12 SALEDLLFSKVV 14,23 
DPB1*02:01 14 ALEDLLFSKVVTSG 15,08 
DPB1*04:02 11 ALEDLLFSKVV 17,14 
DPB1*02:01 13 ALEDLLFSKVVTS 17,15 
DPB1*04:01 13 LEDLLFSKVVTSG 17,15 
DPB1*04:02 11 SALEDLLFSKV 17,71 
DPB1*04:02 13 LEDLLFSKVVTSG 18,71 
DPB1*04:01 12 LEDLLFSKVVTS 19,57 

 

allele 
DPA1*01:03/ length peptide adjusted rank 
DPB1*04:01 14 SAIEDLLFDKVKLS 6,25 
DPB1*04:01 13 SAIEDLLFDKVKL 7,8 
DPB1*04:01 15 SAIEDLLFDKVKLSD 8,7 
DPB1*04:01 13 AIEDLLFDKVKLS 9,51 
DPB1*04:01 14 AIEDLLFDKVKLSD 9,58 
DPB1*04:02 14 SAIEDLLFDKVKLS 10,01 
DPB1*04:02 13 SAIEDLLFDKVKL 12,79 
DPB1*04:02 14 AIEDLLFDKVKLSD 14 
DPB1*04:02 15 SAIEDLLFDKVKLSD 14 
DPB1*04:02 13 AIEDLLFDKVKLS 14,66 
DPB1*02:01 15 SAIEDLLFDKVKLSD 15 
DPB1*02:01 14 SAIEDLLFDKVKLS 15,08 
DPB1*04:01 12 AIEDLLFDKVKL 15,72 
DPB1*04:01 13 IEDLLFDKVKLSD 17,15 
DPB1*04:01 12 SAIEDLLFDKVK 18,68 
DPB1*02:01 13 SAIEDLLFDKVKL 18,71 

 

allele 
HLA-DPA1*01:03/ length peptide adjusted  rank 
DPB1*04:01 14 SFIEDLLFNKVTLA 0,8 
DPB1*04:01 13 SFIEDLLFNKVTL 0,83 
DPB1*04:01 11 SFIEDLLFNKV 0,97 
DPB1*04:01 15 SFIEDLLFNKVTLAD 1,2 
DPB1*04:02 14 SFIEDLLFNKVTLA 1,29 
DPB1*04:02 13 SFIEDLLFNKVTL 1,37 
DPB1*04:01 12 SFIEDLLFNKVT 1,6 
DPB1*04:02 15 SFIEDLLFNKVTLAD 1,8 
DPB1*04:02 11 SFIEDLLFNKV 1,83 
DPB1*04:01 13 FIEDLLFNKVTLA 2,34 
DPB1*04:02 12 SFIEDLLFNKVT 2,4 
DPB1*04:01 14 FIEDLLFNKVTLAD 2,58 
DPB1*04:01 12 FIEDLLFNKVTL 2,91 
DPB1*04:02 13 FIEDLLFNKVTLA 3,74 
DPB1*04:02 14 FIEDLLFNKVTLAD 3,88 
DPB1*04:01 11 FIEDLLFNKVT 4,4 
DPB1*04:02 12 FIEDLLFNKVTL 5,34 
DPB1*04:02 11 FIEDLLFNKVT 7,43 
DPB1*02:01 14 SFIEDLLFNKVTLA 8,18 
DPB1*02:01 15 SFIEDLLFNKVTLAD 9,2 
DPB1*02:01 13 SFIEDLLFNKVTL 9,82 
DPB1*04:01 13 IEDLLFNKVTLAD 11,54 
DPB1*02:01 12 SFIEDLLFNKVT 14,53 
DPB1*02:01 14 FIEDLLFNKVTLAD 15,08 
DPB1*04:01 12 IEDLLFNKVTLA 15,12 
DPB1*04:02 13 IEDLLFNKVTLAD 15,28 
DPB1*02:01 11 SFIEDLLFNKV 16 
DPB1*02:01 13 FIEDLLFNKVTLA 18,71 
DPB1*02:01 13 IEDLLFNKVTLAD 18,71 
DPB1*04:02 12 IEDLLFNKVTLA 19,57 
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Supplementary Figure 4
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Supplementary Figure 5
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