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Fig. S6. Heavy chain variable (VH) gene and CDR3 usage. A) VH usage of all clones, counting 

each clone only once per subject, data are aggregated and normalized by row (subject disease 

category); grey cells = no data.  Data analyzed and visualized in ImmuneDB, see Materials and 

Methods. B) VH usage of the top 200 copy clones, counting each clone only once. C) Fold change 

in VH gene usage in COVID-19+ vs. HDs; analysis was limited to VH genes with at least one 

clone in both COVID-19+ and HDs; the top 20 VHs, ranked by fold change, are shown. D) VH 
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family usage vs. binned clone ranks (10 = top ten copy number clones, 50 = top 50 copy number 

clones etc.) averaged over all individuals in each disease category. E) CDR3 amino acid alignment 

for top 5 copy clones in each of the severe and moderate COVID-19+ individuals, grouped by 

sequence similarity.  
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Table S1. Detailed clinical characteristics of individuals with moderate and severe COVID-19. 

Code Donor Cat 
Days Sx 

Start 
Age 

Bracket Hypoxia Severity 
APACHE 

III 
Vasc/Metab 

Disordera 
Pulmonary 
Disorderb Other infections/comorbidites 

  M1 Moderate 4 61-65 Room air  42 Y N   

  M2 Moderate 10 61-65 NC 34 Y Y UTI gram positive 

  M3 Moderate 4 56-60 NC 49 Y Y 
Autoimmune disease on 
immunosuppression 

  M4 Moderate 9 41-45 Room air  32 Y Y   

  M5 Moderate 1 25-30 Asymptomatic 33 N N   

  M6 Moderate 14 61-65 Room air  34 Y Y   

  M7 Moderate 16 41-45 NC 20 Y N  

  S1 Severe 10 46-50 NIV / HFNC 36 Y N   

  S2 Severe 9 46-50 Severe ARDS 65 Y N   

  S3 Severe 9 36-40 Severe ARDS 32 Y N Pneumonia gram negative 

  S4 Severe 17 51-55 Severe-Mod ARDS 50 Y N Pneumonia gram positive 

  S5 Severe 9 71-75 Moderate ARDS 72 Y N Bacteremia gram positive 

  S6 Severe 10 51-55 Moderate ARDS 23 Y N   

  S7 Severe 1 71-75 Ventilated non-ARDS 112 Y N Pneumonia gram positive 

  S8 Severe 8 66-70 Mild ARDS 93 N N  
  S9 Severe 10 46-50 NIV / HFNC 46 Y N   

  S10 Severe 8 46-50 Moderate ARDS 32 Y Y Solid organ transplant 

  S11 Severe 7 66-70 Severe ARDS 69 Y N 
Autoimmune disease on 
immunosuppression 

  S12 Severe 15 71-75 Mild ARDS 83 Y N   

  S13 Severe 13 66-70 Moderate ARDS 136 Y Y 
Bacteremia gram negative and gram 
positive, UTI gram positive 

  S14 Severe 5 66-70 Mild ARDS 78 Y N   

  S15 Severe 7 56-60 Severe ARDS 130 Y Y   

  S16 Severe 7 76-80 Moderate ARDS 129 Y Y  

  S17 Severe 9 66-70 Severe ARDS 88 Y N 
Immunocompromised, pneumonia 
gram negative 
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  S18c Severe 10 76-80 NIV / HFNC 82 Y N B cell lymphoma s/p rituxan 

  S19c Severe 9 76-80 Severe ARDS 156 Y N B cell lymphoma 

  S20 Severe 5 71-75 Ventilated non-ARDS 65 Y Y Autoimmune disease 

  S21 Severe 13 71-75 Severe ARDS 64 Y N Bacteremia gram negative 

  S22 Severe 17 76-80 Moderate ARDS 80 Y N   

  S23 Severe 7 81-85 Moderate ARDS 76 Y N  
  S24 Severe 25 51-55 Severe ARDS - ECMO 100 Y N B cell lymphoma 

  S25 Severe 14 61-65 Severe ARDS 80 Y Y Bacteremia gram positive 

  S26 Severe 8 71-75 NIV / HFNC 67 Y N   

  S27 Severe 6 76-80 Moderate ARDS 66 Y Y  

  S28 Severe 8 61-65 Moderate ARDS 76 Y N Bacteremia gram positive 
 
Days Sx Start, days since onset of symptoms accounted from the time of blood draw. Hypoxia Severity: NC, nasal cannula; NIV / 

HFNC, non-invasive ventilation and/or high flow nasal cannula; ARDS, acute respiratory distress syndrome; ECMO, extracorporeal 

membrane oxygenation. APACHE, acute physiology and chronic health evaluation. One patient required mechanical ventilation for 

encephalopathy but did not fulfill ARDS radiographic criteria (“Ventilated non-ARDS”). 

aVascular and metabolic disorder category included any of the following: obesity, cardiovascular disease, hypertension, diabetes mellitus 

and hyperlipidemia. bUnderlying pulmonary disorder category included asthma, sarcoidosis, chronic obstructive pulmonary disease or 

interstitial lung disease. Y, yes. N, no. cExcluded from all reported analyses. 
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Table S2. Antibody heavy chain gene rearrangement metadata.  
 
 

Donor Cat 
B cells (% of viable 

CD45+ cells) 
Plasmablasts 
(% of B cells) # reps 

Input DNA 
(ng) per rep 

Total              
copies 

Total          
uniques 

Total            
clones 

H3 HD 3.71 0.5 6 400 485,097 77,720 12,914 
H4 HD 3.46 0.27 6 400 598,482 80,332 10,340 
H8 HD 5.2 1.4 6 400 166,409 38,815 20,584 
M5 Moderate 5.08 1.68 4 63.5 872,132 76,223 1,390 
M6 Moderate 5.87 0.72 6 400 847,710 98,599 4,698 
M7 Moderate 2.94 38.1 6 400 538,729 78,586 12,618 
S20 Severe 0.77 38.6 6 333.7 1,096,517 59,138 1,400 
S21 Severe 1.18 12.1 6 400 98,496 20,087 7,491 
S22 Severe 0.91 15.7 6 400 81,916 20,801 10,087 
S23 Severe 6.12 10 6 400 260,094 25,784 4,060 
S24 Severe 1.08 22.7 6 400 1,158,136 104,738 3,653 
S25 Severe 1.25 4.23 6 400 84,396 22,663 10,890 

  S26  Severe   0.81 5.5 6 400 158,119 25,462 9,465 
 
Frequencies of B cells and plasmablasts as characterized in Figure 2. Cat = disease category.  HD 

= healthy donor.  # reps, number of replicate sequencing libraries (independently amplified from 

genomic DNA). Total copies are sequence copies aggregated at the subject level. Total unique, 

unique sequences with each unique sequence variant counted only once across all replicate 

libraries from the same individual. Total clones, aggregated at the individual level with each clone 

only counted once.  Clonally related sequences have the same VH gene and JH gene assignment, 

have identical third complementarity determining region (CDR3) sequence length and share 85% 

or more identity at the amino acid sequence level in the CDR3 (see Materials and Methods). 
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Table S3. Rotation table extracted from PCA. 

  PC1 PC2 

HLA-DR+ in TTM CD8+ 0.163185775 -0.03439971 
HLA-DR+ in TTM CD4+ 0.153698234 0.001753146 
HLA-DR+ CD38+ in TCM CD4+ 0.153608119 0.086296869 
HLA-DR+ CD38+ in TEM CD4+ 0.152523955 0.047389036 
PD-1+ in TCM CD4+ 0.150676319 -0.024626777 
Plasmablasts in B cells 0.145231599 0.063345638 
PD-1+ in TTM CD4+ 0.144966645 -0.067553736 
HLA-DR+ in TCM CD4+ 0.144900513 0.081231632 
HLA-DR+ CD38+ in TTM CD4+ 0.144418452 -0.051306861 
PD-1+ in TTM CD8+ 0.143632409 -0.052141263 
PD-1+ in TEM CD4+ 0.141261588 -0.060674118 
CD38+ in TEM CD4+ 0.140716008 0.044735059 
HLA-DR+ in TCM CD8+ 0.13902669 -0.048164109 
HLA-DR+ CD38+ in TTM CD8+ 0.13822557 -0.052535396 
Neutrophils in viable CD45+ 0.13756484 0.019090674 
HLA-DR+ in TEM CD4+ 0.136801039 -0.006844502 
HLA-DR+ CD38+ total memory CD4+ 0.135969253 0.036391482 
HLA-DR+ CD38+ total memory CD8+ 0.134257028 0.127221692 
HLA-DR+ in TEMRA CD8+ 0.130044138 -0.06180719 

CD38+ in TTM CD8+ 0.130034674 -0.054027962 
 
Top 20 elements extracted are shown for PC1 and PC2. All data are shown in percentages. T cell 

subsets defined as shown in Fig. S1B-C.  
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