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Supplementary Material 
 

Methods 

Human serum samples 

Sera from PASC (n=13) and PAAC patients (n=13) were obtained from Reprocell (Beltsville, 

MD, USA). PASC patients were recruited through social media and word-of-mouth as 

convalescent staged individuals experiencing two or more of the following self-reported 

symptoms for at least 1 month after a positive RT-PCR test (Abbott): anemia, anxiety, body 

aches, brain fog, change in taste/smell, dyspnea, fatigue, headaches, insomnia, joint pain, loss of 

taste/smell, shortness of breath, sore throat, and tachycardia. PAAC patients were recruited 

through social media and word-of-mouth as convalescent staged individuals not experiencing 

any self-reported symptoms for at least 1 month after a positive RT-PCR test (Abbott). PASC 

and PAAC patients continued to be followed by the clinical coordinator and were invited to 

return for a SARS-CoV-2 IgG ELISA (EUROIMMUN) test at their convenience.  Subjects who 

were positive for the IgG assay on their return visit provided a list of the long-term symptoms 

they were currently exhibiting.  Upon serum collection PASC and PAAC patients were negative 

on SARS-CoV-2 rapid antigen test. Healthy control sera were obtained from Stanford Blood 

Center (Palo Alto, CA, USA). Acute COVID-19 patient sera were collected as previously 

described.7 Sera from patients and healthy controls were obtained from intravenous blood draw 

collected in clot activator tubes using standard methodology. Once collected, serum was frozen 

and stored at -80C until analysis. Serum cytokine and chemokine levels were quantified using 

multiplex analysis Meso Scale Discovery. Mast cell activation was quantified by ELISA in 

serum using MC-derived proteases: carboxypeptidase A3 (CPA3, LS-F7363, LS Bio) or 



chymase (50-149-8059, Biomatik). Mast cell tryptase activity (active tryptase) was determined 

by the Tosyl-Gly-Pro-Lys-pNA-based method (IMM001, Sigma-Aldrich) according to the 

manufacturer’s instructions.  

 

Study Approval 

The collection of human sera from COVID-19 patients was approved by the Institutional Review 

Board (STPS 1001). All participants provided written informed consent before participating in 

this study. 

 

Statistical analysis 

To determine statistical significance, one-way ANOVA with Holm-Sidak’s multiple 

comparisons test was performed using Prism (GraphPad Software version 9). ROC calculations 

were performed on Prism by combining PAAC and control groups compared to PASC. A p-

value of 0.05 or less was considered significant. Box whisker plots showed max, min, median, 

with dots representing individual donors. 
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Supplemental Figure 1. Inflammatory mediators not elevated in long covid patient sera. (A-
C) Levels of cytokines, chemokines, or mast cell-derived proteases in sera from symptomatic 
long covid patients (dark blue; n=13), asymptomatic short covid patients (light blue; n=13), or 
healthy controls (gray; n=20). (D) Spearman correlations for sera levels of CPA3 and IL-6 and 
CXCL1 from patients and controls shown in Figure 1A, B. Data are plotted as box and whisker 
plots (max, min, and median) with individual donors represented as dots; *P <0.05; **P <0.01; 
***P <0.001; ****P <0.0001 as determined by one-way ANOVA with Holm-Sidak’s multiple 
comparisons test. PASC = post-acute sequelae of COVID-19 syndrome; PAAC = post-acute 
asymptomatic COVID-19 
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Supplemental Figure 2. Levels of cytokines and chemokines in sera from symptomatic long 
covid patients or actively infected SARS-CoV-2 positive patients. Levels of cytokines, 
chemokines, and growth factors in sera from long covid patients (light blue; n=13), actively 
infected SARS-CoV-2 positive patients (red; n=19), or healthy controls (gray; n=20). Data are 
plotted as box and whisker plots (max, min, and median) with individual donors represented as 
dots; *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001 as determined by one-way ANOVA 
with Holm-Sidak’s multiple comparisons test. PASC = post-acute sequelae of COVID-19 
syndrome 
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