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Supplementary Figure 1: Archival negative control samples at 1:100 dilution. High background 

observed at 1:100 dilution of sera into ELISA. Source data are provided as a Source Data file. 

  



 
Supplementary Figure 2: Physical setup of semi-automated ELISA platform. 

  

To Syringe 
Dispense 
Heads

To 96 Dispense/Wash Head

Dedicated Substrate 
Vessel/Line

Wash
PBS-T

Wash
PBS-T

Vessel/Line for Block, 
Secondary Antibody, 
Stop Solution

BioTek EL406 
Washer/Dispenser

BioStack4 
Plate Stacker
(For EL406)

Laptop
(Controls EL406)

Laptop
(Controls Epoch2)

BioTek Epoch2 
Plate Reader

BioStack4 
Plate Stacker
(For Epoch2)

Waste

Water & 70% Ethanol for 
Washing Lines/Dispensers



 
Supplementary Figure 3: Technical repeatability from well-to-well and plate-to-plate in IgG and IgM 

ELISA using a semi-automated setup, analyzing archival negative and convalescent positive control 

samples. Source data are provided as a Source Data file. 
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Supplementary Figure 4: Evaluation of optimal titer for automated setup.  (a) Average (n = 8) 

archival serum signal intensity at multiple dilution titers. Dashed square surrounding lowest titer 

suggested to be used. (b) Titers of PCR+ confirmed patients (n =  11) for spike (left) and RBD (right). 

Red line = threshold of lowest titer suggested to be used. Source data are provided as a Source Data file. 
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Supplementary Figure 5: Confirmation of dilution using microsamplers from high prevalence small 

test cohort. Titers for spike and RBD, for IgG, IgM and IgA. Square around lowest suggested titer. Titers 

displayed as estimate serum titer (assuming 10ul serum volume on 20ul blood microsampler and initial 

1:40 dilution into elution buffer). Source data are provided as a Source Data file. 
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Supplementary Figure 6: Archival negative controls re-validated on semi-automated setup. (a) 

Spike IgG, (b) RBD IgG, (c) Threshold displayed for IgG seropositive determination. (d) Spike IgM, (e) 

RBD IgM, (f) Threshold displayed for IgM seropositive determination. Arrow = one PCR+ sample that 

displayed as IgG- but IgM+. All other PCR+ controls were IgG+ and IgM+/-. Source data are provided as 

a Source Data file. 
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Supplementary Figure 7: Specificity of semi-automated ELISA protocol. (a-c) Absorbance (OD) of 

300 archival (pre-2019) samples for spike and RBD for (a) IgG, (b) IgM, and (c) IgA. (d-f) Specificity of 

assay at two different thresholds: two standard deviations above the mean of the archival negative 

controls, and three standard deviations above the mean. (g) Sensitivity using n = 46 known seropositive 

controls. (h-j) Absorbance (OD) of high-incidence test cohort samples for (h) IgG, (i) IgM, (j) IgA. (k) 

Antibody profile of 68 donors from high incidence community. Thresholds =  x̅ + 2SD for IgG & IgM, x̅ 

+ 3SD for IgA. Source data are provided as a Source Data file. 
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Supplementary Figure 8: Titering of serum and microsampler eluate in manual ELISA. (a) Dilution 

series of serum from PCR+ diagnosed patients for both IgG and IgM. (b) Linear correlation between 

microsampler eluate and serum from the same donor (n = 68 donors from high-exposure community, 

microsampler dilution = 1:10, estimated final 1:400 serum dilution equivalent based on 50% serum 

volume in blood, serum dilution = 1:400) (c) IgG dilution series of microsamplers from PCR+ diagnosed 

patients. (d) IgM dilution series of microsamplers from PCR+ diagnosed patients. 
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Supplementary Figure 9: Comparison of Spike and RBD signal intensity for IgG and IgM in high 

seroprevalence community. (a) IgG absorbance (OD) displayed as increasing Spike (purple) OD 

compared to RBD (yellow). (b) Correlation between Spike and RBD IgG signal intensity. (c-d) Spike & 

RBD IgM signal intensity and correlation. Source data are provided as a Source Data file. 
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Supplementary Figure 10: Sigmoidal four parameter logistic curve fitting for quantification of 

antibody concentrations. (a) Equation for sigmoidal 4PL where y = absorbance, a = minimum 

(“bottom”), b = maximum (“top”), c = IC50, m = Hill’s slope, and x = antibody concentration. (b) 

Equation solved for x to use in calculating concentration from absorbance. (c) Variables for Spike and 

RBD IgG and IgM ELISAs, and quantitative range at 1:400 dilution of serum or 1:10 dilution of 

microsampler eluate. Threshold LOD/LOQ = limit of detection/limit of quantification calculated as the 

concentration at the determined threshold value for positivity. Upper LOQ = limit of quantification when 

the instrument reaches saturation of signal and resulting concentrations are at or above the upper LOQ. 

Sigmoidal 4PL calculated in GraphPad Prism.  



 
 

Supplementary Figure 11: Raw absorbance data of OC43, HKU1, MERS, and SARS1 for hard-hit 

test data set. IgG absorbance for OC43, HKU1, MERS and SARS1. Source data are provided as a Source 

Data file. 
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Supplementary Figure 12: H1N1 Titer as a function of SARS-2 absorbance shows no correlation 

between influenza titer and SARS2 signal intensity  



 
Supplementary Figure 13: Simulation and results of estimated 95% confidence intervals for 

serosurvey prevalence calculations. Each graph shows 95% CI’s from 1000 replications of each 

condition. The CI’s sorted by the lower bound. For graphs all graphs the true sensitivity is 0.95 and it is 

estimated with 1000 samples. The true specificity is either .90 or .95 and it is estimated with sample sizes 

of 100 (black), 300 (red), 300 (green). Each graph shows the different underlying true prevalence values of 

either 0.001, 0.01, or 0.1. The horizontal line shows the true prevalence for each simulation.    
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Supplementary Figure 14: Overview of the serologic assay process. This diagram reviews the overall 

analytic process from protein production through ELISA and data analysis.  
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Supplementary Table 1: Assay table for semi-automated ELISA for SARS-CoV-2 seropositivity 

evaluation. Manual ELISA tested on PHERAstar FSX, automated setup validated on both PHERAstar 

FSX and BioTek Epoch2 plate readers. Epoch2 saturates at OD = 4, and any overflow values are post-hoc 

corrected to OD = 4 for calculations. 

Semi-automated High-throughput ELISA Protocol (96-well Format)

Sequence Parameter Value Description

1 Reagent 100 µL RBD or Spike protein added by multichannel pipette*

2 Time 16 hr 4oC incubation

3 Wash 3x 300 µL

PBST using Biotek EL406 96 wash head 1st and 2nd wash aspiration height = 3.68 

mm above carrier, 3rd wash aspiration height = 3.43 mm above carrier, plus 

secondary aspiration 2.06 mm to left of well center same height

4 Reagent 200 µL PBST + 5.0% milk using Biotek EL406 syringe dispense head

5 Time 2 hr RT incubation stacked with lid on top plate

6 Wash 3x 300 µL
PBST using Biotek EL406 96 wash head 1st and 2nd wash aspiration height = 3.68 

mm above carrier, 3rd wash aspiration height = 4.70 mm above carrier  

7 Reagent 100 µL
Samples added by multichannel pipetter after tapping out remaining wash fluid, 

roughly 30 mL**

8 Time
1 hr RT incubation stacked with lid on top plate

9 Wash 3x 300 µL

PBST using Biotek EL406 96 wash head, all 3 washes at aspiration height = 3.43mm 

above carrier, plus secondary aspiration 2.06 mm to left of well center at same height 

as well as 15 sec soak post each PBST addition

10 Reagent 100 µL Secondary antibody IgG, IgM or IgA using Biotek EL406 syringe dispense head

11 Time 1 hr RT incubation stacked with lid on top plate

12 Wash 3x 300 µL

PBST using Biotek EL406 96 wash head 1st and 2nd wash aspiration height = 3.68 

mm above carrier plus secondary aspiration 2.06 mm to left of well center at same 

height, 25 sec soak for each, 3rd addition of PBST left in wells, plates restacked

13 Reagent 100 µL

Substrate added using EL406 syringe dispense head after aspirating using wash head 

at height = 3.43 mm above carrier plus secondary aspiration 2.06 mm to left of well 

center at same height

14 Time 10 min RT incubation

15 Reagent 100 µL Stop solution added using 2nd EL406 syringe dispense head

16 Detector Absorbance PHERAstar FSX end-point: 450/650 (BioTek Epoch2 Tested)

*   optional use of peristatic pump on Biotek EL406 for plate coating, dead volume increases protein consumption/sample
**  optional use of 96 to 96 Integra transfer device to create multiple plates from deep-well plate


