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1 MATERIAL INFORMATION
1.1 Demographic information of subjects in this study

In this study, we enrolled three study cohorts: Pre-COVID-19, COVID-19 convalescents, and post-
vaccination. The detailed information of subjects is listed in Supplementary Table S1.

Table S1. The demographic information of three cohorts in this study

Pre-CoV Post-COVID-19 * COVID-Vac**
Number of Subjects (N) 21 18 15

Gender F 14 12 9
M 7 6 6

Age Median 50 53 57
Ave 46.5 51.4 50.1

Time after Infection Shortest - 7 3
or vaccination Longest - 1 179

Ave - 4.1 24.8
Median - 5 12.0

∗ Months after COVID-19 diagnosis with RT-PCR.
∗∗ Days after second injection of Pfizer COVID-19 vaccination.

1.2 Human coronavirus specific antibodies used in this study
We used commercial polyclonal and monoclonal antibodies to verify the bead coupling and mPlex-CoV

assay, which are listed in Supplementary Table S2.

Table S2. The human coronavirus specific polyclonal or monoclonal antibodies in this study

Name Type Strain Antigen Domain Cat # Dilution
mAb01 Chimeric MAb SARS2 RBD 40150-D001 6400
mAb06 Chimeric MAb SARS2 RBD 40150-D006 6400
mAb04 Chimeric Mab SARS2 RBD 40150-D004 6400

SARS2 S1 Rabbit MAb SARS2 S1 40150-R007 6400
SARS1 S1 Rabbit PAb SARS1 S1 40150-T62-CoV2 1600
SARS1 S1 Rabbit PAb SARS1 S1 40150-T62-50 6400

SARS2 RBD Rabbit PAb SARS2 RBD 40592-T62 6400
SARS2 S2 Rabbit PAb SARS2 S2 40590-T62 6400
HKU1 S Rabbit PAb HKU1 S1+S2 40021-RP01 100
HKU1 S Rabbit PAb HKU1 S1+S2 40021-T60-50 1600
OC43 S1 Rabbit MAb OC43 S1 ABIN2836774 * 80
MERS S1 Rabbit PAb MERS S1 100208-RP02 20
SARS2 N Rabbit PAb SARS2 N 40588-T62 6400
SARS1 N Rabbit PAb SARS1 N 40143-T62-50 6400
OC43 N Rabbit MAb OC43 N MAB9013 ** 6400

∗ From antibodies-online
∗∗ From emdmillipore.com.

2 SUPPLEMENTARY RESULTS
IgA and IgM antibody testing with mPlex-CoV assay. To estimate the concentration of antibodies
against SARS-CoV-2 and other pathogenic human coronaviruses, we require a positive standard antibody
control to create a standard curve for each virus strain, as previously described (Wang et al. (2019); Huang
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n=21  (Female 12, male 9)

Median  age= 56

n=18  (Female 12, male 6)

Median  age= 53

Months after PCR test +

n=14  (Female 8, male 6)

Median  age= 57

Days after second dose  vaccination

SA
R

S2

RBD

S1

S2

SARS2

SARS1

MERS

OC43

HKU1

229E

NL63

SARS2

SARS1

OC43

HKU1

229E

NL63

S 
- 

p
ro

te
in

N
 -

 p
ro

te
in

IgA 

antibody 

IgM 

antibody 

MERS

SA
R

S2

RBD

S1

S2

SARS2

SARS1

MERS

OC43

HKU1

229E

NL63

SARS2

SARS1

OC43

HKU1

229E

NL63

S 
- 

p
ro

te
in

N
 -

 p
ro

te
in

MERS

Pre-COVID-19

An
ti 

- S
  I

gA
 (n

g/
m

l)

Pre-COVID

Post-COVID

COVID-Vac

Mean

Std Deviation

Std Deviation

SARS2

RBD S1 S2

25

210

215

25

210

215

25

210

215

SARS2 SARS1 OC43 HKU1 229E NL63

IgA 

antibody 

B

Pre-COVID

Post-COVID

COVID-Vac

Mean

Std Deviation

Std Deviation

SARS2

RBD S1 S2

25

210

215

SARS2 SARS1 OC43 HKU1 229E NL63

20

25

210

215

220

25

210

215

An
ti 

- S
  I

gM
 (n

g/
m

l)

IgM 

antibody 

A

N
 -

 p
ro

te
in

N
 -

 p
ro

te
in

Figure S1. Spike (S)- and nucleocapsid (N)-reactive IgA and IgM antibody levels to human
coronaviruses (HCoVs) in VAMS blood samples of pre-COVID, convalescents, and post-vaccination
subjects. (A) The IgG concentrations (ng/mL) of each S and N-reactive IgA and IgM antibodies against
HCoVs. The heatmap shows mean concentration (ng/ml) of duplicate samples. (B) Comparison of
differences in range of anti-HCoV S- and N- protein IgA and IgM between pre-, post-COVID and
post-vaccination cohorts. (*** p <0.001, ** p <0.01,,* p <0.05).
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Table S3. The mPlex-CoV assay panel of human coronaviruses

Type Coronavirus Protein Abbreviation Intra-assay Inter-assay ULOQ LLOQ
region CV(%) CV(%) (ng/ml) (ng/ml)

β SARS-Cov-2 S Protein SARS2 3.51±1.12 9.6±5.92 146.32 0.16
SARS-Cov-1 SARS1 3.77±2.24 9.95±5.33 16.37 0.49
hCovOC43 OC43 3.16±1.88 6.13±3.95 78.53 0.99
hCovHKU1 HKU1 3.16±1.13 6.77±5.58 57.92 0.817

α hCov229E 229E 2.16±0.92 5.9±3.46 3.11 0.14
hCovNL63 NL63 5.56±2.98 8.61±5.16 2.1 0.75

β SARS-Cov-2 N Protein SARS2 2.93±2.49 12.19±6.38 289.34 3.04
SARS-Cov-1 SARS1 13.47±24.35 10.31±6.81 43.51 6.04
hCovOC43 OC43 13.68±16.78 11.31±6.44 2.68 0.99
hCovHKU1 HKU1 5.87±3.61 15.85±9.61 14.12 1.63

α hCov229E 229E 5.99±4.54 8.82±5.6 10.98 1.07
hCovNL63 NL63 13.13±19.67 6.22±3.31 31.42 10.54

β SARS-CoV-2 RBD* 14±25.76 13.02±7.85 38.58 1.37
S1* 2.56±2.23 13.69±5.52 116.5 1.23
S2* 4.69±1.5 13.7±6.55 68.59 1.01

Table S4. The mPlex-CoV assay panel of human coronaviruses

Type Coronavirus Protein Abbreviation Intra-assay Inter-assay ULOQ LLOQ
region CV(%) CV(%) (ng/ml) (ng/ml)

β SARS-Cov-2 S Protein SARS2 2.52±2.46 7.5±4.66 196.56 0.26
SARS-Cov-1 SARS1 3.97±3.76 6.34±5.3 15.83 0.72
hCovOC43 OC43 3.44±3.01 5.38±4.41 12.12 1.42
hCovHKU1 HKU1 11.07±4.21 6.88±5.97 13.91 1.26

α hCov229E 229E 7.92±5.43 5.45±5.66 9.59 0.93
hCovNL63 NL63 6.37±5.63 8.02±7.42 5.31 0.24

β SARS-Cov-2 N Protein SARS2 6.63±4.04 8.79±6.9 100.1 0.09
SARS-Cov-1 SARS1 3.32±2.69 9.19±7.72 86.79 0.37
hCovOC43 OC43 7.29±5.26 8.17±6.55 5.77 1.4
hCovHKU1 HKU1 6.81±6.8 8.92±8.06 16.51 0.08

α hCov229E 229E 1.88±1.41 7.68±5.14 5.97 0.07
hCovNL63 NL63 7.46±3.62 7.63±6.6 8.94 0.13

β SARS-CoV-2 RBD* 11.2±6.3 8.69±8.2 107.11 0.05
S1* 8.02±8.33 7.17±5.36 44.47 0.05
S2* 10.08±7.97 9.39±7.58 37.71 0.045

et al. (2017)). We generated a human coronavirus standard, STD-CoV, a mixture of four COVID-19 patient
sera contain high levels of antibodies against most HCoVs. Furthermore, we used it to generate IgA and
IgM standard curves for each HCoV virus strain and calculated the IgA and IgM antibody concentrations
as it had been described in the method section.
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