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Supplementary figure 1.  Comparison of IgG antibody responses to SARS-CoV-2 proteins 
of participants recovering from COVID-19. Log mean total IgG titers to coronavirus proteins 
by ELISA. Each participant’s IgG antibody binding titers to S1, RBD, and N were connected in 
a line graph and allocated into recovery groups for analysis. 
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Supplementary figure 2. Comparison of IgG antibody responses to SARS-CoV-2 proteins 
and virus neutralizing antibody titers of participants recovering from COVID-19 stratified 
by time since COVID-19 experience. Log mean total IgG titers to coronavirus proteins by 
ELISA. PASC and Recovered groups were stratified by time since their COVID-19 experience 
using time as a discrete variable. Participants were stratified by <6 months, 6-12 months, 
13-18 months, and >18 months. Each participant’s IgG antibody binding titers to S1, RBD, 
and N and microneutralization titers were determined and stratified by time since COVID-
19. 



Supplementary figure 3. Serum concentration of biomarkers per recovery group. Medians 
of serum cytokine concentrations were plotted by the recovery group and analyzed 
statistically using Kruskal-Wallis and Dunn’s test for multiple comparisons. Medians are 
outlined at the top of each graph. 

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

500

1000

1500

CCL2

pg
/m

L

Median: 402 414 431 382

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

5

10

15

IL-12 p70
pg

/m
L

0.56 0.27 0.71 0.40

✱

Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0
10
20
30
40
50
60

IL-2

pg
/m

L

0.16 0.05 0.19 0.16Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0
2
4
6
8

20
60

IL-4

pg
/m

L

0.01 0 0 0.02
0.0651

Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

2

4

6

8

10

IL-15

pg
/m

L

1.89 1.88 2.16 2.16Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

50

100

150
350

400

GRANB

pg
/m

L

15.8 15.0 13.0 13.9Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

10

20

30

IFN-γ

pg
/m

L

0.67 0.69 0.57 0.62Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

10

20

30

TNF

pg
/m

L

11.1 10.6 10.9 11.6Median:

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

102

103

104

105

106

ICAM-1

pg
/m

L

Median (10x): 5.5 5.52 5.50 5.50

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

106

107

VCAM-1

pg
/m

L

Median (10x): 5.83 5.88 5.85 5.82

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

106

LIPO

pg
/m

L

Median (10x): 5.11 5.05 5.11 5.07

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

100
101
102
103
104
105
106
107

MPO

pg
/m

L
Median (10x): 5.51 5.44 5.59 5.47

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

106

107

D-Dimer

pg
/m

L

Median (10x): 5.37 5.25 5.38 5.43

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

106

E-SEL

pg
/m

L

4.36 4.48 4.40 4.40Median (10x):

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

SP-D

pg
/m

L

3.88 3.82 3.91 3.87Median (10x):

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

103

104

105

106

Ferritin

pg
/m

L

4.97 4.99 4.91 4.93Median (10x):

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

1000

2000

3000

IL-1ra

pg
/m

L

0.1953
364 373 319 404Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

5

10

15

20

IL-6

pg
/m

L

0.3505

1.74 1.87 1.30 1.63Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

10

20

30

40

IL-7

pg
/m

L

12.7 13.2 14.4 13.0Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0
5

10
15
20
25

120

140

IL-10

pg
/m

L

Median: 1.85 1.87 1.93 2.0

0.3909

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0
1
2
3
4
5

15

16

IL-17A

pg
/m

L

0.20 0.23 0.20 0.33Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0
100
200
300
400
500
600

1000
1100

CXCL10

pg
/m

L

134 112 131 137Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

5

10

15

GM-CSF

pg
/m

L

0.08 0.02 0.17 0.29Median:

No COVID 

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC 

0

1000

2000

3000

4000

ANG-2

pg
/m

L

1514 1407 1350 1405Median:

No COVID

Acu
te 

Rec
ove

ry

Rec
ove

red
PASC

0

2

4

6

Lo
g 1

0 N
 Ig

G
 T

ite
r

✱✱✱✱

✱✱✱✱

✱✱✱✱

PT

No COVID
Acute Recovery
Recovered
PASC



Supplementary figure 4. Serum concentration of biomarkers per sex at birth and recovery group. 
Comparison of serum biomarker levels of male and female participants in COVID-19 recovery groups. 
The line represents the median and Kruskal-Wallis test was used to determine significance between 
groups within each cohort of males and females. 
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Supplementary figure 5. Serum concentration of biomarkers per acute COVID-19 severity and 
recovery group. Comparison of serum biomarker levels of participants in COVID-19 recovery groups 
broken down by mild or moderate (mod)/severe acute COVID-19. The line represents the median and 
Kruskal-Wallis test was used to determine significance between groups within each cohort of males 
and females. 
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Supplementary figure 6. Linear regressions of additional biomarkers show similar trends 
in PASC and recovered females. Linear regression of female participant cytokine 
concentrations and months post-symptom onset (PSO). Statistical significance of correlation 
determined by p < 0.05. 
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Supplementary figure 7. Linear regressions of additional biomarkers for male participants 
over time. Linear regression of male participant cytokine concentrations and months post-
symptom onset (PSO). Statistical significance of correlation determined by p < 0.05. 


