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SARS-CoV-2 Serological Assays

Rapid point-of-care (POC) assays
• IgG +/- IgM Abs or Ag

High-throughput laboratory screening assays
• Direct: double antigen sandwich Total Ig assays

• Indirect: IgG, IgM and IgG Ab assays

• Antigens:

• Spike: S1/S2, S1 or receptor binding domain (RBD); 

• Nucleocapsid (N), membrane (M), envelope (E), other ORFs

• Qualitative & quantitative/semiquantitative detection

Multiplex arrays and Luminex assays
• Multiple SARS-CoV-2 +/- other CoV and Acute Respiratory Virus (ARV) Ags

Neutralizing antibody quantitative assays
• Live virus plaque reduction neutralizing titer (PRNT) assays

• Pseudovirus reporter virus particle neutralizing titer (RVPNT) assays

• RBD/ACE-2 blocking or competitive “proxy” neutralization assays 

Serosurveillance for SARS-CoV-2 Incidence using Global Blood Donor Populations Busch & Stone; J Clin Micro 2020
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The primary objectives 

• establish and compare assay performance characteristics of sensitivity and specificity as well as 

positive and negative predictive values

• evaluate repeatability and dilutional performance

• determine and compare the performance of assays with respect to durability of antibody detection

• evaluate the relative timing of seroconversion

• evaluate the ability to detect antibodies in low titer samples and ‘serosilent’ cases

• establish and compare correlations between signal intensity and neutralizing antibody titers

• evaluate the suitability of assays for COVID-19 Convalescent Plasma qualification and cutoffs that predict 
neutralizing titers relevant to protective immunity
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Manufacturer Assay Ig Target Antigen Assay Format Reported 

units

Testing Lab

Ortho VITROS Immunodiagnostic Products Anti-

SARS-CoV-2 Total Ig

Total Ig S1 Double-antigen sandwich CLIA S/CO Vitalant Research 

Institute

VITROS Immunodiagnostic Products Anti-

SARS-CoV-2 IgG

IgG S1 Indirect CLIA S/CO CTS

EUROIMMUN Anti-SARS-CoV-2 NCP ELISA IgG N Indirect IgG EIA S/CO Advent Health

Anti-SARS-CoV-2 ELISA IgG S1 Indirect IgG EIA S/CO

Anti-SARS-CoV-2 QuantiVac ELISA IgG S1 Indirect IgG EIA RU/ml

Anti-SARS-CoV-2 ELISA IgA S1 Indirect IgA EIA S/CO

Roche Elecsys Anti-SARS-CoV-2 N on cobas Total Ig N Double-antigen sandwich CLIA S/CO University of 

California, Davis
Elecsys Anti-SARS-CoV-2 S on cobas Total Ig S1/S2/RBD Double-antigen sandwich CLIA S/CO

DiaSorin LIAISON SARS-CoV-2 TrimericS IgG IgG TrimericS IgG magnetic particle CLIA AU/ml British Colombia 

Centers for 

Disease Control 

and Prevention
Siemens ADVIA Centaur SARS-CoV-2 Total Ig Total Ig S1/RBD Ag sandwich CLIA S/CO

ADVIA Centaur SARS-CoV-2 IgG IgG S1/RBD Ag sandwich CLIA Index

Abbott SARS-CoV-2 IgG N on ARCHITECT IgG N CMIA AU/ml Duke Human 

Vaccine institute
SARS-CoV-2 IgG S1 on ARCHITECT IgG S1 CMIA S/CO

SARS-CoV-2 IgG N on Alinity IgG N CMIA S/CO Fred Hutchinson 

Cancer Research 

Center
SARS-CoV-2 IgG S1 on Alinity IgG S1 CMIA AU/ml

Bio-Rad Platelia SARS-CoV-2 Total Ab (Evolis) Total Ig N One-step antigen capture S/CO BloodWorks 

NorthWest
BioPlex 2200 SARS-CoV-2 IgG Panel IgG RBD, S1, S2, N Multiplexed microbeads two-step 

assay

S/CO

Quotient MosaiQ™ COVID-19 Antibody Microarray IgM/IgG S1/S2 Array Qual only

Diazyme DZ-Lite SARS CoV-2 IgG N & S1/S2 IgG microbead CLIA S/CO University of 

California, IrvineBeckman Coulter Access SARS-CoV-2 IgG IgG S1 RBD IgG 2-step paramagnetic particle CLIA S/CO

Wantai SARS-CoV-2 Total Ig Total Ig S1 RBD Total Ig sandwich ELISA S/CO Sanquin
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Sensitivity and specificity of SARS-CoV-2 serological assays 
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Standardized slopes of bAb signal intensity and nAb titers

−0.4

−0.3

−0.2

−0.1

0.0

0.1

0.2

0.3

0.4

O
rt

h
o

 V
IT

R
O

S
 T

o
ta

l 
Ig

 S

R
o
c
h

e
 E

le
c
s
y
s
 T

o
ta

l 
Ig

 S
 Q

u
a
n

t

S
ie

m
e

n
s
 A

D
V

IA
 T

o
ta

l 
Ig

 S
1

/R
B

D
 Q

u
a

l

W
a

n
ta

i 
T
o

ta
l 
Ig

 S
/R

B
D

E
U

R
O

IM
M

U
N

 I
g

A
 S

1
 S

e
m

iQ
u

a
n

t

R
o

c
h

e
 E

le
c
s
y
s
 T

o
ta

l 
Ig

 N
 Q

u
a

l

B
io
−

R
a

d
 B

io
P

le
x
 M

P
X

 I
g

G
 S

2

B
io
−

R
a

d
 B

io
P

le
x
 M

P
X

 I
g
G

 R
B

D

E
U

R
O

IM
M

U
N

 I
g

G
 S

1
 Q

u
a

l

O
rt

h
o
 V

IT
R

O
S

 I
g

G
 S

B
io
−

R
a

d
 B

io
P

le
x
 M

P
X

 I
g

G
 S

1

E
U

R
O

IM
M

U
N

 I
g

G
 S

1
 Q

u
a

n
t

B
io
−

R
a

d
 P

la
te

lia
 T

o
ta

l 
Ig

 N
 S

e
m

iQ
u

a
n

t

S
ie

m
e

n
s
 A

D
V

IA
 I
g

G
 S

1
/R

B
D

 Q
u

a
n

t

A
b
b

o
tt

 I
g

G
 S

1
 Q

u
a
n
t 

(A
R

C
H

IT
E

C
T

)

D
ia

z
y
m

e
 D

Z
−

L
it
e

 I
g

G
 N

C
/S

D
ia

S
o
ri

n
 T

ri
m

e
ri

c
 S

1
/S

2
 I

g
G

 Q
u

a
n

t

A
b
b
o

tt
 I

g
G

 S
1
 Q

u
a
n

t 
(A

lin
it
y
)

B
e

c
k
m

a
n
 C

o
u

lt
e

r 
A

c
c
e

s
s
 I
g

G
 S

1
/R

B
D

B
io
−

R
a

d
 B

io
P

le
x
 M

P
X

 I
g

G
 N

A
b
b

o
tt
 I

g
G

 N
 Q

u
a
l 
(A

lin
it
y
)

E
U

R
O

IM
M

U
N

 I
g
G

 N
 S

e
m

iQ
u

a
n

t

A
b
b
o

tt
 I

g
G

 N
 Q

u
a

l 
(A

R
C

H
IT

E
C

T
)

B
ro

a
d
 P

R
N

T

V
R

I 
R

V
P

N
T

M
o

n
o

g
ra

m
 R

V
P

N
T

O
n

e
B

lo
o

d
 k

E
L

IS
A

S
lo

p
e
 (

lo
g
−

tr
a

n
s
fo

rm
e

d
 &

 r
e
s
c
a
le

d
)

Show half lives slide



Internal use

Characteristic Odds Ratio (95%CI) p-value
Gender 0.22

Female 1 (reference)
Male 0.93 (0.82, 1.05)

Age <0.0001

16-29 1.31 (1.11, 1.55)
30-49 1.12 (0.97, 1.30)

50-64* 1 (reference)
65+   0.66 (0.53, 0.83)

Race/Ethnicity <0.0001

White 1 (reference)
Black  2.16 (1.64, 2.85)
Hispanic 2.57 (2.17, 3.05)
Other  1.16 (0.96, 1.41)

Blood Type 0.29

A 1.11 (0.97, 1.26)
AB 1.21 (0.91, 1.61)
B 1.00 (0.82, 1.21)
O 1 (reference)

Rh type 0.69

Rh negative 1.03 (0.88, 1.22)
Rh positive 1 (reference)

Donation Type <0.0001
First time 2.24 (1.58, 3.16)
Repeat 1 (reference)

REDS-IV-P RESPONSE Aim 2: Perform serosurveillance of blood 

donors and determine dynamics of seroreactivity

• 6 months serial cross sectional serology testing
• Collect routine donor demographics
• Overall and weighted cumulative incidence
• Impute rates in general population
• Regional infections to reported case rates

• Ortho Vitros SARS-CoV-2 S total Ig
• Well validated testing algorithm
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CDC MULTISTATE ASSESSMENT OF SARS-COV-2 SEROPREVALENCE IN BLOOD DONORS

(MASS-BD)
60+ U.S. Metropolitan Areas, all 50 states

Honolulu

Boston

New York City

Baltimore/DC

Pittsburgh

Atlanta

Miami

Tampa

St. Petersburg

New Orleans

Dallas/Fort Worth

Tulsa

Detroit

Minneapolis

Milwaukee

Denver

St. Louis

Fargo

Salt Lake City

Seattle

Phoenix

Las Vegas

Chicago

Los Angeles

San Juan

San Francisco

April/March (RESPONSE Sites)

July

August

September

October

Billings

Wichita

Omaha

Albuquerque
Little Rock

Nashville
Memphis

Portland

Charlotte

Columbia

Birmingham

Louisville

Philadelphia

Anchorage

Columbus

Norfolk

Farmington

Houston

Kansas City

Boise

Southern AL

Johnstown

Tucson

West Henrietta

Cheyenne

El Paso

Spokane

Sacramento

Rapid City

Reno
Northern New Jersey

Cleveland

Meridian

Providence

Burlington
Portland

Manchester

Des Moines

Butte

Wilmington
Indianapolis

Data Collection Start
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Evolving Testing Algorithms for CDC MASS-BD Program
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MASS-BD Serosurveillance Specimen and Data Flow

9/26/202210

Building the plane as we fly it!
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Updated U.S. Infection- and Vaccine-Induced SARS-CoV-2 Seroprevalence 
Estimates Based on Blood Donations, July 2020–December 2021

Jefferson M. Jones, Jean D. Opsomer, Mars Stone, Tina Benoit, Robyn A. Ferg, Susan L. Stramer, Michael P Busch

9/26/202212

Association between December 2021 vaccination rate and 

increase in infection-induced seroprevalence during 2021 by 

Study Region, US, January – December 2021 



Internal usePopulation-weighted percentages of seropositivity from previous SARS-CoV-2 infection and/or COVID-19 

vaccination status, including “hybrid immunity”, stratified by Census divisions
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Repeat Blood Donor Longitudinal Study to Characterize Waning Immunity, 
Identify Breakthrough and Reinfections, and Correlates of Protection

Collaborative studies by largest U.S. blood collection organizations/research teams
• Vitalant/Vitalant Research Institute (VRI)

• American Red Cross/ARC Scientific Support Office (SSO)

Retrospective SARS-CoV-2 Ab data and samples captured from universal screening of donations 
for SARS-CoV-2 Abs using Ortho S1 Total Ig and Roche NC Total Ig assays from June 1, 2020-
June 30, 2021

Prospective donation samples being captured from repeat donor “cohorts” selected based on 
retrospective universal screening data with Ab reactivity from previous infections, vaccinations
or both 

All donors are being surveyed to collect details on their known infection and vaccination history

Cohort
Not-infected, 

Vaccinated

Not-infected, 

Not vaccinated

Infected, 

Vaccinated

Infected,       

Not Vaccinated

Yes to Vx DHQ No to Vx DHQ Yes to Vx DHQ No to Vx DHQ

S+/ NC- S-/NC- S+/NC+ S+/NC+

NIV NINV IV INV

Vitalant 29,407 24,937 7,290 3,889

ARC 36,589 18,950 12,687 8,863

Total 65,996 43,887 19,977 12,752
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Vitalant and ARC Repeat Donor Cohorts: 
Overview of primary and secondary objectives
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~40,000 donations/month

~120,000 donations/quarter

~75,000 single donations/donor tested 
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Studies of Ab dynamics, vaccine breakthrough infections & reinfections, 
vaccine effectiveness, correlates of protection relative to VoC waves

• Dynamics of Ab reactivity associated with infection and vaccination 

• Collaboration with Ortho to characterize impact of vaccination and infection on seroreactivity and analysis of CoP

• Detection of Vx breakthrough infections

• samples from vaccinated/uninfected donors July-Oct 2021 and Q1/Q1 2022 tested for anti-NC Abs

• Analysis in progress to establish lower cutoff given low NC Ab reactivity in Vx breakthrough infections

• Detection of reinfections

• Patterns of reactivity including boosting of S and NC Abs

• Incidence for Vx effectiveness analysis

• samples from unvaccinated donors from Sep-Oct 2021 and Q1/Q1 2022 tested for anti-NC Abs

• Correlates of protection

• Serial donations from Vx breakthrough and uninfected vaccinated controls  Ortho S quant IgG assay (with supplemental 

MSD and RVPNT)

• Case:Control ratio (projected 500 breakthrough cases w/ ~5 serial samples) 
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Vitalant RDC seroconverting donors

Estimated date of seroconversion
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Infected then 
vaccinated
Symptomatic

Vitros Spike IgG
Vitros NC tot
MSD NC IgG
MSD RBD IgG
MSD Spike IgG
MSD alpha S IgG
MSD beta S IgG
MSD gamma S IgG
MSD Omicron S IgG
MSD Delta S IgG
RVPN Beta
RVPN D614G
RVPN Delta
RVPN Omicron

Vitros S IgG

Vitros NC

MSD variants

RVPN variants
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S1 IgG dynamics
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Vaccinated 
then Infected
Asymptomatic

Vitros Spike IgG
Vitros NC tot
MSD NC IgG
MSD RBD IgG
MSD Spike IgG
MSD alpha S IgG
MSD beta S IgG
MSD gamma S IgG
MSD Omicron S IgG
MSD Delta S IgG
RVPN Beta
RVPN D614G
RVPN Delta
RVPN Omicron
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S1 IgG dynamics
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Spike IgG half-life

Infected then 

vaccinated

Vaccinated 

then infected
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0.005

0.010

0.015
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Seroconverting donors by vaccination status
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Vaccine Effectiveness: January to June 2021

• Naïve estimate: 92.5% (90.8%–93.8%)

• Adjusted VE: 88.8% (86.2%–91.1%)
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Vaccine effectiveness: July 2021 to March 2022

26

74.6% (73.1%–76.1%)

• Vaccination status, age, sex, race, Hispanic ethnicity, and calendar time of follow-up are 

significant predictors of infection in multivariable model

Q1 2022 Vitalant RDC testing:

Unadjusted VE Q1 2022: ~ 70%

Unvaccinated donors Vaccinated donors

Tested 6,580 17,252

anti-N reactive 4,064 4,022

Proportion reactive 61.8% (60.5%–62.9%) 23.3% (22.7%–24.0%)

Incidence (cases/100 person-weeks) 4.01 1.16
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Correlates of Protection

Vaccinated uninfected donors who donated during period July – October 2021 had all 

available donation samples tested with Ortho Total Ig anti-NC assay

• cases were defined as those who previously were anti-NC non-reactive and seroconverted, 

either overtly (S/CO > 1.0), or

• gray zone seroconversion (S/CO > 0.37)

Controls were matched to cases (1:4) on calendar time of observation, and similar time 

from prior observation to final observation

• to account for variable incidence (i.e., risk of infection) over time

• no matching on potential confounders

Cases and controls had longitudinal samples tested with the Ortho anti-S1 quantitative 

IgG assay

• at 1:20 dilution (DR: 40–4000 BAU/mL) and reflexed to neat testing if below the LoQ (DR 2-

200 BAU/mL)
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Internal use
Anti-S IgG BAU/mL distributions in VBT 

cases and controls

(median 84 days before event)

Mean: 972

Median: 547

IQR: [202,1300]

Mean: 933

Median: 507

IQR: [202,1165]

(median 79 days before event)
28

Original scale

No association between anti-S IgG level 
and risk of vaccine breakthough infection

• Conditional logistic regression, controlling for 

age, sex, geographic region, and time since 

primary vaccination:

• Time-to-event analysis (Cox proportional hazards 

regression), treating Ab level as a time-varying covariate 

and controlling for age, sex, geographic region, and time 

since primary vaccination, also failed to show a 

statistically significant relationship.

Covariate Coefficient OR (95% CI)

log10 BAU/mL at 

penultimate donation

-0.06431 0.938        

(0.787–1.117)
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Rapidly shifting immunological landscape and severity 

of SARS-COV-2 in the Omicron era in South Africa
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